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Introduction

Advances in motion capture technology include markerless
systems to facilitate valid data collection. Reliability of this
technology includes both biological and technological variability.

Purpose

The aim of this study was to determine the inter-device
technological reliability for a 3-dimensional markerless motion
capture system to quantify 214 basic kinematic variables.

Methods and Materials

Twenty healthy men (n =11, hgt = 181.0+7.2 cm, body mass =
87.7+11.1 kg, age = 26.8+£6.8 yrs) and women (n =9, height =
167.0+£6.6 cm, body mass = 62.716.9 kg, age = 24.2+7.3 yrs)
participated in this study. All subjects performed a standardized
test battery consisting of 29 different movements, from which
214 different kinematic metrics were derived. These variables
(with the number of variables in parentheses) included range of
motion in degrees for both the right and left shoulder (28), hip
(40), knee (26), and ankle (26). Also, torso rotation, flexion and
extension (28), lower limb summary flexion (26), knee valgus
(26), pelvis rotation (6), and lunge stride length (4). Cameras for
two three-dimensional markerless motion capture systems
(DARI Motion, Lenexa, KS) located immediately adjacent (3 cm
apart) to each other were utilized to quantify movement
characteristics. Independent sample t-tests with selected
reliability statistics (i.e., intraclass correlation coefficient, effect
sizes, mean absolute differences) were used to evaluate
agreement between the two systems (p<.05).

' Figures 1 & 2
Illustrations of
J]@F’ acquiring the image

SN using the 3-D
markerless motion
capture system
evaluated in the
present study.

Results

Table 1 — Comparison data for inter-device reliability (technical reliability) for 2 identical markerless motion capture systems. Results are
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Anatomical Motion

System 1

System 2

(X£SD or Mdn)

Anatomical Motion

System 1

System 2

(X£SD or Mdn)

Anatomical Motion

System 1

System 2

(X£SD or Mdn)

Shoulder Abduction

Shoulder abduction mobility, maximum left value (°) T

Shoulder abduction mobility, maximum right value (°) T
Shoulder Horizontal Abduction

Shoulder horizontal abduction mobility, maximum left value (°) T
Shoulder horizontal abduction mobility, maximum right value (°)

Shoulder Internal/External Rotation

Shoulder external rotation, maximum left value (°)
Shoulder external rotation, maximum right value (°)
Shoulder internal rotation, maximum left value (°)
Shoulder internal rotation, maximum right value (°)

Shoulder Flexion/Extension

Shoulder flexion, maximum left value (°) T
Shoulder flexion, maximum right value (°) T
Shoulder extension, maximum left value (°) T
Shoulder extension, maximum right value (°)
Forward Fold
Forward fold - thoracic flexion, maximum value (°) T
Forward fold - lumbar flexion, maximum value (°) T

Trunk Rotation

Thoracic rotation, maximum left value (°)
Thoracic rotation, maximum right value (°)*
Lumbar rotation, maximum left value (°)
Lumbar rotation, maximum right value (°)

Trunk Lateral Flexion

Thoracic lateral flexion, maximum left value (°)
Thoracic lateral flexion, maximum right value (°)
Lumbar lateral flexion, maximum left value (°)
Lumbar lateral flexion, maximum right value (°) T

Reverse Lunge with Rotation

Thoracic rotation, maximum left value (°)
Thoracic rotation, maximum right value (°)
Lumbar rotation, maximum left value (°)
Lumbar rotation, maximum right value (°) T
Thoracic flexion, maximum left value (°)
Thoracic flexion, maximum right value (°)
Lumbar flexion, maximum left value (°)
Lumbar flexion, maximum right value (°)
Standing Hip Abduction

Hip abduction, maximum left value (°)

Hip abduction, maximum right value (°)
Bilateral Squat
Squat COM depth value (cm) T

Hip flexion, maximum left value (°)
Lower extremity flexion, sum left value (°)
Lower extremity flexion, sum right value (°)
Trunk flexion value (°)
Hip adduction, left value (°)
Hip adduction, right value (°)
Dynamic valgus, left value (°)
Dynamic valgus, right value (°)
Overhead Squat
Overhead squat COM depth value (cm)

