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Abstract

Background: Canine teeth have a significant impact on the order and proper function of other teeth. Canine impaction
can have negative esthetic and functional effects. This study investigated the success rate of orthodontically-assisted
eruption of maxillary canine teeth according to age, sex, and type of impaction in Shahrekord city, Iran.

Methods: In this retrospective study, panoramic radiographs of 112 patients who had initiated their orthodontic
treatment at least 2 years earlier and had completed it by 2023 were evaluated. Cone-beam computed tomography scans
were also used when necessary to assess the details. The type, depth, and angle of erupted and impacted canine teeth
were determined. The data were analyzed by the Fisher's exact test and t-test.

Results: Impacted canines successfully erupted in 72 patients (64.3%). Palatal impaction was more common (71.4%) than
buccal impaction (28.6%). Regarding the impaction depth, type C had the highest frequency (63.4%), followed by type B
(30.4%), and type A (6.3%). There was no significant correlation between the gender of patients and success rate of
assisted eruption (P>0.05), but age and type of impaction were correlated with the success rate (P<0.05). The erupted
canine teeth had a significantly higher mean angle relative to the occlusal plane compared with non-erupted teeth
(P<0.05).

Conclusion: The success rate of orthodontically-assisted eruption of impacted maxillary canine teeth was high, and
patients in the age range of 15 to 18 years with grade Il impaction showed the highest success rate of orthodontically-
assisted eruption of impacted canine teeth.
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Although dental impaction is a common
phenomenon, it has high variations in terms of
prevalence in different racial populations and in
different areas of the jaws (2). Impacted teeth are
associated with various problems ranging from
simple (ectopic eruption, displacement,
malformation, formation of odontogenic cysts,
resorption of adjacent teeth, increased follicular

Background

Tooth eruption is a continuous but complex
process influenced by many local and systemic
factors; however, some of these factors can cause
difficulties in different stages of eruption and
eruption pattern of teeth, and lead to delayed
eruption of permanent or primary teeth (1).
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space) to complex (malignant changes in the lining
of the cysts and transformation into squamous cell
carcinoma) (1).

Canine teeth have a significant impact on the
order and proper function of other teeth. Extraction
or impaction of canine teeth can have a negative
effect on the function of other teeth and can affect
the smile attractiveness as well. Canine impaction
is one of the most prevalent developmental
problems worldwide (3). Canine impaction can
cause major problems in the adjacent teeth as well
as the jaws. Impacted teeth can have adverse
effects on the general health, and necessitate some
interventions or modification in treatment plans
(4). Impaction is more common in the palatal side
than the buccal side. Impaction of the canine tooth
can lead to problems such as resorption of the
adjacent teeth, external root resorption, infection,
cyst formation, tooth displacement, and
periodontal problems. Therefore, early diagnosis of
canine impaction and its treatment are highly
important (5). Since the treatment of canine
impaction is a time-consuming task depending on
the location of tooth, early diagnosis of impaction
and its management have always been a concern
for orthodontists and dentists (3). Factors such as
crowding, space shortage in dental arch, space
shortage due to early loss of primary teeth, ectopic
position of tooth bud, presence of local physical
barriers such as ankylosed primary teeth, over-
retained primary teeth, supernumerary teeth, and
pathological lesions may change the growth pattern
of the teeth and lead to their impaction (4).
Cleidocranial dysplasia, osteoporosis, Down's
syndrome, hypothyroidism,  and pituitary
dysfunction are some of the systemic and genetic
factors that affect tooth eruption. Mandibular third
molars are the most commonly impacted teeth
followed by maxillary canine teeth (6).

Impaction of canine teeth is a developmental
disorder which is highly common (3). Tooth
development and eruption are dynamic processes
that include root completion, periodontium
formation, and reaching functional occlusion (2).
Tooth impaction is defined as intraosseous
displacement of the tooth bud and its abnormal
growth direction which results in delayed or no
eruption of the tooth (3).

Maxillary canine teeth play important roles in
facial appearance and function, smile esthetics,
dental arch development, and functional occlusion
(2,4). Canine teeth are prone to ectopic eruption
and impaction because of their deep position in the
alveolar bone, their long eruption time, and long
and complex eruption path. The etiology of this
disorder is multifactorial, and environmental and

genetic factors may be implicated in its occurrence
(3). An impacted tooth can cause periodontal
disease, tooth caries, odontogenic cysts and
tumors, pain without specific origin, jaw fracture,
and root resorption of the adjacent teeth (6).

