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ABSTRACT

Aim: To assess apical root resorption (ARR) after Class II malocclusion treatment with the Forsus FRD and fixed technique and
to identify the possible risk factors retrospectively.

Material and Methods: Seventy-three Class II patients (52 females, 21 males; mean age 14.26+1.28 years) treated with
Forsus FRD and fixed technique in the department of Orthodontics were included in this study. The crown and root lengths of
1368 teeth were measured from the panoramic radiographs taken at the beginning and the end of the treatment from these
patients. ARR was calculated as the root-crown ratio (RCR) and relative changes of RCR (rRCR). Apical displacement of the
incisors was assessed by the superimposition of the lateral cephalograms taken at the beginning and the end of the treatment.
Besides, the effect of age, gender, treatment period, tooth type, and apical displacement on ARR was evaluated. Data were
statistically analyzed.

Results: ARR was detected in 66 (90.41%) patients and 228 (16.67%) teeth. ARR was mild (90<rRCR<100%) in 181
(13.23%) teeth, moderate (80<rRCR<90%) in 30 (2.19%) teeth, and severe (rRCR <80) in 17 (1.24%) teeth. Severe ARR
occurred mostly in the upper central and lateral teeth. A significant negative correlation was found between rRCR and, age and
tooth type (p<0.05).

Conclusion: Orthodontic treatment of Class II malocclusion with Forsus FRD and fixed technique could lead to mild ARR in the
majority of the patients. ARR is mostly seen in the incisor teeth and increases with advanced age.
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Amag: Forsus FRD ve sabit teknik ile tedavi edilen Sinif 2 malokliizyonlarda, tedavi sonrasi apikal kdk rezorpsiyonunun (AKR)
incelenmesi ve olasi risk faktorlerinin retrospektif olarak tanimlanmasidir.

Gereg ve Yontem: Bu galismaya Ortodonti Anabilim Dal’nda Forsus FRD ve sabit teknik ile tedavi edilmis olan Sinif 2
malokliizyona sahip 73 hasta (52 kadin; 21 erkek; yas ortalamasi 14.26+1.28) dahil edildi. Bu hastalarin, tedavi 6ncesinde ve
tedavi sonrasinda gekilen panoramik radyograflarindan 1368 disin, kron ve kok uzunluklari élgiildi. AKR, kok-kron orani (RCR)
ve RCR'nin badil dediskenleri (rRCR) olarak hesaplandi. Tedavi 6ncesi ve tedavi sonrasinda alinan lateral sefalogramlarin
cakistirilmasi ile kesici diglerin apikal yondeki yer degistirmesi dederlendirildi. Bunlara ilave olarak, yas, cinsiyet, tedavi stiresi, dis
tipi ve apikal yer degistirmenin AKR'ye etkisi incelendi. Veriler istatistiksel olarak analiz edildi.

Bulgular: Altmis alti hastada (%90.41) ve 228 diste (%16.67) AKR saptandi. AKR, 181 (%13.23) diste hafif (90<rRCR<100%),
30 (%2.19) diste orta (80<rRCR<90%) ve 17 (%1.24) diste siddetli (rRCR <80) diizeydeydi. Siddetli AKR en fazla {ist santral ve
lateral dislerde goriildii. rRCR'nin yas ve dis tipi ile anlamli diizeyde negatif yonde iliski gosterdidi belirlendi (p<0.05).

Sonug: Sinif 2 malokliizyonlarin Forsus FRD ve sabit tedavi ile yapilan ortodontik tedavisi, bircok hastada hafif diizeyde AKR'ye
neden olabilmektedir. AKR, cogunlukla kesici dislerde goriilmektedir ve yasin ilerlemesiyle birlikte artmaktadir.

Anahtar Kelimeler: Kok rezorpsiyonu, ortodontik geregler, malokliizyon, Angle Sinif 2
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INTRODUCTION

Apical root resorption (ARR) is an undesirable,
irreversible consequence of orthodontic treatment.!-3
Studies have reported a high incidence, up to 91% of
teeth.* Mild to moderate resorption has been usually
observed in radiographic researches (<2.5mm)>¢ with
an incidence of 6% to 13% in treated teeth.” Severe
resorption (exceeding one-third of the initial root
length or 4 mm) has been detected of 1-5% in
different types of teeth.

