N

N

A modal approach for the soft tissue artefact
mathematical representation in optimal joint kinematics
estimators
Tecla Bonci, Valentina Camomilla, Raphaél Dumas, Laurence Cheze, Aurelio

Cappozzo

» To cite this version:

Tecla Bonci, Valentina Camomilla, Raphaél Dumas, Laurence Cheze, Aurelio Cappozzo. A modal
approach for the soft tissue artefact mathematical representation in optimal joint kinematics estima-
tors. XIII International Symposium on 3D Analysis of Human Movement, Jul 2014, LAUSANNE,
Switzerland. 4 p. hal-01743790

HAL Id: hal-01743790
https://hal.science/hal-01743790
Submitted on 26 Mar 2018

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01743790
https://hal.archives-ouvertes.fr

BONCI, Tecla, CAMOMILLA, Valentina, DUMAS, Raphaél, CHEZE, Laurence, CAPPOZZO, Aurelio, 2014, A modal
approach for the soft tissue artefact mathematical representation in optimal joint kinematics estimators, XIII International
Symposium on 3D Analysis of Human Movement, LAUSANNE, SUISSE, 2014-07-14, 4 p

A modal approach for the soft tissue artefact
mathematical representation in optimal joint
kinematics estimators

Bonci T.%% Camomilla V!, Dumas R?, Chéze L? Cappozzo A!

! Department of Movement, Human and Health Sciences, Universita degli Studi di Roma “Foro Italico”,
Rome, Italy
2Université de Lyon, F-69622, Lyon; IFSTTAR, LBMC, UMR_T9406, Bron; Université Lyon 1,
Villeurbanne, France

Abstract- Soft tissue artefact (STA) compensation is the main problem when aiming at optimal bone-
pose estimate. Given the complexity and specificity of this phenomenon, its compensation can only rely
on its general features. This study aims at investigating the effect on joint kinematics estimation of
different STA mathematical representations and related degrees of approximation. A modal approach
and three different STA definitions (individual marker displacements, MD; marker -cluster geometrical
transformations, GT; skin envelope shape variations, SV) were used. Direct measure of thigh and
shank STAs from running volunteers, with both skin and pin markers, were used to test which
representation and approximation allowed the best improvement of knee kinematics estimate. For both
GT and SV definitions, rms errors in knee kinematics were reduced to below 10% of reference rms
values, when eleven and fourteen modes wer e used to approximate thigh and shank STA, respectively.

Keywords- stereophotogrammetry; mathematical models; knee kinematics.

1. INTRODUCTION

Optimal bone pose estimators (and therefore joint kinematics estimators), that use data obtained through
stereophotogrammetry and skin markers, aim at compensating for the so-named soft tissue artefact (STA).
They should rely on a mathematical representation of the STA that adequately approximates it and embeds a
sustainable number of parameters. Few models have been proposed, based on observable task-specific
biomechanical features, such as joint angles; nevertheless, they either model STA in a simplistic fashion [1], or
require the identification of too large a number of parameters [2]. In a model perspective, the number of these
parameters should decrease while approximating the whole STA phenomenon taking into account its main
features. For this purpose, STA time histories can be represented using a modal approach, allowing to split the
STA field into additive components (or modes), associated with an STA definition: individual marker
displacements (MD), marker-cluster geometrical transformations (GT), or skin envelope shape variations (SV)
[3]. These modes can be ranked, according to their relative contribution to the whole phenomenon, and
selected, leading to different degrees of approximation of the STA reconstruction [3]inFvoum running

data [4], using both skin and pin markers, modes were defined and ranked for the three STA above-listed
definitions. To find the most appropriate STA mathematical representation for embedment in a pose estimator,
this study investigates how, for each STA definition, removing an increasing number of modes from STA, i.e.
improving the STA approximation to be embedded in pose estimation, improves accuracy of joint kinematics
estimates.

2. MATERIAL AND METHODS

Experimental data

Experimental data were collected from three male volunteers [4] (age 27.7 + 2.1 years, mass 85.5 + 9.6 kg,
stature 186 + 10 cm), who carried intracortical pins inserted into lateral tibial condyle and lateral femoral
condyle with three markers on each pin. Five skin markers were glued on the thigh and four on the shank. A
system of three video-cameras was used to track marker trajectories (sampling frequency: 200 frames/s). Five
running stance phase trials were acquired for each volunteer and an additional static trial was captured in the
upright posture. Intracortical pin marker-clusters and calibrated anatomical landmarks were used to define
relevant anatomical reference frames (AFs) [5].

