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Abstract: [ Objective] To explore the role of structural MRI in the diagnosis of spinocerebellar ataxia type 3 (SCA3)
and further evaluate its correlation with disease severity and disease duration.[Methods] We prospectively enrolled 81 ge-
netically diagnosed SCA3 patients [ 59 symptomatic (sym—SCA3) and 22 pre—symptomatic (pre—SCA3) ] and 35 age— and
sex—matched healthy controls (HCs). MRI structural images (3D T1 MPRAGE) and clinical data of all subjects were col-

lected. Three observers with different radiological experience measured the width of the superior, middle and inferior cere-
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bellar peduncle (SCP, MCP and ICP), the anterior—posterior diameters of the pons and spinal cord at the levels of the fora-
men magnum and upper edge of the 3rd=5th cervical vertebra. One observer performed the measurements again 2 months
later to assess for the intra— and inter—observer reliability, respectively. One—way ANOVA, rank-sum test, ROC curve
and Random Forest were used to evaluate the diagnostic value of the above metrics for SCA3, and the correlation between
the metrics and clinical variables was analyzed.[Results] Not depending on the radiological experience, the metrics based
on morphological MRI showed high intra— and inter—observer reliability, among which bilateral superior and middle cere-
bellar peduncles performed best. The diameters of bilateral SCP, MCP, ICP, pons and spinal cord (except spinal cord at
the level of the upper edge of the 5th cervical vertebra) decreased successively in HCs, pre—SCA3 and sym—-SCA3 with a
statistical difference (P<0.017). ROC analysis revealed that the left MCP had the highest diagnostic value for pre-SCA3
(AUC=0.911), with sensitivity, specificity and a cut—off value of 85.7%, 95.5% and 10.15 mm, respectively. In contrast,
the right SCP had the highest diagnostic value for sym—SCA3 (AUC=0.999), with sensitivity, specificity and a cut—off val-
ue of 100%, 98.3% and 2.62 mm, respectively. The Random Forest model based on the above metrics also had high diag-
nostic efficiency (AUC= 0.970, specificity=93.1%) , and the left MCP contributed the most. Correlation analysis showed
that the above metrics had a significantly or moderately negative correlation with the Scale for the Assessment and Rating of
Ataxia (SARA) and disease duration (P<0.05).[Conclusion] Not depending on radiological experience , measurements of
brain structure based on morphological MRI are reliable, which can help diagnose SCA3 and predict disease severity and

duration. The left MCP and the right SCP perform best for predicting pre=SCA3 and sym—SCA3, respectively. Therefore,

the structural MRI is recommended for assisting the clinical diagnosis of SCA3.

Key words: spinocerebellar ataxia type 3 (SCA3); MRI; brain structural measurement; diagnosis
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P 2 ¥ ¥ (T2—fluid attenuated inversion recovery, T2-
FLAIR), 3D T,WI MPRAGE {394 Z:¥{: TR 1 750 ms, TE 2.8
ms, )2/ 0.7 mm, JZ A 0 mm, FOV 260 mmX260 mm, 256
23 T,WI 240 TR 4 000 ms, TE 100 ms, )2 /5 5.0 mm, JZ[H]
5 0.5 mm, FOV 230 mmx230 mm, 19 )2 ; FLAIR %% : TR 9
000 ms, TE 81 ms, JZ I} 18] (inversion time, TI)2 500 ms, J2
JZ 6.0 mm, JZA#F 1.2 mm, FOV 230 mmx230 mm, 19 /2.
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SCy) Mo FERNASE T, W I ek fi A 2 JES B 71T 5 4% (anterior—
posterior diameter of pontine base , a) FUIK # # 75 Al J5 72 (an-

terior—posterior diameter of pontine tegmentum, b) ( % 1,
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Table 1 Morphological MRI Measurement details of included metrics

Metrics ~ Sequence  Section Level Linear measurement

ST Parasagittal view that best ex- The linear distance between the superior and inferior borders
MCP TR Sagittal posed the MCP between the of the MCP, as delimited by the peripeduncular cerebrospinal

pons and the cerebellum fluid spaces of the pontocerebellar cisterns

3D-T1 ) The maximum distance between the two points where the ICP

ICp Sagittal Level that best exposed the ICP o
MPRAGE intersects its vertical line

