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abstract 

The paper investigates and surveys current developments, theories and algorithms developed to drive the core analysis modules of publicly available and possibly industrially leading software used to model musculoskeletal structure of anatomic joints. Currently available modelers offer modeling based on idealized engineering joint types.  In turn this implies that joint modeling is an extension of their core analysis capability which in every case, it appears to be musculoskeletal motion dynamics. The paper investigates current capabilities and practices with an intention of showing that an analysis framework which is focused on human joints would have significant benefit and potential to be used in many orthopaedic applications.  The local mobility of joints has a significant influence in human motion analysis especially in relation to understanding of joint loading, tissue behavior and contact forces.  However in order to develop a bone surface based joint modeller, there are number of major problems from tissue idealizations to surface geometry discretization and nonlinear motion analysis. 
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introduction 
Multi body modeling is essential in various research areas such as robotics, biomechanics, ergonomics and general engineering. In terms of biomechanics it is a challenge to understand the kinematics and dynamics of multi body musculoskeletal systems.  Thus, in kinematic and dynamic based modeling of the musculoskeletal structures, kinematic joint modeling, deformable tissue (muscle, ligament, and cartilage) modeling, and finding tissue line of actions, contact dynamics and collision detection and response techniques are required. From anatomic point of view, real human joints are kinematically unconstraint joints that allow 6DOF between articulating bone surfaces. However many industrially available analysis software treat the joints as standard mechanism joints, such as spherical and revolute and etc.  In real life, constraining factors that restrict the joint movement are strong ligaments, tendons and muscles that surround joints tightly……….  

literature survey 
Articulated Multi body Modeling
Many pioneering researchers have studied dynamic joint modeling for upper limb 15-17 and lower limb extremities 18-22.  Furthermore, graphics based kinematic and dynamic musculoskeletal modeling techniques have been applied through commercial multi body dynamics software such as Anybody23, SIMM 2, 24, 25 (Software for Interactive Musculoskeletal Modelling, Musculographics Inc., IL, USA) Lifemod/BodySIM26 and VIMS 27……….
Modeling of Deformation 

The modeling of deformation is commonly performed based on physical and geometrical methods. In surgical simulations, the deformation modeling of biological tissues32 is essential. In terms of physical based deformation, many engineering materials and most of the biological tissues (passive skeletal muscle, tendon, ligament, and cartilage) are represented by combination of Newtonian viscous fluid and Hookean elastic solid constitutive equations. Due to both elastic and viscous properties of biological tissues, they are generally modeled as viscoelastic materials.  Most commonly used linear viscoelastic material models are Maxwell model, Kelvin-Voigt model and Burger model. 
Line of Action Modeling
In addition to the modeling of biological tissue deformation, description of moment arms and line of actions are important factors in modeling of musculoskeletal structures. Transferring moment arm knowledge into medical treatments, surgical applications, pre and post processing of surgical treatment reveals significant importance. For example, ligament and muscle-tendon moment arm knowledge yields to understand accurate loading and the range of joint articulations and help surgeons to plan for tissue reconstructive surgery or tissue transfer surgery, for the best treatment to satisfy normal tissue length and resultant moment arms as in normal joints. Without an accurate line of action modeling, post operative limbs can exhibit abnormal joint articulations due to altered tissue length that can result wrong moment arms, and inconvenient interaction with other surrounded tissues and bone……… 
theory/Problem Formulation 
In the proposed linear unconstrained (6dof) joint model, force deflection relationship is linear and the system geometry remains almost unchanged due to the very small motion applications.  This approach leads to describe the multi body system as linear.  The purpose of developing the linear multi body system is firstly for finding the initial equilibrium positions of joints and secondly (which is more important) for introducing the concept of the joint stiffness.  By means of the joint stiffness concept, a new formulation is introduced for the assessment of anatomic joint stiffness as a quantitative description of joint stability and joint laxity.  In the linear dynamic formulations, the multi body system is introduced by considering two rigid bodies, each body possessing 6DOF mobility.  Spring and/or spring-dashpot attachments are used in order to connect the bodies and analyse the system as a jointed mechanism. In order to assemble the equations of motion, the internal forces acting on individual bodies need to be calculated.  The assembly of equations is carried out with tconsidering the body i and body j connected by spring kp.  The bodies are rigid and all inertial properties are assumed to be known.  The body i and body j are shown in Fig. 3.1. 
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Figure 3.1 Body i and body j are in contact and connected by spring kp
results and discussion 
Half Sine acceleration acting on T1

A half sine shock applied on T1, in other word the T1 motion was constrained to move with an acceleration in –x direction.  This is equivalent of car crashing into an obstacle.  The result will be compared later in a greater detail but at this stage there are observations which give some validity to the results.  Head having the largest movement is what was expected, the main movement is in the x direction and all 9 bodies move with a linear velocity following the initial acceleration.  The results are plotted by the MJM and displayed in Fig. 5.8 (a) and 5.8 (b).
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Figure 5.8 (a) Half Sine acceleration constraint shock acting on T1, the graph shows mass no 4, head movement 

The velocity of the motion for the head (mass 4) is plotted in Fig. 5.8 (b). The motion decays down to a constant velocity (approximately-7000mm/s) in the x direction. Also motion in y direction indicates coupling (although very small) nonexistent in the symmetric Lifemod results.
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Figure 5.8 (b) Velocity versus time response of head (mass 4) to half Sine shock.  x and y directions are plotted, note the motion in the y direction
To analyze the static deflection a small horizontal force (an arbitrary magnitude) applied on the head, with the torso fixed in every direction.  The neck movement is shown in Fig. 5.11.  
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Figure 5.11 Response of the centre of mass of head under an applied constant horizontal force
Conclusion 
The paper presents the current state of art in musculoskeletal joint modeling and the new proposed joint modeling formulation……………………………….. 
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