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Abstract In this paper, a method to repair the menis-

cus virtually using sensory devices is presented. Menis-

cus operations using arthroscopy techniques require great

skill by the surgeon because he cannot see the area of

the operation directly. The surgeon only has the vi-

sual information that a monitor provides as well as the

tactile information that he gets using a surgical tool.

Simulating meniscal interventions, specifically radial in-

juries, is pretended. For this purpose, a technique to

detect and simulate the interaction between the surgi-

cal tool and the meniscus, as well as a procedure that

simulates the meniscal tissue response are presented.
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1 Introduction

Due to the complexity of the knee join, the diagnoses

as well as the knee interventions are difficult to carry

out in most cases. Advances in arthroscopy techniques

[1] have enabled operations which are more comfort-

able for the patient because the recovery time has been

reduced considerably. This is because, thanks to the

arthroscope, the surgeon only must perform two inci-

sions to carry out the operation.

First incision is used to introduce the arthroscope,

which consist in a tube through which a camera is in-

serted. This camera provides a 2D vision of the knee.

Due to the features of this device, the viewing angle is

short because the larger the angle, the more distorted is
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the obtained vision. Second incision is used to introduce

the surgical tool used during the intervention.

Arthroscopic procedures require great skill by the

surgeon because he cannot see the area of the operation

directly. Due to the fact of the surgeon only see a 2D

image that he receives through a monitor, the surgeon

must be guided by tactile feedback, obtained through

the use of surgical tools, and by his own experience.

For that reason, it is important that the surgeon

handles tools that allow him simulate these operations

or that provide additional information during the in-

tervention. Because of the importance that the sense of

touch has in this type of interventions, these tools must

simulate the intervention not only in a graphical mode,

but it should also generate haptic information.

2 Brief description of the process

There are many diseases associated with the meniscus

that could be treated virtually. However, this paper is

focused on radial injuries. This injuries are treated in

most cases removing the damaged meniscus area. To

achieve this, the simulation is structured as follows:

firstly, the intersection between the surgical tool and

the meniscus is calculated, with the aim of not permit-

ting the introduction of the tool into the meniscus. In

addition, when occurs a collision, a force to the haptic

device is sent, performing the interaction with a real

meniscus; secondly, one of the device buttons is used to

operate the surgical tool. By turning this button, the

triangles that are within the space of the surgical tool

head are removed (simulating the cutting produced by

the tool), and the mesh simulating this cutting of the

tissue is reconstructed. This step avoids to obtain a

open mesh without expensive boolean operations.
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3 Haptic interaction and collision detection

The haptic device simulates the surgical tool that is

used during the intervention. Hence, the surgical tool

moves when the device is moved. One of the device but-

tons has been used to actuate the tool. If this button is

pressed when the surgical tool is close to the meniscus,

the tool is actuated, removing a portion of the menis-

cus. In addition, the tool movement is restricted like in

a real intervention. Therefore, the instrument can only

swing through the incision that was made.

Detecting collisions between the surgical tool and all

the triangles that form the meniscus is extremely com-

plex to obtain an accurate feedback (1KHz). To simplify

the problem, a spatial decomposition of the meniscus is

realized, reducing the number of triangles involved in

the intersection test. The generation of a tetra-tree [2]

associated with the mesh of the meniscus allow to de-

compose its associated space in a hierarchical structure.

Thus, the surgical tool should only interact with the tri-

angles associated with a tetra-cone. Using this type of

spatial decomposition allow us to discard points in an

optimal way before the inclusion test because the ad-

justment obtained by a bounding tetrahedra associated

to a tetra-cone.

Even reducing the size of the problem through a

spatial decomposition, to calculate the intersection be-

tween the decomposed mesh and the entire mesh of the

surgical tool is still too complex. To reduce this prob-

lem, the surgical tool head is represented by a cuboid.

In addition, to simplify the calculation, we only work

with a set of points that represents the cuboid of the

head of the surgical tool and the handle. This simplifi-

cation reduces the problem to calculate the intersection

between the mesh of the meniscus and a set of points.

4 Elimination of triangles and remeshing

Fig. 1 A - Point to delete. B - Triangles containing the point to

delete. C - Hole generated by the elimination of the triangles and
the point, and its associated topology. D - Example of remeshing

Because of the shape of the instrumental head like a

cuboid, the system developed aims to eliminate the tri-

angles which have at least one of their vertices included

into the cuboid, and then recompose the mesh, avoid-

ing to perform expensive boolean operations between

elements, therefore, a real time interaction is obtained.

This procedure is shown in figure 1 (A, B y C). The first

step is to check that the cuboid representing the sur-

gical tool collides with the bounding box representing

the meniscus mesh. If it happens, the bounding tetra-

hedra of the tetra-cones that contain at least one of

the points representing the surgical tool head are con-

sidered, obtaining a subset of the original mesh. This

mesh is formed by the triangles which are associated

with those tetra-cones. This procedure avoids working

with the entire mesh when searching the triangles to

eliminate.

After removing the triangles, the meniscus mesh

must be closed. To this end, it is taken into account

that the surgical tool head is shaped like a cuboid so

that the hole created in the meniscus mesh has a realis-

tic appearance. Firstly, the hole created after the elim-

ination of triangles is transformed in a 2D projected

convex shape, using the topological information about

edges that form the hole. In the next step, the average

plane of the removed triangles is calculated, as well as

a perpendicular plane. Both planes divide the points,

witch are used to triangulate, into four quadrants.

Then, the rectangle of the cuboid representing the

surgical tool head that is closest to the meniscus is pro-

jected onto planes that are calculated before the simu-

lation. These planes are formed by the points that are

above or bellow the average plane of the meniscus, re-

spectively. The projected points are used as a patch to

close the hole generated after removing the triangles, as

shown in figure 1 (D). Each projected point is assigned

to a quadrant. Hence, points belonging to each quad-

rant are triangulated with its corresponding projected

point.

5 Conclusions

In this paper, a method that allow to simulate the treat-

ment of meniscal injuries with haptics devices is pre-

sented. This method avoids to use expensive boolean

operations. In the future, it will possible to extend this

research to work with other type of injuries.
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