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A B S T R A C T

Purposes: This study aimed to contribute to understanding the factors affecting the time of traction treatment
of impacted dilacerated maxillary central incisors.
Methods: This retrospective study included children aged 8 − 11 years with a history of trauma, who applied
to the pediatric dentistry clinics of Marmara University, School of Dentistry, between December 2013 and
December 2019, and were treated for unilateral impacted dilacerated maxillary upper central incisors. Child-
ren’s age, sex, digital panoramic radiographs, cone-beam computed tomography, and intraoral photographs
were retrieved from electronic dental health records. The effects of children’s age, sex, the direction of
impacted teeth, distance of the teeth to the top of the alveolar crest, and root dilaceration level on traction
time were analyzed by Mann-Whitney U test and Spearman’s rank correlation coefficient test.
Results: The inverse position of the incisors significantly increased the traction time (P = 0.012). However, the
traction time did not differ according to the sex of the children (P = 0.707) or the level of root dilaceration
(P = 0.429). No correlation was observed between the traction time and the age of children (P = 0.644) or the
distance of the incisors from the top of the alveolar crest (P = 0.397).
Conclusions: In cases of the forced eruption of for the impacted dilacerated maxillary central incisors, the
direction of the teeth should be evaluated when deciding on the treatment plan, as it may affect the treat-
ment time.

© 2023 Elsevier Masson SAS. All rights reserved.
Keywords:

Dilaceration
Forced eruption
Impacted tooth
Incisor
Inverse tooth
l of Dentistry, Basibuyuk yolu

).
istry, School of Dentistry, Mar-

ed.
1. Introduction

Dilaceration is the angulation or bending of the crown or root,
with the calcified portion of the permanent tooth germ displaced,
forming an angle to the rest of the germ. The most common cause of
dilaceration in permanent teeth is primary tooth avulsion or intru-
sion, especially before the age of five. Other causes other than
mechanical trauma are; developmental anomaly of the primary tooth
germ, ankylosis of primary tooth, root canal infections, tooth trans-
plantation, extraction of primary teeth; the influence of anatomical
structures such as adjacent supernumerary teeth; the effect of the
nasal fossa on tooth formation; ectopic development of permanent
tooth germ, facial clefts, hypermobility type of Ehlers-Danlos syn-
drome; orotracheal intubation and laryngoscopy [1−2]. The preva-
lence of dilaceration in permanent teeth is approximately 3.8%, half
of which are impacted whereas for the upper central incisors, the
dilaceration ranged between 0.4 - 1.2%, and the impaction incidence
ranged between 0.006% - 1.96% [3−5].

Patients with impacted dilacerated maxillary central incisors
usually apply to the dentist in early mixed dentition with esthetic
complaints due to the delayed eruption of permanent teeth or unex-
foliated primary teeth, therefore pediatric dentists primarily encoun-
tered these cases [2,6]. If the contralateral tooth has erupted six
months or earlier, it can be considered a delayed eruption, and space
loss could be observed as adjacent teeth drift into the space of the
impacted tooth [7]. Treatment of the impacted central incisors due to
dilaceration is complicated and requires a multidisciplinary approach
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[3,6]. Many factors are taken into account when deciding on the
appropriate treatment of impacted dilaceration incisors for the
patient and the treatment time. Social factors such as the cooperation
of the children and their parents, as well as conditions determined by
intraoral examination, such as the eruption of the contralateral tooth,
are some of these. As a result of the evaluation with panoramic radi-
ography and CBCT, the patient’s chronological and dental age, the
position of the impacted incisor, and the level of root development
are also important considerations in the treatment decision [7−10].
The first treatment option in these cases is the orthodontic space cre-
ation and traction of the impacted incisor [3,6]. For orthodontic trac-
tion of an impacted tooth, preoperative orthodontic treatment is
applied to prepare the appropriate space for the impacted tooth,
before the attachment is placed with a surgical operation [11]. When
other treatments have failed, the extraction of the impacted central
incisors is considered as the last treatment option. After the extrac-
tion, this space can be restored with a bridge or an implant, or the lat-
eral incisor can be reshaped to simulate the presence of central
incisors after the lateral incisor is aligned orthodontically in this
space [3,6,11].

