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Abstract

Introduction: This study investigated root resorption (RR), which can 
occur on the internal or external surfaces of the tooth, with difficulty 
in differential diagnosis using conventional radiography. Objective: 
To analyze external root resorption (ERR) through microtomography 
of ex vivo teeth. Material and methods: Two null hypotheses were 
tested: (1) the size and shape of natural root resorption are identical 
to those produced artificially; (2) the size and shape of natural root 
resorption differ from those produced artificially. Results: 126 teeth 
were scanned in high resolution, evaluated by calibrated radiologists, 
showing a higher incidence of RR in premolars (29.8%), followed by 
molars (27.7%), canines (23.4%), and incisors (19.1%), in relation to 
root thirds and location on the tooth surface. Conclusion: It was 
concluded that RR cavities exhibit a distinct architecture compared 
to those created by round burs, as observed in imaging modalities 
such as X-rays and cone beam computed tomography.
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Introduction

Root resorption (RR) represents the loss of 
dental hard tissue [12] caused by inflammation 
initiated after dental trauma, orthodontic movement, 
internal bleaching, periodontal treatment and 
idiopathic events [4, 11, 24, 28]. It appears as a 
common side effect of orthodontic treatment that 
results in permanent loss of tooth structure at the 
radicular apex [32]; but it is known that between 
7 to 13% of the population never underwent 
orthodontic movement also has some type of 
root resorption [4, 14, 15, 28]. RR may occur on 
the internal or external surface of the tooth, but 
differential diagnosis is difficult using conventional 
radiography [19].

The diagnostic efficiency of ERR is an essential 
aspect to the definition of the adequate therapeutic 
approach and eventually to success in treatment [25]. 
The periapical radiograph is the most widely used 
method to diagnose the presence of apical external 
root resorption (ERR) but there must be a certain 
degree of resorption to make it detectable. However, 
there are many limitations to the image acquisition 
of ERR using conventional radiography, since the 
three-dimensional (3D) structure is displayed on 
a two-dimensional (2D) image [25]. There may be 
cases where the identification of the type ERR, 
its degree of progress and its limits are definitely 
not possible to determine. In these cases you can 
use cone beam computed tomography (CBCT) as 
an alternative, for the detection of resorption, 
determining its extent and location will be much 
easier due to the various directions of the section 
planes, increasing the precision of diagnose [7]. 
CBCT is characterized by extraordinary accuracy, 
rapid scan time, reduced radiation dose and 
unmatched 3D image reconstruction capabilities 
[25].

Recently, micro tomography proved to be a fast 
and accurate method with high resolution, providing 
higher quality imaging [26]. It can also be used to 
detect and quantify the reabsorption of craters in 
the root surfaces of extracted teeth which have or 
not been submitted to orthodontic treatment [26]. 
When compared to the digital periapical X-rays 
in the evaluation of ERR, radiographic method 
showed a specificity of 78% and a sensitivity of 
44%, that means that the radiographic method 
can detect less than 50% of the cases detected by 
micro tomography [9].

So, this work aimed to study the ERR by 
analyzing the micro tomography of ex vivo teeth, 
because it is known that even those teeth that 

have not undergone any orthodontic movement or 
trauma may present ERR lacunae. To present two 
null hypothesis: (1) the size and shape of nature 
RR is the same of those ones produced artificially; 
(2) the size and shape of nature RR is different of 
those ones produced artificially. And to find out 
if there is relationship among size and shape with 
one-third, one-face and dental group.

Material and methods

This work was carried out after the approval 
of the Ethics Committee under the CAAE number: 
50214515.0.0000.0020, featuring an observational 
cross-sectional study with a sample of 126 ex vivo 
teeth of the lower arch, 36 incisors, 18 canines, 36 
premolars and 36 molars belonging to the bank of 
teeth, a number which enables the assembly of nine 
lower dental arches, which will be part of a later 
study. The inclusion criteria of the teeth in the sample 
were not present any kind of root destruction, dental 
crowns that enabled its morphologic classification 
of the dental group, absence of carious / abrasion 
cavity in the cervical region.

