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Resumo 
Introdução: A agenesia dentária pode afetar a raiz  radicular e deve ser considerada no tratamento 
ortodôntico. Objetivo: O objetivo deste estudo foi avaliar a associação entre agenesia dentária e a 
morfologia radicular dos dentes anteriores. Material e método: Foram avaliadas em 102 radiografias 
periapicais dos dentes anteriores de 51 indivíduos divididos em 3 grupos: Grupo 1 (n=16) sem agenesia 
dentária; Grupo 2 (n=17) com agenesia dentária de terceiros molares; Grupo 3 (n=18) com agenesia 
dentária apenas de prés-molares ou incisivos laterais. A morfologia radicular dos dentes anteriores foi 
avaliada sendo classificada como raiz curta, abaulada, tortuosa e pipeta. Para a comparação do formato 
radicular foi utilizado o teste Exato de Fisher, para a distribuição dos sexos entre os grupos foi realizado o 
teste qui-quadrado e para comparar as idades entre os grupos foi realizada o teste ANOVA, todas as análises 
com nível de significância de 5%. Resultado: Os resultados evidenciaram diferença significante nos 
formatos das raízes (P<0,05) entre os grupos com e sem agenesia. O formato radicular abaulado foi o mais 
prevalente em todos os grupos, aparecendo em maior número no grupo 3 (84,3%). Conclusão: Conclui-se 
que houve associação entre agenesia dentária e a morfologia radicular dos dentes anteriores. 
Descritores: Ortodontia; agenesia dentária; ápice dentário; raiz dentária. 

Abstract 
Introduction: Tooth agenesis is likely to affect the root teeth and should be considerated in orthodontic 
tratament. Objective: The aim of this study was to assess the association between agenesis and root 
morphology of anterior teeth. Material and method: The anterior teeth of 51 individuals were evaluated 
on 102 periapical radiographs and then divided into three groups: Group 1 (n=16) – no tooth agenesis; 
Group 2 (n=17) – only third molar agenesis; and Group 3 (n=18) – tooth agenesis of premolars or lateral 
incisors. Root morphology of anterior teeth was evaluated and the roots were classified as short, blunt, 
apically bent, and pipette-shaped. Fisher’s exact test was used to compare root shapes, the chi-square test 
was used to obtain the distribution of sexes between the groups, and ANOVA was performed to compare 
the ages between the groups. The significance level was set at 5% for all analyses. Result: There was 
significant difference in root shapes (P<0.05) between the groups. Blunt roots were the most prevalent in 
all groups, but their rate was higher in Group 3 (83%). Conclusion: There was association between agenesis 
and root morphology of anterior teeth. 
Descriptors: Orthodontic; tooth agenesis; tooth apex; tooth root. 

INTRODUCTION 

Tooth agenesis is complex, and its heterogeneous characteristics are apparently associated 
with other dental changes1. The etiology of tooth agenesis involves mutations in certain genes 
such as MSX1 and PAX9, and genes such as WNT10A appear to play an important role in 
odontogenesis2-4. 
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Tooth agenesis is likely to affect other teeth in the same individual and has also been associated 
with various other dental changes, such as microdontia, differences in tooth calcification and 
eruption, reduction in size and change in crown shape of the remaining teeth5-16. 

The orthodontic treatment of patients with agenesis entails the risk of severe resorption, 
particularly in cases with changes in root shape, long-term orthodontic treatment, and use of 
intermaxillary elastic traction17-21. 

Root resorption is linked to root morphology19, but the risk of severe resorption is greater in 
some roots, such as in pipette-shaped ones19. Published studies have tended to relate resorption 
directly to agenesis17,19 or to root shape18,22,23, but studies assessing whether there is a direct 
relationship between agenesis and root morphology are still lacking. 

Thus, the aim of this study was to evaluate the association between the root morphology of 
anterior teeth and tooth agenesis. 

MATERIAL AND METHOD 

This cross-sectional study was approved by the local Research Ethics Committee 
(process no. 58297616.4/0000.5385). 

The sample size was calculated based on data obtained from a pilot study, considering a 95% 
confidence interval, a 5% sample error, a 5% significance level, and an 80% power. A total of 
384 roots of upper and lower incisors were then required, corresponding to 48 individuals, of 
whom 96 periapical radiographs were evaluated. 

