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ABSTRACT

Individuals with developmental disabilities often present with excessive pelvic compensation, reduced pro-
pulsion at the hip and knee, and excessive ankle rotation, leading to dimumished gait stability and efficiency.
This study evaluated the effects of different compression strengths of tight-fitting pants on lower limb joint
kinematics in young males with mild developmental disabilities. On the basis of the results, recommendations
on optimal clothing pressure were formulated to enhance gait stability. Twelve male participants in their 20s
were instructed to wear pants with low and high compression as well as trousers with loose fit (controls).
IMU sensors were attached to the pelvis, hip, knee, and ankle of the subjects to capture kinematic data
over a l5>-minute session of treadmill walking. The results indicated that pelvic tilt significantly decreased with
compression pants compared with the control clothing, pointing to attenuated anterior-posterior oscillation.
Maximum internal rotation and rotational range of motion at the hip declined, suggesting improved control
of excessive motion. At the knee, high compression increased flexion and slightly reduced extension, implying
a potential reduction in forward propulsion. At the ankle, high compression significantly decreased eversion
and external rotation, thus improving lateral stability. On the basis of these outcomes, the recommended
clothing pressure levels for individuals with mild developmental disability are as follows: pelvis = 0.8 to 1.0
kPa, thigh = 1.35 to 1.50 kPa, knee = 1.55 to 1.75 kPa, ankle = 0.90 kPa, and calf 1.8 to 2.1 kPa. The
findings serve as fundamental guidelines for the development of customized compression garments that suit
the gait characteristics of mdividuals with developmental disabilities. This study also highlights the potential of
compression clothing to enhance gait stability and efficiency, offering valuable implications for functional appa-

rel design aimed at fall prevention and improved mobility among the population of interest.
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(Table 1) Information on the Experimental Compression Pants.

Experimental

wears

CP-L

CP-H

Image

Fiber Contents

Recycled polyester 71%
Lycra® (elastane) 29%

Polyamide 76%
Elastane 24%

Brand

Newbalance

New Balance Athletics, Inc.

A400
Symphony Holdings Limited

km/h¢] HX

e +A59

Measuring point

P1 Anterior thigh
P2 Knee
P3 Medial ankle
P4 Hip
P5 Posterior thigh
P6 Posterior calf

| B3 2roAM dAsiglen, 74 = AA Z5H
EEZ, CP-L, CP-H)dlA 15%7 B =
o ¥z ol B F IMU AXAE 24

AEEes 2d8 ZH(Euler angle) X
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(a; Attachment Sites of the IMU Sensors)
{Fig. 2> Locations of IMU Sensors(a) and Joint-Angle Measurements(b).
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(b; Example Images of Level-Walking Assessment)
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{Table 2> Movements of the Pelvis, Hip, Knee, and Ankle in the Sagittal, Frontal, and Transverse Planes During Gait

Plane Motion Pelvis Hip Joint Knee Joint Ankle Joint
Pelvic tilt in the Forward and Dorsiflexion
Sagittal Flexion / . ) backward Knee flexion and (foot upward) and
. anterior-posterior . .
Plane Extension direction movement of the extension plantarflexion
thigh (foot downward)
Pelvic elevation Movement of the | Minimal motion in Inversion and
Frontal Abduction / and depression thigh away from normal gait: knee eversion
Plane Adduction during stance and or toward the rotation is nearly (tilting of the sole
swing body’s midline absent in extension | inward/outward)
Rotation permitted | Toe-in (internal)
Internal / Pelvic rotation Internal and only when the and toe-out
Transverse . .
Plane External forward on the external rotation of knee is flexed: (external)
Rotation advancing side the femur nearly absent in orientation of the
full extension foot

3) %3 wAESs AE W2 (Calculation of
Indicators)
stA] -] 58A AXE A s
AaAE A A4 Bl e gk AR ol
7} dgHo|t}. Winter(2009) = A EyS %
SHow AFFstetd, A #He Z(flexion),

{Table 3> Calculation of Kinematic Indicators.

9 ANSAG. B Jin(2022)E 2
3 Az A4 wPRlde wwsh,
12 e 237t 5A7 MEE

5 7o eEen WL B8

(unit:°)

Indicator

Definition

Calculation Method

Mean Flexion Angle

Average flexion angle during stance
phase

Mean of Pitch values »
0 (stance phase)

Mean Extension Angle

Average extension angle during
stance phase

Mean of Pitch values <
0 (stance phase)

Flexion/Extension ROM

Range of motion for flexion and
extension

Maximum Pitch - Minimum Pitch
(stance + swing)

Peak Internal Rotation

Peak inward rotation angle

Peak of negative Yaw values

Peak External Rotation

Peak outward rotation angle

Peak of positive Yaw values

Internal/External Rotation ROM

Range of motion for hip rotation

Maximum Yaw - Minimum Yaw

Peak Adduction

Average inward movement
(toward midline)

Peak of negative Roll values

Peak Abduction

Average outward movement
(away from midline)

Peak of positive Roll values

Abduction/Adduction ROM

Range of motion for lateral
movement

Maximum Roll - Minimum Roll
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260 (IBM Corp., USA)< o]&3te] &A1 th SAFSEE AREYA, F AF BT o5 29
&Y SAHAY ZEE &S A9 F EF AN 7HE @2 B, Foly YA MY =
vz APE ko] zolg K] A E US = 98SHE Btk s¥A R Foteldl A
t-test® AAlSHAT #HHZE SAZk A= 3 oAk W FFEOE SAHSACH, dye] F
Wt =2 BB (Repeated Measures ANOVA) 19 A% CP-L& 0.84 kPaZ 1.00 kPa m]) 9o 3}
S FYIIAY. BE BA EHLS foFF p (< Sy, CP-HE 112 kPaZ AUHHoz =& &
0594 Attt etk olgst aole AF 7+ A, dd A
A, BA Fx2 4 B 549 Aolox 7I1E

Ao 7 AFHTH(Sang et al, 2015). 53] Zo}g]

oo A 7HE =2 shto]l et o] f & A

45 T &I JHA o] YA FHE, 9

(Table 4 Clothing Pressure Measurements for Two Compression Pants

Clothing pressure )
Measuring location CIP=1, CP-H Paired T-test
Mean(SD) Mean(SD) F
P1 Anterior thigh 1.42(.37) 1.65(.36) 2.353%
P2 Knee 1.58(.19) 1.94(.21) 2.848*
P3 Medial ankle 0.65(.12) 0.86(.22) 1.357
P4 Hip 0.84(.20) 1.12(.27) 2.237
P5 Posterior thigh 1.36(.32) 1.52(.29) 2.172%
P6 Posterior calf 1.72(.28) 2.32(.32) 3.216*

* {05
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<Fig. 3> Dynamic Pelvic Kinematics during the Stance and Swing Phases(b) of Gait.
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=200

Kinematic parameters

BControl & CP-L ®CP-H

{Fig. 4> Dynamic Hip Kinematics during the Stance and Swing Phases of Gait.
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<Fig. 5> Dynamic Knee Kinematics during the Stance and Swing Phases of Gait.
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{Fig. 6> Dynamic Ankle Joint-Angle Patterns during the Stance and Swing Phases of Gait.
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