The teeth were randomly selected from the tooth 
bank, using a magnifying glass (3x magnification) 
and natural light, until reaching the number 
determined for the study. After the teeth were 
examined by two evaluators to confirm the anatomy, 
which tooth group each tooth belonged and also 
to verify the inclusion criteria. They received a 
randomized number (software program) from 1 to 
126, being 1 to 36 incisors, 37 to 54 canines, 55 
to 90 premolars and 91 to 126 molars.

All teeth were scanned by micro-CT scanner 
(SkyScan 1172, Kontich, Belgium), detectability of 
isotropic details 9μm in medium resolution camera 
X-ray 11MP with total correction of distortion, 3D 
reconstruction by a computer cluster, which allows 
nondestructive viewing fine-scale objects. For 
scanning the crowns of the teeth were embedded in 
polystyrene, a material that does not interfere with 
image acquisition, in groups of 6 teeth, incisors, 
canines and premolars and three groups of teeth 
to the molars due to limitation of the micro-CT’s 
working area.

After scanning, the images were evaluated in 
NRecon software (SkyScan NV, Belgium), which 
allows viewing of the teeth in the axial, sagittal 
and coronal planes, and the presence or absence 
of ERR lacunae in the apical, middle and cervical; 
the face where the gap occurred has also been 
reported, being classified as buccal, lingual and 
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proximal. Data were recorded in a spreadsheet and the analysis was repeated one week later, and the 
two moments all 126 teeth were evaluated on the same day, by two calibrated evaluators, the kappa 
value for inter and intra-rater agreement was greater than 0.80.

Results

The results were analyzed and tabulated using SPSS software (version 24.0: SPSS Inc., Chicago, 
Il, USA), by two blinded examiners and can be seen in tables I to III.

Of the 126 teeth evaluated, 41 teeth had ERR, and of these 11 teeth presented more than one RR 
gap per tooth: 4 incisors, 2 canines, 2 premolars and 3 molars, making a total of 139 resorption gaps. 

The morphological aspect, it was observed that resorption lacunas are quite heterogeneous because 
there was not a definite shape, since it ranges from relatively oval cavities, but with irregular edges, 
to rectangular and conical cavities, and others completely shapeless. They have a variety of extensions 
and depths as we can see in figures 1 and 2, that is, the cavities present a heterogeneous pattern even 
in the same cavity and in the same tooth.

Figure 1 – Microtomographic view of a lower canine (tooth number 49) with root resorption area marking the apical 
third, with (A) axial (B) and coronal (C) sagittal section

Figure 2 – Microtomographic view of a lower premolar (tooth number 71) with root resorption area marking the 
apical third, with (A) axial (B) and coronal (C) sagittal section
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Figure 3 – Microtomographic view of a mandibular molar with reconstruction of root resorption area in an (A) axial 
section and (B) tridimensional viewer

The size of the cavities was calculated in relation to their volume in cubic millimeters by NRecon 
software (SkyScan NV, Kontich, Belgium), varying from 2.46 mm3 to 3.11 mm3, corresponding to cavities 
1.67 mm and 1.81 mm in diameter, respectively. A cavity 0.3 mm in diameter would be considered 
small. That is, all the cavities observed in this study can be classified as large cavities, since the 
literature cites values from 0.3 mm to 0.5 mm for small cavities, 0.7 mm to 1mm for medium cavities 
and greater than 1 mm for large cavities [2, 6, 7, 9, 13, 19].

The relationship of ERR in this study was 36.7%. The premolars and molars (10.8%) was more 
teeth presented ERR, followed by incisors (7.9%) and canines (7.2%), but this result was not statistically 
significant (Chi-square= 0.445) (table I).

The presence of ERR showed statistically significant relationship with the root one-third (Chi-
square=0,008) but not with root surface where it occurs (Chi-square=0,262) as can be seen in tables 
II and III.

