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GOAL: To investigate sutures as a drug delivery device
to guide the stages of the wound healing process to
promote healing and minimize scarring
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Case 1: Suture Design that Releases Drug
through a Fixed Concentration Boundary
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Case 2: Drug-Coated Solid Suture
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Case 3: Drug-Loaded, Hollow Suture with
Porous Wall

Wound
Domain
Woun d SESSANANAN0 )
SIS e
. o
Y s
Domain B <
b

COMSOL
Modeling
Domain

L4




ase 1: Suture Design that Releases Drug
hrough a Fixed Concentration Boundary

Wound
W d o o e o DoMain
oun —————— - e (T,
A = Pagr " f—
. b S *
Domain B N b D ———
. I~ W2 -
” 1 e e e e
1
1
1
1 COMSCL
1 Modeling
14 | Domain
i
H 1
[ 1
I
i 1
. 1
\
(. 1
\ 1
\
A\ |
\
X 1
N 1 \i
1
b -
-~
..-———_-----‘ >
X
Time=0min Surface: Concentration (molm®) o Time=60 min  Surface: Concentration (molm®) [+ Time=1440 min Surface: Concentration (molm®)
A 1000 T T T T T T T T T 1 & 1000 A 1000
x10* st It sk x10¥
1 1
28} 1 28)
0.8 26 261
24 24
0.8
22 { 22}
07 2| ] F1n
181 4 18k
06
16k 1 164
05 s 1af
L2 L2
0.4
1 1 1k
03 |osf 1 08l
s 1 0sf
0.2
04l 1 oal
01 oz} i o2}
o S
a i 0.89 1
05 o 05 1 s 2 25%.13 2 15 1 05 0 05 1 15 2 25 ¥ 995 2 15 1 05 0 0.5 1 15 2 2.5 ¥ 1000




Case 2: Drug-C
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Case 3: Drug-Loaded, Hollow Suture with
Porous Wall
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Concluding Remarks

GOAL: To investigate sutures as a drug delivery
device to guide the stages of the wound healing
process to promote healing and minimize scarring

* COMSOL Modeling of Drug-Containing Sutures
e Concentration profiles of drug simulant that
might result from three designs of sutures
* Results suggest time-varying effects associated with
suture design

* Next Steps

e Better match the suture designs to physiology by
combining with experimental studies/physiological

parameters
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Dimensions of COMSOL “Physics” for COMSOL Parameters of COMSOL
Model Simulation Simulation

Width of Interior Suture Study used in

Domain Interior Suture N/A
Domain
Width of Porous Drug Study used in
Coating or Porous Wall Porous Drug
. N/A . N/A
of Suture Domain Coating or Porous
Wall of Suture
Domain
Width of Wounded Study used in Time-
Dermal Tissue Domain e Wounded Dermal  dependent
' Tissue Domain transport of
mm :
diluted
species
Height of Domain(s)
3 mm

Diffusion
Coefficient of
Drug Simulant
Permeability
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Coefficient

Initial
Concentration
of Drug
Simulant
Initial
Concentration
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Simulant
Elsewhere

1% 10710 m2/s

N/A

N/A

1,000 mol/m3
(Left Boundary)

0 mol/m3
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Dimensions and Parameters of Conceptual Domain | Parameters Used in COMSOL Simulation

Assumed Width Physics used in Wound Time-dependent
(Radius) of Interior 6.0% 10™* m Domain for COMSOL transport of diluted
Suture Domain Simulation species in porous media

Calculated Width of _
e Porosity Assumed for
Outer Transport 3.25x107° m 0.1

: Wound Domain
Domain of Suture

Width of Wounded Diffusion Coefficient of
Dermal Tissue 42 %10 % m 1 %101 m2/s

Drug Simulant

Domain
Height of All 3 % 103 Initial Concentration of 900 mol/m3
* m
Domains Drug Simulant (Left Boundary)

Assumed Initial
Concentration of
Drug Simulant in

: 1,000 mol/m3
Interior Suture

Domain " .
Initial Concentration of
» Drug Simulant 0 mol/m3
Assumed Initial 0 mol/m3 Elsewhere

Concentration of
Drug Simulant in
Outer Transport
Domain of Suture

(Allowed to quickly accumulate
and not drop below 900
mol/m?3 during the duration of
the validation simulation) 18



Dimensions of COMSOL “Physics” for COMSOL Simulation Parameters of COMSOL
Model Simulation
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Wall of Suture
Domain

Width of Wounded
Dermal Tissue

Domain

Height of Domain(s)

N/A

0.08
mm

0.42
mm

3mm

Study used in
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Portion of
Suture Domain)

0 mol/m3
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Dimensions of COMSOL “Physics” for COMSOL Simulation Parameters of COMSOL
Model Simulation

Width of Interior 0.2 Studyusedin

Suture Domain mm  Interior Suture
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Width of Porous Drug Study used in

Coating or Porous 0.08 Porous Drug
Wall of Suture mm  Coating or
Domain Porous Wall of

Suture Domain
Width of Wounded
Dermal Tissue
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Dermal Tissue

0.42
Domain mm

Domain
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Results of Case 1
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Results of Case 1, Continued

Concentration vs. Position, y=0.2
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Case 2: Drug-Coated Solid Suture
Design
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Results of C

ase 2, Continued

Concentration vs, Position, y=0.2
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Results of Case 2
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Results of Case 2, Continued
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Case 3: Drug-Loaded, Hollow
Suture with Porous Wall
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Results of Case 3
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Results of Case 3, Continued

Concentration (mol/m®)
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Results of Case 3, Continued

Time=1440 min  Surface: Concentration (mol/m®) o Time=1440 min Surface: Concentration (molfm®)
A 80.2
Els 1 £
2.8 - 90 281
26 ] 26l
2.4 1 89.5 24}
2.2 B 2.2 |
89
2 oL
1.8 18
88.5
1.6 161
1.4 88 l4F
12 1.2 |
1 87.5 1
0.8 08
0.5 87 06|
0.4 0.4
M —_ 86.5 H
2 POrosity = 1 Porosity = 0.6
. —_ .
o} ol
86
. . , . . . . . . . . . . . .
-1.5 -1 0.5 0 0.5 1 1.5 2 2.5 ¥ 86 1.5 -1 -0.5 0 0.5 1
Time=1440 min Surface: Concentration (mol/m?) o

Porosity of the I _ ]4m
porous wall of the ﬁ I

suture increases, |

resulting in a more

uniform distribution 9l 85

throughout the )

simulation domains of .
- Porosity = 0.9 .

L L L L L L L
-1.5 -1 -0.5 0 0.5 1 15 2 25 ¥ 8l.6



Results of Case 3, Continued
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