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SUMMARY 

The purpose of this study was to investigate the function of 

metatarsophalangeal (MP) joint using a foot model which 

includes MP and ankle joints. Two adult subjects participated 

for two-dimensional (sagittal plane) analysis. The ground 

reaction force (GRF) was assumed to be applied to MP joint 

only after heel-off. Results showed that MP joint moment was 

generated as large as one-sixth of the maximum plantarflexion 

ankle joint moment. Similarly, the power was absorbed at MP 

joint as large as one-fifth.  Thus, it would be expected that MP 

joint should be included in gait analysis especially in kinetic 

study during walking. 

 

 

INTRODUCTION 

Human locomotion is a significant motion for normal physical 

activity. In addition, the foot which makes contact with the 

ground is essential part in keeping the energy absorption and 

generation during normal walking. For that reason, many 

studies have been researched for human locomotion and foot. 

In most studies, a foot was assumed as one segment. Also, 

motion analysis instrument, for instance, VICON defines a 

foot is one segment based on previous studies. However, there 

have been a few reports that quantitatively deal with MP joint. 

There were few studies to analyze MP joint. Miyazaki et al. [1] 

analyzed MP joint moment during normal walking. It showed 

that maximum MP joint moment is as large as one –fifth to 

one third of maximum plantarflexion [1]. Darren et al. [2] 

analyzed the relative contribution of the MP joint to the total 

mechanical energy in running and sprinting. This study 

showed that the MP joint is a dissipater of large amounts of 

energy. So, MP joint might not be negligible in normal gait. In 

this study, we developed a MP joint model to figure out 

contribution of MP joint during normal walking. 

 

 

METHODS 

Two male were selected (subject A: 167cm, 80.8kg, subject 

B: 174cm, 63kg) for the present study. Kinetic data were 

collected with two force plates (OR6-6, ATMI, USA) and 

other two force plates (5233A2, KISTLER, Switzerland) with 

sampling rate of 1080Hz. Kinematic data were collected using 

six infrared high-speed cameras (MCam2, VICON motion Ltd, 

UK) with sampling rate of 120Hz. Sixteen reflective makers 

were attached lower body using Plug-In-Gait marker set. 

Additional three reflective markers were attached to the first 

metatarsal head, the fifth metatarsal head and the first 

phalange for defining a metatarsophalangeal segment [3]. 

Using the inverse   dynamics, resultant joint angle and 

moment were calculated for MP and ankle joints in the sagittal 

plane. We assumed that MP joint gains GRF after heel-off. To 

calculate joint power, joint moment was multiplied with 

angular velocity. 

 

 

RESULTS AND DISCUSSION 

Figure 1 showed that ankle joint moment and MP joint 

moment in one gait cycle. It showed that MP joint generated 

moment as large as one-sixth of the ankle. This illustrated that 

MP joint might not be negligible for gait analysis especially 

kinetic study during normal walking.  

 

Figure 1: Ankle and MP joint moments during normal 

walking 

 

Figure 2 showed that a change of joint power at ankle and MP 

joint during one gait cycle. Positive value indicates energy 

generation and negative value does energy absorption [2]. The 

MP joint was responsible only for the energy absorption. It 

tended to absorb energy when the ankle joint generated energy. 

 

Thus, this result appears that MP joint is important to 

disassemble large amounts of energy. In this study, GRF was 

assumed to be applied at MP joint after heel-off, since it was 

difficult to know accurate timing of acting GRF to MP joint. 

In order to figure out correct power at MP joint, the further 

studies would be required with a pressure sensor in experiment. 

 



Figure 2:  Ankle and MP joint power during normal walking 

 

 

 

CONCLUSIONS 

The primary objective of this study was to analyze MP joint 

motion during normal walking. As the results, MP joint is 

important due to energy absorption of approximately 20% of 

ankle-generated energy after heel-off. It showed that MP joint 

is a non-negligible segment for gait analysis especially kinetic 

study. Understanding of mechanical energy generation and 

absorption might result in improved gait analysis of impaired 

or elderly. However, it was difficult to regard these results as a 

standard due to the small number of subjects. The future 

studies would be required to investigate in order to gain a 

general result. 
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