Traction treatment of impacted central incisors depends on the
following factors: the age of the patient, the presence of root dilacera-
tion, initial crown height, and incisor length [7,8,9]. This may be
related to the increased bone remodeling required as the density and
length of the bone through which the incisors must pass [5]. It has
also been reported that traction is more successful in incisors with
incomplete root development [12]. In addition, the presence of suffi-
cient space for the incisor is a crucial factor [1,6]. Many complications
can be seen depending on the time of traction treatment, the surgical
technique applied, the traction movements applied, the age of the
patient, and the root development status of the incisor [3,6,7,13-15].

This study aimed to contribute to the understanding of the factors
affecting the treatment of impacted dilacerated maxillary central
incisors from the surgical attachment to the appearance of the tooth
in the mouth. The null hypothesis there is no statistically significant
difference between horizontal and inverse impacted dilacerated cen-
tral incisors from the surgical attachment procedure until they were
seen in the mouth for the traction time. The following secondary null
hypotheses were also addressed: the traction times of impacted dila-
cerated central incisors from the surgical attachment procedure to
their intraoral exposure did not differ according to the level of dila-
ceration, the sex of the children, the age of the children, and the dis-
tance of the incisal edge of the tooth from the alveolar crest.

2. Materials and methods

2.1. Ethical approval and sampling criteria

The study protocol was assessed and approved by the Clinical
Research Ethical Committee of Marmara University Faculty of Den-
tistry Committee with approval number 2023−123. The procedures
used in this study adhere to the tenets of the Declaration of Helsinki.

This retrospective study included children aged eight − 11 years
who were admitted to the pediatric dentistry clinics, School of Den-
tistry, Marmara University between December 2013, and December
2019, who were treated due to unilateral impacted dilacerated maxil-
lary central incisor, who had a history of trauma up to five years of
ages, who had an Angle Class I molar relationship, and who were in
the mixed dentition at the beginning of the treatment. The children
were determined by scanning the electronic dental records of the
School of Dentistry, Marmara University. Children with systemic
disease, children with incomplete diagnostic and treatment records,
including pre-and post-treatment cone-beam computerized tomog-
raphy (CBCT), or whose radiographs were diagnostically unaccept-
able, and children in the permanent dentition at the initial were
excluded from the study. Age, sex information, the number of
2

impacted dilacerated teeth according to the World Dental Federation
notation (FDI), digital panoramic radiographs, CBCT, and intraoral
photographs taken during the eruption guidance treatments of
children included in the study were obtained from the electronic
dental record.

2.2. Sample size calculation

The minimum sample size was calculated based on the 0.53%
prevalence of root dilaceration in maxillary central incisors reported
by study Malcic et al. [16]. The minimum number of samples was cal-
culated with a 95% confidence interval (a = 0.05) and 95% test power
(1-b) according to the formula below [17], and the minimum number
of samples to be included was nine.

n ¼ t2pq

d2

� n: sample size
� p: the prevalence or proportion of event
� q: 1� p
� t: value in t table according to the degree of freedom and degree of
error

� d: margin of error with which a researcher wants to measure
something

Since the calculation was made according to the 0.05 significance
level, ‘t’ was accepted as 1.96 for the two-tailed alternative hypothesis
[17].

n = (1.96)2. (0.0053) (0.9947) / (0.05)2 = 8.1 � 9 Children

2.3. Treatment protocol

Nance appliance was inserted in all children prior to orthodontic
treatment to provide additional anchorage. The alignment process
was started with fixed orthodontic appliances. In Fig. 1, the treatment
steps of a 7-year-old male were presented. Brackets (Supertech, Sia
Orthodontic Manufacturer, Caserta, Italy) were bonded only on the
fully erupted maxillary permanent teeth. Each pediatric dentist
treated one child (except for A.Y. who treated two) under the super-
vision of the study advisor (A.M.).

The leveling and alignment of the permanent teeth were initiated
with the correction of the midline. The pre-surgery space was gained
with an open coil spring, taking the width of the contralateral perma-
nent central incisor measured using a digital caliper (Mitutoyo Digital
Caliper, Japan) as a reference. Then, the space was maintained with
plastic sleeves. Since the children were in mixed dentition, new
brackets were bonded on the erupting teeth during the treatment
period.