Overhead squat hip flexion, maximum left value (°) *

Overhead squat hip flexion, maximum right value (°)
Overhead squat knee flexion, maximum left value (°)
Overhead squat knee flexion, maximum right value (°)
Overhead squat ankle flexion, maximum left value (%)
Overhead squat ankle flexion, maximum right value (°)
Overhead squat lower extremity flexion, sum left value (°)
Overhead squat lower extremity flexion, sum right value (°)
Overhead squat, trunk flexion value (°)

Overhead squat hip adduction, left value (°)

(°)
(°)

Overhead squat dynamic valgus, right value (°)

Overhead squat hip adduction, right value

Overhead squat dynamic valgus, left value

Unilateral Squat

Unilateral squat COM depth, left value (cm)

Unilateral squat COM depth, right value (cm) T

Unilateral squat hip flexion, maximum left value (°) T
Unilateral squat hip flexion, maximum right value (°) T
Unilateral squat knee flexion, maximum left value (°)
Unilateral squat knee flexion, maximum right value (°)
Unilateral squat ankle flexion, maximum left value (°)
Unilateral squat ankle flexion, maximum right value (°)
Unilateral squat lower extremity flexion, sum left value (°)
Unilateral squat lower extremity flexion, sum right value (°)
Unilateral squat lateral trunk flexion, left value (°)
Unilateral squat lateral trunk flexion, right value (%)
Unilateral squat pelvic obliquity, left value (°)

Unilateral squat pelvic obliguity, right value (°)

Unilateral squat hip adduction, left value (°)

Unilateral squat hip adduction, right value (°)

Unilateral squat dynamic valgus, left value (°)

Unilateral squat dynamic valgus, right value (°)

Forward Lunge

Forward lunge stride length, left value (cm) T
Forward lunge stride length, right value (cm)
Forward lunge trail hip extension, left value (°)
Forward lunge trail hip extension, right value (°)
Forward lunge hip flexion, maximum left value (°)
Forward lunge hip flexion, maximum right value (°) T

Forward lunge knee flexion, maximum left value (°)

179.3
178.5

37.1
446 +195

84.3+£11.0
92.7£10.0
70.1+£18.38
68.5+16.4

182.5
183.6

534

544 £16.6

33.1
55.6

348+7.7
29.8

13537
149+3.6

30.3+6.2
30.5
15.4+£3.0
15.7

186 +£12.2
13.7£10.3
88+59
10.9
14.0£6.6
14.4 6.7
204 +£99
200+£9.6

48694
526+8.1

50.6

946 +145
263.3 £ 25.7
2654+ 265
45.1+8.7
3.84+3 57
2.82+4 32
6.21+4 .93
71.80£6.84

48.7 £8.3
108.7

104.1

1284 +£13.4
1293 +11.8
39.6+10.0
40699
273.6+£29.3
267.2 £ 247
39.7+7.0
4.76 £4.18
3.82+3.48
6.26 £ 4.87
6.48 £2.71

30.5+£9.1
34.3
75.2

76.4
101.3+154
106.3+13.4
39.1+10.8
40.2+10.6
210.9+ 358
219.3+32.1
7.876+ 6.68
4.503 +6.39
0.995+8.74
4.0+15.1
18.8+78
21.1+85
259+1238
245+ 18.8

78.5
81.5+10.8
385+1738
445+ 17.7
78.1+14.2
77.0

117.3

178.3
1771

34.4
4123+16.1

8541123
92.4+9.8

703+£181
69.5+15.3

182.7
186.5

54.3
54.1+155

341
57.8

33.6+8.0
28.3

13.5+338
140+ 3.4

284+58
259
141+3.1
13.0

236+119
20.3+£10.0
10.6+4.6
11.6
121+5.4
13.2+55
18.1+8.38
19.3+9.1

50.6£11.1
515+94

51.2

105.0+ 14.0
269.0+21.3
263.2+22.7
443+ 8.6
4.39+43.28
2.95+4.73
5.06+3.27
6.54+4.22

50.6£9.6
1154

107.8
128.5+ 145
1281+ 146
37.1£86
37.7£ 1.7
275.7+35.7
270.1+34.0
39.2+6.9
4.92+3.64
3.75+4.04
556+ 295
6.54+3.94

30.2+£8.7
32.6
85.0

84.4
100.0+14.4
104.3+14.1
38.0+8.3
36.8+9.1
217.8+313
222.5+329
8.14+4.74
527+5.55
225+6.70
25+10.8
155+6.4
21.1+6.9
335+144
21.7+13.7

