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Abstract 
 
Background/Aim. Many authors find that impacted max-
illary canines is associated with missing and peg-shaped lat-
eral incisor. The aim of this study was to examine the preva-
lence of peg-shaped and missing lateral incisor in subjects 
with impacted maxillary canines, and compare the size of 
maxillary lateral incisor on the side with palatally impacted 
canines and on the opposite side of the jaw where there is 
no impaction. Methods. The study included 64 patients 
with 80 impacted maxillary canines (23 males and 41 fe-
males, mean age 16.3). For each maxillary unerupted canine, 
precisely correct localization and classification into groups 
was done. We analyzed the morphology of the lateral incisor 
(normal, atypical) and frequency of missing of lateral maxil-
lary incisors with canine impaction. Then, from the men-
tioned examinees sample with the maxillary canine teeth, a 
subgroup was formed. The criteria for selection were those 
with unilateral palatally impacted canines (33 subjects, 22 
females and 11 males, mean age 17.8 years). The linear vari-

ables of the maxillary lateral incisor were measured by using 
digital measurements tools. The t-test was used to test the 
differences between the groups. Results. Normal morphol-
ogy of the lateral incisors was found in 72% of the subjects 
with the impacted canines, 11.2% of the subjects had the 
peg-shaped lateral incisors, 6% had a bilateral and 4% had 
unilateral deficiency of lateral incisors. In the subgroup of 
the patients with unilateral palatal impaction, the middle 
value of the length of the lateral incisors was 1.9 mm short-
er and the middle value of the width of the lateral incisors 
was smaller by 0.9 mm when comparing to the control 
group. Conclusion. The frequency of the deficiency of lat-
eral incisors was statistically significantly higher in the group 
with palatal canine impaction. The maxillary lateral incisors 
on the side with palatally impacted canines were smaller 
than those on the side where there was no impaction. 
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Apstrakt 
 
Uvod/Cilj. Mnogi autori pronalazili su da su atipični later-
alni sekutići, kao i njihov nedostatak, udruženi sa impakci-
jama maksilarnih očnjaka. Cilj ovog rada bio je da se ispita 
učestalost atipičnih lateralnih sekutića i njihov nedostatak 
kod pacijenata sa impaktiranim maksilarnim očnjacima kao i 
da se uporede veličine maksilarnih lateralnih sekutića na 
strani gde postoji palatinalno impaktiran očnjak i na suprot-
noj strani vilice, gde ne postoji impakcija. Dužina i širina 
lateralnih sekutića merene su na trodimentzionalnim snim-
cima. Metode. Istraživanjem je bilo obuhvaćeno 64 ispi-
tanika (23 muškog pola i 41 ženskog pola, prosečne starosti 
16,3 godine) sa 80 impaktiranih maksilarnih očnjaka. Za 
svaki impaktirani očnjak precizno je određena njegova loka-

lizacija (bukalan, palatinalan ili sredina alveole) pomoću 
trodimenzionalnog snimka maksile na osnovu čega su po-
deljeni u grupe po mestu impakcije. Analizirana je mor-
fologija lateralnih sekutića (normalni, atipični) i učestalost 
nedostatka lateralnih sekutića u grupi sa bukalnim i palati-
nalnim impakcijama, a zatim je iz te grupe ispitanika izdvo-
jena podgrupa. Kriterijum za odabir bile su unilateralne 
palatinalne impakcije očnjaka (33 ispitanika, 22 ženskog pola 
i 11 muškog pola, prosečne starosti 17,8 godina). T-test je 
korišćen za testiranje razlika između grupa. Rezultati. 
Ukupno 72% ispitanika sa impaktiranim očnjacima imalo je 
lateralne sekutiće normalne morfologije, 11,2% konične lat-
eralne sekutiće, 6% ispitanika imalo je bilateralni nedostatak 
lateralnih sekutića i 4% unilateralni nedostatak lateralnog 
sekutića. U podgrupi ispitanika sa unilateralnim palatinalnim 
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impakcijama srednja vrednost dužine lateralnih sekutića bila 
je za 0,9 mm kraća, u poređenju sa kontrolnom grupom. 
Zaključak. Učestalost nedostatka lateranih sekutića bila je 
statistički značajno veća u grupi ispitanika sa palatinalnim 
impakcijama očnjaka nego u grupi sa bukalnim impakcijama 
očnjaka. Lateralni sekutići na strani palatinalno impaktiranih 

očnjaka bili su manji od onih na strani na kojoj nije bilo 
impakcije. 
 
