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Abstract
Background: The aim of this study was to record and analyze all DDAs associated to dilacerated teeth in patients 
attending the clinics of the Postgraduate Division, Facultad de Odontología, UNAM in Mexico City. 
Material and Methods: Orthopantomograms from all patients seeking for stomatological attention in our institu-
tion were reviewed and those cases of dilaceration were separated. Age, gender, diagnosis, location, involved teeth 
and associated DDAs were recorded and analyzed. 
Results: From 6,340 patients, 99 (1.6%) harbored 125 dilacerated teeth. Of them, 45 (45.5%) showed one or more 
DDAs. The most frequently detected DDAs were hypodontia, enamel pearls, taurodontism and microdontia. 
Conclusions: 45.5% is a very high proportion of DDAs in patients with dilacerated roots. Findings from this study 
strongly suggest that patients with dilacerated teeth should be carefully screened since many of them could pres-
ent other DDAs. Simultaneous occurrence of dilaceration and DDAs suggests synchronic developmental defects 
during dental growth. 
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Introduction
In 1849, Tomes described a rarely observed develop-
mental alteration of the dental root now known as di-
laceration (1). The most recent edition of the Glossary 
of Endodontic Terms of the American Academy of 
Endodontists, the dilaceration of the dental roots was 
defined as “a deformity characterized by displacement 
of the root from its normal alignment with the crown; 

may be a consequence of injury during tooth develop-
ment. Common usage has extended the term to include 
sharply angular or deformed roots” (2). Two possible 
etiological causes of dilaceration were suggested: trau-
ma to the primary tooth resulting in displacement of the 
tooth germ (2) and to a developmental disturbance of 
unknown origin when a traumatic factor is not known 
(3). 
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In a previous study, we reported the frequency of dilac-
erated teeth in the population attended in our institution 
(4). During the review of these radiographic material we 
were able to detect that several cases of dilacerated teeth 
were associated with other dental developmental altera-
tions (DDAs). Taking in count this observed association, 
we considered that it was mandatory to make a more 
stringent review of these radiographs in order to detect 
more cases. Recognition of multiple associated patholo-
gies on all the radiographic material from each attended 
patient is mandatory, and it is important to make a precise 
diagnosis for planning the better treatment.
Our review of the literature revealed that no data on the 
association of DDAs in patients with dilacerated teeth was 
published to date. For this reason, the aim of this study was 
to record and analyze all DDAs associated to dental root 
dilacerations in the patients attending to our institution.

Material and Methods 
This study included all the patients who sought stoma-
tological attention during one year in the Admission and 
Diagnosis Clinic of the División de Estudios de Posgra-
do e Investigación, Facultad de Odontología-UNAM 
in Mexico City and a Letter of Consent was signed by 
patients or parents. Also, the protocol was reviewed and 
approved by the Ethics Committee of our institution. A 
panoramic radiograph was made to all patients and their 
radiographs were reviewed and discussed by the panel. 
Also, the patients were asked if any parent or relative 
were affected with a syndrome or any other related dis-
ease. 
A dilacerated tooth was diagnosed when the mesial or 
distal direction of the root formed a 90° or greater angle 
along the axis of the tooth or root. Orofacial direction 
of the dilacerations was determined by evaluating the 
bull’s eye appearance of the root, which results from the 

root deviation of 90º or more. In multirooted teeth, a 
tooth was recognized as having dilaceration if at least 
one root was dilacerated, and it was counted as one 
case. To diagnose dilaceration, the affected tooth must 
be fully developed. Additionally, all DDAs in patients 
with dilacerated teeth were recorded and their ipsilat-
eral or contralateral position was recorded too. 
Before starting the investigation, intra-examiner cali-
bration was done by reading 100 radiographs including 
cases of dilacerated teeth. Two weeks and one month 
after the first examination, the examiners read an extra-
sample of 100 panoramic radiographs containing dilac-
erations and a 100% agreement was obtained. Docu-
mented data were age, gender, diagnosis, location and 
involved teeth. They were analyzed by SPSS (v13), the 
Student T test was applied and p< 0.05 was considered 
statistically significant. Data on developmental altera-
tions occurring in third molars were not included.  

