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Summary

Background:  In dentistry, epidemiological studies are important for establishing high-quality care 
for the individual patient as well as for socio-economic reasons.
Objective:  The aim of this epidemiological study was to evaluate the prevalence of impacted 
maxillary canines in a geographical region in which interceptive treatment is implemented 
systematically. Furthermore, the aim was to study the age and gender of the patients, and the 
location and surgical technique used for the impacted maxillary canine.
Method:  The study was based on 54 716 adolescents in the Region Västra Götaland, Sweden who 
were born in the period 1996–98. All patients in the three cohorts who had impacted maxillary 
canines treated with surgical exposure or surgical removal were identified in the dental record 
system used in the region.
Results:  The prevalence of impacted maxillary canines when interceptive treatment was 
systematically implemented was 1.1% (N = 601). Overall, the cohorts of patients with impacted 
canines comprised 65% girls and 35% boys. Most of the canines were palatally impacted and the 
most common surgical technique was closed exposure.
Conclusion:  The prevalence of impacted maxillary canines in a geographical area in which 
interceptive treatment is systematically implemented is lower than that reported previously. The 
distributions of impacted canines with respect to gender and location are in accordance with those 
reported previously in similar studies.

Introduction

Dental impaction occurs when a tooth remains embedded in the al-
veolar bone and fails to erupt into the oral cavity at the expected 
time (1). An impacted tooth may be located in a correct or displaced 
position, whereas an ectopic tooth is always displaced. Severely ec-
topic teeth can be predicted to become impacted, even though the 

expected developmental window has not yet passed. Maxillary ca-
nines are the teeth with the longest and most complicated eruption 
pathway (2, 3), and are the second-most-prone teeth to become im-
pacted (4–6). The prevalence of impacted maxillary canines has been 
reported to be in the range of 1.7–4.7% (Table 1) (7–10). They occur 
more frequently in females than in males (10–13), and impaction is 
observed more often in the maxilla than in the mandible (4, 12, 14). 
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Impacted maxillary canines are more frequently palatally positioned 
than buccally positioned (8). Furthermore, unilateral impacted max-
illary canines are more common than bilateral impacted canines (13, 
15).

While the aetiology of canine impaction is currently unknown, 
various factors, mainly genetic and local, have been considered (1, 7, 
11, 16–20). In our recently published study, various clinical factors 
that are potentially implicated in tooth impaction were investigated 
in a multivariate analysis. However, no factors were identified that 
could be used to predict impaction of the maxillary canines (21). 
The crucial requirement of the dental follicle for the tooth eruption 
process has been demonstrated (22–24).

The importance of early diagnosis of ectopic maxillary canines is 
essential for prompt application of an adequate treatment, especially 
for the palatally positioned teeth. This is the case because spontaneous 
correction of a palatal ectopic canine occurs in two-thirds of cases if 
interceptive treatment is initiated and the deciduous tooth is extracted 
on time (25). The success rate for interceptive treatment decreases with 
patient age (26). Early and accurate diagnosis, followed by the appro-
priate interceptive treatment is important, not only to prevent the risk 
of impaction, but also to prevent resorption of the adjacent teeth (27).

At the Public Dental Service in the Region Västra Götaland 
(VGR), which is the largest dental organization in Sweden, system-
atically implemented interceptive treatment with extraction of the 
deciduous canine and accurate monitoring according to the recom-
mendations (25, 28), is performed on all patients with ectopic max-
illary canines. The organization is uniquely suited to the carrying out 
of epidemiological studies, not only because regular dental examin-
ations and dental care are provided free of charge to all children and 
adolescents in the area, but also because of the existence of a common 
dental record system for documentation, which facilitates data and 
information extraction and analysis. Previous studies (25, 28) have 
demonstrated that extraction of the deciduous canine promotes 
spontaneous eruption of the ectopic permanent canine in controlled 
experimental settings. However, to date, no study has presented epi-
demiological data regarding systematically implemented interceptive 
treatment. Therefore, the aim of the present study was to determine 
the prevalence of impacted maxillary canines in a region in which 
interceptive treatment is systematically implemented. An additional 
aim was to study the age and gender of the patients, and the location 
and surgical procedure for the impacted maxillary canine.

Subjects and methods

Study design
The study, which has a retrospective longitudinal design, was ap-
proved by the Regional Ethics Board at the University of Gothenburg, 
Sweden (Dnr. 898-13).

Data collection procedure
The study involved 54 716 adolescents in the VGR who were born 
in the period 1996–98 and who at the age of 19 years or younger 
underwent surgical exposure or surgical removal of an impacted 
maxillary canine. A surgical exposure or removal was performed on 
a maxillary canine which were considered impacted or had a se-
verely ectopic position, and thus a risk of becoming impacted. The 
patients in the three cohorts (born in 1996, 1997, or 1998)  with 
impacted teeth were identified in the common digital dental record 
system (T4) by screening for procedure codes for surgical exposure 
or surgical removal. The dental records of the identified patients 
were then further screened for the following items of information:

•	 Age at surgery
•	 Gender
•	 Unilateral or bilateral impaction
•	 Position of the impacted canine (palatal/central/buccal)
•	 Surgical technique (open exposure/closed exposure/surgical re-

moval)
•	 Interceptive treatment (persisting/absent deciduous tooth)
•	 Age at interceptive treatment

The position of the canine was determined by radiographs and the 
recorded notes of the surgeon.

