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Predicting soft tissue artefact with linear mixed models
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Abstract

This study uses mixed-effects models to predict thigh soft tissue artefact (STA), relative movement of soft
tissue such as skin to femur occurring during hip joint motions. The random effects in the model were defined
as STA and the fixed effects in the model were considered as skeletal motion. Five male subjects without
musculoskeletal disease were selected to perform various hip joint rotational motions. Linear mixed-effects
models were applied to markers’ position vectors acquired from non-invasive method, photogrammetry. Pre-
dicted random effects showed similar patterns of STA among subjects. Large magnitudes of STA appeared
on the points near the hip joint regardless of sides; however, small values appeared on the distal anterior.
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33 X2 3R & F 7 (skeleton) 9] 5 7HA @QE —ir’gf?}‘jr. up7 = AP (experimental
unit) 24 Zhe2te] A&A Q1 P4t ZTH Y (frame) SR HE] 321§ 2|71 AlZbel whet RER Ao 2 57
3 o] FHAALE (longitudinal data)2} & 4= 9}

549 vHAY A= oA 7HA LAE x3eta drk. GAEFE o8t SAsket s 2
2}, 283 gy 28 2L AxZe 2329 9]?} _?_']-(soft tissue artefact; STA)Z & 4 At
(Cereatti 5, 2006). 1 5 STAE 17 & o Ao A 71 e BES A|F= A
o]t} (Anderson %, 2012; Leardini 5, 2005). U}ﬂ-/] 9 ]% €598 (biomechanics) oA thF= 7
o mE WEe Aol 1857 Wgel B4 BEAS AL 97 2209 29E 27, S
STAS) 54-g AR 20| F R0},

BT u) BT STA 2718 24T ATE DStk BEE AY T2 A4
2138} 7 U} (Cappozzo 5, 1996; Camomilla 5, 2013), =+ &35 Al 3 AF(fluoroscopy)
2} 22 o5 JAS o]83Fe] (Akbarshahi 5, 2010; Tsai 5, 2011) W] SAZES 7] (criteria) 2
2 U9 AT S 2 Aol o] AT AGHL Wol RAEo] 9] W] AxAe] &
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5= At AY mAAZE 5 o, 9534t ]

Zheng, 2008). watA] AAXeE T2 Ao ﬂ%ﬂ?‘z STAS 7]EHEL —’F = E]:r“/} o]
2 L oA o] QA ¢ =& = WA 2L 28 4TS Rt} (Camomilla 5, 2009).
tote g AR A O] ulA] YAAER 7R  STAE F435= W (Anderson, 2009; Camomilla
5, 2009; Gao2} Zheng, 2008; Peters 5, 2009; Stagni %, 2005)°|t}. o] AFLEL 25 = ulH
= 7t A ¥o](variation) & o] &3t M A 0w AT dHs] Wold ubAE 7}-4 Sk
A" 2= STAZF ofUth. 243 937 A5 o] STACt o= FZre|A ulA X 247}
STAS] 2584 (kinematic) EE T glow o& A3 Uetl= 23 oA F43 STAY
RAE Rt FASH= o] BRsrh

AP Z3 2 Y (linear mixed model) i+ AP EFE T Y (linear mixed-effects model)> 3} &=
= I o]Are] B#Q 9l(classification factor)ol] wel 283} H AFE (grouped data)FEjoA ¥h3-H
4= (response varlable)gl— A ¥4 (explanatory variable)Zte] A& Z <l FAHAS Uehyr] f&
2 AMEEE 2yl Z*E]-EI A5+ ZHE 21E (longitudinal data), ¥HEZA 2} (repeated mea-
sures data), TF=ALE (multilevel data), 22|31 85 AALE (block designs)”7} At} (Pinheiro}
Bates, 2000). €323 dgHFT ¥-g o Hli]h TS 1AL (fixed factors)d} FJQ
¢l(random factors)@ U-Fo] AHetm o] F 8218 BF 7IA 1 = RS ousich. ATt
whg ol w2k Fao] A ZAo] H8H & o] LARI(fixed effects) 2, AT 57
ZH2E EE 38 (subject) Tt AEE &= Zo] Y& I (random effects)©]t} (Diggle 5, 2002;
Fitzmaurice 5, 2004; Verbeke2} Molenberghs, 2000; West 5, 2007). u}#A 2] 1 X]+= SHHALE 9]
I IR FAY F, 9YEHE STAZ 7Hgsitd SRS FlA STAY B35 4=
Zlo] Adst 72103 o] AR}

