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Abstract: this report develops force equations for four extraocular muscles ï medial, lateral 

recti and superior, inferior recti. Derived forces allow moving an eye globe in two 

dimensional plane.  

 

1. The Oculomotor Plant mechanical model 

The Oculomotor plant is represented by a mechanical model composed of six muscles 

attached to a globe of ice representing the eye sphere. This paper works only with the 

oculomotor plant that consists of the lateral (the muscle that is closer to the ear), the medial (the 

muscle that is closer to the nose), the superior (the muscle that is closer to the forehead) and 

inferior (the muscle that is closer to the cheek) recti, eye globe and surrounding tissues.  

 

Figure 1. Left eye diagram front view 
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Figure 2. Left eye diagram side view 

The eye globeôs radius is 11mm. The lateral, medial, superior and the inferior recti are 

modeled through a system of mechanical components described in latter sub-sections. Each 

muscle can play the role of the agonist or the antagonist. The agonist muscle pulls the eye globe 

in the required direction and the antagonist muscle resists the pull. Each of the following section 

is modeled based on the role that each muscle plays in a particular situation. As an example 

when the eye globe moves to the direction of upper right direction, the lateral/superior recti 

support for the movement and medial/inferior recti resist the movement based on the role of the 

muscle at that instance. Lateral/superior plays the agonist and medial/inferior plays the 

antagonist role in this particular situation. Evoked by muscle movement, an eye can move in 

eight different directions : Right horizontal, Left horizontal, Top vertical, Bottom vertical, Right 

upward, Left upward, Right downward and Left downward. This paper discusses only Right 

upward movement and Left Downward as examples, but the model can be modified to allow eye 

globe movements in all directions.  

 

2. Two Dimensional Oculomotor Plant Mathematical Model (2DOPMM)  

The OPMM is consist of four contour points, each with eye muscle attached to eye globe 

which  provides forces to rotate eye globe around the socket through the use of four muscles, 

lateral rectus, superior rectus, medial rectus and inferior rectus. The subscript notation will 

identify with LR the parameters that belong to the lateral rectus, with MR the parameters that 
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belong to the medial rectus, with SR the parameters that belong to the superior rectus and IR the 

parameters that belong to the inferior rectus. Parameters without those subscripts are identical to 

both types of muscles. The figure illustrates the eye in the coordination position (0, 0) with 

respect to the eye center axis in the rest position, with muscles compensate the reactions of each 

muscle and stabilize the eye in the coordination framework.  

 

Figure 3. Oculomotor Plant Mathematical Model with four muscle forces 

 

When eye moves to a particular position from the coordination position (0, 0) as one of eight 

basic movement types listed above, each muscle connected to the eye globe contract or stretch 

accordingly.  
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Figure 4. Positive Upward movement with muscle forces 

 

Consider a positive upward movement of the right eye, which move the eyeôs visual axis 

from the coordination position (0, 0). The lateral rectus and the superior rectus provide forces to 

move the muscle to the required position and stable on the target visual axis. The muscle medial 

rectus and inferior rectus stretches and contest the movement in the required direction. When eye 

fixate upon the target visual axis, muscles compensate the forces and stabilize on the new visual 

axis. Rotations of each muscle because of the horizontal and vertical movement of eye from its 

origin,  ŪHR and ŪVR   makes a rotation angle in with respective to each of muscle connected to 

the eye globe, by lateral rectus, superior rectus, medial rectus and inferior rectus as  ŪLR,  ŪSR,  

ŪMR,  ŪIR  respectively. 
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Figure 5. Positive Upward movement with vertically and horizontally projected muscle forces 

 

Each muscle provides projections of its forces activated by the neuronal control signal, at 

each point in the eye globe in basic eye movement types. The projections of each muscle force is 

directed according to the direction of its basic movement and this provides four basic muscle 

force equations at each point of connection at the eye globe as,  

Horizontal Right Muscle Force (THR_R_MF) : TLRCosŪLR     

Horizontal Left Muscle Force (THR_L_MF) : TSRCosŪSR   

Vertical Top Muscle Force (TVR_T_MF)  : TMRCosŪMR + TSRSinŪSR+ TIRSinŪIR 

Vertical Bottom Muscle Force (TVR_B_MF) : TIRCosŪIR + TMRSinŪMR + TLRSinŪLR 

 

3. Positive Upward Eye Movement  

The lateral rectus MMM,  holding the eye in a fixation state, is represented by Figure 6   

Neuronal control signal NLR creates active tension force  that works in parallel with the 
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length-tension force . Altogether they produce tension  

that is propagated through the series elasticity components to the eye globe

. 

