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Abstract

Objectives

The paucity of safety information on intrauterine devices (IUD) for magnetic resonance

imaging (MRI) examinations is clinically relevant. The aim of this study is to evaluate the

MRI safety of clinically used IUDs composed of copper/gold and stainless steel at 1.5T and

3.0T.

Materials and methods

We assessed and compared the displacement force, torque effects, presence of imaging

artifacts and heating of IUDs composed of copper/gold (western IUDs) and stainless steel

(China) on 1.5 and 3.0T MRI systems.

Results

Gold/Copper IUDs can show small deflection angles of 7Ê�“ 7Êin the worst-case field gradi-

ent of 40T/m (equivalent to magnetic force of 0.5 mN), while the stainless steel IUD experi-

enced significant magnetic force and deflection (Force �! 7.5 N; deflection angle 90Ê�“ 1Ê).

Manual rotation and suspension method show no torque effects on gold/copper IUDs but

high torque effects were observed by manual rotation on the stainless steel IUD. Heating

measurements showed a temperature increase (rescaled to a wbSAR of 4 W/kg) of 1.4ÊCat

1.5T / 3.4ÊCat 3.0 T (stainless steel IUD), 3.2ÊCat 1.5 T / 3.8ÊCat 3 T (copper/gold IUD),

3.3ÊCat 1.5 T / 4.8ÊCat 3 T (copper 1), 3.8ÊCat 1.5 T / 4.8ÊCat 3 T (copper 2). The visible

imaging artifacts of the copper and gold IUDs at 3 T MRI reach a diameter of 4 mm �“ 1 mm,

while the stainless steel IUD resulted in artifacts measuring 200mm �“ 10 mm when using

gradient echo pulse sequences.

Conclusions

Standard IUDs (copper/gold) can be considered as conditional for MR safety at 1.5 T and

3.0 T, demonstrating at wbSAR up to 4W/kg and a magnetic field gradient of up to 40T/m

with minimal imaging artifacts. The stainless steel IUD, however, induces unacceptable
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artifacts and is potentially harmful to patients during MRI due to high magnetic dislocation

forces and torque (MR unsafe).

Introduction
With therisingglobalpopulationin recentdecades,effectivecontraceptivemethodswhichare
safe,reliableandcheapareneededfor familyplanning[1]. Theintrauterinedevice(IUD), a
contraceptivemethodthat is locallydeployedinto theuterinecavity,hasbeenshownto effec-
tivelypreventpregnancies[references?].IUDs areof two generaltypes,hormonalIUDs and
metallicIUDs, thelatterareusuallymadeof copperor stainlesssteel.AsIUDs areclinically
effectiveandtheir effectsreversibleby removal,manywomenchooseIUD to preventpregnan-
cies.In theUnited Statesof AmericaandEurope,thereis risingutilization of IUDs in about
2%and6%of womenrespectively[2,3].

In Asia,especiallyin China,recentestimatesshowthat44%of all Chinesewomenbetween
15±45yearsof ageuseIUDs.Until recently,therewasamandatoryone-childpolicyin China,
andthedeploymentof IUDs arethereforeparticularsignificant.Manydifferenttypesof IUDs
havebeenin usein China[4]. Oneproductthatwaswidelyusedin the1980's(morethan90%
of all IUDs usedin Chinaat that time) ismadeof stainlesssteel,andknownastheªChinese
ringº [4]. Althoughtheproductionof thisparticularIUD wasstoppedin 2000,the.longlife-
spanof theChinesering, whichisbetween5 to 20years,meansthat it maybeleft in-situ in
someelderChinesewomen[5]. To our knowledge,thereisonly oneinternationalpublication,
whichdescribesthis ring from aradiologicalpoint of view[6].

Thereisapaucityof publicationsthataddressthesafetyof IUDs during MR imaging.Most
of thesepublicationsdo not considercomprehensivelymeasurerelevantaspectssuchasheat-
ing, torque,magneticforceandartifactson both1.5Tand3T MRI systems.Furthermore,
existingpublicationsfocuson copperIUDs andhavenot systematicallyaddressedIUDs that
containgoldor steel.[7,8] AlthoughIUDs areconsideredasclinicallysafe,wecouldnot find a
publicationdescribingthesafetyof IUDs madeof differentmaterialsathigherMR field
stengths,especiallyduring MRI investigations.

