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  ABSTRACT
Introduction: dilaceration is a disturbance in tooth formation that produces a sharp bend or 
curve in the tooth. this anomaly has a negative effect on the treatment of root canals, orthodontics 
and surgery. The aim of this study was to determine the prevalence of root dilaceration using 
Cone Beam Tomography (CBCT).
Materials and Methods:In this study, a total of 206 CBCT images(5434teeth) were 
analyzed for having dilaceration. The images were evaluated at the Multi Planner section in the 
coronal and axial view to find mesiodistal dilaceration and in the sagittal view to find buccolin-
gual dilaceration. Deviation of more than 20 degrees of one-third of the apical part of the root in 
the longitudinal axis of the tooth was considered as dilaceration. Deviation of 20 to 40 degrees, 
was considered as mild dilaceration, deviation of 41 to 60 degree was considered as moderate 
dilacerations and deviation more than 61 degrees was considered as severe dilacerations. The 
data were analyzed by SPSS software version 21 and statistical analysis was performed by Chi 
Square test.
Results: showed that dilaceration was found in 69.4% of radiographic images and 7.5% of 
teeth. The most common intensity and direction in teeth with dilacerations were mild dilacera-
tions (62.9%) and distal dilaceration (59.8 %), respectively. The prevalence of dilaceration was 
not definitely different in the sex and age (P>0.05), but its prevalence was significantly higher in 
maxilla than the mandible and in the maxillary right quadrant than the other quadrants(P<0.05). 
dilaceration was more common in posterior teeth and was more prevalence in maxillary second 
molars, mandibular second molars and mandibular first molars teeth respectively, which was 
statistically significant in type and number of teeth(P<0.05).
Conclusion:according to the results of this study, dilaceration has a significant prevalence 
that shows the necessity of radiographic examination to determine the dilacerations, which is 
important to prevent complex problems during dental treatment
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Introduction
Dilaceration is in anomaly described as a 

deviation angle of 20 degrees or above from 
the longitudinal axis of the tooth in the apical 
zone of the root. However, in its severe and less 
common cases, the crown forms a reverse an-
gle of more than 90 degrees to its root1&2.the 
causes for dilaceration has not yet been clearly 
explained and there is ongoing debate regarding 
that3. The most commonly accepted reason in 
the literature is trauma while other factors, such 
as genetics, evolutionary anomaly, formation 
of scar, severe infection of root, lack of space, 
effect of unanatomical structure, the proximity 
to cyst or tumor, radiotherapy, and mechanical 
interference have also been mentioned; there 
has not been sufficient evidence for them how-
ever4,5.the highest rate of dilaceration preva-
lence is found in maxillary incisors with 52%; 
in some other sources it was mentioned to be 
in mandibular third molar with 12.8%1.in case 
of need for surgical, endodontic, or orthodontic 
treatments, teeth with dilaceration need to be 
properly diagnosed and treated since they have 
been known to cause complications in regular 
dental treatments6,7.dilaceration result in a 
great increase of stress during occlusal forces 
to the teeth and this affects the stability and lon-
gevity of the dental prosthesis8.the prognosis of 
dilaceration treatment depends on the severity 
of the case: while in its mild forms, treatment 
is not considered a necessity, the more serious 
cases may call for surgical exposures and or-
thodontic movements; and in truly severe cases, 
treatments would be more complex and may 
result in extraction of the tooth3. Radiography 
is necessary to monitor the condition of root de-
velopment, angle of dilaceration, determination 
of the shape, and position of the root3. Although 
mesial and distal aberrations of the roots are 
easily recognizable in periapical and panoramic 
radiography9, buccal and lingual ones are not 
clearly visible in these two-dimensional radiog-
raphy. Also, in periapical radiography, the final 
results can be affected due to the location of the 
teeth in the bone, their abnormal placement in 
the panoramic, and depending on the position of 

focal trough. Thus, there is a need for 3D radi-
ography to determine the shape and position of 
these roots accurately5. CBCT is a three-dimen-
sional imaging system, and with less doses than 
CT, it is widely used in most fields of dentistry 
today10.because of the importance of the sub-
ject, the aim of this article is to determine the fre-
quency of root dilaceration by using cone beam 
computed tomography in an Iranian population.