Ključne reči: 
očnjaci; zub, impakcija; sekutići; tomografija, 
kompjuterizovana, konusna. 

 

Introduction 

The impaction of maxillary canines is associated with 
lateral incisor anomalies and the other orthodontics maloc-
clusions, some of which can be a cause or consequence for 
canine impaction. 

Broadbent 1 stated that the most common reason given 
for palatal displacement of the permanent maxillary canine 
was the fact that it had a long and tortuous eruption path, be-
ginning close to the floor of orbit. It was considered that, 
compared with other permanent teeth, this tooth had much 
further to travel before it erupted into the mouth and, there-
fore, it had a great chance of “losing its way”. This has been 
standard teaching for many decades. Hitchin 2 considered 
that crowding of the dentition was the reason for this condi-
tion, although he offered no evidence to support his conten-
tion. In a series of other studies Jacoby 3, Becker 4, Becker et 
al. 5 and Brin et al. 6 pointed out that the likelihood of palatal 
displacement was much reduced where crowding was pre-
sent. They showed it to be a far more prevalent occurrence 
when there was excessive space in dental arch. 

Miller 7 and Bass 8 recorded a high prevalence of con-
genitally anomalies of maxillary lateral incisors associated 
with the palatally impacted maxillary canines. The canines 
initially had a strong mesial developmental path, which al-
tered early on with the canine being guided downwards, ap-
parently along the distal aspect of the lateral incisor root. 
They concluded that, in the absence of this guiding influ-
ence, the canine continued its mesial and palatal path. The 
tooth then became impacted in palatal area, posterior to the 
central incisors, and failed to erupt in its due time, if at all. 
Miller 7 assumed that since a peg-shaped or otherwise ab-
normally small lateral incisor developed a root of more or 
less normal length, such a tooth would provide the required 
guidance for normal eruption of its adjacent canine. There-
fore, he rationalized that these anomalous teeth could not be 
an aetiological factor in canine impaction. 

A series of clinical studies that followed indicated a sta-
tistically significant number of normal, small and peg-shaped 
lateral incisors associated with impacted maxillary canines 
compared with the general population. In the general popula-
tion, 93% of all lateral incisors have normal morphology, 
compared with only 52% of the subjects with impacted ca-
nines. The deficiency of lateral incisor was found in 1.8% of 
general population, compared with 5.5% in cases of im-
pacted maxillary canines, which occur three times more of-
ten 9. These results clearly support Bass's 8 and Miller's 7 the-
ory that lateral incisor manage in normal eruption of the 
permanent canines. Without this guidance, normal eruption 
of permanent canines is compromised even five times. 

It was reported that, in Israel population, the prevalence 
values of small lateral incisors were 4%, peg-shaped 1.8% 
and missing lateral incisor 1.3%. In one study, 42.6% of 
palatally displaced canines were found to be associated with 
lateral incisor anomalies, 25.3% of palatally displaced ca-
nines were adjacent to small lateral incisor, 13.3% had peg-
shaped lateral incisor and 4% of the subjects had missing lat-
eral incisor 10. 

A meta-analysis showed that the prevalence values of 
congenital absence of maxillary lateral incisors were 1.55% 
for males and 1.78% for females and there was no statisti-
cally significant difference between the sexes 11. 

Becker and Chaushu 12 found that approximately a half 
of their subjects with palatally displaced canines had delayed 
dental development. Chaushu et al. 13 subsequently stated 
that there might be two distinct palatally displaced canines 
subgroups among the male subjects but not among the fe-
male subjects. Nevertheless, Oliver 14 found that both sexes 
with palatally displaced canines had delayed dental devel-
opment, with a familial trend of delayed dental development 
among their siblings. 

The latest study 15 was to investigate the prevalence of peg-
shaped maxillary lateral incisors and the incidence of associated 
dental anomalies in children. Among children with peg-shaped 
lateral incisors, the frequencies of associated dental anomalies 
were as follows: 31.8% of congenitally missing teeth, 19.7%, of 
dens invaginatus, 12.1% of palatally displaced canines, 7.6% of 
supernumerary teeth and 7.6% of transposition.  

It has been reported that the mesiodistal width of the 
crown of the lateral incisors was smaller in a palatally dis-
placed canines sample 16. Palatally displaced canines were 
also showed to be associated with short lateral incisor roots, 
thus, it was suggested that there was a link between lateral 
incisor crown size and root length 17, 18. 

