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Section One 

Why am I interested in fat? 
I am Professor Paul Lee, I am a 
consultant orthopaedic surgeon 
and I have a specialist interest in 
regenerative medicine and cell 
therapy.  I am also a visiting 
Professor of Sport Medicine in the 
University of Lincoln.  
In this little volume I am going to talk 
about magic of fat cells.   At the end of 
it I hope you will have some 
understanding of how fat cells 
treatment works and you can make up 
your own mind about the clinical 
evidence and if it is going to be 
effective. 

I am going to primarily talk about 
osteoarthritis, and because this volume 
is produced for me by KNEEguru, I am 
of course going to focus on the knee.  

Osteoarthritis of the Knee 
Osteoarthritis is a degenerative condition of the joint. It is an extremely 
complex process, caused and influenced by many different factors.  Swelling 
and inflammation are the result of osteoarthritis, often not the cause.  Take a 
look at these X-rays in figure 1.2. 

There you will see two knees side by side. The patient’s right knee (the 
image on the left) shows a normal X-ray, and then the patient’s left knee (the 
image on the right) is clearly abnormal one.  

Figure 1.1 - Professor Paul YF Lee



When you look closely you can see some typical features of osteoarthritis 
(OA):  

• osteophytes, or bone spurs.

• subchondral cysts, which are cavities within the bone

• narrowing of the joint space, and you can see there is a clear difference
between the two knees.

• increase of bone turnover - subchondral sclerosis

The alignment between the two legs is also very different, although one 
needs full length standing X-rays to fully appreciate that. 

Figure 1.2  - X-rays showing advanced osteoarthritis (OA) in the one knee



So overall, arthritis is a mechanical disorder, as well as having a chemical 
element within that and we will explore the latter in this book as we discuss 
stem cell pathways.   



Section Two 

What do we know about stem 
cell pathways? 
You may often hear about ‘wear and tear’ of arthritis. So what is 
‘wear and tear’?   
I’ve put some bike tyres here. You can see on the right newer tyre, with all its 
tracks, and looking very nice. As time goes on and you start using the bike, 

the tyre wears out like the tyres 
on the left, and you will start to 
see mechanical changes 
between the tyres. We humans 
are not inert material like tyres - 
we are living creatures and we 
have living biological cells within 
us. Tyres cannot repair 
themselves but within our own 
body our knee has a certain 
ability to repair itself.   

Osteoarthritis is not simply a 
mechanical problem and a wear 
and tear issue - there are 
complex molecular pathways 
involved, too.   

In our LEO Institute - where I am involved in regenerative medicine and 
where we are looking at cell therapies - we take into account four factors: 

• mechanical factors - wear and tear

• the cells and the stem cell pathways

• the scaffold which is the seat of where the cells sit and

• the environmental factors which are factors like cytokines.

Figure 2.1  - Wear and tear of a bike tyre



In this ebook, however, I am just going to focus on one topic, and that is the 
cells within the osteoarthritis environment, but of course the other three 
factors are extremely important.  

Repairing the Living Body 
Figure 2.2 shows the cell signalling pathway of how we believe arthritis 
occurs. You can see there’s many different cells involved and there are many 
signalling molecules controlling the cells.  It has proven very difficult to 
identify one key factor that could be the key cause of arthritis, but 

nevertheless we need to keep working on understanding the pathway 
because osteoarthritis around the knee is a very common problem. 

So let’s talk about our clinical use of cells to help to repair the damage 
caused by osteoarthritis.  Where can we get such cells from in the human 
body?  They have to be spare, of course - we can’t just take the cells from an 
essential part of our body. For example, we can’t take cells from our brain, 
we can’t get them from our beating heart.   

Figure 2.2  - The complex cell-signalling pathway of cellular repair



Where can we find any spare tissue that potentially we can use for cell 
therapy?  It is possible to get cells from skin, you can get cells from blood 
and perhaps maybe from the bone marrow - you may have heard of bone 
marrow stem cells.  Or we can get stem cells from the placenta, the umbilical 
cord - or even from an embryo, but that is very controversial.  And finally, we 
can also get cells from fat. 

Stem cell pathways 
So there are many different ways and places to harvest cells for cell 
therapies but what is the best way to do that?  Which cells will perform 
better?  To understand better, let’s explore the stem cell pathway, how we 
can get a better idea of which stem cell will turn into what organ or tissue. 
Generally, it depends on what we want to do, we can get the cells from 
different types of stem cell line. 

