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Characteristics of Pelvic Ranges According to Artificial Leg Length Discrepancy During
Gait: Three-Dimensional Analysis in Healthy Individuals
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Abstract

Purpose : The purpose of this study was to analyze the dynamic range of motion (ROM) of pelvic and translation of center of
mass (COM) when wearing different shoe insole lifts according to leg length discrepancy (LLD) during free speed gait.

Methods : Thirty-five healthy adults were participated in this study. Kinematic data were collected using a Vicon motion capture
system. Reflective and cluster 40 markers attached to participants lower extremities and were asked to walk in a 6 m gait way under
three different shoe lift conditions (without any insole, 1 cm insole, and 2 cm insole). The pelvic ROM and COM translation in
three planes were sorted using a Nexus software, and a Visual3D motion analysis software was used to coordinate all kinematic
data.

Results : There were significantly increased maximal pelvic elevation and total pelvic range in coronal plane when wearing a
standard shoe with 2 cm insole lift during gait (p<.05). When wearing a standard shoe with 2 cm insole lift, the total range of the
pelvic segment were significantly different in all three motion planes (p<.05).

Conclusion : Although LLD of less than 2 cm develops abnormal movement pattern of the pelvis and may cause of
musculoskeletal diseases such as low back pain, hip and knee joint osteoarthritis, therefore intensive various physical therapy

interventions for LLD are needed.
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A= AAZE 7He R 919 334 4] 52 Vicon Motion
Capture System(Vicon Inc, Oxford, England)& A3}
SAsEAT. & dtol AR&E Vicon System 6t 2
T10 ZHlo] A e 7hvetel Bz o) F3kof] A% 2
o] ASHTHAMTL MA, USA) .2 44 = 3]em, TI0
7| 2te] EE 3} H|E(sampling rate)> 100 Hz, =A%
o EES MRS 500 Bol itk hvletel WS
B ol Thoret £58 9 Sesty A 5
AFEES] Nexus 1.85 AZEY}(Vicon, Oxford,
England) 58 A5 0] HFHAS 9 3d 7 7
2 =07 12} 7FEA e =9 chFig 1). Nexus AZE Y
o] 2 X E X5 AE L Visual3D 52 B4 AZE o]
(Visual3D Pro, C-Motion Inc, USA)S F3f 2%} A 2] -4
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ARgEte] B Frlof whE Euke] 33k A THe s
Z45FAtHKim 5, 2018). 321914 FAHEAS g vt

Atul 7] (reflex marker)«= 14 mm 27|22 4071E A9 CE

814 w ol whet oFZe] Fuk, o=, e, W Al
Astoich. TUHRAS FASHE 47)9) whalA Y 23}
o

A= FEY YD ™A (anterior  superior  iliac

~

1z

R B
N

FA](posterior superior iliac spine)©| 3}
shae) 2 way 78 Buke) b

517] $1ste] 13] HPF7|= 5t shx] 9

F2) HZ(heel strike)iE T}

& 1%
A AR HAS HFr|e Eslste] 40 AR
S{TH(Fig 3). 012 945 4] HhApo}A S

A (cluster marker)2 A 2Z}slo] oF= g £&
gl Edo skl
7

7+ G (swap)S 7] 98] = 5

100.0

@0
Gaitcycle (%)

U

Fig 2. 3D pelvic motion applied each shoe condition during
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A, 163.7£7.0 cm, 61.7£10.3 kgo| A TtH(Table 1). A4 A+
o] B 55 chobnr] 91814 Grpower 3.1 o]

gstRlen, anar] 8 foeE 05 AP 8=

Fig 3. Reflex markers setting for 3D pelvic e 8 F e 0Po R, FHES st 351
motion during gait S gato g A3LE At
Table 1, General characteristics of participants (n=35)
Characteristics Mean+SD
Gender (M/F) 6/29
Height (cm) 163.71£7.04
Weight (kg) 61.67+10.28
Age (year) 20.50+1.37
Gait speed (%) 1.28+0.11
Cadence (steps/min) 106.39+£8.21
Step length (cm) 118.26+9.72
Step width (cm) 9.18+1.90
2. B9 ¥ LLD| §2 24 /159l 54 A 2] o el o] Hpolof tht MEZA Hab
24 Avbe Bey ZrhTable 2). A4S 283 7ot
HeY F AR =Rt Zhs 9ol tigk Al 7HA| 25| ¥/ H(coronal plane)oll Al ZREEH ] Ao &1
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(maximal elevation)(F=3.31, p=.04) ¥ A A 715
H 9|(F=4.82, p=0.01)7} Al 27| ulg} §-2)3F 2fo] &

moleh. Ak e fojat Atol7} tehd o
ot ALE A4 A3 BurEAc) Mo 2y Welel o
W o)A ANk AT 2 an Q14 Hg Afolo] fofal
7ol 7k A0 m(p=04), B A 715 WIS dhe
H o At QYR | en 914 A8 Aol(p=01)2} o
HRALESE 2 en Q1 Hg ALOl(p=00)l A4 £2l3 Zrol
7b9lgim, 7 o AMEze] BE Byl mE sHEY

9 Aol A= o7t ZFol7l gl th(p>.05)(Table 2).

:01

3y 270 w71 theleh gL vl & B

77]

0148 AHgstA] oo odul Ay}
o) & sl T em Q1 2 em QIES & =
wet 71 ohel 23 BO che) 29w 272
2 T AL Aol g opi Ak o)
Tth(Table 3~5).

