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Abstract: When diagnosing a patient, using computer tomdgragnd magnetic resonance imaging, who has metal
implants, it is important to minimize the resultiagifacts and increase image quality. The ainhisf teview article was

to point out standard and advanced techniquesthraing these artifacts. We can reduce thesedsify a variety of
methods such as low-intensity magnetic field saagnnon-magnetic metal implant orientation, andabeming the
receiver bandwidth. In computed tomography withl duergy, we can reduce the artifacts using algarit too.

1 Introduction since metal implants create artifacts that obscure
At present, in the field of orthopaedics ancfurrounding tissues and the space around them [2].
implantology, implants of various materials suchnasals, This artifact is limited by the use of differentbaiques

plastics, ceramics are used in various injuries lamde to reduce artifacts created by metal implants.

defects such as fracture fixation, intervertebradcd

replacement, artificial joint replacement, fracauef the 1.1  Factorsof metal artifacts origin

head bones. First of all, the safety of the patienst be Artifacts can be caused by scattering, photon

taken into account when diagnosing patients withlamts ~ Starvation, beam hardening, noise, edge effects, a

using computed tomography (CT) and magnetic resmnancombination of these factors. Artifacts in the metgmfield

imaging (MR). can cause serious deviations due to the sensitieityeen
The spectral CT is known as Dual Energy CT (DECTHe metal implant and soft tissue [5]. Metal nongmetic

uses two X-ray energy spectra. For this sensirtgnigae, implants are associated with magnetic field serisitisize

different energy-sensing is used for materials itlerent and shape, but also with imaging parameters.

attenuation properties. Compared to mono-ener@gfic

where we obtain one set of images, itis commongdus?2  Standard and advanced artifact

DECTV,_ wherewwe get se\(eral types of imagﬁrwba!_ reduction techniques on MR imaging

_Nena3|el sa Z|gden zdroj odka_zov. For orthopaedp When a metal object in the MR is magnetized, it

implants of titanium alloys and stainless stearétare still encapsulates its own magnetic field and therehpristhe

concerns about patient safety in magnetic resonanggernal magnetic field, leading to a loss of sigh@ngth.
imaging. In some cases, the MR examination waseefu Tiianium orthopaedic implants produce smaller acti

for these patients [3]. _ . than implants consisting of cobalt-chromium allays
In the studies of Walde et. al. CT and MR examov&i  ¢tinjess steel (Figure 1) [2].

have been found to be more sensitive than conveitk-
ray diagnostics [5]. Secondly, these implants impiaé
visibility of various pathological findings by radogists,
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2.3 Increase recelver bandwidth range and use
fast picture rotation tracking with short
picture spacing

Increasing the frequency coding strength reduces th

magnetic field sensitivity of the metal implantd&re 4).

Using this technique, we minimize signal loss ag=lilt in

smaller artifacts than with rapid reflection trawdi[2].

Figure 1 A- on the left side is a metal rod madstainless
steel, on the right side a titanium rod, aB- Dent@i®n of
metal sensitivity imaged at low magnetic field sgth [2]

2.1 Low magnetic field scanning

Using low-intensity magnetic field scanning, we can
reduce the artifact's intensity. The areas we need
diagnose near small titanium implants can alscchared
with greater magnetic field strength (Figure 2).

Figure 4 A- Lumbar spine imaged by 130Hz bandwiith
lumbar spine imaged by 400Hz bandwidth [2]

These methods of reducing metal artifacts can be
performed without modification in the hardware nfaee
[2]. Advanced techniques for reducing metal artdac
include various techniques such as view anglagitslice
coding for correction of metal artifacts, imageabéd by
combination of variable resonance of multiple insage

3 Metal artifact reduction on Computer

Figure 2 A- patient's knee scanned with intensigmetic field tomography
1,5T, B — patient's knee scanned with intensityrratag The main causes of metal artefacts are photon
field 3T [2] starvation (absorption of photons by dense mateurial
subsequent shade behind the implant), beam soateand
2.2 Theparallée orientation of theimplant beam hardening.
Artifacts caused by a metal implant can also baced Common techniques for reducing artifacts are to
by placing the implant parallel to the external metgc  optimize reconstruction and retrieval of parameteys
field (Figure 3) [2]. increasing voltage and current, narrowing collimati

(narrowing in one direction), reducing cutting #ess,
reducing beam width, and using a suitable softiétes

[1].

