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ARTICLE INFO                          ABSTRACT 
 

Early detection of external root resorption (ERR) is important for the adoption of an appropriate 
treatment plan in order to avoid greater damage in root structures. The present study aimed to 
evaluate the efficacy of digital subtraction radiography (DSR) for detecting root resorptions in 
maxillary central incisors. The ERRs were simulated and analyzed through digital radiographs 
and DSR methods.This study selected 36 maxillary central incisors with healthy roots. The teeth 
had their original root length reduced by 0.5 mm, 1.0 mm, 1.5 mm, and 2.0 mm in the apical-
coronal direction. Then, the teethwere regularly and irregularly worn with dental bur on the 
buccal surface, 4 mm cervical to the tooth’s apex, featuring two groups (n = 20 and n= 16, 
respectively). The digital radiographs were obtained using a photostimulable storage phosphor 
(PSP) imaging plate, and the images were subtracted by the linear and logarithmic methods. Ten 
dentists tested the diagnostic capacity of digital radiography and of digital subtraction 
radiography in detecting the ERRs. The DSR, both linear and logarithm, had a better performance 
when compared to the evaluation conducted only with digital radiography in apical and buccal 
ERRs of 0.5 mm and 1.0 mm (P< 0.05).The digital subtraction radiography method, both linear 
and logarithm,wasmore effective in the identification of small external root resorptions than 
digital radiography and can aid dental professionals in the early detection of ERRs. 
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INTRODUCTION 

External root resorption (ERR) is the loss of cementum and dentine 
as a result of odontoclastic cell action, caused by inflammation (Patel, 
2009 and Deliga Schröder, 2018). This can occur as a consequence of 
many stimulation factors, including trauma, apical infection, internal 
bleaching, periodontal treatment, ectopic eruption, and when in the 
presence of orthodontic movement (Deliga Schröder, 2018 and Fuss, 
2003). Many studies have observed worrisome incidence and 
prevalence rates of apical root resorption in orthodontically treated 
patients (Newman, 1975; Levander, 1998 and Ono et al., 2011). For 
Smale et al., nearly 15.5% of the patients have one or more incisors 
with root resorption of at least 2 mm in length from 3 to 9 months 
after beginning fixed appliance therapy (Smale, 2005). Another study 
found an 8% prevalence rate of root resorptions of greater than 3 mm 
in length after 12 months of treatment (Årtun, 2005). During 

orthodontic treatment, the early diagnosis of ERR allows for actions 
to be taken more effectively, modifying aspects within the treatment,  
 
and even, in some cases, suspending it, so that the progression of 
ERR can be avoided (Levander et al., 1998 and Chapnick, 1989). 
Root resorption is generally asymptomatic, and one of the only ways 
of diagnosing and measuring its severity is through radiographic 
imagery; however, a reliable diagnosis can only be performed five to 
six months after the beginning of orthodontic treatment. The 
periapical radiograph is the most common diagnostic method used to 
detect the presence of external apical root resorptionsbut, in many 
cases, with low precision (Brezniak, 2004; Westphalen, 2004). 
Digital subtraction radiography (DSR) is a technique that allows two 
radiographs in the same anatomic region, at different times, to have 
their respective coinciding structures removed, resulting in an image 
that represents only the difference between the two images (Ono, 
2011). The technique allows one to view the changes between the two 
images, which would normally be impossible by the naked eye 
(Takeshita, 2013). There are many methods that can make two 
radiographs become geometrically identical, and the success of the 
technique depends on this (Takeshita, 2013). Two methods of image 
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acquisition were classified as priori and posteriori
methodincludes those taken before the acquisition of the image, with 
positioners for the patient’s head and images of the bite. The 
posteriori method refers to those acquired after the images have been 
obtained, which are used as digital resources by differ
software to generate geometric standardization or imageequalization
(Samarabandu, 1994). Considering the high prevalence of root 
resorptions caused by orthodontic treatment, coupled with the 
difficulty of early diagnosis, this study sought to 
compare the detectability of digital radiography and DSR in diagnosis 
of ERRs located on the root’s apex and on the buccal surface of the 
root of maxillary incisors. 

