
Evaluation of Symmetry Arch support

Biomechanics Evaluation Laboratory

College of Engineering

Michigan State University

This study was conducted in two phases. The first phase involved three subjects who had never worn Symmetry arch supports. Kinetic (force), kinematic (motion) and dynamic electromyography (EMG) data was collected in on these subjects during walking. Each subject was tested twice. The first test, conducted February 13, 1997, evaluated the subjects wearing the shoes they wore at work without arch supports of any type. At the conclusion of this test, each subject was fitted with a pair of Symmetry arch supports in their work shoes, which they then wore daily for a period of three months. All subjects were retested on May 28, 1997, in the same work shoes with the Symmetry arch supports.

The second phase of the study, conducted in December of 1997, utilized 3 subjects who had worn the Symmetry arch supports continuously for over one year. Kinetic data only were collected on 2 of the 3 subjects during walking with the arch supports. Kinetic and kinematic data were collected on the third subject while walking with and without the arch supports. In addition a balance evaluation was performed on all three subjects during standing in various positions. The balance assessment utilized kinetic and kinematic data in order to measure changes in the center of gravity of the body relative to forces acting on the body, which occur as a balance mechanism.

This report compares the data from the February 13, May 28th evaluations and December 1997 evaluations.

Purpose of the Study

Biomechanical evaluations performed previously at Michigan State University have shown that shoe arch supports can bring about a change in body movement and muscle and joint function in only two ways:

•
It can change the motion of the foot therefore altering ankle, knee and hip joint motion and upper body movement; and/or

•
It can change the forces and torques placed on the body by altering their distribution on the plantar surface of the foot resulting in a change in the Center of Gravity (CG) of the body. This is referred to as altering the path of the Center of Pressure (COP) on the bottom of the foot.

Anecdotal data collected by Bestrom Marketing, LLC on individuals who have worn the Symmetry shoe arch support for an extended period of time suggests that the arch support may be effective in:

1) "Removing the excessive pressure from the heel and metatarsals" (altering force loading patterns on the foot) thereby "reducing pressure" (forces) acting on the ankle, knee and hip joints and lower back;

2) "Preventing excessive pronation and supination"; and

3) Creating "a well balanced body with the weight properly distributed thereby lessening fatigue" (shifting the center of gravity (CG) of the body resulting in reduced demands on the joint muscles). 

The objective of this study was to determine any changes in lumbar spine motion, lower extremity joint motion and muscle function during walking in shoes with and without the Symmetry arch support using objective, quantifiable parameters. For this reason three subjects who had never worn the arch supports were selected. Walking was chosen as the dynamic test condition because forces placed on the body during gait are greater than in static conditions, such as standing.

Results from the initial research involving three "new wearers" prompted phase two of the study in order to compare results against data collected from individuals who were "long‑term" wearers. Since many individuals who wear Symmetry arch supports in the workplace spend many hours standing, the balance tests were administered to gain an understanding of the impact the arch supports may have on balance and stability.

This study utilized three analytical capabilities in assessing joint function and balance.

•
Video cameras were used to capture motion data from which three‑dimensional ankle, knee and hip joint and lumbar spine motion were calculated.

•
A force platform was used to sample the ground reaction forces and torques placed on the body during walking gait. Motion and force data were analyzed in conjunction to determine moments and power acting at each joint.

•
A Dynamic Electromyography (EMG) system was used to collect muscle activity during gait.

Experimental Protocol

All testing procedures used at the Biomechanics Evaluation Laboratory have Human Subjects IRB approval. Subjects I through 3 and subject 6 were tested in the following four conditions:

Shoes no arch support left,

Shoes no arch support right,

Shoes with Symmetry arch support left, and

Shoes with Symmetry arch support right.

Three trials of data were collected for each condition. Data were saved for the stance phase of gait for each trial, including terminal swing prior to foot contact and initial swing post toe off.

