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Summary. Background and Objective. There is considerable debate on the issues of the choice
of a surgical technique for the treatment of palatally impacted maxillary canines. The aim of the
study was to evaluate the posttreatment status of palatally impacted canines treated applying 2 dif-
ferent surgical methods, i.e., an open technique with free eruption and a closed flap technique, and
fo compare it with the status of naturally erupted canines.

Material and Methods. In total, 43 patients treated for unilateral palatally impacted maxillary
canines were examined at a mean follow-up of 4.19 months (SD, 1.44; range, 3—6) after a fixed ap-
pliance had been removed. The patients were distributed into 2 groups: the open technique with free
eruption (group 1, n=22) and the closed technique (group 2, n=21). The posttreatment examination
consisted of an intraoral and a radiological examination.

Results. The findings of tooth position, inclination, color, shape, and function did not differ be-
tween the groups. There was no significant difference in the measurements of the periodontal pocket
depth and bone support between the groups: the mean periodontal pocket depth was 2.14 mm (SD,
0.38) in the group 1 and 2.28 mm (SD, 0.69) in the group 2; the mean bone support was 91.51%
(SD, 5.78%) and 89.9% (SD, 5%) in the groups, respectively. However, differences were found
when comparing the measurements of the quadrant of impacted canines with the quadrant of the
contralateral normally erupted canines. The distal contact point of the lateral incisor and the medial
contact point of the canine showed a significant bone loss in comparison with the contralateral cor-

responding teeth.

Conclusions. The posttreatment status of palatally impacted canines and adjacent teeth after the
surgical-orthodontic treatment did not differ significantly between the groups of the open and the

closed surgical method.

Introduction

Canines are important in establishing the shape,
esthetics, and functional occlusion of the dentition.
The maxillary canine is one of the most frequently
impacted teeth with impaction affecting about 2%
of the population (1, 2) and with palatal impaction
being more common than labial (1, 3-5).

A combined surgical-orthodontic treatment is
commonly used to resolve tooth impaction. There
are 2 basic surgical methods for the exposure of a
palatally impacted canine, i.e., the open and the
closed ones. There is considerable debate on the is-
sues of the choice of the surgical technique. The an-
atomical structure of the soft tissue that covers the
impacted tooth is one of the major factors that de-
termine the choice of a surgical exposure method.
The surgical-orthodontic treatment should simulate
the natural eruption pattern of the impacted tooth
through the attached gingival tissue. All palatal
gingiva is attached; therefore, both the closed and
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the open surgical methods are appropriate. Other
advantages of the surgical techniques are discussed
when comparing the operating time and the extent
of the surgical procedure (6), the patient’s comfort
after surgery (7, 8), the need for repeated surgery
(6, 9, 10), the time of the eruption/extrusion of
the impacted tooth, the overall treatment time (6,
11, 12), the success of treatment (9), relapse, and
posttreatment periodontal results (13-22). A lot of
investigations concerning the posttreatment status
have been limited to the evaluation of only one of
the surgical methods.

The aim of the present study was to evaluate
the posttreatment status of palatally impacted ca-
nines treated applying 2 different surgical methods,
i.e., the open technique with free eruption and the
closed flap technique, and to compare it with the
status of naturally erupted canines.

Material and Methods

Study Population. The study was conducted at
the Department of Orthodontics, Lithuanian Uni-
versity of Health Sciences, between June 2007 and
January 2012. Approval for the study was obtained
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from the University Ethics Committee (No. BC-
OK(R)-163). In total, 43 patients (35 women and 8
men; mean age, 15.81 years; SD, 3.04) with a newly
diagnosed unilateral palatally impacted maxillary
canine were selected to participate in this study. The
inclusion criteria to this prospective study were as
follows: 1) nonsyndromic patients with a unilateral
palatally impacted maxillary canine, i.e., unerupted
after a complete root development or if the con-
tralateral tooth was erupted for at least 6 months
with a complete root formation (23); 2) no previous
orthodontic treatment; 3) no metabolic disorders or
other medical conditions that may influence treat-
ment; and 4) good oral hygiene (Simplified Oral
Hygiene Index [OHI-s], <1.3).

