Upper and Lower Spine Accelerations During Daily Activities:

The Effects of Gender and Size

Tracy Ng*
Mechanical Engineering and Virginia Tech-Wake Forest Center for Injury Biomechanics
Since the 1960s, researchers and engineers have been quantifying the acceleration of the human body in order to develop an understanding of the injuries that may result from different acceleration environments.  To date, most of the studies have focused on measuring human body accelerations in the 20-40 g acceleration range, simulating automobile collisions or airplane take-off and landing scenarios.  In contrast, few studies have concentrated on quantifying the acceleration patterns of the human body in response to everyday activities in the 1-10 g acceleration range.  Therefore, it was the purpose of this study to quantify the acceleration of the head during everyday activities and determine if significant differences existed between the acceleration patterns of men and women of different sizes.

A total of 18 subjects were asked to perform seven activities, including sitting in a chair, walking at 1.3 m/s, running at 2.7 m/s, performing jumping jacks, achieving maximum vertical leap, and jumping off a step approximately 20 cm high.  The subjects were organized according to height and weight into one of four size groups: small female, mid female, mid male, and large male.

Each subject was instrumented with a biteplate system which was used to evaluate three linear acceleration components (Figure 1).  Dynamic equations of motion were solved to resolve the accelerations from the mouthpiece to the center of gravity of the head for each subject.  Statistical analysis was performed using a two sample t-test assuming unequal variances.  The statistical analysis evaluated significant differences in peak acceleration due to variables such as size or gender.
All measured accelerations during the selected daily activities occurred at fairly low levels, with a maximum resultant acceleration of 9.54 g recorded during the vertical leap activity.  Shown in Figure 2 is a bar chart with average peak accelerations for each size group and each activity.  Based on the statistical analysis, we found that size and gender do not have a statistically significant effect on peak accelerations of the head.  These findings help to develop a better understanding of acceleration patterns of the head during everyday activities and can ultimately serve to determine an injury threshold for the head.
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	Figure 1. A subject instrumented 

                with the biteplate system.
	Figure 2. Average peak resultant accelerations and standard 

                deviation error bars for each activity and size group.
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