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Introduction

Radiotherapy is a treatment for head and neck 
cancer that uses ionizing radiation to destroy neo-
plastic cells [1]. However; it is not a selective treat-

ment modality. Then, patients with cancer in the 
head and neck region treated by radiotherapy may 
present different sequelae [2–5]. When underes-
timated, these complications can negatively affect 
patients’ quality of life [6].

AbstrAct

background: This study aimed to investigate the morphology and chemical composition of dental caries related to ionizing 

radiation (DcIr), an aggressive and progressive disease that affects dental hard tissues.

Materials and methods: eight human teeth with DcIr were paired with sixteen control teeth (8 teeth with conventional 

caries and 8 without caries) and included in this study. an analysis of the morphology of the lesions was performed using the 

following techniques: periapical radiography, cone beam computed tomography, computed microtomography, and scanning 

electron microscopy. The chemical composition was assessed using X-ray dispersive spectroscopy.

results: There was more demineralization in DcIr lesions when compared to conventional dental caries, even though there 

was no cavitation in the cervical region of the teeth. The superficial roughness and topography of DcIr lesions were similar 

to those of healthy teeth. On the other hand, lesions of conventional dental caries showed greater surface and topographic 

irregularity when compared to DcIr and healthy teeth (p = 0.001). calcium (ca) and phosphorus (p) levels were lower in DcIr 

lesions when compared to controls. however, higher levels of carbon (c) have been observed in DcIr lesions. There was a 

greater loss of the mineral matrix in DcIr followed by conventional caries. The reduction in the mineral matrix (ca and p) was 

compatible with the imaging patterns observed in teeth with DcIr and conventional caries.

conclusion: Despite their rapid evolution, DcIr presents an irregular, apparently intact surface with significant changes in 

the amount of ca, p, and c.
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The exacerbated advance of demineralization of 
dental structures (especially dentin) and salivary 
changes contribute to the appearance of carious 
lesions. Dental caries related to ionizing radiation 
(DCIR) is a highly destructive and progressive form 
of tooth decay [7, 8]. Its incidence is 29% in the 
population and may increase when no preventive 
measure is instituted [9]. In general, it begins in 
the cervical region of the buccal surface of the teeth 
and can extend to mesial and distal surfaces. In 
many patients, the initial lesions of DCIR exhibit 
a smooth diffused brown surface in the cervical 
region of the teeth [10, 11]. DCIR increases the 
fragility of the tooth structure that can culminate 
in a fracture of the dental crown [7, 10, 12, 13]. 
Clinically, changes in the degree of demineraliza-
tion and the color of the enamel affected by DCIR 
can confuse the dentist [14]. 

Conventional caries exhibit significantly de-
creased levels of calcium and phosphorus in regions 
where there was demineralized dentin when com-
pared to healthy teeth [15, 16]. Teeth with DCIR 
exhibit a loss of mineralized matrix in the area of the 
dentin-enamel junction (DEJ) and cementum. Some 
authors believe that there is a “delamination” of the 
enamel near the JAD, even on the healthy dental sur-
face [10]. The analysis of teeth with DCIR by com-
puted microtomography revealed that there is an 
extensive radiographic pattern of demineralization 
in the cervical region of the teeth. These changes can 
be observed even in decayed teeth with the enamel 
surface stained and still without cavitation. These 
findings reinforce the hypothesis that DCIR injuries 
are more destructive than they appear to be [11]. 

The pathogenesis of DCIR is still uncertain and 
the subject of much discussion in the literature [13, 
17, 18]. Despite this, it is believed that the radiation 
used by radiotherapy can have direct effects on the 
tooth. This fact leads to changes in the microscopic 
morphology of the enamel and dentin and, conse-
quently, changes in the microhardness of these tis-
sues [7, 10, 17, 19]. Thus, the objective of this study 
was to carry out a conformational and constitutional 
evaluation of teeth with DCIR, comparing them to 
teeth with conventional caries and to healthy teeth.

Materials and methods

This study was approved by the Research Ethics 
Committee of the University (Number 1.618.336). 