The etiology of ARR is multifactorial. Risk
factors related to orthodontic treatment have been
reported as the magnitude of the force,® direction and
amount of apical displacement,® appliance type, °
cortical plate  approximation,!®!l  severity of
malocclusion,®12 extraction therapy, and treatment
duration.®3 Individual biologic variability and genetic
factors have been reported to increase the
susceptibility to ARR.8 14

Various types of tooth movements such as
intrusion, torque, and tipping concentrate forces near
the apex of the root thus, they have been claimed to
promote ARR.1%1> The difference in the orientation of
the periodontal fibers and cement resistance covering
the apical tip are predisposing factors of resorption
near the apex.16

It is crucial to specify the factors related to
different orthodontic modalities to reduce the rate of
ARR. Class II or Class III orthodontic therapies may be
risky for ARR than Class I orthodontic therapies since
the severity of malocclusion is greater.'® In a syste-
matic review, it has been demonstrated that mild to
moderate resorption of the incisors was common
following non-surgical Class II Divl treatment
mechanics.?”

Fixed functional appliances lead to severe
complex forces during orthodontic treatment.!® Forsus
Fatigue Resistant Device (FRD) is a semi-rigid fixed
functional appliance used in the treatment of Class II
cases. Retrusion of upper incisors, protrusion of lower
incisors, mesialization of lower molars, intrusive and
distalization of upper molars, have been reported with
this appliance.® Therefore, we aimed to evaluate ARR
during Class II treatment with Forsus FRD and full-
fixed appliances with panoramic radiographs and
identify possible risk factors.
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MATERIAL AND METHODS

Ethical approval for this retrospective research
was granted by Gazi University Ethics Committee
(Approval number: 2018-227). The sample was
retrieved from the archive of the orthodontics
department of Gazi University and comprised 73
patients (52 females and 21 males) who were treated
with Forsus FRD (3M Unitek Corp, Monrovia,
California) and full-fixed appliances (Roth appliances;
0.018-inch slots). The ages of the patients ranged
from 12 tol6 years (meanzstandard deviation=
14.26+1.28). All patients had at least a half Class II
molar relationship at the beginning of the treatment.
Forty-one cases had an Angle Class II Divl and 32
had a Div 2 malocclusion. In all cases, the maxillary
end of the Forsus device was inserted through the
headgear tube of maxillary first molars and the rods of
this appliance were placed onto the mandibular arch-
wire, distal to the canine brackets. The fixed appliance
therapy was performed under almost essentially
standardized conditions. The average Forsus FRD and

total treatment durations were 6.47+2.24 and
29.34+9.65 months respectively.
Patients, requiring treatment with other

orthodontic systems or temporary skeletal anchorage
devices, having crowding more than 3 mm, extracted
or missing teeth, history of dental trauma, severely
dilacerated roots or endodontic treatment, and
radiographs with insufficient quality were excluded
from the study. The panoramic and cephalometric
radiographs were taken with an Orthopos XG digital X-
ray unit (Sirona, Dental GmbH, Salzburg, Austria) by
an experienced technician with standard positioning
according to the manufacturer’s recommendation. The
panoramic images were obtained at 66 kVp, 8 mA with
14.1 sec X-ray exposure time. The cephalometric
images were taken at 73 kVp, 15 mA with 14.9 sec X-
ray exposure time. The system works with a program
named Metaaktar (Metasoft, Eskisehir, Turkiye). All
images were viewed on a monitor (Philips, Lu Chu,
Hsiang, Taiwan) of a computer having 1920x1080
pixels resolution (256 Bit, Hewlett Packard NB769AA
graphics card, NVIDIA Quadro FX 380 GDDR3, Spring
TX, United States) and printed with a special medical
dry laser printer (Fuji Film, Dry Pix 2000; Fujifilm
Corporation, Tokyo, Japan). All of the panoramic and
cephalometric radiographs were printed in the same
manner and dimensions. This procedure provided
standardization of the radiographs.
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ARR was assessed from the panoramic images
since they are routinely taken during orthodontic
treatment. Incisors, canines, and second premolars in
both arches; also, first premolars and molars in the
mandibular arch were evaluated. In total, 1460 teeth
were present. Out of these, 92 teeth were assessed as
un-measurable due to un-detectable root apexes or
enamel-dentine junction, periapical lesions, severely
dilacerated root, endodontic treatment, or root
resorption at the beginning of the study. Thus, the
final sample consisted of 1368 teeth.

