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Abstract
Background. Orthodontic treatment with fixed mechanotherapy using appliances and permanent retain
ers bonded after treatment is a routine procedure performed in clinical dentistry. Patients with braces 
or retainers sometimes need to undergo magnetic resonance imaging (MRI) for various reasons. Radiologists 
do not know the exact impact of the materials used in orthodontics on the diagnostic image quality of MRI 
scans.

Objectives. The aim of the study was to evaluate the influence of different types of orthodontic brackets 
and permanent retainers on the diagnostic image quality of MRI scans. 

Material and methods. Twenty patients with bonded brackets (stainless steel buccal/labial, stainless 
steel lingual, ceramic selfligating with metal slots, ceramic, and polycarbonate) and 18  patients with 
bonded fixed retainers (titanium, fiberreinforced composite, multistranded stainless steel, and different 
combinations of permanent retainers) participated in the study. The same adhesive was used for bonding. 
Cranial MRI scans of 6 regions were acquired for each subject, using a 1.5T MAGNETOM machine. Six radio
logists evaluated the images and provided scores based on the modified receiver operating characteristic 
(ROC) analysis of distortion. The paired Wilcoxon signedrank test was used to assess differences between 
the materials and the anatomic sites with regard to the distortion rating scale. Cohen’s kappa coefficient (κ) 
was applied to establish the interrater reliability.

Results. A  statistically significant difference was found between stainless steel brackets (both buccal/
labial and lingual) and all other experimental materials in terms of mean distortion scores (p = 0.020 
or p = 0.024). The interrater reliability proved to be high.

Conclusions. Stainless steel buccal/labial and lingual brackets caused maximum distortion of  the 
images, which became nondiagnostic; hence, such brackets should be removed before MRI. Ceramic and 
polycarbonate brackets as well as fiberreinforced composite retainers did not distort the images; thus, they 
need not be removed. Ceramic selfligating brackets with metal slots, titanium retainers, multistranded 
stainless steel retainers, and combinations of  fixed retainers caused minimal distortion; however, the 
images were still diagnostic. Hence, patients using these materials may not need to have them removed 
before MRI.
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Introduction
Magnetic resonance imaging (MRI) is one of the most 

powerful diagnostic tools in radiology. It is characterized 
by high sensitivity and specificity. Besides, it is a  non-
invasive procedure. The system does not use ionizing ra-
diation, and for the majority of people there is little risk 
associated with the application of the magnetic field. This 
radiological modality is indispensable when investigating 
soft tissue tumors, including those of the head and neck,1 
temporomandibular joint (TMJ) pathology,2 cardiovascu-
lar pathology,3 seizures,4 and cerebral palsy.5 The number 
of MRI scans performed per year is steadily increasing.

Fixed orthodontic treatment is a standard and increas-
ingly prescribed practice for both children and adults. It 
involves bonding orthodontic brackets in the patient’s 
mouth for the duration of treatment, which generally lasts 
24–30  months.6 Orthodontic treatment is routinely fol-
lowed by long-term retention to maintain the treatment 
result with the use of a metal or non-metal wire that is 
fixed to the lingual surface of the lower anterior teeth and 
remains in situ for several years.7

Patients with fixed multibracket orthodontic appliances 
sometimes require the MRI examination of  the head and 
neck region for various reasons. These may include dia-
gnosing epilepsy, recurrent headaches, trauma, and the 
pathology of  the salivary glands, tongue and TMJ. While 
it is known that fixed multibracket orthodontic appliances 
cause MRI artifacts, the extent and severity of  image loss 
is not clearly described in the literature. The heating of the 
appliance which occurs during MRI, although negligible, 
is the reason why it may be necessary to remove the orth-
odontic appliances or archwires to prevent artifacts.8,9 This 
increases the financial and biological burdens, since the 
removal and later reinstallation of fixed orthodontic appli-
ances are costly, labor-intensive10 and time-consuming, and 
require the remodeling of the bone once again. However, 
the removal of archwires is easy and less time-consuming.11

