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INTRODUCTION: Transdermal drug delivery using
microneedles has been recognized as an effective method,
and a potential alternative for hypodermis needle injection.
Despite significant advances in microfabrication techniques
for high-precision manufacturing of microneedle arrays,
less is known about the effect of various geometrical
parameters on overall mechanical performance of
microneedles. This study aims to systematically study effect
of various geometrical design parameters on mechanical
performance of microneedles.

COMPUTATIONAL METHODS: Structural Mechanics
Module from COMSOL Multiphysics® V 5.3 in conjunction
with Material Library was employed. A parametric study
was performed using the results of more than 2100
simulations performed by parametric sweep feature.
Critical buckling load factor (A1), maximum deflection and
von Misses stress under bending and axial loading, as well
as maximum deliverable drug volume were multi-
objectively optimized using the following equations:
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Considered Design parameters are illustrated in Figure 1
with the Boundary conditions shown in Figure 2. The
microneedle was considered solid, made form PMMA.

Figure 1. lllustration of the design
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Figure 2. Specified boundary conditions for

each type of analysis.

Parameter unit

range(0.1,0.1,0.9)

150,300,450 LI
10,100,200,300 400 LI
10,200,400,600 LI
1000,1500, 2000, 2500 LI

Table 1. Considered levels for each design parameter.

Excerpt from the Proceedings of the 2018 COMSOL Conference in Boston

Maximum von Misses Stress

(MPa)

RESULTS: Effect of each design parameter on maximum
stress and deflection under bending and axial loadings as
well as critical buckling load factor were examined.
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Figure 3. Effect of parameter alpha on (A) maximum stresses, and (B) maximum deflection under bending
and axial loading. Contours of von Misses stress for different designs, under (C) axial, and (E) bending, and
maximum deflection for different designs under (D) axial, (F) bending loading (D).

Source |DF Adj SS AdjMS |F-Value |[P-Value |Percentage of|Ranking
contribution
Alpha |8 1.6454 |0.20568 |24.03 0.00000 |3.330250 3
h 3 1.6356 |0.5452 |63.69 0.00000 |3.310415 4
D 2 18.0386 |9.01929 |1053.69 |0.00000 |36.50969383 |1
I 4 0.0418 [0.01045 |[1.22 0.30000 |0.084602198 |5
L 3 9.7372 |3.24573 |[379.19 |0.00000 |19.7078593 |2
Error [2139 |[18.3092 |0.00856
Total |2159 |49.4077

Source |DF AdjSS |[AdjMS |F-Value |P-Value |Percentage |Ranking
of
contribution

Alpha |8 0.3918 |0.049 7.82 0.00000 |0.466507989 |3

h 3 0.929 0.3097 |49.46 0.00000 |1.106140688 |2

D 2 68.8091 |34.4046 |5494.37 |0.00000 |81.92954277 |1

I 4 0.292 0.073 11.66 0.00000 |0.347678236 |4

L 3 0.1697 |[0.0566 [9.03 0.00001 [0.202058208 |5

Error 2139 |13.394 |0.0063

Total 2159 |[83.9857

Table 2. Result of ANOVA with (left) and without (right) consideration of maximum deliverable drug volume as an

objective function. ANOVA was performed using software Minitab ©.

CONCLUSIONS: In this study, parametric sweep feature

was used to establish an extensive database for

performing single-variable, multi-objective optimization,

and ANOVA analyses. Results provided insight into effect

of each desigh parameter on overall mechanical stability
of microneedle. Also, it was revealed that microneedle
dimeter is the most important design factor.
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