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1. Summary

The main aim of this thesis was to improve the testing of the single-leg stance (SLS) balance 
performance and lay the foundation for practical applications in sport. There is a need to 
close the gap between laboratory tests and implementation in sports practice. Chapter 
1, the general introduction, discussed the relationship between force plate recordings 
of balance tests with sports performance and injuries. The unperturbed bipedal stance 
has limited sensitivity to detect differences between groups of healthy individuals, while 
the SLS test distinguished between athletes who exercise at different levels. In addition, 
fatigue and injuries, such as ankle sprains, anterior cruciate ligament (ACL) ruptures and 
concussions, lead to a reduced performance on the SLS test. Even more so, a limited SLS 
performance was associated with ankle sprain risk as well. The literature showed that 
quantifying the balance performance is not easy. Force plate recordings are used in most 
studies, but force signals were processed in multiple ways. The average speed of the center 
of pressure (COPspeed) was consistently one of the most reliable and sensitive measures 
to detect abnormal performance. However, the average magnitude of horizontal ground 
reaction forces normalized to body weight (HGRF) also seems to be a good measure.

In Chapter 2, the effect of leg preference on SLS performance was investigated among 
hockey players who played at a competitive level. We analyzed various methods to assess 
the preferred leg. The participants were instructed to perform the following tasks on 
one leg: to step on a wooden box, hopping as high as possible, kicking a ball on a goal, 
balancing on a wobble board and picking up marbles with the toes to put in a cup. The 
leg that was chosen to perform a task was considered the preferred leg. It was shown 
that the preferred leg was dependent on the leg preference task used, so “the preferred 
leg” does not exist. Furthermore, regardless of the task used to evaluate leg preference, 
there was no significant effect of leg preference on SLS performance. Due to a relatively 
small sample size, we cannot exclude any effect, but confidence intervals showed a small 
effect at most. In conclusion, leg preference is context-dependent and we could not 
demonstrate relevant effects on SLS performance. 

In Chapter 3, the SLS performance was compared between field hockey players who 
recovered from an ankle sprain in the past six months and a control group who had not 
been injured. It was found that there was no difference in SLS performance (COPspeed, 
HGRF and average angular velocities of the ankle and hip) between the two groups. In 
addition, a cluster analysis was performed to identify a group of athletes with reduced 
SLS performance within the group of recovered athletes. The history of the ankle sprain 
was assessed on the basis of a questionnaire. It was shown that a self-reported history 
of (partial) ankle ligament rupture was typically present in the cluster with athletes 
who exhibited poorer SLS performance. These results suggest that athletes who have 
just recovered from an ankle sprain and before that sustained a severe ankle sprain are 
susceptible to limitations in balance performance.
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Reference data is needed to apply the SLS test to assess performance. Because the SLS 
performance depends on age, sport type and sport level, we estimate in Chapter 4 the 
age-matched z-scores of SLS performance (COPspeed) and their reliability in 133 elite 
male youth soccer players (9 to 18 years old) of the AFC AJAX youth academy. A z-score, 
(value - average) / SD, represents the deviation of the performance of the individual from 
the average of the group. The SLS performance was shown to improve with age, with 
lower COPspeed values   and lower variance between players in the older age groups. 
The age-matched z-scores were very reliable, regardless of age. Furthermore, we have 
determined a threshold value for abnormal change in long-term performance (i.e., critical 
difference). We showed that the estimated critical difference of the z-score varied from 
1.72 for one repetition to 1.34 for five repetitions (outcomes of both legs on average). The 
critical difference makes it possible to detect abnormal SLS performance so that players 
with a (temporary) deterioration of the sensorimotor function can be identified.