A few studies have reported that the artifacts caused by 
stainless steel brackets and wires do result in some distor-
tion of the MR images of the brain; however, these images 
remained diagnostic.12,13 On the other hand, other stu dies 
have reported that orthodontic appliances can render TMJ 
and brain MR images non-diagnostic.14 There is  a  lack 
of consensus regarding the best practice protocols to em-
ploy for patients who need MRI during the period of orth-
odontic treatment or retention with fixed appliances. 
There are, however, guidelines from the Polish Orthodontic 
Society, the Polish Medical Radiological Society and the 
Polish Dental Association.15 Most of the studies regarding 
stainless steel brackets were performed on skulls and in 
volunteers for whom MRI was used without bonding the 
brackets on the teeth, but instead incorporating them in 
vacuum-formed sheets, which are then worn by volunteers. 
Moreover, the effects of some recently introduced brackets, 
such as ceramic self-ligating brackets with metal slots, 

ceramic brackets, polycarbonate brackets, and different types 
of lingual retainers on the diagnostic image quality of MRI 
scans have not been researched. Although there are guide-
lines15 and literature regarding MRI artifacts that are due to 
brackets and some wires, this may be the first comprehen-
sive in vivo study to evaluate the diagnostic image quality 
of MRI scans in patients with different types of orthodontic 
brackets and fixed retainers. Therefore, this study aimed 
to evaluate the influence of different types of orthodontic 
brackets and permanent retainers bonded in orthodontic 
patients on the diagnostic image quality of MRI scans.

Material and methods

Ethical statement 

This research was conducted after obtaining approval 
from the institutional ethics committee at Kamineni Institute 
of Dental Sciences, Sreepuram, Narketpally, India (KIDS/
IEC/2015/22). The study was carried out following the stan-
dards set out in the Declaration of Helsinki for experiments 
involving humans. Informed consent was obtained from 
all subjects, who voluntarily participated in the study. They 
were healthy patients in the age range of 18–25 years.

Patient selection 

Thirty-eight subjects who met the following inclusion cri-
teria were recruited for the study: no metal medical devices, 
like aneurysmal clips and pacemakers; no metal dental fill-
ings, metal-containing crowns or dental implants; no preg-
nancy; and no requirement for sedation during MRI. All 
38 subjects who volunteered to participate in the study were 
about to undergo fixed orthodontic treatment or about to 
start the retention phase. The purpose of the study, including 
its possible risks, was explained to the participants.

The types of brackets/retainers and the corresponding 
numbers of patients who underwent MRI were as follows:
– stainless steel buccal/labial brackets for all teeth erupted, 

from anterior ones to second premolars in both the maxil-
lary and mandibular arch, without molar bands and wires 
(Unitek™ Gemini; 3M Unitek, Monrovia, USA): 4 patients;

– stainless steel lingual brackets for all teeth erupted, from an-
terior ones to second premolars in both the maxillary and 
mandibular arch, without molar bands and wires (Invisible 
7G; Classic Orthodontics, Stafford, USA): 4 patients;

– ceramic self-ligating brackets with metal slots made 
of stainless steel for all teeth erupted, from anterior ones 
to second premolars in both the maxillary and man-
dibular arch, without molar bands and wires (Unitek 
Clarity SL; 3M Unitek): 4 patients;

– ceramic brackets for all teeth erupted, from ante-
rior ones to second premolars in both the maxillary 
and mandibular arch, without molar bands and wires 
(Inspire ICE; Ormco, Brea, USA): 4 patients;
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– polycarbonate brackets for all teeth erupted, from ante-
rior ones to second premolars in both the maxillary 
and mandibular arch, without molar bands and wires 
(Ora-plus; JJ Orthodontics, Munipara, India): 4 patients;

– titanium retainers bonded from right canine to left ca-
nine in the mandibular arch only (Ortho-Direct, West 
Columbia, USA): 4 patients;

– fiber-reinforced composite retainers bonded from right 
canine to left canine in the mandibular arch only (ever-
Stick® ORTHO; GC America, Alsip, USA): 4 patients;

– multi-stranded stainless steel retainers in the maxillary 
and mandibular arches: 4 patients;

– combinations of these fixed retainers bonded from right 
canine to left canine in the maxillary and mandibular 
arches, including:
• a stainless steel retainer in the maxillary arch and a ti-

tanium retainer in the mandibular arch: 3 patients,
• a stainless steel retainer in the maxillary arch and a fiber-

reinforced composite retainer in the mandibular arch: 
3 patients.

