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Introduction 
xternal Apical Root resorption 

(EARR) is one of the most common 

and undesirable sequel of orthodontic 

treatment
.(1, 2)

 It is an inflammatory process 

that leads to an ischemic necrosis localized 

in the periodontal ligament after the 

application of Orthodontic force.
(3,4)

 

Because cementum is normally more 

resistant than bone, orthodontic forces to a 

tooth usually cause bone resorption rather 

than the loss of cementum.  

 

 

Root resorption occurs when the 

pressure on the cementum exceeds its 

reparative capacity and dentin is exposed, 

allowing the multinucleated odontoclasts 

to degrade the root substance
.(5) 

It has received considerable 

attention but the causes remain essentially 

unknown
(1)

. Apical root resorption 

observed mid- or post treatment is 

occasionally of passing interest to the 

clinicians. Fortunately, truly severe 

resorption that threatens the longevity of 

E 
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the tooth or forces a halt to treatment is 

rare.  

The fact is, however, that 

orthodontic tooth movement does directly 

cause irreversible resorption of the root. As 

the movers of the teeth, it is incumbent for 

us to know as much as possible about the 

causes, effects, and prevention of this 

phenomenon
(6)

. most studies
 (7, 8)

 on root 

resorption and its relationship with 

orthodontic treatment have found that there 

are multiple factors associated with root 

resorption. Age, gender, nutrition, genetics, 

the type of appliance, the amount of force 

used during treatment, extraction or non-

extraction, duration of treatment, and the 

distance the teeth are moved all have some 

influence on root resorption. Generally, the 

causes and mechanism of resorption are 

still unclear.
 

  

 

The purpose of the present study 

was to research and identify factors related 

to root resorption during orthodontic 

treatment in Ramadi city. 

Subjects and Methods 
Subjects 

One hundred seventy two 

patients(76 males and 96 females) aged 

from 12 to 36 years with the mean of 23.23 

±6.1  who had fixed orthodontic appliance 

therapy (straight wire, Roth value) were 

randomly selected from subjects treated at 

the Orthodontic Department, the mean of 

duration of treatment is15.9 months . 

Panoramic radiographs before and after  

orthodontic treatment is available. Patients 

who required orthogenetic surgery or had a 

cleft lip and/or palate were excluded from 

the study. So table1 shows the distributions 

of the samples. 

 

(Table1) shows the distributions of the samples. The final study group included 172 patients 

 

Variable NO 

Gender 
Male 76 

Female 96 

Extraction 
Extraction  91 

Non extraction 81 

Molar classification 

 Class I 85 

Class II 58 

Class III 29 

Over bite 

0-4 88 

Open bite 47 

Deep bite 37 

 
Methodology 

The tooth length from the tooth 

apex to incisal edge or cusp tip was 

measured on the panoramic radiograph 

using a digital caliper (accurate to 0.01 

mm).  
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These measurements were 

performed on both pre- and post-treatment 

panoramic images. Root resorption was 

calculated by the difference of the tooth 

length between the images. The tooth 

length was measured for the left and right 

permanent second premolars, canines, 

lateral incisors, and central incisors on both 

jaws the first permanent premolar excluded 

from this study because this tooth may be 

extracted.  

Only teeth which had completed 

the root formation were measured. The 

measurement error of the tooth length was 

analyzed using the intra-observer 

reproducibility of 40 randomly selected 

panoramic radiographs; 20 radiographs 

taken before orthodontic treatment and the 

corresponding 20 ones at the end of active 

treatment. The tooth length was re-

measured one month after the original 

measurements.  

Data analysis  

The root resorption was calculated 

by subtracting the post-treatment values 

from pre-treatment values. The root 

resorption of the tooth and the factors of 

malocclusion were analyzed with a one-

way ANOVA. An independent t test was 

performed to compare the mean amount of 

resorption between right and left, male and 

female, between extraction and non-

extraction cases, open bite, deep bite 

&normal bit and class I, class II &class III 

The correlation coefficients were measured 

between the amount of root resorption at 

the beginning age of the orthodontic 

treatment, and the duration of treatment.  

The statistical analyses were carried out 

using SPSS. 

 

Result 
The maxillary central incisor was 

the most resorbed, followed by the 

maxillary lateral incisor, the mandibular 

central incisor, and the mandibular lateral 

incisor. . According to the tooth types the 

mean of root resorption show in (table 2). 