3D-T1 Level of separation of SCP and ~ The maximum distance between the two points where the SCP

SCP Sagittal
MPRAGE inferior colliculus intersects its vertical line
The maximum distance at the levels of the foramen magnum

3D-T1 Levels that best exposed SC

SCy, Sagittal and upper edge of the 3rd-5th cervical vertebra between the
: MPRAGE (SC,,) : ) . .
two points where the SC intersects its vertical line
Level where the MCP were ob-  The distance from the ventral edge of the pons to the ventral
a T,WI Axial
) served largest border of the medial lemniscus
) Level where the MCP were ob-  The distance from the ventral edge of the medial lemniscus to

b T,WI Axial

served largest

the dorsal edge of the pons

MCP: middle cerebellar peduncle, ICP: inferior cerebellar peduncle, SCP: superior cerebellar peduncle, SC,_;: the anterior—posterior diam-

eters of spinal cord at levels of the foramen magnum and upper edge of the 3rd—=5th cervical vertebra, SC: spinal cord, a: anterior—posterior diame-

ter of pontine base , b: anterior—posterior diameter of pontine tegmentum.

14 HIHFERE

K HI IBM SPSS Statistics 25 34Xt 8ol s A7 G2 12 43
#ro FIH Shapiro-Wilk Fll Levene K56 %) 4% & 1 S 5007 1E
ASVER RN 7 22 FPER G o LR R AR U 25 RR
i F 2H P9 AH 5¢ 2 %K (interclass correlation coefficient, ICC) 3
i VRER N B S35 TR A I et — 30k o (R e L
B 2E 5 . SR RIE R 5 255, R

P75 220007 s AR IE S O A B 22855, SR AR SR 56
1 Kruskal-Wallis H £ 5 lL 45 2 TR 4 24, 22 57
B G 2R TR Bonferroni 260547 21 8] 4 9 HL 4%, 41 1]
PP LR L P<0.017 D 22 AT Gt 2 R 3. ARRAEYE h
2 (receiver operating characteristic curve , ROC curve) ST &
TE 725 20 & 2 5012 Wi SCA3 (X 43 sym—SCA3 K HCs ., pre-
SCA3 J% HCs) IR RE -
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A-C: Measurement of middle cerebellar peduncle, inferior cere-

bellar peduncle, and superior cerebellar peduncle. D: Measurements of
the anterior—posterior diameter of pontine base (“a”) and pontine teg-
mentum (“b”) on T2 weighted axial magnetic resonance imaging (MRI)
scan. The medial lemniscus was identified as boundary lines between
lower intensity and higher intensity. The distance of the pontine base
was measured as the distance from the ventral edge of the pons to the
medial lemniscus, marked as “a” (red line). The length of the pontine
tegmentum was measured as the distance from the medial lemniscus to
the dorsal edge of the pons, marked as “b”(green line). E: The anterior—
posterior diameters of the spinal cord at levels of the foramen magnum
and upper edge of the 3rd=5th cervical vertebra (SC_ ;). The maximum
diameters of SC— SC, may not be shown on the same slice.
1 ETREF MRIB RSN E3EER R E
Fig.1 An example of morphological measurement of in-

cluded metrics

1E Python 2R (3.10.0 JitAS ) 2R FI 47 28 g k4] 433
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W3, B E R 100, AR i, PEA D SRR 109 BIURREE
SEMROCHIZ THA(AUC) ., EE FRABTE1 000,75
BT AR S A

FE T IS BB 2548 T 12 28805 s DRIP4 22 [ (R AH 5
PES3HT R FH Pearson (IE 7301 8045 ) 51 Spearman #H I /3 Hr ik
GRS ) . SR EUMBEA Y , L P<0.05 K
ERAGITER L.

