Supplement 5:

Summary on force application.

Herein, the studies included were summarized in terms of force apparatus used, force
duration and force magnitude for both dynamic/static and equibiaxial/uniaxial tension.
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Table S5.1

Force apparatuses used to apply dynamic equibiaxial tension

Type of apparatus Publications Number Subtotal
Flexcell FX-5000 Tension Unit Chang et al. (2015), Jiang and Hua (2016), Lee et al. (2015), Li et 25 53
Flexcell Tension Plus System al. (2013), Li et al. (2014), Liu et al. (2012), Liu et al. (2017),
FX-5000T Padial-Molina et al. (2013), Pan et al. (2014), Ren et al. (2015),
Flexercell FX-4000 Strain Unit Shen et al. (2014), Wang et al. (2013), Wang et al. (2019a),
Flexcell FX-4000T Wang et al. (2019b), Wei et al. (2014), Wei et al. (2015), Wu et al.
Flexcell FX 3000 (2015), Wu et al. (2019a), Xu et al. (2017), Yang et al. (2015),
Yang et al. (2016), Yang et al. (2018), Yu et al. (2018), Zhao et al.
(2016), Zhuang et al. (2019)
Flexercell Strain Unit Abiko et al. (1998), Agarwal et al. (2003), Chang et al. (2017), 24
Chiba and Mitani (2004), Doi et al. (2003), Kanzaki et al. (2006),
Kikuiri et al. (2000), Long et al. (2002), Long et al. (2001), Miura
et al. (2000), Ohzeki et al. (1999), Ozawa et al. (1997), Shimizu et
al. (1998), Shimizu et al. (1997), Shimizu et al. (1995), Shimizu et
al. (1994), Tsuji et al. (2004), Yamaguchi et al. (1996),
Yamaguchi and Shimizu (1994), Yamaguchi et al. (1994),
Yamaguchi et al. (2002), Yamashiro et al. (2007), Yoshino et al.
(2003), Kanzaki et al. (2019)
Flexercell Strain Unit Model FX- | Kim et al. (2007), Matsuda et al. (1998b), Matsuda et al. (1998a), 4
2000 Kaku et al. (2019)
“Cell Strain Unit’ (CSU) (silicone | Hao et al. (2009), Ma et al. (2015), Wu et al. (2017), Wu et al. 8 10
rubber membrane in disk) (2016), Xu et al. (2012), Xu et al. (2011), Zhao et al. (2017), Wu
et al. (2019b)
Circularly clamped compliant Howard et al. (1998) 1
membrane with spherical cap
and vacuum (Tecoflex
membrane)
Plastic culture cylinder with He et al. (2004) 1
elastic silicone membrane and
movable plate
CESTRA cell strain device Deschner et al. (2012), Nogueira et al. (2014a), Nogueira et al. 8 9
(based on Bioflex® plates) (2014b), Nokhbehsaim et al. (2012), Nokhbehsaim et al. (2011b),
Nokhbehsaim et al. (2011a), Nokhbehsaim et al. (2010),
Memmert et al. (2020)
“Cell Extender” (Bioflex-based) Wada et al. (2017) 1
Total number 72




