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Supplementary file

To estimate the mechanical properties of each 3D-printed
osteochondral interface scaffold, self-designed testing
devices were proposed in Section 2.5. Firstly, a tensile/
compressive testing device was developed to investigate
the interfacial bonding strength and compressive strength
of the osteochondral interface scaffold (Figure SI1A).
Two vises were respectively fixed on a pressure sensor
(Type 9256C1 SN1841599, KISTLER) and a linear stage
(LX80-C311A6, SELN). In the tensile/compressive test,
the cartilage and subchondral bone parts in the scaffold
were held tightly by two vises separately. Secondly, to
evaluate the interfacial shear strength of the biomimetic
osteochondral interface, another interfacial shear device
was also designed (Figure S1B). A vise was fixed on the top
of the pressure sensor to hold the osteochondral interface
scaffold. Meanwhile, an aluminum plate was bonded on
the linear stage and utilized to shear the osteochondral
scaffold at the interface.

In Section 3.1.1., the stress contour plots of the first
and third principal stresses for structures in the tensile
process with various h have been obtained (Figures
S2 and S3). Within each scaffold pattern, the stress
distribution manifested obvious concentration near the
bone-cartilage junction. The simulations revealed that
the maxima of both the first and third principal stresses
were localized at the filament of the bone structure, which
was perpendicular to the tensile direction. The greatest
tensile stress was concentrated on the side farthest away
from the boundary load, while the maximum compressive
stress was localized on the opposite side. Of all the
scaffolds, the largest tensile and compressive stress showed
decreasing tendencies with the improvement of . Among
the four patterns of scaffolds, the first and third principal
stresses demonstrated an obvious reduction with the
increase of h.
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Figure S1. (A) A self-designed tensile/compressive testing device for investigating the interfacial bonding and compressive strengths of the osteochondral
interface scaffold. (B) A self-designed interfacial shear testing device for investigating the interfacial shear strength and compressive strength of the
biomimetic osteochondral interface units. (C) Experimental setup for tensile/compressive testing and shear testing.
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The distribution of the first and the third principal
stresses for designed scaffolds with various w was
calculated (Figures S4 and S5). The locations of the greatest
tensile and compressive stresses were consistent with the
aforementioned results (Figures S2 and S3). Interestingly,
the maximum values of both the first and the third principal
stresses were nearly constant with the increase of w.

In Section 3.1.2., the von Mises stress contour plots of
the osteochondral interface scaffolds in the compressing
process suggested a similar stress distribution as the
simulation results in the tensile process (Figures S6 and
S7). However, the stress contour plots of the first and third
principal stresses of the compressing process indicated
a dissimilar distribution with that of the tensile process
(Figures S8 and S9).

The maximum tensile and compressive stresses
were concentrated at the perpendicular filament to the
compression direction. The greatest tensile stress was
concentrated on the side farthest from the fixed constraint,
while the largest compressive stress occurred on the closer
side of the filament. The maximum values of both tensile
and compressive stress decreased with an increase in h and
showed minimal variations with changes in w (Figures S10
and S11).

In the simulation for the shearing process (Section
3.1.3.), stress contour plots of the first and third principal
stresses were obtained for scaffolds of various h (Figures
S12 and S13). Each pattern of scaffold experienced greater
tensile and compressive stresses near the junction of the
pin and the pedestal of the bone structure. The maximum
stresses were concentrated at the surface of perpendicular
filaments to the shear direction, and the location was

close to their junctions with the outermost layer of bone
structure. Of all the interface scaffolds, the greatest tensile
and compressive stresses suggested few changes with
varying h.

The first as well as third principal stress indicated a
concentrationat the pedestal of each bone structure (Figures
S14 and S15) in the osteochondral interface scaffolds with
varying w. The greatest tensile and compressive stresses
occurred on the surface of the perpendicular filament to
the shear direction. The largest magnitude of tensile stress
was localized on the side farthest from the boundary
load, while that of compressive stress was localized on the
opposite side. This suggests that the maximum first and
third principal stresses both exhibited a decrease with the
increasing w.