Of course, the most powerful with the most potential are embryonic stem 
cells, but with embryonic stem cells there are different rules within different 
countries. I don’t think it is entirely ethical to just take cells away from an 

Figure 2.3  - Sources of stem cells



embryo so I am not going to talk about that - what I am going to talk about 
are adult stem cells. 

The adult stem cells we typically split into two groups: 

‣ one group is what we call haemopoietic stem cells which are derived from
the blood or bone marrow, and, of course, they will turn into blood
products, for example, red blood cells, white blood cells or platelets.

‣ every other tissue from our body comes from a cell group called
mesenchymal stem cells.  This type of stem cell is able to mature into
chondrocytes, osteocytes, fibroblasts, adipocyte, skin, muscle or nerves -
making cartilage, bone and all the other tissues of the body.

Let’s take a closer look at the pathway taken by the mesenchymal stem cells 
as they proliferate and mature into different cell lines.   

If you look down from the top of the mesenchymal cell pathway, you can 
appreciate that the cells slowly develop and eventually become mature, 
forming into different types of cells.  At the very beginning they all look pretty 

Figure 2.4  - The mesenchymal cell pathway



similar, but as they become more and more mature they end up looking very, 
very, very different.  A muscle cell will have a nucleus in the middle and long 
thin muscle fibres, as compared to a fat cell with a nuclear at the side, 
packed with fat and looking completely different. Once cells differentiate and 
develop into specialised cells they don’t tend to go back to form stem cells. 

In this book I am going to talk about fat and its potential within the body as a 
repair material.  So why fat?  What is special about it and is it really a stem 
cell therapy? 



Section Three 

Fat as a repair material 
Chinese wisdom holds that fat 
people always seem to be a bit 
happier, as exemplified by the 
happy fat Buddha.  

But let’s talk a little bit about the cell 
biology and anatomy of a fat cell - or 
adipocyte - so that you can begin to 
understand in greater detail about the 
use of fat as a repair material.  

The Fat Cell 
Within a fat cell there is a nucleus, something called the Golgi apparatus, 
and little packets called mitochondria. Think of the  nucleus as a control 
centre, the Golgi apparatus as the workers and the mitochondria as the 
power plant.   

Figure 3.1  - The ‘happy Buddha’

Figure 3.2  - A fat cell with inset showing the internal structures



Stored within the fat cell is the large concentration of fat, then of course there 
is a cell membrane around the whole - and that is the anatomy of the fat cell.  

Does it look like a stem cell to you?  No, of course it doesn’t. Sure, a stem 
cell also has a nucleus, Golgi apparatus and mitochondria but all the 
components are not yet differentiated into the specialist structure that you 
see in the fat cell. So if your body wanted to create any new cell from a stem 
cell, it would ask the nucleus to send some signal to the Golgi apparatus to 
make certain molecules that help the cell communicate, to move and to help 
the cell to develop.  

Differentiated fat cells don’t tend to move back to form stem cells and then go 
down to the other pathways to form cartilage or bone, so why do we think 
putting fat cells into arthritic joints is a good idea?  Does it make any logical 
sense? 

Looking at fat in a different way 
So the trick is, we need to look at fat in a slightly different way.  When we 
look at fat we shouldn’t just look at fat in a cell, in isolation - in fact we need 
to see it as an organ.  Within the organ of the cell there are more than just 
the fat cells and that is what we are really interested in. The key cell that we 

Figure 3.3  - Fat tissue with precursor cells and pericytes hugging the microcapillaries



are interested in within this fat tissue is the pericyte, a quite different cell 
which is related to the tiny micro-capillaries in the tissue.  

Fat inside the body has a very, very rich blood supply and within this blood 
supply there are these tiny vessels called micro-capillaries - and the pericyte 
hugs the outside of the micro-capillaries. Of course there will also be be what 
we call adipocyte derived stem cells that are floating around, but there are 
not going to be that many of those.  The key cells we are really after are the 
pericytes that you see hugging the microcapillaries. 



