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Analysis on Change in Lower Limb Coordination in Unilateral
Transfemoral Amputees with Integrated Rehabilitation Program
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Gait analysis is the best objective measurement tool for monitoring rehabilitation. However, it has limitations to evaluate gait
recovery. Previous studies have evaluated the effect of gait training using continuous relative phase. The objective of this
study was to determine the effect of gait recovery by rehabilitation gait training on lower limb coordination. We analyzed
spatio-temporal parameters and CRP values of hip and knee joints based on gait analysis data obtained by 3D motion
analysis system at 15 days intervals in 24 uni-lateral transfemoral amputees participated in IRP. Our results revealed that
walking velocity of uni-lateral transfemoral amputees who participated in the program during a mean of 107.1 days was
49.2% faster than that at initial stage. The walking velocity showed a 46% increase at the end of 30 days after training. In
gait coordination, values of CRP-RMS and CRP-SD were increased and maintained in-phase pattern. CRP showed
symmetry in both limbs at the end of 90 days after training. Therefore, CRP is a significant factor in the gait recovery
process. Effects of various rehabilitation training methods can be determined through CRP analysis.
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Table 1 General characteristics of subjects (N = 35)

Unilateral TFA  Non-amputees

Male/female (numbers) 23/1 11/0
Age (years) 47.6+11.6 241+24
Height (cm) 1692 £ 6.6 175.7+3.7
Weight (kg) 724+9.0 70.7 £ 8.2

Amputated side (right/left) 11/13 -

Duration of IRP (days) 107.1 £ 36.4 -

Prosthesis type 16/8 )
(hydraulic/pneumatic)
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Fig. 2 Gait laboratory (left) and H. H marker set (right)
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Table 2 Difference in spatio-temporal parameters for TFA (N = 24)

Initial Discharge Statistics
mean = sd  mean % sd t value
Step width (cm) 195+31 18235 1.659
Walking velocity (cm/s) 563 £24.1 84.0 £24.1 -6.145%**
Stride length (cm) 89.7 £23.7 1134 £203 -7.440%**
Cadence (steps/min) 723 £14.0 873 £13.3 -4.887***
SP! prosthetic (%GC)  62.1 52  59.9 + 4.0 2.660*
SP_intact (%GC) 71.7£65 67353  4.726%**
SP ratio (%) 879 89 +7 -1.629
SL2 prosthetic (cm) 48.0 £ 12.8 60.1 £9.8  -7.072%**
SL_intact (cm) 416 £ 11.6 533 £ 11.1 -6.549*%**
SL ratio (%) 117 £ 18 114 £ 13 0.695

*p < 0.05, ¥*p < 0.01, ***p < 0.001, 'Stance Phase, “Step Length

gk CRPE Albsilen, CRPO| Z& Hja= RMS (Root
Mean Square)gk?t EEHAS £ABHICE "

2.5 SAEHH
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Hel 2203 FREY) A7 159 7HEoR BAEgon,
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AF ATk BAH B SPSS(ver. 20.0)2 AHg3to] FaA 2
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o o
o

), HE = AEA T W 9 A3 Aol tha-3 t 174
(Paired-t Test)y2, HZ )& d kA=) =

2 t 7% (Independent t Test) AIA|5}H
S 7t W IAIE T ol AHEA] (Pearson Correlation
Analysis)% 59 AZelsich RE Amte] EAH folrEe

p <0.052 3}%ct.

e
6.7% 2kl o FAH R [oJ5k Afo|E HolA] gigkom,
HELrl 4929 905l Z7)5}AtHp <0.001). EFF S
I BaEsw A7 264%, 20.7% SoEH Zvletge
(p<0.001). YZ17]= A & GASH US 25 Fadh= 4
& HSAtHp <0.05, p <0.001). 2340l ARSI 15 ©F
Ot S7FFAAHp < 0.001), ASZHoHE2 2.6% s}
A AR R FoJt 2ol 5 Kolx] gkt
TEALER T HS dEAA T G RT 1F ARSI
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Table 3 Difference in STP between TFA and normal (N = 35)

Table 5 Difference in CRP between TFA and normal (N = 35)

Initial Discharge Statistics Initial Discharge Statistics
mean = sd  mean * sd t value mean = sd  mean * sd t value
Step width (cm) 182+35 11.3+22  6.055%** CRP RMS Prosthetic 874 153 968 +7.0  -3.125%**
Walking velocity (cm/s) 84.0 + 24.1 1374 + 142 -6.770*** - Intact 86.8 £ 142 100.7 £53 -3.970%**
Stride length (cm) 1134 £20 1475+£92 -8.093*** CRP SD Prosthetic 38.9+9.7 419+54 1.360
Cadence (steps/min) 873 £ 133 111.5£55 -4374%** - Intact 399+ 17.0 463149 0.750
SP' prosthetic (%GC) 59.9+4.0 535+13 0.155 *p <0.05, **p < 0.01, ***p < 0.001, Measurement unit: degrees
SP_intact (%GC) 67353 527x14 0.374
SP ratio (%) 89 + 7 1014 + 12 5.192%%* Table 6 Gait recovery for walking velocity and CRP (N = 10)
SL? prosthetic (cm) ~ 60.1 £9.8 73.9+48  -1.500 initial 15-30days ~ 45-60days ~ 75-90days
SL_intact (cm) 533+ 11.1 735+48 -1.223 Velocity 5244205 73+£20.5 69.4+20.5 93.9+13.6
SL ratio (%) 114 + 13 995 +2.8 5.410%%* CRP RMS 828+11.1 839+11.5 859+10.1 874+34
*p <0.05, **p <0.01, ***p <0.001, !Stance Phase, 2Step Length CRP_SD 9.4£9.9 72£2.4 8.3+6.0 44£1.5

Table 4 Difference in CRP parameters for TFA (N =24)

Initial Discharge Statistics
mean + sd mean + sd t value
Prosthetic 852 +9.7 874 %153 -0.767
CRP_RMS
- Intact 81.2%+93 868142 2.317*
Prosthetic 40.8 +88 389 %97 1.441
CRP_SD

Intact 36.8+7.6 399+17.0 -1.118

*p <0.05, **p <0.01, ¥**p < 0.001, Measurement unit: degrees

T A YEEUA L Zwtﬂigﬂl HJ8f| HEL- 37.9% -2Js}
A WO (p <0.001), HPEe= A4dwtol Hls 63.6% =F O
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