The sample was composed of 102 periapical radiographs of 51 individuals taken using the 
paralleling technique and obtained from the charts of patients referred for orthodontic treatment 
at a private dental office. The selection criteria were as follows: male and female individuals, 
eruption of all permanent teeth up to the first molars, absence of supernumerary teeth, no 
previous orthodontic treatment, no permanent tooth losses, and no severe anterior tooth 
crowding. 

The sample were divided into three groups, as follows: 

a) Group 1 (no tooth agenesis) – composed of 32 periapical radiographs of 16 individuals 
(8 males and 8 females) with a mean age of 20.6 years (range of 13.1 to 38.1 years); 

b) Group 2 (agenesis of third molars or of other teeth) – composed of 34 periapical radiographs 
of 17 individuals (5 males and 12 females) with a mean age of 18.6 years (range of 
11.1 to 33.4 years); 

c) Group 3 (agenesis of premolars and lateral incisors and no third molar agenesis) – composed 
of 36 periapical radiographs of 18 individuals (6 males and 12 females) with a mean age of 
17.8 years (range of 12.8 to 35.2 years). 

The allocation described above was used to minimize the possible action of various genes in 
individuals with agenesis of third molars and other dental groups, which could potentiate or mix 
the phenotypic expression of root shape, thus making it impossible to identify a specific 
characteristic of root shape2,3,10. 

Periapical radiographs were used to evaluate the root morphology of anterior teeth. All the 
radiographs were of the same radiological center, to maintain the same image resolution and 
were selected in the interval of 3 years, which allowed a better evaluation of the radicular shape. 
The radiographs were digitized using Soredex DIGORA Optime scanner, providing the same 
sensitivity as that of conventional films18, and were analyzed in a darkroom using Adobe 
Photoshop Express. 
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Root shapes were evaluated and classified by the main author according to their geometry into 
short, blunt, apically bent, and pipette-shaped. Short roots (A) are those whose length is smaller 
than the crown length24. In this study, a root was considered to be short when the root-crown 
ratio was smaller than 2:1 when compared to length. Blunt roots (B) were those with a more 
regular shape without large deviations along their root axis or without root apex elongation. 
Apically bent roots (C) are those with some deviation on their axis and a change in apical 
direction. Pipette-shaped roots (D) are those with some sharp elongation at the root third 
(Figure 1). 

 
Figure 1. Geometric shape of the roots: short (A), blunt (B), apically bent (C), pipette-shaped (D). 

For intra-examiner calibration, 72 roots of upper or lower incisors were evaluated and 
measured again by the same examiner after a 30-day interval. Reproducibility of the evaluation 
of root shapes was excellent according to the Kappa coefficient (0.921). 

Statistical Analysis 

The groups were initially compared in terms of age (ANOVA) and sex (chi-square test). 
Association between the presence of agenesis and root shape was analyzed by Fisher’s exact test. 
All analyses were performed using the SAS statistical program25, at a 5% significance level.  

RESULT 

There were no statistically significant differences in age between the groups (p=0.5210), as 
shown in Table 1. 

Table 1. Mean age (standard deviation) of the sample according to group 

Group N Mean (standard deviation) 
1 16 20.6 (8.1) 
2 17 18.6 (6.7) 
3 18 17.8 (6.6) 

p = 0.5210. N = sample size. 

No significant difference was observed in the distribution of sexes between the groups 
(p=0.4320) (Table 2). 
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Table 2. Frequency distribution of sexes according to groups 

Group 
Sex 

Total 
Male Female 

N(%) N(%) 
1 8 (42.1) 8 (25.0) 16 (31.4) 
2 5 (26.3) 12 (37.5) 17 (33.3) 
3 6 (31.6) 12 (37.5) 18 (35.3) 

Total 19 (100.0) 32 (100.0) 51 (100.0) 
p = 0.4322. N = sample size. 

There was significant association between root shape and group (p<0.0001), as presented in 
Table 3. Blunt roots were the most frequent ones. Group 1 presented a higher frequency of 
pipette-shaped roots than did the other groups (27.3%). Group 2 was the only one with short 
roots (1.5%). Group 3 had a larger rate of blunt roots than did the other groups (84.3%) and a 
lower frequency of apically bent roots (6.0%). 

Table 3. Frequency distribution of root shapes according to groups 

Group 
Root shape 

Total 
Short Blunt Bent Pipette 

N(%) N(%) 
1 0 (0.0) 71 (55.5) 22 (17.2) 35 (27.3) 128 (100.0) 
2* 2 (1.5) 93 (69.9) 27 (20.3) 11 (8.3) 133 (100.0) 
3* 0 (0.0) 113 (84.3) 8 (6.0) 13 (9.7) 134 (100.0) 

p<0.0001. N = sample size. *Different from Group 1. 