B Qve] BAe EPRYS olgdte]l RS AY 22 STAS F43H: Zolth 1A% 4 (nonin-
vasive) B GAOIA Qofd oig) mhAL o] AFEFRY L A83te] 24 3% Arhes
9 STAS #43H: 208 483 Yo E%E 48417 1 2718 2434k

Figure 2.13} Zro] 173 ¢l F £ (segments)< 4 (joint)oll 3] A 22 &5 A3 FA F
o] Al 7 olate] 3 A% A% (degrees of freedom)E 7HATh BHL XL ¥
O

0,
X,
}

B2 BEF A (joint cen-
ter) = 3] 54 (center of rotation; CoR)S <1802 AU SAEFS FAHoE AT ¢
ojdrt. %@%ﬁ% TR FEddelth 4 19 HEA(x1,y1,21)E 22 1 4] AH
A& Q3 BAE 290 AEA (x25,y25,225)= HIZ FAZ A X5 o F FHuA BF IR

Al (rectangular coordinate system) o]t}

FREES SASE 5 2 200 H2Y el WAL wle) FAzaARel Ao $177)
etk olw £ 19 FHuAR vehd doo] A npAL A JAFolA 3a HAAHY ry;
[reij Tyis T2i5]" & &58HA AL thg3) 2t

N\

rij=0+ AT, i=1,...,m;j=1,...,n (2.1)
02 B 1 HTA 4ROz el HAFAUNE, it B 2 F0A 4R Yehl BRFHoRR
B upAY e olth. A 24 29 FuA AL 589 v 1, & 22 19 HuA HEew
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Figure 2.1. A joint composed of two segments. Positions of markers attached on the segment 2 are observed with
respect to the segment 1's coordinate system.

HEA AT E G 3= WY (transformation matrix) o]ty F Jx A= BF 2 B2 145
o] A3} Zo] 3 ASE= 431133 A (body-fixed rotation) o]t} (Ginsberg, 1998). 1B 2 H313)
9 A= 24 20 24 HTA A A Fom 7Y S ek B4 2 384 Al ) F2) Be
X2j, Y25, Z2; 7} D (column) & FAE 7] 3 x 39 FBG ®; = [xo; yo; 22| T ] A; = @] o]T}h.
A ;= W34 (orthonormal matrix) ©|THA ; A;-F = A?AJ— =1I3).

2.2, M

T QJAAE A (rigid body) 2l 7H gt STAE 838HA] gk=th o9} 7= 242 AZA A 1
A= wE ]U% A e Q] = gholl= 4ol 2 XF(random error) W E] e;; T E 3= o] 91-& ot}

]
ol

sto
B

]

rij =0 + AjTi —+ €ij. (2.2)

26l U 5L B QAU 1, A7} SAKD 0, 78 A Ak 0E WA A 3

% 2 1,9 doz o]0 yAITAE A= ?:l‘?_é_éé_?_‘é(general
T %l")n Aj% EE v 7ol AP EEA FLsHA 2857 w2l of
A 7L TR A7k oIt £, S A, A2 weues Arusel AgE, 55 A& A
ol whet tﬁﬂ?ﬂ'ﬂ o] Az tﬁﬁl- ZF(time-varying covariates) 22 F 27T 3it}. ulz|e] 47
Q1 24uE 1, = b, ke o o e ot -

ri1 o Ay €1

ki
rlr

I‘7;:1n®0+AT7;+ei. (24)
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1,2 nle Ao 2F 19 HY, @+ Z29# A (Kronecker product)©]il, A%} e,+= 27
Aq €1
An €in
oty T AAE WHFA (deformable body)2t 7Hg3tH & S 2= STA+ tlAY A3
r;o] L A thZ3} Zo] 2dE 5 Qi
ri=1,00+c;)+A(T:+s;)+e. (2.6)
ci® siv= YO EAE STAO oA o3} 10l Wol7} B3t A5 vehd ZelH, o} 7= LR
Tz AAS ZAe) T Bty T} 4] (2.6)2 A'"BE7Fs (unidentifiable) o]tk m 7| €] wiA o
Al o2 T35 AFFAHAT, 7= AR AW A )7] wEel L3 FAE 7K ¢i%k s & TA
o 34 57k Q7] Wgolth. 24 7bs e 2AE 9] B AFE m7) v AR the STAS o)
A ool Wol7} AR Aew AR
ri=1,0(0+c;)+A7; +e,. (2.7)

