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Summary.

A merging of quantifying information from multiple institutions was used to conduct this graphically based study using pressure and force to suggest possibilities of biomechanical alterations in gait and changes in anatomic relationships.

Static and dynamic comparitives were used loaded without the use of the orthosis as a baseline and loaded with the devices in and out of the shoe. The changes in pressure and force in static vs. dynamic measurement were goals in the study as well as "in shoe" vs. the orthoses being placed on the floor.

The relatively unusual topographic nature of the midsection of these devices also created a secondary study goal of looking at extreme midfoot geometric angles and their causal relationships to biomechanical changes such as forefoot forces, inversion/eversion, etc.

Methodology.

• lnstruments.

The "F‑Scan" device was used by the California College of Podiatry. The "F‑Scan" device provides bi‑pedal plantar pressures using a thin Mylar sensor. This is a full length "in shoe" device which provides continuous sampling one hundred times per second during normal gait. This system provides a high degree of useful data since gait is relatively undisturbed or altered measuring reactive forces as they occur. The "F‑Scan" measures dynamic pressure distribution and allows the analysis of high pressure areas during gait.

The Genovation Corporation used a new scanning device which gathers data in the X, Y, and Z axis. This device is capable of both static and dynamic testing in two or three dimensions with graphic result. This device incorporates a new proprietary pressure pad with 1536 sensors capable of " Z" axis representation using standard "Windows 95" further enhancing graphic manipulative end result.

• Subjects.

The California College of Podiatry chose four students at random. All were injury free during the test and well instructed in testing procedure.

The Genovation Corporation used two subjects at random also injury free and experienced in the use of the scanning pad. Both were free of injury.

• Conditions.

The California College of Podiatry tested six conditions: standing, (static and dynamic, as baseline), with the Symmetry “PLUS” orthosis (static and dynamic), and with the "SPORT" orthosis (static and dynamic).

The Genovation Corporation tested four conditions: barefoot (static and dynamic, as baseline) and with the Symmetry Orthosis (static and dynamic).

• Protocol.

The California College of Podiatry: Since the "F‑Scan" device allows normal walking and gait, the podiatric students as subjects repeated normal walking conditions.

The Genovation Corporation used subjects experienced in normal walking conditions incorporating the sensor pad both statically and dynamically.

Results and List of Figures.

• CCPM (California College of Podiatric Medicine).

In Section I. the center of mass is seen moving posterially due to the high midfoot topography of the Symmetry orthosis. Indication of decreased inversion by the pressure map without significant abduction indicates a supported but stabilized foot. This is further indicated by the relative dorsiflexion of the foot on the orthosis. Sagittal stability is indicated by pressure or force being redirected into the stabilizing regions of the orthosis such as the concavity of the device inferior to the calcaneus. Most apparent is the greatly diminished force to the forefoot.

Section II. supports section I. but paradoxically shows improved "tracking" through the longitudinal axis of the foot during gait. This is often atypical of a device with indications of pronatory control.

• Genovation Corporation.

Section III. is a dynamic mapping which, interestingly, shows a generalized diminishment of forces throughout most of the plantar foot versus the reference. Pressure at the forefoot is seen as most apparently diminished and in this case the calcaneal pressure changes are also noted. The "Z" axis measurement of this dynamic model also indicates a support of the medial column versus the reference.
The similar model named the "SPORT" is also shown here. This model has very similar geometric contour but a different "grade" of material (EVA) is used in its construction. Though statistically less significant, slightly more force reduction is indicated and slightly less generalized support, as might be expected.

The static model in this section shows an altered contact pattern which supports the above but indicates a more altered pattern relative to the support surfaces of the device.

Section IV. dynamically averages center of mass through the longitudinal axis and yields a dynamic graphic of "tracking". As with the subjects and data from CCPM, these subjects and data also exhibit improved sagittal dynamics both medially and laterally indicating generalized balance or stability. Note changes in Contact, Midstance, and Propulsive phases: (Sport = Sport Orthosis Model)
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Section V. is a 2‑D representation of pressure and force center "point" of mass being represented by black dot. As can be easily observed, this point of pressure has moved significantly to a much more posterior position. This is apparently a function of the high

midfoot topography and its resultant dorsiflexion.
Section VI. uses a dot matrix pressure and force representation against a "graph paper" constant with both static and dynamic measurement. Though the data is statistically similar to section V., this section makes it easier to measure such changes as foot length. There seems to be a small decrease in foot length in both the static and dynamic measurements.