The overall prevalence of tooth impaction is
between 2.94% and 18.8% (6) and the mean
prevalence of canine impaction is between 1% and
3% (2). Except for third molars, maxillary canine
teeth have the highest rate of impaction of 0.8% to
3% (7). Early clinical and radiographic examination
can reveal the position of impacted teeth and aid in
designing an appropriate intervention to guide the
canine to its natural direction (3). In clinical
examination, if the canine prominence is not
palpable after the age of 10 years, permanent
canine eruption is delayed after the age of 11 years,
and the primary canine remains, one can suspect
the impaction of permanent canine tooth.
Panoramic radiography is commonly used for
detection of tooth impaction due to its relatively
low radiation dose and wide regional coverage
(2,4).

High-quality panoramic radiographs may be
used to determine the mesiodistal position and the
impacted canine angle; moreover, it can be used to
detect the buccal or palatal position of the tooth
(4). Evaluation of the position of impacted canine
tooth (buccal or palatal) depends on the relative
radiopacity of two adjacent superimposed objects
(4, 5). The film or the sensor on which the image is
captured is placed in front of canine and incisor
teeth. Following superimposition, an opacity
showing the shape of a lateral incisor would mean
that the lateral incisor is closer to the film, and
therefore the canine is located more palatally (5). If
this opacity is created by the contour of the canine
tooth, it means that the canine tooth is closer to the
film and is located more buccally (2, 5).

Maxillary canine teeth play an important role in
esthetics and function, and treatment of patients
with maxillary impacted canine teeth is more
difficult than other orthodontic patients and
requires more time (7). Many variables are involved
in predicting the degree of difficulty of treatment of
a maxillary impacted canine tooth and also the risk
of treatment failure (8).

In a study conducted by Fleming et al, (9) the
angle of canine, its vertical distance from the
occlusal plane, the anteroposterior position of the
apex of the canine root, and the degree of overlap
of the adjacent incisors were correlated with the
prognosis of ectopic canine teeth (9). Zuccati and
colleagues (8) reported a strong relationship
between increasing the number of orthodontic
visits and age, vertical height, and mesial
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displacement of the cusp tip. According to the
findings of Pitt et al, (10) canine teeth with a more
horizontal angle have a poorer prognosis for
alignment, and the buccolingual position of the
canine crown also affects its treatment. It has been
reported that the higher the position of the canine
in relation to the occlusal plane, the weaker the
prognosis of its alignment would be (10). McSherry
(7) described this finding as "the vertical rule of
thirds".

Root resorption of the lateral incisor is the most
common complication associated with impacted
maxillary canine teeth (10). Management of
impacted teeth in adults is more difficult than in
children. A previous study reported the success rate
of treatment in patients over 30 years of age to be
41%, while the success rate was 100% in patients
between 20 and 30 years (8). To date, prediction of
the success rate of treatment of impacted canine
teeth has been mainly based on clinical experience,
and most studies compared CBCT images and
conventional radiographs, and did not estimate the
degree of treatment difficulty and the success rate
of assisted eruption. For this reason, developing a
system to evaluate the difficulty of assisted-
eruption of an impacted canine tooth and evaluate
the success rate of assisted eruption can be highly
valuable for both clinicians and patients. According
to the special position of canine tooth in the dental
arch and its effective role in facial esthetics,
mastication, and movement and function of other
teeth, and also due to the high prevalence rate of
canine impaction, this study aimed to assess the
success rate of orthodontically-assisted eruption of
maxillary impacted canine teeth according to age,
gender and type of impaction.

Methods

This descriptive-analytical retrospective study
was conducted on eligible patients with maxillary
impacted canine teeth referred to a private
orthodontist office in Shahrekord, whose
treatment had started at least 2 years earlier, and
completed before the end of 2023. The success rate
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of orthodontically-assisted eruption of maxillary
impacted canine teeth was investigated according
to age, gender, type of impaction, depth of
impaction, and angle of impaction of canine tooth.
The adverse effects of impaction on the adjacent
teeth were also evaluated.