Thus, a total of 38 subjects (20 with different brackets 
and 18 with different retainers) participated in the study.

MRI protocol 

A 1.5  Tesla Siemens MAGNETOM MRI machine 
(Siemens, Erlangen, Germany) with a 12-channel head 
coil was used.

Six regions of  interest (ROI) were analyzed: TMJ; the 
tongue; the maxilla; the mandible; the maxillary sinus; 
and the posterior cerebral fossa.

For the posterior cerebral fossa, the MRI brain protocol 
was used; it is shown in Table 1.

Diffusion-weighted (DW) images were acquired 
with a  single-shot spin-echo echo planar imaging 
(SE-EPI) sequence (repetition time (TR)/echo time 
(TE): 5,000  ms/100  ms) using 3  values of  0  s/mm2, 
500  s/mm2 and 1,000  s/mm2, with a  slice thickness 
of 5 mm, an inter-slice gap of 1.5 mm, a field of view (FoV) 
of 240 mm × 240 mm, and a matrix of 128 × 128. Apparent 
diffusion coefficient (ADC) maps were generated from 
the DW image datasets. For susceptibility-weighted 
imaging (SWI), TR/TE was 6,400 ms/30 ms, with a slice 
thickness of 5 mm, an inter-slice gap of 1.5 mm, an FoV 
of 240 mm × 240 mm, and a matrix of 256 × 256.

For TMJ, sagittal, axial and coronal proton density (PD)-
weighted and turbo spin-echo (TSE) transverse relaxation 
time (T2)-weighted sequences were employed with TR 
5,653 ms, TE 13 ms and 102 ms, a slice thickness of 2 mm, 
an inter-slice gap of 0.2 mm, an FoV of 160 mm × 160 mm, 
and a matrix of 256 × 256. For the remaining regions, the MRI 
neck protocol was used. Axial and coronal TSE T2-weighted 
images were acquired with TR 5,600 ms, TE 114/7 ms, a slice 
thickness of  5  mm, an  inter-slice gap of  0.5  mm, an  FoV 
of 240 mm × 240 mm, and a matrix of 320 × 320.

No paramagnetic agent was used, as there was no indi-
cation for the use of a paramagnetic agent.

Magnetic resonance imaging scans were taken for all 
38  subjects to study diagnostic image quality. Since the 
orthodontic appliances were securely bonded with orth-
odontic composite, there were no special precautions taken 
regarding the possible dislodgement and heating of  the 
appliances, as previous studies had found changes in the 
temperature of the appliances to be clinically insignificant 
(within 1°C).16 The MRI scans for all types of bracket and re-
tainer materials are shown in Fig. 1–10. Non-diagnostic or 
unclear ROI are marked with arrows. None of the patients 
reported any discomfort or pain during MRI examination. 
The MRI scans were analyzed by a panel of 6 qualified and 
licensed radiologists, who assessed their diagnostic qua-
lity. The scans were compared with controls that included 
images from the archives of  the Department of  Radio-
Diagnosis of Kamineni Institute of Medical Sciences. The 
radiologists ranked the images according to the distortion 
observed in the abovementioned ROI, using the modified 
receiver operating characteristic (ROC) analysis of distor-
tion scoring system (Table 2), as described by Elison et al.17 
In this method of distortion classification, a score of 3 re-
presents the cut-off point for clinical usability. Images with 
a score of 3 have moderate distortion or artifacts, but they 
can still be used for diagnosis.

