
Page 768 VOJNOSANITETSKI PREGLED Vojnosanit Pregl 2023; 80(9): 768–777. 

Correspondence to: Tina Pajević, University of Belgrade, Faculty of Dental Medicine, Department of Orthodontics, Gastona Gravijea 2, 
11 000 Belgrade, Serbia. E-mail: tina.pajevic@stomf.bg.ac.rs 

O R I G I N A L  A R T I C L E  
  

 UDC: 616.314 
DOI: https://doi.org/10.2298/VSP220329010P 

Evaluation of the impacted maxillary canines position, determination 
of the possible indicators of the impaction difficulty, and the risk 
factors for adjacent teeth root resorption 

Procena položaja impaktiranih gornjih očnjaka, određivanje mogućih 
pokazatelja težine impakcije i faktora rizika od resorpcije korenova susednih 

zuba  
 

Tina Pajević, Dina Vasović, Jovana Juloski, Ljiljana Vučić, Branislav Glišić 

University of Belgrade, Faculty of Dental Medicine, Department of Orthodontics, 
Belgrade, Serbia

Abstract 
 
Background/Aim. An impacted tooth is a tooth that 
could not erupt and take its place in the dental row. Im-
pacted maxillary canines are a very frequent problem in or-
thodontic practices. They are the second most impacted 
teeth, right after the third molars. The aim of this cross-
sectional study was to evaluate the two-dimensional and 
three-dimensional position of the impacted maxillary ca-
nines and make a descriptive study analysis of possible in-
dicators of the impaction difficulty and risk factors for ad-
jacent tooth root resorption. Methods. In this study, 94 
subjects with 116 diagnosed maxillary canine impaction 
were included. The two-dimensional position of the im-
pacted canines (IC) was evaluated on the panoramic pro-
jection of the cone beam computed tomography (CBCT) 
images. Canine position (CP) to the X, Y, and Z-axis was 
measured and scored using the novel classification system 
that incorporates three-dimensional information of CBCT 
imaging – the KPG index. Based on the KPG index value, 
impaction was defined as easy, moderate, difficult, and ex-
tremely difficult. In order to determine indicators of im-
paction difficulty and risk factors of root resorption of ad-
jacent teeth, qualitative variables (gender, side of impac-
tion, etc.) and quantitative variables [age, canine distance 

to the occlusal plane (OccP), etc.] were tested with multi-
ple logistic regression. Results. The mean age of the sub-
jects was 19.8 ± 5.2 years. The impactions were twice as 
prevalent in females compared to males. Most (71.4%) 
impactions were unilateral in palatal position of the ca-
nines. Adjacent root resorption was present in 27.3% of 
cases of impaction, and the central incisor was mostly af-
fected. More than half of the impactions were of moderate 
level. In univariable analysis, canine distance to sagittal 
medial line (SML), angle between canine and SML, OccP, 
and first premolar, respectively, were significant in impac-
tion difficulty prediction. Multivariable analysis showed 
that angle between canine and the first premolar could be 
a risk factor for adjacent root resorption. Conclusion. 
Most impacted maxillary canines were in the palatal posi-
tion, with a KPG index value of moderate difficulty. Be-
sides the position to the OccP and SML, angle between 
canine and the first premolar should be estimated, as a 
part of diagnostic procedures, to evaluate the risk of adja-
cent root resorption, prevent resorption, and decide on 
the treatment plan.  
 
Key words:  
cone-beam computed tomography; risk factors; tooth 
impacted; tooth resorption. 

Apstrakt 
 
Uvod/Cilj. Impaktirani zub je zub koji nije mogao da izbije 
i zauzme odgovarajuće mesto u zubnom nizu. Impaktirani 
maksilarni očnjaci su veoma čest problem u ortodontskoj 
praksi. Po učestalosti slučajeva impakcije, maksilarni očnjaci 
su na drugom mestu, iza umnjaka. Cilj studije preseka bio je 
da se proceni dvodimenzionalni i trodimenzionalni položaj 
impaktiranih maksilarnih očnjaka, kao i da se deskriptivnom 
studijom analiziraju mogući pokazatelji težine impakcije i 