Fromaradiologicalpoint of view,thelackof safetyinformation on arangeof IUDs within
aMRI magnetfield,posesarelevantclinicalproblemfor radiologistsandgynecologists.There
isanongoingandsometimescontroversialdebateconcerningwhethereveryIUD issafeto
undergoMRI investigation,whetherIUD placementmustbecheckedafterscanningor
whetherthesedevicesmaybedangerousfor womenduring MRI [8]. Forour studyweselected
theNovaT 380,MonaLisaCu375(identicalto Multiload Cu375),GoldLunaandtheChinese
ring IUD for investigation.Hormonal IUDs havenot beenincludedin thisstudy,sincethese
do not includeanymetallic,magnetic,or conductivematerialsandthereforecanevenbe
labeledasMR safeon ascientificrationale.

To our knowledge,thereareno prior publishedstudiesinvestigatingthesafetybehaviorof
thesedevicesincluding theChinesering; nor hastherebeenaprevioussystematicinvestiga-
tion of thetemperaturechangeanddegreeof movementof theseIUDs inducedbymagnetic
fieldson 1.5T and3.0T MR systems.

Hence,theaim of thisstudywasto investigatethesafetyof themostfrequentlyusedIUDs
during MRI at1.5T and3.0T. Thisstudyhopesto clarifywhetherradiologistsshouldapply
IUD specificprecautionmeasuresin clinicalpracticeandwhethertheIUD placementof cop-
per/goldIUD needsto bere-verifiedafterMRI examination.

Evaluation of safety issues and artefacts of different metallic intrauterine devices
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Materials and methods
Theprimary objectiveof thepresentstudywasto assessthesafetyof IUDs in anMRI environ-
ment.Thefollowingaspectsweretested:(1) Assessmentof thedisplacementforceandtorque
effectsof theimplant in themainstaticmagneticfield at3.0T MRI (followingASTMF2052-
15[9] andASTMF2213-17[10]). (2) Evaluationof heatingeffectsdueto theRF-fieldduring
MR scansat1.5T and3 T (followingASTMF2182-11a[11]) and(3):Assessmentof thesizeof
imageartifactsat3.0T (followingASTMF2119-07(2013)[12]).

TheMR measurementswereundertakenbetween01.01.2016and01.04.2016.Investigation
of theIUDs wererealizedon thefollowingMRI platforms:1.5T (Achieva,PhilipsHealthcare,
Best,TheNetherlands)for heatingmeasurements;3.0T (Achieva,PhilipsHealthcare,Best,
TheNetherlands)for heatingmeasurements,forceandtorque;3.0T (Ingenia,PhilipsHealth-
care,Best,theNetherlands)for artifactmeasurements.

IUDs evaluated
To our knowledgeandownliteraturesearch,therearefivemain typesof IUD, whicharecom-
monlyusedin womenworldwide[13].Besidetheoneswechose,thereareotherIUDs available
on themarket,but in termsof structureandmaterial,thesearenot dissimilarto theonesselected
for testingin our study(NovoT ismadeof copper,silver,polyethylenewith bariumsulfate,and
iron oxid (coloringof thethreads);MonaLisaismadeof copperandtwo nylon threads;Gold
Lunaismadeof gold,copper,andpolyethylenewith bariumsulfate;Minervaismadeof polyeth-
ylenewith bariumsulfateandareservoircontaininglevonorgestrelandsilicone,with Iron oxide
usedascoloringagent;theChinesering ismadeof stainlesssteel).Forour study,thefollowing
metalcontainingIUDs,whichform arepresentativesample(Table1)wereincluded:theªChinese
ringº IUD from China(composedof stainlesssteel;manufacturercompanyisunknown),the
GoldLuna(composedof copper/gold;Dr. SchittenhelmPharmaGmbH& Co.KG,Germany),
theMonaLisa(composedof copper;MonaLisaN.V.,Heusden-Zolder,Belgium)andtheNovaT
(composedof copper;BayerPharmaAG,13353Berlin,Germany).TheMinervaIUD wasnot
investigated,becauseit ismadeof plasticanddoesnot containanymetalor conductivematerials
andis thereforenot susceptibleto magneticinteractions.