MATERIAL AND METHODS

Sample: The experimental group consisted initially of44 
maxillary central incisors. These teeth presented healthy roots, with 
normal morphology, with no root dilacerations and/or curvatures. The 
crowns of the incisors that presented cavities due to dental caries 
were restored with 3M Filtek  Z250 photopolymerizable resin (3M 
do BrasilLtda, Sumaré, Brazil), thus reestablishing the dental 
anatomy and providing radiopacity in the reconstructed regions.
the first phase of the study the 44 teeth were prepared in order to 
simulate the external apical root resorption. At the time of the 
simulation of external apical root resorption, eight teeth were lost due 
to perforation of the pulp chamber. Among these eight teeth, two 
teeth would be prepared to simulate ERRs on the buccal surface of 
the root (regular cavities), and six would be prepared to simulate 
ERRs on the buccal surface of the root (irregular cavities). Thus, the 
final experimental group consisted of 36 permanent maxillary central.
In the second phase, the teeth were subdivided into two groups in 
order to simulate ERRs on the buccal surface of the root: 20 teeth 
were prepared to simulated regular ERRs cavities e 16 teeth were 
prepared to simulated irregular ERRs cavities.  The study design is 
outlined by the flowchart (Figure 1). 
 

 
Figure 1. Flowchart 

 

Image acquisition: The true length of the maxillary central incisors 
was obtained by two evaluators by means of a digital pachymeter 
(Canadá Inc., Mitutoyo, Canada). The measurements of true length 
were repeated twice by both examiners, and the final 
measurements represented the true length of the teeth (gold standard).
Next, each maxillary incisor was X-rayed, using a photostimulable 
storage phosphor (PSP) imaging plate (DenOptix
Hatfield, USA). These radiographs were taken by a single operator, 
using the dental X-ray unit GE 1000 (General Electric Company, 
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The true length of the maxillary central incisors 
was obtained by two evaluators by means of a digital pachymeter 
(Canadá Inc., Mitutoyo, Canada). The measurements of true length 
were repeated twice by both examiners, and the final average of the 
measurements represented the true length of the teeth (gold standard). 

rayed, using a photostimulable 
storage phosphor (PSP) imaging plate (DenOptix QST,Gendex, 
Hatfield, USA). These radiographs were taken by a single operator, 

ray unit GE 1000 (General Electric Company, 

Milwaukee, Wisconsin, USA), operating at 65 kV, 10 mA, with an 
aluminum filter of 1.5 mm in thickness
exposure time was of 0.20 s. The acquired images were exported and 
stored in TIFF format, operating at a resolution of 300 dpi, with a 
pixel size of 0.085 X 0.085 mm, matrix of 485 x 367pixels with 8 bits 
to quantify the gray levels and the special
attempt to simulate the conditions of the oral cavity, while taking the 
digital radiographs, the incisors were positioned in the alveolus of a 
sectioned maxilla from a dry skull, forming a bone/tooth block. The 
alveolus of the sectioned maxilla was filled with a dense 
condensation silicon, Silon 2 APS Denso
ComercioLtda, Petrópolis, Brazil), and the incisor was introduced 
into the alveolus, positioning its long axis parallel to the lower edge 
of the bone block. Consequently, the incisor remained in a parallel 
position, both in relation to the lower edge of the acrylic box as well 
as in relation to the digital sensor (Figure 2).
containing the incisors, that is, the bone/tooth block, was
positioned below an acrylic box of 2 cm in height, containing water, 
to attenuate the X-ray beams, simulating the soft tissues.
acquisition of these images, the radiographic technique of parallelism 
was applied in a standardized manner with the aid of a cylindrical 
acrylic box without a top to allow for the intro
tubes from the radiographic device. This provided the standardization 
of the focus-film and the focus-sensor distance at 40 cm and allowed 
for a perpendicular incidence of the X
 