The standardized closed eruption technique was used for traction
of the impacted central incisor and the surgery was performed by the
same dental surgeon (F.U.) assisted with a pediatric dentist. The
full-thickness mucoperiosteal buccal flap was surgically raised to
expose the tooth. The bone covering the crown of the tooth was
removed, a lingual attachment was placed on the palatal surface of
the crown and a light force was applied in order to subluxate for easy
traction of the tooth. The attachment was tied to the plastic sleeve of
the archwire with a twisted 0.009-in stainless steel ligature wire, the
ligature wire was drawn inferiorly and the flap was fully repositioned
back to its former place and was securely sutured. The extrusive
traction force on the impacted tooth was initiated post-surgically one
week later. In only one case, the surgical procedure was performed
under general anesthesia.

The children were scheduled once a month, and a light extrusive
traction force was inserted by unraveling and shortening the ligature
wire in each appointment until the palatal surface of the tooth was



Fig. 1. Treatment progress of the 7-year-old male. A. panoramic radiograph before the eruption of #21, B, C. pretreatment intra-oral photograph and panoramic radiograph, D, E, F,
G. the sagittal, axial, coronal views, and 3-dimensional reconstructed images of CBCT, H. after space gaining for the impacted #21 with the open coil spring, I. surgically exposed pal-
atal surface and attachment of the lingual button, J, K, L, M. the steps of closed traction technique, N, O. after orthodontic traction, P, R, S. after a two-year follow-up.
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exposed. Four teeth were exposed naturally and in five cases, when
the teeth became entirely palpable and prominent in the labial gin-
giva, the labial crowns of the teeth were opened using an 810 nm;
2.5 W diode laser (Gigaa Laser, China) with a 400 mm fiber tip and
pulsed mode, and the attachments were debonded and substituted
labially to brackets in all cases. After the brackets were bonded, the
traction was continued using elastic power chains or ligature wires
attached to the plastic sleeves, with/without a 0.012-in Nickel Tita-
nium (NiTi) auxiliary archwire (Fig. 2).

At the end of treatments, all erupted central incisors were vital on
pulp testing and there were no signs and symptoms of pulpal disease
clinically and radiographically. Lingual retainers were bonded to the
six upper incisors and a fluoride varnish (MI Varnish, GC, America,
USA) was applied to each tooth.

2.4. Panoramic radiographs and dental volumetric tomography

Digital panoramic radiographs with the Morita device (Vera-
View IC5, J. Morita MFG. Corporation, Kyoto, Japan) and cone-beam
computed tomography (CBCT) with the Planmeca ProMax� 3D Mid
unit (Planmeca Oy, Helsinki, Finland) were taken in the oral and
maxillofacial radiology clinics of the School of Dentistry, Marmara
University. The operating parameters were 7.5 mA, 60−70 kV,
8.8 s for the Morita device, and 5.6 mA, 90 kV, 13.5 s exposure
time for the Planmeca device. Twelve radiographs were categorized
by consensus by two pediatric dentists (B.S.Y. and A.Y.) according
to national guidelines published by the National Radiological Pro-
tection Board quality standards. These quality standards state that
“at least 70% of all radiographs should be grade 1 (diagnostically
excellent), less than 20% should be grade 2 (diagnostically accept-
able), and less than 10% should be grade 3 (diagnostically
unacceptable)” [18]. Grade 1 and 2 radiographs were included in
this study.

Twelve children who met the inclusion criteria of the study were
determined. Since two of these children lost all primary teeth before
the treatment had started and one had grade 3 panoramic
3

radiography according to the diagnostic criteria were excluded from
the study.

2.5. Evaluation procedure

Children were assigned numbers from one to nine for anonymity
when data were obtained from electronic dental records. Root dila-
ceration was defined as a deviation equal to or greater than 90° from
the normal tooth axis on pre-treatment CBCT [5]. From these records,
the dates when the children started treatment, traction force was
applied to the tooth, and other control appointments were recorded.
The intraoral exposure time of the tooth was calculated (in months)
by subtracting the time when the attachment is surgically bonded
and the traction force started, from the time the tooth appeared in
the mouth as exposure through the mucosa. By subtracting the dates
of birth from the date of initiation of the treatment, the ages at which
the children started the treatment were obtained. In the panoramic
radiographs, the distance between the top of the maxillary alveolar
crest and the incisal edge of the impacted dilacerated central incisor
was measured with Image J Version 1.42q (NIH, USA) software, the
positions of the impacted teeth (horizontal or inverse) and the level
of root dilaceration of the teeth (coronal or apical half) were
recorded. All measurements were made by a pediatric dentist (B.S.Y.)
with six years of clinical experience under the supervision of the
study advisor (A.M.).

