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Orthodontic springs and auxiliary appliances:

assessment of magnetic field interactions

associated with 1.5 T and 3 T magnetic

resonance systems

Abstract The objective of this paper
is to evaluate magnetic field interac-
tions at 1.5 and 3 T for 20 orthodontic
devices used for fixed orthodontic
therapy. Twenty springs and auxiliary
parts made from varying ferromag-
netic alloys were tested for magnetic
field interactions in the static magnetic
field at 1.5 and 3 T. Magnetic trans-
lational force Fz (in millinewtons) was
evaluated by determining the deflec-
tion angle β [American Society for
Testing and Materials (ASTM stan-
dard test method)]. Magnetic-field-
induced rotational force Frot was
qualitatively determined using a five-
point scale. β was found to be >45° in
13(15) devices at 1.5(3) T and trans-
lational force Fz exceeded gravita-
tional force Fg on the particular object
[Fz 10.17–261.4 mN (10.72–
566.4 mN) at 1.5(3) T]. Fz was found
to be up to 24.1(47.5)-fold higher than

Fg at 1.5(3) T. Corresponding to this,
Frot on the objects was shown to be
high at both field strengths (≥ +3).
Three objects (at 1.5 T) and one object
(at 3 T) showed deflection angles <45°,
but Frot was found to be ≥ +3 at both
field strengths. For the remaining
objects, β was below 45° and torque
measurements ranged from 0 to +2. Of
20 objects investigated for magnetic
field interactions at 1.5(3) T, 13(15)
were unsafe in magnetic resonance
(MR), based on the ASTM criteria of
Fz. The implications of these results
for orthodontic patients undergoing
MRI are discussed.

Keywords Orthodontic appliances .
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MR safety

Introduction

Fixed orthodontic appliances are used to treat a variety of
tooth and jaw irregularities and are important components
in fixed orthodontic therapy. In addition to brackets and
wires, these appliances consist of a number of auxiliary
parts that generate the forces necessary to align the teeth
and jaws. Different types of springs within one jaw and
between the jaws are used. While certain parts (e.g. Herbst
appliance, expansion screw) are soldered or welded to
bands that are cemented on the teeth, other parts are
attached to the existing appliance with pliers and are held in
place by frictional forces. Some parts of the appliance (e.g.
lip bumper) can be removed by the patient for brushing and
eating.

The number of orthodontic patients treated with these
parts who are referred for magnetic resonance imaging
(MRI) has increased in recent years [1]. Within this special
clientele the proportion of adult patients also shows a
steady rise. The radiologist is confronted with the problem
of risk estimation for those patients. Therefore, safety
questions related to MR diagnostics on patients with fixed
orthodontic appliances are asked more frequently in daily
routine. To date, over 1,100 medical implants and objects
have been tested for this specific aspect of MR safety, and
this information is systematically listed online [2]. As with
any ferromagnetic device, the presence of an orthodontic
object in the patient’s mouth represents a potentially
hazardous situation due to magnetic field interactions in the
MR environment. Recently, information on magnetic field
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interactions for orthodontic brackets and wires has been
published [3, 4]: a number of stainless steel objects were
affected by the MR magnetic field and were classified ‘not
MR safe’. However, no information on the above-
mentioned orthodontic auxiliary parts has been presented
so far. Therefore, the purpose of this study was to evaluate
magnetic field interactions at 1.5 T and 3 T for auxiliary
parts of the fixed orthodontic appliances commonly used in
modern orthodontic therapy.

Materials and methods

Orthodontic appliances

A total of 20 commonly used orthodontic auxiliary parts
were evaluated and are listed in Table 1. Within this
collection, a variety of different auxiliary orthodontic parts
are represented. The majority of the objects contain
stainless steel alloys.

MR systems

Magnetic field interactions were evaluated for the objects
using 1.5 T (Magnetom Symphony; Siemens Medical
Solutions, Erlangen, Germany) and 3 T (Intera, Philips
Medical Systems, Best, Netherlands) MR systems.

