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OBJECTIVES The purpose of this study was to investigate the effects of assist and resistance torque on the

Keywords: spatiotemporal gait characteristics, and the symmetry and asymmetry of gait using a Gait Enhancing and
Aging Motivating System (GEMS) in the elderly.
Gait Speed

METHODS A cross-sectional and repeated measure design was used. A total of 18 participants (9 males, 9

Gait Symmetr
WaIkir):g Y females; age: 63.5 £ 5.02 years; mass: 64.26 + 6.87 kg; height: 164.06 + 7.15 cm) were recruited from a local
Wearable Robot community, and spatiotemporal gait data were collected with OptoGait system and GEMS. Spatiotemporal
gait variables and differences between the dominant and non-dominant legs of these variables were
assessed (step length, step time, stance phase, swing phase, single support, load response, pre swing
'.) phase, stride time, stride length, double support, cadence, and gait speed). The effects of three modes
Ghecki: including normal, assist, and resist modes using GEMS were investigated twice for each participant on a
ks 9-meter walkway. A one-way repeated measure analysis of variance followed by Bonferroni post-hoc tests

was conducted.

RESULTS The assist mode increased step time, swing phase, stride time and reduced stance phase, pre-swing
phase, double support, cadence, and gait speed as compared to normal mode. The resist mode increased
stance phase, load response, pre-swing phase, double support, cadence, and reduced step time, swing
phase, and stride time. In dominant leg, assist mode showed increased step time and reduced pre-swing
phase than normal mode, and greater step time than resist mode (p < 0.05). However, there was no effect
of external torque on symmetry and asymmetry between both legs (p > 0.05).

CONCLUSIONS The resistance and assist torque of GEMS alter spatiotemporal characteristics during the
stance and swing phase of gait in the elderly. However, the resistance torque and assist torque of GEMS did
not increase or decrease the gait asymmetry between the dominant and non-dominant legs.
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23k REE 7]HFo 2 25 H U (Gait Enhancing and
Motivating System [GEMS], Samsung Electronics
Co., Suwon, Republic of Korea). H.3] B % 252 o
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Hip Joint Motor- hased Gait Assistance Robot and OptoGait system
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Figure 1. Gait-enhancing Mechatronic System GEMS using Hip Joint Motor-
based Robot.
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Table 1. Difference in spatiotemporal gait variables between modes of Hip Joint Motor-based Gait Assistance Robot

Gait Enhancing and Motivating System
Spatiotemporal gait variables F p Ef'fecat Post-hoc
Normal mode Resist mode Assist mode Sl1Z¢
Step length (cm) 68.95 + 5.07 67.82 +5.54 68.0 £ 5.95 1.463 0.246 0.08 -
. @ AM>NM™,
Step time (sec) 0.52 +0.03 0.52£0.03 0.54 £0.03 8.955 0.001 0.35 AMSRM®
Stance phase (% of GC) 63.22+1.33 63.52+1.13 62.53+1.71 7.594 0.002" 0.31 NM>AM[
RM>AM
Swing phase (% of GC) 36.78 £1.33 36.48+1.13 3747 £1.71 7.594 0.002™ 0.31 AM)NM!
AM>RM
Single support (% of GC) 37.07 £1.27 36.81+1.38 37.59+1.63 5.427 0.017 0.24 -
Load response (% of GC) 13.13+1.21 1343 +1.34 12.51 + 1.64 7.353 0.002™ 0.30 RM>AM"
. o NM>AM,
Pre swing phase (% of GC) 13.01+1.36 13.28 £ 1.20 1240 + 1.68 6.757 0.008 0.28 RM>AM®
. . @ AM>NM™,
Stride time (sec) 1.04 £ 0.05 1.05 £ 0.05 1.08 £ 0.07 8.279 0.001 0.33 AMSRM®
Stride length (cm) 138.25 £ 10.08 135.98 £ 10.67 135.66 + 11.87 2216 0.125 0.12 =
o NM>AM’,
Double support (% of GC) 26.14 +£2.47 26.72 £2.49 2491 +3.27 8.056 0.004 0.32 RM>AM"
Cadence (steps/min) 115.84 £5.58 115.03 £5.99 111.27 £6.75 9.378 0.001™ 0.36 I\II‘A&ZAA,KIA'
Gait speed (m/sec) 1.33+£0.13 1.30+£0.14 1.26£0.17 6.800 0.003™ 0.29 NM>AM™
*p<0.05,"p<0.01
2 Effect size was calculated as partial eta squared (n?).
Abbreviations: AM, assist mode; GC, gait cycle; NM, normal mode; RM, resist mode.
Table 2. Difference in spatiotemporal gait variables of dominant leg between modes of Hip Joint Motor-based Gait Assistance Robot
Gait Enhancing and Motivating System Effect
Spatiotemporal gait variables F 14 g Post-hoc
Normal mode Resist mode Assist mode SlzS
Step length (cm) 68.77 £ 4.91 67.42 + 538 67.13 £6.31 2.743 0.099 0.14 -
. - AM>NM™,
Step time (sec) 0.52+£0.03 0.52+0.03 0.54 £ 0.03 6.627 0.004 0.28 AMSRM®
Stance phase (% of GC) 63.50+1.73 63.76 = 1.61 62.75 = 2.06 4.574 0.035" 0.21 =
Swing phase (% of GC) 36.50+1.73 36.24+1.61 37.26 £ 2.06 4.627 0.034" 0.21 =
Single support (% of GC) 3750+ 1.34 37.22+1.76 37.95+1.49 2413 0.105 0.12 -
Load response (% of GC) 12.85+1.26 13.17+1.33 12.41+1.90 2.693 0.105 0.14 -
Pre swing phase (% of GC) 13.16 + 1.66 13.36 £ 1.49 1242 +1.68 5.479 0.018" 0.24 NM>AM*