Twenty-four human permanent teeth were ob-
tained from the Biobank and Biorepository of the 
School of Dentistry. The selection of teeth was per-
formed visually according to the type of teeth and 
the presence or absence of caries lesions. Then, the 
teeth were separated into three groups: 1) Group 
GDCIR — eight teeth with caries related to ion-
izing radiation; 2) Group GCC — eight teeth with 
conventional caries, and 3) Group GHT — eight 
healthy teeth.

All teeth were evaluated macroscopically to 
verify the presence or not of caries lesions. The 
morphological aspects related to the loss of tooth 
structure in the GDCIR group were determined by 
two examiners, using the Post-Radiotherapy Caries 
Index described by Walker et al. [20] and adapted 
for extracted teeth.

Information regarding radiotherapy was col-
lected from the medical records of patients who 
donated their teeth with DCIR. Only teeth from pa-
tients with cancer in the head and neck region who 
had been treated by radiotherapy were included in 
this study (minimum therapeutic dose of 60 Gy). 
The teeth of each group were matched according to 
their anatomy.

radiographic evaluation
The teeth were radiographed using the film Den-

tus E-Speed, 3 × 4 cm (Agfa/Heraeus Kulzer, Bel-
gium), and X-rays equipment Xdent D70 (Xdent 
Equipamentos Odontológicos, Brazil). The films 
were positioned 30 cm from the X-ray emission 
source. All teeth were supported on them in the 
buccal-lingual and mesio-distal positions. A total 
of 48 radiographs were taken. The films were pro-
cessed in a Revell automatic processor (Del Grandi, 
Brazil). X-rays were digitized using a scanner for 
radiographic HP Scanjet G4050 (Hewlett Packard 
Development Company, USA). Then, all teeth were 
positioned in a semi-circular shape and stabilized 
on ethylene-vinyl acetate — EVA foam plates (Edu-
art, Brazil). This set was taken to the i-Cat Next 
Generation cone beam computed tomography (Im-
aging Sciences International, USA). During the re-
formatting of the images, approximately 530 axial 
sections were obtained, with a thickness of 0.5 mm. 
The image evaluation was performed with the help 
of the iCat Vision program version 1.9.3.14 (CT 
Dent, England) and the visualization of sections 
every 1.5 mm in the coronal, sagittal, and axial 
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planes. All radiographic and tomographic images 
were analyzed randomly by a single examiner who 
did not know the groups.

evaluation by computerized 
microtomography

The samples were submitted to the SkyScan 1172 
X-ray computerized microtomography (SkyScan, 
Belgium). About 1300 cuts were acquired (only 
from the coronary portion and the upper root of 
the teeth) to assess the cervical region. NRecon 
version 1.6.9.3 (SkyScan, Belgium) was used to re-
format the images in tomographic sections. These 
sections were then processed in the Data Viewer 
software version 1.5.2.4 (SkyScan, Belgium) and 
could be viewed on the three axes simultaneously.

Teeth preparation 
Two faces of each tooth were prepared for con-

stitutional, microstructural, and conformational 
evaluation: a) dentin surface - face exposed to the 
oral environment in the cervical region and b) in-
ternal face - cut parallel to the long axis of the tooth, 
in the center of the carious lesion towards the pulp 
chamber/pulp canal. The teeth were cut, polished, 
and cleaned.

chemical analysis
The evaluation of the chemical elements of the 

samples was performed using an X-ray dispersive 
energy spectroscope (EDX, Oxford Instruments, 
England) coupled to the SEM. This analysis was 
done on the inner face, in the cut made along the 
long axis of the tooth. The AZtec 3.1 program (Ox-
ford Instruments, England) was used to analyze 
the data obtained from spectroscopy. The following 
chemical elements were selected to measure the 
relative quantity according to their atomic number: 
C, P, and Ca. 