ARR was evaluated as the root crown ratio
(RCR) and relative changes of RCR (rRCR). This
method was also preferred in previous studies.20-22
Crown-root length ratio remains stable hence, this
method eliminates magnification and projection errors
on panoramic radiographs. The crown length was
measured as the linear distance between the incisal
edge and cemento-enamel junction, and the root
length was measured from the root apex to the
cemento-enamel junction on the long axis of the
teeth. rRCR was calculated for each tooth according to
the formula given in Figure 1. %

aTi)
aT2)

R(T2) x C(T1) x 100

RIDxC2) o

R= Root length

C= Crown length
T1= before treatment
T2= after treatment

Figure 1. Measurement of the panoramic radiographs: root
and crown lengths and the formula of the rRCR calculation in
percentage; (CEJ=cemento-enamel junction).

rRCR was assessed according to Gay et al.? as
following:

rRCR =100% : No change between the initial and
final root length

90% < rRCR <100% : Mild resorption

80% <= rRCR < 90% : Moderate resorption

rRCR <80 : Severe resorption
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The measurements were made from printed
digital panoramic and cephalometric radiographs. The
measurements on the panoramic radiographs were
made by an experienced radiologist with a digital
caliper (CD-S15; Mitutoyo, Tokyo, Japan) using a view
box under fourfold magnification with subdued
lightning.

The amount and direction of the apical
displacement of incisors were assessed on the pre-and
post-treatment lateral cephalograms. The tracings of
the cephalograms were superimposed to provide the
best fit of anatomic structures. These were oriented to
the palatal plane and ANS for the maxilla, and the
mandibular plane and menton for the mandible by an
experienced orthodontist (Figures 2 and 3).

Additionally, possible risk factors (age, gender,
tooth type, Forsus FRD, and total treatment durations
and apical displacement) were assessed.

Figure 2. Analysis of the sagittal (Dx) and vertical (Dy) apical
displacement of upper incisors using pre-and post-treatment
lateral cephalograms.

Figure 3. Analysis of the sagittal (Dx) and vertical (Dy) apical
displacement of lower incisors using pre-and post-treatment
lateral cephalograms.

Statistical Analysis

Statistical analysis was performed with SPSS
statistical software package (SPSS Statistics for
Windows, version 23. IBM Corp, Armonk, NY).
Descriptive statistics were performed for the data.
Pearson’s correlation coefficient was used to
investigate the significant relationships between rRCR
and other variables (etc. age, sex). Radiographs of the
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randomly selected 20 patients were measured again
two weeks later to verify the reliability of the results.
Intraclass correlation coefficients ranged from 0.952
to 0.984 presenting a high reproducibility and
reliability between the first and second measurements.

RESULTS

ARR was observed in 66 (90.41%) patients
with @ mean number of 3.46 teeth affected. Eleven
patients (15.07%) had a mean of 1.55 teeth affected
with severe ARR (rRCR<80%) and 14 patients
(27.39%) had a mean of 1.5 teeth affected with
moderate ARR (80<rRCR<90) (Table 1).

Table 1. Number (n) and percentage (%) of patients in
accordance with the severity of rRCR.
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lower incisors and, ranged from 21.5% to 35.9%.

Table 5 presents the correlation of risk factors
with the extent and severity of ARR. Age and tooth
type showed significant weak negative correlations
with rRCR (p<0.05). The extent/severity of ARR incre-
ased with advanced age. No significant relationship
was found between the extent/severity of ARR and
gender, Forsus FRD, or total treatment time (p>0.05).

Table 6 shows the directions and amount of
apical displacement of the upper and lower central
incisors and the correlation between apical displace-
ment and rRCR. No significant relationship was found
between the extent/direction of apical displacement
and ARR in either maxillary or mandibular incisors
(p>0.05).