Of all the panoramic radiographs archived in the
orthodontic clinics and offices in Shahrekord city,
patients with impacted canines who had the same
treatment method, such as the same surgical
approach and the same type of orthodontic
treatment plan, were selected. The selected
patients were between 12 and 25 years, and the
patients had to have at least one impacted
maxillary canine tooth. Patients with systemic
diseases or genetic or developmental syndromes
were excluded from the study. Also, the patients
who were not visited regularly or discontinued the
treatment were excluded. All patients were treated
by one orthodontist with the same treatment plan,
and the exposure surgery was performed by one
single periodontist. To reduce the confounding
variables, all panoramic radiographs were collected
from the same oral and maxillofacial radiography
center and other radiographs form other centers
were excluded. Due to the long process of
treatment, patients under treatment who had
started their treatment in the past two years and
were in the final stages of treatment were selected.
According to the power analysis for the sample size,
in order to gain 0.8 power, the sample size had to
be 110 patients; thus, 112 patients were evaluated.

After data collection, the selected patients who
underwent treatment and their impacted canines
successfully erupted, as well as patients with
unsuccessful treatments were examined by
another orthodontist, and the success rate of
treatments that led to tooth eruption and its
conditions were determined. The relationship of
the factors that contributed to a successful
treatment with age, gender, type of impaction,
depth of impaction, and angle of impaction was
determined. The classification system by
Yamamoto et al. (11) was used to determine the
type of impaction (Fig. 1) as follows:



Gholami Boroujeni &Taghadosi nia

Type 1 1 m I\ v vi Vil
|3 as a standard qi RS
i a a\ *9 N
sé Q{ %) (Y _|} S
State of Impaction v / \i ) )
) ] | 74
0 5| b M | | %
2 e 2 & 2 14 [EES 2 e 3 5 RNEXERKS
Mesial Distal M D M D M M D M D " D M D

Figure 1. Classification of maxillary displaced canines by Yamamoto et al. (11)

Type I: vertically impacted canines with the
tooth axis almost perpendicular to the occlusal
plane, which is located between the lateral incisor
and first premolar. A canine tooth which is close to
lateral incisor is also placed in this class. In such
cases, the root of the lateral incisor might have
resorbed and there might not be enough space for
the canine tooth to erupt; thus, eruption would be
prevented in the future.

Type Il: impacted canine teeth that have a
mesial angulation relative to the occlusal plane.
Type lll: impacted canine teeth that have a

distal angulation relative to the occlusal plane.

Type IV: horizontally impacted canine teeth
with mesially directed crowns.

Type V: horizontal canine teeth with distally
directed crowns.

Type VI: the canine tooth crown is directed
upward towards the orbital fossa.

Type VII: the longitudinal axis of the canine
tooth has a horizontal direction with its crown
placed buccally or involved with the adjacent teeth.

The Pell & Gregory and Winter's classifications
were used to classify the depth and angle of
impaction. In the Pell & Gregory classification, the
depth of third molar impaction is divided into types
A, B and C (12). In the Winter's classification (13),
the impaction type is divided into mesial,
horizontal, vertical, distal and transverse types
based on the longitudinal axis of the tooth and the
angle of impaction.

In the present study, panoramic radiographs
were generally used for assessment of canine
impaction; however, in cases where the
information acquired from the panoramic
radiographs was unclear or obscured, or when it
was necessary to know the exact location of the
impacted canine tooth or its adverse effects on the
adjacent teeth, cone-beam computed tomography
scans of the patients were evaluated. Finally,
factors involved in treatments that led to eruption

of impacted canine in a shorter period of time were
identified.

Statistical analysis:

Data were reported as mean and standard
deviation values, and analyzed using the Fisher's
exact test and t-test by SPSS version 26 (SPSS Inc.,
Chicago, USA). Additionally, a 95% confidence
interval was considered when analyzing the data
and a significance level of 0.05 was set.

Results

Of 112 patients evaluated in this study,
impacted canines successfully erupted in 72
patients (64.3%) and did not erupt in 40 patients
(35.7%). Of the non-erupted group, 10 patients
(25%) decided to discontinue treatment while
others terminated the treatment without
successful eruption. Most canine impactions were
palatal (71.4%), and buccal impaction was noted in
28.6% of the patients. Regarding the impaction
depth, the highest frequency was related to type C
(63.4%), followed by type B (30.4%), and the lowest
frequency was related to type A (6.3%). Women
had a higher frequency of unerupted teeth than
men, but the success rate of orthodontically-
assisted maxillary impacted canine eruption was
the same in males and females, and Fisher's exact
test revealed no significant difference between
males and females in the success rate of impacted
canine eruption (P=0.077, Table 1).