Results
From the 6,340 patients attending our clinic, we detect-
ed 99 patients (1.6%) harboring 125 dilacerated teeth. 
123 teeth were of the permanent formula (98.4%) and 
2 were deciduous teeth (1.6%). Of the 99 patients, there 
were 68 females (68.7%) and 31 males (31.3%) and sta-
tistical significance was found (p<0.001). Patients ages 
were between 7 and 80 years (mean age= 39 years). Of 
them, 45 patients (45.5%) showed radiographic evi-
dence of one or more DDAs. They were 17 men (37%) 
and 28 women (63%). This difference was statistical-
ly significant (p<0.05). In these patients we detected 
87 DDAs. The most frequent DDAs were hypodontia 
(25.3%), enamel pearls (16.1%) and taurodontism (15%) 
comparing these data, statistical significance was found 
(p<0.05). Data on frequency of DDAs is in table 1 and 
data on location is in table 2. Sixty-five DDAs were in 

ENTITY PATIENTS INVOLVED TEETH % OF THE 
DDAs

ENAMEL PEARL 12 14 16.1
HIPODONTIA 10 22 25.3
TAURODONTISM 6 13 14.9
MICRODONTIA 6 11 12.7
TALON CUSP 5 9 10.4
SHORT ROOT 3 5 5.7
ELONGATED ROOT  5 5 5.7
SUPERNUMERARIES 3 3 3.5
MACRODONTIA 1 2 2.3
FUSION 1 1 1.1
GEMINATION 1 1 1.1
DENS IN DENTE 1 1 1.1

Table 1: Dental developmental alterations associated to dilaceration.
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Location of 
teeth

EP HYP TAU MIC TC SR ER SUP MAC FUS GEM DID TOTAL

MAXILLA
Anterior IP 5 7 4 1 2 1 1 1 22
Anterior CL 4 4 5 1 14
Premolar IP 4 1 5
Premolars CL 3 3
Molars IP 4 5 1 10
Molars CL 4 5 2 1 12

MANDIBLE
Anterior IP 2 2 1 5

Anterior CL 1 1
Premolars IP 1 1 2
Premolars CL 1 1
Molars IP 4 1 5
Molars CL 2 1 3 1 7
Total 14 22 13 11 9 5 5 3 2 1 1 1 87

Table 2: Location of the dental developmental alterations in the studied population.

IP= Ipsilateral location to dilacerated tooth. CL= Contralateral location. EP= Enamel Pearl. HYP= Hypodontia. TAU= Taurodontism. MIC= 
Microdontia. TC= Talon Cusp. SR= Short Roots. ER= Elongated Root. SUP= Supernumerary. MAC= Macrodontia. FUS= Fusion. GEM= 
Gemination. DID= Dens in Dente. 

maxilla (74.7%), and 22 in mandible (25.3%). Statistical 
significance was found (p<0.05). From the diagnosed 
DDAs, 40 were in the anterior portion (44.8%), 36 were 
detected in the molar zone (41.4%) and 11 were in the 
premolar area (12.6%). Comparison between location 
of the analyzed entities was statistically significant (p< 
0.05). Ipsilateral position of the DDA with respect to the 
dilacerated tooth was found in 49 cases (56.3%) and con-
tralateral location was detected in 38 patients (43.7%) 
and statistical significance was not found (p>0.05). 85 
DDAs were associated to permanent dentition (97.7%) 
and two were in relation to deciduous teeth (2.3%). Dif-
ference between both data was statistically significant 
too (p<0.001). No data on traumatic events in the area 
was recorded. 
No clinical or radiographic signs of known syndromes 
were detected, and analysis of the patient’s clinical his-
tories showed that no parents or relatives were affected 
with a syndrome or any other genetic disease. 

