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Comparison of Gait Characteristics between Different Types of Prosthetic Foot in Bilateral Transtibial
Amputees

Chul Ho Yang, C.P.0., M.S., Jang Hwan Kim, C.P.O., Ph.D.", Jin Bock Yi, Ph.D.", Kang Seong Lee, PT, Ph.D.",
Yoon Hee Chang, PT, Ph.D., and Jin Hong Kim, PT, Ph.D.?

Korea Orthopedics and Rehabilitation Engineering Center, Korea Worker’s Compensation & Welfare Service, 'Department of
Rehabilitation Technology, Graduate School of Hanseo University, *Incheon Hospital RMRC, Korea Worker’s Compensation & Welfare
Service

Background/Aims: The purpose of this study is to provide basic data by comparing the walking characteristics of
bilateral transtibial amputees wearing different types of prosthetic feet in terms of spatio-temporal parameters,
kinematics, and kinetics. Methods: Five bilateral transtibial amputees participated as subjects for this study. The gait
characteristics of subjects were analyzed while wearing three types of prosthetic feet: the Solid Ankle Cushion Heel
(SACH) foot, the Single Axis Foot (SAF), and the Energy Storing Foot (ESF). 3D motion analysis system and force
plates were used to analyze the gait characteristics and after the measurement the preference for comfort was
investigated. Result: When the ESF was applied the double limb support was significantly increased compared to
the SACH foot while the single limb support was decreased. Additionally the stance phase was increased. When
the SAF was applied and the maximum plantar flexion angle was significantly increased on both the non-dominant
and dominant sides compared to the SACH foot. When the ESF was applied the maximum dorsiflexion angle was
increased on both the non-dominant and dominant sides compared to the SACH foot. When the ESF was applied
the maximum plantar flexion moment was increased on the non-dominant side compared to the SAF. When the ESF
was applied the maximum plantar flexion moment and the maximum dorsiflexion moment were increased on the
dominant side compared to the SAF. Conclusion: Through the above conclusions it was possible to confirm the
differences in walking based on the type of prosthetic foot in bilateral transtibial amputees. The results of this study
can serve as guidelines for the selection of prosthetic feet for bilateral transtibial amputees and are expected to provide
basic data for further research on other types of prosthetic feet. (J Korean Soc Prosthet Orthot 2023; 17: 32-40)

Key Words: Bilateral transtibial amputee, SACH (solid ankle cushion heel) foot, Single axis foot, Energy storing
foot, Motion analysis system
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Fig. 1. different types of prosthetic foot. (a) SACH, (b) SAF,
(c) ESF.
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Fig. 2. Marker setting.

Table 2. Gait Analysis Parameter (n=5)

ted measure)?t AFFHGOZ = Nemenyi tests ©|-8519]
ot 54 T2 L R ver 4.1.3 (Auckland University, New
Zealandyg ARESIRLAL, SASH Rol4E2 p<0.052 5}
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2 Siitt

B Yole 51124, 7= 175493 cm, FFA=
77.55£9.55 kg¥lth. 57 & 4782 oUA AL, 152 =%
S ARESEY JRATH(Table 1).
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Q1Z17](stance phase)?} %514 A]Z]7](double limb support)

Table 1. General Characteristics (n=5)

Characters Mean+deviation
Age 51£12
Length (cm) 17549.3
Wight (kg) 77.55+9.55
Stump length (cm) Non-dominant 14+£1.5
Dominant 15£2.0
Prosthetic foot type ESF 4, SAF 1

Suspension type Pin 4, suction 1

SACH SAF ESF p-value
Stance (% gait cycle) 64.32+1.53 64.46+0.91 65.84+0.83 0.02%*
Swing (% gait cycle) 29.45+4.29 28.78+2.12 30.68+1.91 0.25
Speed (cm/sec) 100.17+12.38 95.17+17.57 106.73£16.72 0.45
Cadence (steps/min) 105.09+13.57 98.96+12.04 105.22+14.29 0.25
Double limb support (% gait cycle) 27.78+£2.97 29+2.4 31.16£1.07 0.02*
Single limb support (% gait cycle) 72.28+3.88 70.86+2.46 69.38+2.02 0.02%*
Stride length (cm) 117.1£3.14 110.78+10.23 122.345.5 0.17
Step length (cm) 58.54+1.57 55.38%5 61.26+2.78 0.17
Step width (cm) 19.04+3.82 19.29+3.94 19.85+4.83 0.81

*p<0.05.
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(1) HIRMIS: Fot 87]0f T=TEo] AF HthghollAl
o)A 7+ f-9Jgt tol7t YEbgTh SACHHS] Z-g-of
23bd ZZ ko] 2.95+3.62°, T 8.54+4.31°, oY
A A 6.19+2.73°% 193 Aol Bt L7 JZ7]
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428°, T 13.78+3.41°, OV X AR 22.2443.02°2 &
O3t 2polE UEHH JITH(Table 4).
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Table 3. Post Hoc Test of Gait Parmeters
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SACHI} @51 Afolof|A|, HjZo| A= SACHY T} o
A| A Apolof| Al AR QlTK(Table 5).
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Table 5. Post Hoc Test of Ankle Joints (non dominant)