To explain the phenomena of stress distributions,
deformation contour plots for the structures were
calculated (Section 4.1.). In the tensile process, the region
of the scaffold near the boundary load manifested a
shrinkage, while the region near the pedestal of the bone
structure expanded (Figures S16 and S17). The bending
of these filaments led to the concentration of principal
and von Mises stresses. In the compressing process, the
scaffold region near the boundary load exhibited an
expansion, while shrinkage occurred at the scaffold close
to the bottom of the pin structure (Figures S18 and S19).
In the shearing process, the entire cartilage and the pin
showed a deformation along the shear direction (Figures
S20 and S21). This generated a bending at the bottom of
each pin, which led to a stress concentration at the surface
of filaments perpendicular to the shear direction.
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Figure S6. The stress contour plots of the von Mises stress for structures with various heights of pin (k) in the compression process. (A) Stress contour
plots for the cross-section a. (B) Stress contour plots for the cross-section p and d. Filaments near the bone-cartilage junction, which are along and
perpendicular to the compressive direction, show a stress concentration at each fusion. (C) Comparison of stresses within the cross-sections  and § for
osteochondral interface scaffolds. With the increasing h, the maximum of von Mises stresses demonstrates a decrease.
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Figure S7. The stress contour plots of the von Mises stress for structures with various widths of pin (w) in the compression process. (A) Stress contour
plots for the cross-section a. The von Mises stress concentrates at the outermost filaments of pins near the junction of bone and cartilage structures, and
the scaffold of Type 1 shows higher stress at the central filament. (B) Stress contour plots for scaffolds at the cross-sections p and 8. Filaments that are
perpendicular to the compressive direction demonstrate the stress concentration near the fusion of adjacent filaments. (C) Comparison of stresses within
the cross-sections p and 8. With increasing w, the maximum von Mises stress remains constant.
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Figure S15. The stress contour plots of the third principal stress for structures with various widths of pin (w) in the shearing process. (A) Stress contour plots for the cross-section a. (B) Stress contour

plots for the cross-section y. (C) Stress contour plots for the cross-section 8.

Volume 11 Issue 2 (2025) 16 doi: 10.36922/ijb.8577


https://doi.org/10.36922/ijb.8577

3D-printed osteochondral interface

International Journal of Bioprinting

'Q UO1}03s-55010 3} 10§ s30[d 1Nn0JU0d uonEULIO( (D) “A UOIIs-55010 3} 10 $10[d INOJUOD UOTJEULIOJ(T () P UOT}IIS-SSOID Y] 10]

s101d mojuod uoneULIO}A(] (V) "PaIRdIPUI U9 SBY UOTJBULIOJP JO UONIaIIp aAnIsod a7, 'ssad01d afisua) oy ut (1) uid jo sjySroy snotrea yim sarmjongs 10§ sjod mojuod uoneuriojop ayf, ‘1S 2msiy

[w]
0z-

ST-

0T-

(=]

L

0]
ST

0¢
0T x

0T
ST

0¢
s-0Tx

[w]

doi: 10.36922/ijb.8577

17

Volume 11 Issue 2 (2025)


https://doi.org/10.36922/ijb.8577

3D-printed osteochondral interface

International Journal of Bioprinting

'Q UON35-55010 31} 10] s10[d IN0JU0d UONRULIOA(T (D) *A UON3s-$S01 31} 10] $10[d INOIUOD UONBULIOJI(T () "D UOTIIIS-SSOID 3}
10§ s10[d 1n0JU0D UOTRULIOJI( (V) ‘PAIBIIPUL U2 SBY UOIBULIOJIP JO UONIAIIP 2A1Is0d 9T, 'ss9201d a[1sua) ut () urd JO SYIPIM SNOLIBA (IIM SIIN)ONI)S 10 $10[d INOJUOD UOTRULIOIP YT, LTS N1y

[w]
oz

1%

ort-

¥y

0t

ST

0z
0T x

- [w]

0t-

\

z-2dk] g-adA] p-adh)

L-adA)

doi: 10.36922/ijb.8577

18

Volume 11 Issue 2 (2025)


https://doi.org/10.36922/ijb.8577

3D-printed osteochondral interface

International Journal of Bioprinting

'Q UO1}3s-55010 3} 10§ s30[d 1n0JU0d uonRULIOJd(] (D) “A UO13s-55010 31} 10 $10[d INOJUOD UOTJRULIOJ(T () 0 UOTIIS-SS0ID aY) 10§ sjo[d

JINOJU0D UOTRWLIOJR(T (V) "PIedIPUI U23q Sey UOIBULIOIP JO U0IIda1Ip aanIsod YT, 'ssa001d uorssaxduros oy ut (1) urd jo s)ySioy snorrea yim sarnjons 10y sjo[d 1nojuod uonewIojop ayf, ‘g 1S sy