2 # X

2.1 —fRIGRER

ARBFIE AN sym=SCA3 215 HCs 41 4E I (1=5.430,
P=0.449) 5L (¥’=0.115, P=0.734) Z F 4 LGt X,
1M pre—SCA3 41 5 JL A W 4 (9 4F 1% 15 M 31l 22 B HLAT G it 2
B (FE2),

22 WMBERNIFAMEEZEH—H 4R

KEHSHRI S PRS2 18] A4 ) 4 — s
R =BT B — B AT (R 3) . TERTA SR,
XN MCP SCP . SC, i TICC H5 i
23 EFEESZEMRIFKLEENEXT pre-SCA3
#1sym-SCA3 HJiZ T i &

@D pre-SCA3 vs HCs  [A] HCs A Lt , pre—SCA3 1) XUl
MCP.SCP } ICP .SC,_, b #l Variation B A (& 2) .

ROC 43 M7 ZE /N v I (Teft middle cerebellar pedun-
cle, LMCP) T #ll pre-SCA3 A % & 1£ 19 i2 W i { AUC
(95%C1)=0.911(0.830,0.992) , P<0.001 , F AKX FE 5 57
Hl cut—of (B35 4 85.7%,95.5% A110.15 mm; tE4h , 45 /1
T 0 ik ( right middle cerebellar peduncle, RMCP) (cut—off: 9.8
mm) A1 A U /8 K B (right superior cerebellar peduncle,
RSCP) (cut—off: 2.9 mm) 7£ il pre-SCA3 4371 J& 2L 1 f 1=
MUY (97.0%) , T LMCP(cut—off: 10.15 mm ) JE B &2 85
B4 S (95.5%; -1 3A) .

@ sym-SCA3 vs HCs [A] HCs A kb , sym-
SCA3 FJXUN MCP SCP & ICP SC.,_, . i Bf 3 5 B iy
Ja 1 (a) i H 9k 25 5B 105 72 (b) VB SRR G 7278 57
R (Variation) B ) Al . [A] HCs # L , sym—SCA3
[ BT ratio 3 /(& 2),

ROC 43 H7 7% RSCP B sym—SCA3 H & et A2 Wity
{H AUC(95%C1)=0.999(0.996,1.00) , P< 0.001, J i FE A9
R (1009% ) FIHR 5 1 (98.3%) , H: cut—off {5 4 2.62 mm
(F3B).
sym—-SCA3 vs pre—SCA3  [A] pre—=SCA3 # Lt , sym—
SCA3 BRI MCP . SCP J ICP.SC,_,.a.b B &I 1%
(K2).

x2 MINFREHEIERKER

Table 2 The clinical information of included subjects (x+s)
Ttems sym—SCA3 (n=59) pre-=SCA3 (n=22) HCs (n=35) HI 1t P
Agelyears 39.9+10.8 29.0+8.2 38.6+12.1 16.790 <0.001
Gender/(M/F) 24/35 16/6 13/22 8.109 0.017
Disease duration/years 5.50+3.60 0.14+0.35 / 6.878 <0.001
SARA 12.80+6.40 0.50+0.67 / 8.905 <0.001

Continuous variables are expressed as (¥ + s). Disease duration was computed as the difference between age at scan and reported age at onset.

SARA : the scale for the assessment and rating of ataxia.
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Table 3 Interclass correlation coefficient values of
included morphological metrics among

different observers

Metrics Iccl 1CC2 1CC3
RMCP 0.83 0.79 0.68
RICP 0.76 0.57 0.84
RSCP 0.76 0.74 0.79
LSCP 0.83 0.68 0.71
LICP 0.66 0.43 0.78
LMCP 0.80 0.72 0.73
sC, 0.90 0.52 0.73
SC, 0.86 0.77 0.76
sC, 0.70 0.65 0.72
o 0.71 0.75 0.76
a 0.73 0.78 0.46
b 0.63 0.75 0.71

ICC1: intra—observer agreement of evaluator 1, ICC2: ICC
between observer 1 and 2, ICC3: ICC between observer 1 and 3.
RMCP: right middle cerebellar peduncle, RICP: right inferior cer-
ebellar peduncle, RSCP: right superior cerebellar peduncle, LM-
CP: left middle cerebellar peduncle, LICP: left inferior cerebellar
peduncle, LSCP: left superior cerebellar peduncle, SC,_,: anteri-
or—posterior diameters of the spinal cord at levels of the foramen
magnum and the upper edge of the 3rd-5th cervical vertebra, “a”:
anterior—posterior diameter of pontine base, “b” : anterior—posteri-

or diameter of pontine tegmentum.