Table I – Relationship of presence or absent of external root resorption in the different dental groups

TOOTH
Total

Incisor Canine Premolar Molar

MICRO-CT
WITHOUT RR Score 29a (20,9%) 11a (7,9%) 23a (16,5%) 25a (18%) 88 (63,3%)

WITH RR Score 11a (7,9%) 10a (7,2%) 15a (10,8%) 15a (10,8%) 51 (36,7%)

Total Score 40 (28,8%) 21 (15,1%) 38 (27,3%) 40 (28,8%) 139 (100%)

Source: raw data

Chi-square Test = 0.445

RR = root resorption 
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Table II – Relationship of external root resorption and one-root third according of different dental groups

TOOTH
Total

Incisor Canine Premolar Molar

ROOT 
THIRD

WITHOUT RR Score 29a (20,9%) 11a (7,9%) 23a (16,5%) 25a (18%) 88 (63,3%)

APICAL Score 9a (6,5%) 6a (4,3%) 2b (1,4%) 9a (6,5%) 26 (18,7%)

MEDIUM Score 0a (0%) 1a, b (7%) 7b (5%) 6b (4,3%) 14 (10,1%)

CERVICAL Score 2a, b (1,4%) 3b (2,2%) 6b (4,3%) 0a (0%) 11 (7,9%)

Total Score 40 (28,8%) 21 (15,1%) 38 (27,3%) 40 (28,8%) 139 (100%)
Source: raw data

Chi-square Test = 0,008 

RR = root resorption

Table III – Relationship of external root resorption and root surface according of different dental groups

TOOTH
Total

Incisor Canine Premolar Molar

ROOT 
SURFACE

WITHOUT RR Score 29a (20,9%) 11a (7,9%) 23a (16,5%) 25a (18%) 88 (63,3%)

PROXIMAL Score 9a (6,5%) 6a (4,3%) 9a (6,5%) 13a (9,4%) 37 (26,6%)

BUCCAL Score 2a (1,4%) 2a (1,4%) 5a (3,6%) 2a (1,4%) 11 (7,9%)

LINGUAL Score 0a (0%) 2b (1,4%) 1a, b (0,7%) 0a (0%) 3 (2,2%)

Total Score 40 (28,8%) 21 (15,1%) 38 (27,3%) 40 (28,8%) 139 (100%)
Source: raw data

Chi-square Test = 0.262 

RR = root resorption

Discussion

All permanent teeth are subject to present 
clinically irrelevant ERR that it is not detectable 
by X-ray and as a rule does not compromise the 
functional capacity or longevity dente [14]. Of the 
126 teeth analyzed in this study, 36.7% teeth had 
some ERR. An example of the configuration and 
architecture of these RR lacunas can be observed 
in figures 1 and 2. All RR occurs tridimensional, 
and its bidimensional radiographic evaluations is 
not geometrically accurate, yielding questionable 
extent values of the lesions [3].

The canines had the higher prevalence of 
ERR in this study (29.40%), and it does not agree 
with the literature, which states that the most 
likely teeth to make ERR are the upper and lower 
incisors, due to factors such as root configuration, 
periapical anatomy and bone architecture [1, 8, 9, 
13]. Another study stated that central and lateral 
incisors are also the most prevalent teeth with 
ERR, especially in studies orthodontic [4, 10-12, 
17] where it is called orthodontics induced external 
apical root resorption (OIEARR). Already in this 
study the canines had a higher prevalence of ERR, 
a justification for this finding may be the fact that 

we worked with micro tomography, which show 
the teeth at all levels, as most other studies used 
periapical radiographs [3, 4, 6, 8] where there is 
the superimposition of images; but even in studies 
using CT scan [1, 3, 6, 8, 9, 13-15], the values 
found in micro tomography were higher due to 
the detail of the image.

Radiographic identification of RR lacunae can 
be influenced by the location on the tooth [2]. In 
our study it was noted that RR is correlated with 
the root one-third (apical, middle and cervical) but 
not with root surface (proximal, buccal and lingual) 
and dental group (incisor, canine, premolar, molar).

When we tried to establish a relationship 
between dental group and the root one-third or root 
surface, we noted that there was a preference for the 
proximal surface as in a study where mesial and 
distal surfaces have considerably more resorption 
than the others [7]; whereas other showed that the 
lacunae of RR was located on all surfaces [16].

Regarding the root one-thirds, the apical 
one-third was the most prevalent with RR, that 
confirms previous studies showing that specially 
after applications of an orthodontic force, small 
areas of surface resorption always occurs, with 
high incidence of apical RR [5, 10].
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Limitations

One limitation of this study was to have used 
teeth from a tooth bank, which did not allow the 
knowledge of the previous clinical history of the 
patients, what diseases they had, the treatments 
that the tooth was submitted to or traumas. Ideally, 
teeth should be used, which dental and medical 
history should be known to be able to correlate 
with possible RR.