SACH SACH SAF
| SAF | ESF | ESF SACH SACH SAF
Stance 0.96 0.03* 0.06 | SAF | ESF | ESF
Double limb support 0.41 0.03* 0.41 Ankle plantar flexion 0.01* 0.13 0.60
Single limb support 0.41 0.03* 0.41 Ankle dorsi flexion 0.61 0.01% 0.13
*p<0.05. *p<0.05.
Table 4. Kinematics of Lower Extremity Joints in the Sagittal Plane (non dominant) (n=5)
SACH SAF ESF p-value
Max. hip flexion (°) 40.82+4.53  41.63+4.38  41.75+2.73  0.82
Max. hip extension (°) 2.524+4.13 1.23£2.38 3.94+2.93 0.08
Max. knee flexion of mid stance (°) 14.77£9.14 16.67£9.5 17.12£10.25  0.55
Max. knee extension (°) 5.96+9.34 7.78+7.44 6.27+8.24 0.17
Max. ankle plantar flexion of mid stance to terminal stance period (°) 2.95+3.62 8.54+4.31 6.19+£2.73 0.02*
Max. ankle dorsi flexion of mid stance to terminal stance period (°) 11.71+4.28 13.7843.41  22.24+3.02 0.02*
*p <0.05.
Table 6. Kinematics of Lower Extremity Joints in the Saggittal Plane (dominant)
SACH SAF ESF p-value
Max. hip flexion (°) 41.1245.99  41.21+6.05  41.63£5.09  0.55
Max. hip extension (°) 0.75+1.31 —0.53+2.3 2.51£2.34 0.25
Max. knee flexion of mid stance (°) 19.6249.13  21.56+7.74 19.8948.1 0.25
Max. knee extension (°) 9.03+8.8 10.56+7.63 8.05£7.46  0.69
Max. ankle plantar flexion of mid stance to terminal stance period (°) 0.41+£2.51 7.4+4.15 4.05+1.71  0.02*
Max. ankle dorsi flexion of mid stance to terminal stance period (°) 9.57+£2.57 13.5£2.63  21.93£2.22  0.01*

*p<0.05.



36 st=oX| - BX7|StEX] - H 17 M 1= 2023

gt Aol WEIEARE e T

(1) HIRMIE: Z7] AZ7[A TE58Ee] g ZHE
Z|hgkoll A AT 7t {213t Zpo]7F LEbsTh. SACHES]
Ao HETY AZF FUE Foigho] 1.12+0.07 Nm/kg,
= 1.01+0.11 Nm/kg, oA A A% 1.240.16 Nm/kg 2

2 et Zol7h AU Table 8).

AFEAS SOl gt ApolE It Aat, A= 2l
EoA= @58 ofJAAZE Aol A {27t Ato]7}
YA E] QITH(Table 9).

(2) RMEF: 75t 58710 T=HEo] A2 HHE Fof
FrollA AT 2k F-ol3t 2ol 7} ettt SACHE S| 7
Qo] Ir=2E AF RHE Hoigho] 1.09+0.04 Nm/kg, T
23} 0.97+0.12 Nm/kg, oW A A3 1.16£0.06 Nm/kgO.

2 7Y% Aol7h AT

vz HHE Ztigte]e] 3¢ Fot 4871 5 SACHET
ol Al 0.16£0.06 Nmv/kg, T2 0.09+£0.09 Nm/kg, o 2| A]
Ak 0.22+0.07 Nm/kg Q.2 8-915F 2fo|7} 91 9Ith(Table 10).

Table 7. Post Hoc Test of Ankle Joints (dominant)
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Table 9. Kinetic Parameters of Non Dominant of Post Hoc Test

SACH SACH SAF
| SAF | ESF | ESF SACH SACH SAF
| SAF | ESF | ESF
Ankle plantar flexion 0.01* 0.14 0.61
Ankle dorsi flexion 0.25 0.01* 0.25 Ankle plantar flexion 0.14 0.61 0.01*
*p<0.05. *p<0.05.
Table 8. Kinetic Parameters of Non Dominant
SACH SAF ESF p-value
Max. hip extension moment (Nm/kg) 0.4+0.16  0.41+0.14 0.5+£0.22 0.45
Max. hip flexion moment (Nm/kg) 0.85+0.13  0.91+0.17  0.84+0.17 0.25
Max. first peak knee extension moment (Nm/kg) 0.09+0.25 0.18+0.14 0.25+0.34  0.09
Max. second peak knee extension moment (Nm/kg) 0.18+0.07  0.18+0.06 0.3£0.11  0.09
Max. knee flexion moment of mid stance to terminal stance period (Nm/kg) 0.31+0.22  0.17+0.07 0.17£0.13  0.37
Max. ankle plantar flexion moment (Nm/kg) 1.12+0.07  1.01+0.11 1.2+0.16  0.02*
Max. ankle dorsi flexion moment (Nm/kg) 0.11+0.03  0.12+0.12  0.23+0.02  0.07
*p<0.05.
Table 10. Kinetic Parameters of Dominant
SACH SAF ESF p-value
Max. hip extension moment (Nm/kg) 0.44+0.11  0.42+0.08  0.49+0.07 0.27
Max. hip flexion moment (Nm/kg) 0.73£0.08  0.68+0.33  0.86+£0.11  0.08
Max. first peak knee extension moment (Nm/kg) 0.29+0.23  0.33+0.19 0.3+0.11  0.55
Max. second peak knee extension moment (Nm/kg) 0.23+0.13  0.21+0.06  0.24+0.06  0.45
Max. knee flexion moment of mid stance to terminal stance period (Nm/kg) 0.16+0.29 0+0.17  0.04£0.23  0.09
Max. ankle plantar flexion moment (Nm/kg) 1.09£0.04  0.97+0.12 1.16£0.06  0.01%*
Max. ankle dorsi flexion moment (Nm/kg) 0.16£0.06  0.09+£0.09  0.22+0.07  0.02*

*p<0.05.
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Table 12. Prosthesis Satisfaction Survey

SACH SACH SAF
| SAF | ESF | ESF
Ankle plantar flexion 0.61 0.13 0.01%*
Ankle dorsi flexion 0.25 0.25 0.01*

*p<0.05.
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