Ak ALAG A 7 the] S gL the] Fo] m
=]

Z7] 7b Zub Ew o]l zpo|oAl T AEAA
(t5-6.95, p=.00)2} 2 Th T ZAHt=8.49, p=.00)F A 2|t
mE oA {7 AolE Holxl itk

(p>.05)(Table 3).

len Q1% AE 02% s1Xo] Ag3te] A4 o
P10l Aol LE A A 34 B 2 59l 2

Helo A= o7 AHt=-10.22,
p=.00), 2‘41’41?—%75‘*}0=10.79, p=.00), &9 (t=3.03,
p=.01), TFHANA G AA| 751 91(t=5.41, p=.00), Z|h
WA (t=3.01, p=01), 12| FHH|A O] HA| 7}
(=441, p=00)o| A F2J3F o] & H A TH(Table 4).

sh 23k ge ot
ofAE Heiz
(maximal depression)(t=-.23, p=.82), Z|t)u]3]=(t=-.08,
p=94) 2 3| H(=1.14, p=26)S A3t mE Zut
7HERIflolA Folgt Abol & I THp<.05)(Table 5).

A & BRR] 7

Table 2, Pelvic range differences of repeated ANOVA according to three shoe conditions based on each

long and short leg gait cycle (n=35)
Pelvic range of motion (degree) Limb side F P
. s Long limb 0.39 .68
Maximal anterior tilting Short limb 119 31
. C Long limb 3.12 .05
Maximal posterior tilting Short limb )72 7
Total rance in sacittal plan Long limb 2.25 12
ol raige 1 saglfial plane Short limb 96 38
. . Long limb 3.13 .04
Maximal elevation Short limb 8 76
. . Long limb 1.07 35
Maximal depression Short limb 106 35
Total range in coronal plane Long limb 4.82 01
& P Short limb 2.39 10
. . . Long limb 2.64 .08
Maximal internal rotation Short limb 34 7
. . Long limb .88 42
Maximal external rotation Short limb 39 68
Total ranee in transverse plan Long limb .30 74
ol Talige 1 fansverse plane Short limb 1.96 15

p<-05
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Table 3. Pelvic range differences of paired t test based on gait cycle between the right and left limb when

applying normal shoes with no insole lift (n=35)
Pelvic range of motion (degree) Limb side Mean+SD t p
. C Right limb 1.00+.76
Maximal anterior tilting ] -6.95 .00
Left limb 2.20+1.05
. . Right limb 1.74+1.08
Maximal posterior tilting . 8.49 .00
Left limb 42+.58
) . Right limb 2.74+.86
Total range in sagittal plane . 1.22 23
Left limb 2.62+.88
. . Right limb 4.19+£2.50
Maximal elevation . -1.18 20
Left limb 4.69+£2.61
. . Right limb 3.05+1.14
Maximal depression . 1.27 21
Left limb 2.88+1.31
. Right limb 7.24+2.60
Total range in coronal plane . -.94 37
Left limb 7.57£2.71
. . . Right limb 1.58+1.29
Maximal internal rotation . 1.29 22
Left limb 1.25+1.35
. . Right limb 7.84+4.22
Maximal external rotation . 1.37 18
Left limb 7.754+4.82
. Right limb 9.42+3.63
Total range in transverse plane . 1.71 .10
Left limb 9.00+4.16

p<-05

Table 4, Pelvic range differences of paired t test based on gait cycle between the long and short leg when

applying normal shoes with 1 cm insole lift (n=35)
Pelvic range of motion (degree) Limb side Mean+SD t P
. C Long limb 93+.58
Maximal anterior tilting ) -10.22 .00
Short limb 2.39+£1.01
. . . Long limb 1.87+£.96
Maximal posterior tilting ) 10.79 .00
Short limb 34+.57
. . Long limb 2.79+.87
Total range in sagittal plane ) .62 .54
Short limb 2.72+91
. . Long limb 5.17£2.36
Maximal elevation . 3.03 .01
Short limb 4.65+£2.40
) . Long limb 2.92+1.08
Maximal depression ) .04 97
Short limb 2.91£1.23
. Long limb 8.09+2.60
Total range in coronal plane ) 5.41 .00
Short limb 7.56+2.66
. . . Long limb 1.85+1.44
Maximal internal rotation . 3.01 .01
Short limb 1.23+1.24
. . Long limb 7.23+4 .45
Maximal external rotation ) 1.28 21
Short limb 7.34+4.45
) Long limb 9.57+3.74
Total range in transverse plane ) 441 .00
Short limb 8.57+£3.90

p<.05
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Table 5. Pelvic range differences of paired t test based on gait cycle between the long and short leg when

applying normal shoes with 2 cm insole lift (n=35)
Pelvic range of motion (degree) Limb side Mean+SD t P
. D Long limb 95+.78
Maximal anterior tilting ) -9.30 .00*
Short limb 2.32+93
. . o Long limb 1.96+1.09
Maximal posterior tilting i 9.49 .00*
Short limb .39+.58
. . Long limb 2.91+.96
Total range in sagittal plane i 222 .03*
Short limb 2.71+.85
. . Long limb 5.42+2.47
Maximal elevation ) 422 .00*
Short limb 4.76+2.55
. . Long limb 3.00+1.23
Maximal depression ) -23 .82
Short limb 3.04+1.14
. Long limb 8.42+2.54
Total range in coronal plane ) 7.12 .00*
Short limb 7.794£2.65
. . . Long limb 1.52+1.34
Maximal internal rotation ) -.08 .94
Short limb 1.57+£3.10
. . Long limb 8.09+4.28
Maximal external rotation . 1.14 .26
Short limb 7.44+4.46
. Long limb 9.62+3.87
Total range in transverse plane ) 2.67 .01*
Short limb 9.00+4.25
*Significant difference
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