Because of technical design differences in magnets used
for MR systems, the findings for magnetic field interac-
tions for the implants tested are specific to these scanners or
to MR systems with comparable spatial gradients with
respect to the measured displacement forces [5, 6].

Measurement of magnetically induced translational
force Fz

Translational force Fz was assessed for each object using
the standardized “deflection angle test” described by the
American Society for Testing and Materials (ASTM) [7]. It
was introduced by New et al. in 1983, and, in a modified
version, it has become a standard for measurement of
forces on ferromagnetic objects in the MRI environment
[8–11].

The experimental setup is shown in Fig. 1. Each
orthodontic auxiliary was attached to the distal end of a
30-cm-long lightweight thread at the approximate centre of
mass of the object. The weight of the thread was less than
1% of the weight of the object for all orthodontic devices
investigated. The proximal end of the thread was attached
to a plastic protractor that allowed measurement of the
deflection of the thread from a vertical line. The angle of
deflection was measured to the nearest 0.5°. For objects
exhibiting a deflection angle ≥65°, additional measure-
ments were complemented with non-ferromagnetic

weights made from non-ferromagnetic brass wire attached
to the thread to improve the accuracy of the force
measurements [8, 12]. Prior to the experiment it was
confirmed that the non-ferromagnetic weights were not
influenced by attractive forces due to the magnetic field
and, thus, did not cause any deflection of the thread.
Measurements of the deflection angle were repeated three
times and averaged. Pearson correlation coefficient r was
calculated for the translational force Fz at 1.5 T and 3 T.

Translational force Fz was calculated from the following
formula:

Fz ¼ m � g � tan β

Fz ¼ translational force;

m ¼ device mass;

g ¼ gravity 9:81 m
�
sec2

� �
;

β ¼ measured angle of deflection

2

6664

3

7775

We converted the deflection angle values (β) to
displacement force ratios (Fz/Fg) by dividing the attractive
force due to the magnetic field Fz by the force of attraction
due to gravity (Fg). If the object was deflected less than 45°
(i.e. Fz/Fg<1.0), then the magnetically induced translational
force was less than the force on the object due to gravity, a
prerequisite to be defined as “MR safe” by the ASTM
standard [7].

The test was performed at the position where the spatial
gradient of the magnetic field was considered to be at a
maximum: the position for testing was previously
determined and calibrated with a stainless steel weight
and a non-ferromagnetic weight and was found to be 37 in.
(94 cm) from the isocentre of the magnet at 1.5 T and
38.6 in. (98 cm) at 3 T [12]. Height and distance from the
isocentre were marked to allow reproducible measurement
of the deflection force on the objects.

Measurement of magnetically induced rotational force
Frot(torque)

The assessment of magnetic field interactions was con-
ducted to determine the presence of magnetic field-induced
rotational force Frot (i.e. torque) for the orthodontic objects.
Because of the inherent difficulty of determining rotational
forces on very small objects, we could not apply the ASTM
standard test method for the measurement of magnetically
induced torque, which is based on the use of a torsional
spring [13]. Frot was qualitatively assessed using a modi-
fication of the method originally described by Nogueira and
Shellock for the assessment of torque of small implants.
Each object was placed on a plastic-coated platform with a
millimetre grid etched on the bottom (Fig. 2) [14, 15]. We
obtained measurements by placing the test apparatus with
the object in the isocentre of the MR scanners, where the
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effect of torque Frot is known to be greatest [6, 9, 16]. The
object was observed, and any alignment or rotation was
rated. The object was thenmoved 45° relative to its previous
position and again observed for alignment and rotation.
This procedure was repeated to encompass a full 360°
rotation of positions for each device. Measurements were
repeated three times for each object and averaged. For the
assessment of torque the established qualitative scale was
used (Table 2) [9–11, 17–19].
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Fig. 1 Experimental set-up for the quantitative assessment of the
translational force Fz by the “deflection angle test”. The estimation
of the deflection angle β was carried out according to the ASTM
guideline F2052-02

Fig. 2 Experimental set-up for the qualitative assessment of the
rotational force Frot (top view)
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Results

The findings for magnetic field interactions for the
orthodontic objects exposed to the 1.5- and 3-T MR
systems are summarized in Table 1. These include
deflection angle β, resulting translational force Fz, assess-
ment of torque Frot, and the ratio of translational force Fz
and gravitational force Fg.

