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Investigation for Shoulder Kinematics Using Depth Sensor-Based
Motion Analysis System

Ingyu Lee, M.D,, Jai Hyung Park, M.D., Ph.D., Dong-Wook Son, M.D., Ph.Q., Yongun Cho, M.D. *,
Sang Hoon Ha, M.D., and Eugene Kim, M.D., Ph.D.”

Department of Orthopaedic Surgery, Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine, Seoul, *Department of Orthopaedic
Surgery, Konkuk University Chungju Hospital, College of Medicine, Konkuk University, Chungju, Korea

Purpose: The purpose of this study was to analyze the motion of the shoulder joint dynamically through a depth sensor-based motion
analysis system for the normal group and patients group with shoulder disease and to report the results along with a review of the relevant
literature.

Materials and Methods: Seventy subjects participated in the study and were categorized as follows: 30 subjects in the normal group
and 40 subjects in the group of patients with shoulder disease. The patients with shoulder disease were subdivided into the following four
disease groups: adhesive capsulitis, impingement syndrome, rotator cuff tear, and cuff tear arthropathy. Repeating abduction and adduction
three times, the angle over time was measured using a depth sensor-based motion analysis system. The maximum abduction angle (8,,,,).
the maximum abduction angular velocity (). the maximum adduction angular velocity (w,,,) . and the abduction/adduction time ratio (t,,,/
t,q1) were calculated. The above parameters in the 30 subjects in the normal group and 40 subjects in the patients group were compared. In
addition, the 30 subjects in the normal group and each subgroup (10 patients each) according to the four disease groups, giving a total of
five groups, were compared.

Results: Compared to the normal group, the maximum abduction angle (,,,), the maximum abduction angular velocity (®,). and the
maximum adduction angular velocity (w,;,) were lower, and abduction/adduction time ratio (t,,,/t.,) Was higher in the patients with
shoulder disease. A comparison of the subdivided disease groups revealed a lower maximum abduction angle (6,,,) and the maximum
abduction angular velocity (@) in the adhesive capsulitis and cuff tear arthropathy groups than the normal group. In addition, the
abduction/adduction time ratio (t,,./t.s) Was higher in the adhesive capsulitis group, rotator cuff tear group, and cuff tear arthropathy group
than in the normal group.

Conclusion: Through an evaluation of the shoulder joint using the depth sensor-based motion analysis system, it was possible to measure
the range of motion, and the dynamic motion parameter, such as angular velocity. These results show that accurate evaluations of the
function of the shoulder joint and an in-depth understanding of shoulder diseases are possible.

Key words: shoulder, range of motion, kinect, dynamic, angular velocity

A

_ Received February 7, 2020 Revised February 19, 2020 Accepted April 10, 2020 o7l {4 5 H(range of motion}= AMWE9] 7|5 F7F L

““Correspondence to: Eugene Kim, M.D., Ph.D. . . 12) =
Department of Orthopaedic Surgery, Kangbuk Samsung Hospital, Sungkyunkwan AEZ ofgffste H 2of F83 YAAH il Hpolt B
University School of Medicine, 29 Saemunan-ro, Jongno-gu, Seoul 03181, Korea o= HolE =A5}y 3l Uukd o 2 4] =4 vpHel Z+
TEL: 482-2-2001-1820 FAX: +82-2-2001-2176 E-mail: eugene0809 kim@samsung.com & = =4e] 7o 9 - fef o o .
ORCID: https://orcid.org/000-0002-5979-3389 717} o] &= gt oy A Bl 4Tl E Bt SHS

The Journal of the Korean Orthopaedic Association Volume 56 Number 1 2021 Copyright © 2021 by The Korean Orthopaedic Association

“This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.”



69

Measurement of Shoulder Range of Motion in Patients Using Kinect

H

A 5 9 Aoz wszon, AwEel 8%
37 91ah el ALg Y
e 2] aAte) Ay
B} 22 ole] 8450 IFL
27} gebA AR A@Ao] ol
T ofo] ¥l Zlo] AA] 7]t Bt A
274 wpie A8 B4 AAlste] o)
245 5 Q7] uho] AR bo] 24
A O
N

=
N]\q_.u-w)

_?43_ =]
=2 —T1 O
=]

3o S4

o A 6-10
"k 5= 9o

filo
AN
o

ot
ol

u

N rir
O]I
o ok

r

e
X

)

o)

rOlt é
m

> 9

/\] AH]

o
>

T

5

Bl oof oo
o 49

N
H1
1o
b
i o

B4 AR AT 9N Ale] wet Zgste] SE 9
S ES} g $7HQl £ S W 4 U2
B AToAE o] AN JI3 FAF BA AATE o 85to]
A % A W LF W ohlet 44 50| 54 &
59 245 Stk A4 AR olske AnEo 52
Ao vwsle] &% 71 W7k EREA Zol X J1u 5
24 A2810) §-84€ AL, § Yot ofe] And 4

5] EAo] Qo]