2.6. Statistical analysis

After the compatibility of numerical variables to normal distribu-
tion was tested with the Shapiro-Wilk test and the Mann-Whitney
U test was used to compare non-normally distributed variables in
two independent groups. Spearman’s rank correlation coefficient test
was used to analyze (the children’s age and distance to the alveolar
crest − traction time of teeth). Data analysis was performed using the
SPSS Version 26.0 (IBM Corporation, Chicago, Illinois, United States of
America) software. The significance levels were set at P < 0.05.



Fig. 2. Closed traction technique in an 8-year-old male. A. pretreatment intraoral photograph, B, C. the sagittal and axial CBCT images, D. surgical exposure and attachment of the
lingual button to the palatal surface, E, F, G. traction of the impacted tooth with ligature and soft sleeve, and also #21 is seen (F) entirely palpable and prominent in the labial gingiva,
H, I. traction with double wire technique, J, K, L. intraoral photographs and panoramic radiography of #21 after alignment. In image K, the root apex of #21 is palpable under the
labial gingiva.

Table 1
The traction time of the impacted tooth in the mouth according to the position of teeth,
the level of dilaceration, and sex.

n (%) Traction time (months)
median (min-max) /
mean rank

Test valuey P value

Tooth Position
Horizontal 5 (55.56%) 8 (7 − 8) / 3 0.000 0.012
Inverted 4 (44.44%) 12 (9 − 16) / 7.5

The level of root dilaceration
Cervical half 3 (33.34%) 9 (8 − 13) / 6.0 6.000 0.429
Coronal half 6 (66.67%) 8 (7 − 16) / 4.5

Sex
Female 4 (44.44%) 9.5 (7 − 16) / 5.38 8.500 0.707
Male 5 (55.56%) 8 (7 − 13) / 4.7

n: number,.
y Mann-Whitney U test, values in bold mean P < 0.05.
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3. Results

When the post-hoc analysis was examined by taking 5 incisors for
the reverse impacted group and 4 incisors for the horizontally
impacted group, the power of the test was 99.2% (1-b) with 95% con-
fidence (1-a) and an effect size of d = 3.445.

The mean age (§ standard deviation [SD]) of nine children (4
females, 5 males) who met the inclusion criteria of the forced
eruption of the impacted dilacerated maxillary central incisor in
the six-year period was 9.78 § 1.23 (ages range from 8 to 11
years). All patients had a record of trauma history to the front
upper teeth at ages 2 to 5. Seven out of the nine incisors were
#21. Panoramic radiographs showed that five teeth were posi-
tioned horizontally, and four were inversed. Dilaceration level was
in the cervical half of the root in three teeth and the apical half in
six teeth. All children were in mixed dentition and had an Angle
Class I molar relationship.

At the initial, midline shift was detected in six (66.7%) children.
The mean time of the pre-surgery treatment to gain adequate space
for the impacted teeth ranged between 2 and 5 appointments in nine
cases depending on the shift of the adjacent teeth. The mean time (§
SD) for teeth to appear in the mouth after the traction was
9.67 § 3.08 months. The median exposure time of the inverted teeth
was statistically higher than the horizontally positioned teeth
(P = 0.012), but the median exposure time was not statistically differ-
ent according to the level of root dilaceration (P = 0.429) (Table 1).
Initially, the mean distance from the incisal edge of the central inci-
sors to the top of the alveolar crest was 8.77 mm (§ 0.97) but either
this gap or the age of the children did not correlate with the exposure
time (Table 2).
4

At the end of treatments, the apices of the erupted teeth could be
palpated as a bulge in the labial sulcus in two children. In Fig. 3, the
initial position, the traction, and the final position of the tooth apex
of the left central incisor were shown in an 8-year-old male. Poor
general gingival health but acceptable contours were observed in six
children due to inadequate oral hygiene. Fig. 3 also showed white
spot lesions in the enamel tissue around the brackets.