Microstructural and conformational 
analysis

The samples were subjected to ionic metalliza-
tion with gold (Au) using an automatic pressure 
metallizer SCD-030 (Balzers Union, Liechtenstein) 
after analysis of the chemical composition of the 
teeth. Each tooth was evaluated using SEM Tes-
can Vega3 LMU (Tescan, Czech Republic). The su-
perficial region of the cavities was evaluated. The 
scanning electron microscope allowed two types 

of analysis: a) microstructural — a qualitative ob-
servation with increases of 50×, 500×, 5,000×, and 
25,000×; b) conformational — evaluation of the 
surface roughness and topography of the dentin 
surface. The Vega3 Control Software 4.2 program 
(Tescan, Czech Republic) was used to evaluate the 
microstructure. For conformational evaluation, the 
MeX 3D Measurement program (Alicona Imaging 
GmbH, Austria) was used. The measure used for 
statistical calculations was ‘Sz’ (name generated by 
the program). It calculates the difference between 
the average peaks of a given area and the average of 
valleys in a given area, in “µm”.

statistical analysis
Statistical analysis was performed using the soft-

ware Statistical Package for Social Sciences 20.0 
(IBM Inc., Chicago, EUA). The homogeneity of the 
variables was verified using the Levene test. The 
ANOVA test was used to analyze the correlation be-
tween the three groups of teeth. Besides, the Tukey 
HSD test was used to determine the significant dif-
ferences between the means of all groups. Values of 
p < 0.05 were considered significant.

results

The teeth used in this study and the respective 
treatment regimens used to treat patients are shown 
in Table 1. Most patients were adult men who had 
a tumor treated in the oropharynx region by a com-
bination of radio- and chemotherapy. All patients 
had been treated by 3D conformal radiotherapy, 
ranged from 60 to 70 Gy total dose (daily fractional 
dose of 200 cGy during 30 to 35 radiation therapy 
sessions).

The macroscopic evaluation revealed that all 
teeth with conventional caries exhibited cavitations 
(Fig. 1, columns 1 and 2). Also, spots ranging from 
brown to black were observed on the surface com-
promised by DCIR.

Periapical radiographs revealed that teeth with 
DCIR did not have cavitation. However, the com-
promised regions exhibited radiolucency consistent 
with loss of mineral structure (Fig. 1, columns 3 
and 4). The analysis of sections obtained by cone 
beam computed tomography revealed radiolucent 
images suggestive of a greater area of mineral loss. 
A marked difference between both types of caries 
was more evident in the images obtained by cone 
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beam computed tomography (Fig. 1, columns 5 
and 7).

The analysis of caries lesions made by computer-
ized microtomography showed that there was a dif-

ference in DCIR lesions when compared to con-
ventional caries. The DCIR showed an extensive 
area with a loss of mineralized structure (Fig.  1, 
columns 8 to 10). These changes were observed 

table 1. Teeth and clinical data of patients included in the survey

Tooth Sex Age
Localization  
of the tumor

Treatment
Type  

of radiotherapy
Radiotherapy 

dose
Number of sessions/ 

/fractions*

Upper molar Male 49 Tongue (base) rT 3D 66 Gy 33

Lower molar Male 48 Oropharynx rT + chT 3D 66 Gy 33

Upper central 
incisor

Female 61 Jaw rT + chT 3D 70 Gy 35

Upper 
premolar

Male 62 Tongue rT + chT 3D 60 Gy 30

Lower canine Male 63
Oropharynx and 

tongue
rT + chT 3D 60 Gy 33

Lower canine Female 53 palate rT + surgery 3D 70 Gy 35

Lower lateral 
incisor

Male 53 Oropharynx rT + chT 3D 66 Gy 33

Lower canine Male 55 Oropharynx rT + chT 3D 66 Gy 33

rT — radiotherapy; chT — chemotherapy (cisplatin and fluorouracil); *200cGy per fraction

Group 
GDCIR  

Group GC  

Group HT  

Figure 1. clinical and imaginological images of teeth with dental caries related to ionizing radiation (DcIr), conventional 
carie and healthy. columns 1 and 2: clinical. columns 3 and 4: radiographic images. columns 5 and 6: tomographic images. 
columns 7–10: images by micro cT scanning; GDcIr — eight teeth with caries related to ionizing radiation; Gcc — eight 
teeth with conventional caries; GhT — eight healthy teeth
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even in caries regions with a smooth surface and 
a brownish color (Fig. 1, columns 1 e 2). On the 
other hand, the mineral loss of teeth with con-
ventional caries was restricted to the cavitation 
region and with less penetration towards the pulp 
chamber.