Table 3. Number (n) and percentage (%) of each tooth in
accordance with severity of rRCR in the maxilla. Teeth are

Pati ith ARR ;
atients wit fean numbered according to the FDI system.
rRCR total per
1 2 3 4 =5 patient ny Teeth patient RCR% 11(n=66) | 12(n=66) 13(n=69) 15(n=72) | 21(n=64) | 22(n=65) 23(n=68) 25(n=69)
tooth| teeth| teeth] teeth| teeth| (%) n n Sl ("Z ! ("1 ) ("u ) ("U ) ‘"4 ) ("3 ) ("U ) ("U )
rRCR<80 7 2 2 - - |11 @s07)| 17 1.55 i
rRCR<80 3% 1.50% 0% 0% 6.30% 4.60% 0% 0%
80<rRCR | 14 | 4 - 2 20 (27.39)[ 30 1.50 0. of teeth 0 1 2 0 2 1 1 1
<90 807 rRCR<90 0% 1.50% 2.90% 0% 3.10% 6.20% 1.50% 1.40%
Total rRCR | 16 5 - 4 1 |26(35.62) 47 1.81 0. of teeth § 7 8 5 ] 5 5 5
<90 907 rRCR<100 9.10% 10.60% 11.60% 6.90% 14.10% 13.80% 740% 8.70%
90< rRCR 16 | 20 8 13 9 |35(47.95)] 181 2.74 no. of teeth 8 9 10 5 b 9 6 7
<100 Total rRCR<100 12.12% 13.63% 14.49% 6.94% 23.43% 13.84 8.82% 10.14%
TotalrRCR | 10 | 16 | 11| 12 | 17 |66(90.41)] 228 3.46 mo. of teeth 58 7 » 67 4 36 62 62
<100 rRCR? 100 87.88% 86.37% 83.51% 93.06% 76.57% 86.16% 91.18% 89.86%

ARR (rRCR<100%) was detected in 228
(%16.67) teeth. Mild ARR (90<rRCR<100%) was
determined in 13.23% (n=181), and moderate ARR
(80<rRCR<90%) was present in 2.19% (n=30) of the
sample. Severe ARR (rRCR<80%) was observed in
1.24% (n=17) of all teeth (Table 2).

Table 2. Number (n) and percentage (%) of teeth in
accordance with the severity of rRCR.

rRCR% Teeth

n %

rRCR <80% 17 1.24
80< rRCR <90 30 2.19
90< rRCR<100 181 13.23
total rRCR <100 228 16.67
rRCR >100 1140 83.33
Total 1368 100

The number and rRCR for each tooth in the
maxillary and mandibular arches are demonstrated in
Tables 3 and 4 respectively. The prevalence of severe
ARR was greater in the upper central and lateral
incisor teeth than the lower central incisors. Mild to
moderate ARR was observed more frequently in the

Table 4. Number (n) and percentage (%) of each tooth
presenting rRCR = 100% (no ARR), rRCR between 90 and
100 (mild ARR), rRCR between 80 and 90 (moderate ARR),
and rRCR < 80 (severe ARR) in the mandibula. Teeth are
numbered according to the FDI system.

ROR%  3U(n=65) | 22n=65) | 3n=67) | 34(n=72) 3S(n=72) 36(n=72) | 41n=67) | 42n=67) | 4An=71) | 44n=T1) S(n=71) 46(n=89)

0. of 2 [] 0 ] 2 [] 1 [ [] 1 1 [
teeth

*<80 310% ®o [} [] 280%% % 150% % [ 140% A% %
no. of 3 k] H ] 2 [] 4 5 1 0 2 [
teeth

BRx<9  48% 4806 k) [23 280%% [ ) 750 140% 33 280% %
no.of i il i) i 7 B i ] il ] il 3
teeth

9@x<I00  1680% | 169¥6 | 1640% | 1S30%  970%  1L10% | 2000% | Mems | 1550% | 1270%  6%0% &M%

no. of B 4 13 1 n 8 19 pol 12 U} 5 6

feeth
a1l M6l% A% 1840%

1690% 1408% A% 8%

no. of ] 50 El
teeth

E] [} % 63

x? 100 BI% B4T% 80.60% | 8473% I BH% | TL.68% 64.17% Bi0% | 850%  78.88% 9131%

Table 5. Correlation between the extent/severity of rRCR with
risk factors.

Correlation Correlation
r p r p

Sex-rRCR -0.039 (0.099) | Sex-rRCR (severity) -0.034 (0.199)
TTD-rRCR -0.018 (0.373) | TTD-rRCR(severity) -0.027 (0.234)
FTD-rRCR 0.018 (0.437) | FTD-rRCR(severity) 0.023 (0.387)
Age-rRCR Age-rRCR(severity)

-0.068 (0.013)* -0.190 (0.048)*
Tooth type- Tooth type-
rRCR -0.064 (0.002)* | rRCR(severity) -0.048 (0.034)*
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Table 6. The mean values of apical displacements of upper
and lower incisors and correlation between rRCR.