faktori rizika od resorpcije korenova susednih zuba. 
Metode. Studijom je obuhvaćeno 94 ispitanika sa 116 
impaktiranih očnjaka. Položaj očnjaka u 
dvodimenzionalnom sistemu ispitan je na panoramskoj 
projekciji snimka dobijenog  metodom kompjuterizovane 
tomografije konusnog zraka (KTKZ). Položaj očnjaka duž 
X, Y i Z ose ispitan je i procenjen primenom novog sistema 
klasifikacije, koji uključuje trodimenzionalne informacije iz 
snimka KTKZ – KPG indeksa. Na osnovu vrednosti KPG 
indeksa, impakcija je bila ocenjena kao laka, umerena, teška i 
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veoma teška. Da bi se utvrdili pokazatelji težine impakcije i 
faktori rizika od resorpcije korenova susednih zuba, 
primenom multivariacione regresije ispitivane su kvalitativne 
varijable (pol, strana impakcije, itd.), kao i kvantitativne 
varijable [životno doba, položaj očnjaka prema okluzalnoj 
ravni (OkR), itd.]. Rezultati. Prosečna starost ispitanika bila 
je 19,8 ± 5,2 godina. Učestalost impakcija kod žena bila je 
dva puta veća nego kod muškaraca. Većina (71,4%) 
impakcija bile su unilateralne, sa palatinalnim položajem 
očnjaka. Resorpcija korenova susednih zuba uočena je kod 
27,3% slučajeva, a impakcijom je najčešće bio zahvaćen 
centralni sekutić. U više od polovine impaktiranih očnjaka 
težina impakcije je bila umerena. U univarijabilnoj analizi, 
rastojanje očnjaka od sagitalne medijalne linije (SML), nagib 
očnjaka prema SML i OkR, kao i nagib očnjaka prema 

prvom premolaru pokazali su statističku značajnost za 
procenu težine impakcije. Multivarijabilnom analizom 
ustanovljeno je da nagib očnjaka prema prvom premolaru 
može biti pokazatelj rizika od resorpcije korenova susednih 
zuba. Zaključak. Većina impaktiranih očnjaka bila je 
palatinalno postavljena, sa vrednostima KPG indeksa koji je 
ukazivao na umerenu težinu impakcije. Pored položaja 
očnjaka prema OkR i SML, u okviru dijagnostičkih 
procedura trebalo bi izmeriti i nagib očnjaka prema prvom 
premolaru, kako bi se procenio rizik od resoprcije korenova 
susednih zuba, sprečila resorpcija i odredio plan terapije. 
 
Ključne reči: 
tomografija, kompjuterizovana, konusna; faktori rizika; 
zub, impakcija; zub, koren, resorpcija. 

 

Introduction 

Impacted maxillary canines are very frequent in 
orthodontic practices. Maxillary canines are diagnosed as 
impacted if the eruption is delayed above the age of 14 years. 
They are the second most impacted teeth, right after the third 
molars 1, 2, due to the longest path to travel and the longest 
time to reach the occlusal plane compared to other 
permanent teeth during their development 3. Dewel 3 has 
described a number of different positions in which upper 
canines pass in the most crowded part of the maxilla in order 
to reach their position in the occlusion. Since the 
development of the canines takes a long time, those teeth are 
at significant risk of negative environmental factors that can 
influence their eruption and cause impaction. 

A recently published study reported the prevalence of 
the impacted maxillary canines from 1.7% to 4.7% 4. Sexual 
dimorphism is also observed in the maxillary canine impac-
tion; it affects females two to three times more frequently 
than males 5. Maxillary canines could be unilaterally or bilat-
erally impacted; unilateral impaction appears more frequent-
ly than bilateral 4, 6, 7. Considering the spatial position, pala-
tally displaced canines appear more frequently compared to 
the buccal position 8–10. Impacted canines (ICs) are often as-
sociated with an increased risk for adjacent tooth root resorp-
tion. The most frequently affected teeth are incisors, alt-
hough, in some cases, premolars could also be affected. The 
prevalence of root resorption of the lateral incisors, accord-
ing to the literature, ranges from 18.5% to 70% 11–13. 

The position of the IC crown and root tips varies not 
only in the vestibulo-oral direction but also in mesio-distal 
and occluso-gingival directions. A precise description of the 
canine position (CP) in the bone in relation to local 
anatomical structures and distance to referent planes is 
essential in creating an appropriate treatment plan and 
treatment outcome prediction. To summarize CP in all three 
planes, the KPG index was proposed in 2009 14. The canine 
crown and root tip in X, Y, and Z-axis are graded based on 
the distance to referent planes where the crown and root tips 
should be properly placed. The index is the sum of these 
grades, and its value is used for the 3D classification of the 

impaction difficulty. A good level of index agreement with 
the clinician’s evaluation of impactions was reported, so it 
was proposed that the KPG index could be used in 
orthodontic practice 15. 