Materials and Methods
In this descriptive cross-sectional study 206 

CBCT scans of patients (mean age: 16.04 ± 
5.17 years), including 98females and 108 males, 
were selected from the archives of CBCT im-
ages of a maxillofacial radiology clinic locat-
ed in west central of Iran from 2016 to 2017. 
Inclusion criteria: cases with the following 
conditions were not entered into the study: no 
tooth root development, facial and maxillofa-
cial lesions, Anodontia, maxillofacial fractures 
or wire and plate. exclusion criteria were as 
follows: teeth with hypercementosis and other 
lesions which made observing the teeth borders 
difficult.  An assigned code of Ethical Commit-
tee of Guilan University of Medical Sciences 
for this research was IR.GUMS.REC.1396.382. 
“All procedures followed were in accordance 
with the ethical standards of the responsible 
committee on human experimentation (institu-
tional and national) and with the Declaration 
of Helsinki”. Informed consent was obtained 
from all patients for being included in the study.  
The CBCT images were taken by SoredexTM, 
Cranex3D®, Tussuula, Finland by selecting a 
6*8 cm³ field of view and Volex size 200 µm

(KVP: 90, MA:10, T: 14.2) first, sharpness 
and contrast were adjusted for a more accurate 
examination of the images. A maxillofacial ra-
diologist having >10 years of experience select-
ed in MPR images in all three plans of coronal, 
axial, and sagittal in which the root of tooth 
was clearly visible in the image. In the coronal 
view mesiodistal and in sagittal view buccolin-
gual dilacerations. The dilaceration was defined 
based on 1/3 of apical root deviation from the 
longitudinal axis of the tooth: 20 to 40 degrees 
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of deviation of angle was considered mild, 41 to 
60 degrees was moderate, and 61 degrees and 
more was severe(11) (Fig1&2). All of the men-
tioned measurements were done by two oral 
and maxillofacial radiologists. Interobserver 
agreement was reported as 96% (Kappa test).

Fig1: an example mesiodistal dilaceration

Fig2. An example buccolingual dilaceration

All the gathered data was entered separate-
ly for the examined teeth in a form where in-
formation such as age, sex, individuals, tooth 
number, and presence and direction and inten-
sity of dilaceration were recorded. Data were 
entered into SPSS V.21 software. The level of 
significance was ≤ 0.05. In order to compare 
dilacerations based on sex, age, and other fac-
tors, chi-square test, and for comparing them 
regarding mandible or maxilla, quadrant, type, 
and number of tooth MC Nemar’s test was used.

Results
In this study, 206 CBCT radiography sam-

ples (5434 teeth) were examined. The majority 
of cases were between 31 to 50 years (60.7%). 
Mean and standard deviation of samples   were 
26.34±4.5. out of the total sample size (206 
individuals), 69.4% (143) had at least one di-
lacerated tooth with 95% confidence interval 
(75.4% - 62.9%). The results of intraclass cor-
relation (ICC) showed high level of agreement 
between the two observers’ measurements 
(ICC: 0.945). Also, there was a great internal 
agreement between the observers (ICC: 0.961).

In 7.5% (410 teeth) of the 5435 stud-
ied cases, dilaceration was observed with 
a 95% confidence interval (6.9%-8.3%).

Table-1: A comparison of distribution of intensity of dilaceration based on orientation 

Intensity of dilaceration
Sum

Mild Moderate severe

Orientation

Mesial
Number 13 9 4 26

P=0.001*

Percentage 50% 34.6% 15.4% 100%

Distal
Number 168 67 10 245

Percentage 68.6% 27.3% 4.1% 100%

Buccal/labial
Number 25 25 6 56

Percentage 44.6% 44.6% 10.7% 100%

Lingual/palatal
Number 52 26 5 83

Percentage 62.7% 31.3% 6% 100%

Sum
Number 258 127 25 410

Percentage 62.9% 31% 6.1% 100%

The prevalence of dilaceration in women was 
found to be 72% which is higher than in men 
(66%), but according to Chi-square test, the 
difference was not statistically significant 

(p=0.36). Based on table 1, the most common 
orientation for dilacerated teeth was the distal 
with 59.8% of the whole cases (245 teeth out of 
5434). The mild intensity was the most frequent



type in mesial, distal, and lingual/palatal ori-
entations (50%, 68.6%, and 62.7% respec-
tively). In buccal/labial  mild and moderate 
orientations were tied at 44.6 percent. The 
highest level of dilaceration was observed 
in under 30-year-old group   (73.8%), but 
based on Chi-square test, considering the 
prevalence of  dilaceration in other group , 
it was not statistically significant   (p=0.64).
Comparing the distribution frequency of 
root dilaceration based on the involved jaw 
showed that its prevalence to be more in max-
illa than mandible (58.7%) and the differ-
ence was meaningful based on chi-square test 
(p=0.001). Moreover, the presence of dilaceration

on the right half of maxilla was more than 
other quadrants, and according to chi-square 
test, this was also significant (p<0.001).