[w]
0z-

qt-

Y

0T
aT

0t
0T

[w]

0c-
Sl-
0t1-

n O

01
St

0¢
0T %

[w]
o1-
o i
3 8
m
A 9-
- v
3
® ¢
= 0
2 [4
e
P v
(L%
9
I_
M 8
P
& o1
0T

g

e = R e
1 O 1 AR 0
; H IRISRIE == SRR ] - IR
: i _ﬂ gs | = ==
- =
- fimi

doi: 10.36922/ijb.8577

19

Volume 11 Issue 2 (2025)


https://doi.org/10.36922/ijb.8577

3D-printed osteochondral interface

International Journal of Bioprinting

'Q UOT)235-55012 31 10§ s30]d IMoJu0d UonEWIofd( (D) "A WONI3s-55019 1)) 107 $10[d INOJUOD UOTIRULIOA(T ({) P UOI}as-55010 3y} 10§ sjo[d
INOJUO0d UOTRULIOJR(T (V) ‘P2ILIIPUT UdIq SeY UOTJBULIOJIP JO U0NdIIp 2A1Isod oy, *ssa001d uorssarduros ayy ur (s) urd Jo SYIPIM SNOLIEA YIIM S2INJONIS 10 $10[d JNOJU0D UOTBULIOJAP Y, ‘6 TS ST

[w] [w]
0z- = 0t- 3
5 " < 8 — : 3
) Cf 3 B B
o1- 5 ” h
- P—_— g i
: . i & Gy B ® 3
0 . w 0 w
S < & - : <
3 : N N E
Ot L] L% ]
9
ST o | —
5 B ] ([ |
0z — 0T S5
50T %
d
i 7-odA| Z2-9dA|
0z- R .
L T T T T R T T . .. -
m .H 3 _“u-_|uH_n = 8 S I u#u”_ T W t _ |_._. o - | T
0T- =N Eim -
G- _ I
. TR . = E{ I i
R = I rnw
m _ _ -[_.ll_-ll.n.-l- —
0T
= -
ST | |
0z iE P ] _ - _
0T X - «

doi: 10.36922/ijb.8577

20

Volume 11 Issue 2 (2025)


https://doi.org/10.36922/ijb.8577

3D-printed osteochondral interface

International Journal of Bioprinting

'Q U01035-55010 3} 10§ $30[d 1N0JU0d uonEULIOJd( (D) “A UOII3s-55010 A1) 10 $10[d 1N0JUOD UOTBULIOJ(T () 0 UOTIIS-SSOID ) 10]

s101d 1noju0d uonewI0}R( (V) "PAIBIIPUI U3 SBY UOBULIOJPP JO UONIIP aANIsod a7, 'ssad01d reays oy ut (1) uid o sjydiay snoLreA yiim $a1njonas 1oy sjo[d 1nojuod uoneurioap ayf, ‘S 2Insiy

[w]

[w]

e 0T X

I_
B I W N N N F
. ) | D
b
|_
B N N N N N OIN (-
. ; ®
w
|_
Bl i M NN N N
¥
I_
B N W N N N W |
—_

doi: 10.36922/ijb.8577

21

Volume 11 Issue 2 (2025)


https://doi.org/10.36922/ijb.8577

International Journal of Bioprinting 3D-printed osteochondral interface

2
2
[=9
2 o 5
E Eﬂmmhmmwmeﬂ-—cc,—g
E o o £ |G
& s
9
2
<
g
-
i
a
<
5
2
< s
\ S
o
@ =
jo R o
> 2
b= p
=
=]
2
=2
<
E
-
£
<
5 .
w
g <o
o
g
M
Z 8
..‘%u
L
=
Q
o =&
w
» =
& 1-adA] z-adAL g-adk] p-adA) £z
O w
> 5 3
= O o8
g 8
L o o G 2
= - — o o <t ~ © Eg
T oeeem £ G
= £l
4
£A
&0
o —
2 =
35
%8
o 1
5 g £
o
S £z
= e
g2
g £
2 A
e
2 3
o =
% 5
‘50
=g
o
f g g
g8
— O S
. gAa
@ ) D
= B E 3
'2‘ £ g
L O
I
&3
.
.« @
Ll-odA] gz-adA] ¢g-adAh] p-adA] =4
» O
Y o
(aa] £ 2
£ 8

Volume 11 Issue 2 (2025) 22 doi: 10.36922/ijb.8577


https://doi.org/10.36922/ijb.8577