4. Discussion

This study aimed to evaluate the effects of the direction of the
teeth, the level of root dilaceration, the age of the children, the sex of
the children, and the distance of the teeth from the alveolar crest on



Table 2
Correlation between the traction time of teeth and children’s age or the
distance of the incisal edge of teeth to the alveolar crest.

Traction time (months)
Correlation r-valuez (rho) P value

Age - 0.179 0.644
Distance to the crest (mm) 0.323 0.397
z r: Spearman’s rank correlation coefficients, values in bold mean

P < 0.05.
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the traction time of the impacted dilacerated maxillary incisors.
While the direction of the tooth increased the traction time, the trac-
tion time did not change according to the other factors. Therefore,
the primary null hypothesis of the study was rejected, while the sec-
ondary null hypotheses were accepted.

It was reported that one-third of children under the age of seven
are exposed to at least one primary tooth trauma [19]. Since the root
of the primary central incisor is related to the successional perma-
nent central incisor, the tooth is displaced in the socket as a result of
the axial trauma force on the primary tooth. Primary tooth intrusion
might cause dental anomalies such as permanent tooth hypoplasia,
root angulation or dilaceration, crown dilaceration, eruption distur-
bances, and partial or complete arrest of root formation depending
on the age at which the child is traumatized [20]. de Amorim et al.
[21] reported that crown dilacerations were more common in chil-
dren who had trauma before the age of three, and root dilacerations
were more common in children who were traumatized between 3
and 5 years of age. This study included children aged 2 to 5 years
with root dilacerations due to trauma history. Dilaceration of the inci-
sors is the primary cause of 10−16% of impacted maxillary incisors
[20]. The treatment modalities used for impacted dilacerated
Fig. 3. Traction of impacted dilacerated #21 in another 8-year-old male. A, B. pretreatmen
with ligature, E. diode laser-assisted excision of the labial surface of the tooth, F. continuing
ment intraoral photographs, and panoramic radiograph. In images J, K, and L, the root apex o
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maxillary incisors can be listed as follows: orthodontic traction of
impacted incisor, orthodontic closure with lateral incisor after extrac-
tion of impacted incisor, bridge after extraction of impacted incisor,
implant after extraction of impacted incisor, surgical repositioning,
and auto transplantation [3,6,8,11,22,23]. Although there are many
case reports about orthodontic traction of impacted incisors in the lit-
erature [1,3,6,8,9,11], few studies evaluate the factors affecting the
traction time of these teeth [4,5,7]. Bhikoo et al. [7] also emphasized
that the treatment time of inverse impacted teeth is still uncertain.
Therefore, this study was planned to evaluate the factors affecting
the orthodontic traction times of inverse and horizontally impacted
teeth.

While Asker et al. [24] reported that the incidence of dilaceration
was six times higher in males than in females, a study by Jafarzadeh
et al. stated that there was no difference between the sexes [2]. In
this present study, the distribution of children with impacted dilacer-
ated incisors was equal in both sexes. Unlike this study, Lygidakis et
al. [4] reported that 74% of patients with impacted incisors were
male, but they also reported that the reason for this bias was super-
numerary teeth. In addition, in this study, the traction time of the
teeth did not differ according to sex.

Children aged eight to 11 years were treated in the current study,
and as an unexpecting finding, no correlation was found between the
age of the children and the traction time. These results differed from
several published studies [5,7,25,26]. These studies reported that
impacted incisors erupted orthodontically in a shorter time in youn-
ger children and attributed this to younger children having relatively
lower bone density [25]. The difference in this study may be due to
the limited age range analyzed as solely children in mixed dentition
were included. In addition, another advantage of early treatment is
that it contributes to a better bone morphology with less alveolar
bone loss in the labial of the incisor, thanks to continuous root
t intraoral photograph and panoramic radiograph, C, D. surgical exposure and traction
traction with vertical power chain, G, H, I. after alignment of teeth, J, K, L, M. posttreat-
f #21 is palpable under the labial gingiva.
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development [7]. In agreement with these findings, Hu et al. also
stated that early treatment provides a better prognosis in the traction
treatment of inversely impacted incisors [15]. Dentists tend to expect
impacted central incisors to erupt spontaneously, thus early diagno-
sis of dilaceration is important to provide better bone morphology
[5]. Early treatment positively guides the shape of the developing
root [27,28].

