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COMSOL Multiphysics for Medical Devices 

 

Welcome everyone. On this continuation of the course of Neural Science for Engineers, 

today we are going to talk about how the numerical tools can be used for various neural 

science applications. 

(Refer Slide Time: 00:35) 

 

In addition to the neuroscience, we will talk broadly on of what all other biomedical 

applications can be solved with the numerical tool such as COMSOL Multiphysics. 
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So, the first thing comes into the mind that what is the need actually to simulate a 

medical device. So, why do not we actually go ahead and make multiple prototypes of 

any medical device and see how it is working. 

So, some of the reasons are as follows, simulating the device, help the industry to 

achieve a faster time to market especially, when you have different phases of trials rather 

than doing the trials on human or animal testing, it is always good that you first do a trial 

of a simulation in an animal model or simulation model first or a human model 

simulation. 

And once you get the intuitive results out of it, how the currents are propagating through 

a tissue, how much is the flow of a chemical reagent through a tissue so, once you get an 

intuitive understanding of those physical phenomena, then you can go ahead and start to 

perform the test on animal models or let it be on human trials. 

So, the outcome of performing simulation of medical devices would be you will have 

fewer prototypes that you will be building and further insights. What is actually 

happening, physically what is actually happening within the tissues? Also, why do we 

use a multiphysics tool, because any of the medical applications that you see in and 

around your world, what you see is that those have multiple physics that are coupled 

together. So, how do you couple multiple physics seamlessly is what we are going to see 

today. 
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For example, you can couple this flow of current within the tissue. The tissue itself is a 

conducting material. Because of this rise, because of the flow of the current in the tissue, 

there would be a rise in the temperature of the tissue. Now, whether this rise in 

temperature within the tissue is going to be a damage which could lead to a damage of a 

tissue is what you can kind of do pre-analysis before you try to implement your 

prototype in an animal model or a human trial. 

(Refer Slide Time: 03:21) 

 

So, let us talk about what are the Multiphysics analysis that could be performed. So, we 

start with structural mechanics so, you have cardiovascular applications, orthopedic 

applications for example, contact and wear analysis. 

You have contact lenses analysis for example, what you see on the right side is a 

complete model of an eye within a COMSOL Multiphysics. And you can see the lens 

structure that you see over here, and this gets deformed in a particular manner so that the 

light; these are the rays that are propagating from this direction it focuses at the retina of 

the eye. 

So, this complete analysis which includes the deformation of the lens material, you have 

the rays which are propagating through the lens or the deformed lens interacting with the 

retina. So, all of this could be modeled in a single interface and that is what is the beauty 

of this tool. 
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You can also model fluid dynamics applications. For example, what we are going to see 

in sometime, it is a blood flow modeling. So, you can see how complicated the flow of 

blood is and especially the different constituents that are available in the blood, and you 

want to model all those constituents of blood which are having different electrical as well 

as magnetic properties. 

Biosensors is also one of the applications that we are going to talk about and some of the 

biosensors that we are going to talk about are going to be glucose sensors for example. 

(Refer Slide Time: 05:24) 

 

Acoustics is also another application where simulation can help. One can actually use 

hearing aid device simulations to see what the effectiveness is or how accurate or how 

efficient the hearing aids and the transducers are. So, how sensitive those transducers are. 

So, those are the things that we could actually quantify. 

Then, it comes about ultrasound tissues for example, you have very high frequencies of 

acoustic wave that are propagating within the tissue. So, you want to see what those 

effects are. Are they increasing the temperature of the tissues and to what extent are they 

increasing the temperature of the tissues?  So, those things could also be studied. 

In electromagnetic applications, there are huge applications, you have RF devices and 

microwave ablation devices. Specifically, if you want to damage localized region which 

is representing a cancer for example so, you want to kill a very localized region which is 
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termed as a tumor at those places, so that it does not propagate or mitigate to other 

domains or the other places within the body. MRI coils are also one of the ways that you 

can use. 

