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Supplementary Materials
Table S1. Descriptive characteristics of the participants per group and statistical comparison. 
	
	
	mCIMT+AOT (n=20)°
	mCIMT+placebo (n=16)*
	p-value

	Age
	Mean (line) (SD)
	9y4m (1y11m)
	9y6m (1y10m)
	0.76a

	Sex
	n (%)
	
	
	0.11b

	Boys
	
	14 (70)
	7 (44)
	

	Girls
	
	6 (30)
	9 (56)
	

	Affected side
	n (%)
	
	
	

	Left
	
	7 (35)
	11 (69)
	

	Right
	
	13 (65)
	5 (31)
	

	MACS
	n (%)
	
	
	0.90b

	I
	
	5 (25)
	3 (19)
	

	II
	
	7 (35)
	6 (37)
	

	III
	
	8 (40)
	7 (44)
	

	HFC system
	n (%)
	
	
	0.65b

	Levels 4-5
	
	15 (65)
	13 (81)
	

	Level 6-8
	
	5 (35)
	3 (19)
	


MACS, Manual Ability Classification System; HFC, House Functional Classification. aMann-Whitney U Test; bChi-square test. °Missing participant data after the intervention (n=2); *Missing participant data after intervention (n=4) and at follow up (n=2).
Table S2. Correlation analysis results (Spearman’s rho and p-value) between improvements in spatiotemporal parameters and clinical measures immediately after the camp (T1-T2). 
	 
	
	 
	Muscle tone
	Muscle weakness
	Grip strength

	Reaching upward (RU)
	
	
	

	
	Duration
	Spearman’s rho (p)
	-0.13 (0.46)
	0.10 (0.54)
	0.14 (0.42)

	
	Peak velocity
	Spearman’s rho (p)
	0.04 (0.82)
	0.14 (0.40)
	-0.10 (0.58)

	
	Time to peak velocity
	Spearman’s rho (p)
	-0.18 (0.29)
	-0.13 (0.44)
	0.15 (0.38)

	
	Trajectory straightness
	Spearman’s rho (p)
	-0.45 (0.007)
	0.26 (0.13)
	0.11 (0.53)

	Reach-to-grasp a vertically oriented cylinder (RGV)
	
	

	
	Duration
	Spearman’s rho (p)
	0.00 (0.99)
	0.01 (0.95)
	-0.06 (0.71)

	
	Peak velocity
	Spearman’s rho (p)
	-0.11 (0.53)
	-0.03 (0.87)
	0.09 (0.59)

	
	Time to peak velocity
	Spearman’s rho (p)
	-0.34 (0.05)
	-0.13 (0.46)
	0.10 (0.55)

	
	Trajectory straightness
	Spearman’s rho (p)
	0.19 (0.27)
	-0.35 (0.04)
	-0.10 (0.56)

	Hand to shoulder (HTS)
	
	
	

	
	Duration
	Spearman’s rho (p)
	-0.18 (0.29)
	-0.13 (0.44)
	0.15 (0.38)

	
	Peak velocity
	Spearman’s rho (p)
	0.25 (0.16)
	0.16 (0.36)
	-0.14 (0.40)

	
	Time to peak velocity
	Spearman’s rho (p)
	0.27 (0.11)
	-0.19 (0.27)
	-0.19 (0.26)

	
	Trajectory straightness
	Spearman’s rho (p)
	-0.13 (0.47)
	-0.04 (0.83)
	0.21 (0.22)


The correlations that reached p<0.01 significance are highlighted in bold.
Table S3. Correlation analysis results (Spearman’s rho and p-value) between improvements in spatiotemporal parameters and clinical measures immediately after the camp (T1-T3). 
	 