Figure 2. (a) Acrylic device for
parallelism technique and (b) radiography obtained with the 

standardization of the technique. (1) Lower edge of the acrylic 
box, (2) bone/tooth block, (3) acrylic recipient containing water, 

(4) acrylic cylinder containing the X
 

Simulation of the apical root resorptions
on the root apex of the 36 teeth, using a number 3145 diamond bur 
(KG Sorensen Indústria e ComércioLtda, Barueri, Brazil) which 
gradually reduced the total length of the tooth by 0.5 mm, 1.0 mm, 
1.5 mm, and 2.0 mm. With each root re
measured with the pachymeter and X
 
Simulation of buccal root resorptions
step were subdivided into two groups: the first with 20 teeth and the 
second with 16 teeth. In both groups, wear was performed in order to 
simulate ERRs on the buccal surface of the root, on the apical third, 
and 4 mm cervical to the tooth’s apex, using a number 4 spherical 
diamond bur (KG Sorensen Indústria e ComércioLtda, Barueri, 
Brazil). In the first group, the root resorption presented regular edges, 
according to the cylindrical diamond bur format used in the wear 
process. By contrast, in the second group, the margins of root 
resorption simulated in this study proved to be irregular. The creation 
of this format sought to obtain a root lesion similar to real ERRs. 
After each of the resorptions had been created, they were then 
measured using a probe that measures in millimeters (Trinity 
Indústria e ComércioLtda, Jaraguá, Brazil). The lesions presented a 
depth of 0.5 mm. This dimension was later increased sequentially to 
1.0 mm, 1.5 mm, and 2 mm.  

sectional analysis of detection of external root resorptions simulated by digital subtraction radiography: in vitro study
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Figure 3. Digital linear subtraction radiography with apical (a) 
and vestibular (b) resorption. Digital logarithmic subtraction 

radiography with apical (c) and vestibular (d) resorption
 
Linear and logarithmic digital subtraction: In total, 324 digital 
radiographs were obtained. The image count is in the flowchart 
(Figure1). All of the radiographs received codes that informed to 
which tooth each one belonged, the type of resorption, and the degree 
of resorption. Next, the radiographs were submitted to the process of 
digital subtraction by means of the Emago
software (Oral Diagnostic Systems, Amsterdam, The Netherlands).
So that the results of the subtractions would be more precise, the 
commands of Y corrections from Emago ,  which calibrates the gray 
levels of the radiographs, and the reconstruction command, which 
carries out the geometric fine-tuning between two paired radiographs, 
were used. This fine-tuning was carried out by selecting four 
identifiable points between the two radiographs, which, once 
selected, paired the images through an algorithm, making them 
geometrically coincident. All of these parameters of alignment and 
correction of gray levels added to the care when taking the 
radiographs, and were sufficient to make both images paired and 
spatially aligned so that the linear subtraction could be performed 
properly (Figure 2). The method of logarithmic or non
subtraction was also applied, allowing for the definition of the minor 
differences between the two radiographs through the increase in the 
structural noise and the contrast. To reduce the structural noise, the 
command of ‘defined filter’ was used (Figure 3)
2006). This study obtained images subtracted between the healthy 
tooth and each of the types of simulated resorption of 0.5 mm, 1.0 
mm, 1.5 mm, and 2.0 mm, resulting in a total of 288 images of linear 
subtraction and 288 images logarithmic subtraction.
 