All the patients were informed about the con-
tent of the study, treatment methods, and potential
risks and benefits before providing written informed
consent to take part in this clinical trial. All the 43
patients were assigned to receive either an open ap-
proach with free eruption (group 1, n=22) or closed
flap surgery (group 2, n=21). In every second pa-
tient, the open technique was used. All the patients
were treated by one of the authors and underwent
surgery performed by the same oral surgeon.

The initial position of the impacted canine was
assessed on a panoramic image using a modified
version of the criteria used by Ericson and Kurol
(24). All radiographs were taken using the same x-
ray procedure and machine.

Surgical-Orthodontic Treatment. The open and
the closed surgical techniques were performed ac-
cording to the method described by Kokich and
Mathews (25) and Kokich (26). Fixed appliances
were used for the treatment. A rectangular stabiliza-
tion archwire was used to obtain adequate anchorage
and maintain sufficient space in the dental arch. The
canine was brought into position by applying light
continuous force. In the group 1, periodontal dress-
ing was removed 1 week after surgery, and then the
tooth was allowed to erupt. In the group 2, extru-
sion of the impacted tooth was initiated 1 week after
surgery. The ballista loop on the additional 0.016-
inch stainless steel archwire was used to extrude the
impacted teeth (27). An additional 0.014-inch Sen-
talloy archwire was used to move the canine toward
the dental arch.

Each patient was instructed concerning proper
oral hygiene measures. The patients were recalled
every 4 weeks to adjust their appliances.

The posttreatment examination was performed
by other author at a mean follow-up of 4.19 months
(SD, 1.44; range, 3—0) after fixed appliance removal
and removable retainer placement. At the time of
the examination, the patients’ mean age was 18.6
years (SD, 3.45) in the open eruption group and
19.7 years (SD, 4.37) in the closed eruption group
(P>0.05). The posttreatment examination consisted

of an intraoral and a radiological examination. The
patients were asked to evaluate the treatment results
as either satisfactory or unsatisfactory.

The intraoral examination included the visual
assessment of the color and the shape of the crown
of the previously impacted canine, the inclination
and the position in the dental arch of the previously
impacted canine, its function (occlusal contacts), as
well as a periodontal examination.

Tooth shape was recorded as either a normal
cusp or a cusp with signs of wear. Tooth color was
recorded as normal or different in comparison with
the color of the contralateral side canine. Tooth po-
sition was recorded as normal, intrusion (the incisal
edge of the canine situated higher compared with
the contralateral side canine), mesial rotation (the
mesial aspect of the tooth situated labially to the
line of the dental arch), or distal rotation (the distal
aspect of the tooth situated labially to the line of the
dental arch). Inclination was registered as normal,
lingual (the occlusal portion of the tooth crown an-
gulated lingually to the gingival portion relative to
the occlusal plane), or buccal (the occlusal portion
of the tooth crown angulated buccally to the gingi-
val portion relative to the occlusal plane).

Occlusal contacts on the nonworking and work-
ing sides were registered during lateral mandible
excursions up to 3 mm and during anterior excur-
sions up to the edge-to-edge incisor contact.

The periodontal examination was carried out
by one calibrated periodontist. Two measurements
were taken for each site, several minutes apart, and 2
values were averaged. The periodontal status of the
first premolar, the canine, and the lateral incisor was
evaluated by assessing the periodontal pocket depth
and the gingival recession in the impacted canine
quadrant and the contralateral canine quadrant.

Periodontal pocket depth (PPD) was measured
from the base of the pocket to the gingival margin
with an accuracy of 0.5 mm using a Williams probe
(American Eagle Instruments, Inc., USA) at 6 tooth
surfaces (points): mesiobuccal (MBP), buccal (BP),
distobuccal (DBP), distopalatal (DPP), palatal (PP),
and mesiopalatal (MPP). The same technique was
also used to evaluate gingival recession, but in this
case, the distance from the cement-enamel junction
(CEJ) to the gingival margin was measured.

Oral hygiene was evaluated by using the OHI-s
proposed by Green and Vermilion (28).