The use of the KPG index is particularly helpful in 
epidemiological investigations of the ICs. The results of 
these studies could help create national healthcare protocols 
for the early diagnosis and early management of the ICs with 
the appropriate scheme of preventive and interceptive 
measurements. The aims of this study were to evaluate the 
two-dimensional and three-dimensional position of the 
impacted maxillary canines and determine the gender 
distribution of the impaction, possible predictors of the 
impaction difficulty, and potential risk factors for adjacent 
tooth root resorption. 

Methods 

The study included 94 patients with 116 ICs treated at 
the Department of Orthodontics, Faculty of Dental Medicine, 
University of Belgrade, Serbia, referred from the primary 
health care centers for further diagnostics and treatment. This 
investigation was approved by the Ethics Committee of the 
Faculty of Dental Medicine, University of Belgrade, on 
February 22, 2017 (No. 36/4). 

The inclusion criteria were patients with at least one 
diagnosed unerupted maxillary canine on the panoramic 
radiographs. The standard diagnostic procedure included 
clinical evaluation (intraorally, canines were not palpable 
labially, palatal bulge was present), study cast analysis, and 
radiographic analysis. On the panoramic radiograph, 
maxillary canines were considered impacted if more than 
two-thirds of tooth roots were developed, but the tooth was 
still totally or partially in the bone. Exclusion criteria were 
patients with clefts and syndromes and patients in active 
orthodontic treatment of impaction before and during this 
study. Besides panoramic radiographs, all patients that were 
referred to take cone beam computed tomography (CBCT) 
scans of the maxilla at the Radiological Center of the Faculty 
of Dental Medicine, University of Belgrade, were included in 
this study. CBCT scans were taken on the same scanner, 
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Cranex® 3D (Soredex, PaloDEx Group Oy Finland), in the 
standard resolution with a 61 x 78 cm field of view and voxel 
size of 0.30 mm. The scan/exposure time was 20.1/4.7 s, and 
the imaging value was 60kV/6.3–12.5mA. Visualization and 
evaluation of Digital Imaging and Communication in 
Medicine (DICOM) files for each patient were done in the 
software OnDemand3D (Cybermed Inc., South Korea). The 
time interval between clinical and CBCT evaluations was 
four to six weeks apart. 

For each patient, the following parameters were 
collected: general data regarding the gender and age of the 
patient; bilateral or unilateral canine impaction; the side of 
the impaction in cases of unilateral impaction; the presence 
of the deciduous canine; space between the lateral incisor 
and first premolar. 

The IC localization was evaluated both two-
dimensionally and three-dimensionally. 

The two-dimensional evaluation was done on the pano-
ramic view of the CBCT scan, and the following measure-
ments were included: the distance of the canine crown tip to 
the sagittal medial line (SML); the distance of the canine 
crown tip from the occlusal plane (OccP); the distance of the 

apex to SML; the angle between canine and SML (Figure 1); 
the angle between canine and OccP (Figure 1); the angle be-
tween canine and lateral incisor (Figure 2); the angle be-
tween canine and first premolar (Figure 2).  

The three-dimensional evaluation was conducted in the 
sagittal, coronal, and axial view of the CBCT scans and 
included: canine mesio-distal diameter; contact with lateral 
incisor classified as present or absent contact; localization in 
the vestibulo-oral direction, which was classified as vestibular, 
palatal, or in the middle of the alveolar ridge; resorption of the 
adjacent teeth, classified as absent resorption, resorption of the 
lateral incisor, resorption of the central incisor, resorption of 
the first premolar; localization of the tooth root and crown tips 
along X, Y, and Z-axis according to KPG index. 

Both the canine crown and root tips were evaluated by 
the KPG index. All measurements were performed by one 
examiner. One month after the first measurement, the same 
investigator repeated the measurements for 39 randomly se-
lected canines. The evaluation was conducted in the X, Y, 
and Z spatial planes. A panoramic view of the CBCT scan 
was used to measure the crown and root tip position in X and 
Y planes (Figures 3, 4, and 5). The crown and root tip 

 
Fig. 1 – Measurements of the two-dimensional 

parameters on the panoramic view of the cone beam 
computed tomography. Red arrows annotate:  

a) Angle between canine and sagittal medial line;  
b) Angle between canine and occlusal plane. 

 

 
Fig. 2 – Measurements of the two-dimensional 

parameters on the panoramic view of the cone beam 
computed tomography. Red arrows annotate:  
a) Angle between canine and lateral incisor;  
b) Angle between canine and first premolar. 

 

 
Fig. 3 – Three-dimensional evaluation of the 

impacted canines crown and root tip along the 
X-axis according to KPG index measurements. 
In this case, the canine crown tip was given a 

score of 4 and the root tip score of 2.  
 

