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Simulated Stiff-knee Gait in Healthy Adults
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Deog Young Kim, M.D., Ph.D., Chang Il Park, M.D., Ph.D., So Young Ahn, M.D., Sang Il Na, M.D., Tae Hoon Park, M.D.,
Hee Seung Nam, M.D., Eun Ju Yang, M.D. and Don Sin Lee, B.A.

Department and Research Institute of Rehabilitation Medicine, Yonsei University College of Medicine

Objective: To investigate the effect of simulated stiff knee
on the gait parameters.

Method: Twenty healthy male adults were recruited. The
temporospatial, kinematic & kinetic parameters and energy
consumption were analyzed under three different conditions
which were free gait, fixed knee flexion in neutral position
and limited knee flexion to 30 degrees using knee orthosis.
Results: When knee flexion was fixed in neutral position,
the cadence and walking speed significantly decreased, and
the step time, step width, O, cost significantly increased

compared to free gait. When knee flexion was limited or
fixed in neutral position, the kinematic and kinetic para-
meters in pelvis, hip, knee and ankle joints significantly
changed compared with free gait.

Conclusion: Simulated stiff-knee may affect not only knee
joint but also pelvis, hip and ankle joints with increased
energy consumption. These findings help us to understand
the compensatory mechanism and energy conservation of
stiff-knee gait. (J Korean Acad Rehab Med 2007; 31:
310-316)
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Table 1. Comparisons of Temporo-spatial Parameters and Energy
Consumption in Three Conditions of Knee

Free 30° limited 0° fixed
Cadence (step/min) 112.0+7.0 106.3+6.1 104.3£7.1%
Speed (m/sec) 11.9+0.13 1.05+0.10 0.99+0.10%
Step time (sec) 0.53+0.05 0.59+0.05 0.59+0.03*
Step width (m) 0.16+0.02 0.18+0.02*  0.20+0.03* "
O, cost (ml/kg + m) 0.14+0.02 0.16+0.02 0.19+0.02*

Values are mean*standard deviation.
*p<0.05 compared free angle with 30° limited or 0° fixed, 'p
<0.05 compared 0° fixed with 30° limited



312 CHEHMEQIESIAl - Xl 31 KM 3F 2007

Table 2. Comparison of Kinematic Data in Three Condition of Knee

Free 30° limited 0° fixed
Pelvis
Maximal anterior tilting 9.55+1.54 9.80+1.82 15.10+1.12% "
Maximal up rotation 4.47+0.18 5.02£0.25 3.96+0.26
Maximal down rotaion 5.53+0.05 2.59+0.05* 2.30+0.03*
Internal rotaion at IC 0.20+0.03 0.18+0.02* 0.16+0.02+
External rotaion in PSw 4.49+0.18 4.46+0.34 4.49+0.09
Hip
Flexion at IC 40.6+2.2 34.8+1.6* 32.6+1.7*
Maximal extension in PSw 3.0+0.2 3.1+0.2 4.9+0.5*
Internal rotation at IC -11.0+1.9 —0.1+1.2% 5.0+0.6*
Maximal internal rotaion in Sw 13.3+£2.0 18.8+2.0* 20.8+1.6*
Knee
Max. Fl in MSt 25.2+1.7 20.4+2.2% 15.1+0.8* "
Max. Fl in MSw 62.9+3.6 40.0+3.1* 10.5+1.8% "
DF at IC 5.0+0.5 5.0+0.3 5.1+0.5
Maximal DF in ST 18.1+2.4 18.7£3.2 17.8+1.1
DF at 98% of GC 5.0+0.4 5.0+0.3 5.0£0.2
PF at toe off 9.8+2.0 ~2.2+0.9% ~5.040.2% "

Values are meant standard deviation in degree.

*p<0.05 compared free angle with 30° limited or 0° fixed, 'p<0.05 compared 0° fixed with 30° limited

IC: Initial contact, PSw: Preswing, Sw: Swing, Max. Fl: Maximal flexion, MSt: Midstance, MSw: Midswing, DF: Dorsiflexion, ST: Stance
phase, GC: Gait cycle, PF: Plantarflexion

Table 3. Comparison of Kinetic Data in Three Condition of Knee

Free 30° limited 0° fixed

Hip

Ex mom at IC 0.99+0.17 0.70+0.03 0.69+0.15

Fl mom TSt 1.63+2.00 0.47+0.01 0.17£0.01*

Hip power in ISw 0.50+0.03 0.25+0.03 0.11+0.03*

Ab mom in MSt 0.70+0.02 0.70£0.03 0.50+0.03

Ab mom in TSt 0.64+0.02 0.64+0.03 0.65+0.03
Knee

Fl mom at IC 0.58+0.8 0.15+0.01* 0.15+0.01%

Ex mom at LR 0.25+0.02 0.20+0.02 0.02+0,03+* "

