Gait Analysis Marker Sets

Cleveland Clinic Marker Set 

There are two marker sets commonly used in gait analysis. The first one of these is referred to as the Cleveland Clinic Marker Set. It uses a rigid triad of markers in a plane parallel to the long axis of the bone to capture the motion of the thigh and shank in three dimensions and a separate static data collection for the left and right legs to define the knee and ankle centers and axes of rotation.

Helen Hayes Marker Set 

The second marker set was originally developed at the Helen Hayes Hospital and bears that name, the Helen Hayes Marker Set. It is also called the “Simplified Marker Set” because it does not require the static data collection step, which can be considered a potentially a time consuming task. The thigh and the shank each have a 10 cm wand attached for measuring the 3-dimensional motion of the leg. A refinement to this Helen Hayes Marker Set uses a static trial to better define the knee and ankle centers and axes of rotation. This additional static trial gives more repeatable kinematic and kinetic measures. Both marker sets use the same foot markers, the same optional upper body markers and the optional head markers. The static trials required for the Cleveland Clinic Marker Set and the Helen Hayes Static trial can be done in a single data collection step with both legs visible, or as two separate trials: one for the left and one for the right leg. 

Cleveland Clinic Marker Set Overview 
Description of Markers 

A segmental array is a cluster of 3 markers used to determine the knee and ankle coordinate systems. The arrays are secured on the lateral aspects of each thigh and shank and should be placed on the lower portion of the thigh and shank to insure the least amount of skin and muscle movement. They should also be located to give the greatest visibility from all camera views. It is important that these arrays NOT MOVE with respect to their original position on the patient's legs during trials. Since arrays serve to calibrate the knee and ankle coordinate systems, if the arrays move, the coordinate systems will move with them. This sometimes, undetectable movement can cause large degrees of inaccuracy in joint kinematics and kinetics.
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Static markers are used to determine the flexion/extension axis of a given joint. These markers are placed over the medial and lateral aspects of the joint along the flexion/extension axis, and their positions relative to the 3-marker arrays are recorded with the subject in a static position. To facilitate unencumbered motion of the subject during walking, the static markers are removed for the walking trails. Additional markers are then applied to measure the motion of the desired parts of the anatomy such as the head. Static and walking trials may be performed in any order. 

Acquiring Static Data 

Static trials may be done one leg at a time or both legs simultaneously. In either case, arrays and joint markers should be checked before beginning. To acquire data one leg at a time, the subject is asked to sit in the center of the video field with the right leg extended and slightly elevated on a stool. The left leg is covered with a dark cloth. Each marker must be visible in at least two cameras. Video data are collected. The subject remains sitting (or standing) while the stool is positioned under the other leg. The cloth is transferred to the right leg. Each marker on the left leg must be visible in at least two cameras. A single data capture can also be used to record the static position of the single and array markers. This type of data capture is usually done in a standing position with legs slightly staggered and knees slightly bent. Knee markers should be placed on the legs with the knees bent to the same angle used for the video capture.

Helen Hayes Marker Set Overview 

The Helen Hayes marker set is a relatively simple set of external markers developed for time-efficient video analysis of lower extremity kinematics. The original configuration of 13 markers was developed by M.P. Kadaba, et al. at the Orthopaedic Engineering and Research Center, Helen Hayes Hospital, West Haverstraw, N.Y. and is more thoroughly described in their publication “Measurement of Lower Extremity Kinematics during Level Walking,” Journal of Orthopaedic Research, 1990. This marker configuration minimizes the patient preparation and data acquisition time and reduces the number of trajectories that must be tracked or edited. The markers are secured to the body at anatomical significant locations that determine embedded axes for segments under consideration. Lower body motion analysis with this marker set does not require a static “standing, right leg and left leg” data capture for the calculation of lower body segment motion and so reduces patient involvement time at the clinic. However, the use of “optional” static trials greatly improves the accuracy in determining the knee and ankle joint centers and coordinate systems and is highly recommended. The basic Helen Hayes marker set consists of 15 lower body markers. The markers are secured to the body at anatomical significant locations that determine embedded axes for segments under consideration. The Helen Hayes marker sets determine ankle and knee joint centers and segment coordinate systems by means of a marker on a post or wand protruding from the lateral aspect of the thigh and shank, and by single markers placed over the lateral aspect of the joint flexion/extension axis. It is important that the wands NOT MOVE with respect to their original position on the patient's legs during data capture. If the wands move, the knee and or ankle coordinate systems will move with them. This sometimes, undetectable movement can cause large degrees of inaccuracy in joint kinematics and kinetics. 

Important For locating joint centers, the placement of the wands is critical if “static” trials are not used.
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Helen Hayes Marker Sets 

Marker Placement 

When not using “static” trials care must be taken in placing the wands. With the patient standing in an upright position, laterally align the cuffs with the long axis of the bones so that they lie in the segment’s frontal plane. It is sometimes easier to place the wand in this plane when the patient is sitting. As described by Kadaba, et al., the location of the hip joint center from the ASIS marker is computed as a function of leg length. The knee center is assumed half way between the femoral condyle in the plane defined by the knee marker, thigh-wand marker, and the hip joint center. The ankle center is assumed half way between the malleoli in a plane defined by the ankle marker, the knee center, and the shank-wand marker. 

Marker Placement for the Cleveland Clinic Marker Set
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Marker Placement for the Helen Hayes Marker Set using Static Markers

Marker Placement for the Helen Hayes Marker Set without using Static Markers
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