 
Fig. 4 – Canine crown tip evaluation along the 
Y-axis on the panoramic view of the cone beam 

computed tomography scan. In this patient, 
the canine crown tip along the Y-axis was 

given a score of 2.  
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position along the Z axis were analyzed on the axial view 
(Figures 6 and 7 a–d). Due to difficulties in estimating the 
crown and root tip position along the Z axis using the au-
thors’ 15 original scheme, in Figure 7, both the coronal and 
sagittal views of the crown and root position were evaluated 
in order to give the appropriate score. For each tooth cusp 
and root tip position in every coordinate plane, a score from 
0–5 was given, according to deviation from their normal po-

sition. The more deviated root and crown tip position had a 
higher score. For every plane, there were two scores, one for 
the crown and one for the root tip. The sum of six scores 
gives a cumulative score that was used to evaluate the diffi-
culty of the impaction. Based on the authors’ definition, im-
paction was easy for the cumulative KPG index score 0–9, 
moderate for 10–14, difficult for 15–19, and extremely diffi-
cult for values 20 and above 14, 16. 

 
Fig. 5 – Canine root tip position along the Y-axis is 
graded reversed in comparison to the scores for the 
crown tip. For this canine root tip, the grade was 0. 

 
Fig. 6 – Canine crown evaluation along 
the Z-axis. This canine crown tip was 

graded a score of 2. 

 

a)  b)  

c)  d)  

Fig. 7 – a) Sagittal position of the canine crown tip; b) Sagittal position of 
the canine root tip; c) Coronal view of the impacted canine; d) Axial view. 
Because of the difficulty to estimate the crown and root tip position along 
the Z-axis based on the authors’ original scheme 15, besides the axial, both 

the coronal and sagittal view of the crown and root position were 
evaluated in order to give the appropriate score.  

For this canine crown tip, the score along the Z-axis was 2,  
and for the root tip, the score was 4. 
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Statistical analysis 

Statistical analysis was performed using SPSS Version 
19.0. (IBM Corp. Released 2010. IBM SPSS Statistics for 
Windows, Version 19.0. Armonk, NY: IBM Corp, USA). All 
canines were numbered and measured separately by one ex-
aminer. Distribution of the ICs by gender, age, side of the 
jaw, presence of deciduous canine, three-dimensional posi-
tion, localization, difficulty, and contact with lateral incisor 
was evaluated by frequency. Descriptive statistics, such as 
mean and standard deviation (SD), were used for the two-
dimensional quantitative variables (distance of the canine 
crown tip from SML, the angle between canine and SML, 
etc.). A total of 39 canines were randomly selected, and their 
KPG index was measured once again one month after the 
first measurement. The intra-observer reliability was evalu-
ated with an intraclass correlation coefficient for the numeri-
cal variables, while Cohen’s kappa was calculated for the 
categorical variables. The connection between probability for 
adjacent teeth resorption and investigated factors (gender, 
age, bilateral or unilateral impaction, size of the canine, pres-
ence of the deciduous canine, space between the lateral inci-
sor and first premolar, two-dimensional and three-
dimensional parameters) was analyzed with multiple logistic 
regression. Likewise, the logistic regression was conducted 
to test the connection between investigated factors and im-
paction difficulty. The results were calculated as an odds ra-
tio with a 95% confidence interval. For all tests, the level of 
significance was p < 0.05. 

Results 

Intra-observer reliability for the KPG index value 
indicated a high agreement between first and repeated 

measurements. The intraclass correlation coefficient was 
0.93, whereas Cohen’s kappa value for the individual crown 
and root tips varies from 0.29 to 0.77 (Table 1). Out of 94 
patients, most of the individuals were females, presented by 
two-thirds of the total number of subjects (Table 2). The 
mean patient age was 19.8 ± 5.2, so most patients were late 
adolescents or young adults, with canine apex closed in more 
than half (60.3%) of the sample. From 116 ICs, most were 
unilateral impactions with almost equal distribution of the 
left and right-side affected, and only 21 patients had bilateral 
impaction. Deciduous canines were extracted in 61 (58.7%) 
patients, which was expected based on the patient’s age. The 
bilateral presence of deciduous canines was rare [only 12 
(11.5%) patients]. The average diameter of the ICs was 
7.2 mm ± 0.8 mm, with an average space for the tooth in the 
arch of only 3.9 mm ± 2.2 mm. 