Summary.

When the results from the two measurement sources (CCPM and Genovation Corp.) are examined, several patterns emerge… 

The principal improvement was in reduction of pressure or forces to the forefoot. All measurements taken show a significant reduction of total forces in this area. This appears to have been accomplished without creating unwanted instability.

The high mid‑foot topographic contours are almost certainly responsible for this and actually seem to have the benefit of providing generalized stability to the foot. 

In terms of integrated usefulness, this appears to have been accomplished while providing unusually effective plantar support. The static and dynamic data support this as well as the graphics exhibiting shortening of the foot, etc. Observable in the dynamic graphics are positive changes in the medial column, changes in pressure patterns showing enhanced support, etc.

Since the device is a "neutral" orthosis without posting, varus/valgus, etc., and the remainder of the device seems well designed but possibly not responsible for these changes, it seems that high midfoot topographic contours may be a functional approach in some orthotic designs. Given that most conventional designs yield a slightly plantarflexed (after posting etc.) foot, here we have a device apparently showing functional promise after repositioning the foot in a dorsiflexed position.  Also noted were the unusual changes in center of pressure.

Sagittal plane stability has been noted throughout the study by center of mass "tracking" through the longitudinally averaged axis and with other dynamic data and graphic result.

The Symmetry Orthoses appears to be an unusual design providing both support and stability with little unwanted secondary effect.

Explanation of Report by Section

Initial Comments:

This orthoses has demonstrated clear effectiveness for both implied and demonstrated indications by biomechanical proof.

•
The device clearly shows significant reduction in forefoot forces and reduced time in certain aspects of this phase.

•
The orthoses shows therapeutic redistribution of forces throughout the foot.

•
The longitudinal center of movement through gait phases is therapeutically redirected indicating improved support.

•
The foot is generally stabilized.

•
The foot is shortened indicating a higher "arch angle", plantar support and generalized improvement in the medial column.

•
Specific force is redistributed across the metatarsal heads removing inappropriate force at the second and third heads.

Many other changes in foot anatomy and movement can be easily interpreted from these results. Some of these changes are shown directly and others are inferred by the results.

This report involves X, Y, and Z axis results with both dynamic and static comparitives to the same subject as reference.
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Section I. 

This section employs the "F‑Scan" device and is an in shoe device which yields very useful information about forces actually occurring in the shoe. This device gives a multi‑point graphing ability. White shows least force and black more force. For each subject, a barefoot "reading" is taken and then another reading with the orthoses applied. It is clear, and easily seen, that the device removes tremendous forces at the forefoot from the barefoot reference.

Section II. 

The "F‑Scan" is used here in a more dynamic fashion to show both force and the center of longitudinal movement as the foot moves through its cycle. This center line up through the foot clearly shows a movement of the line to the lateral side (outside) of the foot indicating a resistance to pronation and generalized resistance or support at the medial (inside) of the orthoses. This section again shows reduction of forefoot forces and improved redistribution of heel and midfoot forces.

Section III. 

This section employs information from two labs showing the "Z" axis or depth representation of force. This most visual result easily shows enhanced perspective for detailed visual analysis.

Section IV. 

This section shows gait or dynamic changes in center of mass as the foot moves through gait phases. The changes in the longitudinal line are observed as stabilizing the foot and appropriately functioning as an orthoses.

Section V. 

This section is a 2‑d representation of force in the static foot. This section shows once again the above in force redistribution.

Section VI. 

This section shows force changes in both static and dynamic changes in foot with different visual graphics especially related to the background graph.

This particular group most easily shows changes in foot length. The foot begins as static barefoot to supported by the orthoses showing a shortened, supported foot with very improved support characteristics.