"p<0.05 " p<001

2 Effect size was calculated as partial eta squared (n?).
Abbreviations: AM, assist mode; GC, gait cycle; NM, normal mode; RM, resist mode.
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Table 3. Difference in spatiotemporal gait variables of non-dominant leg between modes of Hip Joint Motor-based Gait Assistance Robot

Gait Enhancing and Motivating System Effect
Spatiotemporal gait variables F p . Post-hoc
Normal mode Resist mode Assist mode Size
Step length (cm) 69.31 £5.52 68.3£6.27 68.84 +6.33 0.532 0.531 0.03 -
Step time (sec) 0.52+0.03 0.52+0.03 0.54 £ 0.04 6.272 0.014* 0.27 AM>NM"
Stance phase (% of GC) 62.84+1.48 63.19+ 1.48 62.3 £1.69 3.358 0.047* 0.17 -
Swing phase (% of GC) 37.16 £ 1.47 36.81+1.48 37.70 £ 1.69 3.356 0.047* 0.17 -
Single support (% of GC) 36.63+1.53 36.47 £1.72 37.25+1.87 3.741 0.034* 0.18 =
Load response (% of GC) 13.33+£1.56 13.53+£1.5 12.67 £1.55 4.784 0.015* 0.22 NM>AM"
Pre swing phase (% of GC) 1289+ 1.4 13.23+1.28 1228 +1.97 4.567 0.033* 0.21 =

“p<0.05 " p<0.01
2 Effect size was calculated as partial eta squared (n?).

Abbreviations: AM, assist mode; GC, gait cycle; NM, normal mode; RM, resist mode.

Table 4. Comparison of spatiotemporal gait between dominant leg and non-dominant leg according to the mode of Hip Joint Motor-based Gait

Assistance Robot

Gait Enhancing and Motivating System

Spatiotemporal gait variables F p
Normal mode Resist mode Assist mode

Difference in step length (%) 0.79 £3.91 136 £5.65 2.79+7.03 0.856 0.395
Difference in step time (%) 0.73£3.88 -0.36 £4.70 1.02 +£3.75 0.566 0.509
Difference in stance phase (%) -1.0+£243 -0.84 £3.09 -0.68 £2.23 0.106 0.828
Difference in swing phase (%) 1.93 £4.55 1.74+5.77 1.31+3.80 0.123 0.816
Difference in single support (%) -2.28 +3.96 -1.86 +5.62 -1.85+293 0.091 0.861
Difference in load response (%) 4.05+10.45 2.90 +8.54 3.05+10.55 0.081 0.923
Difference in pre swing phase (%) -144£9.16 -0.44 +8.87 -0.90 £ 10.51 0.060 0.892

Difference was calcualted as follow: (Non-dominant leg - Dominant leg)/(dominant leg)
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