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SUMMARY 

Understanding of mechanical behaviors of the human body is 

a challenge to take appropriate medical decisions (e.g. 

patient's diagnosis or treatment). To achieve this objective, 

two modeling approaches were studied and confronted in 

order to highlight the benefits and limitations of each approach 

to clinical problems. The biomechanical model is including 

anatomical geometries, anthropometrical data, mechanical 

properties and motion analysis data. A new type of model 

named meta-model is based on knowledge engineering 

representation, data mining and artificial intelligence methods. 

Orthopedic pediatric pathologies (Polio, clubfoot, cerebral 

palsy) were studied to evaluate the accuracy and robustness of 

these modeling approaches. Methodological confrontation 

through clinical benefits and limitations of each modeling 

approach and their complementarities were analyzed and 

presented. To conclude, even if input data and modeling of 

each approach are different, these two approaches are closely 

complementary for better understanding of musculoskeletal 

disorders leading to best diagnosis and treatment prescriptions.  

 

INTRODUCTION 

Human body is a complex system. Understanding of 

mechanical behaviors (e.g. joint functions, muscle 

coordination) of the human body, especially those of the lower 

limb during its movement is a big challenge (Zajac 1989).  

Clinically, this will help appropriate medical decisions 

(patient's diagnosis or treatment) or medical guidelines (i.e. 

recommendation for surgery or physiotherapy strategies) to be 

performed. Biomechanics musculoskeletal modeling including 

anatomical geometries, anthropometrical data, mechanical 

properties and motion analysis data allowed us to quantify 

objectively simulated motion-based parameters such as joint 

torques, muscle forces that cannot be measured 

experimentally. In addition, the combination of these 

simulated parameters with measurable parameters (e.g. joint 

angles, ground reaction forces) could be used to assess the 

“what if” question as well as to understand causes-effects 

relationship between musculoskeletal structures (e.g. segment, 

tendon, muscle) leading to best clinical diagnosis and 

treatment prescriptions.  

 

Besides, knowledge-based modeling is an alternative solution 

to understand and evaluate normal and abnormal mechanisms 

of the human body. Knowledge-based ontology becomes 

commonly an open assess synthesizing domain-based 

accumulated knowledge to reason, diagnose or give adequate 

decisions [2].   Data mining techniques (e.g. neural networks, 

decision tree, support vector machine, etc.) were used to 

mathematically establish the causal decision model from very 

high multi-dimensional data such as morphological parameters 

or clinical gait analysis data (kinematics, kinetics, and EMG 

signals) [3]. Moreover, the belief theory was used as a 

universal formalism to develop uncertain decision models 

such as belief decision tree in which uncertain and imprecise 

measurements were taken into account.  

 

The aim of this work was to study these two modeling 

approaches as well as their confrontation from clinical point of 

view. The first one concerns biomechanical model defined as 

a geometrical, kinematical and dynamical model. The second 

one deals with meta-model defined as a knowledge-based 

decision model applied to lower limb orthopedic pediatric 

applications. Note also that whatever type of model is, the 

objectives of a model are, on one hand, to simulate and 

understand the simplified system of interest - in this case, the 

human body. On the other hand, simulation results could be 

used to take appropriate medical decisions or to propos 

medical guidelines 

 

METHODS 

Development workflow of biomechanical model and meta-

model is illustrated in Figure 1.   

 

 
 

Figure 1:  Development workflow of biomechanical model 

(left) and meta model (right). 

 

The development of the biomechanical model relates to state-

of-the-art personalized musculoskeletal 3D modeling 

including following steps: (1) development of image-based 

(CT scan) musculoskeletal geometries and their personalized 

mechanical properties; (2) motion-based (VICON) protocol 

set up and gait data acquisition; (3) musculoskeletal 

calculation using inverse dynamic and forward dynamics 

algorithms (BGR. LifeMod) and (4) experimental validation. 

 

The development of the meta model deals with a new 

knowledge-based modeling methodology. This consists of 

following steps: (1) multi-dimensional data acquisition 

including all measurable data (image-based clinical 



morphological and mechanical properties, motion analysis 

(kinematics, kinetics and EMG signals) data; (2) development 

of predictive diagnosis model based on tree-based data mining 

methods (e.g. standard and belief decision tree); (3) ontology 

development to accumulate specific knowledge extracted from 

(2); (4) development of reasoning engine based on artificial 

intelligence techniques (like forward chaining) and end-user 

interfaces (diagnosis, treatment, and monitoring); (5) 

validation of the meta-model on  real  patient data.  