The aim of this study was to analyze morphology of 
maxillary lateral incisors and examine the prevalence of peg-
shaped and missing of maxillary lateral incisors which were 
associated with maxillary impacted canines as well as to 
compare the size of maxillary lateral incisors between the 
group of lateral incisors with palatally displaced canines and 
the control group (on the contralateral side of jaw where 
there is no canine impaction). 

Methods 

This study included 64 examinees with 80 impacted 
maxillary canines (23 males and 41 females, mean age 16.3 
years). Each patient underwent clinical examination, in-
traoral and extraoral photographs and the cone beam com-
puted tomography (CBCT) image of maxilla were done. 
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For each maxillary unerupted canine, precisely correct 
localization was determined by impaction (buccal, palatal or 
midalveolar) and thus divided the subjects into groups. We 
analyzed the morphology of the lateral incisor (normal, atyp-
ical) and frequency of missing of lateral maxillary incisors in 
subjects in the group with the buccal impaction and the 
group with palatal impaction canines. 

Then, a subgroup was formed from the mentioned ex-
aminees sample with the maxillary displaced canines. The 
criteria for selection included those with unilateral palatally 
impacted canines (33 examinees, 22 female and 11 male, 
mean age 17.8 years). The subjects with buccally or midal-
veolarly impacted canines, transposed canines and premo-
lars, transposed canines and lateral incisors and severely re-
sorbed maxillary lateral incisors were excluded. Thirty pala-
tally impacted canines fulfilled the inclusion criteria and 
were available. 

We measured the length and the width of the lateral in-
cisors on the side where palatally impacted canines were and 
compared with lateral incisors on the contralateral side, 
where there was no impaction of canines. In this study, the 
width and the length of the lateral incisor was measured us-
ing three-dimensional CBCT images. 

The cone-beam volumetric tomography DICOM files 
were imported into the OnDemond software (Cybermed. Inc 
version 2011) and the volumetric images (voxel size 0.2 mm, 
field of volume 75*100 mm) were reoriented with the long 
axis of lateral incisor vertical and then reconstructed into im-
ages of sagittal slice through the maxillary lateral incisors. 
The linear variables of the maxillary lateral incisors were 
measured by using digital measurement tools. The length of 
lateral incisors was measured on the sagittal slice image. The 
width of crowns were measured on the axial slice image 
across the equator of the lateral incisor crowns. 

The data primarily obtained were analyzed with de-
scriptive methods and methods for testing statistical hy-
potheses. From descriptive methods, measures of central 
tendency (median), measures of variability [standard devia-
tion (SD), variation interval] and the relative numbers (struc-
ture indicators) were used. For testing hypotheses, the meth-
ods used were the χ2 test, Student΄s t-test, Fisher΄s test. 

Results 

In this study, a total of 64 patients with CBCT images 
were enrolled and 80 impacted maxillary canines were diag-
nosed and analyzed individually. The mean age of the patients 
was 16.3 years (SD ± 4.3 years, range: 12–33 years). Of 64 ex-
aminees in research, 41 (64.1%) were females which was sig-
nificantly more important than the representation of 23 (35.9%) 
male examinees. Of 80 impacted maxillary canines, 19 
(23.75%) were buccally impacted, 3 (3.75%) in the middle of 
alveolus and 58 (72.5%) palatally impacted canines. 

The side and the frequency of impacted maxillary ca-
nines on the cach side are presented in Table 1. 

There were 48 subjects with unilaterally impacted max-
illary canines. The female subjects prevailed – 32 (50%) in 

comparison to the male subjects – 16 (25%), which was sta-
tistically significant difference (χ2 = 8.46; p < 0.01) (Figure 1). 

 
Table 1  

Descriptive data regarding morphology and location of 
impacted canines in 64 patients 

Variable n (%) 

Canines (n = 80)  

unilateral  48 (75) 
bilateral  16 (25) 

Age (year of patients), mean ± SD 
(range) 

16.3 ± 4.3 (12–33) 

Gender  

male 23 (35.9) 
female 41 (64.1) 

Canine type  
right 39 (48.8) 
left 41 (51.2) 

Canine localization sagittal  
labial 19 (24) 
palatal 57 (72) 
midalveolar 3 (4) 

All values are given as n (%) of canines or patients, except 
for age [mean ± standard deviation (SD) (range)]. 

 

 
Fig. 1 – Distribution of unilateral and bilateral impacted 

maxillary canines according to the gender of subjects. 
 
