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MRI Hardware
Scanners of MRI come in many varieties where there is::4> s Gua cilia¥) (pa ssl) & kliaall fu il sl clala L
> Permanent magnet type, resistive, superconducting, s sl (s ca giia cailall Gudaliaall g 53
> Opening or hore, i sl g geiil)
> With or without helium, s s ¢ 5% sf e
> High field strength or low..Aaiiis g e Jlaall 5 68

The choice of magnet mainly governed by what you intend to do, and the cost. 42 aLll s 5 L Ao bl JS Gudalinal) JLSA) adliay
JAdtel)

High field magnets offer high quality image better, faster scanning and a wider range ofapplications, but they are more cost
than their counterpart's field is low. «ubill ¢y g sl Blaig £ ol s g ¢ Juadl JSis 3 ad) Ale 55 gua Alad) Jlanal) 03 cilowdalisal) i g5
Loaddlal) Jlaall cd Lgd el e ARl JiS] Lgigt
Magnet Types (bl g 5l

The static magnetic field (B,) in MRI systems can be created by: Permanent magnets
and Electromagnets. .k <l (uabaliial) g adlal) (uslaliial) ;33 (08 oushaliiall ¢l o geail) Aalai] 8 GSLl) pusdaliial) Jlaall ¢ L) ¢)Say

33 pdalizg
A permanent magnet originates from permanently ferromagnetic materials, which does

not lose the magnet field that remains over time without weakening. Jss 266 ¥ Les ¢daib dusblise <l 3/ ga o aill pusbliiall Liiy
ey o) g il g pe pa i 3 publiiad)

Due to weight considerations, these types of magnets are usually limited to maximum

field strengths of 0.4 T..5t 0.4 4311 (s suall) Jlaal) 05 o Sale cluwdaliiall ¢a £ 61 038 jualill (36l ol ey ) i
Tesla (T) is the unit for magnetic field strength is Tesla: 1 Tesla = 10000 Gauss -3 4 g usblital) Jiaal) 515 ulid 515 g 4 s
e 10000 =i 1

. Permanent magnets have usually an open design system (see Figure 9.1) which has
ample open space which is more comfortable for the patient. e s sis: (9.1 S L)) = sido araal s Lhi ailsl] puihliiall ) 5$0 Lo Gole
o pall daly ST (5 55 dnal 5 da siida daLse
So, the open design accommodates extremely large patients and dramatically reducesanxiety for all patients especially
those who have claustrophobic tendencies or have larger body structures.
Ca gl ) Jgsa agaal Cpdl dlilgl dald g uda sal) gaend (B (€ JSy Sl g LU Sl aaal) 6 53 oudajall o gy 7 sidal) apanall ()b (UM
S Agaia JSa agaal i Adliad) oSLaY)
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ADVANTAGES DISADVANTAGES

Low power consumption Limited field strength (<0.3T)

Low operating cost| Very heavy
Small fringe field No quench possibility
No cryogen

Figure 9.1: Open MRI system "OPER"

Electromagnets “:b Sl bbbzl
There are two categories can be used in MR scanner: Resistive and Superconducting
Magnetsdsa sl 48ild g da sliall cilulalitall ;mudaliiall ¢ 1y A gudall gaslall (8 Lagualdii) Sy (liih ellia

1. Resistive Magnets 4« slie Slaokliae ]
Resistive magnets are made from loops of wire wrapped around a cylinder through whicha large electric
current is passed. 4SS s ai DA (e ol &) ghaad g Ad gila MY (o il (e da glial) Ciluglilital) aual

These magnets are very large that utilizes the principles of electromagnetism to generate

the magnetic field, like the ones used in scrap yards to pick up cars (sl padiad g 12 b S Ciluuhliall oda
) jpmad) JaLELTY B3 A cilabun (B dadiiesal) el (Jha ¢ puusalitall Jlaall 20 g3 dudalisea g <)),

They are lower in cost, but need a lot of power to run that means, large current values

which runs through loops of wire because of the natural resistance of the wire.
Lo glial) Cusny LY (o il yio a8 By L ad g Laa cLgladild ABUal) (pa S ja8 ) lial Lgdst g (ARIS JB) gl
el dadat)
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They produce a lot of heat, which requires significant cooling of the magnet coils. i )
Loahaliial) Cillal ) S 13y 4 allay o3 e (B0 ad) (e il

