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 Abstract 

Background: The adjacent relationship of the canine with the lateral incisor 
root suggests that it provides a guide for canine’s eruption and an absent lateral 
incisor or malformed lateral incisor root will alter the eruption of the canine. This 
study aimed at determining the mean crown-root angulations and root-crown ratio 
of lateral incisors with maxillary canines on the impacted and non-impacted side 
by using Cone Beam Computed Tomography. 
Study design: Comparative cross sectional study 
Place & duration of the study: This study was conducted at Margalla Institute of 
Health Sciences, Rawalpindi from October 2024 to December 2024. 
Methodology: After taking ethical approval from the Ethical Review Committee 
(ERC), Margalla Institute of Health Sciences, Rawalpindi. Cone Beam 
Computed Tomography (CBCT) scans of patients aged 12 to 45 years, of either 
gender, were collected using non-probability consecutive sampling from the 
available imaging pool at MIHS. The sample size was calculated using the 
OpenEpi calculator, resulting in 65 participants per group. Accounting for a 20% 
potential dropout rate, 78 CBCT scans were evaluated in each group. Group A 
consisted patient’s CBCT showing palatally impacted canines whereas Group B 
included normally erupted canines on CBCT. Planmeca software was used to 
measure the angles between the long axis of the crown and the long axis of the root 
of each maxillary lateral incisor on the CBCT in sagittal view. Furthermore, the 
mesial, upright, and distal root angulations were noted. The lengths of the root 
and crown were measured independently, and the root length was divided by the 
crown length to determine the root-to-crown ratio. A standardized performa was 
used to record all findings. Each assessment's findings were recorded in performa. 
SPSS version 22 was utilized to analyze the data. The Mann Whitney U test was 
utilized to identify statistically significant differences between groups because the 
data was non-parametric. The significance level was set at p≤0.05. 
Result: The study comprised 78 participants, the majority of whom were female 
(67.9%), with a mean age of 18.42 ± 3.55 years. Group A (palatally impacted 
canines PIC) had a lateral incisor angulation of 19.53°± 11.03, while  Group B 
(non-palatally impacted NPIC) had an angulation of 8.1°±6.69.  There was 
statistically a significant difference between angulation of lateral incisor among 
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PIC and NPIC (p=0.00). Group A crown-to-root ratios (1.46 ± 0.30 mm) were 
marginally lower than Group B(1.60 ± 0.47 mm). 71.8% of the people in Group 
A had mesial angulation (16.9° ±10.53), and none of them were upright. 
However, in Group B, 93.5% of the lateral incisors were upright (7.12°±5.79), 
making mesial (5.1%) and distal (1.28%) angulation very rare.  
Conclusion: This study concluded that lateral incisors in group A had 
considerably higher mesial angulation and lower crown-to-root ratios than the 
group B. 
 

 
INTRODUCTION
In orthodontics, maxillary canines are the second 
most commonly impacted teeth after third molars 1 

with a prevalence rate between 1 – 2.5%.2 Palatal 
canine impactions are twice as prevalent as buccal 
canine impactions and are more common in females 
as compared to males with a ratio of 2:1.3 
Guidance and Genetic theories are the earliest and 
prime theories behind etiology of palatally impacted 
canines.4  The adjacent position of canine with the 
lateral incisor root suggests that, it provides a guide 
for canine’s eruption and an absent lateral incisor or 
malformed lateral incisor root will alter the eruption 
of the canine. Besides this fact, Genetic theory 
proposes that impaction of canines is due to genetic 
predisposition. There is correlation of palatally 
impacted canines with other morphological dental 
variations of genetic origin, for instance agenesis of 
lateral incisors, small lateral incisor crown size, 
aplasia of premolars and third molars, distal 
displacement of mandibular second premolars and 
tooth transposition.5 
Radiographic assessment is an essential requirement 
for diagnosis and resolution of impaction of 
canines.6The introduction of CBCT has led to 
accurate diagnosis and measurements required for 
the intervention of canine’s impaction resolution.7 