Section Four 

Pericytes and Medicinal 
Signalling Cells 
Here is a scanning electron microscopy photo of jmicrocapillaries and 
pericytes.   
A scanning electron 
microscope allows one to see 
structures in three dimensions 
at very high magnification. In 
the scan you can see several 
microcapillaries and on one 
we have highlighted in pink 
these cells of interest as they 
hug the vessel.  The pericyte - 
unlike the mature fat cell - 
looks very much like the stem 
cells that we saw earlier, and 
we believe that the pericyte 
has some potential in helping 
regeneration. 

Our current understanding is that, usually after some injury within the blood 
vessel, the pericyte will break free from the blood vessel and then it forms a 
mesenchymal stem cell, which then becomes activated to have some 
medicinal property within it.   

Would the changes be sufficient that the cell goes all the way back to a 
primitive form and then turn into the cartilage cell that we want it to turn into? 
I think that would depend on many other factors.  For that to happen we 
would need to make sure its environment is correct, and its chemical and 
mechanical stimulation is also correct.  That is a tall order. Nevertheless 
these perivascular cells have great medicinal use and they have great 
regenerative potential. 

Figure 4.1  - Scanning electron microscopy of 
pericytes hugging a micro capillary



This table compares the colony-forming potential of the different types of 
cells that we can get from the body. You can see that within harvested fat - 
what we call the lipo-aspirate - that there are actually a lot more colony-
forming units compared to bone marrow aspirate and even amniotic fluid. So 
it certainly demands our attention. 

So if we get back to the medicinal stem cells (MSC) that can be derived from 
the pericytes within the lipo-aspirate, what can these cells really do?  Can 

Figure 4.2  - Injury can trigger the pericyte to leave the vessel and form a mesenchymal stem 
cell

Figure 4.3  - Colony-forming potential of cells from various sources



they turn into cartilage in the knee and help it repair?  They could - if they 
were given the right environment and biomechanical loading - potentially turn 
themselves into cartilage cells and start repairing.  However, I think the more 
important role for these cells is their signalling role. They have signalling 
molecules, they are signalling cells.  They enter a damaged environment and 
then they take control. They release factors, and actually guide the remaining 
cells within the environment.  For example, if you have got knee arthritis, you 
still have some cartilage cells in the knee joint - when we put in these 
medicinal stem cells within the knee they will start releasing molecules, and 
these molecules could help signal the cartilage to start rebuilding the 
environment.  With respect to the MSCs themselves turning directly into 
cartilage cells and starting to rebuild cartilage, I think we as scientists and 
surgeons need to do more investigation and more studies to confirm whether 
this actually happens. But for sure they will give out signalling molecules, and 
trigger pathways to help the local cells to repair the environment. 

The Current Literature 
So let’s look at the literature and see what the literature says about fat cell 
treatment and fat cell injection.   

This first paper (ref 1) was published by an Italian colleague. It was just a 
simple report - one single case - in a patient with knee osteoarthritis (OA) 
where a microfragmented fat injection was given and progress followed with 
a series of MRI 
scans. 

In their MRIs one 
can see damage 
of the cartilage, 
and 12 months 
after fat cell 
injection you can 
see an improvement of the affected area.  They used the Oxford Knee Score 
to assess how the patient was doing with their knee pain, and there was a 
jump from 32 to 47 by 12 months, and in their paper they claimed that at 30 
months the patient got back to full activity and skiing. Now this is just one 



single case report and that is back in 2016 so you may say, ‘well, that could 
just be luck’.   

So let’s look at further 
studies.   

This next (ref 2) is a 
study published by a 
group from Croatia 
and also a group from 
America.   

In this study there is 32 
knees that were injected with fat cells.  What this group had looked at is the 
pain score at rest, the pain score at movement as well as the C-reactive 
protein level.  Now C-reactive protein is a very sensitive molecule within our 
body.  If there is any inflammation around our body this C-reactive protein will 
go up.   

The normal level that you can see here - ‘initial M0’ - at the beginning of the 
treatment before injection of the fat, is 6.54.  The average, the normal range, 
is about 10-15 roughly, so anything below 15 is great, is normal.  The lower it 
is, the less inflammation there is. The higher it is, for example if you have an 
infection or an inflammation, then it can go to 100, sometimes 200. The 
interesting thing here is that 6 months after injection they had checked the C-
reactive protein, and at 12 months they checked the C-reactive protein as 
well.  These numbers has not gone up significantly. If anything, you can see 
it has gone down slightly, although the changes were not statistically 
significant.  So we could say that there is no change in the C-reactive protein 



- which means that the fat injection does not give any inflammatory
response.