 

Figure 6. Muscle Mechanical Model. Red arrows represent direction of the forces 

 

Scalar values of the forces are as following: Length tension force of lateral rectus is 

FHR_LT_LR = KLTɗHR_LT_LR where \ɗHR_SE_LR is the displacement of the spring in the horizontal 

direction and KSE is the springôs coefficient, and force propagated by the series elasticity 

component is TLR=KSEɗHR_SE_LR, where ɗHR_SE_LR is the displacement of the spring in the 

horizontal direction and KSE is the springôs coefficient.  

Tension  applied by lateral rectus to the eye globe is counterbalanced by tension of 

medial rectus, superior rectus and inferior rectus and tension created by passive 

elasticity of those muscles and the tissue surrounding the eye globe. The MMM becomes 
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more complex during eye rotations, making it to present MMMs for the horizontal and vertical 

muscle forces. To provide more detail, muscle forces are presented with scalar values. 

3.1. Horizontal Right Muscle Force ( HR_R_MF)  

The agonist muscle contracts, rotates the eye globe and stretches the antagonist muscle. 

Assuming that the lateral rectus play the role of the agonist, Figure 7 presents the MMM of the 

Horizontal Right Muscle Force (HR_R_MF), pulling the eye-globe in the positive direction.  

Lets assume that prior to the eye movement, the length of the displacement in the series 

elasticity and the length tension spring components in the horizontal direction added together is 

ɗHR_LR. Considering that the right eye moves to the right by æɗHR degrees, the original 

displacement ɗHR_LR is reduced making the resulting displacement ɗHR_LR - æɗHR. The 

displacement æɗHR can be broken in the displacement inside of  is æɗHR =æɗHR_SE_LR - 

æɗHR_LT_LR. Muscle contraction expands the series elastic component making the resulting 

displacement ɗHR_SE_LR+æɗHR_SE_LR. Muscle contraction shortens the length tension component 

making the resulting displacement ɗHR_LT_LR - æɗHR_LT_LR. The damping component modeling the 

force velocity relationship  resists the muscle contraction. The amount of resistive 

force produced by the damping component is based upon the velocity of contraction of the length 

tension component. 
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Figure 7. Horizontal Right Muscle Force mechanical model. Arrows represent direction of the forces. 

 

Using Figure 7, we can write the equation of force with which the part of the diagram 

responsible for contraction by the lateral rectus (active state tension, damping component, length 

tension component) pulls the series elasticity component. 

 (1) 

 

Resisting the contraction, the series elasticity components of lateral rectus propagates the 

contractile force by pulling the eye globe with the same force THR_R_MF. 

 (2) 
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Equations Error! Reference source not found. and Error! Reference source not found. can be used to 

calculate the force THR_R_MF  in terms of the eye rotation  and displacement  of 

the length tension component of the muscle. 

 

Taking into consideration that   and   

the follwing equation can be calculated: 

 

 

 

 

Assigning   

 

New equation for  can be written as: 
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(3) 

 

 (4) 

 

 

3.2. Horizontal Left Muscle Force ( HR_L_MF) 

The antagonist muscle is stretched by the agonist pull. Assuming that the projecttions of 

medial rectus, and inferor rectus play the role of the antagonist, and superior rectus plays the 

agonist, MMM of the Horizontal Left Muscle Force in the positive direction can be represented 

in Figure 8     

By considering the medial rectus, originally the length of the displacement in the series 

elasticity and the length tension springs added together is ɗHR_MR. ɗHR_MR increases when the eye 

moves to the right by æɗHR, making the resulting displacement ɗHR_MR + æɗHR. Both length 

tension and series elasticity components lengthen as a result of the agonist pull. The eye rotation 

æɗHR can be split into the displacement of the series elasticity component and the length tension 

component: æɗHR=æɗHR_SE_MR+æɗHR_LT_MR. The resulting displacement for the series elasticity 

component is ɗHR_SE_MR+æɗHR_SE_MR and for the length tension component is 

ɗHR_LT_MR+æɗHR_LT_MR. The damping component modeling the force velocity relationship 

 resists the muscle stretching. The amount of resistive force is based upon the 

velocity of stretching of the length tension component. 
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Figure 8. Horizontal Left Muscle Force. Arrows represent the direction of the forces. 

 