Liuk et al. compared the dimensions of lateral 
incisors with and without palatally impacted canines 
using cone beam computed tomography (CBCT). 
They found significant morphological changes of 
lateral incisors in these patients on the impacted 
side.8 It is difficult and costly to treat impacted 
maxillary canines with orthodontic treatment. Golez 
A et al., found  factors associated with impacted 
maxillary canines may be used as a guide for 
treatment plans and can create screening techniques 
for earlier diagnosis, thereby lowering the need for 

surgical intervention.9  Most studies ascertained the 
relationship between lateral incisor morphology, 
volume and root resorption with impacted canines 
on panoramic radiograph, which, has its inherent 
limitations.10  The rationale of this study was to 
determine the relationship between maxillary lateral 
incisor (crown-root angulation and root-crown ratio) 
with or without palatally impacted canine on CBCT. 
This study used Cone Beam Computed Tomography 
to measure the root-crown ratio and mean crown-
root angulation of lateral incisors with maxillary 
canines on the impacted and non-impacted side. 
 
MATERIALS AND METHOD: 
This comparative cross sectional study was 
conducted from October 2024 to December 2024. 
After taking ethical approval from Ethical Review 
Committee (ERC), Margalla Institute of Health 
Sciences, Rawalpindi, the CBCT scan of patients of 
either gender aged 12-45 years were collected from 
the pool available at MIHS, by using non-probability 
consecutive sampling. The sample size was calculated 
by using open epi calculator , keeping mean of group 
A 1.30±4.39 and group B 3.6±4.99 from a previous 
study 15 calculated “sample size” was found to be 65 
in each group, 70 power of test and 95% Confidence 
interval.  By keeping drop off rate 20%, 78 CBCT’s 
were evaluated in each group.  Group A constituted 
patients CBCT showing palatally impacted canines 
whereas Group B included normally erupted canines 
on CBCT and all data were anonymized before 
assessment by the investigator to fulfil the ethical 
criteria and each CBCT file was allotted a serial 
number. Measurements of the angles between the 
long axis of the crown and long axis of the root of all 
maxillary lateral incisors were performed on the 
CBCT in sagittal view using Planmeca software. 
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While measuring the long axis of the lateral incisor 
root, dilacerations at the root apex was not 
considered so as to obtain a better representation of 
the direction of the long axis. A mesial , upright and 
distal angulated root of lateral incisor were noted. A 

positive degree measurement was assigned to a root 
that was mesially angulated in relation to the crown, 
and a negative degree measurement was assigned to a 
root that was distally angulated.(Figure 1) 

 

 
Figure 1: a “normal” (α-angle = 0) and (b) medially angulated lateral incisor (α-angle > 0). 

 
In the sagittal view of CBCT, which was performed 
on both the canine and non-canine sides, the 

maxillary lateral incisor's crown-root angulations 
were measured.(Figure 2) 

 

 
Figure 2: Angle “α” was used to measure mesio-distal crown to root angulations of the lateral incisors. 

 
By measuring the lengths of the root and crown 
independently, then dividing the length of the root 
by the length of the crown, the root-crown ratio was 
determined. Each assessment's findings were 
documented in the performa. The data was analyzed 
by using SPSS version 22. Qualitative variables such 
as gender were presented as frequency and 
percentages.  Quantitative variables like age, length, 
ratio and angles were measured as mean and 
standard deviation. Shapiro wilk test was applied to 
check for the normality of data. The data was non 

parametric therefore Mann Whitney U test was used 
to find statistically significant difference between 
groups. p≤0.05 was taken as significant. 
 
RESULTS: 
The mean age of study subjects were 18.42±3.55. 
The frequency distribution involving certain 
parameters showed out of total 78 study subjects 
females predominated 53(67.9%) and males were 25 
(32.1%).  
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Table 1 shows the mean and standard deviation 
(ST.D) of study parameters and it was seen that 
angulation(Degree) of lateral incisor Among Group 
A (Palatally Impacted Canines) and Group B(Non-
Palatally Impacted Canines) were 19.53± 11.03 and 
8.1±6.69 respectively. Hence among Group A lateral 
incisor tend to have less angulation than Group B. 
The larger standard deviation also indicates more 
variability in their angulation. 