Based on table 2, the frequency of tooth dilac-
eration was evaluated considering type and 
number of teeth, with the most prevalent type 
being posterior teeth, especially the molars; 
and also based on the number of teeth, num-
ber 7 (second molar) was the most dilacerat-
ed one. This is statistically meaningful based 
on the chi-square test (p <0.001) and the least 
prevalence of dilaceration was observed in the 
anterior teeth, especially number 1 (central).
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Table 2: a comparison of prevalence of dilaceration based on jaw and tooth number

Prevalence of dilaceration
Negative Positive Total

Number Percentage Number Percentage Number Percentage

Maxilla Tooth 
number

1 368 14.9 7 2.5 375 13.7

P=0.001*

2 346 14 21 7.6 367 13.4
3 354 14.3 28 10.1 382 13.9
4 320 13 21 7.6 341 12.4
5 289 11.7 31 11.2 320 11.7
6 254 10.3 57 20.7 311 11.3
7 247 10 89 32.2 336 12.2
8 291 11.8 22 8 313 11.4

Mandible Tooth 
number

1 398 15.6 2 1.5 400 14.9
2 385 15.1 2 1.5 387 14.4
3 398 15.6 4 3 402 14.9
4 335 13.1 12 9 347 12.9
5 318 12.4 13 9.7 331 12.3
6 233 9.1 34 25.4 267 9.9
7 265 10.4 38 28.4 303 11.3
8 223 8.7 29 21.6 252 9.4

In multiple factor analysis (table 3) based 
on logistic regression model of factors related 
to dilaceration, the data suggested that among 
the studied variables of age, sex, type of tooth, 
number of teeth, and quadrant, the latter one 
was recognized to be the most important fac-
tor (P<0.001); the possibility of dilaceration 
in right quadrant of maxilla was 1.73 times 
higher than that of left mandible (reference 
group). Left maxilla was 1.79 times higher than

reference group, but relative odds of right 
mandible compared to left mandible were 
not statistically significant (p=0.078). Also, 
the possibility of dilaceration in canine teeth 
compared to incisors (reference group) and 
premolar teeth to incisors were 1.99 times 
and 2.85 times higher, respectively. The 
chances were found to be 1.8 times higher in 
molars than incisors (the reference group).
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Discussion
This study found the prevalence of dilacera-

tion to be 69.4%, meaning that, approximately, 
70 people out of every 100, have it in at least 
one of their teeth (regardless of its severity). 
This was consistent with Luke’s(12) study of 
425 panoramic radiography samples done in 
the U.A.E (61.4% prevalence). On the other 
hand, Bilge(13), in Turkey, investigated 1200 
panoramic radiography samples and reported 
a 16.3% frequency for dilaceration  . Colak(1) 
performed the research on 6900 samples and 
declared the rate to be 16%. It should be men-
tioned, however, that his inclusion criteria 
was a tougher one and he considered a tooth 
dilacerated only if the angle of root deviation 
from the longitudinal axis of the tooth was 
90 degrees. Thus  , the results achieved from 
these two studies(1,13) were different from 
the present one and the Luke’s(12). The   rea-
son for the mentioned discrepancy can be due 
to difference in definition of dilaceration, dis-
similar measurement methods, no inclusion of 
buccolingual dilaceration, and the difference 
in ethnic background, and number of subjects 
studied(14). One of the strong points of the cur-
rent study can be using CBCT, since it is able 
to identify dilaceration in teeth in all directions 
– even buccolingual ones – with the highest ac-
curacy and lowest errors compared to other ra-
diography methods. In their studies, Walia(15) 
and Mahesh(16), also considered the use of 

CBCT a must for identifying dilaceration  .
For performing the present study, a total of 

5434 teeth were examined, 410 had dilacera-
tion and most were in mild forms (69% of the 
total dilacerations), followed by moderate and 
severe forms, respectively (table 1 and 2). The 
classification criteria for intensity of dilacera-
tion in various studies have not been the same. 
Here, angles of 20 to 40 degrees were consid-
ered mild, 41 to 60 degrees moderate, and 61 
degrees and more severe. Without consider-
ing such grouping and methods of measure-
ment, Silva(3) reported   mild, moderate, and 
severe dilaceration as 73%, 17.0%, and 9%, 
respectively, which is consistent with the re-
sults of the present study in terms of order of 
dilaceration distribution based on intensity3.