Radiographic bone support was diagnosed from
long-cone parallel intraoral periapical radiographs.
The digital image was analyzed using Image] (public
domain Java image-processing program available on
the Internet at http://rsb.info.nih.gov/ij/) by one
of the authors without knowledge of the impaction
side. Bone support was assessed on the mesial and
distal surfaces of the lateral incisors and the canines
(Fig. 1). The ratio of the apex-crest to the apex-
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Fig. 1. A scheme representing the bone support measurement
on the mesial surface of the canine

Bone level (a), the distance from the root apex to the alveolar

crest; root length (b), the distance from the midpoint of a line

connecting the mesial and the distal cement-enamel junction to

the root apex. The distances are measured parallel to the long
axis of the tooth.

CE]J were calculated to represent the percentage of
bone support using the method proposed by Becker
et al. (29). The bone support was not measured at
the premolars because the radiographs were not di-
agnostic in that area due to the superimposition of
the structures. Nonmeasurable sites were omitted.
Pulpal obliteration was recorded as either present
or absent.

Statistical analysis was performed using the sta-
tistical software package SPSS 20.0 for Windows.
Means, standard deviation (SD), and 95% confi-

dence intervals (CI) of the mean were calculated
for each group of the patients. The Kolmogorov-
Smirnov test was used for the assessment of the
normality distribution of the quantitative data. The
Student ¢ test and the nonparametric Mann-Whit-
ney U test were used for the comparison of the vari-
able means between 2 independent samples, and the
Student ¢ paired test and the nonparametric Wilcox-
on test were used for the comparison of the variable
means between 2 dependent samples. The hypoth-
eses about the relationship between the qualitative
variables were tested by applying the chi-square (y?)
test. The difference was considered to be statistically
significant when P<0.05.

Results

The groups 1 and 2 were homogeneous concern-
ing the initial vertical and the horizontal position of
the impacted canines on the panoramic image and
with respect to the patients’ age at the beginning of
the treatment (P>0.05).

All the patients were satisfied with the treatment
results.

Intraoral Examination. The findings of tooth po-
sition, inclination, color, and shape did not differ
between the groups (Table 1). In 3 cases (6.98%),
a slightly darker color of the previously impacted
canine was observed, but an electro-odontometric
test showed that these teeth were viable.

No significant differences in the occlusal contacts
were found between the groups or between the pre-
viously impacted and the contralateral sides. During
the lateral mandibular excursions, canine protection
was observed in 81.3% of the cases on the side of
the previously impacted canine and in 69.8% of the

Table 1. Frequency of Posttreatment Canine Shape and Color Abnormality, Malalignment, and Function
of Impacted Canines After Surgical-Orthodontic Treatment Applying 2 Different Surgical Methods

Posttreatment Morphology and Function of the Canine C(}Iiozuzpz)l ((}éiuzpl)z P
Normal 20 (90.9) 20 (95.2) NS
Tooth color Different 2(9.1) 1(4.8)
Normal cusp 21 (95.5) 19 (90.5) NS
Tooth shape Cusp with signs of wear 1(4.5) 2(9.5)
Normal 17 (77.3) 19 (90.5) NS
Tooth position in the Intruded 1(4.5) 1(4.8)
dental arch Mesial rotation 3 (13.6) 0(0)
Distal rotation 1(4.5) 1(4.8)
Normal 12 (54.5) 16 (76.2) NS
Tooth inclination Lingual 3 (13.6) 1(4.8)
Buccal 7 (31.8) 4(19.0)
. Canine protection 19 (86.4) 16 (76.2) NS
Lat:;ilurrns?cr)lr(li;ble Group guidance 3 (13.6) 2 (9.5)
Anomalous guidance 0(0) 3(14.3)
Anterior mandibular Normal guidance 21 (95.5) 20 (95.2) NS
excursions Anomalous guidance 1(4.5) 1(4.8)

Values are number (percentage). NS, not significant.
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cases on the side of the normally erupted canine.
Anomalous lateral guidance was detected in 7% of
the cases on the side of the previously impacted ca-
nine and in 7% of the cases on the side of the nor-
mally erupted canine.

During the anterior mandibular excursions, nor-
mal guidance was detected in 95.3% of the cases.