Two-dimensional parameters of the CP showed that the 
average canines crown tip position was 7.4 mm ± 3.3 mm 
and 7.3 mm ± 4.4 mm from OccP and SML, respectively 
(Table 3). Distance from the OccP signifies that CP in the 
vertical plane was not too high compared to its final position 
in the occlusion. The angles between canine and SML, OccP, 
lateral incisor, and first premolar, respectively, although with 
large SD, were all sharp, with the smallest value for the 
angle between canine and first premolar. 

Three-dimensional parameters showed that most [80 
(71.4%)] ICs were in the palatal position (Table 4). Most [73 
(68.2%)] ICs had no contact with the lateral incisor. Fur-
thermore, in most [72 (72.7%)] cases, resorption of the adja-
cent teeth was absent. In the cases where resorption of the 
adjacent teeth was detected, the tooth that was most affected 
was the central incisor, 17 (17.2%). The impaction was mod-
erate in 62 (55.9%) cases, while 28 (25.2%) cases were diffi-
cult, 19 (17.1%) were easy, and only 2 (1.8%) were 

Table 1 
Results for the intra-observer reliability for the KPG index measurements 

Intra-observer 
reliability 

Crown tip  
X-axis 

Root tip  
X-axis 

Crown tip 
Y-axis 

Root tip  
Y-axis 

Crown tip 
Z-axis 

Root tip 
Z-axis 

KPG index 
value 

Cohen’s kappa 0.77 0.49 0.57 0.29 0.34 0.66  
Intraclass correlation 
coefficient       0.93 

 

Table 2  
Frequency and mean values for the first five parameters 

Parameter Values 
Gender  

male 31 (33) 
female 63 (67) 

Age, years 19.83 ± 5.18 
Side of canine impaction  

bilateral 21 (22.3) 
right side 36 (38.3) 
left side 37 (39.4) 

Presence of the deciduous canines  
extracted 61 (58.7) 
unilateral presence of deciduous canine 31 (29.8) 
bilateral presence of deciduous canines 12 (11.5) 

Space between lateral incisor and first premolar, mm 3.99 ± 2.17 
All values are expressed as numbers (percentages) or mean ± standard  
deviation. 
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extremely difficult. Each of the investigated parameters was 
tested separately with univariable logistic regression analysis 
for possible connection with probability for the adjacent 
tooth root resorption. Only parameters that showed p < 0.25 
were included in the further analysis. In Table 5, there is a 
list of variables that were significant after simple logistic re-
gression and were, therefore, included in the multiple logistic 
regression. After forward and backward logistic regression 
methods analysis, almost all parameters became statistically 
insignificant. The only parameter included in the preliminary 
model was the angle between the canine and the first premo-
lar. The goodness-of-fit was analyzed with the Hosmer-
Lemeshow test and confirmed that the preliminary model 
was the final model. Although the area under the curve 
(AUC) was 0.64, the 95% confidence interval was 0.50–
0.78, so it had no high predictive value. According to this 
model, for every increase of the angle between the canine 
and first premolar for 1°, the odds for adjacent tooth root re-
sorption increased by 1.04 times (Table 5). 

Another multiple logistic regression was performed to 
test the connection between all investigated parameters and 
impaction difficulty. For that purpose, the first categorical 
scale for the impaction difficulty with four values (1 – easy, 
2 – moderate, 3 – difficult, 4 – extremely difficult) was 
transformed into a binary scale with two outcomes (0 – easy 
and moderate, 1 – difficult and extremely difficult). Again, 
simple logistic regression was used for every single 
parameter to test its individual significance. Table 6 presents 
parameters that showed significance after simple logistic 
regression. Two-dimensional parameters, such as the 
distance of the canine crown tip to SML, the angle between 
canine and SML, OccP, and first premolar, respectively, 
were highly significant (p < 0.01) after univariable analysis. 
When these parameters were included in the multivariable 
analysis, forward and backward logistic regression methods 
did not keep the same independent variables; therefore, 
further multiple logistic regression could not be performed. 
Although the final model was not established, the individual 

Table 3 
Frequency and means for the two-dimensional parameters 

Parameter Values 
Distance of the canine crown tip to SML, mm 7.32 ± 4.39 
Distance of the canine crown tip from OccP, mm 7.43 ± 3.26 
Distance of the apex to SML, ° 20.69 ± 3.37 
Angle between canine and SML, ° 37.92 ±15.78 
Angle between canine and OccP, ° 52.24 ±19.39 
Angle between canine and lateral incisor, ° 43.5 ± 17.89 
Angle between canine and first premolar, ° 34.52 ± 6.37 
All values are expressed as mean ± standard deviation. 
SML – sagittal medial line; OccP – occlusal plane. 