Table S5.2 Force apparatuses used to apply dynamic uniaxial tension

Type of apparatus Publications Number Subtotal
STREX STB-140 Arima et al. (2019), Goto et al. (2011), Nemoto et al. (2010), 10 10
Monnouchi et al. (2015), Monnouchi et al. (2011), Nakashima et
al. (2009), Suzuki et al. (2014), Tsuruga et al. (2012), Tsuruga et
al. (2009), Yuda et al. (2015)
Six station stretching apparatus Konstantonis et al. (2014), Papadopoulou et al. (2017), 3 10
(silicone dishes and moving Papadopoulou et al. (2019)
clamp)
Uniaxial stretch apparatus Tantilertanant et al. (2019a), Tantilertanant et al. (2019b) 2
(Chulalongkorn University,
silicone membrane)
“A new modef’ (silicone Yang et al. (2010), Yang et al. (2006) 2
membrane and motor)
Scholertec NS-350 (Scholertec, Fujihara et al. (2010) 1
silicone membrane)
“Custom-made tensile device” Li etal. (2015) 1
poly dimethyl siloxane (PDMS)
gel and motor
“custom-built bioreactor system Pelaez et al. (2017) 1
and linear actuator”
Flexcell FX-4000 strain unit Chen et al. (2015), Cho et al. (2010), Lee et al. (2012), Pinkerton 8 8
FX-5000T Flexcell Tension Plus | et al. (2008), Saminathan et al. (2012), Sun et al. (2016), Sun et
unit al. (2017), Wescott et al. (2007)
Four-point bending system He et al. (2019), Meng et al. (2010), Tang et al. (2012), Wang et 6 6
al. (2011), Wang et al. (2018), Xu et al. (2015)
Total number 34
Table S5.3 Force apparatuses used to apply static equibiaxial tension
Type of apparatus Publications Number Subtotal
Flexercell Strain Unit Bolcato-Bellemin et al. (2000), Yamaguchi et al. (1997) 2 11
Flexcell FX-5000 Tension Huelter-Hassler et al. (2017), Hulter-Hassler et al. (2017), Jacobs 9
System etal. (2013), Jacobs et al. (2014), Jacobs et al. (2015), Jacobs et
Flexercell Strain Unit FX5000-T al. (2018), Kook and Lee (2012), Liao and Hua (2013), Symmank
FX-4000 Tension Plus System etal. (2019)
Flexercell Strain Unit FX 3000
Petriperm dish and template Basdra et al. (1996), Basdra et al. (1995), Diercke et al. (2011), 10 10
Kletsas et al. (2002), Molina et al. (2001), Ngan et al. (1990),
Peverali et al. (2001), Ritter et al. (2007), Spencer and Lallier
(2009), Yamaguchi et al. (2004)
“Cell Extender” (Bioflex-based) Narimiya et al. (2017), Wada et al. (2017) 2 7
CESTRA cell strain device Memmert et al. (2019), Memmert et al. (2020) 2
(Bioflex-based)
“loading platform with cylindrical | Rath-Deschner et al. (2009), Wolf et al. (2014) 2
posts” (University of Bonn,
Bioflex-based)
custom-made spherical cap Nazet et al. (2020) 1
silicone stamps Bioflex-based)
Lumox culture dishes Steinberg et al. (2011), Ziegler et al. (2010) 2 2
“a tension incubator” Chen et al. (2014) 1 1
Total number 3
Table S5.4 Force apparatuses used to apply static uniaxial tension
Type of apparatus Publications Number
“in-house designed device” (silicone dishes Papadopoulou et al. (2017) 1
and moving clamp)
STREX system Takano et al. (2009) 1
Total number 2




