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Summary

Objectives: The aim of this study was to evaluate characteristics of patients with unilateral 
transmigration of a mandibular canine in the largest study group presented until now.
Materials and methods: The study group consisted of 93 patients with unilateral transmigration 
of mandibular canine; the control group included 85 non-affected patients. Type of transmigration, 
status of deciduous and permanent canines, prevalence of missing teeth, class of occlusion, and 
space conditions were assessed to draw comparisons between groups.
Results: In this study, 64.5 per cent patients presented type 1 of transmigration; types 2, 3, 4, and 5 
were present in, respectively, 23.7, 5.4, 4.3, and 2.1 per cent patients. There was a clear, statistically 
significant difference (P < 0.0001) between the mean crown and apex migration and angulation 
for the three groups of canines (transmigrated, contralateral, and control), whereas no differences 
were observed for the total number of permanent teeth present. In the study group, 73.1 per cent 
patients retained their primary canine on the affected side and 18.3 per cent on the contralateral 
side; in the control group, 22.3 per cent subjects had at least one primary canine. There was a 
statistically significant difference in the distribution of types of malocclusion between the study 
and the control groups.
Conclusions: Transmigration of mandibular canine was associated with the presence of retained 
primary canine on the affected side, higher mesial tilting of contralateral mandibular canine 
when compared to the canines in the control group. Additionally, higher prevalence of Angle’s 
Class I occlusion in patients with canine transmigration was recorded.
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Introduction

Transmigration of mandibular canine is a spontaneous pre-eruptive 
migration of permanent canine across the midline of the mandible. 
This rare phenomenon was first described by Ando in 1964 (1); 
few subsequent studies reported the incidence of this condition at 
between 0.1 and 0.3 per cent (2–10). Exceptionally, bilateral trans-
migration may also take place (11). The patterns of transmigration 
were described by Mupparapu and colleagues (6, 8). Clinical and 
radiological findings (the condition is routinely detected on ortho-
pantomograms) are sufficient for initial diagnosis. Treatment of 
transmigration includes orthodontic forced eruption, observation, 
extraction, or transalveolar canine autotransplantation. The indica-
tions for treatment depend on patient’s age and occlusion, stage of 
canine’s root development, position of the canine, and the relation-
ship between canine and adjacent teeth. So far, no protocol has been 
established for canine transmigration management, which could be 
routinely applied.

This study describes clinical and radiographic findings from a 
cohort of 93 patients with unilateral transmigration of mandibular 
canine to compare similar data from 85 control patients.

Objectives of the study
The primary aim of the study was to examine differences between 
affected and contralateral sides in patients with unilateral transmi-
gration of mandibular canine.

The secondary aim was to compare data from the study group 
with the control group (not affected with transmigration) to investi-
gate whether there are any differences between oral findings.

An additional objective was to investigate the effect of age of 
affected patients on the position of transmigrated canine and the 
distance of migration.

Material and methods

Between 2005 and 2017, 104 Caucasian patients with transmigra-
tion of permanent mandibular canine presented at five orthodontic 
practices, two oral surgery practices, and two university depart-
ments. The exclusion criteria were as follows: missing clinical data 
or low-quality radiographs, including positioning errors caused 
by inappropriate position of the head during X-ray examination 
(nine patients), bilateral transmigration of mandibular canines (two 
patients), general conditions that could influence bone metabolism 
or teeth eruption, and syndromes (none). After exclusion, 93 non-
syndromic patients were included in the study group.

The control group consisted of 85 Caucasian orthodontic patients 
not affected with transmigration who met the same exclusion crite-
ria. The patients in the control group were matched in terms of age 
and gender distribution for comparisons with the study group (such 
as Angle’s classification, dental stages, and number of teeth).

Records of all patients consisted of high-quality and properly 
performed orthopantomograms (OPGs), intra-oral photographs, 
plaster models, and dental records.

The ethical committee approved the study (AKBE/86/14).