AcAL A

70 keV 105 keV 140 keV 200 keV

Figure 3 Titanium rod imaged A- parallel with theim 4 ’ ’ ’

magnetic field, B- Titanium rod is shown when retat 105 keV 140 keV 200 keV
by 45° [2] Figure 5 A - vertebral screws, B - tibia screwswhdy

increasing the voltage [1]

B
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3.1 Method of increasing current, narrowing

collimation and cutting thickness . . . X
This method of increasing current reduces photometal implant artifacts, since they create addiion

starvation by increasing the total number of phstorthe
X-ray beam. By narrowing, we can reduce the widtthe
scanned partial volume but increase the image fidjse

3.2 Method of reducing beam width _ _ _
Many CT scanners use only one-dimensional lattic@PPearance of the metal implants in the imagesteates
that block photons in the x, y planes, in whichphetons  Other artifacts [S].

are not blocked in the z plane, and therefore eojicing

the width, It is possible to reduce the variande [8

3.3 Maethod of extending the scale of computer

tomography

Commonly available CTs use a 12-bit range but some
scanners can be scaled up to 10 times more atiemuat
With these scanners can show a much wider rangelpo

us isolate these attenuations differences [9].

The use of monographic CT scanners may be useful in
reducing the effects of beam curing, e.g. in theluation
of infections, inflammations of the oral cavity the
implantation of a dental implant, when visualizthg oral

cavity (Figu

re 6) [4].

imaging of oral cavity at 100keV [4]

4 Metal artifact reduction by algorithms e | _
CT scanners from companies such as Siemens, Bhilligliminated because the photon energy would renfan t
GE, Toshiba use algorithms to reduce metal implaggme as before and after the metal implant haggass

artifacts [5].

Table 1 Available CT scanners, algorithms for artié

reduction
Dual-energy MAR
CT algorithms
Dual-source MARIS, MAR
Siemens and TwinBeam
Dual-layer O-MAR
Phillips detector
GE kV-switching SMAR, MARS
Toshiba Dual spin SEMAR

frequency distribution or a combination of theshtéques
[9]. None of these methods show good results incieg

artifacts when scanning, which lead to larger errior
Hounsfield units [7].

In general, a combination of these algorithms and
imaging using conventional monochromatic CTs can
reduce artifacts (Figure 7), but it also affeces tésulting

(200 keV)

* O-MAR

Figure 7 120kVp conventional CT, dual-layer CT,\amtional
CT + O-MAR, and dual-layer CT + O-MAR [5]

5 Advanced metal artifacts reduction

techniques on CT
Advanced techniques for reduction of metal artgact
include diagnostics by mono-energy CT with dualrgpe
scanner. Beam hardening is one of the main causes o
artefacts [2]. This is because the X-ray tubes gdeea
polyenergetic beam. If all the photons had the sameegy,
the beam hardening would be the same and would be

Diagnostic images can be reconstructed using a DECT
scanner and subsequent special image processimyg Us
DECT to diagnose, we can display tissues with H#raes
tissue volume. DECT diagnostics consists of 3 ndgho
The first method uses two X-ray tubes, one withhéig
energy (140kVp) and the other with lower energy{a0).

The second method uses alternating generationvef lo
energy beam and generation of the high-energy bEhen.
third method uses a single X-ray tube and cappietons
with different energies (Figure 8) [2].

These algorithms are based on a painting of didignos
images, painting of images with a previous image,
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[4]

[5]

Figure 8 CT images with arm arthroplasty A - diagtics at
140kVp dose, B - application of 130kVp dose adapted
technique [2]
6 Conclusion

The aim of this article was to point out the staddmd
advanced techniques for reducing metal artifact<Ciy
scanning and magnetic resonance imaging. Thesgasthn
and advanced techniques can reduce artifacts gnastic
images. Techniques for reducing artifacts in MRI
examinations include optimal implant orientatiosge of
bandwidth extension, and lower magnetic field istgn
scanning. Standard techniques for reducing arsifac€CT
scanning include the optimal orientation of the lemp
using narrow image collimation and increasing baadth
to reconstruct data. Further reduction of artifazzis be
achieved by using a dual-energy monoenergetic CT
scanner and using various algorithms [2].

In the future, it will be necessary to develop &ddal [8]
algorithms to reduce artifacts. Using these reducti
methods, we can better diagnose pathologies andr bet
evaluate images of complications of metal, plastiu 9]
ceramic implants. In another study, | would likeattdress
the issue of artifact occurrence and their reduciio
implants made of materials such as Titanium (Ti6AJ4
PEEK (polyetheretherketone), PEKK

[6]

[7]

(polyetheretherketone), composite (PEEK + ceramica,o] BRYNIARSKI. J

PEKK + ceramics).
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