Evaluation of images: The X-ray images were evaluated by ten 
dentists, all experts in imagery, trained to examine the images with 
digital radiography, as well as with linear and logarithmic subtraction 
radiography. The images were classified according to
diagnostic options: clearly presented root resorption (a), probably 
presents root resorption (b), there is no way to affirm (c), probably 
does not present root resorption (d), and clearly does no present root 
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This study obtained images subtracted between the healthy 
tooth and each of the types of simulated resorption of 0.5 mm, 1.0 
mm, 1.5 mm, and 2.0 mm, resulting in a total of 288 images of linear 
subtraction and 288 images logarithmic subtraction. 

ray images were evaluated by ten 
dentists, all experts in imagery, trained to examine the images with 
digital radiography, as well as with linear and logarithmic subtraction 
radiography. The images were classified according to the following 
diagnostic options: clearly presented root resorption (a), probably 
presents root resorption (b), there is no way to affirm (c), probably 
does not present root resorption (d), and clearly does no present root 

resorption (e). The images were 
available so that the examiners could assess the images blindly and 
independently. 
 

Statistical test: After having obtained the data from the examiners, 
this information was tabulated and compared to the real 
measurements (gold standard). The statistical test was applied for the 
non-parametric ordinal data through the Friedman test, at a 5% 
significance level, using the BioEstat 5.0 software (Instituto de 
Desenvolvimento SustentávelMamirauá, Belém, Pará, Brazil).

RESULTS 

Apical Resorptions: The use of DSR, both linear and logarithm, had 
a better performance when compared to the evaluation conducted 
only with digital radiography in the resorptions of 0.5 mm and 1.0 
mm, as well as a similar and efficient performance at resorption 
levels of 1.5 mm and 2.0 mm (P< 0.05) 
 
Irregular buccal resorptions: The use of linear and logarithmic 
DSRs presented a better performance when compared to the results 
obtained with digital radiography at resorption levels of 0.5 mm and 
1.0 mm, as well as efficient and similar results in the three diagnostic 
methods at resorption levels of 1.5 mm and 2.0 mm (
 
Regular buccal resorptions: The best results occurred when the 
linear and logarithmic DSRs were used to compare diagnoses with 
digital radiography at resorption levels of 0.5 mm and 1.0 mm. 
Similar results were also found among all of the methods evaluated in 
the diagnosis of resorptions of 1.5 mm and 2.0mm (

DISCUSSION 

Orthodontically treated patients are subject to ERR. The early 
diagnosis of ERR allows for the modification of orthodontic 
planning, or even it suspension, in an attempt to prevent the 
progression of ERR and possible tooth loss. CBCT imaging is the 
most accurate method to detect ERRs,
however, it is a diagnostic method with a higher dose of radiation and 
a higher cost. In the present study, two different DSR methods were 
tested by two groups of professionals in order to test the accuracy of 
these methods. In the DSR method, alterations in the mine
are projected upon a neutral gray background, and for this reason the 
sensitivity in the diagnosis is greater than that in conventional 
radiographs (Christgau, 1998; Tyndall
detection rate of resorptions as small 
the root (Yi, 2006). In the present study, when evaluating the 
performance of DSR methods, the superiority of both types of 
subtraction were observed, especially in the identification of apical 
resorptions of 0.5 mm to 1.5 mm, as well as regular and irregular 
buccal resorptions of 0.5 mm and 1.0 mm. One prerequisite for DSR 
to be properly used is that the two radiographs to be subtracted must 
be spatially similar, with minimal variation
Kullendorff, 1988). The standardization methods for the images to be 
subtracted before and after having been obtained, called 
“posteriori”,13 are not excluded and, in fact, complement each other. 
Mol et al.21 simulated angulation errors in radiographs to evaluate the 
capacity of Emago® to correct these errors and concluded that there 
is a high correspondence among the corrected radiographic images, of 
up to 6º of angulation, with images correctly angled, which makes it 
essential to establish a minimal priori
be subtracted. It is important to stress that the corrections carried
posteriori were small in proportion, hence ensuring a good 
correlation among the analyzed images.
method, when comparing DSR, both logarithmic and linear, with 
digital radiography, the superiority of DSR was observed in both 
techniques when diagnosing simulated radiographic resorptions of a 
lesser proportion. A similarity was also found between DSR and 
digital radiography in resorptions of lesser proportion.
comparisons in the literature between DSR and the digital 
radiography, for the most part, are quantitative evaluations, using the 
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comparisons in the literature between DSR and the digital 
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measurement tools from either the subtraction program or the 
histogram to evaluate the density of the pixelsand, therefore, of the 
resorption. Using the histogram from the Emago® program, Bittar-
Cortez et al.16 quantitatively evaluated the value of the pixels in a 
peri-implant region in digital radiography as well as in linear and 
logarithmic DSR. The authors concluded that the monitoring of bone 
density in this region, to evaluate the value of the gray scale, can be 
performed by both DSR methods or by digital radiography, since they 
present similar results. In a study conducted for quantitative and 
qualitative evaluations, the roots of maxillary canines were measured 
before and after retraction in orthodontic treatment. Radiographs 
were taken, and these were subtracted so that the density of the gray 
level could be evaluated. A parity was observed in the inefficiency to 
detect apical resorptions in both methods (Perona, 1996). However, 
when the diagnostic capacity of the conventional radiographs was 
compared with DSR in simulated ERRs, the superiority of DSR was 
observed. It has been suggested that one of the factors for better 
subtraction results is to reduce the structural noise, allowing for the 
detection of details that, in other circumstances, would be lost 
(Kravitz, 1992). In the end, this is possibly the greatest advantage of 
subtraction: upon eliminating the presence of other anatomic images 
around any variation between the radiographs, the difference is 
highlighted.  
 
