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Objectives: To investigate the prevalence of orthodontically induced inflammatory root re-

sorption (OIIRR) during distal movement of the entire maxillary dentition with mini-im-

plants using cone-beam computed tomography.

Methods: A total of 224 teeth from 16 patients were evaluated. Distal movement of the max-

illary teeth was performed on 0.018”x0.025” stainless-steel wire in 0.022 slot using mini

‑implants. 200 grams of force were placed from mini-implants to attachments placed bilater-

ally in the anterior region to distalize the entire maxillary dentition. The roots of all the 

maxillary teeth were assessed on cone-beam computed tomography scans taken before and 

six months after distal movement of the maxillary teeth to determine the presence of OIIRR. 

Descriptive statistics were done to check the frequency and percentage of distribution of OIIRR.

Results: The percentage of distribution of OIIRR in the maxillary arch was highest in the right 

first permanent molar (68.8%), followed by the right central incisor (56.3%), the left and right 

second permanent molars (50% and 43.8%), the right central and lateral incisors and left 

permanent second molar (43.8%), the left first premolar (25%), the right second premolar 

(18.3%), and the first premolar and the canines of both sides (12.5%). Only the maxillary left 

second premolar did not have any evidence of OIIRR (0%).

Conclusions: The presence of OIIRR during distal movement of the maxillary teeth was very 

high, was greater in the posterior teeth compared to the anterior teeth, and was rarer in the 

premolar region. (Rev Port Estomatol Med Dent Cir Maxilofac. 2025;66(x):xxx-xxx)
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Introduction

Orthodontically induced inflammatory root resorption (OIIRR) 
occurs during orthodontic treatment as an inflammatory re-
sponse to biologic and mechanical factors,1-3 and results in 
permanent root-length reduction. Genetic and systemic fac-
tors, calcium and vitamin D deficiency, age, sex, habits, anom-
alies of the position and number of teeth, dental trauma, and 
endodontic treatment can predispose to OIIRR.1-3 The ortho-
dontic treatment itself can predispose a tooth to OIIRR. It may 
be related to factors such as type of malocclusion, rectangular 
arch wires, Class II elastics, anterior vertical elastics, LeFort I 
osteotomy, proximity to the palate, type of tooth movement, 
direction of force, presence of impacted teeth, and treatment 
mechanics employed.1-3 Although there is abundant litera-
ture on apical root resorption due to orthodontic treatment, 
OIIRR associated with the distal movement of all the maxil-
lary teeth due to mini-implants has not been evaluated in the 
literature.

Distal movement of the maxillary teeth involves move-
ment of the entire maxillary dentition from the central incisor 
to the maxillary second molar with mini-implants on both 
sides. In conventional methods of space closure, the anterior 
segment is the active unit and moves with the application of 
force, while the posterior segment serves as the anchorage 
unit. In turn, distal movement of the maxillary teeth involves 
movement of the entire maxillary arch backward when sub-
jected to orthodontic force with mini-implants placed at sev-
eral sites, such as the infrazygomatic region,4 the buccal inter-
radicular region between the second premolar and first 
permanent molar,5-8 or the palatal aspect of the maxilla.9,10 It 
is effective in treating cases with mild-to-moderate arch-
length tooth size discrepancy with reduced axial inclination 
of the maxillary anterior teeth, molar intrusion, and reduction 
in overjet and overbite.4-10 This will correct an end-on/Class II 
molar relation to a Class I molar relation. In patients with Class 
I molar relation, concomitant distalization of the mandibular 
arch is required to maintain that relation. The distally applied 
force may result in unwanted side effects on the tooth, such 
as OIIRR, alveolar bone dehiscence, or tooth mobility. OIIRR 
may be associated with loss of vitality of the tooth, alteration 
of crown-root ratio, increase in relapse tendency, and, in ex-
treme cases, loss of the tooth.

The identification of OIIRR and bone dehiscence requires 
radiographic evaluation, such as an orthopantomogram or an 
intraoral periapical radiograph. The anterior teeth may not be 
clearly visible on an orthopantomogram and may require an 
intraoral periapical radiograph of the particular tooth. Howev-
er, intraoral periapical radiographs may not be beneficial for 
visualizing several teeth across different quadrants. Also, 
these radiographs provide a two-dimensional view of the max-
illary teeth and may be affected by overlap from surrounding 
structures. A cone-beam computed tomography (CBCT) may 
be beneficial in such situations and offers a three-dimension-
al view of the maxillary arch.