Assessmentof displacementforce
Theimplantsto betestedweresuspendedusingathin string(mass<0.015g)at theportalof
theMR imagingunit (locationof thestrongestfield gradientalongthez-axisthroughtheiso-
center),andthedeflectionfrom theverticalwasdetermined.,Onesampleof eachdevicewas
testedthreetimesandthemeancalculated.Thestrengthof themagneticforcevectorwaseval-
uatedusingthefollowing formula:

� � ˆ � ���� n���	� ˆ 
 f��
 g���� n���	� …F1†

Table1. Different typesof IUD tested.

Type/ Brand Material Dimensions
(metallic coil only)

Massof the device

MonaLisa Copper diam:2.5mm;length:26mm 0.53g

GoldLuna Copper/Gold diam:2.5mm;length:21mm 0.53g

NovoT Copper/Silver diam:2.5mm;length:23.5mm 0.44g

ChineseRing Stainlesssteel diam:21mm(ring); diam:2mm(coil) 0.72g

https://doi.org/10.1371/journal.pone.0204220.t001
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Wheremdev= massof thedevice,�� = deflectionangle,andg= gravityconstantandmag-

neticforce �
!

� mustbeorthogonalto thegravityforce �
!

� .

Theattractionforceisgivenas �
!

ˆ …�! r† �
!

, where�! is themagnetizationof themate-

rial, and �
!

, is themainmagneticfield strength[14]. In caseof non-ferromagnetic materials

(standardIUDs aremadeof copperandgold) �! will increasewith thefield strength�
!

. For
implantswith significantamountsof ferromagneticmaterials(Chinesering) �! will changein
astrong,non-linearfashion.However,at field strengthsof 1.0T andabove,it is safeto assume
that thosematerialsaresaturatedand �! will no longerincreasewith theB field.

Assumingthelinearscalingof themagneticforcewith thespatialfield gradient,themag-
neticforceat40T/mcanbecalculatedasfollowed,takinginto accountthat thefield gradientis
4.5T/mandthefield is1.8Tat themeasurementlocation:

� f
; 40gˆ � f
; 4:5gn��� n� ���f40 n�=
gf4:5 n�=
g n��� n� ���f3 n�gf1:8 n�g nnnn …F2†

Current1.5T and3T MR scannershaveapeakfield gradienton thesurfaceof thecover
of <20 T/m. Selectingtwicethisvalueallowsthevalidity of our resultsfor futurepotential
increasein magneticfield strengthsandmagnetdesigns.Themagneticforce� �,4.5 canbecal-
culatedfrom thedeflectionangleasshownby formula(F1).Becausethemeasurementisnot
accurateatdeflectionanglescloseto 90Ê,anadditionalmass(plasticbottlefilled with water)of
58.1gwasaddedto theChinesering to reducethedeflectionangle.

Out of thenewmagneticforcevalue,theexpecteddeflectionanglecanbecalculatedasfol-
lows:

a40 ˆ ��� � 1 ��� a4:5 �
40	 =�
4:5	 =�

�
3	

1:8	

� �
…F3†

Torquemeasurements
A qualitativeevaluationmethodof torqueeffectswasperformedby turning theIUD andeach
of its partsat theisocenter(in themiddleof theMR tube)of the3T magnet.Thesamequalita-
tiverating (0 no torqueeffectto 6 strongtorqueeffects)asmentionedin thepublicationby
Luechingeretal.wasused[14].