 

(Table 2)The mean of root resorption according to the tooth types. 

 

Variable Mean S. D 

Maxillary Central Incisor 1.09  0.96 

Maxillary Lateral Incisor 0.77  0.30 

Maxillary Canine 0.46  0.06 

Maxillary Second Premolar 0.23  0.17 

Mandibular Central Incisor 0.63  0.19 

Mandibular Lateral Incisor 0.55  0.15 

Mandibular Canine 0.28  0.11 

Mandibular Second Premolar 0.23  0.16 

 

 

In this study there were no significant 

differences (p>0.05) between right and left 

sides, this show in (Table3) 
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 (Table3) comparison of the mean value of EARR between left and right side    

 

Variable Left side Right side P. Value 

Maxillary Central Incisor 1.09  0.9 1.0.8  0.11 0.91 

Maxillary Lateral Incisor 0.78  0.32 0.72  0.16 0.07 

Maxillary Canine 0.45  0.08 0.46  .06 0.2 

Maxillary Second Premolar 0.23  0.18 0.22  0.26 0.47 

Mandibular Central Incisor 0.63  0.19 0.62  0.18 0.93 

Mandibular Lateral Incisor 0.55  0.07 0.54  0.15 0.57 

Mandibular Canine 0.28  0.12 0.26  0.2 0.12 

Mandibular Second Premolar 0.23  0.27 0.24  0.30 0.25 

no significant differences (p>0.05) 

 

No significant difference of root resorption (p>0.05) between the male and female  is shown 

in (table 4). 

  

 

(Table4) comparison of the mean value of EARR between males and females. 

  

Variable Male Female P. Value 

Maxillary Central Incisor 1.02  0.12 1.06  0.16 0.06 

Maxillary Lateral Incisor 0.74  0.13 0.75  0.11 0.86 

Maxillary Canine 0.47  0.07 0.45  0.06 0.15 

Maxillary Second Premolar 0.15  0.07 0.14  0.03 0.22 

Mandibular Central Incisor 0.56  0.11 0.60  0.10 0.053 

Mandibular Lateral Incisor 0.50  0.13 0.52  0.08 0.11 

Mandibular Canine 0.38  0.05 0.17  0.03 0.65 

Mandibular Second Premolar 0.50  0.18 0.51 0 .92 0.09 

 

no significant differences (p>0.05) 

In (table 5)  Patient with extracted teeth is highly significant difference (p<0.001) than non-

extracted cases . 
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(Table5) comparison of the mean value of EARR between extraction &non extraction cases. 

 

Variable Extraction 
No. 

Extraction 
P. Value 

Maxillary Central Incisor 1.29  1.2 0.87  0.11 0.004 <0.05 

Maxillary Lateral Incisor 1.03  0.12 0.48  0.11 0.000* 

Maxillary Canine 0.50  0.08 0.41  .08 0.000* 

Maxillary Second Premolar 0.38  0.07 0.06  0.030 0.001 

Mandibular Central Incisor 0.80  0.10 0.44  0.04 0.000* 

Mandibular Lateral Incisor 0.68  0.05 0.41  0.10 0.000* 

Mandibular Canine 0.38  0.058 0.17  0.03 0.003 

Mandibular Second Premolar 0.38  0.04 0.06  .02 0.001 

Highly significance p<0.001                                                              * 

     

Open bite cases show a highly 

significant difference (p<0.001 ) than 

normal and deep bite this show in( table 6) 

the open bite is  the most one having 

EARR followed by deep bite then (0-4). 

 

(Table6) comparisons of the mean value of EARR between0-4, deep bite &open bite 

 