CBCT scan offers a quantitative assessment of structures 
without the image magnification that occurs with convention-
al radiographs.11 The measurements are not influenced by a 
change in the orientation of the head.12 It also allows for 

three-dimensional visualization of the particular structure as 
compared to two-dimensional imaging with radiographs.

Hence, the present study was conducted to evaluate the 
presence of OIIRR with CBCT in patients undergoing orthodon-
tic treatment involving distal movement of the entire maxil-
lary arch with mini-implants. The aim of this study was to 
evaluate the frequency and percentage of teeth exhibiting 
OIIRR after distal movement of the entire maxillary dentition 
using mini-implants.

Material and methods

This study was a preliminary cohort study. The study was ap-
proved by the scientific board of our university with reference 
number SRB/SDC/FACULTY/20/ORTHO/04. It was further ap-
proved by the ethical board of our university with reference 
number IHEC/SDC/FACULTY/20/ORTHO/04.

Patients undergoing distal movement of the maxillary 
teeth with mini-implants requiring correction of mild-to-mod-
erate arch-length tooth size discrepancy were selected. The 
inclusion criteria were healthy young individuals aged 15 years 
or older, of both sexes, without systemic diseases or a recent 
history of illness, and with a full complement of teeth except 
the third molars. Patients with severe skeletal discrepancy 
(skeletal Class II malocclusion with an ANB >6°), periodontal 
disease, and previous orthodontic treatment or temporoman-
dibular disease were excluded from the study.

After a detailed explanation of the procedure, informed 
written consent was obtained from all patients who matched 
the inclusion criteria and agreed to participate. The sample 
size was calculated based on the average percentage of root 
resorption observed across all teeth during fixed appliance 
treatment, as reported in an earlier study.13 The sample size 
for prevalence studies such as the current study is calculated 
using the formula n= Z2 P(1-P)/d2 where n is the sample size, Z 
is the statistic corresponding to the level of confidence, P is the 
expected prevalence based on earlier studies, and d is the pre-
cision and corresponds to the effect size.14 In the present 
study, the level of significance was set at 0.5 with a 95% confi-
dence interval. The expected prevalence was 82% based on the 
earlier study,13 and the precision was 0.05. A total of 225 teeth 
were required to maintain an existing OIIRR prevalence of 82%.

Eighteen patients and 252 teeth were selected for the study 
according to the inclusion and exclusion criteria. Two patients 
dropped out during the course of treatment for various rea-
sons. All the teeth from the maxillary second molar to the 
central incisor on both sides were evaluated in 16 patients: six 
males and ten females. A total of 224 teeth and 338 roots were 
evaluated in the present study. Of the 16 patients, six had an 
Angle’s Class I molar relation, and ten patients had an end-on 
molar relation on a Class I skeletal base. In patients with An-
gle’s Class I molar relation, the mandibular arch was also dis-
talized with mini-implants. The mean distalization was 
1.77±1.12mm on the left side and 1.33±1.01mm on the right 
side over a six-month period.

Fixed orthodontic treatment was performed with 0.022 
MBT bracket prescription (3M Unitek) bonded on the maxillary 
and mandibular dentition. The sequence of arch wire was 
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0.016” nickel-titanium wire, 0.016” x 0.022” stainless-steel wire, 
0.017” x 0.025” stainless-steel wire, and 0.018” x 0.025” stain-
less-steel wire (3M unitek). After initial leveling and aligning, 
distal movement of the maxillary dentition was initiated in 
the maxillary arch on the 0.018” X 0.025” stainless-steel wire. 
Stainless-steel mini-implants (1.2 X 8mm) (Orlus mini-im-
plants, Ortholution, Seoul, Korea) were placed bilaterally at the 
mucogingival junction between the maxillary second premolar 
and the maxillary first permanent molar using a stent.15 The 
distal movement of the maxillary teeth was done with 200 
grams of distalizing force applied with pre-calibrated NiTi 
closed coil springs with a relatively constant force delivery 
(American Orthodontics India Private Ltd, Bengaluru, Karna-
taka, India), placed bilaterally from the mini-implants to the 
crimpable hooks placed between the lateral incisor and canine 
on each side (Figure 1). The patient was reviewed periodically, 
once every 3 weeks for 6 months.

