INTRODUCTION

The core of your body is responsible for the transmission of forces between your upper and lower body  (Stephenson and Swank 2004). Muscles that contribute to the core include:  Transversus Abdominus (TA), internal oblique (IO), external oblique (EO), multifidus (MF), interspinalis and the thoracolumbar fascia (TLF) (Hansen 2004).

 The TA is described as nature’s weight belt, from where all the body’s movements start (Verstegen 2004). Hodges and Richardson (1996) showed that the co-contraction between the TA and MF must occur prior to any movement in upper or lower limb in order to stabilize the spine (Verstegen 2004). This can reduce back problems as forces are transferred through the muscles rather than the joints. 

The core stabilizers also referred to as trunk stabilizers or lumbar stabilizers (Hansen 2004) are best trained when moving in an unstable environment (Marxhausen 2004). Core stability involves recruiting the trunk muscles to control the position of the lumbar spine during dynamic movements. Stability ball training is one method of placing the body in an unstable environment forcing a person to utilize the stabilizer muscles (TA and MF) and to stay balanced in a given position or through a particular motion (Marxhausen 2004). The researchers developed a new device as a potentially valuable method of training core stability.  The researchers will refer to the device as the 3-Dimentional Exercise Board (3DEB). Other than the stability ball the 3DEB allows one to move in greater ranges of movement during dynamic exercises. As part of a rehabilitation program the 3DEB could also enhance the performance of the trunk stabilizers and add variety to the equipment currently in use. 

The 3DEB consists of a carrier with an unstable surface, like a balance board, that is placed onto a base with multidirectional castors.  Any movement at the carrier results in the apparatus moving in different directions, depending on the direction of the force.  Thus, the 3DEB provides dynamic movement in an unstable environment.  

In this study the researchers will compare the effectiveness of the stability ball and the 3DEB in recruiting the core stabilizers during the bridging exercise. Electromyography (EMG) will be used to measure the activity of the muscles while bridging on a stability ball and on the 3DEB. EMG is used to detect, process, and record electrical muscle activity (Sisk 2004).  EMG readings of the following muscles will be recorded:  MF, TA, IO and EO. 

Since this is a new device, and little is known about the activity of the trunk muscles during exercises with the stability ball (Mori 2004), the researchers believe this study could contribute to the existing body of scientific knowledge concerning core stability.

Hypothesis: The 3D exercise board will recruit more abdominal and multifidus muscle fibres than the stability ball during the bridging exercise.

METHODOLOGY

Research Design 

The study was a comparative, quantitative study with an experimental phase. 

Subjects

A sample of convenience, consisting of twenty seven (n=27) physiotherapy students from the University of Pretoria was selected (23 female, 4 male). It is believed that they, physiotherapy students, have a higher degree of body awareness and co-ordination skills than sedentary men and women (Storheim et al 2002). Ethical approval was obtained from the Ethics Committee of the University of Pretoria. Subjects that fulfilled the inclusion criteria gave informed consent. Inclusion criteria were:

· Healthy subjects between 18 and 35 years.

· Subjects with normal range of motion of hip extension and knee flexion.

· Body Mass Index (BMI) between 20 and 25.

(Miller and Medeiros 1987, Mori 2004)

One subject was excluded due to spinal pathology. Exclusion criteria were: 

· Pregnancy

· Abdominal or spinal surgery or pathology

· Low back pain episodes during the year before inclusion

(Storheim et al 2002, Hansen 2004)

The researchers obtained information on the subjects’ age, weight, height, gender as well as the indicator parameters or readings to be taken from each of the methods. There were no withdrawals during the study.

Equipment

The Myomed 932 electromyographic (EMG) biofeedback model was used to obtain measurements of muscle activation. Two channels were used during four separate assessments: two on the 3D exercise board and two on the stability ball, both anterior and posterior. Pairs of pre-gelled disposable EMG surface electrodes were placed over the muscle belly at an inter-electrode distance of 3cm together with one earth electrode. The Myomed model was calibrated and ball inflation was checked, to ensure that the diameter remains the same, prior to each measurement (Vera-Garcia et al 2000).

