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Phasic and Tonic Coordination among Upper-limb Muscles i
Speeds of Reaching Movement
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In the rehabilitation of upper limb function impaired by stroke, facilitating the coordinated activation of multiple muscles is
desirable. This study aims to analyze the coordination patterns of the tonic and phasic components of EMG during a
reaching task and to investigate how the phasic component changes in relation to reaching speed. The analysis focused
on the shoulder and elbow joints. EMG was recorded at five different speeds, with the slowest speed selected to represent
the tonic component. The tonic component was then removed from the total EMG at the other four speeds to extract the
phasic component. Correlation coefficients were calculated between the tonic component and joint angles, as well as
between the phasic component and joint angular accelerations. For the tonic component, as joint angle increased during
reaching, muscle activation also increased to counteract gravitational moments and enhance joint stiffness. For the phasic
component, as reaching speed increased, the correlation between acceleration-deceleration patterns and muscle activation
also increased. This suggests a greater synergistic contraction for enhanced acceleration and deceleration, as well as
increased antagonistic contraction to ensure dynamic stability during faster movements.
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NOMENCLATURE BL = Biceps Longhead

TL = Triceps Longhead
UPM = Upper Pectoralis Major

LPM = Lower Pectoralis Major

LD = Lattisimus Dorsi

IF = Infraspinatus 1. M2

LT = Lower Trapezius

MT = Middle Trapezius HESS AU HedR 8 HrF SAEE HEwd
UT = Upper Trapezius 2o 2[1,2] A AlAR 2 33k AP loln, FEA A=
AD = Anterior Deltoid 714 ZolE FXlth HEFOR s WAYshe thaEA ] &
MD = Middle Deltoid oo A He| Wi AshAlel &5 9 H71Ee] vl
PD = Posterior Deltoid 7b WAShE Hmbe] S0l 3,4]. ol= Q9] 4Fel Ayt ALg]

sl
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Table 1 Subject characteristics

Characteristics Subjects (n = 8)

Age 25.73%1.73
Height [cm] 174.17+4.98
Sitting height [cm] 140.26+6.24
Arm length [cm] 76.71+4.32
Gender male

€ :EMGsensor @ :ECGsensor @ : Reflective marker

Fig. 1 EMG and ECG sensors and reflective marker attachment locations
front: UPM = Upper Pectoralis Major, LPM = Lower Pectoralis
major, AD = Anterior Deltoid, MD =Middle Deltoid, BL = Biceps
Longhead; Back: LT = Lower Trapezius, MT =Middle Trapezius,
UT =Upper Trapezius, LD = Latissimus Dorsi, IF = Infraspinatus,
PD = Posterior Deltoid, TL = Triceps Longhead
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Fig. 2 Experimental postures of reaching task. Initial (a) and final
(b) postures
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Table 2 The speed of the experimental movements instructed to the

subject.
Speed Tonic Speed 1
Reaching time Target 4 2
®) Actual 4.13+0.20 2.16:0.14
Speed Speed 2 Speed 3
Reaching time Target 1 0.5
(s) Actual 1.10£0.08 0.53+0.03
Speed Speed 4
Reaching time Target The fastest
®) Actual 0.34 +0.03
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Fig. 3 Shoulder and elbow joint angles. Solid line and gray area represent the average and SD of all subjects’ trials, respectively
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Fig. 4 Angular acceleration on the sagittal plane of shoulder joint(a)
and elbow joint(b) in different reaching speeds
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Fig. 8 Correlation between shoulder acceleration and phasic EMG

4.3 SEIHZe} o2 T

oAfTE =7bET FATAERRY] Ado] A&z
e} A F7Fek=(0.5 <|Ar)) 52 77) (UPM, LPM, LD, IF,
AD, MD, BL)¢Jt} (Fig. 8(a)). ©]%, UPM, AD:= 2|34 %0
el Z37kEe] Aol 7R A F71skEHI0.7 < |Ar),

o] TEEL o =Y FEH[50-54]0| B R A= STt
of W 7S fldl S7kEEete] Aol A SRk
Aoz wrtEct o] = 282 W3] H(Internal Rotation)2] 7]
TE 7HAH, AD= o EAo|E Hofdls Ao R HaE gt
[12,55,56]. BLE oj7jZ27&S SWst=&, AD, UPMY} &+



114 / February 2025

o=
Shoulder deceleration phase
1.0
0o] 0.5 <|Ar|
08
£ 07
0
S 06
%
S 037 Muscles Ar
g 0.4
2 o oo PD 0.56
= 024
8 0.1 »-TL TL 0.62
0.0+ - mean 0.59
-0.14
-02 . . . :
Speed 1 Speed 2 Speed 3 Speed 4
Speeds
@
1.0
0s] 0.2 <|Ar[ <05
0.8 Muscles Ar
= 071 —=—IF
S IF -0.20
S 064 —=—UT
% o051 = uT -0.24
e 049 —=-MD AD -0.43
5 %% —=-BL MD -0.27
2 02
S o1l BL -0.23
0.0+ mean -0.27
-0.14
-02 : . . ;
Speed 1 Speed 2 Speed 3 Speed 4
Speeds
®)
10
——UPM
0o] |Ar| < 0.2 —m—LPM Muscles Ar
0.8 —&—-LD
- 07 UPM -0.01
s —m—LT
5 064 —B—MT LPM -0.18
=
g ° LD 0.09
o 04 ’
2 03] LT 0.07
© 024
3 o1 MT 0.04
00 - - mean 0.00
-0.14
-02 . . : :
Speed 1 Speed 2 Speed 3 Speed 4
Speeds
(©)
Fig. 9 Correlation between shoulder deceleration and phasic EMG
EZ YAEEA THEEeRe] AER 0] T8k Ao ® o] (External Rotation), 1] W, &Jd HHET} Atz o=z 2
3 4= 9k 88 4 9k wekd, AMT olEH BREE WA
AD, UPM, BL Al 59| sAd@g,Sol ot G750l LD, WHAEAES} AARAHES WAY[12]6= LPM, QA EHE
T2 AeEFol o]F (60,6110 22 of7fjabd o] St £ 5= MD, Aot BEstA o] sl S WAI[12]
sty 917 ALY FAIeSe] atE =, AT 93 Shal TElofl WA 7| &3 282 Sk IFE0] 7h5 ol A



February 2025/115

Elbow acceleration phase

1.0

0.9
08
€ 074
o
e 081 Muscles Ar
2 05
S 04l BL 0.00
S
& 031 TL 0.57
2 o2 —m—BL
8 o01] —=m-TL
00 - m oo
011 ob—-———
-0.2 . ; . :
Speed 1 Speed 2 Speed 3 Speed 4
Speeds
(a)
10 ——UPM Muscles Ar
0.9+ —=—LPM
0.8 —|—LD UPM 0.00
- —m—IF
E 0.7 - LT LPM 0.13
g %1 ——MT LD 0.09
2 05 ——UT
S 04l —=—AD IF 0.12
£ o3 o LT 0.00
[
E 029 — MT 0.00
o 014
uT -0.01
oot--HT -
-0.1 AD 0.05
-0.2 : ; . .
Speed 1 Speed 2 Speed 3 Speed 4 MD 0.12
Speeds PD 0.21
mean 0.07

(b)

Fig. 10 Correlation between elbow acceleration and phasic EMG
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