	
	 
	Muscle tone
	Muscle weakness
	Grip strength

	Reaching upward (RU)
	
	
	

	
	Duration
	Spearman’s rho (p)
	-0.06 (0.75)
	0.00 (0.99)
	-0.03 (0.88)

	
	Peak velocity
	Spearman’s rho (p)
	0.33 (0.05)
	0.15 (0.37)
	0.06 (0.72)

	
	Time to peak velocity
	Spearman’s rho (p)
	-0.23 (0.19)
	-0.08 (0.64)
	-0.14 (0.43)

	
	Trajectory straightness
	Spearman’s rho (p)
	0.09 (0.61)
	0.33 (0.05)
	0.13 (0.45)

	Reach-to-grasp a vertically oriented cylinder (RGV)
	
	

	
	Duration
	Spearman’s rho (p)
	-0.30 (0.08)
	-0.14 (0.43)
	-0.10 (0.56)

	
	Peak velocity
	Spearman’s rho (p)
	0.27 (0.11)
	0.11 (0.53)
	0.07 (0.69)

	
	Time to peak velocity
	Spearman’s rho (p)
	-0.06 (0.75)
	0.06 (0.72)
	0.01 (0.95)

	
	Trajectory straightness
	Spearman’s rho (p)
	0.00 (0.98)
	-0.28 (0.10)
	0.00 (0.98)

	Hand to shoulder (HTS)
	
	
	

	
	Duration
	Spearman’s rho (p)
	-0.41 (0.01)
	-0.06 (0.73)
	0.22 (0.19)

	
	Peak velocity
	Spearman’s rho (p)
	0.25 (0.14)
	0.08 (0.63)
	0.04 (0.80)

	
	Time to peak velocity
	Spearman’s rho (p)
	-0.06 (0.73)
	-0.25 (0.14)
	-0.47 (0.004)

	
	Trajectory straightness
	Spearman’s rho (p)
	-0.39 (0.02)
	-0.05 (0.76)
	-0.08 (0.66)


The correlations that reached p<0.01 significance are highlighted in bold.
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Figure S1. Marker locations at the start (left panels) and end (right panels) position of each task: (a) reaching forward, (b) reach-to-grasp a vertically oriented cylinder and (c) hand to shoulder. This figure was created using Vicon Nexus software (version 1.8.5, Oxford Metrics, Oxford, UK, https://www.vicon.com/software/nexus/?section=downloads). 
[image: ]
Figure S2. Mean (line) and standard deviation (translucent area) of each joint angle at each time point for the mCIMT+AOT group (left), the mCIMT+placebo group (middle), and the total group (right). Each panel represents one task. The grey line depicts the mean (line) and standard deviation (translucent area) of a group of 60 typically developing children aged 5-15y, which is plotted for visualization of a normal movement pattern. (a) trunk flexion-extension, (b) trunk lateral flexion, (c) trunk axial rotation, (d) scapula tilting, (e) scapula pro-retraction, (f) scapula rotation, (g) shoulder elevation, (h) shoulder rotation, (i) shoulder elevation plane, (j) elbow flexion-extension, (k) elbow pro-supination, and (l) wrist flexion-extension. 
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Figure S3. Correlation analyses between the change in kinematic and clinical measures at T1-T2 (left) and T1-T3 (right).
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c. Trunk Axial Rotation

Reaching upwards (RU)
(deg)
25 mCIMT+AOT group
T 20
s

mCIMT+placebo group

T1 (before intervention)

T2 (after intervention)

T3 (6 months follow-up)
Typically developing children

(deg)
Total group

Movement cycle (%)

Reach-to-grasp a vertica

[} 20 40 60 80

Movement cycle (%)

100

lly oriented cylinder (RGV)

o
N
8

Movement cycle (%)

(deg) (deg) (deg)
mCIMT+AOT group mCIMT+placebo group Total group
30 30 30
T 25 T 25 T 25
20 20 20
= = =
15 15 15
10 10 10
% = %
w s w s w s
Vo Vo vo
-5 -5 -5
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Hand to shoulder (HTS)
(dgg) mCIMT+AOT group (d;?) mCIMT+placebo group (d%‘) Total group
25 25 25
20 20 20
E 15 g 15 g 15

Movement cycle (%)

0 20 40 60 80 100

Movement cycle (%)

o
N
8

Movement cycle (%)




image5.tiff
d. Scapula Tilting

Reaching upwards (RU)
(deg)
5 mCIMT+AOT group
T 10
g
o

(deg)

mCIMT+placebo group

@

Post —>
bH o o B

3

<— Ant
[N

T1 (before intervention)

