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Title

The examination of reliability of lower limb joint angles with free software Image)

ABSTRACT

Objective: The purpose of this study was to determine the reliability of lower limb joint angles computed with

the software ImageJ during jumping movements.

Background: Kinematics is the study of bodies in motion without regard to the forces or torques that may
produce the motion. The most common method for collecting motion data uses an imaging and
motion-caption system to record the 2D or 3D coordinates of markers attached to a moving object, followed
by manual or automatic digitizing software. Above all, passive optical motion capture systems (e.g. Vicon
system) have been regarded as the gold standards for the collecting motion data. On the other hand, Image)
is used widely for an image analysis as free software, and can collect the 2D coordinates of markers. However,
although much research has been carried out into the utilizations of the ImageJ software, little is known about

their reliability.

Method: Seven healthy female students were participated as subject in this study. Seventeen reflective
markers were attached on the right and left lower limbs to measure two and three-dimensional joint angular
motions. Jump performance was recorded by ten-vicon camera system (250Hz) and one digital video camera
(240Hz). The joint angles of the ankle and knee joint were calculated using 2D (Imagel) and 3D (Vicon-MX)

motion data respectively.

Results: Pearson'’s correlation coefficients between two methods were calculated, and significance tests were
conducted (o = 1%). Correlation coefficients between the two were over 0.98. In Vicon-MX and ImageJ, there
is no systematic error by examination of the validity by the Bland-Altman method, and there are all data in 95%

limits of agreement.

Conclusion: In this study, correlation coefficients are generally high and the regression line is near the identical
line. Therefore, it is considered that motion analysis using ImageJ is a useful tool for evaluation of human

movements in various research areas.

Application: This result can be utilized as practical tool to analysis human performance in the various fields.
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1. Introduction

2, AN 2o 2HES SHMOM 2K = 3K ZE HO|HE =Eohs YHoZ LK E o2
AAHEZ HM2[ots dEnt Held 2|Z3E LA S 08¢ HAIZ Z& HOH =5 ¥Y & 3A 27HK=2
=D UCE Eot xE HOH= A7 =HO| W2 2E4A0 AEcts #E RHE, HEE S
A& Ask(inverse dynamics) SHA0AE OIEE[7| IHEZ0| GIO[ES| Fe=tet =82 F23tCH(Nagano and

Komura, 2003; Kim et al, 2007). & MM st (Biomechanics) O|A 28 G

EHE & IS O ofLjz), CelY ol Enjo| oo} WAL 258 H BORA =Xl AN
250 WS BE, MBS, WHAH 4o olwo| Ui FHES SOt TEEOD HRHOl AH|A
Y & s IS XD YCh WM ABX, 2RI, HED, ojsay, ofLHoM 5 of
SOAl SXt0| Cfet TItet TS Qo) 25 GlOIEE HIHOR TR U oItk

AT B £HG ADEQIOIS Mt IYOIN F2 e, Halk, 12|11 FHA 52 ns

o=
=]

2|
M A, gold standard?]
0] 1 e HHEH, AX| HE1}
= Q= HH U A0 EEXNe=R RI2 A A

28 AZEY (0|5} Image))E 0|83t 52 £4(Maeoka et al, 2008; Hayashi and Hongou, 2010) 2| 42|
gof| TSt ATHStn Qlon, == FHFXL ALO[Q| CIX|EIO|Y Xtet 0|20l 2 KIO|E SLo2tA =
(intraclass correlation coefficients: ICC)E 4t=5t0] AESIEICE SHX|TH & 7| 241 2HH0o)| Chet d=ld
HAE= O[FO{X|X| QAUCE ETH ICCE 0|8 SAX WS JHt 2XK(fixed bias) E& HlE 2%}
(proportional bias)2| A=0| 2Et6H7| MF0f, &g A= X A HAOM Zde = A= AS %2l 4
Moge HEFSICH= EIE QCHLudbrook, 2002). [MZtM AHE %o Q25 7d§3|'E o=
Bland-Altman =% (Bland and Altman, 1986) O] &71%|1 oM, ICC X H&A+2Z=E HEY + Bl 24
gt @Xte] ZRE AFY = U= FE2 7K ULt sHH, EXF(Paraspinal Muscle)EI CHHE

2 2I8ll Image)2t OsiriX AZEE 0|83t AR A= ME[H HAYSZ Bland-Altman 24 #
o, 3 240 5 579 AZEQ|0{(Image) and OsiriX) ALO|0f& OfF =2 UX|MH0| AHEY
QICHFortin and Battie, 2012). O] ZZ|sl MESIZOALE QEMEE 1 Al2ME Q™D
(Abramoff et al, 2004), [Z0= X8I} F&S X2ote 2 delsh 20 E O AL