ROC 73 #1 7~ LMCP %55l sym—-SCA3 5 pre-SCA3 {1 &
£ 1 12 W 4 {4 AUC (95%CI) = 0.923 (0.866, 0.979) , P<
0.001, HABUREE 552 B I cut—off {H 439147 90.9% , 86.4% Fl
8.58 mm; 7k, RMCP (cut—off: 8.35 mm) % I sym—SCA3 5
pre—SCA3 B H e = IO U (1009 161 3C) .

2.4 PBENLFR#K AT SCA3HIIZ I IME

BT LR, B MRIJE 45 27 0 4 2 500 #E X 4
HCs . sym—SCA3 il pre—SCA3 it i 45 £ 32 ] ROC Bl £k
(1 4), 853 Bn 3T MRUP &S50 0 AL AR M 1 B
AR T By 15000 4 5 AUC (95%CT) =0.970 (0.961,0.973) , P <
0.001 , HCHHURE L AR 5 B2 5351 86.2% F193.1% ., Ho, Xf
DX 43 =3 1) e T B2 A LA 25 2 W i 2 8043 )2 LMCP,
RSCP, 7= ] /N i _E B (left superior cerebellar peduncle,
LSCP) , RMCP FIZAM /N B (Teft inferior cerebellar pedun-
cle, LICP) , LMCP J& 5 5 2L ()l 1 S 50
2.5 ETFMRIESFEHNNESHSIGRIFEMEX 4

AN pre-SCA3 5 sym—-SCA3 % , & BT ratio il

L, b, FIRTE A2 1 404 SR FI SARA Z [AIAEAE i
P SRR UG, R Variation R 5557 (r= -0.70,
P<0.001)FISARA(r=-0.68, P<0.001) 5 it 7 AR5
WA 43 7w, XF T sym=SCA3, LSCP.SC,.SC, .a K&
Variation 5 5 i 5/ E i AH G, SC,_;.a J& Variation 5 SARA
SEHPEERREAADE, a R 5 (r= -0.55, P<0.001) %%
R ARC, H a5 SARA A B0 1Y 5AH 5C (r = -0.55, P<
0.001) o XfF pre-SCA3, RSCP,LSCP.SC,_, Fl Variation 5
SARA fE1E 1 2 s S5 FR B SUAH G, T Variation [7] SARA 32
PSR A TR 5E (r = —0.64, P<0.001;55).

3 it

AR SCHFGE &5 e W], 36T MRIAYTE 25 232 00 B 7] LU T
X 43 pre—SCA3 Fll sym—SCA3, H: 22 00 /)N fig Hh 0K A ) /)
o L JE 43 0 2 B A2 Wik RE . KAk, T MRIIIE A
W 5t 2 B4 2 S 1 Bl AL AR RS R X sym—SCA3 |, pre-SCA3 .
HCs =4 A & T = 950 22 Bz aE , ROC 1l 26 1 ik
0.970, THURJYE 86.2% , 45 51 93.1%., #— A AYAHIE oM &
W bR BET MRIAYIE A8 5 B 2405 SCA3 3 iy R il
SARA B EHIE.

JRFATIEA, AT BT B YRR T L /I B0 o A
G 86 T CERL B KL €, 2K ) XF SCA3 12l
. REFOCEESEN MG N BOEE# 2 nl— 8tk
N BB B B A X R W B R TR 28 56 11
[E)A T A0 o ] A PR A, AR F 9 {8 4 I 2 00 o i
AT AT HE HAT AT, A IE R F S EN ICC BARTT e
TR — RS R AR A AT AR Wi i 52
PR, B EI A . SR, 90 A EL A5 M S it 3 S ik (g AR
BEAE AT DA — 25 St PR 2 3y T 1 T B A R
FEME SAESE s S ] 1 R B 3l