Discussion
Dilaceration is a well-known DDA involving change in 
the normal alignment of the root and the crown. Fea-
tures of this entity are not well understood and pres-
ent data on its origin, frequency, gender preference and 
most commonly involved teeth is controversial (4). 
Diagnosis of unidentified veiled entities are somewhat 
problematic, and the panoramic radiograph is a very 
useful tool to detect clinically hidden lesions, tumors 

and alterations. Identification of teeth with dilacerated 
roots is not uncommon during the dental practice, End-
odontics and Oral and Maxillofacial Pathology, but the 
presence of DDAs in patients with dilaceration have 
received no attention in previous literature and its fre-
quency and pathogenic mechanisms are unknown.
According to Luder (5), root developmental alterations 
(RDAs) and malformations appear as elongated roots, 
root dilaceration, cervical mineralized diaphragm (mo-
lar-incisor malformation), concrescence, taurodontism 
and short root anomaly and all of them are associated 
to arrested root development. Also, other RDAs could 
develop associated to some inherited diseases: Regional 
odontodysplasia, hypophosphatasia, dentin dysplasia 
and others (5). Interestingly, results from animal stud-
ies reported in the literature communicated that root 
alterations were related to defective genes as Nfic (Nu-
clear Factor I C), Ptc (patched), DKK1 (Dikkopf-related 
protein 1), Osx (osterix), Smad 4 (mothers against de-
capentaplegic homolog 4) and Wls (wntless) genes (6-
11). Nevertheless, only CLNC7 (osteopetrosis, infantile 
malignant 2) and PLG (Plasminogen) genes have been 
reported associated to hereditary root malformations 
in humans (12,13). According to the above mentioned, 
it was considered that RDAs are associated to distur-
bance and/or failure of the epithelial diaphragm dur-
ing the early root development or to a deficient apical 
growth in length of the Hertwig’s epithelial root sheath 
(12,13). Previous studies communicated that root di-
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laceration can be found in patients with some genetic 
syndromes as Kabuki, Axenfeld-Rieger, Smith–Mage-
nis Ehlers-Danlos and Proteus (14-18). These patients 
showed dilacerated teeth and other dental anomalies: 
tooth agenesis, taurodontism, enamel hypomaturation, 
microdontia, screwdriver central incisors, peg-shaped 
lateral incisors, enamel hypoplasia, short roots, atypical 
furcation of the roots, and supernumerary roots. Also, 
there are published three isolated cases on simultaneous 
appearance of dilacerated teeth with supernumeraries, 
tooth transposition and tooth fusion (19-21). 
This is the first report of a large series of cases on the 
simultaneous occurrence of dilacerated root teeth and 
different types of DDAs in the same patient. Our re-
view of the literature showed that no clinicopathologi-
cal studies dealing on this unusual association in any 
patient population was published. Former studies on 
DDAs informed that they can be found at different 
rates, in diverse populations from different countries, 
but any of them was on the association of two or more 
DDAs as it is analyzed in this study. Also, any statement 
in relation with this issue was noticed in these reports. 
Unexpectedly, in this study we observed that different 
kinds of DDAs were detected in a very high rate of pa-
tients with dilacerated teeth (45%). Based in the results 
of this study, we can suggest that a careful review of 
the radiographic material will allow the detection of 
veiled developmental anomalies. Precise diagnosis and 
timely intervention in patients with dilaceration and 
other DDAs could reduce, prevent or eliminate serious 
complications. 
It is important to point out that occurrence of simultane-
ous DDAs suggests synchronic developmental defects 
during dental growth and it is suspicious for the exis-
tence of a systemic or genomic abnormality.

Conclusions
45.5% is a very high proportion of DDAs in patients 
with dilacerated roots. This finding strongly suggests 
that patients with dilacerated teeth should be carefully 
screened since many of them could present other DDAs. 
Simultaneous occurrence of dilaceration and DDAs 
suggests synchronic developmental defects during den-
tal growth.

