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ABSTRACT

With tennis players’ increasing requirements of performance, training
intensity has been gradually increasing, and lots of players have appeared
wrigt joints injury to different extents. Based on this, the paper applies
magnetic resonance imaging into tennis player wrist jointsdiagnosis, with
an aim to help to cure wrist joints sportsinjury. Firstly analyze magnetic
resonance imaging principle, and magnetic resonance signal detection and
image reconstruction, and then combine with computer technology, it takes
pictures and anal yzes magneti c resonance imaging with many tennis players
that have wrist joints injury, by obtained MRI pictures, it can clearly
understand players’ wrist jointsinjury status. Finally take model test and
know that MRI pictures analysisresults are basically the same as players’
reflected wrist joints injury severities, which shows magnetic resonance
imaging, can better apply to wrist jointsinjury diagnosisand other similar

sports injury diagnosis.

INTRODUCTION

Full nameof magnetic resonanceimagingisnuclear
magnetic resonance imaging. In order to remove
people’sfear of “nuclear”, soit calls magnetic reso-
nanceimagingfor short, magnetic resonanceimagingis
related to magneti ¢ nuclear inside organism, SO mag-
netic resonanceimaging isclosdy reaed to human body
that iscommon used in medical field, and MRI image
that isobtained by magnetic resonanceimagingisvery
clearly, and the technol ogy has small side effectson
human body, thereforeit greatly improvesdoctors’ di-
agnosisefficiency, ispreferred by doctorsand patients.
Thepaper gppliesmagnetic resonanceimagingintowrist
jointsdiagnosis, with an aimto reducetennisplayers’
wristjointssportsinjury.
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For magnetic resonanceimaging, lots of predeces-
sorshave madeefforts, and got lotsof vauable conclu-
sions, whichimpe smagnetic resonanceimaging deve -
opment. Among them, Zhu Yue-Huan (2013) inthe ar-
ticle “Functional magneti c resonanceimaging-based
Image cognitiveresearch”, sheintroduced functional
magneti c resonanceimaging experiment desgning meth-
ods, datacollecting, dataprocessing and andyzingrela-
tive stepsand relative methods, and by magnetic reso-
nanceimaging, she achieved resultsin human brain
shape, vein and color sensing field positioning study
fiddgd¥;Jiang Ying-Ping (2007) inthearticle* Explore
central mechanism of acupuncturing at Zusanli from
functiond magneticresonanceimaging”, shemeadeandy-
sisand comparison of traditiona theoriesunderstand-
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ing on Zusanli acupoint efficiency and functiond mag-
netic resonancei maging results, got magnetic resonance
imaging superioritiesand let magneti c resonanceimag-
ing to be promoted?; Zhang Ping-Yin (2005)explored
magneti ¢ resonancei maging, introduced magnetic reso-
nanced| kindsof imaging principlesand clinical appli-
cations, which showed current magnetic resonanceim-
aging development level . He pointed out RM1 wasthe
field with development valuein medical images, ided
RMI could get moreinformation in the shortest time
that high speed resol ution rate collected anatomy and
physiologica functionsinformation, and made specific
eval uation on one organ | esions shapes, pathology and
functiong?.

The paper based on predecessors researches on
magneti cresonanceimaging, movesmagnetic resonance
imaging principletowrist jointssportsinjury diagnosis,
the paper firstly introduces magneti c resonanceimag-
ing principle, and magnetic resonancesignal detection
and imagereconstruction, and then carries out mag-
netic resonanceimaging shooting anaysisof many play-
ers’ that have wrist jointsinjury, which makes contribu-
tiontotennisplayers’ wrist jointssportsinjury treat-
ment.

MAGNETIC RESONANCE IMAGING PRIN-
CIPLE

From the perspective of physics, magnetic reso-
nanceimagingiscaused by nuclear magnetic resonance
phenomenon. “Nudear magnetism” innuclear magnetic
resonance respectively refersto atomic nucleus and
€l ectromagnetic wave with magnetic moment. Research
on nuclear magnetic resonanceisresearching on static
meagnetic fiedd atomic nucleusand e ectromagneticwave
interaction that possess magnetic moment.

Atomic nucleus spinning and magnetic moment

Everythingintheworld iscompos ng of molecules,
and dementd particlethat congtitutesmol eculesisatom.
Atom iscomposing of atomic nucleusand extranucl ear
€lectron; extranucl ear dectron takesendl esshigh speed
irregular §pinning motionaround atomicnudeus Atomic
nucleusiscomposing of proton and neutron, proton
and neutron have spinning. Spinning refersto feature
that microscopic particle high speed spinsaround one
fixed point, istheinherent attribute of microscopic par-
ticle. AsFigure 1 show.

