Supplementary Information

Parameter | Value References | Physical Meaning

Do 2x10°7 [1/h 1 Physiologic collagen production

Do,c 2x10°7 [1/h 2 Collagen production activated by cytokine

DPé,J 2x107 [1/h 3 Collagen production activated by stretch

Ky 0.0001 [-] 3 Saturation of cytokine effect in collagen production rate
Koy, 1.06 [-] 3 Saturation of collagen production by collagen fraction
dg 0.00097 [1/h] 1 Collagen degradation

dg,c 0.000485 [1/h] | [1 Enhanced collagen degradation by collagen fraction
Tw 4.85 [h] 3 Time constant for reorientation

T 0.485 [h] 3 Time constant for dispersion

~k 2 [ 3 Shape of dispersion rate curve

TP 4.85x107" [h Estimated Time constant for plastic deformation

Ty? 4.85x107 [h Estimated Time constant for plastic deformation

TR 4.85x107 [h Estimated Time constant for plastic deformation

Table 1: Parameters for the local extracellular matrix model. Parameters listed

as estimated were selected in this work or modified from our previous wound
healing model [3].

Parameter | Value References | Physical Meaning

t, 2x107° [MPa, 4] Traction

toc 2x10* [MPa 3, 4] Myofibroblast traction

K. 0.0001 [-] 3] Traction saturation due to cytokine
K 0.4 [] Estimated Traction saturation due to collagen
D,, 0.0833 [mm?/h] 5,6 Cell diffusion coeflicient

D,. 1.66 x10"? [mm®/mol/h] | [2, 3 Chemotaxis coefficient

D 0.01208 [mm?/h] 2,4, 7] Cytokine diffusion coefficient

Dp 0.034 [1/h] 5] Cell proliferation

Dp,c 0.0085 [1/h Estimated Cytokine-increased proliferation
Pp,J 0.0085 [1/h Estimated Mechanoregulation of proliferation
K,. 0.0001 [-] 3 Proliferation saturation

d, DPp(1 = pohys/Kpp) 5 Cell death rate

K,, 0.0001 [cells/mm?] 5 Cell division saturation

De,p 90e-16,/10000 [1/h] 3 Cell secretion of cytokine

De,J 3e-18 [1/h] 3 Mechanoregulation of cytokine
K. 1 [mol/mm?] 3 Cytokine saturation

d. 0.001 [1/h] Estimated Cytokine degradation

P0 1000 [cells/mm?] 8, 9] Dermal cell number

co 0.0001 [mol/mm?] 3 Initial cytokine concentration

yT° 5 [- 3 Shape of mechanosensing curve

A 2 [- 3, 10 Midpoint of mechanosensing curve

Table 2: Parameters for the global biochemical and biomechanical model. Pa-
rameters listed as estimated were selected in this work or modified from our
previous wound healing model [3].
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Figure 1: Trace plot of the Monte Carlo Markov Chain. Plots are shown for
each of the shared (k,, ko, ks, k2) and unshared (b, p, p) parameters.
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Figure 2: Pair plots of the stiffness parameters and collagen density for collagen
scaffolds and rat skin. These parameters are directly linked together through
the mechanical constitutive law and density measurements, and indirectly linked
to the fiber orientation and dispersion. Covariance exists between k, and other
material parameters, as well as between the collagen Oligomer density measure-
ments.



Figure 3: Pair plots of the fiber orientation and dispersion for collagen scaf-
folds and rat skin. These parameters are directly linked in the Von Mises fiber
distribution and indirectly to the mechanical behavior. The plots suggest the
parameters are largely independent.
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Figure 4: Evolution plot of the effective sample size. All parameters reach an
ESS greater than 500, suggesting the chains have converged to their posterior
value.
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Figure 5: Effect of wound size on A. cellular infiltration in the wound center
and B. contraction of isotropic Oligomer-40 treated wounds. Larger (2x) vol-
ume wounds undergo slower cellularization and contract moderately slower than
smaller (1/2) volume wounds. This contraction is more evident at the wound
border where the cells have successfully migrated.
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Figure 6: Effect of wound ellipticity on A. cellular infiltration in the wound
center and B. contraction of isotropic Oligomer-40 treated wounds. Elliptical
wounds have the same volume as circular wounds, but greater surface area at the
interface between wound and surrounding skin tissue. The increase in surface
area with ellipticity leads to somewhat faster recellularization and contraction,
but to a small degree.
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Figure 7: Effect of collagen stiffness on A. cellular infiltration in the wound
center and B. contraction of isotropic Oligomer-40 treated wounds. Increasing
collagen stiffness leads to significantly less contraction. Cellularization was not
significantly affected by the change of collagen stiffness. This range of ks is
motivated in part by the possible uncertainty in material properties from the
experimental setup, as well as inherent variability of material behavior of bio-
logical tissue. For example, uniaxial tests of murine, porcine, and human skin
at different strain rates spanning three orders of magnitude have identified a
relatively small change in the estimated modulus (1- to 3-fold change in esti-
mated modulus) [11, 12, 13]. Note that all other parameters except k; were
kept constant and set to the values in Table S1.



Figure 8: Effect of collagen scaffold fiber orientation on wound contraction. Skin
fibers are maintained in a horizontal direction, p, = 0 with alignment x = 0.2
as in Figure 8, while collagen scaffold fibers are rotated from 0 to 27. Due to
the symmetry of the problem, after the first three cases, from 0 to /2, the rest
of the contours are equivalent to one of the first three cases. This shows that the
code preserves these symmetries and that there are no mesh dependencies. As
the scaffold fibers are rotated, the contracted wound shape rotates as well. This
is due to the active stress term in eq. 11, which assumes that fibroblasts exert
contractile forces primarily along the preferred fiber orientation with dispersion
K.
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