And then finally, we have the heat transfer. So, you can study tissue ablation for 

example, you want to see how much the damage in a certain region of a brain is. For 

example, you can see how much the rise in temperature is, if it is going more than the 

threshold, what are the changes we need to do in the devices so that the damage is 

limited to a certain region in the brain. Laser treatments on the skin as well as on a 

surface of any bone could also be studied. 

(Refer Slide Time: 07:40) 

 

Finally, we have the drug delivery analysis. So, how effective the drug delivery is for 

example. How effective is the biosensor? So, here we have multiple micro pillars that 

you will see over here, so we see the micro pillar. So, they are arranged in a certain array 

and which arrangement is the best, which optimizes the device is what you can actually 

perform. So, here we flow an analyte and this analyte gets adsorbed on the surface of the 

micro pillars to see if there are any antibodies in the analyte. 
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So, what are the common problems that comes up in biomedical engineering? The first 

challenge that comes is the coupling of several physical phenomena. So, that is what we 

are also going to see in the demo that we are going to do.  

We are going to do electrical stimulation within the brain and in that, we will see that 

there is not just the flow of the currents, but because of the flow of the currents, there 

could be a rise in the temperature and that could lead to the damage in those regions that 

we do not want. 

So, we can see like how much are we going to affect the tissues before we actually 

implement it into any animal model, they prototype into animal model or a human trial. 

Another is the variability of materials. So, whenever you are doing a simulation, the 

tissue properties are heterogeneous. So, there is always a challenge as to how to 

overcome such kind of issue of heterogeneity and few of the approximations could be to 

use a homogenized approach and some of the tissue properties have their own 

mathematical model. So, sometimes, you need to use those mathematical models to 

represent a certain tissue type. 

When we talk about electrical stimulation within the brain, it is not just the tissue that we 

are going to model, but there is also an extensive flow of blood within the arteries and 

capillaries of the tissues in the neural regions. So, how do we take account of the blood 
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flow? So, those are also a kind of challenge while you model an electrical stimulation or 

magnetic stimulation per se within the brain. 

Tissue damage analysis means how much is the extent of the damage of the tissue’s if 

any. Electromagnetic heating, this is what also we are going to talk about and then 

finally, Image-based modelling. So, what I will do in the first session is I will just try to 

give an overview of different examples that could be modeled and then in the end, in the 

next session, I will try to take a demo on electrical stimulation within the brain. 

(Refer Slide Time: 10:57) 

 

So, one example that comes over here is how do we actually understand the flow of 

blood within the heart valves. As you can see over here, this is a heart valve over here 

and this is the valve over here and it has two states, the first one is open, and another is 

closed. So, this on the top is an open condition and the one on the bottom is the closed 

condition. 

So, here you can try to see and visualize the flow of the blood once it is open and once it 

is closed and there are different kind of states that comes within the open and closed. 

And there could be any disease within this valve of the tissue that could lead to the 

turbulent flow being generated once the blood flows through this valve. So, we should 

always try to minimize this turbulent flow and from this, we can also understand what is 

the kind of disease that the valve is actually having. 
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Biological tissues as I said earlier, has heterogeneous properties. So, this could be 

modeled into various different aspects. For example, there could be anisotropy within the 

tissue. So, such things could be introduced. You have the creep, or it is already 

prestressed the tissues. For example, the ligaments, it could undergo large deformations. 

So, they are very complex, the biological tissues. 

So, you might need to also take into consideration different material models. For 

example, some of them would be hyper-elastic or it could be elastoplastic, or it could be 

viscoelastic or it could be viscoplastic, all of them have different properties. 
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There are now lot of applications regarding smart materials and one of them is shape 

memory alloys that you see over here. In the case of shape memory alloy, what you see 

over here is shape memory alloy stents is one of the examples and the stent which are 

introduced in the arteries of the sinoatrial capillaries which are covering the heart. 

It has a certain property that it is able to get back to its original shape once it is relaxed. 

So, this particular stent that you see over here is actually constricted to a lower radius 

and then, it is introduced within the artery so, if this is the artery and once it is introduced 

within the artery, it then expands and then, it becomes like a big kind of thing. 