Table 1. Magnetic resonance imaging (MRI) protocol for the posterior cerebral fossa

Sequence TR/TE/TI
[ms]

Slice thickness
[mm]

Inter-slice gap
[mm]

FoV
[mm2] Matrix

Axial TSE 
T1-weighted

5,000/14 5 1.5 240 × 240 256 × 256

Axial TSE 
T2-weighted

4,000/102 5 1.5 240 × 240 256 × 256

Axial FLAIR 9,000/84/2,500 5 1.5 240 × 240 256 × 256

TR – repetition time; TE – echo time; TI – inversion time (for FLAIR); FoV – field of view; TSE – turbo spin-echo; T1 – longitudinal relaxation time; T2 – transverse 
relaxation time; FLAIR – fluid-attenuated inversion recovery.

Table 2. Modified receiver operating characteristic (ROC) analysis of 
distortion scoring system

Score Image appearance Inference

1 no distortion or artifacts diagnostic

2 minimal distortion or artifacts diagnostic

3 moderate distortion or artifacts moderately diagnostic

4 severe distortion non-diagnostic
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Fig. 2. Magnetic resonance imaging (MRI) scans of the head and neck region 
with Classic Orthodontics Invisible 7G stainless steel lingual brackets

Fig. 1. Magnetic resonance imaging (MRI) scans of the head and neck 
region with 3M Unitek Gemini stainless steel buccal/labial brackets

TMJ – temporomandibular joint.
Fig. 3. Magnetic resonance imaging (MRI) scans of the head and neck region 
with 3M Unitek Clarity SL ceramic self-ligating brackets with metal slots

Fig. 4. Magnetic resonance imaging (MRI) scans of the head and neck 
region with Ormco Inspire ICE ceramic brackets
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Fig. 5. Magnetic resonance imaging (MRI) scans of the head and neck 
region with JJ Orthodontics Ora-plus polycarbonate brackets

Fig. 6. Magnetic resonance imaging (MRI) scans of the head and neck 
region with an Ortho-Direct titanium retainer in the mandibular arch

Fig. 7. Magnetic resonance imaging (MRI) scans of the head and neck 
region with a GC America everStick ORTHO fiber-reinforced composite 
retainer in the mandibular arch

Fig. 8. Magnetic resonance imaging (MRI) scans of the head and neck 
region with multi-stranded stainless steel retainers in the maxillary and 
mandibular arches
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Statistical analysis 

The statistical analysis was performed using the IBM 
SPSS Statistics for Windows software, v. 19.0 (IBM 
Corp., Armonk, USA). Non-parametric tests were 
used for the study. Differences between the materials 
and the anatomic sites with regard to the distortion 
rating scale were analyzed for statistical significance 
with the paired Wilcoxon signed-rank test. A p-value 
<0.05 was considered a  statistically significant differ-
ence. The interrater agreement for each pair of evalua-
tors was assessed for each material and each anatomic 
site with Cohen’s kappa coefficient (κ).

Results
Statistically significant differences were found be-

tween the mean distortion scores given to stainless 
steel brackets (both buccal/labial and lingual) and to 
other bracket and retainer materials as well as controls 
(p < 0.05) (Table 3).

Table 4 presents the mean distortion scores for particu-
lar bracket and retainer materials based on the scores ob-
tained for each subject. Each subject received a mean dis-
tortion score above 3 for stainless steel buccal and lingual 
brackets, indicating that the images were non-diagnostic. 
Each subject received a mean distortion score below 3 for 
other bracket and retainer materials, which indicates that 
these MR images were diagnostic.

Fig. 9. Magnetic resonance imaging (MRI) scans of the head and neck 
region with a combination of a stainless steel retainer in the maxillary arch 
and a tita nium retainer in the mandibular arch

Fig. 10. Magnetic resonance imaging (MRI) scans of the head and neck 
region with a combination of a stainless steel retainer in the maxillary arch 
and a fiber-reinforced composite retainer in the mandibular arch

Table 3. Individual pairwise comparisons between various brackets 
and various retainers vs. stainless steel brackets (paired Wilcoxon 
signed-rank test) 

