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Objective 
Musculoskeletal modeling and dynamic simulation have 

recently emerged as powerful tools to uncover the 

biomechanical causes of movement abnormalities and to 

design improved treatments. The objective of the work is to 

develop a clinical decision support system (DSS) that will 

help clinicians optimally plan the ACL reconstruction 

procedure in a patient specific manner. The proposed model 

is quantified using MRI recordings and measurements of the 

well-known Lachman test, on several patients with a torn 

ACL. The clinical potential of the proposed framework is 

demonstrated in the context of and flexion-extension, gait 

and jump actions. The clinician is able to modify and fine 

tune several parameters such as number of ligament 

bundles, insertion position on the tibia or femur and the 

resting length that correspond to the choices of the surgical 

procedure and study their effect on the biomechanical 

behavior of the knee. 
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Methods 
A full body model is developed in this study with 23 degrees 

of freedom and 93 muscles. Ten knee ligaments were 

incorporated and consequently modeled as non-linear and 

elastic elements, where the tension is mainly a function of 

its length. The tibiofemoral contact used is based on elastic 

foundation model, which uses a mesh to represent arbitrary 

surfaces in contact and calculates deformations and forces 

using a simplified bed of springs elastic model.  

The data originate from 30 young patients, age 

between 20-28 years old, average height and weight 1.78m 

and 78.3kg respectively. Different morphometric 

measurements were carried, along with the MRI recordings 

and the pre-surgical Lachman test in order to scale and 

calibrate the model according to the patient.  

Parameter estimation was carried in order to 

calibrate the model’s ligament parameters so as to produce 

a similar force-displacement curve as the one produced from 

the pre-surgical Lachman testneglecting the contribution of 

ACL bundles. We employed an optimization scheme based 

on the error function, defined as the distance between the 

experimental and the model’s displacement after simulation.  

Forward dynamics were utilized during simulation 

for predicting the model’s response to a given set of external 

forces, posture configuration and physiological parameters 

for different tasks, while prediction of the knee joint laxity 

and ligament’s stress was measured. 

Results 
We were successfully able to calibrate the model based on 

the experimental measurements and the pre-surgical 

Lachmant test. Different ACL reconstruction decisions 

were tested, such number of bundles, insertion position on 

the tibia and variation in the resting length of the ligaments, 

in the context of flexion extension, gait and jump action. 

Results show that we can evaluate the stability of the knee 

joint and the strain of the ligaments for different surgical 

decisions and to investigate their impact on different 

everyday tasks.  

Conclusion 
A computational model of both the kinematics and 

dynamics of the human knee is developed that is 

subsequently simulated for custom activities. The proposed 

scheme demonstrates how virtual physiological human 

(VPH) simulations can be used in a pre-surgical step for 

optimal planning of several parameters related to the 

surgical procedure. The effect of the chosen parameters on 

the motor behavior of the knee can be estimated through the 

proposed simulation scheme, thus leading to a powerful 

clinical decision support system. 