Variable 0-4 Open bite Deep bite P. Value 

Maxillary Central Incisor 0.18  0.11 1.0  0.17 0.74  0.12 0.000* 

Maxillary Lateral Incisor 0.69  .16 0.78  0.14 0.79  0.09 0.000* 

Maxillary Canine 0.52  .15 0.57  0.14 0.35  0.16 0.001 

Maxillary Second Premolar 0.32  0.08 0.48  0.09 0.28  0.09 0.004 

Mandibular Central Incisor 0.58  0.17 0.75  0.14 0.74  0.09 0.000* 

Mandibular Lateral Incisor 0.67  0.05 0.71  0.10 0.71  0.06 
0.003 

0.05> 

Mandibular Canine 0.21  0.07 0.36  0.14 0.33  0.13 0.000* 

Mandibular Second Premolar 0.17  0.03 0.17  0.03 0.20  0.11 
0.039 

0.05> 

*Highly significance p<0.001                                                               

 
In this study there is highly significant 

difference between class I,II and III 

patients(p<0.001) except the maxillary canine 

show  no significant difference p>0.05 as 

shown in the( table 7) the central and lateral 

incisor had more resorption in class II 

patient while mandibular canine is more in 

class III patients. 
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(Table7) comparison of the mean value of EARR between class I, II &III 

 

Variable Cl I Cl II Cl III P. Value 

Maxillary Central Incisor 0.94  0.93 1.16  0.21 1.09  0.22 0.000* 

Maxillary Lateral Incisor 0.57  0.14 0.78  0.14 0.65  0.13 0.000* 

Maxillary Canine 0.52  0.15 0.58  0.14 0.55  0.14 
0.067 

>0.05 

Maxillary Second Premolar 0.31  0.08 0.46  0.10 0.35  0.05 0.000* 

Mandibular Central Incisor 0.58  0.16 0.76  0.14 0.76  0.10 0.000* 

Mandibular Lateral Incisor 0.67  0.05 0.72  0.12 0.68  0.06 
0.004 

<0.05 

Mandibular Canine 0.21  0.07 0.51  0.19 0.56  0.11 0.001 

Mandibular Second Premolar 0.63  0.03 0.47  0.28 0.17  0.11 0.000 

 

 

There is no Significant correlations                     

(p>0.05) between the age of beginning 

orthodontic treatment , duration of 

orthodontic treatment and the amount of 

root resorption this is shown in( table 8). 

 

(Table8) correlation between the age and treatment duration and EARR. 
  

 

Variable 
N Minimum Maximum Mean 

Std. 

Deviation 

 

Correlation 

Age 172 12 Years 36.2 23.9 6.18 0.17 

tr. duration 172 7 Months 25 15.9 3.70 0.86 

 

 

Discussion 
EARR is commonly caused by 

orthodontic treatment. The description and 

analysis of EARR extends throughout this 

century, however few variables are 

clinically valuable as predictors of EARR 

because of the large inter-individual 

variations in response to treatment
(9)

.  

 In general, the types of tooth which are 

moved the farthest tend to show the most 

frequent and severe EARR
 (10, 11)

 the 

maxillary incisors are generally, on 

average, moved a greater distances during 

treatment than other teeth. It was reported 

that the incisors were most likely to show 

EARR and the severest 

resorption
(12,13)

regardless of the genetic or 

treatment-related factors, the maxillary 

incisors consistently showed more apical 

root resorption than any other 

teeth
(11,14,15)

In this study, the maxillary 

central incisors were the most resorbed 
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.follow by maxillary lateral incisors as 

show in (table 2). 

There were no significant 

differences found between right and left 

sides this agree with
 (6, 15) 

as show in (table 

3). 

In our study there is no significant 

different between male and female, as 

show in (table 4). most studies indicate the 

lack of gender dimorphism in this 

aspect
(10,15,16,17,18 )

.While other studies still 

report a greater tendency to apical root 

resorption after orthodontic treatment 

among the females
(19,20,21) 

 But Baumrind et al& Geraldo et al 
(7&22)

 

show male more EARR than female this 

statement should be revised based on the 

current knowledge. 

 Despite the controversial reports Sharpe et 

al 
(9)

 showed that the incisors experienced 

more EARR in extraction cases on was 

greater than in non-extraction cases. The 

incidence of EARR was 3.72 times higher 

in patients for whom extractions were 

performed than those without extraction.
(23)

 

in this study, the extraction cases 

demonstrated relatively more EARR 

compared with the non-extraction cases as 

show in (table 5). 

It could be supposed that the 

extraction of teeth could increase the 

amount of movement.  

Harris and Butler 
(24) 

documented 

that in the sample of cases with anterior 

open bites, the greater risk and degree of 

root resorption during the treatment. More 

incisor resorption was observed in the 

cases with larger overbite
(25)   

,in our study, 

although open bite cases showed more root 

resorption, than other cases (table 6) that 

may be due to the jiggling of anterior teeth 

in open bite during elastic wear 
(15)

. In 

contrast to other studies
, (15, 25)

 . 