The next very interesting thing that you should look at from Figure 4.2 is the 
Visual Analogue Scale.  A Visual Analogue Scale (VAS) is how a patient rates 
how much pain they have within the knee - 10 being the most severe, 0 
being painless.  So they have recorded in patients both who were resting and 
then when they moved around how much pain they were experiencing. 
Before the fat treatment average VAS score was about 4 at rest, then after 
treatment at the 3 month follow up this number halves. Then you can see 
that during movement at the beginning they rated themselves 7 and after 
treatment at 3 months the pain score was again half.  And this pain score 
continued to improve and continued to stay low.  At 12 month follow up the 
pain score is very low compared to what happened initially - and these 
figures are statistically significant all the way along. 

So what these results actually indicate is that fat injection does not cause an 
inflammatory response, and can help patients improve their pain. Even at 12 
months this study demonstrated that the pain relief is still maintained and it is 
significantly different. 

Another really interesting thing that they have done within this study is to look 
at the proteogylcan content within the cartilage with a special MRI scan 
called dGEMRIC.  Within this scan they can actually pick out the 
proteogylcan content; the higher the proteogylcan content, the better the 
quality is of the cartilage.  In this study they concluded that there was a 
significant increase in the proteogylcan content - which means that the 
quality within the cartilage within the knee had significantly increased after 
the injection. Now remember, this study is based on 32 knees. 

You may say that, ‘OK, that is quite useful for me as a patient, I would want 
to be out of pain. But have you got any more studies, is there any further 
evidence’? 

Well, there is another paper 
I have found with this fat 
injection. This is an Italian 
study by Dr Russo where 
they were evaluating with 



the different scoring systems we commonly use within orthopaedics.   

Let’s look first at the Lysholm 
Score which is usually used for 
soft tissue injury and sometimes 
we use this for measurement of 
how active people are after the 
ACL surgery.   

The blue shows the score at time 
T0 (before the treatment of fat 
injection) and the pink is time 
T12 (12 months after the 
treatment).  You can see that 
Lysholm Score has improved on 

average 31 points which is a significant improvement jump. 

I have already mentioned our 
use in orthopaedics of the Visual 
Analogue Scale (VAS). You can 
see again the ‘before and after’ 
scores. The blue - before the 
treatment - represents a higher 
score, which means the patient 
has got more pain, and after the 
treatment (in pink) the average 
score is lower - it is almost half. 
In the Visual Analogue Scale a 
lower score is better, so the 
Visual Analogue Scale in this 

study has improved by 24 points. 

The next score they looked at 
was the IKDC score, another 
very complex score that is used 
by knee surgeons to look at how 
a knee is doing. Like the VAS, 
the higher the score the better. 
You can again see a significant 



score improvement. 

Finally let’s look at their results as represented by the KOOS score, where 
again a higher score is better than 
a low one. There study again 
shows a significant improvement 
in the score. This study was based 
on 30 patients, one year follow up, 
and the results are very, very 
good.   

So you may say that, ‘OK, fine, 
you’ve got some clinical data on 
the knee, does it work on any 
other joint or does it only work on 
knees’?  My understanding is that 
a knee joint is a synovial joint - a 
mobile articulation of at least two bones, where the cavity is surrounded by a 
capsule and lined by special lubricating cells called ‘synovial cells’. If a 
treatment works in one synovial joint, it should work in another synovial joint. 
If it doesn’t, then we should worry about whether it actually is the fat 
treatment that is giving the improvement in scores? 

So I went to look for further literature in terms of other synovial joints and I 
found this very interesting study of 20 patients with shoulder arthritis (either 
within the glenohumeral 
joint or the 
acromioclavicular joint, 
with or without rotator cuff 
tear).  This study also 
involved recording a pain 
score, but instead of 
labelling it VAS they call it 
the NPS and it is 
essentially the same thing - a visual analogue scale. Again, the higher the 
score the more pain the patient has.  You can see before the treatment it is 
high, and after treatment it is almost half, and this effect has been maintained 
within the study period.   



Of course, as doctors 
working with the shoulder 
we look at different sorts 
of score as well. The most 
obvious score to use is 
the American Shoulder 
and Elbow Surgery Score, 
where a higher score is 
better. Again in this study 
you can see from pre- to 
post-op again it was a 
very big jump and this 
jump was maintained throughout the year. 

