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Introduction 
The literature is very rich with different studies covering exter-

nal root resorption (ERR) subsequent to orthodontic treatment of 
dental malocclusion, which is investigating by different radiographs 
ending by the use of cone-beam computed tomography (CPCT) [1-
19]. In a recent  study on ERR using CBCT, it was concluded that 
with the use of optimum orthodontic force ERR is of negligible [20]. 
On the other hand, data base lacking studies covering internal root 
resorption (IRR) associated with orthodontic tooth movement. In 
a case report the authors reported extensive internal resorption 
affecting the crown of orthodontically treated teeth which could 
extend into the root canal and ‘pink tooth’ [21]. In view of this 
shortage, it will be worth to investigate internal root resorption 
concomitant to orthodontic retraction of maxillary canine in first 
premolars extraction orthodontics, using CBCT.

 
Materials and Methods

The current retrospective study was conducted on a total sam-
ple of 10 CBCT of right and left maxillary canines of 5 maxillary first 
premolars extraction orthodontic patients with age range between 
14 to 18 years old with mean age of 15.82 + 1.74 years. The sam-
ple was selected at random from a total sample of 32 CBCT which 
had been previously used to study external maxillary canine root 
resorption (ERR) of 16 orthodontic patients [20]. Cone beam com-
puted tomography (CBCT) image of maxillary canine teeth was tak-
en before-and after orthodontic canine retraction into the first pre-
molars extraction space with optimal orthodontic force of (150g). 

Measurements of internal root resorption (IRR): To measure 
the changes in pulp chamber:
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a)	 When coronal view was studied, each root canal chamber 
was divided into three thirds; cervical, middle and apical third. 
As the canine was retracted orthodontically distally into the 
first premolar extraction space, the mesiodistal dimension of 
root canal chamber of each root canal third was measured.

b)	 when the axial view was studied, the vertical dimension 
from the tip of the pulp chamber to the apex of the root canal 
chamber. Internal root pulp chamber resorption (IRR): In order 
to measure the difference in internal root canal chamber length 
and dimension, maxillary canine pulp tip and root apex tip were 
identified on sagittal and the three coronal views obtained from 
CBCT 3D image respectively, and the software directly measure 
the actual changes in root canal measurements. These meas-
urements were performed on both pre- and post- canine re-
traction CBCT images. Data interpretation of CBCT: pulp and/or 
root canal chamber; increase or decrease in any direction, will 
be considered as internal resorption or build-up respectively. 
All measurements were taken to the nearest 0.1mm.

Statistical Analysis
The collected data was tabulated and statistically analyzed us-

ing SPSS statistical package. The result of the current study was 
considered of significant value at the level of p ≤ 0.05.

Result
The current retrospective study was conducted on a total sam-

ple of 10 CBCT of right and left maxillary canines of 5 maxillary first 
premolars extraction orthodontic patients with age range between 
14 to 18 years old with mean age of 15.82 + 1.74 years. The sam-
ple was selected at random from a total sample of 32 CBCT which 
had been previously used to study external maxillary canine root 
resorption (ERR) of 16 orthodontic patients [20].

a)	 The following (Figures 1-7) from 1 to 7 illustrates CBCT 
analysis of the maxillary right and left canines teeth internal re-
sorption concomitant to orthodontic retraction, using the opti-
mal force, if any, of one of selected samples in the current study.

b)	 The following table from 1 to 3 illustrates the statistical 
analysis of the results.

Figure 1: Pre-treatment (left) and post canine retraction 
(right) CBCT image (coronal view) showing root canal 
length from the tip of pulp chamber to the apical end of 
right maxillary canine root canal.

Figure 2: Pre-treatment (left) and post canine retraction 
(right) CBCT image (sagital view) showing root canal 
length from the tip of pulp chamber to the apical end of 
right maxillary canine root canal.