There was no statistically significant difference be-

tween the buccal and palatal impaction groups with missing 
lateral incisors (Fisher's exact probability test, p = 0.498). 
The missing of lateral incisors was present in 13 (16.3%) ex-
aminees only within the group of palatal impactions of max-
illary canines. Atypical lateral incisors which were present 
within both groups, in the case with palatally impacted ca-
nines (7.5%) and with bucally impacted canines (3.7%). 
There was no statistically significant differences between 
gender regarding frequency of missing lateral incisors (the 
Fisher's exact probability test, p = 0.757) (Table 2). 



Page 64 VOJNOSANITETSKI PREGLED Vol. 76, No 1 

Simić S. et al. Vojnosanit Pregl 2019; 76(1): 61–66. 

Table 2 

Distribution of missing and peg-shaped lateral maxillary 
incisors with impacted maxillary canines 

Variable Number (%) p* 
Morphology of lateral incisors   
 missing 13 (16.3)  
 normal 58 (72.5)  
 peg shaped 9 (11.2)  
Missing lateral incisors by gender   

 male 4 (13.3) 
 female 9 (18) 

0.757* 

Missing lateral incisors by impacted 
canine side  

 
 

 bucally impacted canine 0 (0) 
 palatally impacted canine 13 (16.3) 

0.498* 

Peg-shaped lateral incisors   

 with bucal impacted canine 3 (3.7) 
 with palatally impacted canine 6 (7.5) 

0.638* 

*Fisher’s exact probability test. 
 
There was an interesting information in the study of the 

morphology of lateral incisors in the subjects with maxillary 
canine impaction. The results concerning our examinees with 
impacted maxillary canines were: 72% of all lateral maxil-
lary incisors had normal morphology, 11.2% were peg-
shaped, 4% of subjects had bilaterally missing lateral incisors 
and 6% had unilaterally missing lateral incisors (Figure 2). 

 

 
Fig. 2 – Morphology of lateral incisors with impacted  

maxillary canines. 
 
In Table 3, the length of the lateral incisors and the 

width of lateral incisors in the subgroup with impacted ca-
nines and that with no conine impaction. The average value 

of the width of the tested lateral incisors was 5.9 ± 0.6 mm 
while the control lateral incisors was 6.1 ± 0.5 mm, which 
was a statistically significant difference (Student΄s t-test, t = 
2.353; p = 0.022). 

The average value of the length of the tested lateral in-
cisor was 19.7 ± 3.0 mm, while that of the control lateral in-
cisors was 20.6 ± 1.7 mm, which was a statistically signifi-
cant difference (Student΄s t-test, t = 2.362; p = 0.022), i.e. 
lateral incisors on the side with canine impaction were short-
er than those in the control group. 

Palatally displaced canines were associated with shorter 
lateral incisor roots by 1.9 mm compared with lateral incisor 
roots in the control group (Table 3). 

Also, there was a statistically significant difference re-
garding the mesiodistal width of the lateral incisors where 
tested lateral incisors were smaller than the lateral incisors in 
the control group for 0.9 mm (Table 3). 

Discussion 

Palatally displaced canines have been associated with missing 
lateral incisors and other animalies 19–22. In another study, palatally 
displaced canines were reported to be associated with peg-shaped or 
missing lateral incisors, other impacted and missing teeth and deep 
bite with retroclined maxillary incisors 23. 

Lai et al. 24 found that 70.9% of lateral incisors were 
normal within their subjects with impacted maxillary ca-
nines, 26.1% were peg-shaped and 2.99% missing lateral in-
cisors. Garib et al. 25 found in a subgroup of patients with 
peg-shaped maxillary lateral incisors (aged 10 years and 
above) the prevalence of palatally displaced canines of 5.2%. 

The similar results could be found in our subjects with 
impacted maxillary canines: 72% of all lateral maxillary in-
cisors had normal morphology; 11.2% were peg-shaped, 45 
of subjects have bilaterally missing lateral incisors and 6% 
had unilaterally missing lateral incisors. 

In their researches, Liu et al. 26 and Scheied et al. 27 also 
found a statistically significant difference in length and width 
of lateral incisors in comparison with a control group of lat-
eral incisors in the subjects where there was no canine im-
paction. However, the mean length of the lateral incisors re-
ported in their study was much greater than that in our study 
because their measurements were mostly based on pano-
ramic radiographs or periapical radiographs. 