Regarding the age of the patients, the success
rate of orthodontically-assisted eruption of
impacted maxillary canine teeth in patients aged 15
to 18 years was significantly higher than that in
other age groups, and based on the Fisher's exact
test, there was a significant correlation between
age and success rate of orthodontically-assisted
eruption of impacted maxillary canines (P=0.001,
Table 1).
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Regarding the type of canine impaction, the
highest frequency was related to grade Il, and a
significant correlation was observed between the
impaction type and the success rate of
orthodontically-assisted eruption of impacted
maxillary canines. In other words, patients with
type Il impaction had a significantly higher success
rate of orthodontically-assisted eruption of
impacted maxillary canines than other patients
(P=0.001, Table 1).

Regarding the angle of impacted canines
relative to the occlusal plane, it was determined

that the erupted canines had a significantly higher
mean angle than the non-erupted canine teeth
(P<0.05, Table 2), which means that the erupted
canines were more vertically oriented than the non-
erupted group.

According to Table 3, the most common
complication caused by the impacted canines was
root resorption of lateral incisor. Also, no significant
difference was observed between the effects of
erupted and non-erupted impacted canines on the
adjacent teeth according to the Fisher's exact test
(P=0.10, Table 3).

Table 1. Comparison of the demographic characteristics of the two groups with erupted and non-erupted maxillary canine teeth

Variable Category Non-erupted Erupted P-value
Number Percentage Number Percentage
Sex female 31 36.5 54 63.5
male 9 333 18 66.7 0.77
Age 15 to 18 years 4 9.1 40 90.9
18 to 20 years 13 40.6 19 59.4 0.001*
Above 21 years 23 63.9 13 36.1
Impaction Type Grade Il 19 224 66 77.6
Grade lll 10 66.7 5 333 0.001*
Grade IV 11 91.7 1 8.3

A significant difference between groups is indicated by a * sign. (P<0.05).
A 95% confidence interval of the mean was estimated in the analysis.

Table 2. Mean impaction angle (degrees) of the teeth

Group Number Mean Standard deviation P-value
Non-erupted 40 22.95 10.43
Erupted 72 56.97 15.696 0.001*

A significant difference between the groups is indicated by a * sign. (p < 0.05).
A 95% confidence interval of the mean was estimated in the analysis.

Table 3. Effects of the erupting canine teeth on the adjacent teeth

Effect Non-erupted Erupted P-value
Number Percentage Number Percentage

No effect 12 30.0 20 27.8

Premolar caries 0 0.0 1 14

Lateral incisor caries 10 25.0 18 25.0

Root resorption of premolar teeth 1 2.5 2 2.8 0.10
Root resorption of lateral incisors 7 17.5 26 36.1

Lateral incisor and premolar root resorption 4 10.0 2 2.8

Central and lateral incisor root resorption 6 15.0 3 4.2

A 95% confidence interval of the mean was estimated in the analysis.
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Discussion

Canine teeth are considered as the pillars of the
dental arch and play an important role in terms of
esthetics and function. An accurate diagnosis and
treatment approach along with adequate
knowledge about the treatment prognosis are
essential for appropriate treatment planning for an
impacted canine tooth. In such cases, surgical
exposure combined with orthodontic traction is
often required for treatment. Impaction of a
maxillary canine leads to problems such as
resorption of the adjacent teeth, external root
resorption, infection, cyst formation, tooth
displacement, and periodontal problems. Early
clinical and radiographic evaluation to investigate
the position of such teeth and appropriate
intervention can lead the canine towards its natural
path of eruption and prevent the problems and
risks caused by its impaction (3).

Considering the importance of eruption of
impacted canine teeth and high prevalence of
impaction, this study was conducted to assess the
success rate of orthodontically-assisted eruption of
impacted maxillary canine teeth according to age,
gender and type of impaction in dental centers in
Shahrekord city, Iran.