Figure 3-A: Pre-treatment (left) and post canine retraction 
(right) CBCT image (sagital view) showing root canal 
thirds (cervical, middle, and apical) and root canal length 
from the cement- enamel junction to the apical end of right 
maxillary canine root canal. (Axial slice (blue line) passing 
in the cervical third of maxillary canine root).

Figure 3-B: Pre-treatment (left) and post canine retraction 
(right) CBCT image (axial view) showing root canal 
dimensions in the cervical third of right maxillary canine 
root.
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Figure 4-A: Pre-treatment (left) and post canine retraction 
(right) CBCT image (sagital view) showing root canal 
thirds (cervical, middle, and apical) and root canal length 
from the cement- enamel junction to the apical end of right 
maxillary canine root canal. (Axial slice (blue line) passing 
in the middle third of maxillary canine root).

Figure 4-B: Pre-treatment (left) and post canine retraction 
(right) CBCT image (axial view) showing root canal 
dimensions in the cervical third of right maxillary canine 
root.

Figure 5-A: Pre-treatment (left) and post canine retraction 
(right) CBCT image (sagital view) showing root canal 
thirds (cervical, middle, and apical) and root canal length 
from the cement- enamel junction to the apical end of right 
maxillary canine root canal. (Axial slice (blue line) passing 
in the apical third of maxillary canine root).

Figure 5-B: Pre-treatment (left) and post canine retraction 
(right) CBCT image (axial view) showing root canal 
dimensions in the middle third of right maxillary canine 
root.

Figure 6: Pre-treatment CBCT image (upper row showing 
sagital view with axial line(blue color) passing in cervical, 
middle, and apical respectively from left to right) and 
( lower row showing root canal dimensions in cervical, 
middle, and apical respectively from left to right) of right 
maxillary canine root canal.

Figure 7: Post canine retraction CBCT image (upper row 
showing sagital view with axial line(blue color) passing 
in cervical, middle, and apical respectively from left to 
right) and ( lower row showing root canal dimensions in 
cervical, middle, and apical respectively from left to right) 
of right maxillary canine root canal.

Statistical Analysis
Data interpretation of CBCT: pulp and/or root canal chamber; 

increase or decrease in any direction, will be considered as internal 
resorption or build-up respectively. The results of the current study 
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are summarized in the following tables from 1 to 3. Table 1 show-
ing the mean value and standard deviation of different measure-
ments of the study including patient’s age, time, amount, and rate 
of canine retraction in different groups in the study. Table 2 shows 
the descriptive statistics of maxillary canine pulp chamber length 
before and after canine retraction and the difference between them 

and showing statistically insignificant difference, in the total sam-
ple group and the right and left side subgroup. In evaluation of the 
differences between right and left side pulp chamber length (re-
sorption) and rate of canine retraction, Table 3 shows statistically 
insignificant difference in pulp chamber length between right and 
left side from numerical results obtained from CBCT.

Table 1: Descriptive statistics of different measurements in different groups in the study.

Patients age Time of retraction Amount of retraction Rate of retraction

Mean S.D.
S.E.

Diff
Mean S.D.

S.E.

Diff
Mean S.D.

S.E.

Diff
Mean S.D.

S.E.

Diff

Total sample (n = 10)

(R, L)
15.82 1.74 0.78 186 54.13 24.21 8.58 1.16 0.37 1.45 0.31 0.1

Right side group

(n = 5)
15.82 1.74 0.78 186 54.13 24.21 8.74 1.09 0.49 1.49 0.37 0.17

Left side group

(n = 5)
15.82 1.74 0.78 186 54.13 24.21 8.42 1.34 0.6 1.41 0.26 0.12

S.D.= Standard deviation.  n= numbers of maxillary canines  R= Right canine. L= Left canine  S.E. Diff.= Standard error of difference

* = Significant at (p ≤ 0.05)

Table 2: Descriptive statistics and paired-sample t test of maxillary canine pulp chamber length before and after canine retraction in 
different groups of the study.