Torquewasin additionevaluatedfor theCu/GoldIUDs usingthesuspensionMethodfrom
ASTMF2213-17.All cupperbasedIUDs weresuspendedwith alow weightstring(1%of IUD
weight)andin theisocenterof the3T magnetandrotatedaspreviouslydescribed.[10]

Assessmentof heatingeffects
IUDs weremeasuredin abodyshapedreservoirfilled with 30litersof distilledwater,300gof
polyacrylamide(PAA) and39.6gof NaCl,asrecentlydescribed[14,15,16].Theconductivity
of thegelwasmeasuredas4.7�0.4 mS/cm.Thesequencefor maximumspecificabsorption
rate(SAR)asprovidedby theMR manufacturerwasadaptedbychangingthenumberof signal
averaging(NSA),thenumberof dynamics,andthenumberof slices,to achievetheminimum
scantime of 15min requestedby theASTMstandard.The3.0T AchievaScannerrunning
clinicalsoftwareversion(Rel3.2.3)is limited to 0.9W/kg whole-bodySARusingtheRFbody
coil. In theresearchmode,thewhole-bodySARlimit wasincreasedto 2 W/kg, asrequestedby
theASTMstandard.A fiber-optictemperaturesetupwith four MR compatiblesensorsfrom
Neoptix(Quebec,Canada)wasusedto recordthetemperaturechanges(accuracy� 0.1ÊC;
temporalresolution0.25s).Thetemperaturesensitivepartof threesensorswereplacedat
bothendsof theconductivestructuresof theIUDs andplacedat theboarderof thetank in the

Evaluation of safety issues and artefacts of different metallic intrauterine devices
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gel,whilethefourth sensorwasplacedasareferenceat theothersideof thetank.Theconduc-
tivestructurewasalignedwith themainmagneticfield to ensuredetectionof maximal
heating.

During theturbo-spinechosequences(1.5T: FOV = 530mm, matrix 544x512,TE= 9.8
ms,TR= 1280ms,2 slices,flip angle90Ê,turbo factor128,29NSA,3 dynamics,scanduration
15:06min,whole-bodySAR,4.0W/kg, B1rms= 4.53uT,forwardaveragedpower312�4 W;
3.0T:FOV = 530mm, matrix 380x256,TE= 9.9ms,TR= 2588ms,2 slices,flip angle90Ê,
turbo factor128,30NSA,3 dynamics,scanduration15:47min, whole-bodySAR,2.0W/kg,
B1rms= 2.44uT, forwardaveragepower129�2 W) thetemperaturechangeswerecontinu-
ouslymeasured.Themetalliccoilshavealength(in caseof thering, adiameter)of up to
26mm.Thecoil of thecopperIUDs ismadeout of up to 60windingsresultingin anestimated
wire lengthof about20cm,whichcouldbeacritical lengthat1.5Tand3T.However,thewire
isnot isolatedandthewindingstoucheachother'sandthereforethecoil lengthis themorerel-
evantlengthfor RFheating.A coil lengthof <3cm canbeconsideredelectricallyshortfor all
field strengthup to 3T.

Measurementof artifacts
Assessmentof artifactscausedby theimplantswereperformedon the3.0T Philipssystem.
TheIUDs wereplacedin atank filled with ~8 litersof coppersulfatesolution(1 gCuSO4 per
liter distilledwater;0.1%).Two orientationsof theimplantsrelativeto themainmagneticfield
weretested.For theorthogonaltest,thetankwasrotated90Êcounterclockwise.Thepartswere
placedon asupportivegrid in thecenterof thetank(Fig1).Thegrid ismadeout of anacrylic
glassblock,with alternating1 mm and2mm largecuts.Thecubesbetweentwo cutshave1
cmsidelength.Theacrylicglassgrid wasusedasreferenceobjectasspecifiedby theASTM
standard.Thesizeof theartifactsweremeasuredusingagradient-echo(FOV = 256mm,
matrix 256x256,slicethickness3 mm, TE= 15ms,TR= 100ms,4±8slices,flip angle30Ê,
Bandwidth 32.4kHz) andspin-echo(FOV = 256mm, matrix 256x256,slicethickness3 mm,
TE= 20ms,TR= 500ms,4±8slices,flip angle90Ê,Bandwidth 32.4kHz) sequence.Theslice
orientationandthefold-overdirectionof theimagingsequenceswerealteredto differentiate
all effects.