OIIRR was assessed with CBCT taken prior to the start of 
distal movement (T1) and six months after distal movement 
(T2). All CBCTs were obtained with the same machine, the Si-
dexis XG 2.63 machine (2016 Sirona Dental Systems, GmbH), 

with the following specifications: 90 kV, 9-12 mA, 8-14-second 
exposure time, 200 microns voxel resolution, and 80 X 80 mm 
field of view (FOV).

The DICOM (Digital Imaging and Communications in Med-
icine) images were viewed using a Galileos viewer 1.9. The DI-
COM data was reconstructed at 0.125 mm increments. All the 
teeth from the second molar on the right side to the second 
molar on the left side were checked for the presence of OIIRR. 
The slicing window was placed on the tooth for measurement 
in the panoramic view. The DICOM image in the axial view of 
the panoramic window was adjusted so that the cross-hair 
was at the apex of the root. The cross-sectional and tangential 
views were adjusted so that the entire length of the tooth was 
visible. The change in the tooth apex was evaluated for blunt-
ing16 at T1 and T2 (Figures 2 and 3). The presence of blunting 
confirmed OIIRR. The apex of each tooth from the maxillary 
central incisor to the maxillary second molar was examined 
individually on each side of the maxillary arch for the presence 
or absence of OIIRR and tabulated. The presence of blunting in 
any of the roots of a multi-rooted tooth was considered as the 
presence of OIIRR.

The CBCT was assessed by an expert with more than 15 
years of experience in orthodontics and more than 20 years of 
experience in dentistry. Twenty-eight teeth were reassessed to 
check for intraoperator reliability.

Descriptive statistics with frequency distribution and per-
centage of OIIRR were evaluated on all the teeth from the max-
illary second permanent molar to the maxillary permanent 
central incisor on both sides. Intraoperator reliability was 
checked using the intraclass correlation coefficient.

Results

The patients’ mean age was 17.13 ± 7.81 years. The intraclass 
correlation coefficient was 0.82, indicating good reliability. 
OIIRR was present in almost all the teeth, except the left sec-
ond premolar. The prevalence of OIIRR was greater in molars 
and incisors and least in the premolars. The percentage of 
distribution was highest in the right maxillary first perma-
nent molar (68.8%), followed in descending order by the right 
maxillary central incisor (56.3%), the left and right maxillary 

Figure 1. Distalizing force applied with NiTi closed coil 
springs placed bilaterally from the attachments placed 
between the maxillary incisor and canine to mini-
implants inserted between the maxillary second 
premolar and the first permanent molar.

Figure 2. Root apex of the maxillary left lateral incisor prior to the start of distalization of the entire maxillary teeth 
(T1). Note the curve of the apex without blunting of the root apex, indicating the absence of OIIRR.

3rev port estomatol med dent cir maxilofac . 2025;66(x) :xxx-xxx

ARTICLE IN PRESS



second permanent molars (50% and 43.8%), the maxillary 
right central and lateral incisors and the maxillary left per-
manent second molar (43.8%), the maxillary left first premo-
lar (25%), the maxillary right second premolar (18.3%), and the 
maxillary first premolar and the canines of both sides (12.5%). 
Only the maxillary left second premolar did not show the 
presence of OIIRR (0%) (Table 1). In the molars, the prevalence 
of OIIRR was highest in the distobuccal root, followed by the 
mesiobuccal root and the palatal root.

Discussion

There are various types of root resorption that can result 
in tooth damage. It may occur due to OIIRR, pre-eruptive 
intracoronal resorption, or root resorption due to apical 

periodontitis. Apical root resorption due to pulpitis is the 
most prevalent form of root resorption. Pre-eruptive intra-
coronal resorption may also damage the tooth and occurs 
frequently in the upper canines and lower premolars.17 
OIIRR is an undesirable complication of orthodontic treat-
ment. The presence of OIIRR is very common and has been 
frequently reported in the literature. Prompt identification 
is of paramount importance to avoid harmful effects on 
the tooth.