As clinical applications, biomechanical model was applied to 

study the orthosis effect of a Post Polio Residual Paralysis 

(PPRP) subject. Meta model was used to study the clubfoot 

(1000 cases: 105 moderate, 868 severe and 27 rigid) (Hospital 

of Robert Debré in Paris, France) [4] and cerebral palsy (10 

cases: 5 diplegia and 5 hemiplegia) (Rehabilitation Center of 

Bois-Larris, France) [5].   

 

RESULTS AND DISCUSSION 
Orthosis showed important impact on the kinematics (large 

joint amplitude, longer motion time) and kinetics (greater joint 

moment and reaction forces) results of biomechanical 

personalized PPRP model [6]. Moreover, due to strong 

influence (about 70 % [7]) of literature-based use of 

anthropometrical properties and muscle geometrical properties 

on the kinetics results, personalization of these properties 

using medical imaging was performed to improve the 

accuracy of simulation results, especially in case of 

pathological subject. However, image-based modeling deals 

with new sources of errors such as segmentation sensitivity 

due to partial effect of adjoining pixels leading to important 

impact on the kinetics results (about 75 % [8]).  

 

Meta model of clubfoot deformities was developed based on 

one-dimensional clinical morphological data such as equinus 

and varus deformity angles. A determinist decision tree was 

developed to perform clinical classification (moderate, severe, 

rigid) of clubfoot deformities. Adapted treatment and 

personalized monitoring of clubfoot were also generated [4].  

Concerning cerebral palsy, a belief predictive model was 

developed using multi-dimensional kinematics, kinetics and 

EMG data to classify the cerebral palsy subjects (diplegia and 

hemiplegia) [5]. Uncertain character of experimental measures 

was taken into account to calculate the probability of 

classification results.   

 

Methodological confrontation of biomechanical model and 

meta-model shows surprising and interesting remarks. First of 

all, biomechanical model is a personalized physical model 

describing the musculoskeletal structures (e.g. bone, muscle, 

tendon, and ligament) and their mechanical behaviors. 

However, many modeling assumptions (like muscle modeling, 

joint properties and functions) were performed. In fact, 

biomechanical model cannot integrate all accumulated 

knowledge (e.g. mechanical properties and behaviors) and 

experimental data due to their difficult implementations (e.g. 

appropriate formulation of mechanical behaviors, efficient 

algorithms, computing time, etc.). On the other hand, meta-

model is a predictive statistical model helping to take 

appropriate medical decisions. However, it can integrate all 

accumulated knowledge and data to improve the accuracy of 

the diagnosis, treatment and monitoring processes. Second, 

simulation results of biomechanical model are very high 

multi-dimensional. It is difficult to correlate these results in an 

intelligible manner. Consequently, the interpretation and the 

communication of these results are not obvious. Therefore, 

interpretation of meta model results is more intelligible thank 

to ontology representation and strong generalization ability of 

decision tree methods [3]. Third, biomechanical model is a 

good solution in the case of an uncommon pathology 

demanding a more sophisticated personalized model whereas 

meta-model is an appropriate solution for well-known 

statistical pathologies demanding a more generalized model 

(e.g. pertinent properties extracted from a representative 

population). Finally, simulation results of biomechanical 

model can be used as input data of meta-model. In this case, 

many subjects are needed to generate a sufficient 

representative database. Inversely, the classification results of 

meta-model can be used as a new format in order to 

communicate clinical findings between biomechanics 

operators/developers, medical experts (clinicians, doctors), 

and patients (their family). 

 

CONCLUSIONS 
For the first time, methodological confrontation of two 

different modeling approaches (biomechanical modeling and 

knowledge-based modeling) to clinical problem was 

performed. Clinical benefits and limitations of each modeling 

approach were analyzed and presented. Even if input data and 

modeling of each approach are different, these two approaches 

are closely complementary for better understanding of 

musculoskeletal disorders leading to best diagnosis and 

treatment prescriptions. Furthermore, the meta model is a 

more suitable solution to help clinicians in their decision-

makings and routine practices. 
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