ECCOMAS Thematic Conference on Multibody Dynamics
June 29 - July 2, 2015, Barcelona, Catalonia, Spain

Triceps surae biomechanical parameters identification using the Markov
Chain Monte Carlo Method

Claudio B. Heine, Luciano L. Menegaldo

Biomedical Engineering Program
Alberto Luis Coimbra Institute of Research in Engineering (COPPE)
Federal University of Rio de Janeiro
Av. Horécio Macedo 2030, CT-H338, CEP 21941-214, Rio de Janeiro-RJ, Brazil
claudioheine@yahoo.com; Imeneg@peb.ufrj.br

Abstract
A common application for musculoskeletal models is the estimation of muscle forces, which cannot be
directly measured noninvasively. A Hill-type muscle model comprising four ordinary differential
equations (1) has been used by our group to estimate muscle forces from EMG signals. The inputs for
this model are the neural excitation (u) and the musculotendon actuator velocity (vyr), and the
dynamic states are the activation (a), the tendon force (F+), the length of the contractile portion of the
muscle (Ly) and the length of the musculotendon actuator (Ly7). Such models also depend on many
biomechanical parameters to be defined, some of them subject-specific. Some of these parameters are
the maximum isometric force (Fom), the tendon slack length (Lst) and the muscle-fiber pennation
angle (a).
a=wu-—a)ku+k,)

Fr = ky (Byr — Dy cos @) 1

ZMT = Umr

The aim of this work is testing a formulation for the subject-specific identification of Lsr and a. for the
3 muscles of the triceps surae, based on experimental tests with an isokinetic dynamometer: the set of
parameters which the simulations best match the dynamometer measured joint torque x time curve, for
a known input, is, presumably, the correct ones. Thus, the identification problem can be interpreted as
an inverse problem, considering that the results are known (the joint torque curve), and what is sought
are the problem parameters that lead to that result. In this paper, the experimental torque will be
simulated through the numerical integration of Equations (1) with known parameters, which will be
identified and compared to its known values, as the numerical validation of the approach.

Joint torques measured by the dynamometer present errors and uncertainties. For this reason, to
simulate the experimental data, a normal (Gaussian) distribution of the torque has been considered.
The mean of the distribution is the deterministic solution of the model calculated with known
parameters, and the standard deviation was assumed as 2.5 N.m, based on [1].

The Markov Chain Monte Carlo method (MCMC) was used to solve the inverse problem, by
identifying the muscle parameters using the Metropolis-Hastings algorithm [2]. The convergence of
the Markov chain was verified by the Gelman-Rubin method [3].

The burn in period of the generated Markov chains was discarded, according to Gelman-Rubin
method. New chains were generated, all combined in a single one, from which each desired parameter
was calculated. The initial guess of a values was randomly selected within the range between +15% of
the nominal and for Lst + 5%.

Figure 1 shows the Markov chain of the soleus pennation angle. It can be observed that the whole
feasible range of the parameter value can be assumed by the estimation. Figure 2 shows the a
posteriori frequency histogram, indicating a tendency towards a uniform distribution. The Markov
chain of the Lst estimates shows convergence to a few specific values (Figure 3); the corresponding
frequency histogram can be observed in Figure 4. Table 1 shows the known and the identified
parameters values, the 95% confidence interval, and the absolute difference between the known and
the identified values.

The histogram tendency towards a uniform distribution for the pennation angle is related to the low
sensitivity of this parameter. Inversely, Lsr is a high sensitivity parameter [4]. It is interesting to
observe that this parameter shows much closer estimation compared to o (Table 1). This result
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suggests that the proposed methodology is a promising approach for finding sensitive individual

parameters of muscle models from experimental torque data.
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Figure 1: Markov chain of soleus a, showing Figure 2: A posteriori frequency histogram of
that the whole range of the allowed values was soleus a, indicating a tendency towards a
occupied by the possible parameter value uniform distribution
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Figure 3: Markov chain of Lsr of the soleus Figure 4: A posteriori frequency histogram of
showing the convergence to a few specific soleus Lst showing the convergence to a few
values specific values

Table 1: Biomechanical parameters; (s) soleus, (mg) medial gastrocnemius, (Ig) lateral gastrocnemius;
o is measured in radians and Lgt in meters

Biomechanical Parameter
a(s) | omg) | o) Lst () Lst (MQ) Lst (19)
Known 0.4363 | 0.2967 | 0.1396 0.2680 0.4080 0.3850
Identified 0.4225 | 0.2713 | 0.1624 0.2665 0.4134 0.3861
Cl (95%) [0.2622;0.2708] | [0.4078;0.4190] | [0.3841;0.3881]
Difference (%) | 3.16 8.54 16.36 0.56 1.31 0.28
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