So, if there are any blockages within the arteries, it could actually suppress those 

blockages. So, ideally, if this is the artery, you have certain kind of blockage like this, 

perhaps because of the deposition of cholesterol and after the placement of the stent 

would look something like this so, it will kind of get minimized over here and the 

positioning of the stent will come somewhere over here. 

So, I am just trying to do a side view cross section over here. So, this is the stent over 

here which will actually help in increasing the blood flow in the center. So, here you can 

see that the blockage actually is impeding the flow of the blood. So, it is not allowing the 

blood to flow that easily, but in this case, after the placement of the stent that you see 

over here, the flow is now comparatively better. 
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There could be also various kind of materials that you would be interested to model and 

placement of those materials within the tissues. For example, it could be the piezoelectric 

materials which converts the structural deformation into electrical signals and vice versa. 

There are different physics that you can couple with this piezoelectric material, it could 

be optics, or it could be ultrasound transducers or pressure sensors. So, these different 

kinds of sensors could be built using such piezoelectric materials. In addition to 

piezoelectric materials, you could also be interested to use piezoresistive materials so 

such sensors could be used in neuroscience applications. 

For example, if you have the brain tissue over here and you want to apply a probe over 

here. So, you want to see how much the probe is causing the pressure so, you want to 

quantify the pressure for example, so, how do you do that? So, one of the ways is to use 

a diaphragm that you see over here. This diaphragm could be a part of the probe and this 

diaphragm is going to give the force on this probe tip. 

So, the probe tip if I just zoom in over here, so a probe tip would be something like this 

for example, it could be minimizing to like a small point over here which will be giving a 

focus on the or it would be in placed on the top of the tissue and this probe; this 

diaphragm has certain property that once you apply the force over here, the current that 

is flowing over here is going to change based upon the pressure. So, the current over here 

is a function of the pressure that we apply. 

So, with this, we can calibrate the pressure with the current and we can understand the 

pressure that could be applied on a neural tissue. 
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Blood flow is also a challenge to be modelled specifically in the case of neural tissues 

because there are numerous blood capillaries that are flowing in the neural tissues. The 

challenge that we face is there are lot of constituents for example, there are RBC’s, there 

are platelets, there are white blood cells, there are plasmas. In addition to it, they have 

their own properties. 

For example, the RBC’s that is red blood cells are constituted in the middle of the 

vessels. Platelets are concentrated to the walls of the arteries or the vessels. So, they have 

their own properties. So, once you model those properties or those as particles within 

COMSOL or in numerical tool, then you would be able to better understand the flow of 

the blood within the arteries and veins. 

Also, the blood viscosity is also one of the major analysis or a way to perform the 

analysis, this is one of the main properties of the blood and it is also a function of the 

RBC’s volume fraction. And that particular volume fraction is dependent on haematocrit 

and that haematocrit is again different in arteries as well as capillaries. So, it is 40 

percent in the arteries, but it is around 15 to 20 percent in the capillaries. So, such 

variations are a challenge when you actually try to model the blood flow. 
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In COMSOL you can actually couple the flow of the fluid. For example, it could be the 

flow of a kind of the plasma and in addition to the flow of the plasma, you have particles 

that you see over here and if you see over here, there are two particles one is red in color, 

another is blue in color. So, both of these red and blue particles are two different 

particles. So, one is the red color is the red blood cells and the blue color is the platelets. 

So, here we try to understand, what we do is over here, we have plus 5 volts for example, 

then we have minus 5 volts similarly, again plus 5 volts, minus 5 volts and all. So, what 

we try to see is that because of this plus and minus 5 volts or plus or minus volts, there is 

a particular electrical field pattern, and that electrical field pattern segregates the platelets 

with the RBC’s. 

So, here you can see this actually works as a segregation filter and based upon the field 

and the property is known as dielectrophoretic property of these platelets and the red 

blood cell and that is related to the permittivity of the RBC’s and the platelets which 

differ. So, based upon that, you can see there is more deflection of particles in the 

platelets in the top region towards the top directions while the RBC’s actually a deflect 

toward the bottom wall. 

