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Effects of Differential Stability on Control of Multi-Joint
Coordination in the Upper Extremity: A Torque Component

Analysis

Young Uk Ryu, Hwa Kyung Shin

Department of Physical Therapy, College of Health Sciences, Catholic University of Daegu, Daegu, Korea

Purpose: The purpose of the present current study was to examine control of upper limb multi-joint movements with differential coordi-
nation stability. To achieve the goals of the study, torque analyses were utilized to answer questions about how torque components were

differed among various elbow-wrist coordination patterns.

Methods: Eight self-reported right-handed college students (3 males and 5 females, mean age = 20.6 yr) were volunteered. The task re-
quired participants to rhythmically coordinate the flexion-extension motions of their elbow and wrist with coordination relationship of
0°, 90°, and 180° relative phases between the two joints. Mean relative phase and phase stability (standard deviation of relative phase)
were computed to for analysisze of overall coordination performance. To determine the figure out characteristics of torque components
in eloow and wrist joints, impulse values of muscle torque (MT) and interactive torque (IT) and MT as a percentage of cycle duration (MT-

PCD) were analyzed.

Results: Torque results showed that the proximal elbow joint generated motions with mainly muscle efforts regardless of coordination
patterns, while the distal wrist joint adjusted the coordination patterns by changing amount of MT. Impulse analyses showed that the
least stable 90° pattern was performed by utilizing a similar coordination strategy of the most stable 0° pattern.

Conclusion: The present current study suggests that the roles of distal and proximal joints differ in order to achieve various multi-joint
coordination movements. This study provides information for use in gives an idea to development of rehabilitation or training programs

for to persons with an impaired upper limb motor ability.
Keywords: Multi-joint, Coordination, Torque
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Table 1. Experimental and statistical results by dependent variables for 3 coordination patterns

ImpMT (N.m) ImpIT (N.m) MTPCD (%)
MRP (deg) RPSD (deg) ; - -

Elbow Wrist Elbow Wrist Elbow Wrist
0° (A) 9(7) 20(3) 26(0.5) 0.38 (0.04) 0.75(0.23) 0.09 (0.01) 94 (5) 91 (7)
90° (B) 45 (31) 41(12) 2.31(0.6) 0.31(0.07) 0.52 (0.25) 0.1(0.01) 93 (7) 74 (12)
180° () 148 (18) 34 (5) 2.25(0.5) 0.19(0.04) 0.51(0.24) 0.13(0.03) 92 (6) 45 (8)
p < 0.001 < 0.001 <0.01 <0.01 <0.01 <0.01 > 0.05 < 0.001
post-hoc C>B>A B>C>A A>B=0Q (A=B)>C A>B=0 C>((A=B) A=B=0Q) A>B>C

B3to] Al e & M= chE A SFAch= 212 oJn]Rkt RPSDo]A]
= o] tiet FEIp A= Tk < 0.001). AR AR 0° s
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2| 3HTHp>0.05). o= sEde] Ak gio] FEA TS 52 ol
& 739 = A8l 52 HhE oS iRkt vk &
o] gk MTPCD HAk= sfde] thet FEIE vetl=
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