81.4
833+114
37.0+191
42.7+19.1
77.8+17.6
77.4

115.3

Forward Lunge (cont’d)

Forward lunge knee flexion, maximum right value (°)
Forward lunge ankle flexion, maximum left value (°)
Forward lunge ankle flexion, maximum right value (°) '
Forward lunge lower extremity flexion, sum left value (°)
Forward lunge lower extremity flexion, sum right value (°) *
Forward lunge lateral trunk flexion, left value (°)
Forward lunge lateral trunk flexion, right value (°)
Forward lunge pelvic obliquity, left value (°)

Forward lunge pelvic obliquity, right value (°)

Forward lunge hip adduction, left value (°)

Forward lunge hip adduction, right value (°)

Forward lunge dynamic valgus, left value (°)

Forward lunge dynamic valgus, right value (°)

Lateral Lunge

Lateral lunge stride length, left value (cm)

Lateral lunge stride length, right value (cm) *

Lateral lunge trail hip abduction, left value (°)

Lateral lunge trail hip abduction, right value (°)

Lateral lunge knee flexion, maximum left value (°)
Lateral lunge knee flexion, maximum right value (°) ¥
Lateral lunge ankle flexion, maximum left value (°)
Lateral lunge ankle flexion, maximum right value (°)
Lateral lunge lower extremity flexion, sum left value (°)
Lateral lunge lower extremity flexion, sum right value (°)
Lateral lunge hip flexion, maximum left value (°)

Lateral lunge hip flexion, maximum right value (°)
Lateral lunge trunk flexion, left value (°)

Lateral lunge trunk flexion, right value (°)

Lateral lunge pelvic obliquity, left value (°)

Lateral lunge pelvic obliquity, right value (°)

Lateral lunge hip adduction, left value (°)

Lateral lunge hip adduction, right value (°)

Lateral lunge dynamic valgus, left value (°)

Lateral lunge dynamic valgus, right value (°)

Vertical Jump

Vertical jump center of mass height (cm)

Vertical jump eccentric phase hip flexion, maximum left value (°)
Vertical jump eccentric phase hip flexion, maximum right value (°)
Vertical jump eccentric phase knee flexion, maximum left value (°)

Vertical jump eccentric phase knee flexion, maximum right value (°)

Vertical jump eccentric phase ankle flexion, maximum left value (°)

Vertical jump eccentric phase ankle flexion, maximum right value (°)

Vertical jump eccentric phase lower extremity flexion,

sum left value (°)
Vertical jump eccentric phase lower extremity flexion,

sum right value (°)
Vertical jump center of mass eccentric depth (cm) *
Vertical jump eccentric phase dynamic valgus, left value (°)
Vertical jump eccentric phase dynamic valgus, right value (°)
Vertical jump landing hip flexion, maximum left value (°)
Vertical jump landing hip flexion, maximum right value (°)
Vertical jump landing knee flexion, maximum left value (°)
Vertical jump landing knee flexion, maximum right value (°)
Vertical jump landing ankle flexion, maximum left value (°)
Vertical jump landing ankle flexion, maximum right value (°)
Vertical jump landing lower extremity flexion, sum left value (°)
Vertical jump landing lower extremity flexion, sum right value (°)
Vertical jump landing dynamic valgus, left value (°)
Vertical jump landing dynamic valgus, right value (°)

Drop Jump

Drop jump landing ankle flexion, left value (°) *

Drop jump landing ankle flexion, right value (°) ¥

Drop jump landing knee flexion, left value (°)

Drop jump landing knee flexion, right value (°)

Drop jump landing hip flexion, left value (°)

Drop jump landing hip flexion, right value (°)

Drop jump landing lower extremity flexion, sum left value (°)
Drop jump landing lower extremity flexion, sum right value (°)
Drop jump landing stiffness COM depth (cm)

Drop jump landing dynamic valgus, left value (°)

Drop jump landing dynamic valgus, right value (°)

Static Vertical Jump (concentric only)

Static VJ center of mass height (cm)

Static VJ hip flexion, maximum left value (°)

Static VJ hip flexion, maximum right value (°)

Static VJ knee flexion, maximum left value (°)

Static VJ knee flexion, maximum right value (°)

Static VJ ankle flexion, maximum left value (°)

Static VJ ankle flexion, maximum right value (°)