So, this is how you can couple two or more physics, and this is true even when you talk 

about a neuroscience. You have lot of capillaries and veins, and you want to see how 

effective a particular drug is through a micro channel, you can see how that works. 
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Finally, we have thermal damage. One of the examples is there is a brain tumor that you 

want to kind of destroy. So, for example, you have the brain tissue over here and this is 

the region which is actually having the tumor. So, what as you can see over here is we 

introduce a probe over here and what happens over here is that we introduce an RF 

power so, we have around 20-30 megahertz of electromagnetic energies introduced at 

significantly higher power, and it tries to increase the temperature within this region. 

Now, important part is that the damage, because of the rise in temperature in this 

localized region, should be limited to a certain region, but it should not go pass through 

to the nearby healthy tissues.  

So, simulation could actually help to understand what the fraction of damage is, what are 

the volumes of the localized region of damage before it is actually implemented into a rat 

model, or it could be on animal model or a human trial right. So, this is an excellent way 

to understand or visualize the damage before it is actually implemented. 

662



(Refer Slide Time: 23:46) 

 

One more in the case of neural science is a hot discussion that is happening nowadays, is 

how are the mobile phones affecting the tissues of the brain and that is known as specific 

absorption rate that is because of the radiation, people working using 4G and now 5G, 

the power of the radiation are significantly increasing as you go on improving the 

technologies. 

So, those power which is getting coupled with the tissues of the brain which introduces 

the rise in temperature, there could be different reasons to that, it could be either resistive 

losses, it could be dielectric losses or magnetic losses, but those losses could lead into the 

rise in temperature within the brain tissue. 

So, what is the fraction of the rise in temperature? Whether it is 1 degree Celsius, 2 

degrees Celsius, 3 degrees Celsius and for how much time it is there? This what could be 

studied in some of the examples and this one example is a tutorial model so, if you are 

interested you can just go through those and just to see if it is under the safety level 

which is required. 
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Other forms of heating could also be used for example, you have ultrasound transducer, 

and you want to image the brain, you want to do a localized brain imaging using the 

ultrasound transducer or you want to again to introduce, if this is the brain tissue and you 

want to you have an ultrasound transducer like this and you want to damage or you want 

to inhibit to this particular localized region of the tissue which is actually a cancer. So, 

you can launch this ultrasound radiation which is actually getting focused somewhere 

over here. 

And then because of the focus, somewhere over here, you can see this is the focus area. 

The rise in temperature is going to be significant as you go on increasing the frequency. 

So, you can see this is 0.5 megahertz, this is 0.7 megahertz, this is 1 megahertz.  

And you can see the thermal profile on the bottom images and you can see for 1 

megahertz, the rise in temperature is significant, this is around 30 degrees, 30 watt per 

centimeter square is the losses volumetric losses that are occurring over here. This is 

what you can also see and understand. 
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You can also import the images, STL images within the tool and mesh those geometry 

and try to see how much stress is being generated on this vertebrae for example. 

(Refer Slide Time: 27:02) 

 

The final thing is micro pump mechanism. So, you can couple structural mechanics. So, 

you can see over here, these are the kind of extrusions on the micro pump, and this is 

under the exertion of the flow of the fluid which is making it to bend as you can see over 

here, and this bending is changing the flow of the blood. So, this requires the coupling 

between fluid dynamics and structural mechanics. 

665



(Refer Slide Time: 27:39) 

 

And then, we have glucose sensor so, people who are from chemistry background, such 

kind of electrochemical glucose sensors could also be performed, this is the electro 

analytical simulations that you need to perform over here. It is not just limited to the 

glucose sensor in the finger, but you can also perform a similar kind of analysis in the 

brain on similar line. 

(Refer Slide Time: 28:02) 
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So, that ends the first session of the numerical analysis for Neural Science for Engineers. 

In the next session, we are going to talk about how you can perform electrical 

stimulation within the brain. 

Thank you. 
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