Pre-canine retraction pulp 
chamber length(mm)

Post-canine retraction pulp chamber

length(mm)

Mean S.D.
S.E.

Diff.
Mean S.D.

S.E.

Diff.
Mean Diff.

S.E.

Diff.
t value p

Total sample

group(n=32)
20.3 1.84 0.58 19.7 2.42 0.76 0.6 0.23 2.64 0.11

Right side 
(n=16) 20.28 1.86 0.83 19.56 2.5 1.12 0.72 0.37 1.94 0.13

Left side 
(n=16) 20.32 2.05 0.92 19.84 2.62 1.17 0.48 0.29 1.63 0.18

S.D.	 = Standard deviation.	

S.E.	 = Standard error.	

Diff	 =difference

P	 = Probability level (paired t test).	

*	 = Significant at (p ≤ 0.05)	

n	 = numbers of maxillary canines

Table 3: aired t tests for side difference rate of canine retraction and pulp chamber length between, before and after canine retraction 
(mm).	

Right side (n=5) Left side (n=5) Side difference

Mean S.D. S.E. Mean S.D. S.E.
Mean

Diff.

S.E.

Diff.

t

value
p

Rate of retraction

(mm/month)
1.49 0.37 0.17 1.41 0.26 0.12 0.08 0.11 0.73 0.51

Pre-treatment pulp

chamber length(mm)
20.28 1.86 0.83 20.32 2.05 0.92 -0.04 0.23 -0.17 0. 87
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post-canine retraction

pulp chamber length(mm)
19.56 2.5 1.12 19.84 2.62 1.17 -0.28 0.23 -1.2 0.3

Pre-treatment to post- canine 
retraction pulp chamber length 

change(mm)
-0.72 0.83 0.37 -0.48 0.66 0.3 -0.24 0.12 -2.06 0.11

S.D.	 = Standard deviation.	

S.E.	 = Standard error.	

Diff	 =difference P	 = Probability level (paired t).		

n	 = numbers of maxillary canines

*	 = Significant at (p ≤ 0.05)

Discussion
The literature is very rich regarding the use of CBCT to study 

external root resorption (ERR) of the maxillary canine in premolar 
extraction orthodontics [12,15,18,19]. On the other hand, search-
ing the data base revealed shorting in studies covering internal 
maxillary canine resorption concomitant to orthodontic retraction 
in first premolar extraction orthodontics using CBCT. This encour-
aging the proposal of the current study. In accordance the result of 
the current study was discussed in view of thorough interpretation 
of the results. The current retrospective study was based on CBCT 
data of previous study by the authors on external root resorption.  
Internal root resorption (IRR) of the maxillary canines (right and 
left) had been investigated by using CBCT before and after complete 
maxillary canine retraction into the extraction. The results of CMPT 
sagittal view interpretation in the current study showed insignifi-
cant canine internal vertical length changes from the tip of the pulp 
chamber to the apical tip of the pulp. Which mean that there is in-
significant internal vertical resorption of the canine.  On the other 
hand the result of CBCT three coronal views interpretation showed 
insignificant changes. This means that there is insignificant coronal 
root canal internal resorption as well. The current study showed 
negligible maxillary cane internal root resorption after complete 
orthodontic retraction into the first premolars extraction space. 
This result is explained in view of using the appropriate mechanics 
for maxillary canine retraction (force range of 150gm). The result 
of the current study is in agreement and supported by the result 
of previous study of the same sample group which aimed to de-
termine external root resorption (ERR) due to orthodontic canine 
retraction using cone beam computed tomography (CBCT) [20]. In 
evaluation of differences between right and left side regarding in-
ternal root resorption the current study did not detect any signif-
icant difference in internal root resorption between right and left 
side from numerical results obtained from CBCT at the level of p ≤ 
0.05. This finding could be explained by the similarity of both right 
and left canines in terms of treatment mechanics.