Radiological examination
Transmigration of canine was diagnosed on OPG when at least a 
part of the crown of migrated canine has passed behind the man-
dibular midline to the contralateral side. The first OPG revealing 
transmigration served for analysis in the case when several OPGs 
(from different periods) of the same patient were available.

The types of transmigration were recorded based on classifica-
tion proposed by Mupparapu (6) and are presented in Table 1. Two 
examiners (PP and KK) diagnosed and classified types of transmi-
gration and performed all measurements. The first evaluation was 
performed separately. After 4 weeks, both examiners performed a 
second evaluation simultaneously. The type, position, and values of 
measurements were recorded after agreement.

The position of mandibular canines was assessed in relation to 
three vertical lines, a single horizontal line, and twin oblique lines, 
which were traced and superimposed on OPGs to detect any devia-
tions from the normal position. The lines were as follows:

1. Mandibular midline (ML): a vertical line between approximal 
surfaces of mandibular central incisors (Figure 1a–c)

2. Canine lines (CL): twin vertical lines in the centre of the spaces 
between lateral incisors and first premolars (or first primary 
molars) on affected and contralateral sides (Figure 1a and b)

3. A horizontal line (HL): at the level of apices of mandibular incisors 
(Figure 1a)

4. Twin angulation lines (AL): drawn along the long axis of affected 
and contralateral canines (Figure 1c)

The distance of canine’s crown migration (CM) was calculated in 
relation to the CL with the accuracy to the half of the width of the 
tooth located above the canine’s crown. This type of measurement 
allowed descriptive presentation of migration without measurement 
bias (different magnifications related to various manufacturers of 
digital OPG machines), which could be present if measurements 
were performed in millimetres. Therefore, the minimal recorded CM 
(representing the mildest transmigration) was 3.0. It corresponded to 
the position of the tip of the canine’s crown below the mid-portion 
of the central incisor on the contralateral side (Figure 1b). Similar 
measurements were taken for the position of the contralateral 
canines. The values for contralateral canines could be positive or 
negative depending on whether the crown was tilted forwards or 
backwards in relation to the CL.

Additionally, CL served to calculate migration of apices of man-
dibular canines. The distance of apex migration (AM) was calcu-
lated from CL (for affected and contralateral canines) also with the 
same accuracy, as for CM. Values of AM could be negative or posi-
tive. Positive values represented AM from appropriate CL towards 
midline. Negative values represented distal migration towards 
the roots of premolars (Figure 1b). A similar method was used to 
assess migration of crowns and apices of mandibular canines in the 
control group.

The measurements in relation to the HL were taken only in the 
study group in relation to the transmigrated canine. Two types of 
position were recognized: below the HL and above the HL (i.e. 
superimposing the roots of mandibular incisors; Figure 1a).

AL served to measure angulation of the affected and contralateral 
canines. The angulation (A) between AL and ML was measured and 
recorded for transmigrated and contralateral canines (Figure  1c). 
Similar measurements were taken for canines in the control group.

The presence of primary canines, other impacted canines, and 
assessment of development of roots of mandibular canines were also 
analysed.

Root development was assessed using classification proposed by 
Nolla (12) (Figure 1d). The canine’s radiographic image was com-
pared to Nolla’s scheme and graded 6, 7, 8, 9, or 10, respectively.