T2 (after intervention)

T3 (6 months follow-up)
Typically developing children

(deg)
Total group

@

o

Post —»
3

0

<— Ant

Movement cycle (%)

o 20 4 60 80 100

Movement cycle (%)

Reach-to-grasp a vertically oriented cylinder (RGV)

(deg)

o mCIMT+AOT group

Post —>»
o

<— Ant
I

(deg)
10

mCIMT+placebo group

°

Post —>
a

5

=

<— Ant
L

“o 20 40 60 80 100
Movement cycle (%)
(deg)
Total group

9
3

] 20 40 60 80 100 0 20 40 60 80 100 h 0 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Hand to shoulder (HTS)
(deg) mCIMT+AOT group (deg) mMCIMT+placebo group (deg) Total group
5 5 5
t t t
- 0 - 0 - 0
8 8 3
a 5 a5 a5
-10 -10 -10
Zas Eus Eas
¢ 20 ¢ 20 ¢ 20
-25 -25 -25
] 20 40 60 80 100 [ 20 40 60 80 100 0 20 40 60 80 100

Movement cycle (%)

Movement cycle (%)

Movement cycle (%)




image6.tiff
e. Scapula Pro-Retraction

T1 (before intervention)

T2 (after intervention)

T3 (6 months follow-up)
Typically developing children

Reaching upwards (RU)
(deg) (deg) (deg)
70 ‘mCIMT+AOT group 70 mCIMT+placebo group 70 Total group
5 60 5 60 ‘5 60
o o o
50 50 50
£ 40 g 40 g 40
['4 ['4 ['4
¢ 30 ¢ 30 ¢ 30
20 20 20
0 20 40 60 80 100 0 20 40 60 80 100 ] 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Reach-to-grasp a vertically oriented cylinder (RGV)
(deg) (deg) (deg)
65 mCIMT+AOT group 65 mCIMT+placebo group o5 Total group
T 60 T 60 T 60
‘,O: 56 g 55 ..E 55
E 50 E 50 Ct 50
45 45 45
5 40 £ 40 40
« 35 © 35 © 35
¢ 30 ¢ 30 ~L 30
25 25 25
0 20 40 60 80 100 0 20 40 60 80 100 o 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Hand to shoulder (HTS)
(deg) mCIMT+AOT group (deg) mCIMT+placebo group (deg) Total group
T 70 T 70 T 70
‘E 60 5 60 ‘E 60
o o '8
50 50 50
g0 g 0 g 0
['4 ['4 ['4
30 30 30
¢ 20 ¢ 20 ¢ 20
0 20 40 60 80 100 o 20 40 60 80 100 o 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)




image7.tiff
f. Scapula Rotation

T1 (before intervention)

T2 (after intervention)

T3 (6 months follow-up)
Typically developing children

Reaching upwards (RU)
(deg) (deg) (deg)
2 mCIMT+AOT group 2 mCIMT+placebo group 2 Total group
8o B o
= = =
-20 -20 -20
K K k
8 8 8
¢ -40 ¢ -40 ¢ -40
-60 -60 -60
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Reach-to-grasp a vertically oriented cylinder (RGV)
(deg) (deg) (deg)
2 mCIMT+AOT group 2 mCIMT+placebo group 2 Total group
T 10 T 10 T 10
-10 -10 -10
E 20 5 20 § 20
¢ -30 ¢ -30 ¢-30
-40 -40 -40
0 20 40 60 80 100 0 20 40 60 80 100 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Hand to shoulder (HTS)
(deg) mCIMT+AOT group (deg) mCIMT+placebo group Total group
10 10
r T
o o
B S
5 -5

<— Lat
y

<— Lat
s 5

o
N
8
a
5
3
3
2
8

Movement cycle (%)

[ 20 40 60 80 100

Movement cycle (%)

0 20 40 60 80

Movement cycle (%)




image8.tiff
g. Shoulder Elevation

T1 (before intervention)

T2 (after intervention)