The evaluation of the superficial microstruc-
ture of all teeth was performed with four different 
magnifications using SEM. Magnifications of 50x 
and 500x have revealed that surfaces with DCIR 
(Fig. 2A and 2B) and healthy dentin (Fig. 2I and 4J) 
were more regular. The teeth compromised by con-
ventional caries presented a more irregular surface. 
The presence of cavitation and cracks in the mineral 
structure were observed (Fig. 2E and 2F). In the 
increases of 5,000x and 25,000x, greater mineral 
disorganization was observed in teeth with DCIR 

(Figures 2C and 2D) and a more homogeneous 
structure in healthy teeth (Fig. 2K and 2L).

The superficial topography and roughness were 
evaluated using the SEM and the MeX software 
through color scale and numerical scale. The super-
ficial roughness of teeth with DCIR (Fig. 3A) was 
lower when compared to teeth with conventional 
caries (Fig. 3B). On the other hand, this rough-
ness was greater when compared to healthy teeth 
(Fig. 3C). 

The values of individual surface roughness and 
topography for each tooth, the mean and standard 
deviation for the different groups are shown in 
Table 2. There was no statistical difference in sur-
face roughness between different types of caries 
(p = 0.709). The superficial roughness of teeth with 
DCIR and healthy teeth also did not show a sta-

Group GDCIR

Group GC

Group HT

Figure 2. seM photomicrographs of dental surface. a, B, c, D: Teeth with dental caries related to ionizing radiation (DcIr); 
e, F, G, h: Teeth with conventional caries; I, J, K, L: healthy teeth; a, e, I: at 50x magnification; B, F, J: at 500x magnification; 
c, G, K: at 5,000x magnification; D, h, L: at 25,000x magnification; the rectangles refer to the area selected for the next 
magnification. GDcIr — eight teeth with caries related to ionizing radiation; Gcc — eight teeth with conventional caries; 
GhT — eight healthy teeth
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tistical difference (p = 0.101). On the other hand, 
a statistically significant difference was observed 
between the superficial roughness of healthy teeth 
and conventional caries (p = 0.012). 

The topography analysis showed that the surfac-
es of the examined teeth were similar (Fig. 3D–3F). 
The teeth with DCIR showed an average topo-
graphic irregularity (the difference between maxi-
mum peak and minimum depth) of 97.93 µm 
(± 66.45 µm). In teeth with conventional caries and 

healthy, the mean values for the topography irregu-
larity were 164.19 µm (± 89.19 µm) and 28.33 µm 
(± 5.98 µm), respectively. Table 3 presents the val-
ues of the topography observed in each tooth in-
dividually. There was no statistical difference in 
topography between DCIR and conventional car-
ies (p = 0.162). Likewise, there was no statistical 
difference between teeth with DCIR and healthy 
teeth (p = 0.137). There was a statistically signifi-
cant difference between teeth with conventional 

table 2. Values of roughness and surface topography of teeth according to groups

Groups
Upper 
molar 
[µm]

Upper 
molar 
[µm]

Upper central 
incisor [µm]

Upper 
premolar 

[µm]

Lower 
canine 

[µm]

Lower 
canine 

[µm]

Lower lateral 
incisor [µm]

Lower 
canine 

[µm]

Mean 
[µm]

SD

roughness

GDcIr 27.12 38.89 109.88 23.09 279.73 15.07 227.38 73.12 47.86 36.56

Gcc 67.01 66.25 36.67 62.97 90.19 108.21 15.47 28.79 59.44 31.24

GhT 16.82 10.91 8.53 15.67 26.24 21.96 13.57 15.93 16.20 5.71

topography

GDcIr 66.59 132.90 109.90 32.65 366.69 38.43 344.46 207.15 97.93 66.45

Gcc 240.85 186.17 86.94 230.74 298.94 143.12 62.92 63.81 164.19 89.19

GhT 27.86 31.09 19.20 25.01 30.94 39.75 27.69 25.11 28.33 5.98

GDcIr — eight teeth with caries related to ionizing radiation; Gcc — eight teeth with conventional caries; GhT — eight healthy teeth

Su
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ug
hn

es
s

To
po

gr
ap

hy

Group DCIR Group GCC Group GHT

Figure 3. seM photomicrographs of dental surface. Images in the upper region — topography. Images in the lower region 
— surface roughness
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caries and healthy teeth (p = 0.001). Figure 4 shows 
the patterns of the three-dimensional projection of 
the surface topography of the analyzed teeth.

