Supplementary Materials for

Understanding the Form and Function in Chinese Bound Foot from Last-
Generation Cases

*Qichang Mei'23, *Yaodong Gu'?3, Julie Kim?3, Liangliang Xiang'?3, Vickie Shim3, *Justin
Fernandez'?3#

"Faculty of Sports Science, Ningbo University, Ningbo, 315211, China

2Research Academy of Grand Health, Ningbo University, Ningbo, 315211, China

3Auckland Bioengineering Institute, The University of Auckland, Auckland, 1010, New Zealand
“Department of Engineering Science, The University of Auckland, Auckland, 1010, New Zealand

* Correspondence:

Address: Faculty of Sports Science, Ningbo University, No. 818, Fenghua Rd, Jiangbei District,
Ningbo, Zhejiang, 315211, China

Dr. Qichang Mei, PhD (Email: gmei907 @aucklanduni.ac.nz; meigichang@outlook.com)

Prof. Yaodong Gu, PhD (Email: guyaodong@hotmail.com); A/Prof. Justin Fernandez, PhD
(Email: j.fernandez@auckland.ac.nz)



Appendix A
Given the strain &,, apparent density p, and fabric tensor H, for the current time step t, a

mechanical stimulus Y, is calculated.
Y. =2 [26 sym[(H & H,)(H.&)] + 1 tr(thst)Sym[Htgt]]’ (1)

where G, and 1 are the Lamé constants of ideal compact bone with null porosity, whose density

is represented by g, and H, is a remodelling tensor given by.
B(p)/4
=(2 1/4§51/2
H= (ﬁ) A(p) V42, (2)
A weighted sum of stimulus J,; between the spherical and deviatory part is calculated next
Jo=A—-w) tr(¥);1+wdev(Y,) = (1 - 20) r(V,) ;1 + w¥,. (3)

Using the scalar weighting factor of w € [0, 1].

Accounting for the weighted sum of stimulus J, from the current loading configuration and the

number of cycles of loading per day n;, the resorption level g{, and the apposition level gtf,are

calculated
r— V2 - w) .t —1)1/4_ 1
H T i B e A/t Wi — w)p,(165F@0)/S
31/4
gtf = ntl/m B(Pt)ﬁz_ﬁ(pt)/sA(Pt)l/g— Ut:]t)1/4 - Wi + W)Pt(ls_sﬁ(pt))/s

V2(1 —w)

Where )} is the reference stimulus level, w is the half-width of the bone equilibrium zone, m is
the empirical weighting between the importance of the load intensity and the number of load cycles

to bone remodelling, and B(p;) and A(p,) are constants.

The resorption and apposition levels determine which remodelling criteria is active according to



resorption if g{ = 0and gtf <0
apposition if gtf =0
equilibrium if g7 <0and g/ <0

Following this, the rates for surface remodelling 7;, density p, and remodelling tensor H, are

calculated
g¢ :
' —Cr W resorption
Tt = f
t "
cr 0 RGO apposition

pr = kieSy p

3B(po)kiSy, E
4Hr(H;?J7>Hy: ) py
3B(po)k:Sy, ﬁ
Mr(H;?J H,: ®) p,

Jr3:@  resorption
Ht =
Js:@ apposition

Where c, and ¢, are the remodelling velocity for resorption and apposition, respectively, Sy, (n)
is the specific surface (internal surface per unit volume), k is the ratio between the available surface
for remodelling and the total internal surface, and @ is the fourth-order rank tensor form of w. To
avoid unphysiological values of density and numerical problems, the rates were adjusted to ensure

that the density remains in the range of 0.01g/cm? < p < p at all the time.

The variables are updated using the forward Euler method, and consequently the constitutive
tensor is updated so that its local orthotropy directions coincides with those of the principal axes of
the remodelling tensor, and stiffness in the material direction is a function of principal values of the
remodelling tensor. This process repeats until the specified simulation period is reached. The

parameter values used in the simulation are summarized in the Table A1 below.



Table A1. Parameters used in the bone remodelling algorithm

Variable

Value
0.3
50MPa/day
4
25% of ;
0.02um/day
0.02um/da

100%



Appendix B

For bone shape comparison, the surface mesh (.stl) of the calcaneus, talus, tibia, fibula, tarsus
(navicular, cuboid, medial/intermediate/lateral cuneiform), and 1-5 metatarsals bones were
organized into a vector matrix. The bone shapes are available to download from our open-source

online repository (figshare: 10.17608/k6.auckland.19335395).

As expected, the HB and FB feet exhibited shorter lengths due to the foot binding compared to
the NF. Moreover, the FB exhibited a high arch in the midfoot forming an extreme dome, compared

to the HB and NF. The HB also showed a higher arch compared to the NF. Full details of the bone

shapes are presented below.

Calcaneus

,r- FB NF
5.00
! a.00
2.00
200
1.00

Sup_Med view
0.00
-1.00
-2.00
-3.00
-a.00
5.00
\ Lateral view )

Gais Mesn = -1. 375421 / st dex. = 1.565710 [130 classes)

bl Hausdorff Distance 0]
1 {unit: mm) HBvs NF FB vs NF ]
’ Max 5.24 541 /
- Mean 112 148 f
\ RMS 0.28 0.27 ol / \

4.5 ] 1.5 [ 15 3

gned distances

€2 signed distances M signes
Gaussian Distribution of distance between HB and NF Gaussian Distribution of distance between FB and NF

Fig. B1. lllustration of shape differences in the calcaneus bone of HB and NF, and
FB and NF with quantification of Hausdorff Distance, and Gaussian Distribution.
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Fig. B2. lllustration of shape differences in the talus bone of HB and NF, and FB
and NF with quantification of Hausdorff Distance, and Gaussian Distribution.
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Fig. B3. lllustration of shape differences in the tibia bone of HB and NF, and FB
and NF with quantification of Hausdorff Distance, and Gaussian Distribution.
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Fig. B4. lllustration of shape differences in the fibula bone of HB and NF, and FB
and NF with quantification of Hausdorff Distance, and Gaussian Distribution.
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Fig. B5. lllustration of shape differences in the M1 bone of HB and NF, and FB
and NF with quantification of Hausdorff Distance, and Gaussian Distribution.
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Fig. B6. lllustration of shape differences in the M2 bone of HB and NF, and FB
and NF with quantification of Hausdorff Distance, and Gaussian Distribution.
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Fig. B7. lllustration of shape differences in the M3 bone of HB and NF, and FB
and NF with quantification of Hausdorff Distance, and Gaussian Distribution.
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Fig. B8. lllustration of shape differences in the M4 bone of HB and NF, and FB
and NF with quantification of Hausdorff Distance, and Gaussian Distribution.
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Fig. B9. lllustration of shape differences in the M5 bone of HB and NF, and FB
and NF with quantification of Hausdorff Distance, and Gaussian Distribution.
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Appendix C
Appendix C presents the remodelling of foot bones in the FE model of normal foot (NF),
half bound (HB) and full bound (FB).
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