Three retro‑reflective markers were placed on the upper body (thoracic cage), pelvis, thigh, shank (lower leg) and shoes of each of the first 3 subjects to establish segment coordinate systems. These markers were attached to the skin and shoes with a two‑sided hypoallergenic tape. Anatomical markers were placed on the skin at the following locations: sternal notch, xyphoid process, second thoracic vertebral body, left and right anterior superior iliac spines (ASTS), posterior middle sacrum, greater trochanter, lateral and medial femoral epicondyles, proximal and distal anterior lower leg, and posterior distal lower leg. Anatomical foot targets were placed on the shoe at the following locations: calcaneous, lateral and medial rear foot, fifth and first metatarsal heads, and end of second toe.

A calibrated space of one meter in length, one‑half meter in width and one and a half meters in height was established, centered on the force plate. A four camera, 100 Hz, Elite motion analysis system was used to track the movement of the upper body (thoracic cage), pelvis, thigh, lower leg and foot during testing. These data then were used to calculate three‑dimensional joint angular motion: flexion/extension, internal/external rotation and ab/adduction of the ankle, knee and hip joints; and flexion/extension, rotation left and right and lateral side bending of the lumbar spine. The targeting protocol for subject 6 involved the thigh, shank and shoes only in order to calculate knee and ankle joint motion. The system accuracy for positions data markers is 2 mm in three​ dimensional space.

An AMTI forceplate was used to sample ground reaction forces when the foot was in contact with the plate. Sampling rate was 1000 Hz for each of the 6 channels of information collected (three forces, three moments). Ground reaction force data were collected in milliseconds and then were normalized to 100% of stance phase to allow comparison between subjects. For analysis purposes, ground reaction force data also were resolved and the path of the resolved forces, the COP, was imaged on the foot for each trial to compare changes between the conditions. These data were combined with the position data to compute joint forces and moments (torques) acting at the ankle, knee anal hip joints.

Dynamic EMG data were continuously collected using surface electrodes from the following muscles groups:

Quadriceps (rectus femoris),

Hamstrings (semimembranosus), 

Tibialis anterior, and 

Gastrocnemius (medial head) muscles.

Dynamic EMG data were collected on subjects 1 through 3 only and were analyzed in conjunction with ankle, knee and hip joint motion and joint force data. Joint moment, motion and EMG data were integrated to determine the total muscle power being exerted at the ankle, knee and hip joints in each condition and observe any changes in muscle firing patterns.

Results and Conclusions

A) Terminology and Definitions:

The stance phase of gait is defined as that period of time when the foot is in contact with, the ground. It begins when the foot contacts the ground (FC) and ends when the toe leaves the ground (TO ‑ "toe off"). By definition, walking gait requires that two feet are on the ground at the beginning and ending of stance phase and this period is referred to as "double stance". During double stance, the forces acting on the body are transferred from one limb to the other. Throughout the stance phase of gait ground reaction forces are acting on the body vertically, horizontally (front to back), and side to side (medially/laterally). For purpose of discussion, stance phase of gait is divided into four tune periods:

Heel Strike (Heel Spike): Initial vertical force generated by individuals who "heel strike" (contact the ground in the region of their heel) followed by a few milliseconds of moderate "unloading" (reducing force). Heel strike occurs within the first 15 to 20 milliseconds following FC prior to maximum deceleration.

Maximum Deceleration/Maximum Braking: Point at which the body has generated maximum force vertically (deceleration) and horizontally (braking) during the process of slowing down. At this point the foot is flat and the body is rotating over the supporting limb.

Mid Stance: Period of time when only one foot is on the ground and the trunk is passing over the supporting limb.

Maximum Acceleration/Maximum Propulsion: Second point at which the body has generated maximum force vertically (acceleration) and horizontally (propulsion) as it moves forward and begins to transfer load from one limb to the other. The trunk has passed over the supporting limb arid the heel begins to lift off the ground.