Periodontal Examination. The mean periodontal
pocket depth on the side of the previously impacted
canine was 2.2 mm (SD, 0.55), whereas on the con-
tralateral side, it was 2.01 mm (SD, 0.42) (P<0.05).
The measurements of the PPD did not significantly
differ between the groups: the mean PPD on the
side of the previously impacted canine was 2.14 mm
(SD, 0.38) in the open eruption group and 2.28 mm
(SD, 0.69) in the closed eruption group, and on the
contralateral side, it was 1.95 mm (SD, 0.38) in the
open eruption group and 2.20 mm (SD, 0.42) in
the closed eruption group. However, the differences
were found comparing the PPD of the quadrant of
the impacted canines with the quadrant of the con-
tralateral normally erupted canines at the DPP and
MBP points on the lateral incisors in the group 1
and at the MBP point on the canines and the first
premolars in both groups (P<0.05) (Table 2).

Two (4.7%) treated canines in the group 2 (BP

and PP points) were found to have gingival reces-
sion. Gingival recession was also found on 3 (6.98%)
premolars (DBP and BP points) and 3 (6.98%) lat-
eral incisors (PP and BP points). The greatest re-
cession (2 mm) was found on previously impacted
canines. The differences in the gingival recession
between the groups 1 and 2 and between the experi-
mental and the contralateral sides of the dental arch
were not significant.

None of the canines, premolars, or lateral in-
cisors showed any signs of pulp obliteration. The
measurements of the bone support did not signifi-
cantly differ between the groups (the mean bone
support of 89.33% [SD, 6.87%] in the group 1 and
86.66% [SD, 6.94%] in the group 2). However, the
comparison of bone support between the contralat-
eral side and the groups 1 and 2 on the medial side
of the canines and on the distal side of the lateral
incisors showed significant differences (Fig. 2).

Oral hygiene was good in all the patients (OHI-s
0.38 [SD, 0.34] in the group 1 and 0.33 [SD, 0.38]
in the group 2; P>0.05).

Discussion
Surgical exposure of the impacted canines and
the treatment with fixed appliances is the most

Table 2. Periodontal Pocket Depth of Impacted Canines, Adjacent Teeth, and Contralateral Control Quadrant
After Surgical-Orthodontic Treatment Applying 2 Different Surgical Methods

Periodontal Pocket Depth, mm

Point of Group 1 (n=22) Group 2 (n=21) pr
Measurement B
Impaction Contralateral p Impaction Side Contralateral P
Side Side b Side
Lateral incisor
MPP 1.93 (0.39) 2.00 (0.34) NS 2.00 (1.01) 2.24 (0.67) NS NS
PP 1.87 (0.56) 1.83(0.38) NS 1.93 (0.75) 1.84 (0.58) NS NS
DPP 2.41(0.73) 2.00 (0.45) P<0.05 2.21(0.82) 2.32(0.73) NS NS
DBP 2.05 (0.65) 2.14 (0.84) NS 2.14 (0.73) 2.61(0.84) NS NS
BP 1.71 (0.67) 1.78 (0.43) NS 1.86 (0.64) 1.74 (0.61) NS NS
MBP 2.27 (0.63) 1.86 (0.64) P<0.05 2.12(0.84) 2.32(0.56) NS NS
Total 2.04 (0.41) 1.94 (0.32) NS 2.04 (0.66) 2.18 (0.48) NS NS
Canine
MPP 2.39 (0.72) 2.06 (0.64) NS 2.57 (1.11) 2.18 (0.69) NS NS
PP 1.84 (0.52) 1.83 (0.62) NS 2.24 (0.99) 2.13(0.57) NS NS
DPP 2.32(0.48) 2.14 (0.68) NS 2.43(0.99) 2.47 (0.63) NS NS
DBP 2.68 (0.85) 2.25(0.65) NS 2.81(1.18) 2.40 (0.77) NS NS
BP 1.48 (0.63) 1.44 (0.51) NS 1.79 (0.70) 1.84 (0.63) NS NS
MBP 3.00 (1.07) 2.06 (0.64) P<0.05 2.62(0.93) 2.11 (0.68) P<0.05 NS
Total 2.28 (0.45) 1.96 (0.49) NS 2.41(0.80) 2.19 (0.46) NS NS
First premolar
MPP 2.16 (0.57) 2.11 (0.50) NS 2.52(0.81) 2.34(0.82) NS NS
PP 1.80 (0.59) 1.50 (0.52) NS 2.21 (0.89) 2.00 (0.67) NS NS
DPP 2.09 (0.53) 1.97 (0.40) NS 2.29 (1.06) 2.16 (0.60) NS NS
DBP 2.05 (0.55) 2.22 (0.58) NS 2.50 (1.14) 2.5(0.61) NS NS
BP 1.71 (0.63) 1.50 (0.52) NS 1.86 (0.53) 1.92 (0.53) NS NS
MBP 2.80 (0.85) 2.36 (0.84) P<0.05 2.86 (0.96) 2.47 (0.75) P<0.05 NS
Total 2.10(0.43) 1.94 (0.46) NS 2.37(0.73) 2.24(0.47) NS NS