DISCUSSION 

Studies comparing individuals with and without third molar agenesis clearly show that those 
with third molar agenesis have a smaller crown size and greater chance of agenesis in another 
tooth10,11. However, even in individuals without third molar agenesis, agenesis of premolars and 
lateral incisors was significant. This was the reason why the authors of the present study chose 
to allocate individuals with third molar agenesis and those with agenesis of premolars and lateral 
incisors to different groups. 

Evaluation of root shape of upper and lower incisors in this study demonstrated that 
individuals with third molar agenesis and those with agenesis of premolars or lateral incisors had 
different root morphology for upper and lower incisors from those individuals without tooth 
agenesis. These findings are at odds with those of a previous study where, after evaluation of root 
resorption of lateral incisors, there was no apparent association between root shape and genetic 
factors, even though the evaluation of root shape was not within the scope of the study22 and 
considering that tooth agenesis has a genetic etiology2-4. 

It may be suggested that different genetic mutations caused changes in phenotypic expression 
of the root morphology of incisor teeth in individuals with and without tooth agenesis, thus 
following a trend, as pointed out in previous studies that assessed crown size, number of teeth, 
and crown shape10,11. It is, however, important to underscore that the difference in the root 
morphology of upper and lower incisors between Groups 2 and 3 was not within the scope of the 
present study. 

Root morphology of anterior teeth with triangular, dilacerated, and pipette-shaped roots 
shows a greater predilection for severe root resorption18,19,26. This study evidenced that 
individuals with agenesis did not show root shapes of upper and lower incisors that posed greater 
risk for severe resorption, as occurs in teeth with triangular, pipette-shaped, and apically bent 
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roots. This finding seems to be consistent with other studies that could not find a higher 
prevalence of root resorption among individuals with tooth agenesis23,26. 

Not only the root shape of upper and lower incisors could increase root resorption, but also 
other factors such as length of orthodontic treatment, use of intermaxillary elastic traction, 
amount of root apex movement as a result of the torque of rectangular wires, type of orthodontic 
technique used, tooth intrusion and extrusion, and orthodontic treatments with tooth retractions 
for extraction space closure and diastemas18,19. Therefore, individuals with tooth agenesis, 
especially in premolars and lateral incisors, may have higher root resorption in anterior teeth 
during orthodontic treatment even when upper and lower incisors do not have root shapes that 
pose some risk of resorption, owing to the fact that these individuals often have malocclusion 
with diastemas in the dental arch and unfavorable tooth inclinations caused by agenesis of 
premolars or lateral incisors, requiring more complex orthodontic treatments, orthodontic 
mechanotherapy with larger tooth movements across rectangular wires, use of elastic traction, 
and prolonged orthodontic treatment19. 

Incisors are the teeth most widely affected by root resorption18, and several studies have 
shown that individuals with agenesis of upper lateral incisors, premolars, and third molars are 
more likely to have impacted canines in the palate and upper lateral incisors or conoid upper 
lateral incisors with smaller crown size9,11,13, which may lead to clinical complications and the 
need for orthodontic mechanotherapy19. In this case, it is reasonable to expect larger root 
resorption in conoid lateral incisors. However, conoid lateral incisors or smaller lateral incisors 
have not demonstrated a higher probability of increased root resorption when compared with 
normal lateral incisors23. The fact that conoid lateral incisors are more common in individuals 
with tooth agenesis might have contributed to reducing the risk inherent to the root shape, 
counteracting the effect of root resorption, even when these teeth are subjected to more vigorous 
orthodontic mechanotherapy. 

This study highlighted the difference in root shape between individuals with and without 
tooth agenesis, especially in those with agenesis of premolars or lateral incisors, in which the 
blunt shape was more prevalent, whereas roots with large dilacerations or root elongation were 
less frequent. Thus, apparently, if agenesis occurs more anteriorly, there is a tendency towards a 
round root shape with fewer deviations or elongation of the root apex. By comparing roots and 
crowns, this finding seems to corroborate studies11,13 where the further anterior the agenesis, as 
in the case of premolars or lateral incisors, the smaller the size and shape of tooth crowns. 

A limitation of this study was the failure to identify genetic mutations in the assessed 
individuals. 

CONCLUSION 

There was association between tooth agenesis and the root morphology of anterior teeth. 
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