For crown to root ratio(mm)  of lateral incisors , 
among Group A(Palatally Impacted Canines)  and 
Group B (Non-Palatally Impacted Canines) Mean ± 
Standard Deviation were 1.46 mm ± 0.30 and 1.60 
mm ± 0.466 respectively. Therefore the ratio for 
Group B is marginally higher than Group A. There 
was statistically a significant difference between 
angulation of lateral incisor among PIC and NPIC 
(p=0.00) whereas no statistically significant difference 
was seen for crown root ratio among 
groups(p=0.211) 

 
Table 1: Mean ± Std. Deviation of Angulation and ratio of Lateral incisors among groups 

Parameters (n=78)   
Mean±Std. 
Deviation 

p-value 

Angulation of lateral incisor Group A(Palatally Impacted Canine) 19.53°± 11.03 0.00* 

Group B(Normally erupted Canine) 8.1°±6.69 
Crown Root Ratio of lateral 
incisor (mm) 

Group A(Palatally Impacted Canine) 1.46±0.30 0.211 

Group B(Normally erupted Canine) 1.60±0.466 
 
Mann whitney U test Applied 
Statistically significant * 
Table 2 shows mesial, upright and distal angulation 
of lateral incisor among Group A (Palatally 
Impacted Canines) and Group B (Non-Palatally 
Impacted Canines). It was seen that mesial 
angulation is much more common (71.8%, n=56) in 
patients with palatally impacted canines. The mean 
angle for mesial angulation is smaller (16.9° ±10.53) 
compared to distal (26.23°±9.38). No tooth was seen 
in upright position. Among Non palatally impacted 
canine(Group B) a majority of lateral incisors 

(93.5%, n=73) were observed in an upright position, 
with a mean angulation of  7.12°±5.79. A smaller 
portion (5.1%, n=4) showed mesial angulation of the 
lateral incisors, with a mean angulation of 
20.55°±2.52. Only one case (1.28%) presented with 
distal angulation, with a mean angulation of 26.2°. 
Overall, the data suggest that in Group A mesial 
angulation is much common whereas in Group B 
lateral incisors predominantly exhibit an upright 
alignment, with very few showing mesial or distal 
deviations. 

 
Table 2: Mean ± Std. Deviation and Frequrency distribution of angulation of lateral incisor among impacted 
and normally erupted canine groups 
Groups Parameters Mean ± Std. Deviation  n(%) 

Group A (Palatally 
Impacted canine) n=78 
 
  

Mesial Angulation of 
Lateral incisor 

16.9° ±10.53 
56 

Distal Angulation of 
Lateral Incisor 

26.23°±9.38 
22 

Total   78 
Group B (Normally 
erupted canine)  n=78 

Mesial Angulation of 
lateral Incisor 

20.55°±2.52 
4 
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Upright angulation of 
lateral Incisor 

7.12°±5.79 
73 

Distal angulation of 
lateral Incisor 

26.2°±0 
1 

Total   78 

 
Discussion: 
It was established that maxillary canine impaction 
and the morphologic and angular characteristics of 
the maxillary lateral incisors were related. Strong 
predictors of maxillary canine impaction were found 
to include the lateral incisor's volume, the 
mesiodistal and buccolingual width of its crown, 
root, and overall length, as well as its lateral incisor 
angulation to the midline and the axis of adjacent 
canines. 11 The mean age of study subjects were 
18.42±3.55. Out of total 78 study subjects females 
predominated 53(67.9%) and males were 25 
(32.1%).  The current study observed a significant 
difference in the mean angulation of lateral incisors 
between patients with palatally impacted canines 
(Group A) and those with non-palatal impactions 
(Group B). Group A exhibited a mean lateral incisor 
angulation of 19.53°± 11.03, while Group B had a 
mean of 8.1° ± 6.69 °. There was statistically a 
significant difference between angulation of lateral 
incisor among PIC and NPIC (p=0.00). In 
concordance with this a previous study by  

Koral et al.11  found the total length of the lateral 
incisor on the impacted side was found to have mean 
of 20.48°±  2.71 compared to non-impacted side 
with a mean of 21.57 °±  2.1(p<0.05). Another 
similar study by Majumder S et al., found statistically 
a significant difference between groups(p<0.05). 12 