Chapter 5 elaborates on the choice of performance parameters for SLS with regard to 
force plate recordings (COPspeed, COPsway, HGRF) and joint angles (average angular 
velocity and standard deviation of angles) of the ankle, knee and hip. With an instruction 
to stand on one leg as motionless as possible, it was assumed that all parameters used 
would reflect the SLS performance. Therefore, the extracted overlapping information of 
all parameters, determined by principal component analysis, was used as a reference for 
a validity assessment. In a sample of active field hockey players, it was shown that HGRF 
had the highest (excellent) validity and reliability and should preferably be applied. The 
second best parameters with good to excellent reliability and validity were the average 
angular velocities of the hip and ankle, while COPspeed was the second best force plate 
parameter. Moreover, it does not seem necessary to separate the parameters in orthogonal 
directions. Also, the parameters based on velocity generally showed better validity and 
reliability than the parameters based on deviations around a setpoint.

In addition to SLS, the single-leg jump landing tests (DJ) have become increasingly 
popular. In Chapter 6 we determined whether the static phase after a DJ landing on a force 
platform can serve as a proxy for SLS performance. This would increase the application 
possibilities of the DJ task. Our results showed that, within a sample of physically active 
adults, the balance performance calculated from 5 s to 20 seconds after the DJ landing 
cannot be considered interchangeable with the SLS performance of 15 s. The difference 
seemed to be caused by a lower precision of the COPspeed and HGRF for the DJ task, and 
by a learning effect for the SLS performance, which was absent for the DJ task. However, 
the agreement seems to be sufficient to regard the static phase of a DJ task as a proxy for 
SLS performance.

In DJ tests on a force plate, various ground reaction force parameters are used to describe 
the performance of the participant on the test. Commonly used parameters are the peak 
landing forces, time to stabilization (TTS) and dynamic postural stability index (DPSI). In a 
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previous study, it was shown that following landing the largest reduction in postural sway 
(HGRF) was present during a time period of 0.4-2.4s, while a further small reduction in HGRF 
was observed during 3.0-5.0s. It is currently unknown how TTS, DPSI and HGRF are related 
and how they relate to static balance performance. In Chapter 7, the DJ tasks of 190 elite 
soccer players showed that the three TTS measures (vertical: TTS-V; anteroposterior: TTS-
AP; mediolateral: TTS-ML), and HGRF during dynamic and static time periods provided a 
significant overlap of information. However, the moderate relation between TTS and static 
balance outcome measures indicates that the DJ-test and SLS-test are not redundant. The 
DPSI was very strongly related to peak vertical impact force. This indicates that the DPSI 
does not provide information about the ability to stabilize posture following landing, but 
reflects the kinetic energy absorption during impact.    

In Chapter 8.1 we compared the COP measurement of SLS balance tasks between a 
laboratory grade force platform (FP) and a Nintendo Wii Balance Board (WBB). This was 
done to assess the feasibility of large-scale implementation of SLS-tests. The COP data was 
collected simultaneously by placing the WBB on the FP. Based on three times (eyes open, 
eyes closed, after lateral hop) ten sequences of SLS runs by fourteen healthy individuals, 
it was shown that the COP trajectory was very similar between the two devices. We found 
small mean differences expressed in the quadratic mean difference between FP and WBB. 
The correlation of the COP between the devices was also very high. However, outcome 
measures, such as the average COP speed and COPsway, were constantly overestimated 
by the WBB, probably due to the fact that the WBB does not measure the horizontal 
GRF. Given the variance of the SLS performance within one individual, the WBB can be 
considered sufficiently accurate to assess SLS performance through COP outcomes.

In Chapter 8.2 we respond to a critical assessment by Pagnacco et al. of Chapter 8.1. 
Pagnacco et al. claim that our conclusions in Chapter 8.1 were not justified. Their main 
argument is that the inaccuracy of the WBB compared to FP is relevant and that the WBB 
should therefore not be used in clinical practice. In a response (Chapter 8.2) we state that 
the inaccuracies that we found were small in comparison with the existing within-subject 
and between-subject variability, which is why abnormal performance levels of individuals 
on the SLS test are probably equally well detected by FP or WBB. This could bridge the gap 
between laboratory testing and large-scale longitudinal monitoring of SLS performance. 
It is therefore worth to consider accepting the shortcomings of the WBB in favour of the 
possibility of large-scale on site balance measurements.