In the present study, this was most likely the fact that made the results 
of DSR, both linear and logarithmic, better than those found for 
conventional radiographs. For quantitative detection, through DSR or 
the digital radiography of simulated root resorptions of small 
proportions in incisors, Heo et al. (Heo, 2001) demonstrated the 
superiority of DSR in the diagnosis. Nonetheless, such images were 
generated with diamond burs that made the edges of the lesions more 
vivid. Moreover, subtraction in the buccal resorptions was not 
evaluated. When comparing digital radiography with DSR, in 
simulated root resorptions, it was observed that the method became 
significantly better only for the detection of lingual resorptions of up 
to 1 mm, with no difference for larger lesions nor for apical lesions. 
Resorptions of less than 0.5 mm were not detected by any of the 
methods, corroborating with the results found in the present study 
(Ono, 2011). In recent studies, which used the DSR method to 
diagnosis the vertical root fractures, interproximal caries and bone 
loss around metal implants, better results were obtained when 
compared with digital radiography images (Takeshita, 2013; Queiroz, 
2016; Kapralos, 2020; Geraets, 2011). The results after bone and 
membrane graft, in patients with periodontal bone defects, is also 
better seen using the radiographic subtraction method (Górski, 2019). 
In addition to the external root resorption shown in this study, the 
diagnosis of internal root resorptionwith DSR had more accuracy 
when compared with conventional radiographic images (Holmes, 
2001). In the present study, two groups had their root resorptions 
simulated on the buccal surface, one with vivid edges made by 
diamond burs and the other with more diffuse edges, similar to that 
observed in vivo. The results, however, point out an equality in the 
detection of both types of lesions. The radiographic subtraction 
method has strong clinical applicability because it is a low-cost and 
low-radiation method, with results proven in the literature in several 
areas, as previously described (Kapralos, 2020). The DSR method is 
significantly better for the detection of ERRs, however, one of the 
limitations with diagnosing of external cervical root resorption is that 
intraoral radiographs only reveal limited diagnostic information 
(Patel, 2009). Besides that, additional clinical randomized controlled 
trials are necessary for detecting and monitoring the progress of 
external root resorption. 

CONCLUSIONS 

The results of the present study showed that DSR, both logarithmic 
and linear, increased the detectability of simulated external root 
resorptions cavities. It improved diagnostic accuracy of digital 
radiography in detecting ERRs of small dimensions. So, elucidating 
the importance of DSR as a tool in the early diagnosis of ERRs. 
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