T3 (6 months follow-up)
Typically developing children

Reaching upwards (RU)
(deg) (deg) (deg)
o mCIMT+AOT group o mCIMT+placebo group o Total group
A A A
e 20 e 20 c 20
H H 3
a -0 a 40 a -40
-60 -60 -60
Q Q Q
D -80 D -80 D -80
¢ -100 ¢-100 ¢-1ea
-120 -120 -120
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Reach-to-grasp a vertically oriented cylinder (RGV)
(deg) (deg) (deg)
0 mCIMT+AOT group o mCIMT+placebo group N Total group
A A A
g 2 c 2 c 20
3 3 3
a -40 a -40 a -40
o -60 o -60 D_-GO
=) =} =)
¢ -80 ¢ -80 ¢eu
-100 -100 -100
20 40 60 80 100 20 40 60 80 100 0 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Hand to shoulder (HTS)
(deg) mCIMT+AOT group (deg) mCIMT+placebo group (deg) Total group
¢ 20 * -20 f -20
< <
g 30 g 30 g 30
=] =] o
-40 -40 -40
o 50 o 50 50
=) =} =)
-60 -60 -60
¢ 70 ¢ 70 ¢ 7
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Movement cycle (%)

Movement cycle (%)

Movement cycle (%)




image9.tiff
h. Shoulder Rotation

T1 (before intervention)

T2 (after intervention)

T3 (6 months follow-up)
Typically developing children

Reaching upwards (RU)
(deg) (deg) (deg)
2 mCIMT+AOT group 2 mCIMT+placebo group 2 Total group
I I I
= = z
-20 -20 -20
® -40 ® -40 ® -40
w w w
¢ -60 ¢ -60 ¢ -60
-80 -80 -80
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Reach-to-grasp a vertically oriented cylinder (RGV)
(deg) (deg) (deg)
2 mCIMT+AOT group 2 mCIMT+placebo group 2 Total group
K K K
£ £ z
- 20 - 20 - -20
= -40 & -40 = -40
w w w
¢ -60 ¢ -60 ¢ -60
-80 -80 -80
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Hand to shoulder (HTS)
(deg) mCIMT+AOT group (deg) mCIMT+placebo group (deg) Total group
T 20 T 20 T 20
- 0 - ) - 0
= = =
-20 -20 -20
® -40 *® -40 ® -40
w w w
-60 -60 -60
¢ -80 ¢ 0 ‘L'Bn
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Movement cycle (%)

Movement cycle (%)

Movement cycle (%)




image10.tiff
i. Shoulder Elevation Plane T1 (before intervention)
T2 (after intervention)
T3 (6 months follow-up)

Typically developing children

Reaching upwards (RU)
(deg) (deg) (deg)
100 mCIMT+AOT group 100 mCIMT+placebo group 100 Total group
= 80 = = 80
4 e &
1%] 12} 1]
60 60
S 40 :S) E 40
w w w
¢ 20 ¢ ¢ 20
[ )

] 20 40 60 80 100 0 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Reach-to-grasp a vertically oriented cylinder (RGV)

(deg) (deg) (deg)
% mCIMT+AOT group %0 mCIMT+placebo group Total group

0 20 40 60 80 100 0 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Hand to shoulder (HTS)
(deg) mCIMT+AOT group (deg) mCIMT+placebo group (deg) Total group

Sagit
8
Sagi

<— Front
8
<— Front

<— Front

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Movement cycle (%) Movement cycle (%) Movement cycle (%)




image11.tiff
j. EIbow Flexion-Extension

T1 (before intervention)

T2 (after intervention)

T3 (6 months follow-up)
Typically developing children

Reaching upwards (RU)

(deg) (deg) (deg)

%0 mCIMT+AOT group mCIMT+placebo group % Total group
T 80 T 80
é 70 é 70
W60 L 60

50 50
K 40 % 40
w w
¢ 30 ¢ 30

20 20

10 10 10

[ 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Movement cycle (%)

Movement cycle (%)

Reach-to-grasp a vertically oriented cylinder (RGV)

mCIMT+AOT group

(deg)

mCIMT+placebo group

Movement cycle (%)