CC

|o0
[o)
b2 H

t
A= FAMIO|CHKulig et al, 2010; Leah et al, 2011). EF Imagel= 5§ 2870 L& ALt &= = 7|5
o 2K EE FSXY)S fIT CIXIEO|E 7lsk BfSt A0l S2 249 7|2 2|t ALt Lag|F
= OlsotCtE =7Lp A 2K & 3% 240| 7hsdtot ALt Z2ejol= & Adt AZEQINE HIZ
st 222 H{EE|D s Z22jY Aox %—'?'—&W*‘I O| 2ot R AZEQOE HES| O|8ttH
ot 5% 2ME2=2AM Imagel| MEEES

ooz Hto| ButE o

AES A= X|2IHK| SHA|of o|
image)= 017 SYQIUATANHOIN SHHE| U sh4802 AZEY OIS Hotn Aon, 04y
o Fel8 Java 2lof2 SISOl Slo hee] SHOIY ALHOA A8 + Us HEE KD 9
k S
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2. Method

2.1 Subjects
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2.2 Experimental equipment
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Figure 1. Description of the anatomical marker position.
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oy 7Hg& C|X|E H|C|R7tH 2HCasio, EX-FH25, Japan)= LAte| SFES2LEH 10m EO{El 20| HX|
5t0f, MEE Fhb 240Hz2 1% FIX SZ2 7|SSHYUCE SAI0] 10042 &atA] 3Xt@l 2 M Alx
"l (Vicon-MX. OxfordMetricsGroup, Oxford, UK)2 BtAL OFH2| 3K {|X| RHEE 7|55H7| ol AKXt}
o, WEY FOtF250HzE 7[FSIRACEL 2 WX A|AHL CIX|E7to2E AO|e] SZ&= LED L&A
(DKH, PH-105A, Japan ) £ O|83I0, 2M 4N A|ABQl = ARt SA|0f CIX|E7t02tol| LED 'H&
M7t 7|1 BEl =25 2ESIRACEL Ol CIX|E7tHatel Fet2 PCOl EX|E Image)2ZEY O (Image) 141,
Wayne Rasband, National Institutes of Health, Bethesda, MD)E O|83}0{ %1% 55| I

X|EtO|FS0] 2Xt@l ZEHOHE 4/ dSIRACE oHE X|HEIEo| £2] HE(Fz)2 % HZ 3539 Y&

Z7|(contact) A ZE H|7|(take-off)7HX|2| 2t ZHS FlBH7| ?I5H ArESHRALK(Figure 2).
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Figure 2. Changes in the vertical ground reaction force (VGRF) during jumping movements.
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KIEHFObs 17Hz2 XHE H|0|HE AR Y (smoothing)st I $HH, 3XH XtE H|O|E{Q| nFmt LO|=0f

CHShM = 2XtR GIO|EQ SYst WHo =2 Wi XCHFEII(18H7)E HHSI0 ARLSIYUCE 2Xt2 R
3XHR ZE OO|Ee| XA KXEhEmo| HA™E Yu et al(1999)9 HWHo=Z ZFSIQICE 2|1
CIO|E{(Vicon-MX:  1/250sec vs CIX|E  ZIH2k1/240sec)At0|9] MEZ &  LXAZ|7] sl
M7 (linear interpolation)&  O[830  ZF A[ZFE 0%(EE FH7D0AM  100%(HE HINE

Mtsknormalization)HRCt.

2.3 Data analysis
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Figure 3. A video screen together with an indication of the pixel coordinates used for two dimensional

video calibration.
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CIX|EfOIE  ZAntX|(pixel)0l SZHE2EM pixel OlA m EHel2 ®Habet £ QUct J2iLt
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£ Coleetal (1993)9] HHEZ XHEHS CardanZt= 2 AESIQICH ZH== Xyzo| 3H
7

o =
Ciet B¢l 22Ol Y22 FoSIULt S5 20 &M 4 71| HhAr OPAHE

? |
AAZI H2|EY oML L At =2 Q(Vicon-MX. Oxford Metrix .. Oxford UK) S X|HEIEH7| 2=
sts| MRBHO|, HAIZEA R (X,Y,Z) & Folt T, HRIFEA R, o O sHRESH
o2l 3 XH@ ZHHEXE 0|83t 2t 2Ho| XS 2IEHEA R (x,y,2) S H2ISHACE EXIZHEAH <t
|

2t At SRS XtMOIM 2SEEA R (x,y,2) S G2Bt7] 2%t H2|E220]F2 Areblad et al.