Values are mean (standard deviation). MPP, mesiopalatal point where pocket depth was probed; PP, palatal point;
DPP, distopalatal point; DBP, distobuccal point; BP, buccal point; MBP, mesiobuccal point; NS, not significant.

*Comparing the groups.
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Fig. 2. Bone support of the impacted canines and the lateral incisors after the surgical-orthodontic treatment applying
2 different surgical methods

MP, mesial point of the tooth where bone support was measured; DP, distal point.
Vertical bars represent 95% CI of the mean. *P<0.05 compared with the group 1 and the group 2.

commonly used treatment method. The treatment
is considered successful when the impacted tooth
is aligned in the dental arch with the adequate at-
tached gingiva, and there is no damage to the peri-
odontium, bone loss, or gingival recession. This
study was designed to evaluate if the type of the
surgical technique influences the posttreatment sta-
tus of palatally impacted canines.

Intraoral Examination. All the canines moved into
the dental arches. Only some minor and esthetically
satisfactory malpositions of the treated teeth were
found. The buccal inclination was more common
in the open technique group (31.8%), which could
be related to the different mechanics of tooth align-
ment. Palatally impacted canines that are allowed
to erupt naturally usually adopt the more anterior
and palatal position. Such a location is related to the
difficulty in sufficiently moving their root buccally.
The treatment with the closed extrusion technique
begins immediately, and consequently, the dental
root position is corrected from the beginning. In a
study by Schmidt et al., incorrect inclination was
the most common criterion for identifying previ-
ously impacted canines (20). Incomplete alignment
was also recorded by D’Amico et al.: 3.5 years af-
ter an orthodontic treatment, a normal position of
treated canines was recorded only in 44%—-52% of
cases and a normal inclination in 55%—57% of cases
(19). The rotation and the intrusion of the tested
teeth could also be related to the tendency toward
relapse.

In 3 cases, a slightly darker color of the previ-

ously impacted canine was observed. Evrena et al.
also reported that the alterations in the periodontal
health of palatally ectopic canines, compared with
their contralaterals, were in the form of an alveo-
lar bone loss, an increased probing depth, higher
gingival levels, and a higher electric pulp testing
score (30). D’Amico et al. found that the color of
treated canines was abnormal in 34% of unilateral
impaction cases and in 50% of bilaterally impacted
canines (19).

Our results on the canine function during the lat-
eral mandibular excursions were similar to those of
D’Amico et al., where cuspid protection and group
contact were found in 46%—47% and 49%—53% of
cases, respectively (19). In contrast, we found no
significant differences in the occlusal contacts be-
tween the groups or between the sides with the nor-
mally erupted canines and those with the previously
impacted canines. The proper establishment of the
occlusal contact is complicated not only due to the
correction of the inclination of the canine, but it
also depends on the difficulty in improving other
adjacent orthodontic anomalies.

Periodontal Status. Periodontal status of the
treated canines almost always was physiological; the
mean PPD did not exceeded 3 mm. The measure-
ments of the mean PPD did not significantly differ
between the groups treated with different surgical
methods; however, the differences were found when
comparing the PPD of the quadrant of the impacted
canines with that of the normally erupted canines.