 
Table 4 

Descriptive values for the three-dimensional parameters 
Parameter Values 
Canine mesio-distal diameter, mm 7.25 ± 0.75 
Contact with lateral incisor  

absent 73 (68.2) 
present  34 (31.8) 

Localization in the vestibulo-oral direction  
vestibular 25 (22.3) 
palatal 80 (71.4) 
in the middle of the alveolar ridge 7 (6.3) 

Resorption of the adjacent teeth  
absent 72 (72.7) 
resorption of the lateral incisor   4 (4) 
resorption of the central incisor   17 (17.2) 
resorption of the first premolar 6 (6.1) 

Impaction difficulty 
easy 

 
19 (17.1) 

moderate 62 (55.9) 
difficult 28 (25.2) 
extremely difficult 2 (1.8) 

KPG index average 12.55 ± 3.29 
All values are expressed as numbers (percentages) except 
for canine mesio-distal diameter and average KPG index, 
which are shown as mean ± standard deviation. 
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impact of distance of the canine crown tip to SML, angle 
between canine and SML, OccP, and first premolar 
separately, was significant; hence, each of them could be 
interpreted as a factor with high probability prediction of the 
impaction difficulty. 

Discussion 

In this study, the canine two-dimensional and three-
dimensional position was evaluated along with the gender 
distribution of the impaction. CP along X, Y, and Z-axis 

Table 5 
Parameters included in the multivariable logistic regression  

to investigate possible association to adjacent tooth root resorption 
Parameter p OR 95% CI for OR 
Presence of the deciduous canines     

extracted Ref.    
unilateral presence of deciduous canine  0.05 0.28 0.08 1.02 
bilateral presence of deciduous canines 0.08 0.27 0.06 1.16 

Distance of the canine crown tip to SML 0.06 0.9 0.81 1.00 
Distance of the canine crown tip from OccP 0.04* 1.17 1.01 1.35 
Mesio-distal diameter of the lateral incisor 0.23 1.63 0.73 3.63 
Angle between canine and SML 0.07 1.03 1.00 1.06 
Angle between canine and first premolar 0.02*, ** 1.04 1.01 1.07 
KPG index 0.01* 1.24 1.05 1.45 
Impaction difficulty     

easy  Ref.    
moderate 0.22 0.14 0.01 3.31 
difficult 0.41 0.30 0.02 5.16 
extremely difficult 0.84 0.75 0.04 13.24 

Contact with lateral incisor     
absent Ref.    
present 0.20 1.84 0.73 4.68 

OR – odds ratios; CI – confidence interval; Ref. – reference category. 
*p < 0.05; **p – the only parameter that was included in the final model to predict adjacent tooth 
root resorption. 
For abbreviations, see Table 3. 

 
 

Table 6 
Parameters tested for the possible prediction of the impaction difficulty 

(outcomes of the dependent variable were 0 – easy and moderate impaction, 
1 – difficult and extremely difficult impaction) 

Parameter p OR 95% CI for OR 
Side of the impaction     

right Ref.    
left 0.07 3.71 0.91 15.13 
bilateral 0.23 2.40 0.58 9.98 

Bilateral or unilateral canine impaction     
unilateral Ref.    
bilateral 0.10 3.00 0.80 11.24 

Distance of the canine crown tip to SML 0.00* 0.70 0.60 0.82 
Distance of the canine crown tip from OccP 0.07 1.14 0.99 1.31 
Space between lateral incisor and first premolar 0.05 0.81 0.66 1.00 
Angle between canine and SML 0.00* 1.07 1.03 1.11 
Angle between canine and lateral incisor 0.24 1.02 0.99 1.04 
Angle between canine and OccP 0.00* 0.93 0.90 0.97 
Angle between canine and first premolar 0.00* 1.06 1.03 1.10 
Localization in the vestibulo-oral direction     

vestibular Ref.    
palatal 0.35 0.25 0.01 4.60 
in the middle of the alveolar ridge 0.28 3.29 0.38 28.75 

Resorption of the adjacent teeth     
absent Ref.    
resorption of the lateral incisor 0.69 1.57 0.17 14.42 
resorption of the central incisor 0.75 1.67 0.74 37.73 
resorption of the first premolar 0.07 9.17 0.86 97.69 

*p < 0.01. For abbreviations, see Table 3. 
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was measured and used to determine impaction 
difficulty. Investigated parameters (gender, age, side of the 
impaction, two-dimensional and three-dimensional 
parameters) were tested to find potential predictors of the 
impaction difficulty and define the probability for adjacent 
tooth root resorption. 