Maximal power absorption 0.70+0.02 0.09+0.01* 0.01+0.01*

Maximal power generation 0.31£0.03 0.15£0.01* 0.09+0.01*
Ankle

PF mom in PSw 1.45+0.07 1.37+0.08* 1.30+0.10*

Power absorption in TSt 0.9+0.04 0.8+0.02* 0.7+0.03* "

Power generation in PSw 2.5+0.1 1.8+0.1* 1.68+0.1*

Values are meant standard deviation in newton meters per kilogram.

*p<0.05 compared free angle with 30° limited or 0° fixed, T5<0.05 compared 0° fixed with 30° limited

Ex mom: Extension moment, IC: Initial contat, FI mom: Flexion moment, TSt: Terminal stance, ISw: Initial swing, Ab mom: Abduction
moment, MSt: Midstance, LR: Loading response, PF mom: Plantarflexion moment, PSw: Preswing
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Fig. 1. Kinematic data in three condition of knee are shown. Maximal pelvis anterior tilting angle shows a sign of increasing, compared
to free walking, when maximal knee flexion angle was limited to 30-degree. But there is little significant difference observed. When
maximal knee flexion angle is fixed to the neutral, the maximal pelvis anterior tilting angle is considerably increased, compared to free
walking (A). Pelvis internal rotation of initial contact phase and pelvis down of swing phase are greatly decreased, compared to free
walking, when maximal knee flexion angle is limited to 30-degree and fixed to the neutral position (B)(C). Hip flexion angle of initial
contact phase is remarkably declined, compared to free walking, when knee is fixed to the neutral and maximal knee flexion angle is
limited to 30-degree. Maximal knee extension angle of preswing phase is fixed to the neutral position, hip flexion angle is greatly up
in comparison with free walking (D). Internal rotation of initial contact phase and maximum internal rotation angle of swing phase are
considerably increased, compared to ordinary walking, when knee flexion angle is fixed to the neutral position and limited to 30-degree
(E). Maximal knee flexion angle of midstance and midswing phase is greatly decreased, compared to free walking, when knee flexion
is fixed to the neutral position and limited to 30-degree (F). The ankle dorsiflexion of ankle joint of initial contact phase does not show
any difference in the three conditions and maximal ankle dorsiflexion of stance phase and ankle dorsiflexion of 98% points of gait cycle
also does not show difference either. But in case of toe off, ankle plantar flexion of ankle joint is significantly declined, compared to
free walking, when knee is fixed to the neutral position and limited to 30-degree (G). Red line: Fixed in neutral position, Green line:
30° limited, Black line: Free, Ant: Anterior, Post: Posterior, Int: Internal rotation, Ext: External rotation, Flex: Flexion, Ext: Extension,

Dors: Dorsiflexion, Plan: Platarflexion.
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Fig. 2. Kinetic data in three condition of knee are shown. In comparison with free walking, when knee is fixed to the neutral position,
hip flexion moment of terminal stance phase and power of hip of initial swing phase are considerably down. However, external rotation
moment of stance phase does not show any change under the three conditions (A)(B)(C). Knee flexion moment of initial contact phase
is remarkably decreased, compared to free walking, when knee is fixed to the neutral position and limited to 30-degree and maximal
extension moment of stance phase is significantly down when knee is fixed to the middle and free walking and knee were limited to
30-degree (D). Maximal power generation and absorption of knee was greatly down when knee is limited to 30-degree and fixed to the
neutral position, compared to free walking (E). Maximal ankle plantar flexion moment of stance phase is meaningfully decreased, compared
to free walking, when knee is limited to 30-degree and fixed to the neutral position (F). Maximal ankle joint power absorption of stance
phase is significantly decreased as knee is limited, and maximal ankle joint power generation of stance phase is greatly down, compared
to free walking, when knee is limited to 30-degree and fixed to the neutral position (G). Red line: fixed in neutral position, Green line:
30° limited, Black line: Free, Ext: Extension, Flex: Flexion, Abd: Abduction, Add: Adduction, Gen: Generation, Abs: Absorption, Plan:
Plantarflexion, Dors: Dorsiflexion.
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