= o
l‘&%fmo
oX,

_?L
fr

jus)
g
K
T

= =)
2 e i
1. 20| MM 7|5 SEF 2A A AR 7|uE £ g

A SA Y-S Tetalr] sl EA1E Kinect-V2 (Microsoft,
Seattle, WA, USA; 2014)5 S3f m3Ao] Ad YA 4 &
214S Q1451 Kinect-V2+& QA4S WA & FEote
= A|7Htime of flight)2 &7%5= RGB-D sensors 3 3+
2] 1 G 5T & ). d2d(deep-learning) 71&
4 Z9t I (kalman filter)E 283 215 POM checker
(Team Elysium, Seoul, Korea; 2018)Z £33 A & 37-d9] 9]
A& FA3oto] HolHE AUtHFig. 1A). $39 B8 7
A|skaL Zlo] AlA 718t 52 B A ARIE S83t AA| Q14 A
Ao &4 &2 +d5t7] sl Aol AlA 7IRE 58 4 Al
AHIO] QAL AW} 20 F 1.5 m oA Lo AR5t =
A AT AglE 2 mE Y5 cHFig. 1B).

o] AAE Bl Y B2 Zlo] Yo =R F 2539

B s
2 9] A2 QAR 5 9lon], QAT B £ g ol ]

H(vector) 1t9] W4 &5 Z4EE SHT 5= AUATH 2 A-lA
= 4349 7% E S5 WA 1Eol FAZ
& 23 WE|(spine vector)2} I W E](arm vector) 7He] ZH=
=739 HFig. 10).

O

it

M

2. of7j

I O E HIQ| =X
HE 25 Hel 53

—

- i_w_:

FAEE T AL A B AQde ol EAY] 2 4 BE A7 ST dE
of Q412 virfsh= ERoAHZ A4 & o] Foji Rolu 4
------------------- Shoulder
Flexion / Extension
Abduction / Adduction
Rotation
Lateral / Medial rotation
Trunk  ======-=-=---F S| S - - - -~ ==----~ Elbow

Flexion / Extension
Supination / Pronation

Flexion / Extension
Abduction / Adduction

Hip
Flexion / Extension
Abduction / Adduction

Knee
Flexion / Extension
Lateral / Medial rotation

©

Figure 1. (A) Kinect-V2 (Microsoft, Seattle, WA, USA; 2014). (B) The location of the depth sensor-based motion analysis system was installed at a
distance of 1.5 m to the ground, and the distance to the patient was fixed at 2 m. (C) In order to measure the angle of the shoulder joint, a spinal
vector connecting the center of the cervical joint and the hip joint was used, and the angle between the spine vector and the arm vector was measured.
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Figure 2. Kinetic measurements in the normal groups: abduction angle
(thick line) and velocity (thin line) for one repeated shoulder abduction
of a typical subject collected using Kinect-V2. The variables include
the maximum abduction angle (6,,,), maximum angular velocity during
abduction (wy,,), angular velocity during adduction (w,y,), time during
abduction (t,,,) and time during adduction (t,q)-
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Table 1. Comparison of the Range of Motion and Angular Velocity
between Patients with Shoulder Disease and a Normal Group

Normal group

Patient group

Characteristic (n=30) (n=40) p-value
Ornax () 165.4+7.7 122.6+38.0 0.012
Oy (°/9) 342.9+90.0 191.6+93.6 <0.001
®nin (°/9) -301.9+85.6 -226.7+72.3 0.023
te/ L 0.9+0.3 2.1+1.2 <0.001

Values are presented as mean=standard deviation. 0,,, maximum
abduction angle; o, maximum abduction angular velocity; gy,
maximum adduction angular velocity; t,,/t., time ratio between
adduction and abduction.
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Table 2. Comparison of the Range of Motion and Angular Velocity between Patients with Shoulder Disease and the Normal Group with One-Way
ANOVA

Characteristics ~ Normal group (n=30) AC group (n=10) IS group (n=10) RC group (n=10) CT group (n=10)
O (©) 165.4+7.7% 83.9+34.6™ 161.0+10.6 140.3£24.9° 107.0+21.3%
Onax (°/9) 342.9+90.0' 110.9+37.5"" 263.8+80.0" 254.0+73.6% 115.4+43.0%
O (°/9) -301.9+85.6 -182.4+64.4 -239.4+68.5 -275.3+71.0 -183.0+15.8
(I 0.9+0.3™ 2.7+2.0 1.5+0.4 1.9+0.6" 2.1+0.6"

Values are presented as mean=standard deviation. *"Pairs of data marked with the same alphabet mean a statistically significant difference. AC,
adhesive capsulitis; IS, impingement syndrome; RC, rotator cuff tear; CT, cuff tear arthropathy; 0,,,, maximum abduction angle; @, maximum
abduction angular velocity; ,,,, maximum adduction angular velocity; t,,,/t,., time ratio between adduction and abduction.
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Figure 3. Kinetic measurements in the patients with shoulder diseases. (A) Rotator cuff tear group. (B) Adhesive capsulitis group. (C) Impingement
syndrome group. (D) Cuff tear arthropathy group.
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