Statistical analysis
The data were archived and analysed with the MS Excel ver. 2017 
software (Microsoft Corporation, Redmond, Washington, USA). 
Descriptive statistics were applied, including mean and standard de-
viations, to establish the prevalence of impacted maxillary canines. 
Furthermore, the distribution of age, gender, positions of the tooth, 
surgical technique, etc. were analysed. The prevalence was calculated 
as the proportion of the population that had undergone a surgical 
exposure or removal.

Table 1.   Previous studies on the prevalence of impacted maxillary canines based on a sample representative of the entire population.

Author and year Country
Sample size 
(N)

Patients with impacted  
maxillary canines (N)

Impacted maxillary 
canines (n)

Prevalence patient 
level (%)

Prevalence 
tooth level (%)

Dachi and Howell (1961) (29) USA 3043  28  0.92
Thilander and Jakobsson (1968) (7) Sweden 384 7 10 1.8  
Ericson and Kurol (1986) (8) Sweden 505  15  1.7
Prskalo et al. (2008) (9) Croatia 170 8  4.7  
Aktan et al. (2010) (10) Turkey 5000 87 110 1.7  
Lövgren et al. (2019) Sweden 54 716 601 724 1.1  

Table 2.    Distributions of year of birth and year when patients 
underwent surgical removal or surgical exposure of an impacted 
maxillary canine.

Cohort
Year of  
birth

Data  
extraction  
period 

Registered  
patients 
(N)

Included  
patients 
(N)

Prevalence of  
impacted  
maxillary  
canines (%)

1 1996 2005–15 18 341 201 1.1
2 1997 2006–16 18 030 188 1.0
3 1998 2007–17 18 345 212 1.2
Total 54 716 601 1.1
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Results

Among the 54 716 adolescents in this study, 601 had impacted max-
illary canines, giving a prevalence of 1.1%. The data were consistent 
for all three cohorts (patients born 1996–98) (Table 2). For the 
overall study cohort, the mean age at surgery was 14.6 ± 1.9 years 
(range, 9.6–19.9 years), and there was no difference with respect to 
the position of the impacted maxillary canine. More females than 
males had impacted canines [65% (N = 389) versus 35% (N = 212), 
respectively] (Figure 1). Of the 601 subjects who had impacted max-
illary canines, 20% (N = 123) had bilateral impacted maxillary ca-
nines. Of the 724 teeth examined, 61% were positioned palatally, 
27% buccally, and 12% centrally.

The majority of the impacted maxillary canines were surgically 
exposed with a closed procedure. Centrally positioned canines were 
usually treated with an open or closed exposure. Buccally positioned 
canines were removed more frequently than centrally or palatally 
positioned canines (Table 3). The proportion of impacted canines 
that underwent surgical removal was higher for subjects in the age 
range of 18–19 years (Figure 2).

Interceptive treatment was performed on 81% of the patients 
with palatally ectopic canines (Table 4). The mean age at the time 
of extraction of the deciduous canine for patients with a palatally 
positioned maxillary canine was 12.6 ± 2.0 years (Table 5). The pa-
tients with palatally positioned canines who had received intercep-
tive treatment, underwent surgical removal or exposure at an earlier 
age than the patients who did not receive interceptive treatment.

Discussion

In the present study, the prevalence of impacted canines in a geo-
graphical region with systematically implemented interceptive treat-
ment was found to be 1.1%. Only a minor difference in prevalence 
was observed across the three cohorts thereby representing a reliable 
result. Previous studies based on a Swedish population in which there 
was no systematic implementation of interceptive treatment reported 

prevalence in the range of 1.7–1.8% (7, 8). This 40% difference in 
prevalence indicates that most of the patients with ectopic eruption of 
the maxillary canine have been diagnosed and have received system-
atically implemented interceptive treatment with successful outcome.

Epidemiological studies that include a representative study 
sample are difficult to perform. Only a few studies have presented 
data on the prevalence of impacted maxillary canines based on a 
representative sample of the overall population (Table 1) (7–10, 
29). Several studies have based their epidemiological data on groups 
that constitute biased samples, i.e. patients who are registered at an 
orthodontic clinic or similar facility, resulting in a prevalence that is 
higher than if the sample had been based on a more representative 
fraction of the population. Other studies have calculated the pro-
portion of impacted maxillary canines in relation to other impacted 
teeth, which does not produce a prevalence value for the population. 
In Sweden, regular dental visits are free of charge for all children 
and for adolescents up to the age of 23 years. Since healthcare is the 
responsibility of a single organization in the county, it is possible to 
conduct studies in which the entire population is represented.

The available epidemiological data on impacted maxillary ca-
nines have not been analysed since 1986 (8), so they may be out of 
date, given that societal diversity has increased in the interim period. 