OPGs served to record missing teeth (particularly maxillary lateral 
incisors and mandibular premolars). Because of the age of patients or 
lack of information regarding previous removal of third molars, these 
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Figure 1. Methods of radiological assessment presented on an example of a patient’s X-ray. An orthopantomogram (OPG) of a 12-year-old male patient with 
transmigration of mandibular left canine (tooth 33)  presents vertical and horizontal lines established for evaluation of canines’ position. Canine line (CL) 
of transmigrated canine is marked with red continuous line. CL of contralateral canine is marked with green continuous line. Mandibular midline (ML) and 
horizontal line (HL) are marked with yellow intermittent lines (a). The cropped OPG (from panel a) showing the measurement of distance of crown migration 
(CM) and apex migration (AM) in relation to CL on the affected side. CM = 3.0 (marked with a white arrow) corresponds to a distance of width of three teeth 
towards the midline (marked with white intermittent line in the mid-portion of the central incisor on the contralateral side). AM = −1.5 (marked with a blue arrow) 
corresponds to a distance of 1.5 width of a tooth backwards (marked with a blue intermittent line behind the distal surface of the first premolar) (b). Presentation 
of twin oblique lines established for the evaluation of canines’ angulation in relation to the midline (ML, marked in yellow). Angulation line (AL) of transmigrated 
canine and adequate angulation value (A) in degrees are marked in red. AL of contralateral canine and adequate angulation value (A) is marked in green (c). 
Description and schematic drawings illustrating stages of development of permanent mandibular canine’s root as proposed by Nolla (d).

Table 1. Types of transmigration and their distribution in relation to the age category. The first column describes types of transmigration 
according to the classification proposed by Mupparapu. The following columns describe the total number of particular types in the study 
group (column 2) and the detailed (and the percentages in parentheses) distribution of each type of transmission in the age groups (col-
umns from 3 to 6). The last row shows the distribution of age in the control group of patients

Types of transmigration/age category
Age <11  
(years)

Age 11–12.5  
(years)

Age 12.5–15.5 
(years)

Age >15.5  
(years)

Study group Total (n = 93) (n = 25) (n = 26) (n = 22) (n = 20)

Type 1: the canine is positioned mesio-angularly 
across the midline

60 (64.5%) 18 (72%) 18 (69.2%) 13 (59.1%) 11 (55%)

Type 2: the canine is located horizontally near the 
inferior border of the mandible below apices of 
the incisors

22 (23.7%) 7 (28%) 4 (15.4%) 6 (27.3%) 5 (25%)

Type 3: the canine is erupted either mesially or 
distally to the contralateral canine

5 (5.4%) 0 2 (7.7%) 3 (13.6%) 0

Type 4: the canine is positioned horizontally near 
the inferior border of the mandible below apices 
of either contralateral premolars or molars

4 (4.3%) 0 0 0 4 (20%)

Type 5: the canine is located vertically in the mid-
line irrespective of its eruption status

2 (2.1%) 0 2 (7.7%) 0 0

Control group without transmigration of man-
dibular canine

Total (n = 85) n = 27 (31.8%) n = 16 (18.8%) n = 21 (24.7%) n = 21 (24.7%)
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teeth were excluded from the assessment. According to results from a 
previous study (13), hypodontia of permanent premolars was consid-
ered positive only in patients who were older than 11 years, when no 
mineralization of premolars’ crown was detected on OPG.

Additionally, OPGs could reveal the presence of cysts, odonto-
mas, and supernumerary teeth.

Clinical examination
The records included the presence of primary canines on the 
affected, contralateral or control side, missing teeth, and morphol-
ogy of erupted teeth. In the case when permanent teeth were missing 
during clinical examination, the presence/absence of unerupted teeth 
was confirmed on radiographs. Space conditions (no space deficiency 
or teeth crowding), ML shift in relation to maxillary midline, and 
Angle’s classification were assessed in the study and in the control 
group.

Statistical analysis
Contingency tables were used to describe the distribution of categor-
ical responses between the compared groups. Differences in observed 
distributions were compared by (the exact, in the case of low counts) 
Pearsons’ chi-square test. Distributions of continuous responses were 
described using the sample mean and standard deviation. Differences 
in the observed distributions of continuous responses were analysed 
using a general linear model for correlated data (14) that included 
the age category, tooth location (33 or 43), and the group indicator 
(affected, contralateral, or control). The model was adjusted for the 
possible correlation between responses obtained for teeth from the 
same individual. The fit of the model to the data was evaluated with 
standardized (Pearson) residuals. Results of statistical significance 
tests were evaluated at 0.05 significance level (two-sided). No mul-
tiple-testing adjustment was applied. The analyses were conducted 
with SAS, version 9.4, and STATA, version 13.1, software.

