Are titanium implants actually safe
for magnetic resonance imaging
examinations?

Yong-Ha Kim, Manki Choi, Jae-Won Kim

Department of Plastic and Reconstructive Surgery, Yeungnam University College of
Medicine, Daegu, Korea

Correspondence: Yong-Ha Kim

Department of Plastic and Reconstructive Surgery, Yeungnam University College of Medicine,
170 Hyeonchung-ro, Nam-gu, Daegu 42415, Korea

Tel: +82-53-620-3481, Fax: +82-53-626-0705, E-mail: kimyon@ynu.ac.kr

Received: 16 Dec 2018 * Revised: 28 Dec 2018 » Accepted: 28 Dec 2018 )
pISSN: 2234-6163  elSSN: 2234-6171 ity
https://doi.org/10.5999/aps.2018.01466 © Arch Plast Surg 2019;46:96-97

Copyright © 2019 The Korean Society of Plastic and Reconstructive Surgeons

This is an Open Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Magnetic resonance imaging (MRI) is widely used for the diagnosis,
staging, and follow-up of diseases. MRI is a very useful diagnostic
tool for musculoskeletal and cerebrovascular imaging, because it has
excellent soft tissue contrast and is considered to be safer than other
modalities, as it does not expose the body to radiation [1].

However, MRI is not without risks. The presence of a metal im-
plant in the patient’s body during an MRI scan can be dangerous due
to excessive magnetic field interactions.

Developments in medicine have led to the use of various implants,
such as dental and orthopedic implants, in our bodies [2]. In the
field of craniofacial surgery, the use of titanium plates and screws in
open reduction and internal fixation procedures has exploded since
the late 20th century, and titanium is now considered to be the mate-
rial of choice for implants. Titanium plates are frequently used for
cranioplasty, reconstruction of the facial bones, and reconstruction
of the orbital bone, because they yield excellent results without pos-
ing any major problems in terms of biosafety [3].

Some physicians, however, have questioned whether titanium im-
plants are actually safe for MRI examinations. The greater the num-
ber of elderly patients, the higher the probability of conducting brain
MRI due to cerebrovascular disease. This has led to the question of
whether widespread use of titanium implants in the craniofacial re-
gion is acceptable given the likelihood that patients will undergo
brain MRI in the future.

In this paper, we present the mechanism of MRI and its relation-
ship to metals, especially titanium, and review the concerns that have

been raised about titanium materials in MRI.
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During MRI, a person is placed in a cylindrical machine and a wire is
wound around the cylinder. When electricity courses through this
wire, a magnetic field flows through the cylinder. In MRI, a magnetic
field is applied to our body, and the imaging apparatus senses the sig-
nal produced in response to the magnetic field and images it [4].

The physical principles of MRI can be divided into three stages:
magnetization, resonance, and relaxation. Magnetization refers to an
electromagnetic property with the same directionality as the mag-
netic moment in an atomic nucleus. In other words, the nucleus can
be regarded as an extremely small magnet. MRI uses hydrogen at-
oms, which are abundant in the human body. Since hydrogen has
only one proton in its nucleus, its net magnetic field points in one di-
rection, without being canceled. Since the magnetic moment direc-
tion of hydrogen atoms is random when a magnetic field is not ap-
plied in a normal human body, the body has no overall magnetic
properties when these moments are summed. However, when an ex-
ternal magnetic field is applied, resonance occurs. The magnetic mo-
ments of the hydrogen atoms, which previously had different direc-
tions, align in the same direction. This phenomenon is known as res-
onance. In MR, the intensity of the magnetic field is varied to avoid
providing a constant force. When the external magnetic field disap-
pears, the atom returns to its original state. The release of energy
when an atom returns to its original state is known as relaxation. The
intensity of the magnetic field changes during MRI, and relaxation is
repeatedly induced by sequences of these changes. Imaging the ener-
gy signals generated from relaxation of the hydrogen atoms through

the sensor results in an MRI image that we can see [4].

Common sense indicates that we should not bring metal close to an
MRI machine. Although term “magnetism” is often used to refer to
the magnetic properties of metals, in fact, all materials have magne-
tism, which can be classified into ferromagnetism, diamagnetism,
and paramagnetism [5].

Ferromagnetic substances are materials that are magnetized even
when there is no external magnetic field. When a ferromagnetic sub-
stance comes close to an MRI machine, it becomes attached to the
MRI machine due to its strong magnetic field or is moved to another
location. Representative ferromagnetic materials include iron, cobalt,
and nickel. Diamagnetic substances are magnetized in the opposite
direction to the magnetic field when placed in a magnetic field, al-
though diamagnetism disappears when the magnetic field disappears.
Representative materials include copper, glass, and plastic. Paramag-
netic substances are weakly magnetized by an external magnetic field
and lose their magnetism when the external magnetic field is re-

moved. Most substances belong to this category, including titanium.
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Over the last 3 decades, surgical titanium implants have been tested
in numerous studies for safety, compatibility, and imaging diagnostic
artifacts. Nearly all studies concluded that most nonferromagnetic
implants are safe for patients in MRI [6-9].

The U.S. Food and Drug Administration receives approximately
300 reports annually of adverse events on MRI scans [10]. Contact
burns due to skin-to-skin contact or external metallic objects such as
electrocardiogram leads, pulse oximeters, and medical patches are
most commonly reported. The next most commonly reported events
include damage caused by projectile accidents by objects moving
due to the magnetic field, digit injuries caused by the patient table,
patient falls, hearing loss, and tinnitus, all of which are unrelated to
the presence of a surgical implants.

Because MRI devices use strong magnets, metal implants pose the
specific risk of potential migration of implants and radiofrequency
(RF)-induced heating of the implants, which may cause damage to
the surrounding tissue [11].

Studies have shown that implants firmly fixed to the bone are not
affected by MRI-induced displacement [1,12]. Given the paucity of
recent studies, MRI is not recommended in the immediate postoper-
ative period in patients with passive implants such as coils, filters, and
stents [6]. RF heating is theoretically possible because the eddy cur-
rents in implants are parallel to the static magnetic field of the scan-
ner. However, all cohort studies have revealed that this temperature
change is negligible, indicating that concerns about tissue damage
from RF heating are unfounded.

Metal implants can result in image artifacts that cause misinterpre-
tation of results. Advances in technology can minimize image distor-
tion by modifying magnetic resonance pulse sequences and optimiz-
ing scanning parameters. When deciding whether patients should
undergo MRI, physicians must consider both the advantages of im-
aging and the possibility of image distortion due to implants.

Titanium is a paramagnetic material that is not affected by the
magnetic field of MRI. The risk of implant-based complications is
very low, and MRI can be safely used in patients with implants. The
titanium plates used in the craniofacial area, however, are made of al-
loys. More precise research is needed because the effects of MRI de-

pend on the proportion of the constituents of the alloy.
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