Static VJ lower extremity flexion, sum left value (°)
Static VJ lower extremity flexion, sum right value (°)
Static VJ center of mass eccentric depth (cm) *

Static VJ dynamic valgus, left value (°)

Static VJ dynamic valgus, right value (°)

Static VJ landing hip flexion, maximum left value (°)
Static VJ landing hip flexion, maximum right value (°)
Static VJ landing knee flexion, maximum left value (°) ¥
Static VJ landing knee flexion, maximum right value (°)
Static VJ landing ankle flexion, maximum left value (°)
Static VJ landing ankle flexion, maximum right value (°)
Static VJ landing dynamic valgus, left value (°)

Static VJ landing dynamic valgus, right value (°)

Static VJ landing lower extremity flexion, sum left value (°)
Static VJ landing lower extremity flexion, sum right value (°)
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116.8+9.4
26.4+£8.7
27.6
220.4+£20.3
226.3
1.6+£6.2
23+%5.1
3.8+10.7
39+94
10.9+4.9
16.9+7.6
20.5+13.6
29.8+14.9

99.4+10.3
99.6
42.5+6.5
40.1+10.3
1145

120.0
34.7+11.3
39.4+135
250.6
250.3+37.0
91.4+15.1
90.5+18.0
459+10.2
46.7+9.6
5.4+10.8
9.6+8.2
-15.1+11.5
-16.4+13.6
6.91+4.5
7.4+26

19.3+10.9
66.1+19.5
62.6+17.1
99.0+17.6
100.6 £ 18.4
40.8+12.2.
37.2+13.1
207.2

205.7£32.2

19.3
9.9+6.0
8.0x4.1
37.1+26.3
34.5+255
82.5+23.2
82.2+225
36.3+10.2
39.1+£8.7
152.3+49.2
152.7+44.0
23+%538
44+79

44.7

45.0

103.6 +15.6
102.3+15.0
442 +27.0
39.9+26.0
185.6 £ 53.5
187.4 + 38.9
29.6£8.7
89+11.3
5.6 +£10.0

66.1+19.5
62.6+17.1
99.0t17.6
100.6 + 18.4
32.2
37.2+13.1
198.0+41.3
200.4 £40.3
15.9
8.0+5.6
89+6.3
37.1+26.3
34.5+255
77.9
79.1+19.5
36.3+10.2
39.1+8.7
24+93
29+6.7
152.3+49.2
152.7+44.0

1169+ 7.8
260+7.1
25.4

217.7 £ 20.3
222.6
1.1+6.3
1.6+£5.0
0.2+10.3
35+79
9.8%6.1
14.7+7.4
15.8+13.1
26.7+13.4

99.6 +10.6
98.1
43.3+9.1
443+7.3
114.0

113.2
33.8+10.2
36.3+10.8
236.9
246.4 £ 36.2
95.3+15.9
93.9+18.8
46.4 +10.0
47.1+9.0
4.7+10.9
5.4+10.0
-16.8+11.1
-12.7+10.4
7.4+4.13
7.0%25

18.9+10.5
70.4+21.3
68.7+19.8
97.3+15.9
96.6+17.0
38.6+7.3.
32.7+7.6
207.9

204.2+29.9

18.9
6.0+4.3
10.0+4.6
47.4+25.8
459+24.0
80.7+22.0
79.1+20.9
35.3+8.6
35.8+8.2
160.4+46.4
157.9+41.4
-1.3+£5.38
5.0+8.6

40.6

40.1
100.9+15.0
99.8+15.0
47.8+27.2
46.9+25.2
190.6 +41.8
189.3 +40.9
29.1+84
2.81+7.8
12.3+13.3

70.4+21.3
68.7+19.8
97.3+15.9
96.6 +17.0
311
32.7+7.6
199.2+34.1
198.0+£35.3
155
6.1+£4.8
9.5%£5.9
47.4 £25.8
459+24.0
74.1
76.3+16.9
35.3+8.6
35.8+8.2
08+7.7
58+8.5
160.4 + 46.4
157.9+41.4