Resistive magnets come in two general categories: iron-core and air-core. astal guhblial b
5196 893 paal) Bl s cylale (8 S

Resistive magnets are typically limited to maximum field strengths can be up t0 0.6 T .=
i 0.6 A dad o (S Saall 535 aidf e dole Lo gliad] Cilusblizal,

They usually have an open design, which reduces claustrophobia. Figure 9.2 shows
Hitachi's Airis 0.3 Tesla (air-core) system. .aatial sl sy (e Qi Laa g siba aanal agoal (6% La Bals
(5154 ) Dt 0.3 (Ll pUBI 9.2 JLi) rrila sy

ADVANTAGES DISADVANTAGES

Low capital cost High power consumption
Light weight Limited field strength (<0.2T)
Can be shut off Water cooling required
Large fringe field
Figure 9.2: Hitachi's Airis 0.3 Tesla (air-core) system.

2. Superconducting Magnetsdue sl (88 (udslina

Superconducting magnets are today's most commonly used in MRIs, such as niobium-tin and
niobium-titanium are used to make the coil windings. 8 as:l Galadial S A Jua sil) A8 Cluglaliial) w25
Jilal) clile il o g liill g 2 g2 gaill 9 iacall) aladia) s Cua ca g gl Jia ¢ prashalizall (il s3I The magnetic
field is generated by a passing electrical current through coils of wire. sy B3 (e nhliaal) Jlaal) £ L&) a5
ALY (e e e (Al S S
The wire is surrounded with a coolant, such as liquid helium, to reduce the electricresistance of
the wire. At 4 Kelvin (-269 °C) electric wire looses its resistance.
B (Agia 442 269-) RIS 431 a da o die bl Al gl da gliall SIS ¢ Jibuad) o galigd) Jia (B3 ja Balay elleal) Jala
Adda glia (Al ) b
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Once a system is energized, it won't loose its magnetic field. s sii; o 4l (aUail) Japiiis 3 ey
g-'“‘.-.‘hw‘
Superconductivity allows for systems with very high field strengths up to 12 Tesla.

The ones that are most used in clinical environments run at 1.5 Tesla. daiil) 4t sal) g
Saii 1.5 Ae g Jaxti 4 peal) i) & Ladadiin) S @l Sl 12 ) Jaai 130 e Jlaa B0 i el

Most superconducting magnets are bore type magnets. ¢« clukhilie g Jua il 48 cluhbliaa) abaa
i gaall £ odll

A number of vacuum vessels, which act as temperature shields, surround the core.

These shields are necessary to prevent the helium to boil off too quickly. Another

advantage of superconducting magnets is the high magnetic field homogeneity. &e % ¢ 3=
B Gulalinall 5 A1 8 55a 3 S 48 sy () (e psalagl) adal A g i £ g al) 020 81 gl JaaS &yl £ 9 S Jan (A A iall
sllad) plalinal) Jlaall (uilad (A (s sil)

N,

Simecd @ Haitor

ADVANTAGES DISADVANTAGES

High field strength High capital costs
High field homogeneity High cryogen costs

Low power consumption Acoustic noise
High SNR Motion artifacts
Fast scanning Technical complexity

Figure 9.3: bore type magnets.

In 1997 Toshiba introduced the world's first open superconducting magnet uses a

special metal alloy, which conducts the low temperature needed for superconductivity.
5 ad) A3 Jua i ()5 Aald Aiomn A p 08Ty allal) B e ) (5 - gie Gualiliia gl Lt 5 4S5 cn S <1997 ple B
AR Aulia gall A DU Auadiiall
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The advantage of this is that the system does not need any helium refills, which
dramatically reduces running costs. Lee ca gt &lge of ) gling ¥ alBill o) A Al 5 jua Slaliy
The open design reduces anxiety and claustrophobia. ¢« «dsd/y 38l o S 7 sidal) araatl/
il SLa¥

Figure 9.4 shows Toshiba's OPART 0.35 Tesla system, which combines an open design

with the advantages related to superconducting magnets. aaaill ¢ gass o2 plail) 9.4 JS&)) i gy
Jea i) (3 (ualisally Ablaial) L) all g - sibal)

Figure 9.4: Toshiba's OPART 0.35 Tesla system.
which combines an open design.