Results

A total of 29 male and 64 female patients were included in the study 
group (male to female ratio, 1:2.2). The control group consisted of 
24 male and 61 female (ratio 1:2.5) patients. Unilateral transmigra-
tion of 50 right (13 in male and 37 in female patients) and 43 left (16 
in male and 27 in female patients) permanent mandibular canines 
was diagnosed on OPGs.

The mean age of patients in the study and the control groups was 
equalled to 14.4 years (SD = 6.9 years, range from 7.6 to 49.5 years) 
and 14 years (SD = 4.9 years, range from 8 to 35 years), respectively. 
In the analyses, four age categories (Table 1) were used to investigate 
the impact of age on selected parameters. The cut-offs were selected 
to obtain an approximately balanced distribution of the categories.

Types of transmigration
The distribution of the types of transmigration showed statistically 
significant difference (exact Pearson’s chi-square test, P  =  0.03) 
among the four age groups (Table 1).

Position of canines
The CM ranged from 3.0 (the mildest transmigration) to 7.5 
width of the tooth (the most advanced type 4 transmigration). 
Most canines (70 per cent) presented mild transmigration in types 
1 and 3. There were 30 per cent severely transmigrated canines 
in types 2 and 4.

The sample means of CM for transmigrated, contralateral, and 
control canines are given in Table  2. The model-based analysis 
indicated that there was a clear, statistically significant difference 
(P < 0.0001) between the mean CM for the three groups of canines 
(transmigrated, contralateral, and control) after adjustment for the 
effect of age and tooth location (33 or 43). In particular, the mean 
CM for contralateral canines (in the study group) was similar to the 
mean CM in the control group (P = 0.09), but the mean CM for 
the transmigrated canines was estimated to be larger by about 3.9 
(P < 0.0001). The effects of age and tooth location were not statisti-
cally significant (P = 0.58 and 0.12, respectively).

The sample means of AM for transmigrated, contralateral, and 
control canines are given in Table  2. The model-based analysis 
indicated that there was a clear, statistically significant difference 
(P < 0.0001) between the mean AM for the three groups of teeth 
(transmigrated, contralateral, and control) after adjustment for the 
effect of age and tooth location. In particular, the mean AM for con-
tralateral canines in the study group was estimated to be smaller 
by about 0.24 than the mean AM in the control group (P = 0.01), 
and the mean AM for the transmigrated canines was estimated to 
be smaller by about 0.52 (P < 0.0001). The effect of tooth location 
was not statistically significant (P = 0.19), whereas the effect of age 
was statistically significant (P  =  0.003). In general, the mean AM 
increased with age.

The sample means of angulation (A) for transmigrated, contralat-
eral, and control canines are given in Table 2. The model-based anal-
ysis indicated that there was a clear, statistically significant difference 
(P < 0.0001) between the mean A for the three groups of teeth. In 
particular, the mean angle for contralateral canines was estimated 
to be larger by about 5.8 than the mean angle for control canines 
(P = 0.002). The mean angle for the transmigrated canines was esti-
mated to be larger by about 62.8 (P < 0.0001). The effect of tooth 
location (33 versus 43) was not statistically significant (P = 0.06), 
whereas the effect of age was statistically significant (P = 0.002). In 
general, the mean A decreased with age.

The number (and proportion) of patients, who had primary 
canines and root development of permanent canines, are given in 
Table 2. Generally, the transmigrated canines had earlier stages of 
root development than the canines from the control group (exact 
Pearson’s chi-square test, P  =  0.02 and <0.0001 for the affected 
canine 33 and 43, respectively).

A descriptive statistics for impaction of other canines, upper (in 
the affected, contralateral, and control group) and lower (in the con-
tralateral and control group), are presented in Table 2.

None of transmigrated canines caused (neither diagnosed on 
radiograph nor reported during the surgery) root resorption of adja-
cent teeth or formation of a follicular cyst.