Until recently, conventional radiographs were used to 
assess the incidence of OIIRR. Since radiographs represent 
the two-dimensional projection of a three-dimensional ob-
ject, resorption may be masked by the overlap of adjacent 
structures. Use of a three-dimensional imaging system, such 
as the CBCT, may be advantageous in these situations. Thus, 
the use of cone-beam computed tomography to evaluate 
OIIRR is more likely to yield accurate results than conven-
tional radiographic methods.18 CBCT has several applica-
tions in orthodontics,19-22 such as impacted tooth localiza-
tion, OIIRR, fractured roots, orthodontic implant placement, 
location of anatomic structures, asymmetry evaluation, tem-
poromandibular joint assessment, cleft lip and palate, cone-
beam computed tomography-generated cephalograms, air-
way analysis, jaw pathologies, orthognathic surgery, and 
superimpositions.

Several factors must be considered while assessing OIIRR, 
including age, sex, root form, treatment duration, dimension 
of the arch wire, use of torquing auxiliaries, uprighting springs, 
and Class II elastics.23,24 The presence of third molars, buccal-
ly or lingually tipped molars, premolar and anterior teeth 
touching the cortical plate, and the shape of the roots may be 
associated with OIIRR.

The incidence of OIIRR increases with age2 due to de-
creased vascularity of the periodontal membrane and in-
creased bone density. However, in this study, the sample con-
sisted of only young individuals. Earlier studies showed that 
the incidence of OIIRR is higher in anterior teeth25 compared 
to posterior teeth, and more common in the maxillary arch 
compared to the mandibular arch during conventional ortho-
dontic treatment.26 In the current study, where all the maxil-
lary teeth were moved with orthodontic forces applied from 
mini-implants, comparison of OIIRR between the anterior and 
posterior teeth revealed a greater percentage of OIIRR on the 

Figure 3. Root apex of the same maxillary left lateral incisor six months after distal movement of the entire maxillary 
teeth (T2). Note the blunting of the root apex, indicating the presence of OIIRR.

Table 1. Prevalence of orthodontically induced 
inflammatory root resorption in all the teeth of the 
maxillary arch as a result of distal movement of the 
maxillary teeth with mini-implants.

Tooth number Frequency (n=16) Percentage (n=16)

27   7 43.8%

26 11 68.8%

25   0 0%

24   4 25%

23   2 12.5%

22   7 43.8%

21   9 56.3%

11   7 43.8%

12   7 43.8%

13   2 12.5%

14   2 12.5%

15   3 18.3%

16   7 43.8%

17   6 50%
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posterior teeth. In conventional retraction mechanics, the 
maxillary molar teeth act as the anchorage unit and do not 
move effectively with applied force compared to the distal 
movement of all the maxillary teeth. This may explain the 
lower incidence of OIIRR in the posterior teeth with conven-
tional mechanics.

Since the duration of orthodontic treatment affects the 
severity of OIIRR, all patients in the current study were evalu-
ated over a six-month period. Despite the short treatment 
duration, OIIRR was noted in most teeth.

Earlier studies have shown that the severity of OIIRR was 
greater when mini-implants were used as anchorage com-
pared to conventional retraction mechanics with the posterior 
teeth as anchorage.27,28 Every different type of orthodontic 
tooth movement is associated with a variable degree of OIIRR. 
Studies reported in the literature reveal that molar intrusion 
performed with mini-implants produced a clinically signifi-
cant degree of intrusion with little or no resorption.29 Howev-
er, distal movement of the maxillary teeth evaluated in the 
present study was associated with OIIRR in several teeth.

OIIRR may also occur due to contact of the root of the tooth 
with the mini-implant. However, this resorption is repaired 
unless the pulp is injured.30 The effect of low-intensity pulsed 
ultrasound may reduce the effect of OIIRR and is being evalu-
ated.31,32

The use of CBCT is associated with radiation exposure. 
CBCT has lower radiation exposure than CT when used for 
orthodontic diagnosis, treatment planning, and evaluation 
of growth and treatment effects.33 However, the amount of 
radiation exposure from a CBCT is greater than that associ-
ated with an orthopantomogram. A reduction in the CBCT 
machine’s FOV, along with appropriate scanning protocols 
and shielding devices, such as a thyroid collar and eyeglass-
es, may help reduce radiation exposure. Reducing the size of 
the FOV reduces the patient’s exposure to ionizing radiation, 
reduces scatter, improves the resolution of the image, and 
has the same level of performance as CBCT with a large 
FOV.34 However, there is conflicting evidence regarding the 
level of radiation exposure with CBCT with a small FOV com-
pared with conventional radiographs taken for orthodontic 
purposes, with one study stating that CBCT protocols such 
as shielded low-dose CBCT have a lower effective dose than 
conventional panoramic and lateral cephalometric radio-
graphs,35 while others refute these results.36 Either way, care 
should be taken when CBCT images are obtained for pediat-
ric patients, as the absorbed dose may be higher in children 
than in adults.37 If CBCT is required in pediatric patients, the 
effective dose has to be minimized and optimized, as they 
are more susceptible to the harmful effects of radiation than 
adults.37

