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All estimated intraclass correlations were good or 
excellent.

The smallest detectable change were unacceptably high 
for the variables: hip flexion, ankle dorsi flexion, knee 
varus, and frontal plane projection angle.

The smallest detectable change had acceptable levels 
for: both scaling variables, jump length, knee flexion, all 
ratio variables, frontal plane knee deviation, and frontal 
plane knee angle.

Overall all kinematic measures were found to be very 
different between the baseline and follow up. This 
indicates that the children, seen as a group, were moving 
very differently at the two test sessions.

The scaling and jump length variables had acceptable 
levels of both intraclass correlations and smallest 
detectable change.

Figure 2
Plotted motion capture data from a child performing a standing broad jump.
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Measured Variables
3D Scaling Constants:
• Hip to Hip distance
• Hip to Knee distance

Physical Performance:
• Jump Length

Ratio Kinematics:
• Knee Hip Ratio (Knee to Knee distance/Hip to Hip distance)
• Ankle Hip Ratio (Ankle to Ankle distance/Hip to Hip distance)
• Knee Ankle Ratio(Knee to Knee distance/Ankle to Ankle 

distance)

2D Frontal Plane Kinematics:
• Frontal Plane Knee Angle
• Frontal Plane Projection Angle
• Frontal Plane Knee Deviation

3D Kinematics:
• Hip Flexion
• Knee Flexion
• Ankle Dorsi Flexion
• Knee Varus

Figure 4
Overview of measured variables.

Figure 5

Estimates of intraclass 
correlations of absolute 
agreement are presented as 
dots. 95% confidence 
intervals are presented with 
error bars.

The colored background of 
the plots indicate the 
estimates as being: excellent 
(dark green), good (light 
green), moderate (yellow), or 
poor (red)1.

SDC (Smallest Detectable 
Change)

1Koo et al ,Journal of Chiropractic Medicine (2016) 15, 
155-163

• 72 children 

• 2 Standing broad jumps

• The longest jump was used 
for further analysis

• 1 week after baseline

• 67 children

• 2 Standing broad jumps 

• The longest jump was 
used for further analysis

Recordings of the longest 
jumps from the baseline 

session were scaled, tracked, 
and exported twice. 

The two exports were then 
compared in a repeatability 

analysis.

The longest jump from each 
session was compared in a 

Test-Retest analysis

Baseline Session Follow up Session

Instrumental Variation Biological +
Instrumental Variation

Interpretation Interpretation

The scaling variables and jump length measures were found 
to have acceptable levels of both instrumental and biological 
variation and can, therefore, be considered reliable.

All kinematic variables had high test-retest variation –
regardless of the level of instrumental variation. This 
suggests, that the biological variation of kinematics from 
jumping pre-school children is very high.

The potential clinical relevance of these kinematic measures 
is, therefore, questionable.

ConclusionBackground
• Measures of kinematics and gross motor function in pre-school 

children are of potential clinical relevance, but until now large scale 
studies into this area has not been feasible.

• Recent developments within the field of markerless motion capture 
have made large scale investigations into this research area possible 
and feasible.

• The aim of this study was to examine the instrumental and biological 
variability of kinematics and gross motor function measures captured 
using markerless motion capture equipment in a sample of pre-
school children. 

Markerless Motion Capture can Track Pre-School Children with low Instrumental Variation
- But the Potential Clinical Impact is Questionable

Methods
• 79 children (mean age in years: 5.1 (SD 0.8)) from 4 different 

kindergartens were included.

• Each child was instructed to perform two squats, two standing broad 
jumps, and walk 2x8 meters.

• The test session was repeated one week later.

• All movements were captured using markerless motion equipment.

• The equipment used was a Captury Live system with eight tripod-
mounted Blackfly 808x608 optical cameras connected via ethernet to 
a consumer grade PC with an NVIDIA GeForce GTX 1070 GPU.

• The analysis of instrumental and biological variation was conducted 
by calculating: limits of agreement, intraclass correlations of absolute 
agreement, and smallest detectable change.

Figure 3
Study design

Results: Instrumental Variation Results: Biological + Instrumental Variation

Figure 1
The Captury Live motion capture system, used to record the jumps.
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