The quantitative analysis of the chemical con-
stitution of each tooth in the different groups and 
their relations are shown in Table 3. Spectroscopy 
revealed that there were statistically significant 
differences in Ca and P levels between the three 
groups. Also, an increase in C levels was observed.

The mean Ca was lower in DCIR (13.72 ± 4.22 
µm) when compared to teeth with conventional 
caries (18.77 ± 2.47) and healthy teeth (22.87 ± 1.38 
µm), with p < 0.05. The mean P was lower in DCIR 
(6.77 ± 2.02 µm) when compared to teeth with 
conventional caries (9.47 ± 1.43) and healthy teeth 
(11.72 ± 0.47 µm). On the other hand, the aver-
age of C atoms was higher in teeth with DCIR 
(42.37 ± 7.80 µm), lower in those with conventional 
caries (32.99 ± 4.38 µm) and also in healthy teeth 
(25, 28 ± 1.84 µm). The relationships between chem-
ical elements also varied between groups. When 
the Ca/P rates between the DCIR (2.02 ± 0.04) 
and healthy teeth (1.95 ± 0.05) were compared, 
a statistically significant reduction (p = 0.016) was 
observed. The comparison between groups of teeth 
with conventional caries and healthy teeth showed 
no statistical difference (p = 0.300).

Discussion 

Oral cancer is an emerging disease in several 
countries and is considered a public health problem 
[21]. The treatment of this disease may involve dif-
ferent therapeutic modalities: surgical, chemother-
apy, and radiotherapy [22]. Many patients, when 
submitted to radiotherapy in the head and neck, 
may develop DCIR lesions. According to de Pauli 
Paglioni et al. [23], DCIR is associated with elevated 
DMFT (decayed, missing, and filled teeth) index. 
This demonstrates that the patient undergoing ra-
diotherapy has poor oral health and low quality of 
life. However, the pathophysiology of DCIR is not 
yet fully understood. Thus, this study aimed to in-
vestigate the lesions of DCIR, morphologically and 
chemically.

table 3. crossing between groups for the variables roughness and surface topography

Crossings
Mean difference module 

[µm]
Standard error [µm] p-value

Confidence interval 95%

Lower limit/Upper limit

roughness

GDcIr x Gcc 11.58 15.52 0.709 –48.48/25.32

GDcIr x GhT 31.66 14.52 0.101 –5.24/68.56

Gcc x GhT 43.24 13.45 0.012* 9.08/77.40

topography

GDcIr x Gcc 66.25 34.61 0.162 154.17/21.67

GDcIr x GhT 69.60 34.61 0.137 18.32/157.52

Gcc x GhT 135.85 32.04 0.001*  217.25

GDcIr — eight teeth with caries related to ionizing radiation; Gcc — eight teeth with conventional caries; GhT — eight healthy teeth

Figure 4. Three-dimensional projection of superficial 
topography by seM. A. Tooth with caries related to ionizing 
radiation. b. Tooth with conventional caries. c. healthy 
tooth

a

B

c
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The teeth with DCIR presented the brownish 
aspect on two or more faces as observed by other 
authors [10, 11, 14]. In most cases, this color change 
can confuse the dental surgeon who may underesti-
mate the lack of cavitation and not give due impor-
tance to the establishment of a fast and adequate 
treatment [13, 14]. On the other hand, teeth with 
conventional caries showed small cavitation and 
restricted to the cervical region.

When these types of caries are studied using 
the imaging resources available, the clinical aspect 
without cavitation of DCIR and a “possibility” of 
no demineralization may suggest other hypothe-
ses. Periapical radiographs are capable of showing 
radiolucent images where there has not yet been 
a considerable mineral loss, as described by Silva 
et al. [14] In our study, it was possible to observe 
this situation through the periapical radiographs 
that were also confirmed with the computed to-
mography.

