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The musculoskeletal system
 Steps for movement analysis:

1. Identify at least 2 adjacent segments (bones) to define an 

anatomical joint;

2. Measure at least 3 points ‘solid’ with each segments/bones;

3. Define a technical coordinate system (CST) for each segment 

starting from the  measured points;

4. Find at least 3 anatomical landmarks of those segments;

5. Define the anatomical coordinate systems (CSA) starting from 

the anatomical landmarks;

6. Define the anatomical calibration ATT for each segment;

7. Define the Joint Coordinate System (JCS) that better models 

each joint.
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1. Identify at least 2 adjacent segments (bones) to define an 

anatomical joint

 e.g. knee joint: we need femur and shank

2. Measure at least 3 points ‘solid’ with each segments/bones

 Mind that segments are considered rigid but they are not

 Number and position of the ALs are chosen as a compromise between 

feasibility and ‘clean’ results (?)

3. Define a technical coordinate system (CST) for each segment 

starting from the  measured points

 No particular rules. Frequently, the CST origin of a segment is close to its 

center of gravity.

The musculoskeletal system
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4. Find at least 3 anatomical landmarks of those segments

 Landmarks should be easily detectable and have good inter- and intra-

subject repeatability, and reproducibility

5. Define the anatomical coordinate systems (CSA) starting from 

the anatomical landmarks

 Axes of a CSA are preferably aligned with the joint rotation axes

The musculoskeletal system
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6. Define the anatomical calibration ATT for each segment

 Calculation of the position of the ALs in CST

 CSA definition expressed in CST

 Advice: after the static trial and local CSs (CSA) registration, if we write 

the coordinates of the markers directly in CSA, we could save a step


APAs is the matrix containing the cluster of points relative to the static trial, 

i.e. the set of points expressed in CSA


0PAi is the matrix containing the cluster of points relative to the i-th frame, 

i.e. the set of points expressed in CS0 at the i-th frame

The musculoskeletal system
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7. Define the Joint Coordinate System (JCS) that better models each 

joint

 Not easy… In general, it is a good practice to define the CSA orientation 

consistently with medical agreements

 The better Cardan/Euler sequence is needed to model the anatomical 

joint avoiding, as much as possible, the Gimbal Lock condition

The musculoskeletal system
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Comments…
 The following definitions are not standard:

a. Technical coordinate systems for the segments

b. Anatomical landmarks

c. CSA

d. Joint Coordinate System (JCS) for each joint

 Comparing results of human movement analyses performed in 

different laboratories is not easy

 Frequently the CST is chosen coincident to the CSA: the steps (4) 

and (5) are not needed anymore.
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Joint Coordinate System standardization 

(International Society of Biomechanics)
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Hip: anatomical landmarks
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Hip: coordinate systems
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Hip: Joint Coordinate System JCS
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Foot-ankle complex
 Angle a (sagittal plane): plantar/dorsiflexion;

 Angle b (frontal plane): inversion/eversion;

 Angle g (transverse plane): abd/adduction
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Ankle: anatomical landmarks
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Ankle: anatomical planes
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Ankle: coordinate systems
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Ankle: JCS
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