According to the results of the present study,
the frequency of non-erupted canine teeth was
higher in women than in men; however, gender was
not an effective factor in increasing the rate of
maxillary canine tooth eruption; in other words, the
success rate of orthodontically-assisted impacted
canine tooth eruption was the same in males and
females. Ebrahimi et al, (2) and Shirinbak et al. (14)
stated that the frequency of canine impaction was
higher in women than men, but this difference was
not statistically significant; which was in line with
the results of the present study. In contrast to the
present results, Motamedi et al. (15) assessed
impacted canine tooth surgery, the success rate of
fixed orthodontic treatment following palatal
exposure, and radiographic factors affecting it.
They stated that canine tooth eruption after
orthodontic treatment in women was more
successful than in men. The difference between the
results of the present study and the study by
Motamedi et al. (15) may be due to the difference
in sample size and the study populations.
Therefore, it appears that gender cannot be
confidently introduced as an effective factor on
impaction or eruption of canine teeth. Also, some
studies (16, 17), in contrast to the present study,
demonstrated that tooth impaction in females was
significantly more common than in males, which
can be due to the difference in facial dimensions of

females and males and the smaller size of dental
arch in females. In addition, the sequence of tooth
eruption can also have a significant effect on the
degree of impaction in some males and females.
Furthermore, racial differences and their effect on
dental arch length, variations in tooth size and
morphology, and differences in sample size can be
the possible causes of differences observed in the
results of different studies.

In the present study, age was an effective factor
on orthodontically-assisted eruption of impacted
maxillary canine teeth since the eruption rate of
canine teeth in patients between 15 to 18 years was
significantly higher than other age groups. Becker
and Chaushu (16) stated that canine eruption was
not successful in adults older than 30 years; thus,
considering the positive correlation between age
and lack of success in erupting impacted canine
teeth, the result obtained in the present study was
in line with the study by Becker and Chaushu (16).
Also, in a study by Ebrahimi et al, (2) the rate of
successful eruption of impacted canines in younger
patients in the age range of 16 to 20 years was
higher than in older age groups, which was in line
with the results of the present study. However,
other studies (17, 18) evaluated limited age range
of patients, and the age of patients was not
reported as an influential factor on the success rate
of assisted eruption of impacted canine teeth;
therefore, evaluation of the demographic variables
of age and gender and their effect on the success
rate of eruption of impacted canine teeth was a
strength of the present study.

Grade Il was the most common type of canine
impaction in the present study. Also, the highest
eruption rate of impacted canine teeth was
observed in grade Il cases, indicating a significant
correlation between the type of impaction and
success rate of orthodontically-assisted impacted
maxillary canine eruption. In other words,
orthodontic treatment was significantly more
effective in eruption of impacted canine in patients
with type Il impaction than other types (Il and IV).
In the study by Ebrahimi et al, (2), type Il was the
most common type of impaction, which was in line
with the results of the present study. Alassiry et al.
(5) used the Yamamoto's classification (11) of
impacted canines in a Saudi Arabian population
(500 panoramic radiographs) and reported that the
highest frequency was related to type | impaction,
followed by types Il and VI, and no case of type IV
was observed. This difference in prevalence rates
between the two studies was expected due to the
difference in sample size between their study and
the present study. Although tooth impaction is a
common phenomenon, it has a high variation in
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terms of prevalence and incidence in different
racial populations and in different areas of the jaw
(19).

Previous studies indicated that with an increase
in the angle of tooth compared to the midline, the
chance of tooth eruption decreased (20,21), which
was in line with the current results; thus, the lower
the angle of the canine tooth relative to the occlusal
plane, the lower the chance of its successful
eruption and treatment would be.

Algerban et al. (22) showed that three factors
namely the angle formed between the canine and
first premolar teeth, distance from the cusp tip of
the canine tooth to the midline, and distance from
the cusp tip of the canine tooth to the occlusal
plane of the maxilla can be helpful in investigating
maxillary canine impaction. Uribe et al. (23) showed
that among the factors affecting canine impaction,
examining the canine position on panoramic
radiographs had a direct relationship with the
possibility of canine impaction.

Guarnieri et al. (24) showed that among all the
investigated variables, the angle of the impacted
canine relative to the axial inclination of the
adjacent lateral incisor had the highest diagnostic
value in predicting root resorption of the adjacent
tooth. Motamedi et al, (14) also stated a reduction
in success rate of orthodontically and surgically
assisted eruption of palatally-impacted canine
teeth with the increase in the angle of the palatally
impacted canine relative to the midline, presence
of abnormality in the palatally impacted canine
root, and presence or increase of the overlap of the
exposed canine tooth on the root of the adjacent
lateral incisor tooth.