Table S5.5 Maximal force magnitude and force duration applied using dynamic
equibiaxial tension depending on the frequency of force application
Frequency Publications Number
0.005 Hz Agarwal et al. (2003) (48h; 3%, 6%, 8%, 15%), Long et al. (2002) (48h; 6%), Long et al. (2001) (48h; 6%) 3
0.05Hz Deschner et al. (2012) (24h; 3%), Nogueira et al. (2014a) (3d; 3%, 20%), Nogueira et al. (2014b) (3d; 3%, 7
20%), Nokhbehsaim et al. (2010) (6d; 3%, 20%), Nokhbehsaim et al. (2011a) (6d; 3%), Nokhbehsaim et al.
(2011b) (6d; 3%, 20%), Nokhbehsaim et al. (2012) (6d; 3%, 20%)
0.1 Hz Abiko et al. (1998) (5d; 18%), Chang et al. (2015) (72h; 12%), Chang et al. (2017) (72h; 12%), Hao et al. 42
(2009) (48h; 1%, 10%, 20%), Jiang and Hua (2016) (48h; 5%), Kikuiri et al. (2000) (12h; 18%), Kim et al.
(2007) (6d; 9%), Lee et al. (2015) (48h; 12%), Liu et al. (2012) (24h; 12%), Liu et al. (2017) (12h; 6%, 8%,
10%, 12%, 14%), Ma et al. (2015) (24h; 10%), Matsuda et al. (1998a) (1h; 9%), Matsuda et al. (1998b) (6d;
9%,18%), Memmert et al. (2020) (24h; 3%), Miura et al. (2000) (5d; 9%, 18%), Ohzeki et al. (1999) (5d;
9%, 18%), Ozawa et al. (1997) (5d; 18%), Padial-Molina et al. (2013) (7d; 14%), Pan et al. (2014) (24h;
10%), Shen et al. (2014) (24h; 12%), Shimizu et al. (1994) (5d: 9%, 18%), Shimizu et al. (1995) (5d; 18%),
Shimizu et al. (1997) (5d; 9%, 18%), Shimizu et al. (1998) (5d; 18%), Wang et al. (2013) (24h; 20%), Wang
etal. (2019b) (48h; 12%), Wu et al. (2015) (24h; 10%), Wu et al. (2016) (24h; 20%), Wu et al. (2017) (24h;
1%, 10%, 20%), Wu et al. (2019a) (24h; 10%), Wu et al. (2019b) (24h; 20%), Xu et al. (2011) (24h; 20%),
Xu et al. (2012) (24h; 1%, 10%, 20%), Yamaguchi and Shimizu (1994) (3d; 24%), Yamaguchi et al. (1994)
(5d; 18%), Yamaguchi et al. (1996) (5d; 24%), Yamashiro et al. (2007) (16h; 18%), Yang et al. (2015) (48h;
12%), Yang et al. (2018) (72h;10%), Zhao et al. (2016) (24h; 20%), Zhao et al. (2017) (24h; 10%, 20%),
Zhuang et al. (2019) (24h; 20%)
0.17 Hz (1/6Hz) | Tsuiji et al. (2004) (48h; 20%) 1
0.2Hz Yoshino et al. (2003) (48h; 7%, 14%, 21%) 1
0.5Hz Chiba and Mitani (2004) (5d; 15%), Doi et al. (2003) (48h; 7.2 kPa, 15.4 kPa), He et al. (2004) (24h; 10%), 15
Howard et al. (1998) (24h; 5%, 10%), Kaku et al. (2019) (48h; 12%), Kanzaki et al. (2006) (72h; 15%),
Kanzaki et al. (2019) (24h; 15%), Li et al. (2013) (48h; 10%), Li et al. (2014) (48h; 10%), Ren et al. (2015)
(24h; 10%), Wada et al. (2017) (n.g; 15%), Xu et al. (2017) (48h; 10%), Yamaguchi et al. (2002) (6h; 15%),
Yang et al. (2016) (24h; 10%), Yu et al. (2018) (72h; 12%)
1Hz Wang et al. (2019a) (12h; 10%), Wei et al. (2014) (12h; 10%), Wei et al. (2015) (48h; 10%) 3
Total number 72
Table S5.6 Maximal force magnitude and force duration applied using dynamic uniaxial
tension depending on the frequency of force application
Frequency Publications Number
0.005 Hz Li et al. (2015) (24h; 5%), Yang et al. (2010) (24h; 12%) 2
0.01 Hz Nakashima et al. (2009) (7d; 5%), Pinkerton et al. (2008) (24h; 12%), Saminathan et al. (2012) (24h; 4
12%), Wescott et al. (2007) (24h; 12%)
1/60 Hz (0.017 Hz) | Goto et al. (2011) (7d; 5%), Nemoto et al. (2010) (7d; 5%), Suzuki et al. (2014) (24h; 3%, 5%, 10%), 5
Tsuruga et al. (2009) (7d; 5%), Tsuruga et al. (2012) (7d; 5%)
0.05Hz Yang et al. (2006) (24h; 310-320 grams force) 1
0.1 Hz Chen et al. (2015) (24h; 12%) 1
0.2Hz Cho et al. (2010) (48h; 3%, 6%, 12%, 15%), Lee et al. (2012) (48h; 33%, 6%, 12%,15%) 2
0.5Hz Arima et al. (2019) (24h; 10%), Fujihara et al. (2010) (48h; 10%), He et al. (2019) (3h; 0.2%), Meng 11
etal. (2010) (12h; 0.4%), Pelaez et al. (2017) (2h; 5%), Sun et al. (2016) (5d; 12%), Sun et al. (2017)
(48h; 12%), Tang et al. (2012) (24h; 0.3%), Wang et al. (2011) (2h; 0.5%), Wang et al. (2018) (6h;
0.4%), Xu et al. (2015) (12h; 0.2%, 0.4%)
1Hz Konstantonis et al. (2014) (12h; 8%), Monnouchi et al. (2011) (1h; 8%, 12%), Monnouchi et al. 8
(2015) (1h; 8%), Papadopoulou et al. (2017) (3h; 8%), Papadopoulou et al. (2019) (18h; 8%),
Tantilertanant et al. (2019a) (48h; 10%), Tantilertanant et al. (2019b) (6h; 10%), Yuda et al. (2015)
(3h; 8%)
Total number 34