Some of the applications of CBCT, especially with a small 
FOV, in orthodontics, beyond OIIRR assessment, include peri-
odontal evaluation, mini-implant placement, evaluation of 
alveolar or basal bone defects, and localization of impacted 
teeth. Other CBCT applications in dentistry include its use 
in endodontics to study the anatomy of difficult root canal 
systems and extra canals after treatment failure, missed or 
extra canals, perforations, broken instruments, chronic peri-
apical periodontitis, root fracture, and dental trauma.38 A 

CBCT taken for any of the above conditions may be used to 
assess OIIRR.

CBCT should not be recommended for routine use in or-
thodontic patients as a substitute for a conventional set of 
radiographs.37 Appropriate imaging protocols, such as reduc-
ing the FOV and shielding sensitive organs, are advisable 
methods and must be implemented to lower the exposure 
dose.

This preliminary study establishes the presence of OIIRR 
during distal movement of the maxillary teeth with mini-im-
plants. It did not evaluate the influence of sex, age, presence 
of third molars, root apex shape, and bone density on the se-
verity of OIIRR and on the prevalence of OIIRR in individual 
roots of multi-rooted teeth, so further studies should be con-
ducted to evaluate these factors.

The measurements made in this study can be performed 
in subjects in another clinical setting following the procedure 
described in the present study.

Conclusions

The incidence of OIIRR during the distal movement of the 
maxillary teeth was very high. The percentage of OIIRR was 
greater in the posterior teeth compared to the anterior teeth 
and was very low in the premolar region. Care must be taken 
to avoid tooth damage due to OIIRR during distal movement 
of the maxillary teeth using mini-implants as anchorage.
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Prevalência de reabsorção radicular inflamatória 
induzida ortodonticamente (RRIO) associada à 
movimentação distal dos dentes maxilares com 
mini-implantes – Um estudo preliminar de coorte 
com TCFC

r e s u m o

Objetivos: Investigar a prevalência de reabsorção radicular infla-

matória induzida ortodonticamente (RRIIO) durante a movimen-

tação distal de toda a arcada dentária superior com mini-implan-

tes, utilizando tomografia computadorizada de feixe cónico.

Métodos: Um total de 224 dentes foram avaliados em 16 pacientes. 

O movimento distal dos dentes maxilares foi realizado com fio de 

aço inoxidável de 0,018”x0,025” em slot 0,022 usando mini-implan-

tes. Aplicou-se uma força de 200 gramas dos mini-implantes aos 

attachments colocados bilateralmente na região anterior para dis-

talizar toda a dentição maxilar. As raízes de todos os dentes ma-

xilares foram avaliadas em tomografias computadorizadas de 

feixe cónico realizadas antes e seis meses após o movimento dis-

tal dos dentes maxilares para determinar a presença de RRIIO. 

Efetuaram-se estatísticas descritivas para verificar a frequência e 

a percentagem de distribuição da RRIIO.

Resultados: A percentagem de distribuição de RRIIO na arcada su-

perior foi maior no primeiro molar permanente direito (68,8%), 

seguindo-se o incisivo central direito (56,3%), os segundos molares 

permanentes esquerdo e direito (50% e 43,8%), os incisivos central 

e lateral direitos e o segundo molar permanente esquerdo (43,8%), 

o primeiro pré-molar esquerdo (25%), o segundo pré-molar direito 

(18,3%), e o primeiro pré-molar e os caninos de ambos os lados 

(12,5%). Apenas o segundo pré-molar superior esquerdo não apre-

sentou evidência de RRIIO (0%).

Conclusões: A presença de RRIIO durante a movimentação distal dos 

dentes superiores foi muito elevada, sendo maior nos dentes pos-

teriores do que nos anteriores e menor na região dos pré-molares. 

(Rev Port Estomatol Med Dent Cir Maxilofac. 2025;66(x):xxx-xxx)
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