In the current study, eruption or no eruption of
the impacted canine tooth had the greatest effect
on root resorption of lateral incisor. In a study by
Akkuc et al, (25), it was shown that 33% of the
impacted canines caused root resorption in the
adjacent lateral incisors, which was in line with the
results obtained in the present study.

Hosseini et al. (6) stated that the most common
type of impaction was mesial impaction, the most
common level of impaction was buccal, and the
most common type of pathology was adjacent root
resorption. Alshawy and Kolarkodi (26) also
reported that impacted canine teeth affected the
adjacent incisor teeth and led to caries
development in the adjacent teeth.

The relatively high prevalence of impacted
maxillary canine teeth can be due to the fact that
this tooth occupies a sensitive position in the arch
and serves as a connector between the anterior and
posterior teeth. Its long development time and its
complex eruption path are also among the main
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causes of the high prevalence of canine tooth
impaction. Due to the important role of this tooth
in occlusion, forming the shape of the arch and
creating a beautiful smile, ectopic eruption and
impaction of this tooth is an important clinical
problem faced by patients and orthodontists, and
therefore treatment of such teeth requires a
multidisciplinary  approach  to  design a
comprehensive treatment plan (24).

Conclusion

Based on the results of the present study, it
may be stated that orthodontic treatment of
maxillary impacted canine teeth is an effective
method to aid their eruption, and patients in the
age range of 15 to 18 years with grade Il impaction
had the highest success rate of orthodontically-
assisted eruption of impacted maxillary canine
teeth.

References

1. Fardi A, Kondylidou-Sidira A, Bachour Z, Parisis NA,
Tsirlis AT. Incidence of impacted and supernumerary
teeth-a radiographicStudy in a North Greek
population. Med Oral Patol Oral Cir Bucal.
2011;16(1): e56-61. PMID: 20711166 doi:
10.4317/medoral.16. e56..

2. Ebrahimi M, Baraty N, Khorakian F. Prevalence and
Axial Inclination of Impacted Canines Based on OPG
Radiographs in Patients Referred to Mashhad Dental
Faculty: A Retrospective Study in 2018. J Mash Dent
Sch. 2022;46(1):1-10. doi:
10.22038/jmds.2022.56864.2034

3. Ezoddini-Ardakani F, Sarikhani-Khorrami K, Shafiee-
Rad E, Safaei A, Davodi L. Evaluation the prevalence
of impacted teeth in patients referred to
Department of Oral and Maxillofacial Radiology of
Yazd Dental School in Years 1392-1394.
SSU_Journals. 2016;24(8):659-66.

4. Nasehi A, Mazhari F, Saheb Alam R, Ghanbar Zadeh
M, Jahantigh M. Conservative Approach in
Management of Unerupted Second Premolar Teeth:
A Case Report. ] Mash Dent Sch. 2015;39(3):283-90.
doi: 10.22038/jmds.2015.4437

5. Alassiry A. Radiographic assessment of the
prevalence, pattern and position of maxillary canine
impaction in Najran (Saudi Arabia) population using
orthopantomograms—A cross-sectional,
retrospective study. Saudi Dent J. 2020;32(3):155-9.
doi: 10.1016/j.sdent;j.2019.08.002

6. Hosseini SH, Ghobadi F, Rezaii V, Maleki D.
Evaluation of the prevalence of type and depth of
the canine and premolar impaction in digital
panoramic view of patients referred to Rasht dental
school. J Mazandaran Uni Med Sci. 2021; 34:1-7.

7.  McSherry PF. The assessment of and treatment
options for the buried maxillary canine. Dent
Update. 1996;23(1):7-10. PMID:8948215



Gholami Boroujeni &Taghadosi nia

10.

11.

12.

13.

14.

15.

16.

17.

Zuccati G, Ghobadlu J, Nieri M, Clauser C,. Factors
associated with the duration of forced eruption of
impacted maxillary canines: a retrospective study.
Am J Orthod Dentofacial Orthop. 2006;130(3):349-
56. doi: 10.1016/j.ajodo.2004

Fleming PS, Scott P, Heidari N, DiBiase AT. Influence
of radiographic position of ectopic canines on the
duration of orthodontic treatment. Angle Orthod.
2009;79(3):442-6. PMID: 19413390 doi:
10.2319/042708-238.1.