sym—SCA3  pre—SCA3 1 HCs = 41 8] I 5 {H 1Y He 4 2
N, REBMRUESHFSEOI NN LB BA G # 257,
e 2 AN /0N o D 3% 5 RN R BIE ST SR — T
Rezende'® 25 FI] FH ik 45 ¥4 MRT & 9 85k 52 il 1% % PR, pre—
SCA3AEFEATO /I b o T BAVAS) P JB 453 43 R i T B
PR , 1M1 sym—SCA3AEFE] 12 B A ST 27 45495 B fiki 52 i 25
o AN, Peng %5 [ Fahl' S BIFSE AR K 0L, 5 1E W %t
WA EE , sym—SCA3 /NI E b A FA (BTG, Aidfs
BRI/, LIRAFIE 8 F Y S ) BUImAUT 91 e F 2
TR 14 2 2 A B H AR BOn] SRR B R A SCAS JiE
{4 PR PR A2 2% ELAE IS I R AE ) (A BR . T A BF 5 45
W, I FEEHPE MR, © RE LB 6 78 T 4 K i)
pre—SCA3 J sym—SCA3 5 1F 5 Xf B 22 57, sk A 5 i fRi £
BT ELA—E WG R M. EIATRATTEZ DA 5
B, 15 HCs  pre—SCA3 . sym-SCA3 =4[ 1] & 1 SCA3 i
g v IR 21 T (1R TR B, = 418U MCP L ICP ,SCP . SC, .
SC, . SC, 19 42 43 38 I/ B it 2 L, X
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Table 4 The comparison of metrics among sym—SCA3, pre-SCA3 and HCs
Metrics/ sym—SCA3  pre—SCA3 HCs F/H P Y2 s pesonssoasin B enscns e scns s
mm S P
RMCP 7.33+0.18  9.45+0.17 10.91+0.14  79.897  <0.001  27.516/63.188/35.671 0.003"/<0.001"/<0.001"
RICP 6.20£0.10  7.03+0.15  7.86+0.10  62.552  <0.001 4.635/11.177/4.540  <0.001"/<0.001"/0.001"
RSCP 1.67+0.10  2.31+0.15  3.41+0.10 75932  <0.001  34.379/62.370/27.991 <0.001"/<0.001"/0.001"
LSCP 1.82+0.11  2.45+0.14  3.42+0.10  70.209  <0.001  32.663/59.948/27.285 <0.001"/<0.001"/0.001"
LICP 6.3120.10  7.15+0.15  7.85+0.11  61.596  <0.001  22.806/55.282/32.475 0.013"/<0.001"/<0.001"
LMCP 7.19+0.19  9.39+0.14 10.77+0.14  83.372  <0.001  27.440/64.452/37.012 0.003"/<0.001"/<0.001"
SC, 7.63+0.13  8.39+0.15  9.34+0.15  48.992  <0.001 27.137/50.072/22.935  0.003"/<0.001"/0.006"
SC, 6.61+0.11  7.21+0.10  7.98+0.13  49.245  <0.001 28.412/50.271/21.859  0.002"/<0.001"/0.009"
SC, 6.11+0.11  6.70+0.11 7.22+0.11 26471  <0.001 3.283/6.810/3.106 0.002"/<0.001"/0.003"
SC, 5.52+0.12  6.32+0.14  6.71+0.10  41.753  <0.001  14.753/44.775/30.022  0.107/<0.001"/<0.001"
a 13.16+0.23 15.13+0.36  14.87+0.23 17979  <0.001 -0.639/4.939/4.546 0.525/<0.001"/<0.001"
b 4.75+£0.10  5.84+0.12  6.36+0.14 54599 <0.001 2.534/9.622/6.190  0.014"/<0.001"/<0.001"
BT ratio 2.84+0.11  2.63x0.10  2.38+0.10 8.679  <0.001 -2.165/-4.059/-1.516 0.035/<0.001"/0.134
Variation 2.88+0.13  2.53x0.18  3.55+0.20 7.691 0.001 3.577/2.937/-1.459 0.001"/0.004"/0.149
0.27+£0.01  0.2420.02  0.28+0.01 1.130 0.327 1.615/0.205/-1.273 0.112/0.838/0.207

reduce

RMCP: right middle cerebellar peduncle, RICP: right inferior cerebellar peduncle, RSCP: right superior cerebellar peduncle, LSCP: left su-

perior cerebellar peduncle, LICP: left inferior cerebellar peduncle, LMCP: left middle cerebellar peduncle, SC_,: anterior—posterior diameters of

spinal cord at levels of the foramen magnum and upper edge of the 3rd—5th cervical vertebra, “a”