References
1. Tomes J. A course of lectures on dental physiology and surgery 
(lectures I-XV). Phil Trans R Soc Lond. 1849;139:403-12.
2. American Association of Endodontists. Glossary of Endodontic 
Terms. 9th ed. 2016:16. 
3. van Goo AV. Injury to the permanent tooth germ after trauma 
to the deciduous predecessor. Oral Surg Oral Med Oral Pathol. 
1973;35:2-12.
4. Ledesma-Montes C, Hernández-Guerrero JC, Jiménez-Farfán 
MD. Frequency of dilaceration in a Mexican school-based popula-
tion. J Clin Exp Dent. 2018;10:665-7.
5. Luder HU. Malformations of the tooth root in humans. Front 
Physiol. 2015;6:307.

6. Park JC, Herr Y, Kim HJ, Gronostajski RM, Cho MI. Nfic gene 
disruption inhibits differentiation of odontoblasts responsible for 
root formation and results in formation of short and abnormal roots 
in mice. J Periodontol. 2007;78:1795-1802.
7. Nakatomi M, Morita I, Eto K, Ota MS. Sonic hedgehog signaling 
is important in tooth root development. J Dent Res. 2006;85:427-31.
8. Han XL, Liu, M, Voisey A, Ren YS, Kurimoto P, Gao T, et al. Post-
natal effect of overexpressed DKK1 on mandibular molar formation. 
J Dent Res. 2011;90:1312-7.
9. Kim TH, Bae CH, Lee JC, Kim JE, Yang X, de Crombrugghe B, et 
al. Osterix regulates tooth root formation in a site-specific manner. J 
Dent Res. 2015;94:430-8.
10. Huang XF, Chai Y. Molecular regulatory mechanism of tooth root 
development. Int J Oral Sci. 2012;4:177-81.
11. Bae CH, Kim TH, Ko SO, Lee JC, Yang X, Cho ES. Wntless regu-
lates dentin apposition and root elongation in the mandibular molar. J 
Dent Res. 2015;94:439-45.
12. Xue Y, Wang W, Mao T, Duan X. Report of two Chinese patients 
suffering from CLCN7-related osteopetrosis and root dysplasia. J 
Craniomaxillofac Surg. 2012;40:416-20.
13. Tananuvat N, Charoenkwan P, Ohazama A, Ketuda-Cairns JR, 
Kaewgahya M, Kantaputra PN. Root dentin anomaly and a PLG mu-
tation. Eur J Med Genet. 2014;57:630-5.
14. do Prado-Sobral S, Leite AF, Figueiredo PT, Ferrari I, Safatle 
HP, Córdoba MS, et al. Craniofacial and dental features in Kabuki 
syndrome patients. Cleft Palate-Craniofac J. 2013;50:440-7.
15. Abel MD, Carrasco LR. Ehlers-Danlos syndrome: classifications, 
oral manifestations, and dental considerations. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2006;102;582-90.
16. Tomona N, Smith A, Guadagnini JP, Hart TC. Craniofacial and 
dental phenotype of Smith-Magenis syndrome. Am J Med Genet 
Part A. 2006;140:2556-61.
17. Berenstein-Aizman G, Hazan-Molina H, Drori D, Aizenbud D. 
Axenfeld-Rieger Syndrome: Dentofacial manifestation and oral re-
habilitation considerations. Pediatr Dent. 2011;33:440-4.
18. Yilmaz E, Kansu Ö, Özgen B, Akçiçek G, Kansu H. Radiograph-
ic manifestations of the temporomandibular joint in a case of Proteus 
syndrome. Dentomaxillofac Radiol. 2013;42:58444855.
19. Das S, Warhadpande MM, Redij SA, Sabir H, Shirude T. Man-
agement of synodontia between dilacerated permanent maxillary 
central incisor and supernumerary tooth with aid of cone-beam com-
puted tomography. J Conserv Dent. 2015;18:163-7.
20. Campbell CM, DiBiase A, Fleming PS. Concomitant dilacera-
tion, transposition, and intraosseous migration: Report of a patient 
treated with maxillary canine central incisor substitution. Am J Or-
thod Dentofac Orthop. 2014;146:514-21.
21. Sultan N. Incidental finding of two rare developmental anoma-
lies: Fusion and dilaceration: A case report and literature review. J 
Nat Sci Biol Med. 2015;6:163-6.

Conflict of interest 
The authors deny any conflicts of interest related to this study. 