In 12/20 (13/20) objects, the deflection angle exceeded 65°
at 1.5 (3) T. For these objects, additional measurements with
attached nonferromagnetic weights were complemented.

At 1.5-T, 13 of 20 (65%) stainless steel devices were
highly ferromagnetic with deflection angles ≥45° and a
torque value of +3/4 (15.4%) or +4/4 (84.6%). Translational
forces on these appliances ranged between 10.2 mN (Hi-T
II coil spring open-space wound 0.010”, 3M-Unitek,
Monrovia, CA, USA) and 261.4 mN (Twin Force Standard
424-210, Ortho Organizers, San Marcos, CA, USA).
Translational force Fz was found to be up to 24.1 times
higher than gravitational force Fg. The remainder of the
devices (35%) were characterized by weaker magnetic field
interactions with deflection angles between 0° and 33.3°.
However, even within this group, three devices showed
torque forces Frot of +3/4 or +4/4.

At 3 T, 15 of 20 (75%) objects were highly ferromagnetic
with deflection angles ≥45° and torque values of +3/4
(6.7%) and +4/4 (93.3%). Translational forces on these
appliances ranged between 20.1 mN (Hi-T II coil spring
open-space wound 0.010”, 3M-Unitek) and 566.6 mN
(Twin Force Standard 424-210, Ortho Organizers). Trans-
lational force Fz was found to be up to 47.5-fold higher than
gravitational force Fg. The remaining five orthodontic
objects (25%) showed weaker or no magnetic field
interactions (β = 0° – 43.8°). However, one of these five
devices also showed high torque force (+4/4).

The Pearson correlation r coefficient between the
translational forces Fz at 1.5 and 3.0 T was 0.99 (Fig. 3).

No magnetic field interactions were found for the
Sentalloy open coil spring (medium/10-000-08, GAC,
Central Islip, NY, USA) at the 1.5- and 3-T field strengths,
respectively.

Out of 20 objects investigated for translational forces at
1.5 (3) T, 13 (15) may be considered “not MR safe” in the
MR environment, based on the ASTM criteria [7].

Discussion

The possible interaction between a ferromagnetic object
and the static magnetic field of an MR system is an
important safety consideration in clinical MR imaging. The
term “MR safe” indicates that the device, when used in the
MR environment within the 5 Gs line, has been demon-
strated to present no additional risk to the patient or other
personnel but may affect the quality of the diagnostic
information [20].

Interactions between a ferromagnetic object and the
static magnetic field of anMR system include displacement
force Fz, a translational force caused by exposure of
ferromagnetic material to the spatial gradient of the
magnetic field, and torque Frot, the tendency of the object
to rotate or align itself relative to the magnetic field [5, 6,
16]. The magnitude of these interactions is proportional to
the field strength and spatial field gradient of the MR
system, as well as the characteristics of the object itself,
including the mass, shape, and the object’s magnetic
susceptibility.

Fixed orthodontic appliances consist of a number of
parts that are connected to each other and are used for
adjusting the occlusion of the jaw or to move one or more
teeth (Fig. 4). Many times, patients undergoing MR
procedures are in active orthodontic therapy with fixed
appliances. The knowledge of safety risks for these patients
is of high practical relevance and often difficult to assess
for the radiologist. Mobile and completely removable
orthodontic devices do not cause problems and can easily
be eliminated prior to an MRI examination [1, 21]. For
orthodontic bands and brackets, forces due to the MR
magnetic field require that these objects be carefully
checked for a secure attachment e.g. by adhesive bonding
to the tooth surface or by wire ligation of the individual
parts [3, 4]. Auxiliary orthodontic parts are attached to the
fixed orthodontic appliance by different means and often
cannot be removed without considerable effort, costs and
interruption of orthodontic therapy. These metallic ortho-
dontic devices are important components in modern fixed
orthodontic therapy.

