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Abstract. Musculoskeletal modeling is a powerful tool for analyzing human 
biomechanics during active movement. It has the ability to determine important 
kinetic data during motion such as muscle force, muscle activity and knee joint 
force. However, validation of these models need further study to determine the 
quality of their predictions. In the past, we validated the GaitLowerExtremity 
model (GLEM) of the AnyBody modeling system (AMS) by a series of 
experiments, where subjects walked normally, while their movements and EMG 
were measured. The movements were used by AMS to predict muscle activity, 
and these predictions were then compared by EMG activities. Although visual 
inspection showed a good comparison, quantitative comparison results were 
rather disappointing. We think that a more prescribed movement could result in 
a better comparison such as during one legged forward hopping (FH) and side 
jumping (SJ). In this study two variables were used to quantify muscle activity, 
number of onsets and offsets. The Kappa value (K) was calculated to determine 
the level of agreement. During FH, for all variables, 7 muscles showed a 
positive agreement and only one muscle showed a negative agreement. During 
SJ, for all variables, all muscles showed a positive agreement. This result 
demonstrates that during more prescribed movements, AMS predicts muscle 
activity much better than compared to our previous validation study during 
normal walking, even though some differences between AMS and EMG still 
did existed. 
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1 Introduction 

Numerical modeling such as AnyBody Modeling System (AMS) can be a 
breakthrough of many complexities of studying human biomechanics, since 
measuring them in vivo is still challenging nowadays [Delp. et al 2007; Komistek., et 
al 2005]. The GaitLowerExtremity model (GLEM) of the AnyBody modeling system 
(AMS) is capable to predict muscle forces and muscle activity by a series of 
assumptions. The influence of these assumptions is never determined, so the accuracy 
of these models is not known. We did a first attempt in determining the accuracy of 
GLEM by performing a walking test. In that study we compared the number of onset 
and offset between the predicted muscle activity by AMS with EMG. Visual 
inspection showed a reasonable match for most muscles, but after quantifying the 
results were disappointing. The main reasons for this were the type of movement 
[Wibawa, et al 2013], besides the assumptions and simplifications of the modeling 
process. To our opinion, a better way to compare predicted and measured muscle 
activity is to use a more prescribed movement like one legged forward hopping (FH) 
and side jumping (SJ). These movements have more defined moments in which 
muscles are active. So a better comparison between predicted and measured muscle 
activity could be possible.  

The main goal of this study was to validate quantitatively muscle activity predicted 
by AMS with EMG measurements during FH and SJ in eight lower limb muscles by 
calculating the level of agreement in number of onset and offset variable using kappa 
analysis. The novelty of this study is, proving our hypotheses that during more 
prescribed movement like FH and SJ, the validation result is better when compared to 
a walking test. 

2 Materials and Methods 

Ten healthy subjects participated in this experiment (age> 18 years). The 
characteristics of the subjects (6 males and 4 females) were: mean age of 29.8 ± 6.6 
years, mean body weight 67.7 ± 8.18 kg, mean body height 168 ± 4.6 cm. This study 
was approved by the Medical Ethical Committee of the University Medical Center 
Groningen (UMCG). Every subject signed an inform consent before performing the 
trials in the gait lab. 

2.1 Test Set-up 

This experiment was performed at a Gaitlab with a 9.0 m long walkway for 
performing FH and SJ, two force plates (BP400600-1000, AMTI, Watertown) with a 
sampling frequency of 1000 Hz and two video cameras (Basler A602 FC, DE). 
Recording, synchronising and analysis were performed with a motion system (Vicon 
Motion System, Oxford, UK). Sixteen reflective markers were attached to bony 
landmarks on both lower limbs [Davis et al 1991].  
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Non-invasive sEMG Zerowire electrodes (ConMedCleartrode ref. 1720-003, 
Aurion SRL, Milan, Italy) were used to record the activity of: Rectus Femoris (RF), 
Vasti Medialis (VM) and lateralis (VL), Semitendinosis (ST), Bicep femoris (BF), 
Gastrocnemius Medialis (GM) and lateralis (GL) and Tibialis anterior (TA). The 
EMG electrodes placement was based on the Seniam standard placement [Hermens et 
al 2000].  

2.2 AnyBody Modeling System (AMS) 

GLEM from AMS version 5.0 (AMMR.1.3.1) was used to model FH and SJ activity. 
EMG data was filtered using a Butterworth band pass filter with a frequency range of 
30-200 Hz and 6 Hz Low pass filter [Carlo J. De Luca et al 2010]. 

2.3 Comparison Strategy 

Before quantifying the number of onset/offset, EMG data were threshold two times. 
The first was min/max threshold to crop the graph. The second was the duration 
threshold. This threshold was defined as a position where the EMG signal has the 
same duration as AMS. For AMS graphs, there was only one threshold level (value of 
10-7) applied in order to define the zero level. Kappa analysis was used to calculate 
the level of agreement in both variables, number of onset and offset. 

3 Result 

During FH activity, from the 10 healthy subjects, two were excluded due to errors in 
marker trajectory data. Since every subject performed 3 good hopping trials, in total 
24 models of FH activity were analyzed, while in SJ the total model was 27 (obtained 
from 9 subjects). Results are shown in Fig. 1.  
 

 

Fig. 1. Kappa value of variable number of onset and offset during FH and SJ 
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4 Discussion and Conclusion 

When compared to the results of our previous study on walking, FH and SJ showed 
much better validation results. When we consider the kappa value (K), for walking 
there were only 3 muscles that showed a positive agreement in onset variable (VM, 
BF and TA), 4 muscles in offset variable (VM, VL, BF and TA). In this study for FH 
there were 7 muscles that showed a positive agreement (only TA did not). During SJ 
all 8 muscles showed a positive agreement, in all variables. So indeed a more 
prescribed motion improves the validation results.  

Despite the better agreement results, some differences are still present, mainly due 
to AMS-simplifications, like a fixed hinge as knee model. In general the GLEM-AMS 
predicts muscle activity during FH and SJ very well. Suggestions for improvement of 
AMS are inclusion of time delay between predicted muscle activity and EMG and 
improving the knee joint from a single hinge one to the one that mimics the 
anatomical movements. 
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