 

Таble 3 

Widths and lengths of lateral incisors in examined patients 

Lateral  
incisor (mm) 

mean ± SD Med Min Max p* 

Width     
tested 5.9 ± 0.6 6.0 4.0 7.0 
control 6.1 ± 0.5 6.2 4.2 7.3 

0.022 

Length     
tested 19.7 ± 3.0 20.3 12.5 22.3 
control 20.6 ± 1.7 20.9 13.4 23.3 

0.022 

SD – standard deviation; Med – median; Min-Max – minimal-maximal value; *Student’s t-test. 
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Liuk et al. 28 used CBCT imaging and noted the differ-
ence in the length of lateral incisors by 2.1 mm, and in the 
width by 0.7 mm. Our study demonstrated that CBCT meas-
urements were reliable and accurate, too 29. In this study, the 
mean length of maxillary lateral incisors in the palatally dis-
placed canine group was significantly shorter than the length 
in the control group by 1.9 mm, and the mean widths in di-
mension of the maxillary lateral incisors in the palatally dis-
placed canine group were significantly smaller than those in 
the control group by 0.9 mm. 

The authors conducted a comparison of the lateral di-
mensions of the maxillary incisors in subjects with palatally 
impacted canines and other subjects of the control group 
without impacted canines. The difference in lateral maxillary 
incisors was important because of the same subjects were in-
volved of the maxilla different sides (therefore the appropri-
ate subgroup with unilateral palatal impaction was isolated). 

It was suggested that the smaller mesiodistal crown 
width of lateral incisors associated with palatally impacted 
canine might just reflect the shorter root length. In the pa-
tients with impacted maxillary incisors there was a higher in-
cidence of peg-shaped or missing lateral maxillary incisors 

and other malocclusion. It is important to carefully plan the 
curing to the end of the treatment in order to satisfy aesthetic 
and functional criteria of occlusion. 

The limitation of this study was that the palatally dis-
placed canine group from the radiology practice could not 
represent the general population. 

Conclusion 

The missing lateral incisors was present in 16.3% of the 
cases, only among the subjects with palatally impacted ca-
nines. Atypical lateral incisors were present in 11.2% of 
cases, which explains that the palatally impacted canines as-
sociated with missing and atypical lateral incisors were one 
of the important hereditary phenomena. The prevalence of 
missing lateral incisors was higher but not statistically sig-
nificant group with palatally impacted canines incomparison 
with the group with the bucally impacted maxillary canines. 
The differences of width and length of lateral incisors in the 
group of palatally impacted canines was statistically signifi-
cant in comparison to those of lateral incisors in the control 
group, i.e. on the side where there is no impacted canine. 

 

R E F E R E N C E S

1. Broadbent BH. Ontogenic development of occlusion. Angle Or-
thod 1941; 11(4): 223 41. 

2. Hitchin AD. The impacted maxillary canine. Br Dent J 1956; 
100: 1 12. 

3. Jacoby H. The etiology of maxillary canine impactions. Am J 
Orthod 1983; 84(2): 125 32.  

4. Becker A. Aetiology of maxillary canine impactions. Am J Or-
thod 1984; 86(5): 437 8.  

5. Becker A, Smith P, Behar R. The incidence of anomalous maxil-
lary lateral incisors in relation to palatally-displaced cuspids. 
Angle Orthod 1981; 51(1): 24 9.  

6. Brin I, Solomon Y, Zilberman Y. Trauma as a possible etiologic 
factor in maxillary canine impaction. Am J Orthod Dentofacial 
Orthop 1993; 104(2): 132 7.  

7. Miller BH. The influence of congenitally missing teeth on the 
eruption of the upper canine. Dent Pract Dent Rec 1963; 13: 
497 504. 

8. Bass TB. Observations on the misplaced upper canine tooth. 
Dent Pract Dent Rec 1967; 18(1): 25 33.  

9. Oliver RG, Mannion JE, Robinson JM. Morphology of the maxil-
lary lateral incisor in cases of unilateral impaction of the max-
illary canine. Br J Orthod 1989; 16(1): 9 16.  

10. Brin I, Becker A, Shalhav M. Position of the maxillary perma-
nent canine in relation to anomalous or missing lateral incisors: 
A population study. Eur J Orthod 1986; 8(1): 12 6.  

11. Polder BJ, Van't Hof MA, Van der Linden FP, Kuijpers-Jagtman 
AM. A meta-analysis of the prevalence of dental agenesis of 
permanent teeth. Community Dent Oral Epidemiol 2004; 
32(3): 217 26. 