Correlation Lower incisor root | N Mean15D Correlation
rp rp
-0.071(0.547) retusion-RCR i 143074 -0.051(0.723)

Upper incisor root (N Mean:SD

retrusion-rRQR 40 2382154

protrugon-rRCR 0 2112141 0.133(0.451) protrusion-rR(R 30 1.57£0.64 0.152(0.307)

intrusion-rRCR 12 |109049 -0.073(0.782) intrugion-rRCR o LML 0.163(0.353)

extrusion-rRCR 4 178£1.06 0.069(0.561) extusion-rRCR 3 194127 -0.031(0.806)

DISCUSSION

Cephalometric, periapical, and panoramic
radiographs are used for radiographic examination of
orthodontic  patients.??  Standardized periapical
radiographs taken at the beginning and the end of the
study could have been considered, however due to
retrospective study design panoramic radiographs
were used to assess ARR. It was stated that metric
measurements on panoramic radiographs taken in
constant angulation; with occlusal plane tilted no more
than 10°, at different durations were satisfactory to
estimate apical root changes.?* As previous studies,?*
22 we used the rRCR method to assess ARR since the
ratio of crown-root length is considered to be constant
between different panoramic radiographs.2°

The upper molars and the first premolars
couldn't be evaluated since the roots of these teeth
are generally superimposed on panoramic radiog-
raphs. More detailed and accurate measurements
could be obtained with three-dimensional imaging.
However, in a recent meta-analysis study, it was
reported that less than 1mm of root resorption was
determined on the average tooth after fixed
orthodontic treatment with CBCT. Although a higher
rate of root resorption was detected with CBCT
compared to 2D imaging methods, there was little
clinical compatibility causing the profits of CBCT
questionable due to higher radiation dose.!3

ARR was determined in 90% of the patients
with an average number of 3.5 teeth at the end of
treatment. Studies concerning Class II treatment
reported a prevalence of ARR between 65.6% and
98.1% per patient.2>26 Moderate to severe ARR was
detected in 26 cases (35.61%) and severe ARR was
determined in 11 cases (15%). Results regarding
severe ARR are similar to the findings of Eisel et al.?’
who evaluated ARR in Class II treatment. This result
supports the consensus that pronounced ARR is not a
common problem following orthodontic treatment and
individual disposition is a considerable factor.*
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In the present study, 228 teeth (16.67%)
demonstrated some degree of ARR. When considering
the severity of ARR, 2.19% of all teeth showed
moderate resorptions and only 1.24% demonstrated
severe ARR. Mild or moderate resorption is clinically
acceptable. Also, mild ARR could be repaired by
secondary cementum when orthodontic movement
interrupts.2® However 3 mm of ARR (severe) leads tol
mm periodontal ligament loss at the alveolar margin,
which is a serious outcome.?® Therefore, it is very
important to determine the potential risk factors for
ARR.

In the systematic review of Tieu et al.'” it was
concluded that severe ARR in terms of affected teeth
in extraction/non-extraction treatment of Class II
malocclusions was concordant with other orthodontic
treatment studies in general.

Previous studies searching the prevalence of
ARR in Class II Div 1 correction with other orthodontic
mechanics®27:30-33  generally reported mild to
moderate ARR. This was higher than our results and
may be due to the difference in evaluated teeth (only
incisors in those studies), mechanics, and variability in
study design.

Present findings revealed that severe ARR was
detected more frequently in the upper central and
lateral incisors, followed by the lower central incisors.
The majority of previous studies have mostly
investigated the ARR of maxillary incisors. These teeth
are more prone to ARR8? which may be attributed to
apical displacement against the cortical plate and also
bottle or blunted root shape.®

In this study, the incidence of moderate to
severe ARR ranged from 3% to 10.8% in the maxillary
incisors and from 4.6% to 7.7% in mandibular
incisors. These findings are similar to the results of
Martins et al.3® who corrected Class II Div 1
malocclusion with four first premolar extraction using
headgear and/or class II elastics. Brin et al.3* reported
that 11% of central and 14% of lateral incisor teeth
(total 532 upper incisors) demonstrated moderate to
severe ARR following Class II treatment. Taner et al.3°
found greater ARR in Class 2 II Div 1 treated cases
(2mm) compared to Class I (1mm) in upper central
incisors.