Conclusion
With the use of the appropriate mechanics for orthodontic 

maxillary canine retraction into the first premolar extraction space, 
internal root resorption (IRR) is not expected. On the other hand 
the use of appropriate mechanics in orthodontics is the keystone to 
achieve orthodontic treatment outcome without any hazard.

References
1.	  Blake M, Woodside DG, Pharoah MJ (1995) A radiographic comparison 

of apical root resorption after orthodontic treatment with the edgewise 
and Speed appliances. Am J Orthod Dentofacial Orthop 108(1): 76-84.

2.	   Brezniak N, Wasserstein A (2002) Orthodontically induced 
inflammatory root resorption. Part I: The basic science aspects. Angle 
Orthod 72(2): 175-179.

3.	 Parker RJ, Harris EF (1998) Directions of orthodontic tooth movements 
associated with external apical root resorption of the maxillary central 
incisor. Am J Orthod Dentofacial Orthop 114(6): 672-683.

4.	  Brezniak N, Wasserstein A (1993) Root resorption after orthodontic 
treatment: Part 1. Literature review. Am J Orthod Dentofacial Orthop 
103(1): 62-66.

5.	  Kurol J, Owman MP, Lundgren D (1996) Time-related root resorption 
after application of a controlled continuous orthodontic force. Am J 
Orthod Dentofacial Orthop 110(3): 303-310.

6.	  Mohandesan H, Ravanmehr H, Valaei N (2007) A radiographic analysis 
of external apical root resorption of maxillary incisors during active 
orthodontic treatment. Eur J Orthod 29(2): 134-139.

7.	  Fuss Z, Tsesis I, Lin S (2003) Root resorption - diagnosis, classification 
and treatment choices based on stimulation factors. Dent Traumatol 
19(4): 175-182.

8.	 Levander E, Malmgren O (2000) Long-term follow-up of maxillary 
incisors with severe root resorption. Eur J Orthod 22(1): 85-92.

9.	 Levander E, Malmgren O, Eliasson S (1994) Evaluation of root resorption 
in relation to two orthodontic treatment regimes. A clinical experimental 
study. Eur J Orthod 16(3): 223-228.

10.	Makedonas D, Lund H, Grondahl K, Hansen K (2012) Root resorption 
diagnosed with cone beam computed tomography after 6 months of 
orthodontic treatment with fixed appliance and the relation to risk 
factors. Angle Orthod 82(5): 196-201.

11.	Chan EKM, Darendeliler MA (2004) Exploring the third dimension in 
root resorption. Orthod Craniofac Res 7(2): 64-70.

12.	Dudic A, Giannopoulou C, Leuzinger M, Kiliaridis S (2009) Detection of 
apical root resorption after orthodontic treatment by using panoramic 
radiography and cone-beam computed tomography of super-high 
resolution. Am J Orthod Dentofacial Orthop 135(4): 434-437.

13.	Huang J, Bumann A, Mah J (2005) Three-dimensional radiographic 
analysis in orthodontics. J Clin Orthod 39(7): 421-428.

14.	Taner T, Ciger S, Sencift Y (1999) Evaluation of apical root resorption 
following extraction therapy in subjects with class I and class II 
malocclusions. Eur J Orthod 21(5): 491-496.

15.	Estrela C, Bueno MR, De Alencar AH, Mattar R, Valladares Neto J, et al. 
(2009) Method to evaluate inflammatory root resorption by using cone 
beam computed tomography. J Endod 35(11): 1491-1497.