Unilateral Vertical Jump

Unilateral VJ center of mass height, left value (cm)
Unilateral VJ center of mass height, right value (cm)
Unilateral VJ hip flexion, maximum right value (°)
Unilateral VJ knee flexion, maximum left value (°)
Unilateral VJ knee flexion, maximum right value (°)
Unilateral VJ ankle flexion, maximum left value (°)
Unilateral VJ ankle flexion, maximum right value (°)
Unilateral VJ lower extremity flexion, sum left value (°)
Unilateral VJ lower extremity flexion, sum right value (°)
Unilateral VJ dynamic valgus, left value (°)

Unilateral VJ dynamic valgus, right value (°)

Unilateral VJ landing hip flexion, maximum left value (°) '
Unilateral VJ landing hip flexion, maximum right value (°)
Unilateral VJ landing knee flexion, maximum left value (°)
Unilateral VJ landing knee flexion, maximum right value (°) '
Unilateral VJ landing ankle flexion, maximum left value (°) T
Unilateral VJ landing ankle flexion, maximum right value (°)
Unilateral VJ landing lower extremity flexion, sum left value (°)
Unilateral VJ landing lower extremity flexion, sum right value (°)
Unilateral VJ landing dynamic valgus, left value (°)

Unilateral VJ landing dynamic valgus, right value (°)

Lateral Bound

Lateral bound landing ankle flexion, left value (°) *

Lateral bound landing ankle flexion, right value (°) *

Lateral bound landing knee flexion, left value (°)

Lateral bound landing knee flexion, right value (°) *

Lateral bound landing hip flexion, left value (°)

Lateral bound landing hip flexion, right value (°)

Lateral bound landing lower extremity, sum left value (°)
Lateral bound landing lower extremity, sum right value (°) '
Lateral bound landing center of mass depth, left value (cm) *
Lateral bound landing center of mass depth, right value (cm) *

Multi-Hop

Multi-hop eccentric phase hip flexion, maximum left value (°)
Multi-hop eccentric phase hip flexion, maximum right value (°)
Multi-hop eccentric phase knee flexion, maximum left value (°)
Multi-hop eccentric phase knee flexion, maximum right value (°)
Multi-hop eccentric phase ankle flexion, maximum left value (°)
Multi-hop eccentric phase ankle flexion, maximum right value (°)

Multi-hop eccentric phase lower extremity flexion, sum left value (°)
Multi-hop eccentric phase lower extremity flexion, sum right value (°)

Multi-hop stiffness depth, left value (°)
Multi-hop stiffness depth, right value (°) T

9.6+7.5
9.4+4.7
51.6

77.3
82.3+12.1
31.9
32075
158.6 + 46.8
159.6£32.1
21.3+1238
23.0+11.7
25.9
35.1+16.0
63.3+16.3
67.7

34.3
31.0+£10.5
1249 +40.3
141.0
8.4+9.3
10.2 +8.2

28.6

30.2
69.6+12.6
68.6
43.3+25.8
42.4+22.6
140.5 +40.9
155.4

13.3

14.2

11.9

10.8 +13.7
54.0+£9.9
54.0+£9.6
33.6

31.6

96.6 £ 26.6
96.0 £ 26.2
6.714.2
6.8

9.5+7.0
9.5+4.2
55.7

79.9
81.7+10.8
34.4
33.2+5.8
167.6 £ 36.5
166.4 £ 30.5
18.3+7.6
26.8+9.7
311
36.8+15.3
62.7+16.5
65.9

36.9
333+%7.3
134.1 +39.5
141.6
7.9+8.3
11.8

30.7

27.9
69.3+12.6
69.5

50.6 + 26.2
51.2+239
150.6 + 38.1
155.5

12.9

14.0

17.2
142+13.4
50.8+9.2
50.7+9.4
36.9

34.8

101.0 £ 29.2
98.4+23.8
6.3+3.2
6.2

T not normally distributed, non-parametric statistical analysis; * p < .05

Discussion & Conclusion

generalize study findings beyond the s
technology and software used in this investigation.

These results indicate almost all of the kinematic
variables measured demonstrated high technical
reliability. Readers should be cognizant that this
technological reliability is in part movement and
metric dependent and is independent of movement
variability (biological) from when a subject performs
repeated testing. Caution is advised w

nen trying to
necific

Practical Application

Given the technological reliability reported in this
study, as well as the logistical and time-related
limitations associated with marker-based motion
capture systems, these data provide support for the
use of markerless motion capture technology to
reliably measure movement characteristics of athletes
and patients with greater ease.

hses.ku.edu/research/labs/jayhawk-
athletic-performance
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