12. Becker A, Chaushu S. Dental age in maxillary canine ectopia. 
Am J Orthod Dentofacial Orthop 2000; 117(6): 657 62. 

13. Chaushu S, Sharabi S, Becker A. Dental morphologic characteris-
tics of normal versus delayed developing dentitions with pala-
tally displaced canines. Am J Ortod Dentofacial Orthop 2002; 
121(4): 339 46. 

14. Oliver T. Palatally displaced canines: The relationship to dental 
maturation, vertical facial morphology and dental anomalies of 

genetic origin. St Lucia, Queensland, Australia: University of 
Queensland; 2008.  

15. Leifert S, Jonas IE. Dental anomalies as a microsymptom of pal-
atal canine displacement. J Orofac Orthop 2003; 64(2): 
108 20. (English, German) 

16. Kim JH, Choi NK, Kim SM. A Retrospective Study of Associa-
tion between Peg-shaped Maxillary Lateral Incisors and Dental 
Anomalies. J Clin Pediatr Dent 2017; 41(2): 150 3.  

17. Langberg BJ, Peck S. Tooth-size reduction associated with oc-
currence of palatal displacement of canines. Angle Orthod 
2000; 70(2): 126 8.  

18. Becker A, Zilberman Y, Tsur B. Root length of lateral incisors ad-
jacent to palatally-displaced maxillary cuspids. Angle Orthod 
1984; 54(3): 218 25. 

19. Zilberman Y, Cohen B, Becker A. Familial trends in palatal ca-
nines, anomalous lateral incisors, and related phenomena. Eur 
J Orthod 1990; 12(2): 135 9.  

20. Mucedero M, Ricchiuti MR, Cozza P, Baccetti T. Prevalence rate 
and dentoskeletal features associated with buccally displaced 
maxillary canines. Eur J Orthod 2013; 35(3): 305 9.  

21. Mercuri E, Cassetta M, Cavallini C, Vicari D, Leonardi R, Barbato 
E. Skeletal features in patient affected by maxillary canine im-
paction. Med Oral Patol Oral Cir Bucal 2013; 18(4): e597 602. 

22. Sajnani AK, King NM. Dental anomalies associated with buc-
cally- and palatally-impacted maxillary canines. J Investig Clin 
Dent 2014; 5(3): 208 13. 

23. Citak M, Cakici EB, Benkli YA, Cakici F, Bektas B, Buyuk SK. 
Dental anomalies in an orthodontic patient population with 
maxillary lateral incisor agenesis. Dental Press J Orthod 2016; 
21(6): 98 102.  

24. Lai CS, Bornstein MM, Mock L, Heuberger BM, Dietrich T, Katsaros 
C. Impacted maxillary canines and root resorptions of neigh-
bouring teeth: a radiographic analysis using cone-beam com-
puted tomography. Eur J Orthod 2013; 35(4): 529 38.  

25. Garib DG, Alencar BM, Lauris JR, Baccetti T. Agenesis of maxil-
lary lateral incisors and associated dental anomalies. Am J Or-
thod Dentofacial Orthop 2010; 137(6): 732.e1-6; discussion 
732–3. 



Page 66 VOJNOSANITETSKI PREGLED Vol. 76, No 1 

Simić S. et al. Vojnosanit Pregl 2019; 76(1): 61–66. 

26. Liu DG, Zhang WL, Zhang ZY, Wu YT, Ma XC. Localization of 
impacted maxillary canines and observation of adjacent incisor 
resorption with cone-beam computed tomography. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod 2008; 105(1): 91 8. 

27. Scheied RC, Weiss G, Woelfel JB. Woelfel΄s dental anatomy. 8th 
ed. Philadelphia: Wolters Kuwer Health/Lippincott Williams 
& Wilkins; 2012. 

28. Liuk IW, Olive RJ, Griffin M, Monsour P. Maxillary lateral incisor 
morphology and palatally displaced canines: A case-controlled 
cone-beam volumetric tomography study. Am J Orthod Den-
tofacial Orthop 2013; 143(4): 522 6.  

29. Eslami E, Barkhordar H, Abramovitch K, Kim J, Masoud MI. 
Cone-beam computed tomography vs conventional radiogra-
phy in visualization of maxillary impacted-canine localization: 
A systematic review of comparative studies. Am J Orthod 
Dentofacial Orthop 2017; 151(2): 248 58. 

 
Received on February 25, 2017. 

Revised on May 30, 2017. 
Accepted on May 10, 2017. 

Online First May, 2017. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'GoranCMYK2400'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