Testing Procedure

Subjects were required to participate on two days: the first day to familiarize each subject with the exercise apparatus and the second day for the testing procedure. The 26 subjects were randomly allocated into groups A and B. Group A performed the bridging exercise first on the 3DEB and then on the stability ball and group B vice versa. The subjects were positioned in supine with flexed knees. They had to lift their pelvis up to the bridge position and hold it for the time it took to complete seven movements from left to right, while supporting themselves with both legs on either the ball or the 3DEB. The subjects received audible feedback on the speed of movement and correct positioning while performing the procedure. Both apparatus ran on a smooth plastic surface.  The subjects were allowed to rest two to five minutes between exercises (Arokoski et al 2001). The EMG myomed model and computer screen was positioned in such a way that the data was only visible to the researcher.

A specific researcher taught the subjects the specific muscle contraction (drawing the navel towards the spine) that was used in the study (Storheim et al 2002). Anatomical reference points were marked after palpation on the subjects in the standing position before the electrodes were placed on the abdomen. Before measurements were taken, instruction on correct action was repeated. One tester performed all the tests, with another researcher supervising the test procedure on the test days. 

The electrodes were placed over the skin on the anterior and posterior surfaces of the abdominal wall. Two electrodes were placed on either side of the anterior abdominal wall as follows: 3cm medial from the anterior superior iliac spine of the pelvis, and another electrode 3cm directly inferior from the previous point, just superior to the inguinal ligament (Miller and Madeiros 1987). Posteriorly, two electrodes were placed on either side of the midline at L5 level, 2cm lateral from the midline running through the L5 spinous process, and another two 3cm superior from the previous points (Vera-Garcia et al 2000, Mori 2004). The earth electrode was placed over the right biceps brachi muscle, an inactive muscle in this study (Mori 2004). Data collection was completed in two measurement sessions over a period of two weeks.

Statistical analysis

Each subject was tested using the ball as well as the 3D exercise board. A paired t-test was used for comparison between measurements taken from 3DEB and the stability ball. Bias was excluded because the subjects served as their own control. EMG measurements were recorded, analyzed and reduced to means, standard error and standard deviation to determine the t and p-values. A p-value of <0.05 was regarded as statistically significant. 

RESULTS

The gender distribution of the subjects in this study was such that all the male (n= 4) subjects were allocated in group A and thus no males were included in group B.

Electromyography (EMG) measures the amount of  muscle fibre recruitment  during an activity. Each subject’s maximum and average values of muscle recruitment during the time duration of each exercise were measured in micro volts (µV). This unit was used in all analysis so that comparisons could be made between the 3D exercise board (3DEB) and the stability ball. The aim of the analysis of the results was to determine muscle fibre recruitment, comparing left to right and anterior (abdominal muscles) to posterior (multifidus) on each apparatus.

A 95% confidence interval were used and a p-value < 0.05 were regarded as significant. Results are shown in table 1. The results revealed a significant difference between the 3DEB and the stability ball in all the posterior measurements (maximum and average), except for the average measurements on the right side of group A. The maximum and the average readings taken on the anterior (abdominal muscles) and posterior (multifidus muscle) left sides revealed a significant difference in both groups A and B, except for the maximum anterior reading from group B. The maximum and average readings taken on the anterior right side, showed no significant difference between the ball and the 3DEB.

DISCUSSION

From the above table, results indicated that there were significant differences between the 3D exercise board (3DEB) and the stability ball for some of the parameters measured. 
The electrodes that were placed on the left abdominal and multifidus muscle fibres (anterior and posterior) recorded greater muscle activation in all cases on the 3DEB compared to the stability ball, except the anterior maximum readings of group B which was not significantly different to the ball. All but three of the subjects were right side dominant. Due to the cross-over stability pattern, one would expect that in right side dominance, the left side of the trunk will provide greater stability and thus more muscle recruitment will occur. 

The researchers observed a greater multifidus muscle fibre recruitment from the posterior electrodes in the subjects when bridging on the 3DEB than on the stability ball. This can be due to the extension activity and the position of the pelvis. When bridging on the 3DEB the pelvis is in a greater anterior tilt.