The results of our study are in agreement with
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those presented by other researchers. Crescini et
al. found that the PPD of impacted canines was
0.18 mm deeper than that of normally erupted ca-
nines (21). The distopalatal aspect of lateral inci-
sors is challenging during treatment; thus, a deeper
PPD on the distopalatal point of the lateral incisor
has been found in many studies (17, 19, 20). Simi-
larly to our results, Zasciurinskiene et al. reported
that the PPD on the impacted side was significantly
greater at the mesial aspect of the canine compared
with the respective findings in the contralateral con-
trol teeth (15). Woloshyn et al. found a deeper PPD
on the mesial and the distal sides of canines (13).

The localization of deeper periodontal pock-
ets could depend on the initial localization of the
impacted canines and on the treatment mechan-
ics. Frequently, the impacted tooth is located in
close relationship to the roots of incisors, and the
thin interproximal septum between the impacted
tooth and the root of the adjacent maxillary lateral
incisor might be resorbed because of an unfavora-
ble orthodontic force vector (31). Kohavi et al. also
established that orthodontic mechanics may be an
important factor influencing long-term periodontal
health; ectopic canines requiring root torque move-
ments had the bone support lower by 4% than those
aligned by tipping or extrusive movements (32). The
type of the surgical technique determines the type
of orthodontic mechanics; however, we did not find
any significant differences in the mean PPD between
the groups treated with different surgical methods.

The findings of the radiographic investigation
confirmed the results of the periodontal examina-
tion: the distal contact point of the lateral incisor
and the medial contact point of the canine showed
a significant bone loss compared with the contralat-
eral corresponding teeth. The mean values of the
bone support were lower on both sides of the lat-
eral incisors and the mesial side of the canines in
the group 2; however, the differences between the
groups treated by applying a different surgical ap-
proach were not significant. Similar results were
found in the study by Becker et al. (29), where the
bone support of the treated canine (89.6%) was sig-
nificantly lower than the bone support of the canine
on the control side (93.3%) (6), compared with the
bone support of 91.51% (SD, 5.78%) in the group
1, 89.9% (SD, 5%) in the group 2, and 94% (SD,
4.15%) on the control side in our study.

In our study, the bone loss was measured on
periapical radiographs. Conventional 2-dimensional
radiographic imaging is the most common modality
used clinically as the primary diagnostic radiograph
for the localization of impacted canines, treatment
planning, and evaluation of treatment results (13,

17, 25, 29, 32). Panoramic and periapical radiog-
raphy has been considered as a routine method for
the examination of the periodontal tissues as well.
The high resolution of intraoral radiography al-
lows small details of the surrounding alveolar bone
to be visualized. Computed tomography (CT) was
found to be superior to conventional radiographs
for the localization of impacted canines and in the
assessment of incisor root resorption (33, 34). How-
ever, an effective dose of radiation on CT is much
higher than that of conventional radiography, and
the procedure is relatively expensive. Cone-beam
computed tomography (CBCT) has been recently
introduced with reduced exposure to radiation and
3-dimensional imaging capability for dental struc-
tures (35, 36). However, some authors have found
that the surgical treatment planning of impacted
maxillary canines was not significantly different us-
ing panoramic or cone CBCT images (37). Despite
its accuracy, the use of CBTC in our study was lim-
ited by its higher cost.

Summarizing the results of our study, we did
not find any evidence that the posttreatment status
of the palatally impacted canines and the adjacent
teeth could depend on different surgical methods.
While both techniques are acceptable for the treat-
ment, the choice of the surgical technique and the
orthodontic treatment tactics could depend on other
features of individual cases, such as the probability
of the resorption of adjacent dental roots, the depth
of impaction and the proximity of an impacted tooth
to adjacent teeth, and the patient’s comfort.

The current study was limited by relatively small
study groups formed according to the treatment
method: the group that underwent an open ap-
proach with free eruption (n=22) and the group that
underwent closed flap surgery (n=21). The sample
size in this study is comparable with the sample
sizes in similar studies (15, 18, 20) and could be
explained by a low incidence of maxillary canine
impaction. However, such a sample size is not suf-
ficient for sound conclusions.

Conclusions

The posttreatment status of the palatally impact-
ed canines and the adjacent teeth after the surgical-
orthodontic treatment did not significantly differ
between the groups treated with 2 different surgical
methods, i.e., the open technique with free erup-
tion and the closed flap technique. Both treatment
methods can be considered as acceptable for the
treatment of palatally impacted canines.
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