Considering the two-dimensional parameters of the im-
pacted CP, the mean distance of the canine crown tip from 
the OccP was 7.4 mm ± 3.3 mm. That signifies that in the 
vertical plane, the IC crown tip was in line with the cervical 
third of the incisor root or was occlusal to the cemento-
enamel junction of the incisors. Similar studies reported a 
higher position of the ICs, where teeth were at the middle or 
apical third of the incisor root 6, 17, 18. The angle between ca-
nine and SML in the present study was 37.9° ± 15.8°. This 
angle corresponds to the alpha angle (inclination of the ca-
nine to the midline) in the study by Rafflenbeul et al. 17, 
while Naoumova and Kjellberg 19 have reported smaller val-
ues of alpha angle for unilateral and bilateral impactions. 

Impaction was mostly unilateral, with almost equal af-
fection of the right and left sides of the maxilla. Bilateral im-
paction was present in 22.3% of the investigated impactions. 
These results are consistent with recent literature findings 
where bilateral impactions were found in 20–25% of cas-
es 4, 6, 20. 

Subjects in this study were late adolescents or young 
adults. Even though the normal path of the shift in the 
eruption of the permanent canines was disturbed, 58.7% of 
the deciduous canines were absent. That could be explained 
by the patient’s age and morphological and physiological 
characteristics of deciduous teeth that are not assumed to last 
a lifetime. Furthermore, it is possible that some of the 
deciduous canines were extracted as an interceptive 
treatment for permanent canine impaction. Still, based on the 
patient’s age and canine root development (more than two-
thirds of the root developed), even if the deciduous canines 
were extracted before, this could not be a confounding factor 
in the study since extraction has not led to a spontaneous 
eruption of the permanent successor. 

Space for the IC was reduced in the dental arch, which 
was expected considering the patient’s age and extraction of 
the deciduous canines. Although the malocclusion was not 
investigated in this study, the intra-arch forces direction 
contributing to mesial migration of the posterior teeth could 
be one of the reasons for this space reduction for canine 
placement in the upper dental arch. Migration of the teeth 
into extraction space was one of the side effects of the early 
interceptive extraction of the primary canines 19.  

Findings regarding gender indicate sexual dimorphism 
of canine impaction since females were twice more often 
affected compared to males, and these results agree with 
findings from the literature 5, 6, 20. Sacerdoti and Baccetti 7 
have found that female-to-male prevalence of palatally 
displaced ICs was in a ratio of 3:1. On the contrary, some 
investigations reported similar prevalence among males and 
females 17, 18. In the interpretation of these findings, the 
possibility of women seeking orthodontic treatment more 
often should be considered. Women appeared to be more 

critical in evaluating the aesthetics of the smile 21. Likewise, 
younger persons are more critical in judging smiles 
compared to older people 22. In our study, it could be 
possible that young females were more motivated to conduct 
orthodontic treatment; hence, it could impact the gender 
distribution of the sample. 

The values of the KPG index for most of the teeth 
showed moderate impaction. When the impaction difficulty 
was tested in relation to the investigated parameter, the 
simple logistic regression showed that the distance of the 
canine crown tip to SML and the angle between the canine 
and SML, OccP, and first premolar, respectively, were 
highly significant. That could be interpreted in a manner that 
the value of each of these parameters could predict impaction 
difficulty. Investigating the impact of initial CP on the final 
treatment outcome, a systematic review has found with a low 
level of certainty that canine alpha angle, vertical position, 
and sector position influence the treatment duration and 
success 23. 