The sensitivity of cone beam computed tomogra-
phy revealed the highest degree of demineralization 
of DCIR when compared to conventional caries. 
These results corroborate the findings of other stud-
ies [7, 10, 11]. The analyses made by microtomog-
raphy suggest that, despite the clinical appearance 
without cavitation, there is a high degree of demin-
eralization in DCIR [11]. On the other hand, in 
the case of conventional caries, demineralization 
occurs around the lesion. These same findings were 

observed by Morais-Faria et al. [11]. These authors 
also evaluated teeth with DCIR and conventional 
caries using computerized microtomography. Im-
aging resources used allowed the visualization of 
the teeth in three dimensions (sagittal, coronal, 
or axial). In this way, the X-ray was able to pass 
through the teeth without resistance, especially 
in DCIR lesions due to low mineralization. These 
findings reinforce the existence of regions appar-
ently without mineral structure. Previous studies 
had already reported such changes in both DCIR 
and conventional caries [8, 14, 17, 19]. 

Dental caries is a disease that causes profound 
changes in the mineral structure of the teeth and 
that can determine the increase in tooth fragility 
[7, 10, 17, 19]. Kielbassa et al. [7] developed a study 
with polarized light microscopy and showed that 
the surface of DCIR is similar to that of healthy 
dentin in the cervical region. With the use of SEM 
and specific software to assess surface topography, 
we observed a similar result.

When teeth with DCIR were compared to 
healthy teeth, they surprisingly showed no signifi-
cant changes in surface irregularity (in terms of ei-
ther roughness or topography). On the other hand, 
there was a significant difference when compared to 
conventional caries, which presented greater topo-
graphic irregularity. The results of this analysis of 
the surface corroborated the findings of the macro-
scopic evaluation. These findings suggest the false 

table 4. absolute percentage of atomic mass (Wt%) for the elements calcium, phosphorus and carbon according to groups

Chemical elements
Caries related to ionizing 

radiation Wt% ± SD
Conventional caries  

Wt% ± SD
Healthy teeth  

Wt% ± SD

calcium 13,72 ± 4.22 18.77 ± 2.47 22.87 ± 1.38

phosphorus 6.77 ± 2.02 9.47 ± 1.43 11.72 ± 0.47

carbon 42.37 ± 7.80 32.99 ± 4.38 25.28 ± 1.84

calcium/phosphorus 0.35 ± 0.17 0.59 ± 0.14 0.91 ± 0.12

calcium/carbon 2.02 ± 0.04 1.99 ± 0.06 ± 0.05

sD — standard deviation

table 5. crossing of groups of teeth in relation to chemical elements and their relationships

Crossings Calcium (Wt%) Phosphorus (Wt%) Carbon (Wt%) Calcium/Phosphorus Calcium/Carbon

DM (p-value)

GDcIr x Gcc 5.05 (0.007)* 9.39 (0.005)* –2.71 (0.004)* 0.04 (0.300) 0.24 (0.010)*

GDcIr x GhT 9.15 (0.000)* 17.09 (0.000)* –4.95 (0.000)* 0.08 (0.016)* 0.56 (0.000)*

Gcc x GhT 4.10 (0.028)* 7.71 (0.021)* 2.25 (0.015)* 0.04 (0.300) 0.33 (0.001)*

GDcIr — eight teeth with caries related to ionizing radiation; Gcc — eight teeth with conventional caries; GhT — eight healthy teeth; DM — mean difference 
module; Wt% — absolute percentage of atomic mass; *statistical difference
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impression that there is no loss of mineral structure 
[10, 11]..

Spectroscopy was used to identify the different 
chemical elements present in mineral structures 
[15, 16]. In our study, the analysis of the chemical 
composition reinforced the findings observed in 
periapical radiographs, CT scans, and microtomog-
raphy. The Ca/P ratio reflected the mineral compo-
sition of the crystalline structure of the teeth. Sig-
nificant chemical changes could be observed when 
teeth with DCIR were compared to healthy teeth. 
Similar changes had previously been identified by 
other authors who revealed a loss of minerals in 
dentine with conventional caries versus healthy 
dentin [15]. 