The parameters where the apparatus showed significant difference from the ball are anterior left maximum and anterior left average in group A. The same result is indicated in the posterior left average values and both the maximum values. In group B statistical significant differences were found in favour of the 3DEB in all posterior measurements as well as in the anterior left average values. Though no significance is indicated for the others, there is clear indication that the values obtained for the parameters were higher than the corresponding values for the stability ball. With these figures, it would appear that the 3DEB compared favourably with the stability ball in terms of effectiveness.   
Clinical interpretation

As previously mentioned two groups were used. Group A consisted of four males and 10 females. Group B were all females (n=12). The statistical analysis proved that no significant differences were found between groups A and B.  Thus for further discussion the groups will be united as one.  

3DEB versus Ball:

The maximum and average recruitment of all muscle fibres (Abdominal and Multifidus) were respectively 16 % and 18 % greater on the 3DEB in comparison to the stability ball.  Thus we could conclude that the 3DEB is more effective than the stability ball during the bridging exercise, due to more recruitment of stabilizer muscle fibres.

Abdominal(Abd) versus Multifidus muslces(MF) recruitment:

The maximum and average posterior (MF) muscle recruitment was respectively 26 and 32 % greater on the 3DEB than the stability ball. According to the researchers’ findings a greater challenge is set by the 3DEB in order to keep the pelvis in mid position.  We concluded that the 3DEB causes more hip and lumbar extension, which means a greater anterior pelvic tilt and leads to more activation of the MF muscle. 

Left versus Right recruitment:

The average values showed a 20 % difference in favour of the 3DEB compared to the stability ball was found on the left side.  A 6 % difference on the 3 DEB was found between the left and right side.  88 % of the subjects were dominant on the right side. One could expect that the subject will work harder with his/her dominant leg during the bridging exercise. Cross over stability would then lead to greater firing of the left stabilizer muscle fibres.  

LIMITATIONS AND RECOMMENDATIONS

This study was limited to only four males due to the small male to female ratio in the physiotherapy group tested. The males were also randomly allocated to the same group and therefore the results of the males could not be compared with each other. Limited literature regarding exercises on unstable surfaces, like the stability ball, core boards, wobble boards and foam rollers, were available. Since the 3D exercise board (3DEB) is a new device, there is no existing literature on it. Only two channels were available on the electromyography myomed 932 model and thus anterior and posterior measurements could not be done at the same time. Subjects were thus requested to perform the exercise twice on each apparatus, in order to take the measurements, which made the study more time consuming. 

The male subjects had a greater firing in the maximum and average values (18 and 22 % respectively) than the females in the MF muscle fibres.  Only four males were used in this study and the researchers recommend that a follow up study should be done with more male subjects in the sample group. The effects of a long term rehabilitation program on the 3DEB should be examined and other exercises can also be performed on the new apparatus.

A few subjects experienced hamstring pain during activity on the 3DEB. The bridging exercise takes place in a closed kinematic chain. As the 3DEB is an unstable surface, one has to control the 3DEB with knee flexion while performing hip extension, and this can force the hamstring to contract over two joints at the same time, causing active insufficiency. As the subjects may have weak lumbar stabilizers, the pelvis can tilt more anteriorly which contributes to more hip  and lumbar extension. This forces the subjects to make more use of their prime movers like gluteus maximus and hamstrings, which could also contribute to the active insufficiency contraction. Therefore the researchers recommend further investigation on this matter.

CONCLUSION
Recently, core stabilizing exercises have been prescribed for rehabilitation of the injured lower back, prevention of injury and improving the function of the trunk muscles. The aim of the study was to compare the 3D exercise board and the stability ball in the recruitment of abdominal and multifidus muscle fibres during the bridging exercise. As shown in the results of this study significant differences were observed between the 3DEB and the stability ball for some of the parameters, and for others the two apparatus were equally effective. With these results, it would appear that the 3DEB compare favourably with the stability ball. The researchers’ finding support the hypothesis that states that the 3DEB will recruit more abdominal and multifidus muscle fibres than the stability ball during the bridging exercise.
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