Results

Displacementforcemeasurements
Thedeflectionanglesof thethreecopper/goldIUD werecloseto zero(0.5Ê� 0.5Êof deflection
for MonaLisa,GoldLunaandNovaT). Extrapolatedto 40T/m (to keepasafetymarginfor
futuredevelopments)thedeflectionanglewill correspondto 7Ê� 7Êandthemagneticforce
will be< 1 mN at theworst-caselocation(Table2).Bycomparison,thegravitationalforce
exertedon thethreecopperIUD is> 4 mN. Thedeflectionangleof theChinesering (mass
0.72g)afteradditionof anextraweightof 58.1gwas41Ê� 1Êin themainmagneticfield gradi-
entof 4.5T/m,whichresultsin amagneticforceof 7.6N on theChinesering. Dueto thehigh
force,no extrapolationto astrongerfield gradientwasperformed.(Fig2).

Torqueeffectmeasurements
Manualrotation:Thestandardizedmanualrotation of theIUDs at theisocenterof the3.0T
magnet,showedno torqueeffectfor thethreecopperIUDs,whileastrongtorqueeffectwas
observedfor theChinesering (scoredas6). In clinicalpractice,arotation effectwithin the
patientisverylikely for theChinesering, andtissuedamageisapotentialrisk.

Evaluation of safety issues and artefacts of different metallic intrauterine devices
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SuspensionMethod:no movementor alignmentto thestaticmagneticfield wasobserved
for anyof thecupper/goldIUD. Thetestwasnot performedfor thestainlessstealring, dueto
theknownhigh torqueeffects.

Fig 1. Thegold/copperIUD in the filled tank: Theartifacts of the threecopper/gold IUD whenimagedwith the spin-echosequenceat 3.0T.

https://doi.org/10.1371/journal.pone.0204220.g001
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Measurementsof heatingeffects
Themeasurementsin the1.5T MRI system(measuredwith aSARof 4 W/kg) yieldedamaxi-
mum temperatureincrease(no subtractionof backgroundheatingwasapplied)of 1.4ÊC for
theChinesering, of 3.2ÊC for theGoldLuna,of 3.3ÊC for theMonaLisa,of 3.8ÊC for the
NovaT andof 2.2ÊC for thefilled reservoirwithout anIUD, followingmeasurementsfor 15
minutes,respectively.For the3.0T MRI measurements(measuredwith aSARof 2 W/kg) the
maximumtemperatureincreasewasdoubledandthusnormalizedto aSARof 4 W/kg body-

Table2. IUD safetymeasurements on 1.5T and3.0T: Overviewof displacement force,torque effects(0: no torque,6:highesttorque) anddiameterof imaging
artifacts.

displacement force Torque effects artifact diameter

IUD 3.0T and 40T/m 3.0T gradient echo spin echo

[mN] [0±6] 3.0T [mm] 3.0T [mm]

MonaLisa 0.5 0 3.8 3.8

GoldLuna 0.5 0 3.8 3.8

NovoT 0.5 0 3.8 3.8

ChineseRing 7600(4.5T/m) 6 200 150

https://doi.org/10.1371/journal.pone.0204220.t002

Fig 2. ThestainlesssteelªChineseringº: TheªChineseRingº held closeto the MRI (3.0T) demonstrating the high inducedmagnetic force.

https://doi.org/10.1371/journal.pone.0204220.g002
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weight.Therecalculation(SARof 4 W/kg) yieldedtemperatureincreasesof 3.4ÊC for theChi-
nesering, 3.8ÊC for theGoldLuna,4.8ÊC for theMonaLisa,4.8ÊC for theNovaT and3.6ÊC
for thefilled tankwithout anIUD for ascnningtime of 15minutes.All resultsaresummarized
in Table3.

Artifact size
ThethreecopperIUD (NovaT,MonaLisaandGoldLuna)in the3.0T MRI resultedin anarti-
factdiameterof 4 mm � 1 mm. (Fig1).Takingthe3mm diameterof thecoppercoil into
account,theseartifactsshouldnot propagatefor morethan1 mm beyondthesurfaceof the
implant.However,theartifactinducedby thestainlesssteelIUD (Chinesering) leadsto an
artifactdiameterof 200mm � 10mm usingthegradientechopulsesequencesettingandto an
artifactdiameterof 150mm � 10mm usingthespin-echosequence(Fig3).