Comparison Z-value p-value

Ceramic SL brackets with metals slots 
vs. SS brackets

−2.333 0.020*

Ceramic brackets 
vs. SS brackets

−2.264 0.024*

Polycarbonate brackets 
vs. SS brackets

−2.333 0.020*

Ti retainer (L) 
vs. SS brackets

−2.333 0.020*

FRC retainer (L) 
vs. SS brackets

−2.264 0.024*

SS retainers (U/L) 
vs. SS brackets

−2.333 0.020*

SS retainer (U)/Ti retainer (L) 
vs. SS brackets

−2.333 0.020*

SS retainer (U)/FRC retainer (L) 
vs. SS brackets

−2.333 0.020*

SL – self-ligating; SS – stainless steel; Ti – titanium; FRC – fiber-reinforced 
composite; U – upper arch; L – lower arch; * statistically significant. 
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Table 5 details the mean distortion scores obtained 
for different types of brackets and retainers according 
to the anatomic sites for all subjects. All sequences 
and all radiologists were considered when determining 
these mean values. Except for stainless steel buccal/
labial and lingual brackets, other materials had an ave-
rage distortion score below 3 with regard to various 
anatomic sites, indicating that these MR images were 
diagnostic. For stainless steel buccal/labial and lin-
gual brackets, the mean distortion scores were above 3 

consistently for each anatomic site except for the poste-
rior cerebral fossa (a score of 1.16). This indicates that 
these MR images were non-diagnostic for all areas 
except for the posterior cerebral fossa.

Table  6 presents the results of  the interrater reli-
ability test with the use of  Cohen’s kappa coefficient 
(κ), concerning the assessments of  the 6  radiologists. 
Excellent consistency between the examiners was ob-
tained with a 98% (0.986) statistical value.

Table 4. Descriptive statistics regarding the distortion scores for all bracket and retainer materials

Material N M SD min max

SS buccal/labial brackets 6 3.67 0.52 3 4

SS lingual brackets 6 3.67 0.52 3 4

Ceramic SL brackets with metal slots 6 1.67 0.52 1 2

Ceramic brackets 6 1.00 0.00 1 1

Polycarbonate brackets 6 1.00 0.00 1 1

Ti retainer (L) 6 2.00 0.00 2 2

FRC retainer (L) 6 1.00 0.00 1 1

SS retainers (U/L) 6 2.00 0.00 2 2

SS retainer (U)/ Ti retainer (L) 6 2.00 0.00 2 2

SS retainer (U)/FRC retainer (U) 6 2.00 0.00 2 2

N – number of evaluators; M – mean; SD – standard deviation; min – minimum; max – maximum.

Table 5. Descriptive statistics regarding the distortion scores for all bracket and retainer materials according to various anatomic sites

Material TMJ Tongue Maxilla Mandible Maxillary sinus Posterior  
cerebral fossa

SS buccal/labial brackets 4.00 ±1.15 4.00 ±1.15 4.00 ±1.15 4.00 ±1.15 4.00 ±1.15 1.16 ±0.86

SS lingual brackets 4.00 ±1.15 4.00 ±1.15 4.00 ±1.15 4.00 ±1.15 4.00 ±1.15 1.16 ±0.86

Ceramic SL brackets with metal slots 1.60 ±0.24 1.60 ±0.24 1.60 ±0.24 1.60 ±0.24 1.60 ±0.24 1.00 ±0.00

Ceramic brackets 1.00 ±0.00 1.00 ±0.00 1.00 ±0.00 1.00 ±0.00 1.00 ±0.00 1.00 ±0.00

Polycarbonate brackets 1.00 ±0.00 1.00 ±0.00 1.00 ±0.00 1.00 ±0.00 1.00 ±0.00 1.00 ±0.00

Ti retainer (L) 2.16 ±0.42 2.00 ±0.42 2.00 ±0.42 2.00 ±0.42 2.00 ±0.42 1.00 ±0.42

FRC retainer (L) 1.00 ±0.00 1.00 ±0.00 1.00 ±0.00 1.00 ±0.00 1.00 ±0.00 1.00 ±0.00

SS retainers (U/L) 2.16 ±0.42 2.00 ±0.42 2.00 ±0.42 2.00 ±0.42 2.00 ±0.42 1.00 ±0.42

SS retainer (U)/ Ti retainer (L) 2.16 ±0.65 2.00 ±0.65 2.00 ±0.65 2.00 ±0.65 2.00 ±0.65 1.00 ±0.65

SS retainer (U)/FRC retainer (L) 2.00 ±0.45 2.00 ±0.45 2.00 ±0.45 2.00 ±0.45 2.00 ±0.45 1.00 ±0.45

Data presented as M ±SD.