It is well known that magnetic field-related forces may
cause hazards to patients and individuals with ferromag-
netic implants or devices [22, 23]. Considerable discom-

Table 2 Assessment of torque using the established qualitative scale

Scale Definition

0 No torque
+1 Mild torque; the test object slightly changed orientation but did not align to the magnetic field
+2 Moderate torque; the test object aligned gradually to the magnetic field
+3 Strong torque; the test object showed rapid and forceful alignment to the magnetic field
+4 Very strong torque; the test object showed very rapid and very forceful alignment to the magnetic field
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fort, even injury or aspiration, can occur in a patient who
has orthodontic appliances that exhibit substantial force or
torque in association with exposure to the magnetic field.
The potential danger is underlined by the maximum
amount of translational force Fz, which was found to be
up to 47.5-times higher than gravitation.

The present study analysed magnetic field interactions of
20 different orthodontic appliances exposed to 1.5 T and
3 T MR systems, with a view to assess important elements
of MR safety information. Therefore, we assessed different
orthodontic parts of the fixed appliance made from
different alloys and used for various clinical indications.

The deflection angle test is an integral component in the
safety estimation of medical implants and devices within
the magnetic field of MRI systems [6, 9–11]. This test has
been shown to become increasingly inaccurate with
deflection angles exceeding 65° [8, 12]. With many of
the devices tested, the maximum deflection angle of 90°
was reached. Therefore, we repeated the measurements
with non-ferromagnetic weights to reduce the deflection
angle to below 65° [12]. This modification of the deflection
angle test allows the assessment of the translational force
even on strongly ferromagnetic objects. According to the
ASTM standard, all devices with a deflection angle ≥45°
are classified as “not MR safe”. The reason for this upper
limit is traced back to the fact that, in those objects,
translational force Fz exceeds gravitational force Fg. In
other words, a force that causes an acceleration >1 g would
hoist an object and accelerate it towards the magnet (so-
called “missile effect”). At 1.5 T and 3.0 T, 13 (65%) and
15 (75%), respectively, of the appliances investigated have
to be classified as “not MR safe”. As expected, displace-
ment forces for the tested devices were greater during

exposure to the higher field strength. The ascertained
translational force Fz approximately doubled when the two
different field strengths were compared. This effect can be
expected, given that the translational force Fz increases in
proportion to magnetic field strength. The fact that they do
not exactly double might be caused by measurement errors
due to field inhomogeneities or by the gradient design and
configuration of the two different MR scanner systems
from different manufacturers. It should be noted that,
because of design differences in magnets (e.g. magnetic
shielding) used for MR systems, the findings for transla-
tional forces of the objects tested are specific to these
scanners or to MR systems, with comparable spatial
gradients and shielding of the main static magnetic field.
However, the strong correlation of the translational forces
at 1.5 T and 3.0 T indicates consistent measurements
(Fig. 3). It is important to note that a medical device that is
safe in or compatible with a 1.5 T scanner might not be so
in a 3 T system [7]. One intermaxillary spring (Flex
Developer, LPI-Ormco, Austria) and the Herbst appliance
(Herbst I, telescope and screw/607-100-00, Dentaurum,
Germany) were affected by this phenomenon and became
“MR unsafe” only at 3.0 T.

An Fz/Fg ratio >1.0 does not necessarily mean that this
object is harmful within theMRI system’s magnetic field [24].
The intended “in vivo use” of an object has to be considered
[5]. Counterforces play an important role and can effectively
prevent the device from presenting a substantial risk or hazard
to the patient in the MR environment [5, 6]. Auxiliary parts of
the orthodontic appliance are typically attached in such a way
that they can withstand considerable forces (e.g. during
chewing). These parts are unlikely to be dislodged by forces
generated by the static magnetic field of a 1.5 T or a 3 T MR

Fig. 3 Correlation of transla-
tional forces measured at 1.5 T
and 3 T. The amount of force
almost doubled when the field
strengths of 1.5 T and 3 T were
compared
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scanner. Nevertheless, to exclude a potentially fatal discon-
nection or loosening of an orthodontic device, the orthodontic
inspection of the fixation of the ligated parts prior to and after a
MR examination is mandatory. On the other hand, the lip
bumper appliance is generally only loosely inserted by finger
pressure and can be removed by the patient for eating and
brushing. This type of appliance should be removed from the
patient’s mouth prior to an MR investigation.