Table3. Resultsof the heatingeffectswith maximum temperature increaseover15min.

IUD Temperature increase[ÊC] Temperatureincrease[ÊC]

1.5T; SAR2 W/kg� � 1.5T; SAR4 W/kg� 3 T; SAR2 W/kg� 3 T; SAR4 W/kg� �

Reference 1.1 2.2 1.8 3.6

GoldLuna 1.6 3.2 1.9 3.8

MonaLisa 1.7 3.4 2.4 4.8

NovaT 1.9 3.8 2.4 4.8

Chinesering 0.7 1.4 1.7 3.4

� measuredvalues
� � calculatedvalues

https://doi.org/10.1371/journal.pone.0204220.t003

Fig 3. Artifact of the ferromagneticstainlesssteelIUD (Chinesering): Artifact of the ªChineseringº on agradient echosequence(3.0T) on the left, exemplified
by signalvoid and imagedistortion. Notewatersurface(left side)andbottomof thetank(right side).Artifact inducedby thestainlesssteelIUD (Chinesering) on spin
echosequence(3.0T) isasshownon theright.

https://doi.org/10.1371/journal.pone.0204220.g003
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Discussion
Our resultsshowthat thethreefrequentlyusedIUDs (MonaLisacontainingcopper;Gold
Lunacontainingcopper/goldandNovoT containingcopper/silver)canberegardedasMR
conditional(no knownhazardsin aspecifiedMR environment)for their safetyat1.5Tand
3.0T,evenwhenconsideringawholebodySARof up to 4W/kgandastaticmagneticfield gra-
dientof up to 40T/m.Our resultsindicatethat themainmagneticfield gradientdoesnot
inducesignificantmovementrelatedto themagneticforcecomparedwith thegravitational
forcein theseimplants.In addition,no significantheatingwasobservedalthoughtheRFheart-
ing effectsat<3.0T werenot tested.Dueto thesmallconductivestructure(metalliccoil) of
theseIUDs, it is likely thatonly limited RFheatingwill occurat thelowerfield strengths(< =
1T).

Bycontrast,thesocalledChineseIUD ring composedof stainlesssteelnot only generates
pronouncedartifacts,but alsoexperiencessignificantdislocationin theappliedmagneticfields
(deflectionanglewithout additionalweight:~90Ê).Sincetheinducedforceandtorqueeffects
posearealsafetyrisk, thedeviceshouldbeconsideredasMR unsafe.

Theissueof IUD's translocationfollowingMRI examinationsisworth considering,asthis
mayrequireclinical follow-up to control or re-positiontheIUD afterMRI [8].

In viewof our results,copper/gold/silvercontainingIUDs appearto beclinicallysafewith
MRI effectsbeingsignificantlylessthanearth'sgravitationalforce,in contrastto thestainless
steelcontainingIUD (ChineseIUD ring), whichareMR unsafe.To our knowledgethereare
no prior publicationsevaluatingthesafetyof theChinesering IUD. This IUD issusceptibleto
MR inducedmotion, andhenceundesiredmovementwithin theuterusor displacementinto
thevagina.Asaresult,patientscarryingtheChinesering IUD shouldbeconsideredascontra-
indicatedfor MRI examinationof anybodyregion.In caseof astrongindication for MRI in
thesewomen,removalof theIUD prior to MRI wouldbestronglyrecommendedbecauseof
thepotentialfor thedeviceto degradeimages,aswellasthehigh risk for displacement.

Our resultsalsoconfirm thefindingsof previousIUD compatibilitystudiesandIUD device
listings[17], statingthatmostIUDs areMR safeor conditional.ThestainlesssteelChinese
IUD ringsarehowevernot mentionedwithin thisdatabase,eventhoughthis isoneof the
mostfrequentlyusedcontraceptivedevicesin China.