The current trend in magnet design is low field open design versus high field bore
design. Obviously it would be desirable to combine the two, and only time will tell
whether this can be done within reasonable manufacturing costs and
technical/structural limitations. s diis (aidia) Jaall 53 ¢ siball araall) 82 udalisal) aranas b Mal) slasy)
OSaall (e S 1)) Le a2 g8 oaa g gl g () O e Ad gl sal) (e (S Al il o) ey L lad) Jlaall 3 iy sl
A )AL 3 8l 5 A ghral) gsiaall) CANSS (pada dllly aldl)

Shimming:-s!l

MRI requires a very high homogeneous static magnetic field. In order to produce high-
resolution images, the magnetic field inhomogeneity must be maintained to the order of
several ppm. Stal cay A4 e g g ) Jal (g Aall udlatia g Bl Gewlalide Yiaa (padaliiall (o 1 g gaall) callay

LCrgalal) ot &) al i Jgaa ot (ol Jlaall oailad pls e
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After manufacturing, the magnet must be adjusted in some points to produce a more uniform field by making
small mechanical and/or electrical adjustments to the overall field. This process is known as shimming.
Jiaall e 5 iua Al S i/ 5 Ailsan cidlpam 1 2] Gk o8 Ulasd) SIS Jlaa U3y Bl (lany (B (uslaliall Jpond g cgieal)
Jealally Aleal) o3a i ad L alal)

Because the magnet itself is not adequately homogeneous, it is necessary to improve or

“shim” the homogeneity of the static magnetic field (Bo). csd ¢S J8& Uuilatia sl A (uadalial) oY 1355
Sll) sl Jlaall (uilad MUl g Cpand (g gl

A shim is a device used to adjust the homogeneity of a magnetic field. (wilad Lol soiis jlea g4 (5ild )/
anbaliiall Jaall

Shimming (or adjustment of the static magnetic field homogeneity) is accomplished bytwo methods:
(1) Passive shimming (2) Active shimming (1) :csiby (<ol ubliial) Jaal| wilal Ji gl) pdad) 145 a1

Ldilf gdiad) (2) (tdead) gidind)

l) Passive shimming: The mechanical adjustments, which add small pieces of iron or

magnetized materials, are typically called passive shimming. w2 Al aal) COal e 1 bl gdal)
‘_,.dud\y.nll.nub Adaiiaall ) gal) g) Lasd) (pa B pshaa atad
Passive shimming involves pieces of steel with good magnetic qualities. The steel pieces are placed near

the permanent or superconducting magnet. They become magnetized and produce their own magnetic
field. o) Al Gusdalaall (e ol LY 64l adall) puag oy Bas Apnhilite Ciliua Cild W odl) (o adad alud) gdiad) Craay
AR nhlinall Lgllaa @ili g daiias gal | Juagill (3D

2) Active shimming: The electrical adjustments, which use extra exciting currents, are known as active
shimming. Active shimming is performed with coils with adjustable current. <l G pf il sall (1
Sl 4B LS < el aladiiady hadl gdiad) LdE a3y Jaddll gdiad) sy (ALl B pie <) L aadiied AN (Al 4

Active shimming requires passage of electric current through coils with unigue geometric configurations. The
shim coils are designed to correct inhomogeneities of specific geometries. s AbgS S Ly Bl mdall) qullaly
Alre Lustia JSE] B uilatll ade anail 38 ) cilile ananali a3 8 dpedia il o5 <) cilila

In both active and passive shimming, the additional magnetic fields (produced by coils or steel) add to the
overall magnetic field of the superconducting magnet in such a way as to increase the homogeneity of the total
field. ASY ushalial) Juaall A (Y oa) o) cililall Lgaisi All) AdlaY) dpbliaall claall Ciadl o abad) g il gdiad) e S8
ALY Jlaall (il ¢pa 3 35 Ay jhay Jaua g (38 (uplalizall

By:Muhammad Jabbar Hussain
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