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I. Description of Services

Summary


A biomechanical analysis of the effects of Symmetry orthotics on standing balance and stability was performed during May and June, 1998. Balance was assessed with center of pressure and electromyographic data.  


The study compared balance characteristics during normal standing and while a 45 lb (200 N) load was applied to the subjects. 


Three foot conditions were tested: standing barefoot, standing with Symmetry orthotics, and standing with a set of custom made orthotics.

Methodology


Subjects:
Ten, healthy, collegiate athletes volunteered for the study. This group represents half of the proposed sample. The sample included seven males and three females. The mean age was 20.5 yr., mean mass was 70.3 kg, and the mean height was 1.75 m. Five golfers, three runners, and two baseball players were tested. All subjects were healthy and injury free during the test. 


Instruments:
An AMTI Force Platform (Model LG-6) was used to measure floor reaction forces and moments under the right foot of each subject. A Noraxon Electromyography (EMG) system was used to record the EMG from the right Gastroc​nemius and Anterior Tibialis muscles. Myosoft Software was used to record the data and it sampled at 1000 Hz. 


Conditions:
Three foot conditions were tested: standing barefooted, standing with Symmetry orthotics, and standing with custom made orthotics. The Symmetry orthotics were sized for each individual subject and the custom made orthotics were molded from a cast of each subject’s feet. Two load conditions were tested, no load (normal standing) and a load of 200 N (45 lb.) applied onto the hands as they were held immediately anterior to the thighs (approximating the anatomical position). The load was slowly handed to the subjects by two researchers. The load applied a downward force onto the subjects that was directed anterior to the ankle joint. This force vector created a dorsiflexor torque around the ankle that was resisted by contractions of the posterior leg muscles. The load is designated as an anterior load. 


The condition effects were assessed during normal standing, while the load was being applied, and while standing with the load.


Protocol:
The subjects stood in a normal, comfortable position with one foot on the force platform and one foot on the floor. Feet were approximately shoulder width apart. Force platform and EMG data during normal standing were sampled for 20 s. in each condition and stored. Force and EMG data were then sampled while the subject stood normally for 5 s., was then slowly handed the load over about 3 s, stood with the load for 5 s., had the load removed and stood normally for 5 s. longer. The force platform measured approximately half the body weight and half the additional load.


Data Reduction:
Center of pressure was calculated from the reaction force and moment data. Center of pressure represents the single point at which the floor reaction force is applied to the foot. 


In normal standing, the center of pressure will move around a small area under each foot. 


Variation in the location of the center of pressure represents the active process of normal human balance while standing. Center of pressure was assessed with its variation in normal standing, with its anterior displacement with the application of the anterior load, and with its variation while standing with the load. 


EMG from the Gastrocnemius and Anterior Tibialis was evaluated during normal standing, during application of the load, and during standing with the load. Both peak EMG and mean EMG activity were quantified.


Data Analysis:
Center of pressure and EMG variables were analyzed with a one way, repeated measures Analysis of Variance (ANOVA). Three levels were tested: barefoot, Symmetry orthotic, and custom orthotic. An alpha level of 0.05 was used to detect statistical significance. Post hoc comparisons for significant omnibus effects were done between all conditions with dependent T-tests and alpha of 0.05.

II. Results

A.
Validation of load application

The load was applied by slowly handing a weight lifting bar to the subject. The application of the load was evaluated to verify that it was applied similarly in each condition. The vertical force curves were similar between all conditions (Fig 1). The maximum loading force applied to the subjects was nearly identical between conditions (Fig 2) as was the loading time (Fig 3). The statistical tests for maximum force and loading time were not significant. The loads therefore were equivalent in each condition and the test was valid.

B.
Center of Pressure 


Normal Standing:

The center of pressure was assessed during normal standing and during the load application in each condition (Fig 4). During normal standing, center of pressure oscillates anteriorly and posteriorly under the foot. The variation in the posi​tion of the center of pressure is inversely related to a person’s balance: the greater variation the lower the balance.


The variation in the position of the center of pressure during normal standing was identical for all conditions (Table 1). 


The amount of anterior/posterior postural sway was statistically identical for each condition during normal standing.

Table 1.
Variation in Center of Pressure During Normal Standing
        Barefoot
         Symmetry
Custom



Mean

0.49

0.52

0.54

                Sd

0.13

0.12

0.15                           

___________________________________________________________



All values in cm


Load Application:
As the load was applied, the subjects swayed forward and the center of pressure moved anteriorly (Fig 4). The amount of anterior displacement of the center of pressure was affected by the foot conditions (Table 2 and Figs 5 & 6).
Table 2.
Center of Pressure Displacement During Loading Phase
        Barefoot
         Symmetry
Custom



Mean

6.64

5.77 (, (
6.37

                Sd

0.85

0.59

0.67                           

__________________________________________________________



All values in cm; ( Symmetry < Barefoot p<.05;



( Symmetry < Custom p<.05


The subjects had greater stability during the loading phase while standing in the Symmetry orthotics compared to the other conditions. While using the Symmetry orthotics, the center of pressure was displaced 13% and 9% less (both p<.05) compared to the barefoot and custom orthotic conditions. 


The reduced displacement of the center of pressure with the Symmetry orthotics indicated that the subjects were better able to withstand the application of the anterior load in this condition.


These results support the hypothesis that the Symmetry orthotics increase stability and balance in the sagittal plane during dynamic loading. 


Figure 5 shows the maximum displacement of the center of pressure during the loading phase for each subject and Figure 6 shows the mean results for the three conditions.


The custom orthotics were not statistically different from the barefooted condition. 


This result may be an error due to the small sample size and low statistical power. The proposed sample of 20 subjects may produce a different result.