Sixty-seven (72 per cent) patients had crowns of transmigrated 
canines located above HL, i.e. superimposing the apical part of roots 
of mandibular incisors; however, no resorption of incisors’ roots was 
detected on radiographs. Seven canines (7.5 per cent in types 3 and 
5)  erupted spontaneously in transmigrated/contralateral positions, 
all of them labially to the incisors and/or contralateral canines.

Tooth agenesis
In the control group, 72 patients (84.7 per cent) had a normal num-
ber of teeth. In the study group, 82 patients (88.2 per cent) had a 
normal number of teeth; the difference, as compared to the control 
group, is statistically not significant (P  =  0.50 for Pearson’s chi-
square test). Nine patients (9.7 per cent) in the study group lacked 
maxillary lateral incisors, whereas seven patients (7.5 per cent) had 
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missing lower second premolars. A more detailed account of findings 
regarding the number of teeth is given in Table 3.

Orthodontic findings
Teeth crowding, midline shift, and Angle’s classification are given in 
Table 3.

There was no statistically significant difference in the presence 
of crowding between the study and the control groups (P = 0.33 
and 0.54 for Pearson’s chi-square test for the mandible and max-
illa, respectively). There was a statistically significant association 
(P < 0.0001 for Pearson’s chi-square test) between the direction 
of the midline shift (left, none, and right) and subject’s status 
(control, study with affected left side, and study with affected 
right side).

Most patients in the study group, and all in the control group, 
demonstrated the same Angle’s classification on both sides. There 
was a statistically significant difference in the distribution of Angle’s 
classes for the affected canines on both sides (33 or 43), depending 
on whether the canine was transmigrated, contralateral to the trans-
migrated one, or present in a control subject (P = 0.001 and 0.002 
for Pearson’s chi-square test for canine 33 and 43, respectively). The 
difference was mainly due to the difference in the distribution of 
the classes for teeth contralateral to transmigrated ones in affected 
patients and the corresponding teeth in control subjects (P = 0.005 
and 0.001 for Pearson’s chi-square test for canine 33 and 43, re-
spectively). In particular, the proportion of Class  I  in control sub-
jects (41.2 per cent for both canine 33 and 43) was substantially 
lower than the proportion of Class I contralateral to transmigrated 

Table 2. Descriptive statistics for position (mean crown and apex migration in tooth width, mean angulation in degrees) and development 
(presence of a primary canine) and grades of development (according to Nolla) of mandibular canines. Additionally, the number of patients 
diagnosed with impaction of the other canine is given in the last row. Inferential statistics (P values) discussed in the text. SD, standard 
deviation; CM, crown migration; AM, apex migration; A, angulation.

Variables from the  
radiological 
examination

Affected side in the study 
group
33
43 (respectively) SD

Contralateral side in the study 
group
43
33 (respectively) SD

Control group (sides left and 
right)
33
43 (respectively) SD

Crown migration  
(mean value)

CM = 3.8
CM = 4.0

1.01
1.04

CM = 0.19
CM = 0.16

0.43
0.45

CM = 0.02
CM = 0.06

0.22
0.18

Apex migration  
(mean value)

AM = −0.62
AM = −0.88

1.12
1.15

AM = −0.41
AM = −0.53

0.47
0.57

AM = −0.19
AM = −0.28

0.53
0.48

Angulation (mean value) A = 63.6°
A = 70.1°

19.1
18.7

A = 9.5°
A = 10.7°

11.4
14.7

A = 3.7°
A = 5.3°

9.5
8.7

Number of patients with 
primary canines

68 (73.1%), including 16 
patients bilaterally

17 (18.3%), including 16 
patients bilaterally

19 (22.3%), including 14 
patients bilaterally

Grades of root  
development according 
to Nolla

7 (n = 0)
8 (n = 32)
9 (n = 22)
10 (n = 39)

7 (n = 0)
8 (n = 24)
9 (n = 24)
10 (n = 45)

7 (n = 18)
8 (n = 34)
9 (n = 14)
10 (n = 104)