In addition to two-dimensional panoramic and periapical radio-
graphs, three-dimensional cone beam computed tomography is also
used in the planning of the traction of impacted central incisors.
However, finite element analysis (FEA), one of the prominent meth-
ods today, can be beneficial in estimating bone change, the stress in
the bone or periodontal tissues as a result of orthopedic force applica-
tion, and consequently the direction of force to be applied [13,14].
There are several studies in the literature using the FEA method in
the traction of impacted teeth [29,30]. This method may also be used
in planning the traction of impacted central incisors.

The importance of sufficient space for the impacted incisor before
starting traction has been emphasized in previous studies [4,9]. The
mean pre-surgery orthodontic treatment time in Lygidakis et al.’s
study [4] was three months, and the researchers stated that space
opening treatment would be beneficial for patients to get used to the
treatment with orthodontic procedures relatively easier before sur-
gery. In this study, pre-surgery orthodontic treatment was applied to
nine children, and it ranged between two and five months. As stated
previously [4], this pretreatment might have contributed to the coop-
eration of the children for the surgical procedure, and thus, general
anesthesia might have been required in only one of these younger
children.

Previous studies have reported that the closed surgical technique
for the traction of impacted teeth is superior to the open [4,15,31,32].
Although gingival overgrowth due to more crestal bone formation is
observed in half of the patients after closed surgery, the closed tech-
nique provides better esthetic and periodontal health, bone support,
shorter clinical crown length, and shorter traction time [4,31,32].
Asker et al. [24] reported that the second open surgery (apically repo-
sitioned flap) performed when the time the incisor is palpable in the
labial gingiva resulted in poor periodontal esthetics. In the current
study, closed eruption surgery was performed in all children, and a
diode laser was applied to five of the erupting incisors before apply-
ing brackets, and all of the children had acceptable gingival contours.

Gold chains, magnets, or ligature wires can be used for the trac-
tion of impacted teeth. Magnets are no longer preferred due to corro-
sion in the intra-oral environment, and the decrease in the applied
force as the distance between magnets changes. Although gold chains
are strong and suitable materials, they are expensive and difficult to
apply with closed surgery compared to ligature wires. The chain
must be held with locking tweezers to prevent it from slipping inside
the flap edges during the suturing period, from bonding to the tooth
to attaching the archwire. The stainless steel ligature wires are
twisted and loosely suspended until the suture is complete before
they are attached to the tooth. It is also inexpensive and widely avail-
able. However, both attachments can debond against heavy occlusal
forces [33]. In this study, removing the bone covering the crown of
incisors before starting traction, subluxation of incisors, bonding the
buttons to the easily accessible palatal surface of crowns, and always
using light force may have prevented the attachment from debond-
ing. In addition, first the vertical movement of incisors and then the
rotation movement was provided.

In the study, the mean traction time from the surgical procedure
to the eruption of the incisors was 9.67 months. Although this time is
similar to some previous studies [4,5], it is shorter than several
studies [7,26]. One of these studies reporting a longer traction time
provided traction of inversely impacted incisors using the Guide
Rod appliance [7] and another included even impacted teeth with
obstructions in the eruption route [26]. A study evaluating
6

orthodontic traction of incisors with dilacerated roots and incisors
with straight roots stated that dilaceration significantly increased the
time as they required more bone remodeling but did not affect the
total orthodontic treatment time or retention time [5]. Furthermore,
it has been reported that a lower crown-root angle (a higher degree
of dilaceration) increased the traction time [7,15].