Pitt S, Hamdan A, Rock P. A treatment difficulty
index for unerupted maxillary canines. Eur J Orthod.
2006;28(2):141-4. PMID: 16043468 doi:
10.1093/ejo/cji068

Yamamoto G, Ohta Y, Tsuda Y, et al. A new
classiBication of impacted canines and second
premolars using orthopantomography. Asian J Oral
Maxillofac Surg. 2003; 15:31-7. doi: 10.1016/S0915-
6992(03)80029-8.

Pell GJ. Impacted mandibular third molars:
classification and modified techniques for removal.
Dent Digest. 1933; 39:330-8.

Winter G.B. Impacted Mandibular Third Molars.
American Medical Book Co. St. Louis, MO, USA:
1926. pp. 241-79.

Shirinbak I, Aghmasheh F, Basirshabestari S, Nazemi
B. The Prevalence of Impacted Teeth in Patients
Referred to Oral and Maxillofacial Radiology. Iranian
Journal of Pediatric Dentistry. 2017;12(2):41-50.
Motamedi MH, Tabatabaie FA, Navi F, Shafeie HA,
Fard BK, Hayati Z. Assessment of radiographic
factors affecting surgical exposure and orthodontic
alignment of impacted canines of the palate: a 15-
year retrospective study. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2009;107(6):772-5. PMID:
19201625 doi: 10.1016/j.tripleo.2008.12.022
Becker A, Chaushu S. Success rate and duration of
orthodontic treatment for adult patients with
palatally impacted maxillary canines. Am J Orthod
Dentofacial Orthop. 2003;124(5):509-14. PMID:
14614417 doi: 10.1016/s0889-5406(03)00578-x
Alrwuili MR, Alanazi YM, Alenzi NA, Latif K, Aljabab
MA, Sabsabi MM. Prevalence and localization of
impacted canine among al-qurayyat orthodontic
patients: a study conducted over the period of 4
years. Pakistan Oral & Dental Journal. 2016;36(1).

18.

19.

20.

21.

22.

23.

24,

25.

26.

Alshawy E. The Prevalence and Categories of
Impacted Maxillary Canines: A Radiographic Study.
Cureus. 2023;15(6):e40070. PMID: 37425555 doi:
10.7759/cureus.40070

Vigneswaran A, Shilpa S. The incidence of cysts and
tumors associated with impacted third molars. J
Pharm Bioallied Sci. 2015; 7(Suppl 1): $251-254. doi:
10.4103/0975-7406.155940.

Ericson S, Kurol J. Radiographlc assessment of
maxillary canine eruption in children with clinical
signs of eruption disturbance. Eur J Orthod. 1986;
8(3):133-40. PMID: 3464436 doi:
10.1093/ejo/8.3.133.

Power SM, Short MB. An investigation into the
response of palatally displaced canines to the
removal of deciduous canines and an assessment of
factors contributing to favourable eruption. Br J
Orthod. 1993; 20(3):215- 23. doi:
10.1179/bjo.20.3.215

Algerban A, Storms A-S, Voet M, Fieuws S, Willems
G. Early prediction of maxillary canine impaction:
number doubts: Author response. Dentomaxillofac
Radiol. 2016; 45(6):20160263. doi:
10.1259/dmfr.20160263.

Uribe P, Ransjé M, Westerlund A. Clinical predictors
of maxillary canine impaction: a novel approach
using multivariate analysis. Eur J Orthod. 2017;
39(2):153-60. doi: 10.1093/ejo/cjw042

Guarnieri R, Cavallini C, Vernucci R, Vichi M,
Leonardi R, Barbato E, et al. Impacted maxillary
canines and root resorption of adjacent teeth: A
retrospective observational study. Med Oral Patol
Oral Cir Bucal. 2016; 21(6):e743-50. PMID:
27694788 doi: 10.4317/medoral.21337

Akkuc S, Duruk G, Duman S. Evaluation of impacted
canines' localization and adjacent lateral incisors'
root resorption with orthopantomography and
cone-beam computed tomography. Oral Radiol.
2021;37(3):476-86.  doi:  10.1007/s11282-020-
00482-7

Alshawy ES, Kolarkodi SH. Revealing the Effect of
Impacted Canines on the Adjacent Teeth. A Three-
Dimensional Study Using CBCT. J Pharm Bioallied Sci.
2023;15(Suppl 1):S720-24. doi:
10.4103/jpbs.jpbs_173_23

Iran J Orthod. 2024 June; 19(1): e1151.



