


I. INTRODUCTION 

Clearly described initial boundary conditions of validation experiments are crucial for the level of trust we can 

develop in biofidelic Active Human Body Model (AHBM) simulations. To optimise baseline muscle controller 

parameters, it is important to characterise fully relaxed volunteer behaviour, while investigator’s means of 

provoking a common level of relaxation are limited. The influence of a heterogenic level of body tension on 

volunteer muscle and kinematic response has been described differentiating between relaxed and braced, i.e., 

in [1]; but even within a group of supposedly relaxed volunteers, a wide spread in kinematic responses has been 

observed, challenging AHBM muscle controller validation [2]. Among personal influence factors such as age, 

level of discomfort, pre-experience and motivation, uncontrolled or insufficiently described boundary 

conditions, such as subject positioning, may affect experimental validation data quality. The present study has 

investigated if the spread in kinematic response within a relaxed volunteer group in a simple setup can be 

explained by subject temporal awareness and thus, be reduced to a more homogeneous data set. For this, a test 

series of sudden passive flexion of the knee joint was replicated with clearly described boundary conditions [2].  

II. METHODS

Nine male volunteers aged 27±6 years and close to the 50th percentile in height (1.77±0.02 m) and weight 
(78±3 kg) participated in this study. All test procedures were approved by the Ethical Committee of the Medical 
Faculty of Ludwig-Maximilians University, Munich, Germany. Trying to best replicate the test setup presented in 
[2], volunteers were seated on a table, the upper body was supported at 40°. The pelvis was comfortably 
restrained with a lap belt to minimise the thigh and upper body forward motion due to lower leg inertia. The left 
lower leg was flexed initially; the right heel was positioned on a hatch. Following individual anthropometry, the 
knee angle was positioned so that the thigh was loaded initially to minimise soft tissue motion distorting the 
desired isolated lower leg motion. For safety, lower leg contact area with the table after knee flexion was 
cushioned. The hatch was caught after the first drop to minimise rebound and contact risk with the foot. Both 
security measures were explained and demonstrated to the volunteers to elevate their trust. Body positioning 
was protocolled in detail and followed meticulously for each test run. A manual switch triggered the start of the 
experiment, releasing the hatch via an electromagnet and starting wireless Electromyography (EMG) and lateral 
High-Speed-Camera recording (both at 2000 Hz). Each volunteer performed eighteen gravity-induced knee 
flexions in total, with two independent test condition modifications: different additional ankle weights and the 
presence of a countdown. All conditions followed a pre-defined quasi-random alternating sequence for each 
volunteer. From these, the six repetitions performed without any additional weight are presented here, three 
including counting down three seconds before hatch release (aware) and three without countdown but starting 
within 60 seconds (unaware). The volunteers were asked to completely relax for the trials. EMG recorded major 
trunk and lower extremity muscle activity. EMG raw signal processing included band pass filtering, smoothing 
and rectification, related to maximum voluntary isometric contractions [3]. As an indicator for kinematic 
response, fall time was defined as the malleolus marker reaching its 65 ° position with the centre of rotation at 
the knee joint marker and the initial position of the malleolus marker set as 0 ° (Figure 1). Preliminary results 
focus on the right vastus lateralis (VL) muscle activity influence on fall time. By comparing three fall time values 
each per condition per volunteer, no trend hinting for habituation neither within volunteer nor within condition 
was seen. Therefore, the median fall time value per condition per volunteer was used for first analysis. 
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III. INITIAL FINDINGS

In total, 162 trials have been performed successfully, whereof 54 are presented here. In the aware condition, 

slightly elevated VL activity was present in one subject. In the unaware tests, five volunteers showed VL activity 

at different levels decelerating knee flexion. Kinematic responses can be seen in Figure 2. In general, median fall 

times show a replication of the spread and overlap with [2], whereby the majority of the present fall times range 

above earlier findings. Longer fall times are associated with deceleration due to resisting muscle activation. In 

one trial, high VL activity was detected whereby passive flexion decelerated to zero, thus leading to an 

exceptionally high fall time. Providing the volunteers with a countdown reduced leg fall times and narrowed fall 

time spread.  

Fig. 1. Illustration of fall time calculation at 65 ° knee 

flexion (solid line) with the centre of rotation at the 

knee joint marker and the initial position of the 

malleolus marker set as 0 ° (dashed line) 

Fig. 2. Fall times (ms) for aware and unaware test 

conditions (n=9, median value of 3 repetitions for each 

condition) (left) compared to literature (n=72, median 

value of 10 repetitions) (right) [2].  

IV. DISCUSSION

Based on preliminary observations, we could confirm that volunteers seem to have different abilities to relax 

during an experiment depending on the information about the timing of experiment initiation. Muscle activity 

and kinematic parameters highlight intra- and inter-individual differences, which are not suspected to relate to 

sex, age, anthropometry or initial posture. Four volunteers could realise the desired non-resisting passive knee 

flexion seemingly unaffected by the state of temporal awareness. The majority of volunteers showed negligible 

activity when provided with a countdown. As a result, in the present study, temporal awareness seemed to 

foster a relaxed response. Alerting volunteers, we were able to reduce the probability for resisting muscle 

activity. The intensity of this effect on kinematics is individual but a tendency to decelerate passive knee flexion 

without countdown is obvious. The influence of awareness on assisting activity in the biceps femoris muscle and 

agonistic/antagonistic co-contraction as well as muscle onset latency are currently under investigation. The 

authors hypothesise that unawareness towards start of the experiment could modulate volunteers’ muscle 

onset latency. More data are needed to statistically undermine the preliminary observation and discuss it in 

view of a study stating no differences in kinematics with and without temporal awareness [4]. Based on 

preliminary results, the authors suggest including temporal awareness in future tests, depending on set-up and 

purpose narrowing down response spread and engage relaxed volunteer behaviour to optimise muscle 

controller baseline level.  

Regarding the fall times, the present study population appears to flex passively slower than in literature. This 

could be associated with differences in the test setups, as some details were missing in [2]. In addition, 

differences in measuring the fall time may affect direct transfer. Nevertheless, we assume comparison of fall 

time spread between both test series to be permissible. Against expectations [5] [6], subject habituation with 

repeated exposure, resulting in attenuation of muscle or kinematic response, was not observed so far. We 

cannot rule out, that a possible learning effect was mitigated not only by randomisation of the two independent 

test conditions but also superimposed by the effect of awareness of the initiation of the experiment. 
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The generated experimental data can be used to define and optimise muscle parameters for AHBMs such as 

the co-contraction and basic activation, as e.g. in [7] [8]. For the latter, different levels should be considered. In 

addition, the precisely described boundary conditions and homogeneous test group may help reducing 

uncertainties in the design of muscle controller and the relaxed responses enable shifting research focus on 

improvement of passive soft tissue properties.  
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