Inmicroscopi ¢ particle spinning, itsmotion stateis
described by angular momentum, set particleangular
momentum as J , magnetic moment as i , and then

B,

Pracass trajactory 4

-

Pracass axis

The spin axis

Figure 1: Hydrogen nucleusspinningin magneticfield

magnetic moment can be expressed by formula(l) :

p=7J 1)
Amongthem, ¥ ismagnetogyricretio, itssizeisup
to particleattribute.

In order to research on nuclear magnetic moment
macroscopic property, the paper introduces nuclear

magnetizationintensity vector ), which expressesas-
signed unit nuclear magnetic moment vectorssum as
formula(2)show:

M=§E @

Hydrogen nucleusmotion in magneticfield

Dueto hydrogen nudeusspinningwill generatemag-
netic moment, according to e ectromagnetic principle,
it can regard hydrogen nucleusasring current, and soit
generatesmoment T asformula(3) show:

T=pxB, ©

Amongthem, B, isstatic magneticfidd’smagnetic
fildintensity. Moment T isacting on hydrogen nucleus,

itsurely will leedtoits j tochange, itsvariation equa-
tionis

o
2

?: =;XEO (4)

o

t
Multiply both sdesof formula(4) by magnetogyric
ratio y , it can get:

d [ —
7E=Y[HXBO] ©)

Combined formula(l) (5), it can get:
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d - @ —
d—?=v[uxBo]=vux By M, ©
B, B, B,
Thet:
dp
dtx =7(”‘sz _”sz) (7)
dp
d—y='Y(l-lsz—usz) (8)
t
d
:tz ='Y("xBy _l'lyBx) (9)

Establish space rectangul ar coordinate system, it
lets 7 axisdirectionto besameasdatic magneticfied
B, , et and B, directionsincluded angleis g, then
nuclear magnetic moment each component motionisas
Figure2 show.

Ininitia state, B, = B,, B, = B, =0, thereforeit
can get:

d
h=*:nuyBo

at (20)

Figure?2: Nuclear magnetic moment each component mo-
tion

du,
o - Bo (1)
dp,

=0 (12)
Combineformula(7)(8) and solve, it can get:

iy = Acos(yBot +0)

uy =-Asin(yBot +¢) (13)

Letw, =B, , itcanget:

————, FyurrL PAPER

Uy = A Cos(mot + (P)
Hy =-A Sin(o)ot + (p)
Itisclear under static magneticfield, magneticmo-
ment will produce processionin x directionand y
direction, itsprocession frequency is @, = yB,, which
iscalled Larmor frequency.

(14)

MAGNETIC RESONANCE SIGNAL DETEC-
TIONAND IMAGE RECONSTRUCTION

Relaxation and relaxation time

When RF magnetic field disappear, hydrogen
nuclear magnetic moment shiftsfrom excited stateto
equilibrium state, the processis called rel axation. Re-
laxation dividesinto vertical rel axation and horizontal
relaxation. Verticd rel axation refersto vertica magne-
tization intensity vector recovery process, itsrelaxation
processisas Figure 3-A show, vertical magnetization

intensity M, can beexpressed asformula(15):

M, =M 0[1+ (cos6 —1)e™ Tl] (15)

Informula, M, isvertical magnetizationintensity
under steady state, g isdeflection angleunder ratio
frequency driving, T, isvertical relaxationtime.

Horizonta relaxationisalso called spinning-spin-
ning relaxation, itsprocessisas Figure 3-B show, and

horizontal magneti zation intensity can beexpressed as
formula(16):

M,, = M,singe™' ™ (16)

Informula, T, ishorizontal relaxationtime.

Therefore, thewhole magnetic resonance process
can bedivided into two steps. resonance excitation and
rel axation. Bloch got by researching that thesetwo steps
weres multaneoudly proceeding, and given Bloch equa
tion:

Figure3: Vertical relaxation and horizontal relaxation curve
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dm
dt P
dm M
y y
— M ,B,cosot-M,By)-—=
dt Y( zP1 X 0) T,
dm,
dt

. M
x =y(M,B,+M B, sinet)- =

17
y(M «Bisinet-M, B, cosmt)—@
1

Freeinduction decay signal and signal detecting

Free procession refersto magnetization intensity
component), procession procedures after ratio fre-
quency field stopping, and freeinduction decay signa
refersto decay signd that isobtained infree procession
procedure induction foil, magnetic resonance signal
detecting principleisasFigure4 show.