With regard to magnetically induced torque the
rotational force Frot did not differ substantially between
the 1.5 T and 3 T systems. Torque, which develops when a
non-spherical object is exposed to a magnetic field, occurs
in a direction such that the long axis of a ferromagnetic
device will tend to align along the direction of the magnetic
field. The maximum torque will be independent of the field
strengths, assuming that the field is sufficiently strong to
magnetically saturate the object [24, 25]. The torque is
nearly zero when the long axis is aligned along the field
and is maximal when the long axis is approximately

perpendicular to the static magnetic field. Because of the
shape of an orthodontic object, the maximum torque will
depend on the orientation of the object. The orientation
effect can be dramatic, and it has to be noticed that Frot
permanently takes effect on the object during the MR
examination in the isocentre of the magnet, whereas
translational force Fz just interferes when the patient is
moved in or out of the magnet. At this point it has to be
mentioned that the applied qualitative assessment of the
torque is a drawback of the data presented. The ASTM
standard test F2213-04 for the quantitative measurement of
magnetically induced torque based on a torsional spring
could not be applied due to the small size of the orthodontic
objects [13]. Therefore, a qualitative assessment of torque
had to be applied using the established 5-point grading
scale (Table 2), which was originally introduced by
Nogueira and Shellock in 1994 [14].

With respect to the clinical implications of this study, the
risks involved when a patient with an orthodontic device is
exposed to an MRI procedure must be weighed against the
clinical or diagnostic benefit to be derived from the
examination. All forces on auxiliary orthodontic appliances
due to magnetic field interactions were found to be below
1 N (maximum 0.567 N; intermaxillary spring, Twin Force
Standard/424-210, Ortho Organizers) and, thus, are
unlikely to compromise a sufficient attachment of these
objects to other parts of the appliance or the tooth surface.
The magnitude of magnetically induced forces on some of
the appliances is comparable to the lower range of forces
applied in orthodontic treatment to induce tooth movement.
Therefore, it is likely that, when undergoing MRI
procedures, some patients with fixed orthodontic appli-
ances will experience sensations similar to those from the
application of forces on the teeth during orthodontic
treatment, i.e. a certain degree of discomfort.

Although the findings of the study provide important
aspects for determining the risk–benefit ratio, other
important effects have to be considered. Magnetic field
interactions represent only one part of the information
necessary to determine comprehensively the potential risk
of exposing a patient with an orthodontic apparatus to the
MRI environment. Other important factors, including
heating and induced electrical currents, must be taken
into account. Further studies are required for the evaluation
of these issues.

In conclusion, the majority of the orthodontic devices
investigated have to be classified as “not safe” in the MR
environment at 1.5 T and 3 T based on the ASTM guideline
for translational forces. Consequently, MR examinations of
auxiliary orthodontic appliances are feasible only if their
identity can be clearly assured. Loose orthodontic devices
pose a significant danger for the patient.

However, the results show that the forces measured were
small compared with those forces typically applied to these
appliances in the patient’s mouth. The potential risk should
be minimised by accurate professional inspection for

Fig. 4 a The lip bumper appliance is inserted into tubes attached to
molar bands. While the molar band is cemented to the tooth, the lip
bumper appliance can be removed by the patient. b The Quadhelix
appliance is placed in the palatal region of the mouth. It is typically
inserted by the orthodontist into sheaths attached to the molar bands.
Sometimes, elastomeric or wire ligatures are used to secure the
attachments of the Quadhelix to the molar bands
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adequate fixation of the devices prior to the MR exami-
nation. Removable parts of the fixed appliance (e.g. the lip
bumper) should be detached prior to the MR examination.
Therefore, MR procedures on patients with fixed auxiliary

orthodontic parts can be reasonable in individual cases
provided that strict indication exists. Additional risk factors
such as heating have to be considered for a comprehensive
and ultimate risk estimation.
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