Studies evaluating the effect of impacted tooth direction on treat-
ment time have reported different results. A study reported there
was no statistically significant relationship between the traction time
and the angle of the long axis of the teeth with delayed eruption due
to supernumerary teeth [34]. However, another study reported there
was a statistically significant relationship between the total treat-
ment time and the angle of the long axis of the impacted tooth due to
several different reasons such as odontoma and dilaceration [4]. Nev-
ertheless, several studies have reported a positive correlation
between the distance of the incisal edge of the teeth to the alveolar
crest or occlusal plane and the treatment time [4,34]. In line with
these studies, the correlation analysis was performed assuming that
the exposure time to the mouth would be higher at a thicker alveolar
crest distance, but no correlation was found. Moreover, inverse teeth
erupted into the mouth statistically longer than teeth in the horizon-
tal position. Bhikoo et al. [7] reported that the longer the crown and
the longer the tooth, the greater the traction time. The common rea-
son for the effect of these factors on the traction time might be the
bone distance and bone surface which were required for erupting of
the tooth. It has been reported that the delay in eruption time and
root maturity did not affect the traction time of the teeth [4]. How-
ever, Foley et al. reported that the traction of immature teeth was
more successful than mature teeth [35]. In the current study, the
effect of the dilaceration level has also not been found on traction
time. In 2020, in situ rotation surgery, a new approach for inverse
impacted central incisors, was presented as a case report [36].
Although it is stated that the treatment time with fixed orthodontic
appliance was shortened with this approach, which includes surgical
repositioning of the took, it has been reported that the total
treatment is approximately seven months, with the time of the spon-
taneous eruption. More clinical studies are needed for preference by
practitioners in clinical practice.

The common complications as a result of a forced eruption of
impacted incisors with the dilacerated root and inverse or horizon-
tally positioned crown were as follows: ankylosis, attachment loss,
external root resorption, pulp necrosis, pulp canal obliteration, crown
discoloration, root exposure, unaesthetic gingival margin [2,3,6,7,24].
Factors to affect the success of traction were the degree of dilacera-
tion, the position and direction of the tooth, and the existence of suf-
ficient space for the impacted tooth [1,6]. Furthermore, Shi et al. [5],
highlighted that forced eruption at younger ages resulted in less root
resorption. In this study, children in mixed dentition were assessed
and adequate space was gained for impacted teeth before the trac-
tion. Although dilacerated incisors angled at 90° were included, most
of these complications were not observed. The most important com-
plication detected was the palpable roots in the labial gingiva of two
children, Becker et al. [27] recommended the amputation of the pal-
pable root apex and the root canal treatment with an orthograde and
retrograde approach. In the present study, teeth were only monitored
because they were still vital. A systematic review evaluating the sta-
tus of impacted central incisors after surgical-orthodontic traction
indicated that the erupting teeth had less bone thickness and support
and shorter root length compared to the control group [37].
Moreover, in the closed eruption surgery technique, negative esthetic
effects such as an increase in crown height, excessive gingival
enlargement, and drifting are less common than in the apically posi-
tioned flap or open eruption surgery technique [1,31]. In addition, no
difference was observed in oral hygiene around the impacted incisors
after closed and open eruption surgery [31]. In the present study,
acceptable periodontal health and bone support were observed
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during and after treatment after closed eruption surgery. Although
gingival edema was observed around the crown after the central inci-
sor was exposed in the mouth, this may be related to the difficulty of
maintaining oral hygiene in that area due to the angle of the crown.
There is a need for further studies in the literature on this subject
with a larger sample group and clinical long-term evaluation of dif-
ferent methods.

The strengths of this study were performing a standardized surgi-
cal technique by a single dental surgeon for the exposure of all teeth
and the evaluation of impacted incisors only due to dilaceration.
Thus, the effect of differences in surgical technique on traction time
was eliminated. However, the small sample size was also a limitation
due to the low prevalence of impacted dilacerated incisors. Although
the small sample size reduces the statistical significance of the analy-
sis, the findings have clinical significance. However, even though the
power of this study is high, further multi-center studies are needed
in the literature to reach larger sample sizes and increase statistical
significance. Another limitation of the study was investigating the
incisors’ position as horizontal and inverse. Whereas Lyu et al. [38]
reported that the angle of root dilaceration differs in all pairwise
comparisons, when they evaluated the position of dilacerated teeth
in three directions as palatal, labial, and nasal (inverse).

The traction of impacted dilacerated incisors could cause many
complications, and forced eruption of incisors was a long-term treat-
ment that requires the cooperation of the child, parents, and dentist.
This treatment modality might require surgical exposure of the teeth
and laser excision as in this study. While deciding on the treatment,
the cooperation of the child, the capability of the dentist, the manage-
ment of complications, as well as the treatment time was also a cru-
cial criterion to be considered. We may conclude that the treatment
of the impacted dilacerated incisors is not affected by the level of
root dilaceration, the child’s sex, the child’s age, and the distance of
the incisors to the alveolar crest, however, the inverse position of
incisors increases the treatment time.
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