Conclusion

The results permit accept the second null 
hypothesis (2) The size and shape of nature RR is 
different of those ones produced artificially. 

It was possible observed that the arquitecture 
of the RR cavities is so different of that produced 
by round burs (artificial cavities) and seen in others 
image exams, like X-rays and cone beam computed 
tomography.

Another interesting finding was that in this 
study there is a relationship between RR and root 
one-third, but not with dental group.

References

1. Alqerban A, Jacobs R, Fieuws S, Nackaerts O, 
Consortium SP, Willems G. Comparison of 6 cone-
beam computed tomography systems for image 
quality and detection of simulated canine impaction-
induced external root resorption in maxillary 
lateral incisors. Am J Orthod Dentofacial Orthop. 
2011;140(3):e129-39.

2. Bernardes RA, Paulo RS, Pereira LO, Duarte MA, 
Ordinola-Zapata R, Azevedo JR. Comparative study 
of cone beam computed tomography and intraoral 
periapical radiographs in diagnosis of lingual-
simulated external root resorptions. Dent Traumatol. 
2012;28(4):268-72.

3. Bernier-Rodriguez JA, Sidow SJ, Joyce AP, McNally 
K, McPherson 3rd JC. Radiographic interpretation 
of experimental lesions in radicular tooth structure 
of human maxillary anterior teeth. J Endod. 
2008;34(12):1466-9.

4.  Buchi -Velazquez A ,  Escobar-Torres D, 
Veloso V, Ferraro N. Clinical and radiographic 
characterization of external root resorption. 
Medwave. 2024;24(3):e2780.

5. Campos MJ, Silva KS, Gravina MA, Fraga MR, 
Vitral RW. Apical root resorption: the dark side 
of the root. Am J Orthod Dentofacial Orthop. 
2013;143(4):492-8.

6. Castro IO, Alencar AH, Valladares-Neto J, Estrela C. 
Apical root resorption due to orthodontic treatment 
detected by cone beam computed tomography. Angle 
Orthod. 2013;83(2):196-203.

7. Creanga AG, Geha H, Sankar V, Teixeira FB, 
McMahan CA, Noujeim M. Accuracy of digital 
periapical radiography and cone-beam computed 
tomography in detecting external root resorption. 
Imaging Sci Dent. 2015;45(3):153-8.

8. Dalili Z, Taramsari M, Mousavi Mehr SZ, Salamat 
F. Diagnostic value of two modes of cone-beam 
computed tomography in evaluation of simulated 
external root resorption: an in vitro study. Imaging 
Sci Dent. 2012;42(1):19-24.

9. Dudic A, Giannopoulou C, Martinez M, Montet 
X, Kiliaridis S. Diagnostic accuracy of digitized 
periapical radiographs validated against micro-
computed tomography scanning in evaluating 
orthodontically induced apical root resorption. Eur 
J Oral Sci. 2008;116(5):467-72.

10. Durack C, Patel S, Davies J, Wilson R, Mannocci 
F. Diagnostic accuracy of small volume cone beam 
computed tomography and intraoral periapical 
radiography for the detection of simulated external 
inflammatory root resorption. Int Endod J. 
2011;44(2):136-47.

11. Fuss Z, Tsesis I, Lin S. Root resorption – 
diagnosis, classification and treatment choices 
based on stimulation factors. Dent Traumatol. 
2003;19(4):175-82.

12. Gunst V, Mavridou A, Huybrechts B, Van Gorp 
G, Bergmans L, Lambrechts P. External cervical 
resorption: an analysis using cone beam and 
microfocus computed tomography and scanning 
electron microscopy. Int Endod J. 2013;46(9):877-
87.

13. Harris DA, Jones AS, Darendeliler MA. Physical 
properties of root cementum: part 8. Volumetric 
analysis of root resorption craters after application 
of controlled intrusive light and heavy orthodontic 
forces: a microcomputed tomography scan study. Am 
J Orthod Dentofacial Orthop. 2006;130(5):639-47.