By Bloch equation (formulal17), it canget free pro-
on procedure horizontal magnetization component
M,, is

Xy

M, =M Oe_i[mot_gj e T (18)

7z

5

0GP

X
Larmor Precess

Signal Detechon

Figure4: M agneticresonancesignal detecting principle

show.

Inthefollowing, usecirculatecail, it can collect HD
sgnd, and detect variaion magneticfiddintensity sg-
nals, convert theminto corresponding e ectrica sgnds.
Until now, it fulfillsmagnetic resonancesignascollecting.

K space and two dimensional image reconstr uc-
tion

K Spaceisconstructed frequency domain space
when magnetic resonance collectsdata; normally it tekes
sguare dataspace. Imagereconstructionisthelast step
iN magneti c resonanceimaging, it usually adoptstwo
dimensional Fourier transformto K spacedata, and
further convertsfrequency domaininformationinto tem-
poral information, and gets magnetic resonanceimag-
ing. K Spaceisfrequency dataspacethat isconstructed

Signal amplitude

Figure5: Freeinduction decay signal

by collected magnetic resonance signal after phaseen-
coding and frequency encoding, magnetic resonance
K Spacethreedimensional and two dimensiona im-
agesare asFigure 6 show.

K Spaceevery point representsthe point magnetic
resonancesignd intengity size, collected magneticreso-
nancesigna slk,.k, ) isasformula(19)show:

S(kkay):jj p(X,y)e—i~2n(xkx+yky)dxdy (19)

Informula(19), p(x, y) ishydrogen nuclesr density
digtribution, then:

i

Figure6: Magneticresonance K space

I

Ky :YIGx(t)dt

0

(20)

ly

kyzyIGy(t)dt

0

By formula(20)(21), itisclear that k., k,isupto

(21)

frequency gradient t, and phasegradient t, .
After fulfillingfillingin K spacedda, it tartstouse

imagerecongtruction agorithmtorecongtruct it. Tothe
way of uniform samplingfillinginrectangular K space,
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directly usetwo dimensiona Fourier inversetransfor-
mation to convert frequency domain informationinto
imageinformation. For Fourier transformation, formula
isasfollowing:

. Zn(kxx+kyy)

p(x,y)= ZN:ZN:S(k ky)e N

ky=1kx=1
In formula (22), s(kx,ky) represents collected

magnetic resonancesignd, p(x, y) representsthelayer
hydrogen nuclear density distribution function, which
reflectsasdifferent grey vduesinimage (Fgure7), there-
foremagnetic resonance obtained imageactudly ishy-
drogen nuclear distribution statusfigure.

(22)

M agneticresonanceimagingtotennisplayer wrist
jointsinjury diagnosis

Carry out magnetic resonance shooting analysis
of 38 cases’ tennisplayerssuffered wrist jointsinjury;
it can get four kinds of basicinformation asFigure 7
show.

By MRI pictures, it can obviously seethat wrist
jointsinjury worsenssuccessively from 7—1to 7—4,
Figure 7-1 corona T2W1 image can show patchy high
sgnd thatisrestrictedintrianglecartilagedisk, itismild
injury, Figure 7-2 coronal T2W1 image can show
danted bar high signa insidetriangle cartilage disk but
it doesn’t arriveat edge, itismoderateinjury, Figure 7-
3, 7-4 areseriousinjury. Combinewith statisticsinves-
tigation results; it isclear that pictureindicated conclu-
sonisbasically thesameasinjury severity that isre-
flected at ordinary times.

CONCLUSION

Thepaper firgly introduces magnetic resonanceim-
aging principle, and useshydrogen nud ear magnetic mo-
ment concept to state hydrogen nucleus processionand
static magneticfield reations, and then analyzes Bloch
equation, presents magnetic resonancesigna detecting

" 12

Figure7: Player wrist jointsMRI pictures

and collecting methods; collect sgnd andfill inK space,
usetwo dimensional Fourier inversetransformationto
convert frequency domaininformeationintoimageinfor-
mation, obtained MRI pictureactudly isimagethat is
hydrogen nuclear distribution statusfigure; carry out
magneti ¢ resonance shooting analysis of many tennis
wrist jointsinjured players, it isclear that picturesindi-
cated resultsare basically the sameasplayers’ injury
severity, which showsmagnetic resonance principlehas
good practical values, and can befurther vigorously
promoted to sportsinjury diagnosistreatment field.
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