B) Ground Reaction Forces:

Ground reaction force (GRF) data for the first 3 subjects showed changes between the with and without arch support conditions. There was a significant reduction in the vertical GRF during both the braking and propulsion phase of stance for two of the three subjects in the arch support condition compared to without arch supports. Data for the third subject showed the same trend on the left limb, but reduction in only the propulsion phase of stance on the right limb. (See Vertical and Anterior/Posterior Force Summary charts.) Overall, vertical force magnitudes were within the mid​range of normative values for the shoe without arch support condition but were within low norm ranges in the shoe with arch support tests. Anterior/posterior forces showed were reduced in the with arch support condition but remained within mid to low normative ranges. The reduction in deceleration/acceleration and braking/propulsion forces ranged from 7 to 10 % and 15 to 37% respectively in the arch support condition compared to the without arch support trials. The percent of stance at which peak values occurred did not vary significantly between the two conditions. Vertical component forces increased, bilaterally, at midstance in the arch support condition for all subjects reflecting a more "stiff leg" gait pattern. Increases ranged from 11 to 23% more than the without arch support midstance values. 

The initial loading impact (Heel Strike) decreased in the arch support condition, bilaterally, for two of the three subjects (20 to 24% decrease). Medial lateral GRF also shows a decrease. (See Medial/Lateral Force Summary chart.)

Stance time (the length of time each foot is on the ground) increased in the arch support condition across all subjects. Stance time shows averaged increases from 7 to 20% on the right limb and 8.5 to 13% on the left.

Moments (or torques) acting at the ankle, knee and hip joints show reductions in magnitude in the arch support condition consistent with component force data.

The most significant differences in ground reaction forces were changes in the dwelling patterns of the resolved COP's. Normative data show dwelling during the double stance phases of gait, braking and propulsion, as loads are being transferred from one limb to the other. The midstance portion of gait shows very little dwelling in normative data. Resolved COP plots for the non-arch support condition mirror normative patterns with primary dwelling occurring during double stance. In the arch support condition the major dwelling occurs at or near midstance, suggesting that there is a shift anteriorly in the CG of the body in the arch support condition. Stated another way, it would appear that the arch support causes the CG of the body to shift forward, which changes the relationship between the CG of the body and the foot and alters forces acting on the foot.

Vertical deceleration GRF data fell within mid to low norms, as seen in the arch supports condition with subject 1 through 3. However, vertical deceleration and anterior/posterior braking and propulsion GRF data from subjects 4 through 6 for the with arch support condition are within mid normative ranges indicating a more dynamic gait pattern. Medial/lateral forces were comparable with data from subjects 1 through 3 arch support trials. Stance time for all subjects was within normative (see GRF summaries for subjects 4 through 6). Comparison of with and without arch supports GRF data for subject 6 showed no significant change in vertical and anterior/posterior forces. There was a significant reduction in the medial GRF bilaterally (7% BW left and 5% BW right in the without condition versus 4% BW left and 2% BW right in the with arch support tests).

The most significant GRF findings were the resolved force COP data. The dwelling patterns for subject 3 through 6 were consistent with COP data from the arch support condition for subjects 1 through 3, showing primary dwelling occurring during midstance. This supports the supposition that changes observed in the COP dwelling pattern of subjects 1 through 3 in the arch support condition is not due to "new wearer" artifact; but is attributable to the arch supports which are creating an anterior shift of the CG of the body relative to the foot.

C) Kinematic and Dynamic EMG Data

Kinematic and dynamic EMG data do not show significant changes between the arch support and non-​arch support conditions. Kinematic data show ankle, knee and hip joint angular motion and lumbar spine motion were within normative values bilaterally.