Table 6. Results of the interrater reliability test

Interrater  
reliability test ICC

95% CI F test with the true value 0

lower bound upper bound value df1 df2

Single measures 0.922 0.829 0.977 81.250 9 45

Average measures 0.986 0.967 0.996 81.250 9 45

ICC – intraclass correlation coefficient with Cohen’s kappa coefficient (κ); CI – confidence interval; df – degree of freedom. 
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Discussion
The increasing availability of MRI machines and ever-

improving MRI technology has led to cranial MRI dia-
gnostic techniques being used more frequently in medicine 
and other health-related fields. For example, over the past 
10–15 years, MRI has improved our understanding and 
management of multiple sclerosis and other demyelinat-
ing disorders.18–20

With an increase in orthodontic awareness and growth 
in the number of  orthodontists around the world, the 
number of  patients seeking orthodontic treatment has 
also increased. Hence, it is expected that some patients 
undergoing orthodontic treatment or having fixed retain-
ers after the completion of  their orthodontic treatment 
may require MRI for various reasons. Radiologists cur-
rently ask orthodontists to remove orthodontic appli-
ances before cranial MRI, as they lack the knowledge on 
orthodontic materials and their possible influence on the 
diagnostic image quality of MRI scans.

Previous studies have determined that some metals 
used in dentistry cause cranial MR image distortion. 
Lissac et al. discovered that many dental materials caused 
significant distortion of cranial MR images, and therefore 
should not be used for fixed dental work.21 Masumi et al. 
supported this observation by concluding that dental ma-
terials that cause MR image distortion adversely affected 
the diagnosis of  abnormalities in the craniocervical re-
gion.22 Sadowsky  et  al. concluded that the areas closest 
to the problem material (metal) were the most distorted, 
while the anatomic sites farthest from the problem mate-
rial (metal) were the least distorted.12

In the present study, stainless steel buccal/labial and 
lingual orthodontic brackets caused more distortion 
of  cranial MR images and received higher distortion 
scores for all anatomic sites than other orthodontic 
bracket and retainer materials. The mean distortion 
score assigned by the radiologists to stainless steel appli-
ances was 3.67. According to the anatomic landmarks, it 
was 4 by the same radiologists for TMJ, the tongue, the 
maxilla, the mandible, and the maxillary sinus, which 
means maximum distortion of the MR images. However, 
it was only 1.16 for the posterior cerebral fossa. This 
indicates that stainless steel buccal/labial and lingual 
brackets caused distortion that was most severe in the 
anatomic sites adjacent to them. The mean score of 1.16 
for the posterior cerebral fossa means that there was 
almost no distortion, which shows a pattern of reduced 
artifacts with an increasing distance of the anatomic site 
from the brackets.

Since stainless steel buccal/labial and lingual brackets 
consistently had higher distortion scores, the MR images 
were considered non-diagnostic. The results of this study 
are similar to those obtained by Patel et al.,8 Elison et al.,17 
Razdan and Rani,23 Beau  et  al.,24 Zhylich  et  al.,25 and 
Cassetta  et  al.26 However, they are contradictory to the 

research done by Sadowsky et al., since an older version 
of an MRI machine was used in their study.12

Ceramic self-ligating brackets with metal slots had 
a mean distortion score of 1.67 and mean distortion scores 
of 1.6 at all 6 anatomic sites except for the posterior cerebral 
fossa (1.0). This indicates minimal distortion for all ROI. 
Hence, the MR images taken with self-ligating brackets 
were diagnostic. A  study conducted by Asano  et  al., in 
which 3 types of brackets (titanium, ceramic and ceramic 
with metal slots) were used in a single patient, concluded 
that the MR images showed little distortion and were 
interpretable.27 Since all 3 types of brackets were used in 
a  single patient, one cannot distinguish their individual 
effects on the MRI scans.27

The mean distortion scores for ceramic and polycar-
bonate brackets were 1.00, and the mean distortion scores 
at all 6 anatomic sites were also 1.00, which implies no dis-
tortion for any ROI; hence, the MR images with ceramic 
and polycarbonate brackets were considered diagnostic.