&%

st

Be A io] QLA FE ol 23 A7 A3t} wpAS I no] ThE FPol= A5
| W2l 8 ol §3tel Y APVAE BPL S o] YAolk. o] BB PR
o AgSE WHOR BARA the 2oy = rie} B, WENS} Yol aV] BT =

(model matrix or design matrix) X;(3n x 6), Z;(3n x 3)&

g}l

|
3

N

091.' (Y ot
e, JZi
q

Xi=[1, ®1Is,A]
Z; = [ln ® 13] (28)

a8 nRET B,(6 x 1)9 A EF b;(3 x 1)E 27}

= b; = c; 2.9
p.=[2], c (29
2} s
vi = XuB; + Z;b; + e, (2.10)

b; ~ N(0,Dy),

e; ~ N(O, Rz)
oty AWNHOR b;st ee ThAF AHFEEE olFTHa JFetH FF 0013 #4442 42 Dost
R;olty. Do deolg3te] 3 x 3 &E4EE ulA 7t £ 4 (between-markers variance)<, R+ £
21 3(n x n) &EAEZ upAY E2H(within-markers variance)< 2Ju]stt}. I2]3 b; 8} e;+= Al

= 9ol QT 28R Vary,) = ZDoZ! + Riolth. #7402 B dA7olAE oA
e, e @y, 23R OIS AR SFoln BE $A R4S sk 44 stk g
R; = 02L5,7} ¥ o] Laird$h Ware (1982)9] 712283} A3 GejE 7Halch.

A& ol ol Ax RE o] SUASA A5 S ABLols] wEel] o) HA 7t Eh et
X, = mhapAelch vt ofele] Al niAS) myels AhgE Xeje] FREE S8 it gATCh
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W B, = B Ao nR'HEA FdsH #gske 2ol ofyzt B9 4 7k mhAE e 9

& 7177 Wie] 47} 3 Basich JFRAN AolAe RE whaf 7l 2AAE A
= @3 AE (balanced data)o]BZ y;= L3 27|15 7HA. 2B BE nr)e] A4Zd SHWEHE
7= ZE mAY v yi,...,ym L3t e, ... enS B G Aol 47y} e VERE A
o] AFH(A7]= EF 3N x 1019 N = mn).

AREFH} YgaTe] et mEPL X(3(N x (14 m))), Z(3(N x m)), 281 IHET} B(3(1 +
m) x 1)8} 93} b(3m x 1)E
X=[1y®Is L, ®A] (2.12)
Z = [Im Q1. ® 13]7

C1
T1
B= . b=
Cm
Tm
2ot Egmyae oy 2o
y=XB+Zb+e, (2.13)
b ~ N(0,D),
e~ N(O,R).
o] w} yo| B} LA the ) 2ok

Var(y) =X = ZDZ” +R.
b; 9t e, MZ S5 olet 7HA 5 7] wl&el
D=I,®Dy, R=I,8R;=0Isn (2.15)

ojltt. 4 (2.14)= FHHEFI FHEHmarginal mean and variance) 22 BRG] HF B
2H(population-averaged mean and variance)& & u|dtt}. X AR HF, 2 AR E A conditional mean
and variance)2 b7} o] A& ull ulA 2] H, ¥4 (marker-specific mean and variance)S 2] 1]t}

E(y|b) = XB + Zb,
Var(y|b) = R. (2.16)

E3] vpAe) RS 4 (215)% 2o] BT SAshn APt nRE fe] F9F fr 239 vl

b= (x"87'X) XSy, (217)
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H 7oA STAY F=EE 4923 be THHE EAYG 47 ofygt &4 (random vari-
able) olmz A (estimating) RTH= o= (predicting) 0|2k &ol& Fdl|Foz AL8-3lH (Fitzmau-
rice %, 2004; McCulloch 5, 2008) 92l &3} be] o &H=(predictor) b&} o]o] Bate

b
Var (6) = DZz"$'ZD - DZ"S'X (XTﬁrlx) T XT81zD (2.18)

th bt 71 £ HEEHGEZMS (best linear unbiased predictor; BLUP)g} 3=t 7} £
(b

2 (best)’ o] 4 HFA|H 2 XH(minimum mean squared error)E 2] u] st} (McCulloch 5, 2008).
&S bo] F20] 9lojA] bo] WolT Zo] &8 Var(b — b) T ARGl o] o ZoflA] dhAYE
Lake] Bato g tha3 2t

@(B—b) :15—\7&(6) (2.19)

duiA oz Dol AlHo] Var( VAERTY 37]7F 3 £48 7 (shrinkage effect) Oﬂ o5k Aotk (Ver—
beke2} Molenberghs, 2000). 24 (2.17)3} (2.18)¢] &= o] Y= FHF D, R( )‘— At s

= (restricted likelihood function)& o] &3le] A3 o]= U715 = (maximum likelihood) J“:S
o} o AsEn A4EE AL 238 st AlsbsE g

1 _
IlrEML = —glog ‘XTZ 1X‘

- %log 1=
1 .