“b”. anterior—posterior diameter of pontine tegmentum, L

reduce

: anterior—posterior diameter of pontine base ,

: SC, =SC,, BT ratio : “a”/“b”, Variation = /(SCO = Me(m)2 + (SCI = Me(m)2

2
+ (SC2 = Meam)2 + ,/(Scs = Mean) (Mean is the mean value of SC; to SC,), HCs: Healthy Controls. Two-tail Y Pairwise comparison among

groups, the difference is significant(P<a '=a/3=0.017).
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A-0: box plot of RMCP, RICP, RSCP, LSCP, LICP, LMCP, SC,_;» a, b, BT ratio, Variation, L of included subjects. RMCP: right middle cerebel-

reduce
lar peduncle, RICP: right inferior cerebellar peduncle, RSCP: right superior cerebellar peduncle, LSCP: left superior cerebellar peduncle, LICP: left in-
ferior cerebellar peduncle, LMCP: left middle cerebellar peduncle, SC_,: the anterior—posterior diameters of spinal cord at the level of the foramen mag-

num and upper edge of the 3rd—5th cervical vertebra, “a”: anterior—posterior diameter of pontine base , “b”: anterior—posterior diameter of pontine teg-

mentum, BT ratio: “a”/“b”, Variation = (SCO - Me(m)2 + \/(SCI - Mean)z + (SCZ - Mean)2 + \/(5(13 - Me(m)2 (Mean is the mean value of SC

10 SC,), L_,...: SCy —SC3.” P<0.017, ¥ P<0.001.
E2 ZHAEmAESHAmELEATE
Fig.2 box plot of pairwise comparison of all metrics among three groups
ROC curve of Random Forest for sym-SCA3, pre-SCA3 and HCs Feature importances
1.01 i 5 0.175
A2 2 0.150
g 0.8 '-: g. .
g L E 0125
S 0.67 =
:‘5 : 2 0.100
& 0.4 g 0075
@ ot
E ~ = = micro-average ROC curve(area = 0.97) = 0.050
0.2 ,2 = ROC curve of HCs(area = 0.99) g
,/’ —— ROC curve of sym-SCA3(area = 0.97) %’ 0.025
,/’ ROC curve of pre-SCA3(area = 0.90) A B
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A: ROC curve of Random Forest for sym—SCA3, pre-~SCA3 and HCs AUC (95%CI) =0.970 (0.961, 0.973), P <0.001. B: Bar chart of feature impor-
tances of metrics in Random Forest.
4 ETREHMHFMER, BEFESHLES HCs.sym-SCA3.pre-SCA3 K ROC M & RAFIEEZE 1 E
Fig. 4 ROC curves and bar chart of feature importances of identification of HCs, sym—SCA3 and pre— SCA3 by metrics

based on the Random Forest classifier
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R5 HSCA3,sym-SCA3,pre-SCA3HISHMIGEKRITEMNHEX R
Table 5 Correlation coefficient of metrics and clinical variables of SCA3 taken together, sym—SCA3, pre-SCA3