Standing With the Load:
The center of pressure varied more while stand​ing with the load compared to normal standing. The conditions did not affect the variation in the position of the center of pressure while standing with the load (Table 3).

Table 3.
Variation in Center of Pressure While Standing with Load
        Barefoot
         Symmetry
Custom



Mean

0.70

0.81 

0.70

                Sd

0.18

0.15

0.16                           

_____________________________________________________________



All values in cm

C.
Electromyography

Load Application:
EMG from the Gastrocnemius and Anterior Tibialis was assessed during the load application phase and while standing with the load. The load caused a large increase in the Gastrocnemius EMG and the increase was affected by the conditions (Fig 7). Figure 7 shows the Gastrocnemius EMG for the last second of normal standing and for the loading phase. These data are from a representative subject.


Both orthotic conditions caused reductions in the peak (Table 4, Figs 8 & 9) and mean (Figs 10 & 11) Gastrocnemius EMG during the loading phase. 


The peak EMG with the Symmetry orthotics was 40% and 19% lower (both p<.05) than the bare​footed and custom orthotic conditions during the loading phase. 


The peak EMG with the custom orthotics was 26% lower (p<.05) than the barefoot condition. The mean EMG with the Symmetry orthotics was 25% (p<.05) than the barefooted condition during the loading phase. The mean EMG with the custom orthotics was 14% (p<.05) than the barefooted condition during the loading phase. 

Both orthotics increased the subjects’ stability by reducing the need for muscular control of the ankle joint during the dynamic loading phase. 

The Symmetry orthotics increased stability more than the custom orthotics.

Table 4.
Gastrocnemius EMG During Loading Phase
        Barefoot
         Symmetry
Custom


Peak EMG



Mean

209

124 (, (
154 (
                Sd

111

  57

  78


Mean EMG



Mean

74.6

56.0 (

64.4 (
                Sd

45.3

42.7 

37.3 

_______________________________________________



All values in mV; ( Symmetry < Barefoot p<.05;



( Symmetry < Custom p<.05; ( Custom < Barefoot p<.05


Standing With the Load:
Gastrocnemius EMG was not affected by the conditions while standing with the load (Table 5, Figs 12 to 15). The sample means did have the same trends as the means during loading phase.


The Symmetry orthotics had less EMG than the other conditions. 


The non-significant result may be a statistical error due to the small sample size. The proposed sample of 20 subjects may produce a different result.

Table 5.
Gastrocnemius EMG While Standing With the Load
        Barefoot
         Symmetry
Custom

Peak EMG                          



Mean

115

  76

  96

                Sd

  90

  70

  72


Mean EMG



Mean

56.9

45.8

54.1

                Sd

44.8

43.6 

43.9 

_________________________________________________



All values in mV

Anterior Tibialis EMG was not affected by the application of the load nor by the orthotic conditions (Table 6, Fig 16). Figure 16 shows the Anterior Tibialis EMG for the last second of normal standing and for the loading phase. These data are from a represen​tative subject.

Table 6. 
Anterior Tibialis During EMG
        Barefoot
         Symmetry
Custom


Mean EMG



Mean

14.3

14.1

16.3

                Sd

  6.1

  5.4 

  6.9 

______________________________________________



All values in mV

III. Summary

The present work evaluated sagittal plane standing balance and stability in three foot conditions. The foot conditions were barefooted, Symmetry orthotics and custom orthotics. Balance was assessed during normal standing, while a 200 N load was applied to the subjects, and while standing with the load. The load was directed downward and anterior to the ankle joint. It therefore created a dorsiflexor torque which was resisted by the calf muscles. Center of pressure under the right foot and EMG from the Gastroc​nemius and Anterior Tibialis muscles were evaluated. The study is incomplete at this time since only ten of the proposed 20 subjects were tested. Some results may change after all subjects are tested.

The principle result was the improvement in balance and stability during the dynamic, load application phase with the 

Symmetry orthotics. 
The load was applied over a period of nearly three seconds and the load caused the subjects to lean forward through ankle dorsiflexion. The center of pres​sure moved forward and the Gastrocnemius muscle EMG increased during this time. 

While using the Symmetry orthotics the forward movement of the center of pressure and the magnitude of the EMG were less compared to the other conditions.

These results indicate the subjects were better balanced and more stable with the Symmetry orthotics during dynamic, anterior loading. These results also suggest that the Symmetry orthotics may improve balance and stability during other dynamic tasks.
The smaller increase in Gastrocnemius EMG with the Symmetry orthotics compared to the other conditions indicates that less muscular effort was needed to maintain balance in this condition.  The reduced muscular effort may provide greater endurance for people while perform​ing dynamic activities.     

The EMG comparisons were not statistically significant while the subjects were standing and holding the load. However, the peak and mean Gastrocnemius EMG sample means for the Symmetry orthotics were lower than those for the other conditions. The non-significant result may be a Type II statistical error due to low power. These results may change when the total sample (10 more subjects) is analyzed. 

IV. Technical Specifications

1.
Data Collection:
A.
All data were collected in the Biomechanics Laboratory at East Carolina University, 332 Ward Sports Medicine Building on March 20, 1998

2.
Instruments:
A.
Force platform

AMTI LG-6 

Channels collected: Vertical (Fz), medioloateral (Fx), and anteroposterior (Fy) floor reaction forces; mediolateral (My) and anteroposterior (Mx) moments

Sampling frequency: 1000 Hz

B.
Electromyography

Noraxon surface EMG

Bipolar surface electrodes with ~2 cm inter-electrode distance on right 

Gastrocnemius and Tibialis Anterior

3.
Software:

A. Data collection: Myosoft V 3.1

D. Data analysis: Myosoft V 3.1 and Proprietary Laboratory software
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