D) Balance Assessment

Subjects were tested while standing in the following conditions:

Feet Apart (comfortable stance) ‑ eyes open

Feet Apart (comfortable stance) ‑ eyes closed

Feet Together (narrow stance) ‑ eyes open 

Feet Together (narrow stance) ‑ eyes closed

Feet in Tandem (dominant foot in front) ‑ eyes open 

Feet in Tandem (dominant foot in front) ‑ eyes closed

Balance data were analyzed using two protocols. The first protocol uses only resolved ground reaction force data and generates a "stabiligram" and analyzes the following parameters: radial displacement, velocity and active torque. The amount of sway that occurs during standing (stabiligram), is referred to as the radial displacement. The speed (velocity) at which the radial displacement moves in the base of support indicates high or low frequency motion of the stabiligram. The amount of twisting (active torque) that occurs provides a measure of how much ankle movement is occurring in maintaining balance.

Plots depicting results of this data are attached, including a comparison of the with and without arch supports conditions for each subject. Radial displacement were averaged in the summary plots and are referred to as "Radial Average Displacement (RAD).

Data for 2 of the 3 subjects were within normative ranges for both arch support and non-arch support conditions. The velocity data showed lower frequency movement occurred in 2 of 3 subjects in both of the comfortable stance trials and in the narrow stance‑eyes open tests indicating slower, more controlled corrections were being made to the CG of the body in maintaining balance. Both RAD and velocity data were lower in the narrow stance‑eyes closed conditions. This indicates less sway (movement) as well as slower movement occurred in these trials. Data for tandem stance‑eyes open tests show 2 of 3 subjects with lower RAD and velocity data. RAD and velocity parameters measured for tandem stance‑eyes closed test showed an increase for all subjects in the with arch support condition.

The second protocol utilizes both kinetic and kinematic data to calculate the changes in the center of gravity of the body relative to the COP of the forceplate. In this analysis, the subject is modeled as two segments consisting of a cylinder, representing the upper portion of the body, and a cone representing the lower portion of the body. The CG of cone is defined as 2/3rds of the way up. The CG of the cylinder is defined to be in the middle. Displacement of the CG relative to COP were calculated and a stabiligram generated for each trial of data in all conditions, with and without arch supports. Displacements were analyzed in the following manner:

Displacement of the upper CG (cylinder) relative to the COP stabiligram, 

Displacement of the lower CG (cone) relative to the COP stabiligram, and 

Displacement of total body CG relative to the stabiligram.

Displacements anterior/posterior (front to back) and medial/lateral (side to side) were summarized and this data is presented in the attached tables.

SUMMARY

Major changes between the two conditions were found primarily in the kinetic data. 

Shifts in the dwelling pattern of the COP and reduction of forces amid torques acting on the joints would be consistent with decreases in back and knee pain reported in the anecdotal comments compiled by the Bestrom Marketing, LLC survey. 

Overall, the gait in the arch support condition for subjects 1 through 3 would be characterized as a slow, cautious, less dynamic gait; which also could account for reduction in joint forces. The shift in the dwelling pattern in the arch support condition COP plots is consistent with COP patterns observed in some, but not all, patients diagnosed with back problems. Since the subjects had worn the arch supports for a period of only three months, it is difficult to determine whether changes in the force patterns were due solely to addition of the arch supports or if they were attributable, in part, to having worn the arch supports for a short duration (new wearer).

Vertical and anterior/posterior GRP data from subjects 3 through 6, taken in conjunction with stance time, characterize a dynamic gait with a reduction in vertical acceleration and medial ground reaction forces. 

The resolved COP dwelling pattern for subjects 3 through 6 rules out "new wearer" artifact as the cause for deviation from normative patterns of dwelling at double stance. Applied moments (or torques) acting at the knee and ankle joints axe comparable to or lower than the moment data seen in the arch support condition from subjects 1 through 3. 

This suggests a reduction in the moment arm caused by the CG of the body shifting anteriorly in the arch support condition. A reduction in the moment arm results in a reduction in the applied torques acting at the joints.

Since data from this study support the finding obtained from the Bestrom Marketing, LLC anecdotal surveys, it is recommended that additional research be carried out to determine which populations might benefit most from use of the Symmetry arch supports. Specifically a longer‑term study of patients diagnosed with various types of back, knee and foot pain, before and after wearing the Symmetry arch support would be desirable.
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