
A Appendix

Figure A.1. Illustration of the main window of the developed shoulder and elbow Matlab toolbox. This window provides access to the 5
main sub-tools. It also allows customizing the visualization. Each window is equipped with a save and close push bottoms.
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Figure A.2. The subject specific toolbox allows the user to scale the generic model through adapting subject’s gender, height, weight,
muscles PCSAs, and glenoid orientations (inclination and version). It also allows importing and scaling the model using kinematic
measurement data in terms of trajectories of palpated landmarks. The model’s BSIP, skeletal morphologies, and muscles architectures are
scaled here. The scaled model can be visually compared to the generic model. The option for discarding the changes is indeed provided to set
back the generic model.
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Figure A.3. The muscle wrapping tool provides an interactive environment for visual verification of the muscle paths. The wrapping
obstacles, via points, the origin (green), and the insertion (blue) can be checked. Different joint angles can be also imposed to perform the
verification in different configurations.
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Clavicula Axial Rotation

Clavicula Depression (-) / Elevation (+)

Clavicula Retraction (-) / Protraction (+)

Ulna Extension (-) / Flexion (+)

Radius Supination (-) / Pronation (+)

Scapula External Tilt(-)/ Internal Tilt (+)

Scapula Depression (-) / Elevation (+) Scapula Retraction (-) / Protraction (+)

Humerus Axial Rotation

Humerus Adduction (-) / Abduction (+)

Humerus Elevation: Posterior (-) / Anterior (+)

- CLOSE TOOL ---------------------------------------
Closes the tool and deletes all the local variables

- BUILD MOTION (Option 1)----------------------
Builds the joint kinematics without measured data

- BUILD MOTION (Option 2)----------------------
Reconstruct a measured motion

- VIEW MOTION -------------------------------------
Launches a small GUI where the motion is visualised

Minimal Coordinates Initial and Final Conditions

Initial Values Final Values

Derivative Conditions (dX(t_0), dX(t_f), etc)

M1 0 30 [0, 0, 0, 0, 0, 0, 0, 0]

M2 -66.8001 -30 [0, 0, 0, 0, 0, 0, 0, 0]

M3 87.7913 91 [0, 0, 0, 0, 0, 0, 0, 0]

M4 0.51968 0.58914 [0, 0, 0, 0, 0, 0, 0, 0]

M5 0 0 [0, 0, 0, 0, 0, 0, 0, 0]

M6 -1 -140 [0, 0, 0, 0, 0, 0, 0, 0]

M7 30 30 [0, 0, 0, 0, 0, 0, 0, 0]

M8 0 0 [0, 0, 0, 0, 0, 0, 0, 0]

M9 0 0 [0, 0, 0, 0, 0, 0, 0, 0]

M1 : Clavicula Axial Rotation [DEG]

M2 : AI parametric coordinate 1 [DEG]

M3 : AI parametric coordinate 2 [DEG]

M4 : TS intersection coordinate [%]

M5 : Humerus Axial Rotation [DEG]

M6 : Humerus abduction angle [DEG]

M7 : Humerus Elevation Plane [DEG]

M8 : Ulna Flexion/Extension [DEG]

M9 : Radius Prnation/Supination [DEG]

Number Of Points: 100

Figure A.4. The kinematics tool allows producing a motion for the shoulder and elbow through two different options. The first option does
not require measurement data and is useful for conceptual studies such as sensitivity analysis. The second option allows reconstruction of a
measured motion using videogrammetry systems in terms of trajectories of palpated landmarks (Fig. A.5).
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Data Filteration

- CLOSE TOOL ---------------------------------------
Closes the BUILD MOTION tool and returns to 
KINEMATICS TOOLBOX GUI

- Residual Analysis --
Performs RA to define 
cutoff frequency

- Harmonic Analysis --
Performs HA to define 
cutoff frequency

- Filter Measured Data -----------------------------
Filters and transforms the measured data provided 
the necessary settings

- Estimate Missing Landmarks ------------------
Estimates evolutions of landmarks missing from the 
measured data (AC, TS, AI, GH, HU, CP)

- Perform Inverse Kinematics --------------------
Defines the generalized coordinates such that the 
model tracks the measured data

- View Motions ---------------------------------------
Shows the reconstructed motion resulted from IK 
together with the meaured+estimated motion

Cutoff Frequency [Hz]:

2.8

Filter Order:

8

Motion time span [S]:

4.41

green: measured motion 
blue: reconstructed motion
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Figure A.5. The second option of the kinematics tool uses the imported measurements from the subject specific tool. It analyzes and filters
the measured data. It provides estimations of the missing landmarks and scapula kinematics, even if it is not measured explicitly using
scapula kinematic measurement devices. It reconstructs the motion in terms of the joint angles using multi-segment optimization (inverse
kinematics). The constructed motion can be animated and saved.
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Figure A.6. The moment arms tool calculates the moment arms of the muscles for the simulated motion. The interactive design of this tool
allows the user to obtain further details regarding the moment arms of each muscle by a single click. The moment arms around different
joints and the muscle length are included for each muscle.
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Figure A.7. Finally, the force prediction tool provides predictions of the muscle forces and JRF for the simulated motion. The subject can
alternate the speed of the motion and also the weight that the subject carries during the motion. It also includes EMG-assisted load-sharing
approach of the model that is not discussed in this study.
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