Number of the impac-
tion of other canines

2 upper unilateral
4 upper bilateral

9 lower
3 upper unilateral
4 upper bilateral

1 lower
6 upper unilateral
2 upper bilateral

Table 3. Descriptive statistics for clinical findings from the examination of the three groups/sides; side affected with transmigration and 
contralateral side in the study group and both right and left sides in the control group of patients. Inferential statistics (P values) discussed 
in the text

Variables from the 
clinical examination

Affected side in the study 
group

Contralateral side in the study 
group Control group (sides left and right)

Peg-shaped maxillary 
lateral incisors

3 unilateral
2 bilateral

3 unilateral
2 bilateral

3 bilateral

Agenesis of maxillary 
lateral incisors

2 unilateral
3 bilateral

4 unilateral
3 bilateral

3 bilateral

Agenesis of mandibular 
premolars

1 unilateral
5 bilateral

1 unilateral
5 bilateral

2 bilateral

Crowding of teeth 32 patients (34.4%) in the maxilla
36 patients (38.7%) in the mandible  
(including 26 patients with crowding in both arches)
51 patients (54.8%) had no crowding

33 patients (38.8%) in the maxilla
27 patients (31.8%) in the mandible  
(including 19 patients with crowding in both arches)
44 patients (51.8%) had no crowding

Midline shift 50 patients (53.8%) to affected
15 patients (16.1%) to contralateral
28 patients had no midline shift

43 patients had midline shift to the right or left side

Angle’s classification Class I 66 (71%)
Class II 25 (26.9%)
Class III 2 (2.1%)

Class I 68 (73.1%)
Class II 23 (24.7%)
Class III 2 (2.1%)

Class I 35 (41.2%)
Class II 47 (55.3%)
Class III 3 (3.5%)
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ones in affected patients (70 and 76.7 per cent for canine 33 and 43, 
respectively).

Discussion

Studies on transmigration of a mandibular canine are very inconsist-
ent because the majority of published reports presents isolated cases, 
or case series, and very few studies investigated a large number of 
patients (5, 6, 15, 16). In this study, 93patients with unilateral man-
dibular canine transmigration were examined, which seems to be the 
largest and the most homogenous group described so far. There are 
various definitions of transmigration, which depend on the extent 
of migration of the affected tooth across the midline (5, 6, 17). The 
comparisons with the control group of patients allowed us to answer 
questions that could not be answered through other study designs.

In this study, the male to female ratio (1:2.5) was higher than that 
reported by Peck (1:1.6) (18).

Type 1 transmigration was significantly more often diagnosed, 
and types 3–5 were presented at significantly lower incidence when 
compared to a previous study (6). This indicates that the majority 
of patients examined here had milder transmigration in comparison 
with other studies. Interestingly, type 4 transmigration was diag-
nosed exclusively in patients older than 15.5 years, whereas type 2 
was revealed in younger patients. This may indicate that type 4 is a 
continuation of type 2 transmigration. Type 4 transmigration seems 
to be a logical consequence of continuing movement of canine in 
type 2. Unfortunately, a limited number of cases and the inability 
to observe the same patients at different ages do not make a certain 
conclusion.

Angulation of canines in the study group was statistically sig-
nificantly higher than in the control group, which was expected, but 
interestingly, the contralateral canines in the study group also pre-
sented a statistically significantly higher angulation when compared 
to the control canines.

There were nine impacted mandibular canines in the contralat-
eral group. Incidentally, only one patient in the control group had an 
impacted mandibular canine. There was similar prevalence of upper 
canine impaction in three groups.

The presence of primary canines in the study group was higher 
when compared to previous studies; (5) however, the information 
regarding primary teeth in the cited study, was not always provided.

None of transmigrated canines caused (neither diagnosed on 
radiograph nor reported during the surgery) root resorption of adja-
cent teeth; however, the resorption of the buccal or lingual surface 
of the teeth could not be ruled out. Only three-dimensional X-ray 
examination (for example cone beam computed tomography) 
could provide adequate information about the status of surface of 
adjacent teeth.