-3 (y - Xﬁ) y — XA ) (2.20)
oley & 3= HHEA|Xtol+= Newton-Raphson (NR) €x2]Eo] AEHT} (Lindstrom3} Bates,
1988).

3. HEH RIREH
A =% Foll FAsHE STA 40 EFEY LS fal 2FAA(hip joint)d] 5 AFS 78

) 3 2
Stk of ABE A oA Bel WA APAR ARAYCH AAA SHL A 17942em, A
73+3kg, o] 20.6+0.894k0t}. o]E2 BT I3 AA AT HYo| glom AF o A FoE
SR A2 KUigh AFaE]9 93] 52 ¥ Kuigha A§dolA sttt
Figure 3.19] 94&3} Zo] mgx= FHH(pelvis)T & (femur)2] F|5H82 ;A =0l3 (anatomical
landmark) A9 BFo 7749 wiAE F&Asct. 02 A 9 F 749 anterior SUperior
iliac spine (L(R)ASIS), = &9 F 719] posterior superior iliac spine (L(R)PSIS)ol| £235}%
L 22 U 5 Z 9 greater trochanter (GT), lateral epicondyle (LE), medial epicondyle (ME) ]| 7“'6]-
Atk o] MHAES 0|85t *“EPJ}JJJ“ [xp ¥p 2|2k HNEZHEA x5 v 2f]E A28 (Wu 5,
2002), £3] =9 HEA= % (2002)¢} tt2A GTE uFAHFHES th4l aksict. 1eja tiE
9] 9] Z(lateral)ol] Al 7 (L1, L2, L3)7 A4} (anterior) ol M 7 (A1, A2, A3), WS (medial)ol] Al 7] (M1
M2, M3)9] 97 01 E F7he RASen of st & 7R R0 AL Aek
3 PA= APAF (De Rosario 5, 2013; Ojeda 5, 2014)91A4 AREH A 7HA] 532 .
B AR SEAE Ol A WA TR =3 30°-5H-AA 30°-F9, T WA 532 A 30°
9, Al AA 522 23 30°-A1A 30° AP ZE 3] A (circumduction)-FHo|th o] F32 &
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Figure 3.1. Markers on the pelvis and the thigh segment. Left picture is a slightly corrected version (LE and ME
changed) from Kim (2017). Right picture represents a subject performing the hip joint functional motion. LE =
lateral epicondyle; ME = medial epicondyle.

o] A= HEFHo] TAHE JHE FAH At vhA 39 Y AHWE & NaturalPointAR2] Op-
tiTrack Motion Capture System2 ©]€3}o] cm T2 FH S35t AR 7HM k= Prime 1322
Stholed 1 2% 120 =elgo2 BGagich. B4 o8 97 vA(n = 9)9] 374 A0 At
E (raw data)= ZE 3 (filtering) & AR A Fton ZulF T A ARo T HIsQLy. FRA 4258
A +yE2 L, 283 4252 502 AT Figure 3.2+ A AR D@27 =843 A 7}
2] FZtel thst 97 kALY HIAE w,y, 23R EE Ve Zlolth. A5 A et BY ot 282 7+
MATLAB ver 6.1(The Math Works) 3} R(3.3.2) nlme #]7]#]¢] Ime < (Pinheiro 5, 2017)& °]&

