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SUMMARY 

In this study, we introduced a simple method to determine the 

moment of inertia using a dynamometer. In order to evaluate 

the developed method, one male was required to test for his 

forearm including the hand on a dynamometer. In the process 

of finding moment of inertia, three different passive speeds, i.e. 

240°/s, 270°/s, and 300°/s, were performed to confirm whether 

the calculated values at the different speeds approach to a 

single constant value. The calculated values were compared 

with the value referenced from previous study. The result 

showed that the values of moment of inertia of the forearm 

were similar to the reference value. This finding would be 

helpful to calculate segmental rotation related parameters of 

an individual. 

 

INTRODUCTION 

The moment of inertia of limb segments is essential to 

calculate segmental rotation related parameters. For example, 

the joint trajectory can be predicted from the second-order 

differential equations governing the motion of the limb. In this 

procedure, the angular acceleration depends on the net joint 

moment and moment of inertia. Therefore, the value of 

moment of inertia can affect the predicted joint angle. 

 

In order to determine the segmental moment of inertia, many 

approaches were performed. Methods based on the 

geometrical segment body models and anthropometric 

measures were used in cadavers and in living subject [1,2]. 

These experimental Different methods based on the dynamic 

equation of motion were also applied by measuring the peak 

acceleration after a quick release [3], peak acceleration and 

peak force during sinusoidal forcing [4], and resonance 

frequency [5]. 

 

In this study, a simple method to determine the moment of 

inertia using a dynamometer will be introduced. For simple 

application, the moment of inertia of the forearm including the 

hand (hereinafter referred to as the forearm) was evaluated. 

 

 

METHODS 

A free-body diagram of Biodex System 3 (Biodex Medical 

Systems, USA) can be expressed as hinge joint model (Figure 

1). 

 

 
Figure 1: A free-body diagram of Biodex System 3. 

 

m is the mass of the elbow attachment, g is the acceleration of 

gravity, l is the distance between the axis of dynamometer and 

the center of mass of the elbow attachment, θ is related to the 

elbow joint angle, and M is the measured torque. This system 

can be governed by simple equation as following: 

 

 
 

I is the moment of inertia of the elbow attachment, and α is the 

angular acceleration. If angular acceleration (α) is not zero, the 

moment of inertia (I) can be found as following: 

 

 
 

The calculated value from above equation is the moment of 

inertia of the elbow attachment only. If we perform the similar 

experiment including forearm, we can find the moment of 

inertia of the elbow attachment and the forearm. The moment 

of inertia of the forearm, then, can be easily calculated by 

subtracting the moment of inertia of the elbow attachment 

from the moment of inertia of the attachment and the forearm. 

 

In order to evaluate the developed method, one male who gave 

the written consent participated (age: 28 years, mass: 80.8 kg, 

height: 1.67 m) for the present study. The subject was seated 

on the dynamometer according to standard manufacturer 

attachments. The elbow joint range of motion (ROM) was set 

between 0°~120°. To generate a constant angular acceleration 

within the selected ROM, three different passive speeds were 

chosen, i.e. 240°/s, 270°/s, and 300°/s (Figure 2). Each task 

was performed five times. During the tasks, he was required to 

relax his lower arm to avoid active viscoelastic effect of 

muscle. The values of moment of inertia obtained from the 

developed method were compared with those from Winter [6]. 

 



 
Figure 2: To make a constant angular acceleration within the 

range of motion, three different passive speeds were selected. 

 

 

RESULTS AND DISCUSSION 

The values of moment of inertia of the elbow attachment were 

0.1705 kg·m2, 0.1717 kg·m2 and 0.1713 kg·m2 at the angular 

velocity of 240°/s, 270°/s and 300°/s, respectively. We found 

that the calculated values from the developed method were not 

dependent on the angular velocity. The values of moment of 

inertia of the forearm were similar to the value from Winter 

[6], although the obtained values from the proposed method 

showed a tendency depending on the angular velocity (Figure 

3). 

 

 
Figure 3: The values of moment of inertia of the forearm were 

similar to the value from Winter [6]. 

 

Ideally, the moment of inertia does not depend on the angular 

velocity. Even though these results are limited in terms of the 

number of subjects, the tendency could not be promising result. 

This tendency may come from active viscoelastic effect of 

muscles. Therefore, the further study would be required with 

EMG measurement to avoid the muscle effect. 

 

 

CONCLUSIONS 

In this study, a simple method to determine the moment of 

inertia using a dynamometer was introduced and evaluated for 

the forearm including the hand. The calculated value from the 

developed method was similar to the value acquired from 

reference. This result would be helpful to calculate segmental 

rotation related parameters of an individual. 
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