STA mathematical representations

For each segment reference STA vectors were reconstructed fomthskin markers in the corresponding
relevant AF as function of timek &1:n) and used to build STA fieldg;(k). To splitV;(k) into additive



components (modes: amplitudé(k) and direction®!), a modal approach was used considering the three
STA definitions [3] (i.e., basis of vecto{d)i’}) mentioned earlier: MD, GT, and SV. For each dgdin, in
order to model STA with a sustainable number ofapaaters, STA fields must be represented with some
approximation. This approximation can be perforriiting the number of modes used to model STA with
the proposed mathematical representation. Wherleated number of modes is embedded in a bone-pose
estimator, the estimate is, thereafter, affectdg by the residual portion of the phenomenon, nmobedded

in the model, and the accuracy of the relevant jkiimematics increases. This is assumed to be alguit/to
removing the modeled portion of STA from skin markeajectories ¥;(k)).

For each STA definition, the contribution of eaclhASmode was evaluated. The modes were ranked
according to their relative contribution (i.e., dehation energy) to the whole phenomenon. For sagment

i, the deformation energy of each mddeas calculated as:

n

1= (@w) .

The total deformation energy (i.e., the enekrgly ttuall 3*m; modes) of each segmentwas normalized by
the relative number of markensy. This normalization allowed to perform a singlekiag in a decreasing
order of both thigh and shank modes and the nozedldeformation energies.{m;) were summed one by
one (i.e. cumulative representation). Ranked madae sequentially removed from the respective thigh
shank STA field, mode by mode, according to thatied contribution to the whole phenomenon. Fotheac
definition, residual STA fields were obtained initarative way
Vitk) = Vi(k) — ai (k) @}
Vi) = Vi(k) - af i) @ @,
7T = TR — ) () @)™
thus representing an STA residual field with desirggenergy content.

Knee joint kinematics

Knee reference joint angles (flexion/extension, BbBgluction/adduction, AA; internal/external rotatidER)
were calculated at each frame of the trial usimgrétevant AFs and the Cardan convention [6]. Refes knee
displacement components (lateral/medial, LM; aotébsterior, AP; proximal/distal, PD) were caldath
with a non-orthonormal projection on the joint atioate system (i.e. the axes about which the jangles
were computed) of the vector going from the ceofethe epicondyles, as calibrated in the refergrasture
with respect to the femoral AF, to the same paatfibcated with respect to the shank AF [7].

Knee kinematics were computed from raw data (fanfV;(k)) and for each STA definition (MD, GT, SV)
for STA models with increasing level of approxinoati i.e. for residual STA field with a decreaseergy
content, as obtained with (2). Using an SVD appnpaechnical reference frames were obtained froim sk
marker-clusters W; (k) or V;(k)). To define AFs affected by residual STA fieldslilrated anatomical
landmarks and technical reference frames were tsechiculate knee kinematics [5]. For each of the
kinematics estimates thus obtained, the rms disténoen the reference kinematics was calculated. &ffeet

of the STA field reduction was represented normadizhe rms distance of the STA propagation to knee
kinematics with the rms value of the reference (R/SE%).

Satigtical analysis

Descriptive statistics were obtained representiedfive-number summary statistics (minimum, loweartile,
median, upper quartile, and maximum) using boxspldhter-quartile ranges (IQR) were calculated as
difference between upper and lower quartiles. Stesi were performed over all trials and volunteers

3. RESULTS

Cumulative deformation energy values of the rartkégh and shank modes for the mentioned STA dédimst

are shown in Fig. 1.

RMSE% median values, for knee kinematics calculatsidg raw data (i.e., froif;(k)), were 11% (IQR:
7%), 79% (IQR: 60%), 51% (IQR: 14%), for FE, AA ,REknee angles, respectively; for the same angles,
reference median rms values were 22, 4 and 5 depectively. Concerning LM, AP, PD knee displacemien
RMSE% median values were 114% (IQR: 347%), 118%R(1Q24%), 238% (IQR: 567%), and reference
median rms values were 4, 5 and 5mm, respectively.