In a recent meta-analysis study, it has been
reported that mandibular anterior teeth following
maxillary central and lateral incisors were frequently
affected by ARR.3®> We proposed that more frequent
and severe ARR could occur especially in lower
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anterior teeth as Forsus FRD is directly applied to the
distal side of the lower canines causing unfavorable
labial tipping of the incisors. Present findings revealed
that the severity of ARR detected in the lower incisors
was mostly mild and moderate. The incidence of mild
and moderate ARR in the mandibular incisors ranged
from 4.6% to 7.5% and from 16.9% to 28.4%,
respectively. Mild ARR was mostly seen in the lower
canines. Only a small number of mandibular anterior
teeth were affected by severe resorption. Most studies
regarding Class II treatment focused on maxillary
incisors because it is generally difficult to evaluate the
lower incisors on panoramic radiographs. However, we
selected high-quality images therefore, we were able
to evaluate the mandibular incisors. Merig et al.3®
assessed ARR in mandibular incisor teeth after
treatment with Forsus FRD EZ2 and Bionator appliance
with CBCT. They found that the percentage of root
volume loss was not significant for the mandibular
incisors, except for the mandibular right second incisor
in the Forsus FRD EZ2 group. Besides, they reported
non-significant root volume loss in the Bionator group.
Rekhawt et al.3” evaluated ARR with CBCT in patients
treated with the Forsus appliance and found a
significant reduction in root length in the central
incisors and canines at the end of the treatment.

The amount and direction of the apical
displacement of the incisors in the sagittal and vertical
plane were assessed on the pre-and post-treatment
lateral cephalograms. The tracings of the
cephalograms were superimposed to provide the best
fit of anatomic structures, oriented to the palatal plane
and ANS for the maxilla, and mandibular plane and
menton for the mandible. One should keep in mind
that the Menton point that may change with growth
and cause limitation of the measurement method
related to the apical displacement of incisors. Thus,
this may affect the vertical displacement of teeth,
especially those with ARR. The amount and direction
of apical displacement were claimed to be related to
ARR.121517 However, no considerable correlation was
detected between the direction/extent of apical
displacement and ARR in either maxillary or
mandibular incisors in the present study. This result
agrees with some studies.?3133 Contrary, vertical
apical displacement was found as a crucial factor for
ARR in both upper and lower incisors, whereas sagittal
displacement was significantly correlated with ARR in
the lower incisor teeth.!>
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Regarding influence factors, there was no
significant relationship between severity of resorption
and parameters such as gender, Forsus FRD, or total
treatment time which is consistent with the results of
other studies®20:2.25 The contrary, some authors
reported that the amount of root shortening increased
with longer treatment time,11-13:25,32,34

The reasons for the non-significant relationship
between treatment time and ARR may be explained
with sample size, root form, initial root length, the
distance of root apexes to cortical plates, the amount
of movement of the roots, and initial malocclusion
type.6 The Forsus FRD and full fixed technique may
not have produced a longtime high pressure on teeth.
Also, we wused 2D radiographs. Due to the
superimposition of peripheral anatomical structures on
teeth roots, ARR located in buccal, palatal/lingual,
mesial, or distal surfaces, may not be visible in 2D
radiography. Also, resorption cavities may progress
into the root dentine without any reduction in the root
length in longer orthodontic treatment time and
orthodontic forces.38

In this study, ARR was significantly higher in
older patients in accordance with Mavragani et al.’s>
findings. Additionally, the tooth category correlated
significantly with ARR indicating more prevalent and
severe resorption in anterior teeth in accordance with
Samandra et al’s’3 findings. In contrast, Krieger et
al.? didn't find any significant correlation between
rRCR and tooth type or age.

CONCLUSION

Ninety percent of the cases exhibited ARR with
a mean of 3.5 teeth affected. ARR of the incisors
appeared to be more prevalent than other teeth in
both arches. Severe ARR was confined to only a few
cases and was detected more frequently in the upper
central and the lateral incisors, followed by the lower
central incisors. ARR in the lower incisors generally
ranged from mild to moderate. ARR in the anchorage
lower canine teeth were mostly mild. Age and tooth
types were determined as risk factors for ARR
whereas gender, treatment duration or direction, and
amount of apical displacement were not found as
risky.
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