In this study, resorption of the incisors or first premolar 
was detected in 27 (27.3%) cases of the investigated impac-
tions. Most of the resorptions were diagnosed on the central 
incisors of the same side of the maxilla. These findings disa-
gree with other studies, where lateral incisors were the most 
affected teeth 6, 8, 13, 17. A possible explanation for our find-
ings could be the vestibulo-oral position of the ICs. Most of 
the ICs were palatally displaced in the present investigation. 
Palatally ICs caused a reduction of the intercanine width of 
the upper arch. The reduced intercanine width, along with 
proximity to the midline and angulation of the palatally ICs, 
could contribute to a higher prevalence of central incisors 
root resorption. Multiple logistic regression analysis was 
used to find the model which would explain the relationship 
between investigated factors and the resorption of the adja-
cent teeth. All two and three-dimensional parameters were 
tested to define the factors that will best predict root resorp-
tion. The analysis has shown that the angle between the ca-
nine and the first premolar was the only predictor of proba-
bility for adjacent tooth root resorption. The test value signi-
fies that for each angle increase of 1°, the probability for ad-
jacent tooth root resorption increases by 1.04 times. Accord-
ing to Sosars et al. 24, the only parameter on the panoramic 
radiographs that could predict severe resorption of the inci-
sors was the canine angle to the midline. That was with mod-
erate predictive value based on the area under the receiver 
operating curve. Another study described gender, canine 
apex, its vertical position, and magnification as predictors of 
root resorption 25. Rafflenbeul et al. 17 have described the 
contact between canine and adjacent teeth roots as the only 
possible risk factor for root resorption. The angle between 
the axis of the lateral incisor and the ICs is found to be in a 
positive relationship to lateral incisor root resorption 12. In-
vestigation of the incisors root resorption in the cases of 
palatally displaced ICs presented canine contact with lateral 
incisor, the presence of peg-shaped lateral incisors, and the 
size of the canine dental follicle as predictors of incisor root 
resorption 26. Similar, severe incisor root resorption was de-
scribed to be significantly associated with gender, size of the 
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dental follicle of the ICs, and anomalies of the lateral inci-
sors 27. Ericson and Kurol 28 proposed the position of the ca-
nine crown, degree of canine development, and inclination of 
the eruption path as factors that increased the risk for adja-
cent tooth root resorption. According to a systematic review, 
when the resorption of the incisors is detected, the most fre-
quent is the slight resorption of the apical third of the incisor 
root 29. 

Differences in the proposed risk factors for adjacent 
tooth root resorption found in the literature could be a 
consequence of different factors taken into consideration, 
particularly parameters of tooth position. Furthermore, there 
are differences in the statistical tests for factors evaluation 
and creation of the model or equation to predict possible 
adjacent tooth root resorption. Uribe et al. 30 used 
comprehensive multivariate analysis to thoroughly test 
multiple clinical parameters and radiographic parameters on 
the panoramic radiographs and cephalograms and their 
impact on the canine impaction prediction. The authors have 
not found significant predictors of canine impaction. In our 
study, multiple logistic regression was used to test the 
influence of both numerical and categorical variables to 
create a model that could predict tooth root resorption and 
impaction difficulty. The final model included the angle 
between the canine and the first premolar, presenting this 
variable as statistically significant to predict root resorption 
of the adjacent tooth. Considering the period when the 
impaction of the upper canines occurs, that is, the period of 
the jaw growth and completion of the permanent dentition, 
with the tooth eruption sequence in the maxilla, this 
parameter is also clinically significant. Prospective follow-up 
studies could help us strengthen the presented model and 
describe the potential model in order to define the impaction 
difficulty since the model for impaction difficulty could not 
be established in the present study. 

Two-dimensional parameters were evaluated on the 
reconstructed panoramic image on the CBCT scans since the 
panoramic radiographs were not obtained from the same 
equipment. Even though the image is reconstructed from the 
specific software, it is proposed to be a more reliable tool in 
dental angulation analysis compared to the panoramic 

radiographs in the region of the canines and premolars 31. 
There could be differences in the data interpretation due to 
the different software used for tooth position analysis 32. 
Still, using this projection along with other views on the 
CBCT images is suggested as more reliable in precise CP 
analysis and adjacent root resorption compared to the 
panoramic radiographs 32, 33. 

In the present study, the KPG index was used to 
evaluate the impacted CP in all three planes of space. As a 
3D index, it is proposed to be helpful in the precise 
evaluation of the canine crown position on the CBCT scans, 
with a good inter-rater agreement in perceiving impaction 
difficulty 15, 34. Nevertheless, it was reported that the index 
reliability could be influenced by using different software for 
visualizing the CBCT images 35. Its clinical efficacy in 
treatment time and evaluation of impaction difficulty could 
not be confirmed based on the previous investigation 15. 
Future prospective clinical trials could help in the 
investigation of the KPG index as a 3D index to confirm its 
diagnostic reliability and clinical efficacy in the evaluation of 
the impaction difficulty and, therefore, create a treatment 
plan and strategy. 

Conclusion 

Results of the present investigation suggest that during 
a comprehensive diagnostic procedure of the impacted 
maxillary canines, two-dimensional and three-dimensional 
parameters should be evaluated. In this study, most of the 
impactions of the maxillary canines were unilateral, palatal, 
and with moderate difficulty. Besides canine distance to 
SML and angle to SML and OccP to estimate impaction 
difficulty, the angle between canines and the first premolar 
should be given special attention since this angle could be a 
possible predictor of the adjacent tooth root resorption. 
This parameter should also be considered during patient 
follow-up. 
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