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What I am hoping to do to improve the model

Final Aims
How this information will optimise microneedle design, allowing them to become a more effect and efficient means of delivering drugs. 







Microneedle Arrays
•

 
A painless and safer alternative to 
hypodermic needles

•
 

Can be thinner than the diameter of a 
human hair and have a length of between 
150μm and 700μm

•
 

Self administration

•
 

Arrays have been shown to deliver a 
variety of therapeutic compounds

•
 

Up to 50 times greater immune response 
when using microneedle arrays, 
compared with intramuscular injection
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A painless and safer alternative to hypodermic needles
Painless because they’re not long enough to hit any nerves, safer because there is less risk of infection or damaging any tissues.  Look at pictures
Thinner than the diameter of a human hair and have a length of between 150μm and 700μm
Self Administration
Because they’re safe and easy to use, they can be used by untrained staff.  Could even be sent out in the post.
Arrays have been shown to deliver variety  therapeutic compounds
Studies have shown that drugs, peptides, antigens and DNA have been effectively administered through the skin
Up to 50 times greater immune response when using microneedle arrays when compared with intramuscular injection
Delivering vaccines via microneedle arrays, studies have shown the antibody response was 50 times greater than intramuscular injection [2].  This is due to an abundance of antigen-presenting cells within the epidermis called langerhans Cells. These engulf the antigen, process it, migrate from the epidermis and drain to the lymph nodes where they present it to the immune system. 





Using 
microneedles 

to create a 
pathway 

through the 
skin

Coated 
microneedles

Biodegradable 
arrays

Hollow 
microneedles
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To allow microneedles to be used as a vehicle for transermal drug delivery, arrays have been developed to allow for either direct transdermal delivery or part of a drug delivery system.  The choice of design is purely dependent on the compound or drug which is to be administered.

Using microneedle to create a pathway through the skin
Most simple design, where a solid array is passed through the skin, then a transdermal patch or cream is applied to the sight.  Very simple concept, but little control o idea how much drug is absorbed in the skin.
Coated Microneedles
An improvement on the previous method, where arrays are coated with the substance and the array is then pushed into the skin.  The coating then either dissolves quickly or remains within the skin and is absorbed over time.
Microneedle geometry is extremely important for this design, as an irregular geometry will hold more coating when compared to a simple structure.
This method allows for increased control over the release time of the drug, and more control over the quantity of drug being administered. 
Biodegradable Microneedles
The drug is encapsulated within a biodegradable material such as PLGA or sugar, the microneedles are then formed from this material.  When the array is inserted into the skin the needles are left in-stitu and dissolve over time releasing the compound.  
Again more control over the release time of the drug, eg sugar will dissolve quicker than some polymers.
Less mechanical strength however because of the weaker material
Hollow microneedles 
Allow for transdermal injection, so exact measurements of how much substance has been administered can be made.  Also, small blood samples can be removed using this technology.




Design Issues

•
 

Due to the wide range of 
applications, there is no uniform 
shape, size, material or method 
of manufacture.  

•
 

The only similarity is that the 
needle must pierce the stratum 
corneum to deliver the 
therapeutic compound

Study Aims:

To quantify the mechanical properties 
of human skin, in vivo, using 

experimental assessments and 
computational methods.  

From this, the biomechanics of skin 
penetration by microneedles can be 

assessed.
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Due to the wide range of applications, there is no uniform shape or size.  
The only similarity is that the needle must pierce the stratum corneum to deliver the compound
This is obvious from the 4 main microneedle designs.  If a protocol can be successfully developed, this should reduce needle fracture within the skin or before the needle has passed through the skin.

To quantify the mechanical properties of human skin, in-vivo, using experimental assessments and computational methods.  From this, the biomechanics of skin penetration by microneedles can be assessed.
So this can be used to predict how altering the design and microneedle material will have on skin penetration.  Feed this information back into the design process.  




Identifying the Mechanical 
Properties of Skin

•
 

Skin is a multilayer structure, 
subjected to a pre-stress and 
exhibits anisotropic, non-linear 
and viscoelastic

 
properties. 

•
 

Properties differ due to age, level 
of hydration and location on the 
body

•
 

The Ogden material model was 
chosen to describe the non-linear 
stress-strain relationship
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To understand the response of human skin to an applied load, a computational model can be built to explain this. Firstly it is important to understand the general properties of human skin.