(deg)
Total group

o

20 40 60 80 100
Movement cycle (%)

o

20 40 60 80 100

Movement cycle (%)

o

20 40 60 80 100
Movement cycle (%)

Hand to shoulder (HTS)

(dffa) MCIMT+AOT group (“1‘34%) mCIMT+placebo group (‘ﬁg) Total group
T 120 T 120 TI?O
& 100 % 100 3 100
[ [ [

80 80 80
«® 60 «® 60 ® 60
i fhi i
¢ 40 ¢ 40 $ 40

20 20 20

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Movement cycle (%)

Movement cycle (%)

Movement cycle (%)




image12.tiff
k. Elbow Pro-Supination

T1 (before intervention)

T2 (after intervention)

T3 (6 months follow-up)
Typically developing children

Reaching upwards (RU)
(deg) (deg) (deg)
170 mCIMT+AOT group mCIMT+placebo group 70 Total group
¢ 160 ¢ T160
§ 150 5 §150
o 140 o o 140
130 130
[ Q Q.
3120 31 3120
12] 12} 12}
110 110 110
¢ 100 ¢ 100 ¢wu
920 90 90
0 20 40 60 80 100 o 20 40 60 80 100 0 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Reach-to-grasp a vertically oriented cylinder (RGV)
(deg) (deg) (deg)
180 mCIMT+AOT group 180 mCIMT+placebo group 180 Total group
T 160 ¢ 160 Tweo
c c <
6_0' 140 g 140 E 140
120 120 120
S S S
@ 100 @ 100 @ 100
¢ 80 ¢ 80
60 60 60
0 20 40 60 80 100 o 20 40 60 80 100 0 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Hand to shoulder (HTS)
(deg) mMCIMT+AOT group (deg) mMCIMT+placebo group (deg) Total group
T 160 ¢ 160 T160
§ 140 § 140 § 140
' o o
120 120 120
g— 100 g- 100 %100
1%] 172} 1%]
¢ 80 ¢ 80 $ 80
60 60 60
o 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60

Movement cycle (%)

Movement cycle (%)

80

Movement cycle (%)




image13.tiff
|. Wrist Flexion-Extension

Reaching upwards (RU)

mCIMT+AOT group

mCIMT+placebo group

T1 (before intervention)

T2 (after intervention)

T3 (6 months follow-up)
Typically developing children

(deg)
50
(o
R

P

Total group

<— Ext

300 20 40 60 80 100 AGOO 20 40 60 80 100 -300 20 40 60 80 100
Movement cycle (%) Movement cycle (%) Movement cycle (%)
Reach-to-grasp a vertically oriented cylinder (RGV)

(deg) (deg) (deg)

mCIMT+AOT group mCIMT+placebo group

Flex —>
=

Flex —>
&

xt
o

xt
o

<«
8
<«
]

Total group

Flex

Ext

o 20 40 60 80
Movement cycle (%)

2
8
o

20 40 60 80
Movement cycle (%)

100

o

20 40 60 80
Movement cycle (%)

100

Hand to shoulder (HTS)

(deg) mCIMT+AOT group (deg) mCIMT+placebo group (deg) Total group
T 60 T 60 T 60
x x
&, &, &u

20 20 20
® ® ®
w w w
v v v

20 -20 -20

[ 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Movement cycle (%) Movement cycle (%)

Movement cycle (%)




image14.png
Changein trajectory straightness for RU

‘Worsening

Improvement

—
@
S

i
S

00

-20

-40

Relation between clinical and kinematic change (T1-T2)

rho=-0.45
p=0.007
°
0 H
°
— e
I S
0 —
o °
o
°
-1.50 -1.00 -50 00 50 1.00
-— >
Worsening Improvement

Change inmuscle tone

Change in time to peak velocity for HTS

‘Worsening

Improvement

{ 20.00

10.00
00
-10.00
-20.00
-30.00

-40.00

Relation between clinical and kinematic change (T1-T3)

° rho=-0.47
° ° p=0.004
°
° °
°
~ °
- o o
o
° 8 °
~
° ~~
° ° % e °
°
° ~
°
-2.00 00 2.00 400 6.00 8.00 10.00
Worsening Improvement

Change in grip strength