Gomaa N and Ellaithy M studied crown-to-root 
angulation of lateral incisors with palatally impacted 
canines and found the roots of maxillary lateral 
incisors being more angulated on the impacted side 
as compared to normal side.13 Contradictory to 
present study Dekel E et al., found among PIC mean 
of mesial angulation of lateral incisor (8.4°) 14 which 
is smaller than the current findings.  Another 
dissimilar study by Kanavakis et al. reported  the 
mean crown-root angulation of lateral incisor    was 
3.6±4.99 on impacted side compared to normal side 
mean 1.30±4.39 , although they showed showing 
statistically significant findings among groups( 

p=0.009)14 alike current study( p=0.00).  Additionally, 
this study discovered that by observing the adjacent 
lateral incisor, orthodontists have a tendency to 
"predict" the presence of a palatally impaired canine. 
66.7% of the neighboring canines were palatally 
affected when the lateral incisor was deemed to be 
"abnormal." Similarly, the orthodontists' consensus 
stated that the adjacent lateral incisor appeared 
"normal" in 65.2% of canines that are normally 
erupted.15 

Regarding the crown-to-root ratio this study showed, 
Group A had a mean of 1.46 mm ± 0.30, while 
Group B had a mean of 1.60 mm ± 0.466. There was 
statistically no statistically significant difference for 
crown root ratio among groups(p=0.211) Although 
the difference is marginal, it suggests that lateral 
incisors adjacent to palatally impacted canines may 
have a slightly shorter root length or longer crown, 
potentially due to developmental disturbances 
associated with the impacted canine.  In 
concordance with this study Majumder S et al., also 
reported insignificant findings among 
groups(p>0.05)12 Liuk et al. 8 used cone-beam 
computed tomography (CBCT) to compare the 
lateral incisor dimensions and they found that the 
former had noticeably smaller crown and root 
dimensions i.e 2.1mm shorter than normal canine. 
Becker et al.,16 also reported lateral incisor of 
palatally displaced canine was 2.1mm shorter than 
normal canine these findings are in line with present 
study. Another similar study showed lateral incisors 
adjacent to palatally displaced canines showed  
shorter dimensions of roots than contra-lateral 
incisors.17 

The study further revealed that mesial angulation 
was predominant in Group A, with 71.8% (n=56) of 
lateral incisors exhibiting this inclination. This 
finding aligns with previous research that reported 
increased mesial angulation of lateral incisors 
adjacent to palatally impacted canines.15   The mean 
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angle for mesial angulation was 16.9° ±10.53 , 
compared to  26.23°±9.38   for distal angulation. In 
contrast, Group B predominantly displayed upright 
lateral incisors, with 93.5% (n=73) presenting a 
mean angulation of  7.12°±5.79. A smaller portion 
(5.1%, n=4) showed mesial angulation of the lateral 
incisors, with a mean angulation of 20.55°±2.52. 
Only one case (1.28%) presented with distal 
angulation, with a mean angulation of 26.2°. These 
findings corroborate the guidance theory, suggesting 
that the position of the lateral incisor influences the 
eruption path of the canine 8,9,15 The mesial 
angulation observed in Group A may be attributed 
to the guidance theory, which posits that the 
position and angulation of adjacent teeth influence 
the eruption path of canine teeth. In this context, 
the mesially angulated lateral incisors might not 
effectively guide the eruption of the canine, leading 
to its palatal displacement. This may act as a 
contributory factor in the ectopic eruption path of 
the maxillary canine, reinforcing the theory that 
improper guidance by the lateral incisor may lead to 
canine impaction.9,15,18  Golez A et al., found  that 
rotating tooth next to the impacted canine increased 
the chances of impaction by 3.5 times.9 The fist 
premolar typically erupts one year before the canine, 
and the lateral incisor three years. Their root tips 
may tip into the canine's eruption path and prevent 
its normal eruption if neighboring teeth erupt in an 
incorrect root position16  The observed mesial 
angulation in lateral incisors adjacent to palatally 
impacted canines underscores the importance of 
early orthodontic evaluation. Monitoring the 
angulation of lateral incisors can serve as a predictive 
indicator for potential canine impaction, facilitating 
timely intervention and management strategies .8,15   
CONCLUSION:  
This study concluded that lateral incisors in the PIC 
group exhibited significantly greater mesial 
angulation and lower crown-to-root ratios compared 
to the NPIC group. PIC group had a significantly 
lower prevalence of upright lateral incisors, which 
may indicate a relationship between canine 
impaction risk and mesially angulated lateral incisor. 
The significance of early radiographic assessment of 
lateral incisor angulation as a diagnostic indicator in 
orthodontic assessment and planning is highlighted 
by these findings. 

LIMITATIONS:  
Single Centre Study and small sample size are the 
limitations of this study. 
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