Skin is a multilayer structure, subjected to a pre-stress and exhibits anisotropic, nonlinear, inhomogeneous and viscoelastic properties.
Multilayer structure: IMAGE:- Show the epidermis (must pierce this layer to deliver the compound, waterproof SC makes trandermal drug delivery very difficult), dermis (provides the skin with its elasticity and strength),  hypodermis (provides padding and reduces heat loss from the body)- very complex.

For this study, the Ogden material model [1] was chosen to describe the nonlinear stress-strain relationship of soft solids and skin

Material behaviour is explained by means of a strain energy density function

EQUATION and By changing the Ogden constants μ and α, the stress-strain relationship can be altered 
Strain energy density function in terms of the principal stretches in the x, y and z planes
Mu and alpha are material constants, so different for each non-linear material.
Lamda are the principal stretches

By increasing alpha, the non-linearity is increased, and by increasing mu, the stiffness can increased and visa versa,  These parameters in turn alter the initial Young’s Modulus and the Bulk Modulus.  



Preliminary Models and 
Experiments

Modelling Silicone
•

 
Series of indentation tests using 
indenters of various sizes and 
shapes

•
 

FEA was used to estimate the 
Ogden parameters of the 
silicone.

Single layer model of human
skin
•

 
In vivo skin indentation tests 
were preformed

•
 

FEA was used to estimate the 
Ogden parameters of the skin
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Modelling Silicone
Series of indentation tests using indenters of various sizes and shapes
Indenters of diameters 1mm, 2mm 1/8th inch and ¼ inch and a conical indenter.  
FEA was used to estimate the Ogden parameter.
Image shows the finite element model, where the indenter holder has also been modelled. 
GRAPH:  Graph showing one of the sets of results, with the 1mm diameter indenter model. Pink are the experimental results and blue line is the finite element results.  Note good correlation.

Single layer model of human skin
In vivo skin indentation tests were preformed
On the volar aspect of the arm, again using indenters of different sizes and shapes.  
FEA was used to build a single layer model of the skin indentation tests
Again FEBIo was used to build the model.  Ogden parameters were optimised to match the experimental results.  These values can then be used in later more complex models.

GRAPH:  Pink shows the experimental results and blue is the finite element model.  Just for 1mm diameter indenter shown here.


  




Double layer model of 
skin indentation

•
 

Same experimental procedure was 
employed

•
 

Epidermis and dermis thicknesses 
were set to 0.06mm [1] and 
1.74mm [2] respectively

•
 

The epidermis was assumed to be 
stiffer than the dermis because of 
the stratum corneum

•
 

Ogden parameters were optimised 
to match the experiment

Presenter
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Double layer finite element model was built incorporating the epidermis and dermis.
Epidermis thickness was set to 0.07mm [1] and dermis thickness was set to 0.84mm [1]
These results were taken from a paper
The epidermis was assumed to be stiffer than the dermis because of the stratum corneum

Ogden parameters were optimised to match the experiment



Epidermis Ogden parameters: 
Bulk modulus=1N/mm²

α

 

= 2,  μ

 

= 0.005 MPa

with an initial Young’s Modulus of 
0.01N/mm²

Dermis Ogden parameters: 

Bulk modulus=0.75N/mm²

α

 

= 1.5,  μ

 

= 0.005 MPa

with an initial Young’s Modulus of 
0.0075N/mm²

Double layer model of skin 
indentation

1mm Diameter Indenter

0

0.001

0.002

0.003

0.004

0.005

0.006

0 0.1 0.2 0.3 0.4 0.5

Indentation Depth (mm)

In
de

nt
at

io
n 

fo
rc

e 
(N

)

FEM

Experiment

Rockwell Conical Indenter

0

0.002

0.004

0.006

0.008

0 0.1 0.2 0.3 0.4 0.5

Indentation depth (mm)
In

de
nt

at
io

n 
fo

rc
e 

(N
)

FEM

Experiment

Presenter
Presentation Notes
Two sets of results from the double layer finite element model.  Again, the pink is the experimental result, and the blue is the finite element model.  (Didn’t put all the results up)  The Ogden parameters gave an initial youngs modulus of around 10kPa, which is similar to other studies.

Note the fluctuations in the experimental results- must improve testing techniques.  