In this study, there was no pathology associated with transmi-
grated canines. Several studies reported odontomas or dentigerous 
cysts as associated anomalies (5, 17, 19), but no explanation regard-
ing the aetiology of transmigration was given (6). The larger volume 
of the body of anterior mandible when compared to maxilla can 
indicate why transmigration of a canine is almost exclusively found 
in the mandible (7).

Crowding of mandibular teeth was not statistically significantly 
associated with transmigration, which is at variance with the find-
ings of Shapira and Kuftinec (20). According to one limited case 
series, Class II malocclusion with deep bite and increased lower ante-
rior face height was suggested as a predisposing factor in the aetiol-
ogy of transmigration (21). This assertion was not supported in this 

study because the majority of patients with canine transmigration 
had Angle’s Class I occlusion.

The position of transmigrated canine in relation to mandibular 
incisors seems to be the most important factor determining poten-
tial risk of complications. In the study group, few affected canines 
presented types 2 and 4 of transmigration, which may usually 
require only observation as a treatment of choice (if no pathology 
accompanies the affected canine and if this is in agreement with the 
orthodontic treatment plan). According to Frank (22), the clinical 
and radiographic examination is recommended every 18–24 months 
during postimpaction observation period. In this article, the major-
ity of patients were diagnosed with a canine that was superimposed 
on the apical part of the roots of mandibular incisors (types 1, 3, 
and 5). In these cases, careful evaluation of individual treatment 
options is required. According to the results of other studies, most 
patients are treated with surgical removal of transmigrated canine 
(20, 23). In mild cases of transmigration, surgical exposure of the 
canine, followed by forced orthodontic eruption, may be attempted 
depending on the initial position of canine, orthodontic indications, 
and the potential risk to anterior teeth (23, 24). Autotransplantation 
may be an option when the impaction pattern prevents orthodontic 
traction. The alveolar bone growth accompanying the eruption of 
the autotransplanted developing canine and normal healing were 
described previously (25, 26). However, cases are reported when 
autotransplantation of mature teeth to recipient sites with osseous 
defect has not resulted in regeneration of bone (27).

This study has several strengths. It examined a large number of 
unilateral cases of transmigrated canines, which enhanced statisti-
cal power to examine differences between affected and contralateral 
sides. Additionally, comparisons, which were made with the control 
group, allowed finding out some differences between the contralat-
eral canines in the study group and canines in the control patients. 
The study introduces a two-dimensional model, which allows one to 
determine the position of transmigrated canine. The measurements 
are based on OPGs, which are still the primary method to assess jaws 
in growing patients before orthodontic treatment. Only high-quality 
OPGs (regarding both position of the patient and graphic quality) 
were used for evaluation. There could be some magnification of dif-
ferent OPGs, but it was always symmetrical, because only symmetri-
cal X-rays were included in the study. The same rule applied to the 
measurement of angulation.

The measurements of the distance of CM and AM were per-
formed with the accuracy to the half of the width of the tooth unit 
(and not in millimetres). This kind of presentation of the migration 
is the most descriptive and limits the measurement error the most. 
This model can be applied to make comparisons with other studies 
in the future. Moreover, it may help to introduce criteria or threshold 
values for clinical guidelines of treatment.

Conclusions

Transmigration of a mandibular canine was associated with the 
presence of retained primary canine on the affected side, higher 
mesial tilting of contralateral mandibular canine when compared to 
the canines in the control group. There was a clear, statistically sig-
nificant difference (P < 0.0001) between the mean CM and AM and 
angulation for the three groups of canines (transmigrated, contralat-
eral, and control), whereas no differences were observed for the total 
number of permanent teeth present. Additionally, higher prevalence 
of Angle’s Class I occlusion in patients with canine transmigration 
was recorded.
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Within the limitation of the study, no other oral findings seemed 
to be associated with or prognostic in relation to mandibular canine 
transmigration. These findings suggest that the screening of patients 
at the age of 7–9 years seems to be the only diagnostic tool to detect 
an abnormal path of canine eruption.
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