SCAs sym—SCA3 pre—SCA3
Items
Disease duration SARA Disease duration SARA Disease duration SARA
RMCP -0.64% -0.58” -0.33" / / /
RICP -0.52% -0.43” -0.29" / / /
RSCP -0.48” -0.42% / / / -0.64”
LSCP -0.59% -0.48” -0.427 / -0.49" -0.52"
LICP -0.57” -0.48” -0.36” / / /
LMCP -0.67" -0.65” -0.34” -0.30" / /
SG, -0.46” -0.527 -0.33" -0.37% / -0.57"
SC, -0.46” -0.53” -0.32" -0.44% / -0.50"
SC, -0.51% -0.54” -0.46% -0.50” / -0.44"
SC, -0.55” -0.56” -0.42” -0.44” 0.44" -0.55”
a -0.60” -0.60” -0.55% -0.55” / /
b -0.54” -0.45” / / / /
BT ratio / / / -0.35% / /
Variation -0.70% -0.68” -0.50% -0.43? -0.49" -0.64”
0.34” 0.29" 0.27" / / /

reduce

RMCP: right middle cerebellar peduncle, RICP: right inferior cerebellar peduncle, RSCP: right superior cerebellar peduncle, LSCP:left su-
perior cerebellar peduncle, LICP: left inferior cerebellar peduncle, LMCP: left middle cerebellar peduncle, SC_,: anterior—posterior diameters of

spinal cord at levels of the foramen magnum and upper edge of the 3rd-5th cervical vertebra, “a” : anterior—posterior diameter of pontine base ,

2
“«

i3 . . . . . . . 2
“b”: anterior—posterior diameter of pontine tegmentum, L, : SC, =SC,, BT ratio : “a”/“b”, Variation = (SC0 = Mean) + (SCI = Mean) +

reduce *

(SCZ - Me(m)2 + ,\/(SC_; - /\lean)2 (Mean is the mean value of SC, to SC3) , HCs: Healthy Controls. Two—tail , V' P<0.05, ? P<0.001.

ROC curve for pre-SCA3 vs HCs ROC curve for sym-SCA3 vs HCs ROC curve for sym-SCA3 vs pre-SCA3
— LMcP RSCP — LMCP
RSCP — LMCP RMCP
B 1.0 e —b
Lscp = RMCP -
— RMCP 08, — LscP LicP
z = 80 =z RICP 2 - se
z — st Z 06 e 2 — ReP
E RICP é 0.4- - E — RICP
@ — Liep @ . @ —a
— Variation 0.2~ — sC SCs
0.0 A % 0.0FE————— G — G
0.00.2 0.40.60.8 1.0 - gC 0.002 04 06 0810 __ o SC1
1-Specificity ? 1-Specificity —a 1-Specificity — SC:

The labels on the right side of each figure was ranked by the value of ROC with P<0.05. A: ROC analysis showed that LMCP had the highest diag-
nostic value for pre-SCA3 AUC (95%CI) =0.911 (0.830, 0.992), P<0.001, with sensitivity, specificity, and cut—off value of 85.7%, 95.5% and 10.15
mm, respectively. B: ROC analysis showed that RSCP had the highest diagnostic value for sym—SCA3 AUC (95%CI) =0.999 (0.996, 1.00), P<0.001,
with sensitivity, specificity and cut—off value of 100%, 98.3% and 2.62 mm, respectively. C: ROC analysis showed that LMCP had the highest value for
differentiating sym—SCA3 and pre-SCA3 AUC (95%CI1)=0.923 (0.866, 0.979), P<0.001, with sensitivity, specificity and cut—off value of 90.9%, 86.4%
and 8.58 mm, respectively. RMCP: right middle cerebellar peduncle, RICP: right inferior cerebellar peduncle, RSCP: right superior cerebellar peduncle,
LSCP: left superior cerebellar peduncle, LICP: left inferior cerebellar peduncle, LMCP: left middle cerebellar peduncle, SC__,: anterior—posterior diame-

ters of spinal cord at levels of the foramen magnum and upper edge of the 3rd—5th cervical vertebra, “a”: anterior—posterior diameter of pontine base,

“b”: anterior—posterior diameter of pontine tegmentum, Variation = j(SCO - Mean)2 + ,\/(SCI - Mean)2 + (SC2 - Mean)2 + ,/(SC3 - Me(m)2
(Mean is the mean value of SC to SC,).
B3 ETFREAEZEMRIKNESHI sym-SCA3.pre-SCA3 & HCs AL 51 # ROC #i £k
Fig.3 ROC curves of morphological MRI metrics for pair—wise identification among sym—-SCA3.pre-SCA3 and HCs
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