41 – RSBO. 2025 Jan-Jun;22(1):35-41
Schröder et al. – Microtomographic view of external root resorption: an observational transversal study

14. 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(2):112-9.

15. Lacerda MF, Junqueira RB, Lima TM, Lima CO, 
Girelli CF, Verner FS. Radiographic diagnosis of 
simulated external root resorption in multi-rooted 
teeth: the influence of spatial resolution. Acta Odontol 
Latinoam. 2020;33(1):14-21.

16. Levander E, Bajka R, Malmgren O. Early 
radiographic diagnosis of apical root resorption 
during orthodontic treatment: a study of maxillary 
incisors. Eur J Orthod. 1998;20(1):57-63.

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

18. Liedke GS, Silveira HE, Silveira HL, Dutra 
V, Figueiredo JA. Influence of voxel size in the 
diagnostic ability of cone beam tomography to 
evaluate simulated external root resorption. J 
Endod. 2009;35(2):233-5.

19. Lima TF, Gamba TO, Zaia AA, Soares AJ. 
Evaluation of cone beam computed tomography 
and periapical radiography in the diagnosis of root 
resorption. Aust Dent J. 2016.

20. Lund H, Grondahl K, Hansen K, Grondahl HG. 
Apical root resorption during orthodontic treatment. 
A prospective study using cone beam CT. Angle 
Orthod. 2012;82(3):480-7.

21. Makedonas D, Lund H, Hansen K. Root 
resorption diagnosed with cone beam computed 
tomography after 6 months and at the end of 
orthodontic treatment with fixed appliances. Angle 
Orthod. 2013;83(3):389-93.

22. Maues CP, Nascimento RR, Vilella OV. Severe root 
resorption resulting from orthodontic treatment: 
prevalence and risk factors. Dental Press J Orthod. 
2015;20(1):52-8.

23. Mohandesan H, Ravanmehr H, Valaei N. A 
radiographic analysis of external apical root resorption 
of maxillary incisors during active orthodontic 
treatment. Eur J Orthod. 2007;29(2):134-9.

24. Patel S, Dawood A, Wilson R, Horner K, Mannocci 
F. The detection and management of root resorption 
lesions using intraoral radiography and cone beam 
computed tomography – an in vivo investigation. Int 
Endod J. 2009;42(9):831-8.

25. Ren H, Chen J, Deng F, Zheng L, Liu X, Dong Y. 
Comparison of cone-beam computed tomography and 
periapical radiography for detecting simulated apical 
root resorption. Angle Orthod. 2013;83(2):189-95.

26. Ru N, Liu SS, Zhuang L, Li S, Bai Y. In vivo 
microcomputed tomography evaluation of rat 
alveolar bone and root resorption during orthodontic 
tooth movement. Angle Orthod. 2013;83(3):402-9.

27. Tsesis I, Fuss Z, Rosenberg E, Taicher S. 
Radiographic evaluation of the prevalence of 
root resorption in a Middle Eastern population. 
Quintessence Int. 2008;39(2):e40-4.

28. van Doornik SP, Pijnenburg MBM, Janssen KI, 
Ren Y, Kuijpers-Jagtman AM. Evaluation of the use 
of a clinical practice guideline for external apical 
root resorption among orthodontists. Prog Orthod. 
2024;25(1):15.

29. Wang Y, He S, Guo Y, Wang S, Chen S. Accuracy of 
volumetric measurement of simulated root resorption 
lacunas based on cone beam computed tomography. 
Orthodo Craniofac Res. 2013;16(3):169-76.

30. Wierzbicki T, El-Bialy T, Aldaghreer S, Li G, 
Doschak M. Analysis of orthodontically induced 
root resorption using micro-computed tomography 
(micro-CT). Angle Orthod. 2009;79(1):91-6.

31. Yu J-H, Shu K-W, Tsai M-T, Hsu J-T, Chang H-W, 
Tung K-L. A cone-beam computed tomography study 
of orthodontic apical root resorption. J Dent Sci. 
2013;8(1):74-9.

32. Zhuang L, Bai Y, Meng X. Three-dimensional 
morphology of root and alveolar trabecular bone 
during tooth movement using micro-computed 
tomography. Angle Orthod. 2011;81(3):420-5.