In this study, most of the dilacerations were 
found in the distal direction (59.8%) and this 
can be attributed to the natural tendency of 
the root end of most teeth to be distal which 
causes majority of them to form in this direc-
tion. In other studies, however, they were not 
possible to be identified since due to the use 
of 2D radiography they were not able to find 
buccolingual dilacerations and thus the results 
could not to be taken for granted. Neverthe-
less, Silva(3) cites a rate of 95.1% for distal 
dilacerations and that is most consistent to the 
study at hand. But this higher percentage can 
be due to lack of observation, and disregarding 

Table 3: Multiple factor analysis of various causes of dilaceration 

B S.E P* Odds ratio
95% Insurance level

Lower limit Upper limit
Quadrant 0.0001

Maxilla, right 0.0547 0.015 0.0001 1.729 1.288 2.32
Maxilla, left 0.0581 0.0152 0.0001 1.789 1.328 2.407

Mandible, right -0.321 0.182 0.078 0.726 0.508 1.026
Mandible, left Reference group 1

Tooth type 0.0001
Canine 0.69 0.254 0.007 1.993 1.21 3.281

Premolar 1.049 0.214 0 2.854 1.876 4.343
Molar 2.097 0.191 0 8.144 5.602 11.841
Incisor Reference group 1

Width from origin (constant value) -4.103 0.208 0 0.017



buccolingual dilacerations. In the current re-
search, 72.2% of females and 66.3% of males 
had dilaceration and although the frequency 
of observation was higher among women, this 
was not statistically significant. There was also 
no meaningful difference in the prevalence of 
dilaceration in different age groups. Colak(1) 
in Turkey, announced a meaningfully higher 
occurrence in women compared to men. In the 
present study, the prevalence of dilaceration in 
two different quadrants was investigated and the 
highest frequency was in the right maxilla, with 
0.49% of images showing at least one or more 
in that quadrant. Left maxilla, left mandible and 
right mandible were next, respectively, which 
shows a significant and meaningful difference. 
According to Gaikwad‘s(17) study in India, the 
highest incidence of tooth dilaceration was in 
the maxillary lateral, and mandibular third, and 
first molars, respectively, while anterior mandi-
bles had the lowest number in that study. In their 
research, Nabavizadeh(6) and colleagues con-
cluded that dilaceration was more frequent in 
the mandibular second molars, followed by first 
molar of maxilla and first molar of mandible. 
Colak(1), also, reported mandibular third and 
second molars to have the highest prevalence 
of dilaceration. Miloglu et al(2) too, reported 
its most frequent occurrence in posterior teeth 
and mentioned the mandibular third molar as 
the most affected tooth. On the other hand, Mi-
loglu(2) found cases of dilaceration neither in 
maxillary and mandibular central incisors nor in 
mandibular lateral. While Silva(3) reported the 
highest prevalence of dilaceration in maxillary 
lateral incisors. In the present study, dilacera-
tion in posterior teeth was observed in 11.1% of 
entire cases which was more than anterior teeth 
with a 2.8 percentage. This difference was not 
only statistically meaningful, but also important 
regarding the relation between dilaceration and 
trauma. Since its higher prevalence in posterior 
teeth can dismiss the hypothesis that considers 
trauma as the leading cause of dilaceration and 
this may lead to a theory for its happenstance 
independent from trauma. Similar to the current 
study, Nabavizadeh(6) in Shiraz, Iran, and Mi-
loglu(2) and Çolak (1) in Turkey, considered the 

higher prevalence of dilaceration in posterior 
teeth rejecting trauma as its major cause since 
trauma occurs more frequently in the anterior 
teeth. With regard to the mentioned points, the 
origin of dilaceration can be attributed to de-
velopmental disorders, although this calls for 
further investigation. In this study, the highest 
prevalence was in maxillary second molars 
(21.7% of dilacerated teeth) and second to fourth 
place went to mandibular second, first, and 
third molars, respectively. In terms of number 
of teeth, number 7 had the highest prevalence 
of dilaceration with 19.9% of the cases and the 
lowest were observed in mandibular central 
and lateral incisors, mandibular canine and 
maxillary central incisors respectively (0.48% 
of dilacerated teeth). The lower right central 
tooth was the only one with no dilaceration. 

Conclusion
In the present study, using CBCT, the preva-

lence of root dilaceration in an Iranian subpopu-
lation was investigated. Finally, it was calculated 
to be present in 69.4  % of the samples and 7.5% 
of the teeth. Also, there were no significant dif-
ferences between women and men, and between 
age groups. The most common intensity and 
direction were the mild and distal, respectively. 
Dilaceration was more common in the posterior 
teeth, especially in the maxillary second molar, 
mandibular second molar and mandibular first 
molar. The results also show that dilaceration is 
more likely to be found in the maxilla, especial-
ly in the maxillary right quadrant than in other 
regions. And before starting medical treatment, 
it is advisable to provide radiography for iden-
tifying dilaceration in order to prevent compli-
cations during treatment process. CBCT is also 
recommended if more accurate data is needed 
regarding the shape and position of the tooth.
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