Table S5.7 Maximal force magnitude and force duration applied using static equibiaxial

tension
Magnitude | Publications Number
0.28 % Ngan et al. (1990) (1h), Yamaguchi et al. (2004) (12h) 2
0.95 % Ngan et al. (1990) (1h), Yamaguchi et al. (2004) (12h) 2
1% Jacobs et al. (2013) (12h), Jacobs et al. (2014) (12h) 2
1.09 % Ngan et al. (1990) (1h), Yamaguchi et al. (2004) (12h) 2
1.5% Kook and Lee (2012) (1h), Liao and Hua (2013) (2h) 2
1.72 % Ngan et al. (1990) (1h), Yamaguchi et al. (2004) (12h) 2
-100 kPa Chen et al. (2014) (15d) 1
20 kPa Bolcato-Bellemin et al. (2000) (12h) 1
25% Basdra et al. (1995) (1h), Basdra et al. (1996) (12h), Diercke et al. (2011) (72h), Huelter-Hassler et al. 11

(2017) (24h), Kletsas et al. (2002) (24h), Molina et al. (2001) (72h), Peverali et al. (2001) (0.5h), Ritter et
al. (2007) (6h), Steinberg et al. (2011) (24h), Yamaguchi et al. (2004) (24h), Ziegler et al. (2010) (6h)

3% Jacobs et al. (2018) (12h), Kook and Lee (2012) (1h), Rath-Deschner et al. (2009) (24h), Memmert et al. 5
(2019) (24h), Memmert et al. (2020) (24h)

5% Jacobs et al. (2015) (12h), Jacobs et al. (2014) (12h), Jacobs et al. (2013) (12h), Kook and Lee (2012) 5
(1h), Symmank et al. (2019) (12h)

7% Nazet et al. (2020) (48h) 1

9% Yamaguchi et al. (1997) (5d) 1

10 % Jacobs et al. (2013) (12h), Jacobs et al. (2014) (12h), Jacobs et al. (2015) (12h), Kook and Lee (2012) 6
(1h), Nazet et al. (2020) (48h), Spencer and Lallier (2009) (12h)

15% Narimiya et al. (2017) (24h), Wada et al. (2017) (24h) 2

16 % Nazet et al. (2020) (48h) 1

18 % Yamaguchi et al. (1997) (5d) 1

20 % Memmert et al. (2019) (24h), Memmert et al. (2020) (24h), Rath-Deschner et al. (2009) (24h), Wolf et al. 4
(2014) (8h)

35% Nazet et al. (2020) (72h) 1

Total number 52

Table S5.8 Maximal force magnitude and force duration applied using static uniaxial

tension
Magnitude Publications Number
5% Takano et al. (2009) (12h) 1
8 % Papadopoulou et al. (2017) (3h) 1
10 % Takano et al. (2009) (12h) 1
Total number 3

Dynamic equibiaxial tension (72): longest duration and mainly used magnitude
Dynamic uniaxial tension (34): longest duration and mainly used magnitude
Static equibiaxial tension (52): Magnitude and corresponding longest duration
Static uniaxial tension (3): Magnitude and corresponding longest duration
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