RMSE% values obtained for the knee kinematics utiiegproposed STA definitions and increasing leegls
STA approximation are shown in Fig. 2-4. Results sttown only in the range from 0% to 100%, assuming
that higher RMSE% values would in any case leadtadly unreliable kinematic estimates.



Cumulative deformation Energy [%]

Figure 1. Box-plots of cumulative deformation eygrin percentage, normalized by the number of evark
and the total deformation energy, for the thigh ahdnk segments, for the ranked modes (for eaahaind

......

STLLLILLLLLLY

41

sv
Lzgee
@?

....................

g

|

>

>

Number of modes

Number of modes

volunteer) using the MD, GT and SV definition.

Figure 2. Box-plots of RMSE% values for the kn@eknatics using the MD definition, removing from
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Figure 3. Box-plots of RMSE% values for the kn@eknatics using the GT definition, removing fréfy(k)
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Figure 4. Box-plots of RMSE% values for the kn@eknatics using the SV definition, removing fréfi(k)
the ranked thigh and shank modes.

4. DISCUSSION

The aim of this study was to identify a STA defmit and approximation able to grant reasonablet join
kinematics accuracy while using a feasible numbiggavameters. For this purpose, the propagatioknés
kinematics of STA residual fields with decreasimgrgy content was evaluated for three STA defingidl he
RMSE% values of the knee kinematics have been shownprove, when removing an increasing number of
modes fronV;(k), for all the proposed definitions, but with diffet decreasing patterns.

Current results suggest that an appropriate nuaabetitype of modes could be selected by settingessttild

for the knee kinematics error reduction. To obtailRMSE% value lower than 10%, all modes (27) are
necessary for the MD definition (Fig. 2), where&sven modes for GT (Fig. 3) and fourteen modesSdr
(Fig. 4) are sufficient. These modes represent 10%%6 and 99% of the total STA deformation enefgy,
MD, GT and SV definition, respectively (Fig. 1). ilefore, MD definition does not seem to be the most
appropriate modal approach to be embedded in bose estimators, exhibiting slower trend and moderat
RMSE% value reduction as the number of modes iseseaas compared to the other two definitions. The
latters , instead, allow for an acceptable tradebefween STA compensation effectiveness and nuraber
modes, relative to knee kinematics accuracy anchtineber of parameters. This opens an interestiagaso

for further work to be performed by using the Ia&& A definitions in STA models for bone-pose estions.

5. ACKNOWLEDGMENT

The authors thank A. J. van den Bogert from Clewtl&tate University for kindly providing the rungidata.
This research was supported by a grant providethéyUniversita di Roma “Foro ltalico”, call 2012h&
travel fund granted to Tecla Bonci by the Mediteaan Office for Youth is gratefully acknowledged.

6. REFERENCES

[1] Alexander, E. J., Andriacchi, T. P., 2001. @Gating for deformation in skin-based marker systeins
Biomechanics, 34 (3), 355-361.

[2] Camonmilla, V., Cereatti, A., Cheze, L., Cappoza., 2013. A hip joint kinematics driven modet fo
the generation of realistic thigh soft tissue atéd. J. Biomechanics, 46 (3), 625-630.

[3] Dumas, R., Camomilla, V., Bonci, T., Cheze, Cappozzo, A., 2014. Generalized mathematical
representation of the soft tissue artefact. J. Bdmnics, 47 (2), 476-481.

[4] Reinschmidt, C., Van Den Bogert, A. J., Nigg,., Lundberg, A., Murphy, N., 1997. Effect of ski
%szement on the analysis of skeletal knee joinienaduring running. J. Biomechanics, 30 (7), 729—

[5] Cappozzo, A., Della Croce, U., Leardini, A.,i@t, L., 2005. Human movement analysis using
stereophotogrammetry. Part 1: theoretical backgtoGait & Posture, 21 (2), 186-196.

[6] Grood, E. S., Suntay, W. J., 1983. A joint atioate system for the clinical description of theee-
dimensional motions: application to the knee. &ni&ch. Eng., 105 (2), 136-144.

[7] Desroches, G., Chéze, L., Dumas, R., 2010. &gion of joint moment in the joint coordinate
system. J. Biomech. Eng., 132 (11), 114503: 1-4.


https://www.researchgate.net/publication/265346974