Our study showed that there was a significant 
decrease in the amount of Ca and P in teeth with 
conventional caries when compared to healthy 
teeth. However, the greatest reduction was seen in 
teeth with DCIR. An inverse relationship can be 
observed with the amount of carbon in the different 
groups. Dispersive X-ray spectroscopy revealed that 
there was a greater amount of carbon in the DCIR 
areas when compared to conventional caries and 
the healthy dentin surface. The reduced amount of 
Ca and P suggests that the mineral matrix of the 
teeth with DCIR was altered and reinforce even 
more the findings of the imaging exams.

Additionally, microCT revealed that there were 
large areas of hypodensity in the DCIR samples. 
Also, these results allow us to believe that there 
is little or no mineral matrix in that region. This 
result corroborates the results observed by EDX. 
However, the literature reports that DCIR and con-
ventional caries have the same demineralization 
patterns [14]. 

Our study was able to demonstrate that there is 
a difference between both types of caries according 
to different types of analyses (radiographs, tomog-
raphy, microtomography, chemical composition, 
surface roughness, and topography). Macro- and 
microscopic evaluations showed similarities be-
tween the surfaces of DCIR and healthy teeth and 
significant differences when compared to conven-
tional caries. The analysis of the images and the 
chemical composition showed the opposite, as the 
DCIRs determine a profound pattern of demineral-
ization of the dental structure and loss of chemical 
elements. On the other hand, in conventional caries 
lesions, they present a lower, but also significant, 

degree of demineralization. The lesions of DCIR 
can clinically look like aggressive and destructive 
injuries. The apparent superficial smoothness and 
the lack of cavitation disguise an extensive loss of 
mineral matrix that occurs in the tooth structure, 
as seen in the images and in the values of Ca and P 
losses, for reasons not yet fully elucidated.

The small sample size was the main limitation of 
our study. This was due to the difficulty of getting 
teeth with DCIR less destroyed. Obtaining teeth 
with this disease is not an easy job. When DCIR is 
not treated, it can progress quickly and require re-
storative treatment or surgical removal of the tooth. 
Dental extraction in patients who were treated by 
high-dose radiotherapy in the region represents 
a risk for osteoradionecrosis, especially in the 
mandible. So, when an extraction needs to be per-
formed on an irradiated patient, it needs to be very 
well planned [20]. Besides, the evolution of DCIR 
lesions is rapid and can lead to early tooth loss 
due to fracture of the crown. The teeth with DCIR 
used in this study still had their anatomical crown 
well preserved. They had been surgically removed 
because of advanced periodontal disease or had un-
dergone coronectomy after endodontic treatment. 
Also, it was not possible to determine the degree of 
hyposalivation and xerostomia in patients who had 
DCIR. However, all patients had poor oral health 
because they had not adhered to oral hygiene care 
determined by the hospital’s dental surgeon.

The literature also reinforces the need to pair 
the samples with the type of tooth, the region to 
be investigated, and the patient’s age [24–26]. The 
teeth used in this study were matched according to 
the anatomy of the teeth and their cervical region. 
On the other hand, it was not possible to standard-
ize the age of patients who donated their teeth to 
the control groups (conventional caries and healthy 
teeth), because priority was given to the similarity 
of caries lesions from a macroscopic point of view.

Finally, the lesions of DCIR macroscopically pre-
sented with a brownish, smooth, and intact sur-
face. However, imaging studies revealed that these 
areas had a radiolucency pattern compatible with 
a greater loss of mineral structure when compared 
to conventional caries. The chemical composition 
of the DCIR lesions was significantly altered with 
a decrease in Ca and P and an increase in C. From 
the microscopic point of view, the DCIR lesions 
showed a superficial irregularity similar to a healthy 
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tooth and less when compared to conventional car-
ies. 

Also, it is important to note that DCIR is a multi-
factorial disease and that the clinician must also be 
aware of changes in patient’s microbiota, diet, and 
saliva. All of these factors associated with changes 
in tooth structure contribute to the development 
and rapid progression of lesions. Thus, the clinician 
needs to know and diagnose DCIR to adopt effec-
tive therapeutic measures as soon as possible. These 
measures include better adequacy of the oral en-
vironment, with hygiene and proper maintenance 
and restorative procedures, when necessary.

conclusion 

Despite their rapid evolution, DCIR lesions pres-
ent an irregular, apparently intact surface with sig-
nificant changes in the amount of Ca, P, and C.
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