So these data show that this fat injection had a positive effect both on knees 
and on shoulders; they are both synovial joints and it can be assumed that 
there is some chemical effect on the joints helping patients and improving 
their pain. 



Section Five 

Are all fat cell treatments the 
same? 
So doctors might ask “Can anyone just take some fat out and put it 
into patients knees or shoulders and it will work every time?”   
Of course not because, remember, the science and the logic behind these 
current fat cell treatments is not about the fat itself; it is all about how we 
process that fat and how we break the fat down, and how we can potentially 
release those perivascular cells.   

Currently one of the ways that we do this is to take some fat tissue from the 
tummy via a lipo-section, and then we o through a separation and washing 
procedure to get rid of the parts that we don’t want. We get rid of the red 
blood cells for certain, because that is irritant to the body and we certainly 
don’t want to put that into a joint - because it will cause inflammation.  In 
some laboratories they sometimes use sonification, putting ultrasound 
through the sample to break the fat down and to potentially release the 
pericytes, and then after that we may use centrifugation in the processing of 
the fat. 

Of course with the appropriate environment, appropriate culture, appropriate 
stimulants we can start growing cells. So the processing technique is 
extremely important with the fat cells. 

You need to note that there is a difference between simply decanting the fat 
fat within a syringe and using a commercially available kit more effectively 
separates the fat.  There are many different kits out there and each of them 
claim to do different things, but the very important thing is the operator needs 
to understand why they are doing these steps and how each step can 
influence the cells’ viability and actually release those important perivascular 
cells.  To my mind, by just leaving the fat decanting on its own you wouldn’t 
release anything, you just separate them into different layers. Processing the 
fat through centrifugation with a bit of a gel to separate the fat might help to 



purify it a little bit but does it actually release those perivascular cells?  It’s 
unclear. 

So there are many different methods, and I think we may have to use a more 
mechanical method and choose carefully amongst the different devices and 
techniques, because they all have their different advantages and 
disadvantages. But this ebook is not about that, this talk is about what are we 
looking for within the fat. 

If we process the fat cells inappropriately we end up breaking the fat cells 
(adipocytes).  When the fat releases from the actual adipocyte it may not be 
very good for the joint because these liquid fats could become an irritant to 
the joint itself so therefore the processing method is extremely important.  

Prof Paul Lee  - MSK doctors



Section Six 

Take-home Message 
So to round off, the magic of fat cells is actually the science within the 
magic that allows us to access and concentrate the perivascular 
cells, and an injection containing high concentration of living 
perivascular cells is what we are trying to achieve in order to improve 
symptoms of patients with knee arthritis. 

www.mskdoctors.com

Regeneration | Sports | Orthopaedics



Section Seven 

References 
1. Injection of autologous micro-fragmented adipose tissue for the treatment

of post-traumatic degenerative lesion of knee cartilage: a case report.
Franceschini M, Castellaneta C, Mineo G. CellR4 2016; 4 (1): e1765.
(Free full text pdf download)

2. The Effect of Intra-articular Injection of Autologous Microfragmented Fat
Tissue on Proteoglycan Synthesis in Patients with Knee Osteoarthritis.
Hudetz D, Borić I, Rod E, Jeleč Ž, Radić A, Vrdoljak T, Skelin A, Lauc G,
Trbojević-Akmačić I, Plečko M, Polašek O, Primorac D. Genes (Basel).
2017 Oct 13;8(10). pii: E270. doi: 10.3390/genes8100270. (Free full text
article)

3. Autologous and micro-fragmented adipose tissue for the treatment of
diffuse degenerative knee osteoarthritis. Russo A, Condello V, Madonna
V, Guerriero M, Zorzi C. J Exp Orthop. 2017 Oct 3;4(1):33. doi: 10.1186/
s40634-017-0108-2. (Free full text article)

https://www.cellr4.org/wp-content/uploads/sites/2/2016/02/CellR4-P.M.-3512-e1765-Massimo-Franceschini.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5664120/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5664120/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5626678/

	KNEEguru eBooks
	Why am I interested in fat?
	What do we know about stem cell pathways?
	Fat as a repair material
	Pericytes and Medicinal Signalling Cells
	Are all fat cell treatments the same?
	Take-home Message
	References