 

 

In this study the upper incisor is 

more resorption in class II patient  (table 7) 

this due to greater torque and longer root 

displacement is required to correct excess 

over jet. 

While mandibular canine   is more 

in class III patient this may be due to the 

tooth, moved a greater distances during 

treatment ,it was reported show EARR and 

the severest resorption this agree with 
(15,16)

 

and disagree with 
(13,17,19)

. 

Harris reported that the risk of 

EARR also seemed to be independent of 

the age once the root formation had 

completed.
(9)

 the traditional concept that 

the orthodontic root resorption increased 

with age 
(15,6,26)

 was recently disproved.
(14, 

23)
 In agreement with these recent reports, 

our study also showed no relationship 

between the patient's age and the amount 

of resorption. The possible correlation 

between the duration of active treatment 

and the incidence and severity of EARR 

was controversial.
(7,11,,15,26)

 Some studies 

concluded that the duration of treatment 

might be correlated to the extent of 

EARR,
(6,9,13,27-29)

-while others found no 

significant association between EARR and 

treatment duration
(25,30-32)

 Our study  (table 

8)revealed that the duration of treatment 

was  no significantly correlated with the 

root resorption. 

In conclusion, the patient- and 

treatment-related variables and their 

relationship to the apical root resorption 

were as follows in this study. The 

maxillary central incisors were the most 

resorbed teeth, there is no significant 

difference between male and female, left 

and right side.  There was a significant 

difference between extraction and non-

extraction therapy, open bite, normal and 

deep bite and class I,II and III treatment. 
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This study shows the treatment 

duration and the age of the patient was not 

related to the degree of resorption.  

On the basis of results, a 

radiographic follow up for the assessment 

of root resorption of all patients 

undergoing orthodontic therapy. These 

findings show that orthodontic treatment 

should be carefully performed  to the tooth, 

moved a greater distances during treatment 

which is reported  more EARR and the 

severest. 

 

References 
 

1. Brezniak N, Wasserstein A. Root resorption after 

orthodontic treatment: Part 1. Literature review. 

Is J Orthod Dentofacial Orthop 1993; 103:62–6. 

 2. Harris EF. Root resorption during orthodontic 

therapy. Semin Orthod 2000; 6:183–94. 

3. Brezniak N, Wasserstein A. orthodontically 

induced inflammatory root resorption. Part I: 

The basic science aspects.Angle Orthod 2002; 

72:175  

4. Brudvik P, Rygh P. The initial phase of 

orthodontic root resorption incident to local 

compression of the periodontal ligament. Eur J 

Orthod 1993; 15:249–63. 

5. Reitan K. Initial tissue behavior during apical 

root resorption. Angle Orthod. 1974;44:68–82. 

6.Yun-Hoa Jung and Bong-Hae Cho External root 

resorption after orthodontic treatment ,Imaging 

Sci Dent. 2011 March; 41(1): 17–21. 

7. Baumrind S, Korn E L, Boyd R L1996 Apical 

root resorption in orthodontically treated adults. 

American Journal of Orthodontics and 

Dentofacial Orthopedics 110: 311–323. 

8. Jiang R P, Zhang D, Fu M K. A clinical study of 

root resorption before and after orthodontic 

treatment. Chinese Journal of 

Orthodontics.2001; 8: 108–110. 

9. Sharpe W, Reed B, Subtelny JD, Polson A. 

Orthodontic relapse, apical root resorption, and 

crestal alveolar bone levels. Am J Orthod 

Dentofacial Orthop. 1987; 91:252–258. 

10. Parker RJ, Harris EF. Directions of orthodontic 

tooth movements associated with external apical 

root resorption of the maxillary central incisor. 

Am J Orthod Dentofacial Orthop. 1998; 

114:677–683. 

11. Kaley J, Phillips C. Factors related to root 

resorption in edgewise practice. Angle Orthod. 

1991; 61:125–132.  

12. Spurrier SW, Hall SH, Joondeph DR, Shapiro 

PA, Riedel RA. A comparison of apical root 

resorption during orthodontic treatment in 

endodontically treated and vital teeth. Am J 

Orthod Dentofacial Orthop. 1990; 97:130–134.  