In recent years, many new fixed retainers have entered 
the market. Some of  them include titanium retainers, 
fiber-reinforced composite retainers and braided 
titanium retainers. Retention is an  important aspect in 
orthodontics. Many patients need to have fixed retainers 
for an extended period of time and may require MRI for 
various reasons during that time; hence, 3 types of fixed 
retainers and 2 combinations of them were evaluated for 
their influence on the diagnostic image quality of MRI 
scans. To date, there are no comprehensive MRI studies 
on these fixed retainers and combinations of  these 
retainers in both arches.

Stainless steel retainers in both the maxillary and man-
dibular arch had a  mean distortion score of  2.00. The 
mean distortion scores at the anatomic sites were 2.16 for 
TMJ, and 2.00 for the tongue, the maxilla, the mandible, 
and the maxillary sinus, with only the posterior cerebral 
fossa having a score of 1.00. This means that there was 
minimal or no distortion for all ROI. Hence, the MR 
images with stainless steel retainers in the maxillary and 
mandibular arches were considered diagnostic.

Titanium retainers in the mandibular arch alone had 
a  mean distortion score of  2.00. The mean distortion 
scores at the anatomic sites were 2.16 for TMJ, 2.00 for 
the tongue, the maxilla, the mandible, and the maxillary 
sinus, and 1.00 for the posterior cerebral fossa, which 
indicates that there was minimal or no distortion for 
all ROI. Hence, the MR images with titanium retainers 
in the mandibular arch alone were considered diagnos-
tic. The results of  this study are similar to the findings 
reported in studies by Shalish et al.,28 Beau et al.24 and 
Zhylich et al.25

Fiber-reinforced composite retainers in the man-
dibular arch alone had a mean distortion score of 1.00 
and mean distortion scores of  1.00 at all 6  anatomic 
sites, which means there was no distortion for any ROI. 
Hence, the MR images with fiber-reinforced composite 
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retainers in the mandibular arch only were considered 
diagnostic. There are no studies reporting on this type 
of retainers.

Sometimes, a  combination of  different fixed retainers 
is placed in the maxillary and mandibular arches based 
on the orthodontist’s choice, the availability of  retainers 
or the patient’s preference. Hence, combinations of fixed 
retainers placed in the maxillary and mandibular arches 
were also examined in this study, as they have not been 
studied until now. 

The combination of a stainless steel retainer in the maxil-
lary arch and a  fiber-reinforced retainer in the mandi-
bular arch had a mean distortion score of 2.00 and mean 
distortion scores of 2.00 for TMJ, the tongue, the maxilla, 
the mandible, and the maxillary sinus; the posterior cere-
bral fossa had a score of 1.00. Therefore, the MR images 
with this combination caused minimal or no distortion, 
and were considered diagnostic by the radiologists.

The combination of  a  stainless steel retainer in the 
maxillary arch and a titanium retainer in the mandibular 
arch received similar scores to the previous combination. 
Therefore, the MR images with a stainless steel retainer 
in the maxillary arch and a titanium retainer in the man-
dibular arch were considered diagnostic.

Conclusions
Stainless steel buccal/labial and lingual brackets 

caused maximum distortion of  the MR images, ren-
dering them non-diagnostic; hence, they should be re-
moved before MRI. Ceramic and polycarbonate brack-
ets as well as fiber-reinforced composite retainers did 
not distort the images, so they need not be removed 
before MRI. Ceramic self-ligating brackets with metal 
slots, titanium retainers, stainless steel retainers, and 
combinations of  these fixed retainers caused minimal 
distortion, but the MR images were still diagnostic. 
Hence, these types of materials may not need to be re-
moved prior to MRI.
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