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Upper extremity 3D kinematics
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inertial & magnetic sensors
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Diffuse quantitative motion analysis to 200 therapist offices

!

objectively and quantitatively
monitor the evolution of shoulder E
and elbow mobility
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INAIL services

| Shoulder and elbow impairment |

Problem statement
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« a therapist office is a small room
* markers missing and occlusions mms) time-consuming post-processing

« high cost
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Topic

1) Hardware chosen

2) Protocol developed

Ambulatory assessment of 3) Two application scenarios
shoulder and elbow 3D kinematics

Hardware - IMMS

Hardware - IMMS

Inertial & Magnetic Measurement Systems MT9B - Xsens Technologies (NL)

* 38g
*  39x54x28mm

* SoR misalignment
w.r.t. box <3°

* ~1000€/sensor
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Microstrain
(USA)

InterSense
(USA)

Xsens
Technologies
(NL)

iD
accelerometer

Jwww.xsens.com




Accelerometers

a, = - g sin(a)
a,= - g cos(a)
a,=0

Magnetometer
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|w;| =200 deg/s

Hardware - IMMS

3D
accelerometer

(el

Jwww.xsens.com




Hardware - IMMS

Vicon Global
............

Stable magnetic field

/ Magnetic field vector
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Magnetic field in the INAIL Motion Analysis Lab

Hardware - IMMS

28/09/2008

Vicon Global
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Rotation of the global coordinate systems

<2m
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Upper-limb model Upper-limb model
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Veeger et al. (1997), J Biomech 30:647-652 ; Cutti et al. (2007), Gait & Posture, 24, S2, P:

Upper-limb model Upper-limb model
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Upper-limb model Protocol steps

The protocol to define the 5 anatomical/functional CSs and express them
in the CSs of the sensors is based on 3 steps:

1. Position the sensors over the subject’s body, to align some of the
sensors’ axes along relevant anatomic directions

2. Measure the sensors’ orientation with the subject standing still

3. Measure the sensors’ orientation while the subject performs one
pure flexion-extension and one pure prono-supination of the elbow

Step 1 — sensor placement Step 1 — sensor placement
o

S
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Step 2 — static acquisition Step 2 — static acquisition

Thorax




28/09/2008

Step 2 — static acquisition Step 2 — static acquisition

Scapula Proximal humerus

Step 3 — elbow FLEX Step 3 — elbow PS

Distal humerus Forearm

Woltring HJ (1990), Bertec Col
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Dynamic Acquisition Pros and cons (hardware)

3 STEPS OF PROTOCOL

|

anatomical = COSt

1. Relatively cheap (about 1500€ per sensor)

2. High mobility

sensor R
3. Keep in mind to check for the magnetic field or (rule of thumb) keep

ferromagnetic material about 2m away — Xsens is however continuously
improving the tolerance of the system to distortions of the magnetic
field...ask them for news!
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MR tobar (t) + ¥ Rycapuia (ti) = scapulothoracic kinematics

Awaitabile orline a1 wers sciencedinect com
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Comical Biomecharsas 21 (3006) 513519

Pros and cons (protocol) STA - humerus and forearm

1. The sensors placement is very simple

2. Anatomical CSs are defined as closly as possible to the ISG/ISB standard;
In vivo validation of a new technique that compensates for soft
N B L tissue artefact in the upper-arm: Preliminary results
3. The distal humerus and forearm SoRs guarantee the optimal description of ppe .
Andrea Giovanni Cutti **, Angelo Cappello *, Angelo Davalli *

the elbow kinematics

4. PROBLEM: all sensors are skin-mounted =» possible underestimations Joumis
BIOMECHANICS
ELSEVIER Tenral o Bmhanics 13 (4680 615 24 _
Technical Mote
A marker-based measurement procedure for unconstrained wrist

The problem is the same that has to be faced with skin-mounted and elbow motions

MARKERS

Rall Schmidt*", Catherine Disselhorst=Klug, Jir Silny, Gnter Rau




STA - scapula

Scapubothoracic ME-LA [dog]
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STA - scapula

No change to the protocol
but to the support!
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STA - scapula

Accuracy can depend on muscles, fat, quality of the skin, BUT

The relevance of the problem really depends on the clinical question

¢ &

. : * Inter-subject comparisons
« Intra-subject comparisons

+ Input to muscle-skeletal models

VAN |

Sensitive Reliable
Accuracy!!!!

1. Involve people in their working-age

2. Who underwent surgery for orthopaedic pathologies at the
shoulder 1

A -r:QI,.I

3. Use as primary measures
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Image 2: s c sloped by Prof. Garth Johnson at CRES
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Scenario 1

Video

1. The software lets the patient and the therapist see the sound side
pattern and allows the patient to follow it with the affected

2. The system + protocol allows to “Put the hands on the patient” and
let see the movement when controlled by the therapist, with an
actual reference

Conclusion

IMMS + protocol may become not just a
post-exercise measurement tool but a

“during mobilisation” support with video
bio-feedback
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Scenario 2

Video

ik stk |

Are you thinking...?

1. Given the protocol, which is the accuracy of the MT9B when used to
measure the upper-limb kinematics in comparison with a Vicon?

2. Are the anatomical / functional coordinate systems representative of the
actual kinematics of the subject?

3. Which is the inter-rater and intra-rater reliability of the protocol?

4. Which kind of activities will you ask your patients to do?

12
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ORIGINAL ARTICLE
Ambulatory measurement of shoulder and elbow kinematics
through inertial and magnetic sensors

Andrea Giovanni Cutti © Andrea Giovanardi -
Laura Rocchi + Angelo Davalli - Rinaldo Sacchetti
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