Improvements to the FE 
Model

Coefficient of friction 
of 1.2 [3] acting 

between the indenter 
and the surface

Phase One

Initial strain of 0.2 [4] is 
applied.  Epidermis and 

dermis thicknesses are now 
0.07mm [5] and 0.84mm 

respectively [6]

Phase Two

Indenter is pressing on 
the skin

Phase Three
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Again, these are quarter models where the indenter holder was also modelled.

PHASE 1
Coefficient of friction (1.2) acting between the indenter and the surface
Again epidermis and dermis were modelled, the value for the coefficient of friction was taken from a paper.

PHASE 2
Initial strain of 0.2 is applied
This value was taken from a paper by Sam, the thickness of the epidermis and dermis is now at 0.06mm and 0.84mm respectively.

PHASE 3:
Indenter is now pressing on the skin



Improvements to the FE 
Model
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Epidermis Ogden parameters: 

Bulk modulus=1.8N/mm²

α
 

= 6,  μ
 

= 0.003MPa

with an initial Young’s Modulus of 
0.018N/mm²

Dermis Ogden parameters: 

Bulk modulus=1.25N/mm²

α
 

= 5,  μ
 

= 0.0025MPa 

with an initial Young’s Modulus of 
0.0125N/mm²
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Further Work

The effect of epidermis stiffness on the overall mechanical properties 
of the skin FE model.
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Something I have been looking at recently, involves testing the effect of epidermis stiffness on the whole skin model.  So I assigned the epidermis with either “hard” or “soft” Ogden values, the soft value had a Youngs modulus which was 12 times less than the “hard” value.  Only the largest indenter and smallest indenter diameter were tested within the model, to see what effect this had.  

When the quarter inch diameter indenter was tested, the overall response of the model was greater influenced by the dermis stiffness, where the epidermis had very little effect.

When the 1mm diameter indenter was tested, the epidermis appeared to have a slightly greater influence on the model, but the difference was still very small.  

This shows you can use various sized indenters to find the properties of the epidermis, but a greater difference in sizes may be required.



Future Improvements to 
the model

1. Hypodermis:
Add a layer of fat to the model 

2. Epidermis:
Find the properties of the epidermis 
separately

3. Improvements to in vivo test 
procedure:
Reduction of fluctuations by reducing 
frequency at which the recordings are 
made

4. Increase sample size of skin 
indentation test.
Include people of different age, 
gender and ethnicity.  
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1.	Hypodermis:
	Add a layer of fat to the model 
Separate mechanical tests on animal fat can be used to find the mechanical properties of fat, and use this information to describe the hypodermis

2.	Epidermis:
	Find the properties of the epidermis separately
Using indenters of different sizes, or even tests on samples (need to be indentation)

3.	Improvements to testing procedure:
 	Reduction of fluctuations by reducing frequency at which the recordings are made
As discussed before, fluctuations were present within the experimental results.  By reducing the frequency of the readings being recorded, and using by filtering the results, a more definite curve can be obtained (SEE GRAPH)

Increase sample size of skin indentation test.
	Include people of different age, sex and ethnicity. 
So far only one person has been tested, it would be a good idea to increase the sample population as we know that properties can differ from person to person. 





Future Work

Improvements to test 
procedure and finite element 

model 

A finite element analysis of a 
microneedle piercing the skin can be 
developed.  Further validation of the 

model can be made from in vivo 
experimental observations 

Ogden constants 
for skin layers

Suggestions on how to 
optimise future microneedle 
designs, to allow for more 
efficient transdermal drug 

administration.

By modelling 
different 

microneedle 
geometries and 

materials
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Improvements to test procedure and finite element model 
Reduce the effect of body movements on the experimental results.
Add the hypodermis to the underside of the dermis
Improve the optimisation procedure, maybe write a program in Matlab which will do it automatically.

Once these parameters have been indentified

A finite element analysis of a microneedle piercing the skin can be developed.  Further validation of the model can be made from in-vivo experimental observations
Construct a FEM of the skin being pierced by a microneedle (ie it tearing through the various layers) 

By altering the geometry, material and array design of the microneedles, suggestions on how to optimise microneedle design, for each application, can be made.  This can be fed back into the design process, hence improving transedermal drug delivery via this method
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Thank you 

Any Questions????!
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