Figure 1.  Flow chart showing the patients who were excluded and included in the study.

Table 3.    Distributions of surgery technique and position of the 
impacted maxillary canine as proportions of the total number of 
impacted canines.

Position of canine, N (%)

Surgical technique Palatal Central Buccal Overall (%)

Surgical removal 69 (10) 9 (1) 66 (9) 144 (20)
Open exposure 135 (19) 40 (6) 26 (4) 201 (28)
Closed exposure 236 (33) 39 (5) 104 (14) 379 (52)
Total 440 (61) 88 (12) 196 (27) 724 (100)
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This suggests that the prevalence data before interceptive treatment 
need to be updated. However, with our current knowledge of the 
importance of interceptive treatment, it is not ethical to postpone 
interceptive treatment due to the risks discussed earlier.

The distribution of impacted maxillary canines across genders in 
the present study was approximately 1.8:1.0 in favour of females, 
which is consistent with the results of earlier studies (7, 10, 13). In 
the present study, the majority of the impacted canines were unilat-
eral and located palatally, which is also in agreement with previous 
studies (8, 13).

Most of the palatally and buccally positioned maxillary canines 
were treated with a closed surgical exposure, which may reflect a 
desire to align the canine into the arch directly. Half of the centrally 
positioned canines were treated with an open exposure technique, 
probably due to their already correct positioning in the sagittal 
plane, and the possibility to minimize the time required with fixed 
appliance.

Surgical removal of impacted maxillary canines could be the re-
sult of unfavourable positioning, insufficient space in the dental arch, 
inadequate oral hygiene, or patients having disabilities or lacking 
interest in the treatment. Thus, surgical exposure with the requisite 
subsequent treatment with a fixed appliance is unsuitable. Surgical 
removal of the impacted canine was over-represented among the sub-
jects with buccally positioned maxillary canines. The high frequency 
of removal might be because buccally impacted canines are associ-
ated with a high risk of causing damage to the roots of the lateral 
incisors during orthodontic extrusion. Another reason for the high 
frequency of removal of buccally placed canines may be space in-
sufficiency, which has been reported as being more common among 
buccally placed canines than among palatally placed canines (16, 

30). A higher proportion of surgical removals of impacted maxillary 
canines was observed in subjects in the age range of 17–18 years. 
This may be because the success rate decreases and duration of treat-
ment increases with age (26).

In a majority of the patients with palatal ectopic maxillary ca-
nines, the deciduous tooth was absent at the time of surgery, meaning 
that interceptive treatment had been implemented. The mean age for 
the patients who received interceptive treatment was 12.6  years, 
which is in accordance with current recommendations (28). Patients 
with centrally and buccally placed canines with risk of becoming 
impacted received interceptive treatment despite the lack of gener-
ally accepted guidelines for centrally and buccally canine impaction. 
A possible explanation for this finding is that the permanent canine 
initially had a palatal position which improved to a buccal or central 
position after the interceptive treatment.

In almost 20% of the patients with palatally located maxillary 
canines, the deciduous canine was still present at the time of sur-
gery. The deciduous tooth might persist as a space holder until im-
plant installation after surgical removal of the permanent canine. 
Alternatively, the deciduous tooth might persist as a consequence 
of prompt, early surgery to prevent ongoing root resorption of the 
adjacent teeth, allowing no time for interceptive treatment. A per-
sisting deciduous canine might also be due to the fact that the 
ectopic tooth has been over-looked and that no interceptive extrac-
tion has been performed. The mean age for surgery was higher in 
the patients with persisting deciduous canines than in the patients 
with extracted or exfoliated deciduous canines. Delayed treatment 
due to non-implementation of interceptive treatment may be at-
tributable to factors related to the patient or the routines of the 
care provider.

In an ideal system with optimal implementation of interceptive 
treatment, an even lower prevalence of impacted maxillary canines 
might be possible. However, as not all impacted maxillary canines 
erupt despite interceptive treatment (25), achieving a prevalence of 
zero is not possible. However, considering the burden on the affected 
patients, an extra effort should be made to ensure early diagnosis 
of impacted canines in all patients. The present study establishes a 
prevalence for impacted maxillary canines in an area with systemat-
ically implemented interceptive treatment, and this could be useful 
not only as the basis for comparison in other epidemiological studies 
but also as the baseline for future, systematic quality work in dental 
organizations.

Figure 2.  Distribution of age of the patients included in the study with respect to the surgical technique applied to the impacted maxillary canine.

Table 4.   Distributions of patients who received or did not receive 
interceptive treatment in relation to the position of the impacted 
maxillary canine.

Position of canine (%)

 Palatal Central Buccal Overall

Interceptive treatment 81 89 83 82%
No interceptive treatment 19 11 17 18%
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Conclusion

The prevalence of impacted maxillary canines in a geographical 
area in which interceptive treatment is systematically implemented 
is lower than that reported earlier. The distributions of the impacted 
canines across gender and location are in accordance with those re-
ported in previous studies.
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