(1990)2] @S 0|83t FXIZEA R (x,v,2) 2 & =0 YEACE 222 4 22 (FR, & &,

HE|S)el PCSLi, ~k, J& & 2X0| ™3t o|sztEAH Sl CHHMEZ oISt M(Eq.1), 2H

Mot [RTM]Z [PCSIQl FAME(PCS] )t FXIZEA HHES S5t0 AMSHRACHEG.2). H7|IM

[PCS]""=[PCS]TE LIEIHD RALDf, [PCS]T= [PCS]el FAHEES LIEFWHD RACE = AFOIAM

HEIZIEA g7 7)Q HEAES 124E YU HES AZEN HEE SHS dZss UE
|

= 20| 2SO IXIAIZACE
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Figure 4. Definitions of local coordinates system on each segment (left panel). The right panel shows the
cardan sequence of rotations. (a), (b), and (c) indicate joint angles. The first rotation (a) takes place about
the Xr-axis (Dorsi-PlantarFlexion or Flexion-Extension). The second rotation () about Y'r-axis leads to new
positions of the X'r-axis and Z'r-axis (Inversion-Eversion or Adduction-Abduction). The final rotation (y)

takes place about the Z"r-axis (Adduction-Abduction or Internal-External rotation).
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MESIACHEG345). SETES 3 XY ZEE S wHwo=z  [YEIEA(Fig3, TCS)
r 7T OIS SIEITEA @ o5y WES Holstomm MBI

UR]=[F§F][RS]*1 ®)

ioi, Jeei, ke,
I.—rR]: i;/.j): j‘y.Jy k;/..lz (4)
(oK ek Kok
-T -T
] R32 P P R21
o =SIn =SIin =SIn - ——— 5
cos B B (TRSI) V4 cos B )

oHH HIC|Q S 0|8%h 2 At@l #E ZEo| A2 THe{HEO| LHEHE 0|8510 Ha #HEQ
HE2SH/ME=250) 4200 F58 22O 23H/ATEC) =05 ALtstCHFigure 5, Eq.6,7).
2 A X 3 X HE O AES = GHolH diMol= Istrls AME A2ZES)
Mathematica4.1(Wolfram Research Inc., Champaign, IL, USA)0| 2|gt XtN Z2¥ FE
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Figure 5. Definition of the relative angle of the ankle and knee joint.
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2.4 Statistical analysis

2 7HX| 2 M- (Vicon-MX, Image))2 0|8%+ A[A Y O|O|E{(1st take-off — flight phase— contact —
2nd take-off)= ZtZt 0% ~ 100%Z HsISIRASH(Fig2), 7 Ee| Zz 5 3] F= F 3 B F=o
HOIHE XNz2|sto] 2 MEQl Hat HIO|H (100 7Hx2 MEHE HESIRALCE 0 = SAHSA Mg ¢
Z AMAE HOoHE 10% A2 2 H|0[E (0%, 10%, 20%, ... , 100%)E &SRt & Ao
Vicon-MX 2 £H ALE 23 Z4EE HlW 7|EX 2 P51, 0|0 CidH Image) 2 FH A
22 A7 = = X5t J=XE dHESH7| o Pearson 2 dEtEAS HASIRCE a2l
Image) °| Eted2 A7 el Bland-Altman 242 0|&310] A& 2X%to| RF0| s
SHOISIRACE EAKXM2|= The statistical Analysis System release 9.1.2.(SAS Institute Inc, NC, USA)S

AESHACE 80 MEE mol+E2 5% DTz 2FotAULt

—

3. Result
2 7HX MR (Vicon-MX vs Image))2 2 AAtEl #HE ZiZ(ankle, knee)2| BT X[t EFHEXLC
o2 Mydcz st MEHS EJoH, X AX|QF X OiX|el ZHAIZHO% ~100%) £+ CHEE

XS RACHFigure6).
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30 = = = ? 3 ) _ - o ?
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20
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o 10 F & <
= sswns Image] (meant 3D}
z 0 10
2 10
=f,
' 20 0
= 30 Fo .
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_LD ! Il Il ! ! Il Il ! ! _ID Il Il Il Il Il Il Il Il Il

0 10 20 30 40 30 60 70 B0 90 100 0 10 20 30 40 50 60 70 80 90 100

Normalized Time [%% of Time]
Figure 6. Changes of the ankle (left) and knee (right) angles during jumping movements. Thick solid and
dotted line respectively indicate the mean value of Vicon-MX and Image) from ground contact to toe-off
for each jumping movements. Thin solid and dotted line respectively indicate the standard deviations of

two method.
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Figure 7. Scatter plot and regression line of Image) and Vicon-MX. Solid and dotted line respectively
indicate regression line and direct proportion line. (A) and (B) indicate ankle and knee joint angle,
respectively.
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Figure 8. Relationship between the residual (difference between Image) and Vicon-MX) and the mean
jonint angles determined by two methods. The solid line denotes bias (mean of difference) and the two

dashed lines denote 95% limits of agreement (LOA).
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