13. McFadden WM, Engstrom C, Engstrom H, 

Anholm JM. A study of the relationship 

between incisor intrusion and root shortening. 

Am J Orthod Dentofacial Orthop. 1989; 

96:390–396.  

14. Harris EF, Kineret SE, Tolley EA. A heritable 

component for external apical root resorption in 

patients treated orthodontically. Am J Orthod 

Dentofacial Orthop. 1997; 111:301–309.   

15. Sameshima GT, Sinclair PM. Predicting and 

preventing root resorption: Part II. Treatment 

factors. Am J Orthod Dentofacial Orthop. 2001; 

119:511–515.  

16. Linge BO, Linge L. Apical root resorption in 

upper anterior teeth. Eur J Orthod. 1983; 5:173–

183.   

 17. Levander E, Malmgren O. Evaluation of the 

risk of root resorption during orthodontic 

treatment: a study of upper incisors. Eur J 

Orthod. 1988; 10:30–38. 

 18 Nigul K, Jagomagi T. Factors related to apical 

root resorption of maxillary incisors in 

orthodontic patients. Stomatologija2006; 8: 76-

9. 

19. Mohandesan H, Ravanmehr H, ValaeiI N. A 

radiographic analysis of external apical root 

resorption of maxilary incisors during active 

orthodontic treatment. Eur. J. Orthod.2007; 29: 

134-39. 

20.Kjaer I .  Morphological characteristics of 

dentitions developing and Excessive root 

resorption during orthodontic treatment. Eur. 

J.Orthod., 1995; 16: 25-34. 

21. Kurol J, Owman–Moll P, Lundgren D. Root 

resorption in adult orthodontic patient. R. 

Dental Press Orthodon. Orthop. Facial.1997; 2: 

46-7. 

22- Geraldo de1 O., Alberto C., Cintra1j. Analysis 

of predictors of root resorption in orthodontic 

treatment. Journal of Dentistry and Oral 

Hygiene.2011; Vol. 3(3), pp. 46-52. 

23. McNab S, Battistutta D, Taverne A, Symons 

AL. External apical root resorption following 

orthodontic treatment. Angle Orthod. 2000; 

70:227–232.  

 

27 



 
 

External Apical Root…                                                                             Zena Hekmat AL-Taee 
 

 

 Anb Med J Vol.13 No.1; 20-28 

 Al-Anbar Medical Journal جملـــة االنبـــار الطبيـــــــة

24. Harris EF, Butler ML. Patterns of incisor root 

resorption before and after orthodontic 

correction in cases with anterior open bites. Am 

J Orthod Dentofacial Orthop. 1992; 101:112–

119. 

25. Beck BW, Harris EF. Apical root resorption in 

orthodontically treated subjects: analysis of 

edgewise and light wire mechanics. Am J 

Orthod Dentofacial Orthop. 1994; 105:350–

361. 

26.Janson GR, De Luca Canto G, Martins DR, 

Henriques JF, De Freitas MR. A radiographic 

comparison of apical root resorption after 

orthodontic treatment with 3 different fixed 

appliance techniques. Am J Orthod Dentofacial 

Orthop. 2000; 118:262–273. 

27. Vlaskalic V, Boyd RL, Baumrind S. Etiology 

and squeal of root resorption. Semin Orthod. 

1998; 4:124–131.  

28. Segal GR, Schiffman PH, Tuncay OC. Meta-

analysis of the treatment-related factors of 

external apical root resorption. Orthod 

Craniofacial Res. 2004; 7:71–78. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

29. Batool I, Abbas H., Abbas A., &Abbas I. Root 

resorption of permanent incisors.  Abbottabad . 

2010; 37 (1): 85-99. 

30. Thomas E. An evaluation of external apical root 

resorption after orthodontic treatment .Master of 

Science research s, University of the 

Witwatersrand, Johannesburg, 

Johannesburg.2011. 

31. Mirabella AD, Artun J. Risk factors for apical 

root resorption of maxillary anterior teeth in 

adult orthodontic patients. Am J Orthod 

Dentofacial Orthop. 1995; 108:48–55.  

32. Sehr K, . Boc N, Serbesis C., Honemann M. and 

S. Ruf S. Severe external apical root resorption  

local cause or genetic predisposition? Journal of 

Orofacial Orthopedic2011;8available on<www 

ivsl.org. 

28 