https://www.ncbi.nlm.nih.gov/pubmed/7598108
https://www.ncbi.nlm.nih.gov/pubmed/7598108
https://www.ncbi.nlm.nih.gov/pubmed/7598108
https://www.ncbi.nlm.nih.gov/pubmed/11999941
https://www.ncbi.nlm.nih.gov/pubmed/11999941
https://www.ncbi.nlm.nih.gov/pubmed/11999941
https://www.ncbi.nlm.nih.gov/pubmed/9844208
https://www.ncbi.nlm.nih.gov/pubmed/9844208
https://www.ncbi.nlm.nih.gov/pubmed/9844208
https://www.ajodo.org/article/0889-5406(93)70106-X/abstract
https://www.ajodo.org/article/0889-5406(93)70106-X/abstract
https://www.ajodo.org/article/0889-5406(93)70106-X/abstract
https://www.ncbi.nlm.nih.gov/pubmed/8814032
https://www.ncbi.nlm.nih.gov/pubmed/8814032
https://www.ncbi.nlm.nih.gov/pubmed/8814032
https://www.ncbi.nlm.nih.gov/pubmed/17229789
https://www.ncbi.nlm.nih.gov/pubmed/17229789
https://www.ncbi.nlm.nih.gov/pubmed/17229789
https://www.ncbi.nlm.nih.gov/pubmed/12848710
https://www.ncbi.nlm.nih.gov/pubmed/12848710
https://www.ncbi.nlm.nih.gov/pubmed/12848710
https://www.ncbi.nlm.nih.gov/pubmed/10721249
https://www.ncbi.nlm.nih.gov/pubmed/10721249
https://www.ncbi.nlm.nih.gov/pubmed/8062862
https://www.ncbi.nlm.nih.gov/pubmed/8062862
https://www.ncbi.nlm.nih.gov/pubmed/8062862
http://www.angle.org/doi/10.2319/112810-691.1?code=angf-site
http://www.angle.org/doi/10.2319/112810-691.1?code=angf-site
http://www.angle.org/doi/10.2319/112810-691.1?code=angf-site
http://www.angle.org/doi/10.2319/112810-691.1?code=angf-site
https://www.ncbi.nlm.nih.gov/pubmed/15180085
https://www.ncbi.nlm.nih.gov/pubmed/15180085
https://www.ncbi.nlm.nih.gov/pubmed/19361727
https://www.ncbi.nlm.nih.gov/pubmed/19361727
https://www.ncbi.nlm.nih.gov/pubmed/19361727
https://www.ncbi.nlm.nih.gov/pubmed/19361727
https://www.ncbi.nlm.nih.gov/pubmed/16100415
https://www.ncbi.nlm.nih.gov/pubmed/16100415
https://watermark.silverchair.com/210491.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAZ4wggGaBgkqhkiG9w0BBwagggGLMIIBhwIBADCCAYAGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM7pDVLmHZz3szW3BHAgEQgIIBUXOQj_RS_PUFLRR5D9wgtpUr2FRlZp_dqvSpPIlMhkr9o26To
https://watermark.silverchair.com/210491.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAZ4wggGaBgkqhkiG9w0BBwagggGLMIIBhwIBADCCAYAGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM7pDVLmHZz3szW3BHAgEQgIIBUXOQj_RS_PUFLRR5D9wgtpUr2FRlZp_dqvSpPIlMhkr9o26To
https://watermark.silverchair.com/210491.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAZ4wggGaBgkqhkiG9w0BBwagggGLMIIBhwIBADCCAYAGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM7pDVLmHZz3szW3BHAgEQgIIBUXOQj_RS_PUFLRR5D9wgtpUr2FRlZp_dqvSpPIlMhkr9o26To
https://www.ncbi.nlm.nih.gov/pubmed/19840636
https://www.ncbi.nlm.nih.gov/pubmed/19840636
https://www.ncbi.nlm.nih.gov/pubmed/19840636


Hussam M Abdel-kader. Biomed J Sci & Tech Res Volume 5- Issue 4: 2018

Biomedical Journal of 
Scientific & Technical Research (BJSTR) 4635

16.	Baysal A, Karadede I, Hekimoglu S, Ucar F, Ozer T, et al. (2012) Evaluation 
of root resorption following rapid maxillary expansion using cone-beam 
computed tomography. Angle Orthod 82(3): 488-494.