Qo) EFte] FEAHH Dy 4 (2.10)] F4H FLL Table 3.10] teht} gtk Dy o4 7o =

2 /I3 Yt w7z AP L (unstructured), Dp= Al 74 B4g o]Fol EH7H§Eﬂ(d1agonal)
Dy Bao] B% Zo FERagdelry. =g 4 (2.18)9 Var(b)= &7 ueh} itk DU9’]'
Var(b)2] o}el4tztal & (lower triangular matrix)& AR} FHAL, SIRH0 AaA Lo] T}, Var(b)%:—
Dyt Hlwetgle ) B 27): ozt Au R 37)E ok A yehot Al njsst
Al Jeh} b ol&do) glo] s BEe A o} &g Aoz AzkErt. Dpet Diol g
+ Var(b): 7314 sttt A& be T3] S B2 Basgdel Age 93] Dyt Do,
D 7t 7R =R A (likelihood ratio test)S F3Ath. FJTE p= 242t 052578 0.52822
'rr-/]-r—v- a = 0.1 (Fitzmaurice &, 2004) XM= M B8 Ztol= fo]& Holx] ¢ro} 7HEAdS
2 (principle of parsimony)oll o8] ¢o]&F} FEAFDL shje] R4z 749 DS AHey
th o123 HHL BE BFAA FLA YERen Table 3.1 D;o] AR 67 = 8.3208
(67 =2.885)0] 7Pg 2 32 7IN & v @Ak EA Ao}

D;E o838 uAEF} 23wE B Table 3.2, &3} o|ZWE] b Table 3.30] z+z veh}
QJtt. Table 3.29] A ET} o= THZEFA!, L1-L3, A1-A3, M1-M3+= 1@#ZFA 02 HE ulA7}t
219 A T1-T90lH 2E G| A= T2 ool F4E 7HFth Table 3.39 ¥ &F} L1-L3, A1-A3,

e

rﬁ:
oH
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(a) First motion (b) Second motion (c) Third motion

10 ﬁ g W=

| T L o —— T 0 |

50 100 150 200 50 100 150 200 250 300 350

50 100 150 200 250 300 350 50 100 150 200 50 100 150 200 250 300 350

0 100 200 300 50 100 150 200 50 100 150 200 250 300 350
Frames

Figure 3.2. z,y, z positions of nine markers with respect to pelvic coordinate system during functional hip joint
motions. (a) First motion consists of flexion-neutral-extension-neutral sequence, (b) Second motion: abduction-
neutral, (¢) Third motion: flexion-circumduction to extension-neutral.

Table 3.1. The estimated covariance matrices for the random effects and likelihood ratio tests

Estimates AIC BIC Test LR p-value
4.2034 —0.0985 —0.4772
Dy = | —0.6544 10.4980 —0.0420

—3.1348 —0.4356 10.2640

82992.56  83295.07
4.1984 —0.0987 —0.4778

Var(b;) = | —0.6549 10.4925 —0.0424
—3.1347 —0.4393 10.2513
[4.2034
Dp=| 0 10499 82988.78  83266.77 Dy vs Dp 2222567  0.5275
0 0 10.264 |
8.3208
D;=| 0 83208 82986.71 8324834 Dy vsD;  4.146947  0.5285
0 0 83208

Dy, Va;(f)i)P/] ofgf A HLe EALF A QREL AAA L AIC = Akaike’s information criterion;

BIC = Bayesian information criterion; LR = likelihood ratio.

M1-M3& n#dF4 oz R Adure) 87 c,...,co0lv Y& FEAFLE T F4
B4 5,7 03} FRAWLE A FARS 6.5 WA e Atk

Table 3.3 H¥ A WA 3@ A}H(s1)7} o2 @Akl vlsh STAS] =7]+= o A vebgda & 3
A @A (s2)= THE @Al Alsl ZA vebstth. 2y el JlojAe BE I FAF s A
o wol AMH o WPA T FAF AFE Bl Ao= AzkEn). el 27(|[b|)= HE Alo]
7 331 L1, M1, 283 L3z u1@do 77k 329 STAVE 2 e Rtk thE ulAq 1)s)
A2, A3e Z2 3718 HolFa oy doane] mE8A 6 2k ZEAUAF 6.0l Hlsl o 20
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Table 3.2. Estimated fixed effects (cm) and standard errors (cm)