Dueto theincreasedmobility of peopleasaresultof tourismandmigration,patientswith
theChinesering IUD implant mayrequireMR examinationin otherpartsof theworld.
Hence,thepotentialharmto thesepatientsundergoinganyMRI studiesshouldbeconsidered.
To our knowledge,eventhoughthemanufacturingof thestainlesssteelChineseIUD ring has
beenstoppedaroundtheyear2000,thelongevityof thesedevicesmeansthat theimplant is left
in situ in asignificantnumberof Chinesepatients.Furthermore,thereareindication that fer-
romagneticIUDs in otherformsmaystill beavailableon themarket.It alsoneedsto be
emphasizedthatChinesewomenhavethehighestprevalenceof employingbirth control mea-
sures(85%in comparisonto 79%in theUSA[5]). Moreover,IUDs arethemostfrequently
usedform of contraceptionin about40.6%of all womencomparedwith approximately2.1%
of womenin theUSA[4]. Thissocio-geographicaldifferencemaybeaccountedby therela-
tively low priceof theIUDs in China,thesocialone-childpolicy,highPearl-Index(0.1±1.5)
andhighadherence[4,18].

To our knowledge,this isalsothefirst studyto systematicallyinvestigateaccordingto inter-
nationalASTMstandardsthepropertiesof frequentlyusedIUDs at1.5T and3.0T MRI with
respectto heating,magneticforce,torqueeffectsandinducedartifacts.Previousstudiesonly
investigatedtheheatingeffectsof IUDs at1.5T MRI, whichcorroborateswellwith our results
[19]. Dueto theabout10fold smallermagneticaccelerationforcescomparedwith the
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gravitationalforcein aworstcasefield gradientof 40T/m, theauthorsdo not seeanyjustifica-
tion to checktheIUD placementof copper/goldIUD of suchpatientsfollowinganMRI
examination.

Our studyhasthefollowing limitations.Firstly,only alimited numberof IUDs were
includedasit wasnot possibleto retrievespecificdeviceslimited to certaincountriesor
regions.However,weincludedthemostrepresentativeIUDs composedof non-ferromagnetic
copper/gold/silverthatwereavailableto us,aswellasthemostfrequentlyusedIUD typeused
in China.Dueto similarmetalwinding techniquesusedin otherIUDs,weexpectothersimilar
devicesto behavein acomparablemanner.Secondly,wecouldnot obtainthefull technical
information of theChinesestainlesssteelIUD dueto languagebarrierandlackof manufac-
turer information.Thus,thefull metalcompositionof thedevicebesidesstainlesssteelcould
not beverified.Lastly,our presentstudyisanin-vitro assessment,bywhichthefindingsare
beingextrapolatedto thein-vivo scenario.However,theeffectsdueto secondarychangesafter
deviceplacementcouldalsonot beassessedin thepresentstudy.Additional MR safetyissues
suchastheinduction of eddycurrentsor nervestimulationwerealsonot assessed.

For relevantmedicaldevices,theMR safetyevaluationsshouldbeperformedby theimplant
manufacturersin orderto determinein aliableform patientsafetyfor MR scanning.Evenso,
thetestsperformedin thisstudyfollow thesameteststandardsasrequestedfor certification
labelingby themanufacturer.However,our testscannot replacethoseconductedby the
devicemanufacturers.It wouldbepreferablethatall medicalimplantswouldcontainanoffi-
cialMR safetylabelin their instruction for use,asthiswouldallowMR techniciansandradiol-
ogiststo havegreaterconfidencein theimagingof thesepatients.

Conclusions
Thetestedcupper/gold/silverIUDs canbeconsideredasMR conditionalat1.5Tand3.0T, up
to awbSARof 4W/kg,andamainmagneticfield gradientof up to 40T/m, whichresultsin
only about1 mm imagingartifactsfrom theimplant surface.However,theferromagneticChi-
nesestainlesssteelIUD, oneof themostfrequentIUD usedin China,not only stronglyham-
perspelvicMR imagingdueto extensiveinduction of artefacts,but ispotentiallyharmful to
patientsdueto highmagneticdislocationforces.Therefore,stainlesssteelIUD shouldbe
regardedasMR unsafe.Patientswith suchdevicesin-vivo shouldberegardedascontraindi-
catedfor anyMRI examination.
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