17.	Lund H, Grondahl K, Grondahl HG (2010) Cone beam computed 
tomography for assessment of root length and marginal bone level 
during orthodontic treatment. Angle Orthod 80(3): 466-473.

18.	Lund H, Grondahl K, Hansen K, Grondahl HG (2012) Apical root 
resorption during orthodontic treatment: A prospective study using 
cone beam CT. Angle Orthod 82(3): 480-487.

19.	CastroIO, Alencar A, Neto J, Estrela C (2013) Apical root resorption due 
to orthodontic treatment detected by cone beam computed tomography. 
Angle Orthod 83(2): 196-203.

20.	Hussam MA, Hussein N Al-Khalefa, Ahmed SMA (2016) Maxillary canine 
root resorption concomitant to orthodontic retraction; Cone Beam 
evaluation. IJCD 9(1): 29-46.

21.	Silveira FF, Nunes JA, Soares JA, Ferreira CL, Rotstein I (2009) Double 
‘pink tooth’ associated with extensive internal root resorption after 
orthodontic treatment: a case report. Dent Trauma 25(3): e43-e47.

Submission Link: https://biomedres.us/submit-manuscript.php
Assets of Publishing with us

•	 Global archiving of articles

•	 Immediate, unrestricted online access

•	 Rigorous Peer Review Process

•	 Authors Retain Copyrights

•	 Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

https://www.ncbi.nlm.nih.gov/pubmed/21843038
https://www.ncbi.nlm.nih.gov/pubmed/21843038
https://www.ncbi.nlm.nih.gov/pubmed/21843038
https://www.ncbi.nlm.nih.gov/pubmed/20050738
https://www.ncbi.nlm.nih.gov/pubmed/20050738
https://www.ncbi.nlm.nih.gov/pubmed/20050738
https://www.ncbi.nlm.nih.gov/pubmed/21919826
https://www.ncbi.nlm.nih.gov/pubmed/21919826
https://www.ncbi.nlm.nih.gov/pubmed/21919826
https://www.ncbi.nlm.nih.gov/pubmed/22812378
https://www.ncbi.nlm.nih.gov/pubmed/22812378
https://www.ncbi.nlm.nih.gov/pubmed/22812378
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=19395833&AN=117083939&h=o5L0%2fPP9yMp79aKntifUpDwOB3WzZ7GBnrLDtYa8uKvGK6LsG8UGKWJbgEMIFoGDtMk0QhMRJ09rNjbyLs38iw%3d%3d&crl=f&resultNs=AdminWebAuth&resultLocal=E
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=19395833&AN=117083939&h=o5L0%2fPP9yMp79aKntifUpDwOB3WzZ7GBnrLDtYa8uKvGK6LsG8UGKWJbgEMIFoGDtMk0QhMRJ09rNjbyLs38iw%3d%3d&crl=f&resultNs=AdminWebAuth&resultLocal=E
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=19395833&AN=117083939&h=o5L0%2fPP9yMp79aKntifUpDwOB3WzZ7GBnrLDtYa8uKvGK6LsG8UGKWJbgEMIFoGDtMk0QhMRJ09rNjbyLs38iw%3d%3d&crl=f&resultNs=AdminWebAuth&resultLocal=E
https://www.ncbi.nlm.nih.gov/pubmed/19239482
https://www.ncbi.nlm.nih.gov/pubmed/19239482
https://www.ncbi.nlm.nih.gov/pubmed/19239482
https://biomedres.us/submit-manuscript.php
https://biomedres.us/

	Title
	Abstract
	Introduction 
	Materials and Methods
	Statistical Analysis

	Result
	Discussion
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3-A
	Figure 3-B
	Figure 4-A
	Figure 4-B
	Figure 5-A
	Figure 5-B
	Figure 6
	Figure 7
	Table 1
	Table 2
	Table 3