361

Subjects A
SE L1 L2 L3 Al A2 A3 M1 M2 M3 SE
x 2.264 0.962 2.24 4.13 6.69 5.51 7.87 9.47 3.25 4.97 6.63 0.07
sl Y —15.234 0.962 —5.86 —10.54 —16.97 —4.42 —-8.43 —-13.60 —5.53 —9.71 —15.15 0.07
z 11.066 0.962 4.85 4.71 3.68 0.12 0.65 —0.13 —4.28 —4.67 —4.95 0.11
x 1.1405 0.544 5.44 8.97 11.13 9.26 12.57 15.29 6.98 10.33 13.23 0.07
s2 Y —12.187 0.544 —8.00 —12.77 —19.56 —5.18 —9.63 —16.02 —7.25 —12.83 —16.74 0.06
z 12.153 0.545 5.81 5.34 4.46 0.15 0.09 —-0.80 —6.04 —5.89 —6.09 0.09
x —.332 0.671 2.39 5.80 7.31 6.70 10.51 12.05 4.43 7.27 9.85 0.12
s3 y —12.774 0.671 —6.17 —13.58 —19.91 —4.34 —-10.76 —16.92 —6.31 —13.28 —20.41 0.11
z 10.601 0.672 5.07 5.28 4.52 0.78 0.85 —0.07 —4.12 —4.95 —5.27 0.18
x 0.455 0.683 1.98 3.54 4.81 6.94 8.93 9.77 6.59 8.25 9.65 0.05
s4 y —15.464 0.683 —10.13 —15.93 —21.82 —6.93 —12.35 —19.00 —8.57 —14.17 —21.00 0.06
z 11.339 0.684 7.15 6.92 6.31 2.42 2.85 278 —1.60 —-1.92 —1.90 0.10
x —2.423 0.722 0.98 1.09 1.24 5.91 6.69 6.90 4.52 5.00 5.79 0.08
sb Y —15.345 0.722 —8.66 —13.96 —20.00 —6.33 —11.46 —17.85 —8.23 —13.22 —20.15 0.07
z 11.293 0.723 5.54 5.11 4.01 1.68 1.44 0.80 —2.88 —-3.26 —3.90 0.10
o2 NAAFA, L1-L3(11-73) & UE &5, Al-A3(14-—76)+= HE A, M1-M3(17-79) & tE W30l
Hze ul#] (Figure 3.1 #Z). SE = standard errors.

Table 3.3. The predicted random effects (cm) and the estimated standard deviations (cm) for random effects and

errors

. b CATb é'e
Subjects 1513 Al A2 A3 MI M2 M3 [95%CI  [95% CI]

z —410 —-251 012 051 1.21 244 010 073 1.51 0 885 1164
sl y 148 —-1.64 —5.08 6.09 1.86 —1.69 1.86 —0.39 —2.50 (2,158, 3.856][1.155, 1.174]

z 337 294 257 1.20 1.32 091 -4.86 —3.98 -—3.46 ' ’

[[b]] 5518 420 5.69% 6.23% 2.58 3.107 5208 4.07F 4.53%

r —237 —131 —0.09 -026 053 144 001 069 1.36 631 0.769
2y 0.55 —1.02 —2.97 3.73 1.75 —0.78  0.72 —-0.53 —1.45 [1.223, 2.175] [0.763, 0.776]

z 1.43 133 135 0.70 0.72 073 -2.78 —1.91 —1.56

[bl]] 2.82 213 3.267 3.80f 1.97 1.79 287 210 2.53

r —283 -091 -0.06 -0.06 0.66 136 043 060 0.81 5 008 1440
s3 y 043 —1.71 —3.06 4.08 121 —040 093 —0.28 —1.20 (1518, 2.658] [1.426, 1.456]

z 316 226 208 085 071 028 —-391 -2.96 -—248

[[bl]]  4.26% 298 3.707 417t 155 145  4.04}  3.037 2.87

r —234 —160 —0.83 093 133 123 014 038 0.76 5 049 o711
sy 1.36 —1.24 —3.70 473 156 —1.64 1.64 —0.31 -2.39 (1529, 2.747] [0.704, 0.718]

z 229 202 182 033 045 069 -3.38 —245 —1.77

[[bl]]  3.557 286 4.21% 4.83% 210 216 3767 2550  3.07t

z —3.04 —2.05 —1.14 1.03 124 146 069 0.62 1.18 0 166 1182
5y 0.94 —1.21 —3.18 399 093 —1.64 1.64 014 —1.62 (1,635, 2.870] [1.171, 1.193]

z 274 272 259 020 044 076 -3.93 -3.18 —2.34

[[bl]] 420 3617 4.26% 4.13% 161 232 4317 3.24T 308t

L1-L3 = b;—b3; A1-A3 = by—bg; M1-M3 = br—bg; CI = confidence interval; § = 5 < [|b||; T = 4 < |||
<5 t=3<|b]| <4
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Figure 3.3. Predicted soft tissue artefact vectors(cm) of each markers for all subjects.
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Figure 3.4. Plots of standardized residuals versus fitted values and frames for each coordinate.
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