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Reliability Verification of Shoulder Joint Range of Motion Measurement

Using OpenCV and Motion Capture
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As the population ages, the concept of active seniors has been emerging recently. Among various body parts that are
cared for by an active elderly, the shoulder has a unique exercise structure. Therefore, the incidence of shoulder injuries
might be high. In the case of a shoulder disease, the method of measuring the movement angle of the shoulder is mainly
used. To measure the movement angle of a shoulder accurately, a goniometer is used. In addition, we suggested self-
diagnosis, believing that if shoulder disease could be detected early through self-diagnosis, rapid treatment will be possible.
This paper measured and compared shoulder angles with the goniometer, OpenCV, and motion capture systems to
determine measurement errors between them. Through experimental results of this paper, the possibility of self-diagnosis
with precise measurement of the movement angle of a shoulder oneself with a goniometer was confirmed even if the

expert could not measure the shoulder angle.
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Fig. 1 Two motions to check for shoulder injuries (a) Forward
elevation, (b) External rotation

(b)

Fig. 2 Motion used at experiment (a) Forward elevation, (b)
External rotation

(a) (b)

Fig. 3 Example method of measuring goniometer (a) Forward
elevation, (b) External rotation
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0 X, X X
Fig. 4 Example of calculating first moment of area

A

y

(b)

Fig. 6 OpenCV system setting used in the experiment (a) OpenCV
system, (b) Forward elevation, (c) External rotation

HAIH Eg%ﬂ%mzéqaﬂumﬁqﬂg c Zlee
E g. 61} o] JAdste] = 46}3'14.

Fig. 7 Motion capture system used in the experiment (a) Motion
capture system, (b) Forward elevation, (c) External rotation
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Table 1 OpenCV experimental result (degree)

Measurement method  Measurement

Goniometer error

Ist OpenCV [%]

Rotator cuff te:ar forward 128.55 12779 0.59
elevation

Rotator cuff t.ear external 36.17 35.91 072
rotation

Uninjured forward elevation  169.92 168.24 0.99

Uninjured external rotation 80.37 79.69 0.85

Table 2 Motion capture experimental result (degree)

Measurement method  Measurement

Goniometer ~ Motion error
2nd capture [%0]
Rotator cuffte?ar forward 132,54 13328 0.02
elevation
Rotator cuff t.ear external 43.05 43.58 12
rotation
Uninjured forward elevation ~ 169.54 169.19 0.08
Uninjured external rotation 83.65 83.26 0.54
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Fig. 8 Shoulder angle measurement experiment result graph (a) Rotator cuff tear Forward elevation (b) Uninjured Forward elevation, (c)

Rotator cuff tear External rotation. (d) Uninjured External rotation
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