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Introduction 

Musculoskeletal modeling and dynamic simulation have 

recently emerged as powerful tools to uncover the 

biomechanical causes of movement abnormalities and to 

design improved treatments [1]. Those models are usually 

driven by activation levels provided by the user. However, 

in practice muscles are controlled by higher order neural 

signals that originate from the central nervous system 

(CNS). Although musculoskeletal models are developed 

over the years, accurately validated and consequently 

widely used in the biomechanical community, their 

interface with the brain models seems to be an open area of 

research, especially in the local control imposed by the 

peripheral nervous system (PNS). The PNS provides an 

interface between the CNS and the environment perception 

through the sensory receptors feedback. To this end, we 

propose a novel unified neuromusculoskeletal model, 

which can help to investigate different hypothesis that are 

related to the nervous system and have a direct impact on 

the motor behavior. The models can be useful for both 

inverse and forward simulation, meaning that for a given 

motion we can extract the muscle activation signals or for a 

given set of controls to produce a motion trajectory. 

 

 
Figure 1. The control architecture of the PNS and the 

musculoskeletal system. The input to the system is the 

CNS command and the output is the motion trajectory. 

 

Methods 

The proposed sheme is composed by a musculoskeletal 

model and a PNS controller. The equations of motion of 

the system occur from the multibody theory and the muscle 

forces are coupled into these equations. The input to the 

muscle is an activation level and based on the state of the 

muscle, namely length, shortening velocity a force is 

produced on the bony segments of the skeleton resulting in 

a motion. The PNS is the hierarchical component which 

controls the activation level of the muscles, based on the 

sensory receptors feedbacks, the reflex loops and the 

command from the brain. There are three receptors 

feedback in our model: the Golgi tendon organs (GTO) 

which are force receptors, the Spindle organs (SO) which 

are length-velocity receptors and the Renshaw cells which 

are firing rate regulators [2]. The reflex loops play an 

important role in the synergistic-agonistic relationship 

between a pair of muscles.  

 

Results 

 

The proposed model is validated through inverse and 

forward simulation based on ether captured motion or 

computed muscle activations respectively. Ethics issues 

make difficult the verification of the PNS functionality on 

human models. A validation strategy is implemented as a 

study case which is based on the reflex loops. Namely, the 

patellar reflex is modeled accordingly by perturbing the 

sensory neuron in order to reproduce the chain of events. 

The simulation of the patellar reflex helps to inspect the 

internal process of the PNS control imposed on the 

muscles and to visualize the produced motion of the 

biomechanical model. 

 

Conclusion 

The proposed framework aims in a physiologically correct 

neuromusculoskeletal simulation. It is the authors’ belief 

that it will help in the investigation of neurological 

disorders which have an impact on the motor behavior 

such as ALS and Parkinson’s disease, where it is assumed 

that the PNS may have an important impact.  
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