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Unstable surface Stable surface Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight . F ! 95% CI ", Rand: 95% Cl
1.1.1 Double leg bridge

Biscarini; Conternor; Grolla, 2019 6.4 4.6 18 3.6 23 18 4.8% 075007, 1.43] e
Czaprowski et al., 2013 343 28 33 216 1.6 a3 B.3% 0.B3[013,1.12] —
Feldwieser etal, 2012 739 34 20 703 344 20 5.3% 0.10F0.52, 0.72] -1
Lee; Park; Lee, 2015 0.9 07 15 0.8 06 15  46% 015057, 0.87] —_
Luketal, 2021 43 43 43 22 1.8 43 B.9% 0.64 [0.21,1.08] -
Subtotal (95% CI) 129 129  28.0% 0.51[0.26, 0.76] *
Heterogeneity: Tau?= 000 Chi®=3.70, df= 4 (P = 0.48); F=0%

Testfor overall effect: 2= 3.99 (P = 0.0001)

1.1.2 Single-leg bridge

Feldwieseretal, 2012 1302 B.68 20 1.4 561 20 5.3% 0.26 [-0.37, 0.88] T
Yoon etal, 2017 11.81 7.01 15 1078 6.37 15 4 6% 015 [0.47, 0.87] -1
Subtotal (95% CI) 35 35 9.9% 0.21[-0.26, 0.68] ’
Heterogeneity: Tau?= 000 ChiF= 005, df=1 {P=082); F=0%

Testfor overall effect: £=0.88 (P =0.38)

1.1.3 Single-legged hold

Haetal, 2015 7.8 5.9 13 13.9 131 13 4.1% -0.58[1.37, 0.21] —
Kimetal, 2011 2427 11.63 19 13 577 19 4.7% 1.20[0.50,1.90 —
Subtotal (95% CI) 32 32 8.8% 0.32[-1.43, 2.07]

Heterogeneity: Taus=1.45 Chi==11.04, df= 1 (P = 0.0008); F= 91%

Testforoverall effect: Z=0.36 (P=0.72)

1.1.4 Prone plank

Czaprowski et al., 2013 44.7 19.2 33 18.1 9.1 a3 5.7% 1750118, 232 a—
Leeetal, 2017 3914 1769 73483 2044 7 29% 016 [-0.89 1.21] T
Snarr, Ezco, 2014 65 44 12 36.1 281 12 3.9% 0.76 [-0.08 1.69] T
Youdas etal, 2017 54.7 NB 26 41.2 246 26 5.8% 0.47 [-0.08 1.02] T
Subtotal (95% CI) 78 78 18.2% 0.83[0.10, 1.57] -
Heterogeneity, Tau*=042; Chi*=1278 df= 3 (P=0.005); F=77%

Testfor overall effect: 2= 2.21 (P=0.03)

1.1.5 Prone plank with hands

Biscarini; Contemar; Grolla, 2019 1849 11.68 18 153 7849 18 5.0% 045021, 1.11] T
Luk et al., 2021 48.3 243 43 26.9 141 43 B.7% 1.05 [0.60, 1.50 —_—
Subtotal (95% CI) 61 61 11.7% 0.80[0.23, 1.38] ’
Heterogeneity Tau®=0.09; Chi*=212 df=1 (P=0158); F=53%

Testfor overall effect: £= 2.3 (P = 0.006)

1.1.6 Side bridge

Biscarini; Conternar; Grolla, 2019 25.4 11.5 18 18.1 9.91 18 4.9% 0.68 [0.00,1.38] —
Czaprowski et al., 2013 168.6 6.8 33 16.1 6.7 a3 6.4% 0.37 [F0.12,0.85] A
Subtotal (95% CI) 51 51 11.3% 0.47 [0.08, 0.87] '.
Heterogeneity: Tau== 0.00; Chi== 0.54, df= 1 (P = 0.46); F= 0%

Testforoverall effect: 2= 2.35 (F=0.02)

1.1.7 Crunch abdominal

Sternlicht et al., 2007 1.66 0.85 41 1.27 0.78 41 B.9% 0.43 [0.00, 0.87] —
Yilaga-Alves etal, 2016 B10.582 314.62 20 518.06 33332 20 5.3% 0.28 [-0.34, 0,90 T
Subtotal (95% CI) 61 61 12.1% 0.38[0.02,0.74] >
Heterogeneity: Tau®= 0.00; Chi#= 016, df= 1 (P = 0.69); F= 0%

Testfor overall effect: 2= 2.09 (F = 0.04)

Total (95% CI) 447 447 100.0% 0.54 [0.33, 0.75] 4
Heterageneity Tau®=0.12; Chi®= 4121 df= 18 (P = 0.001); F= 56% 54 52 é j‘
Testfor overall effect: 2= 5.03 (P = 0.00001) Stable surface Unstable surface

Testfor subgroup differences: Chi®= 370, df= 6 (P = 0.72), F=0%

Figure 1. Forest plot of the rectus abdominis muscle EMG activity on an unstable surface versus a stable surface.



Unstable surface Stable surface Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand. 95% CI IV, Random, 95% CI
5.1.1 Double-leg bridge

Biscarini; Contemor; Grolla, 2019 6.2 38 18 1.9 11 18 4.5% 1.60[0.75, 2.25]

Czaprowskietal,, 2013 6.6 4 33 38 23 33 T4 0.82[0.31,1.32] —
Feldwieser etal, 2012 8.3 9.81 200 1018 13.33 20 5.8% -0.16 [0.78, 0.46] 1

Kim; Chung, 2014 677 231 30 871 288 30 T.3% 0.42}0.09, 093] T
Lee; Park; Lee, 2015 6.1 6.1 15 41 34 15 4T7% 0.39 [-0.33,1.12) e
Subtotal (95% CI) 116 116 29.7% 0.58 [0.09, 1.06] -
Heterogeneity, Tau®=0.21; Chi®= 1270, df= 4 (F=0.01), F= 89%

Testfor overall effect Z=2.33 (P=0.02)

5.1.2 Single-leg bridge

Feldwieser etal, 2012 17.31 14593 200 1281 951 20 5.8% 0.35 0.27, 0.98] I —
kim; Chung, 2014 3921 1398 30 333 674 30 T.2% 0.53[0.02,1.05] —
Subtotal (95% CI) 50 50  13.0% 0.46 [0.06, 0.86] L
Heterogeneity, Tau®=0.00; Chi#= 019, df=1 (P = 0.67); F= 0%

Testfor overall effect: Z=2.26 (P =0.02)

5.1.3 Single-legged hold

Haetal, 2015 A 1.2 13 18 131 13 11% 0.72}0.08 1.52] T
Kim etal, 2011 4534 1991 19 2538 1082 19 5.0% 1.24 [0.54,1.94] -
Subtotal (95% CI) 32 32 9.1% 1.01[0.49, 1.54] -
Heterngeneity Tau®=000; Chi*= 081, df=1 (P=034); F= 0%

Testfor overall effect Z=3.77 (P=0.0002)

5.1.4 Prone Plank

Czaprowski etal., 2013 547 229 33 423 195 33 76% 0.58[0.08, 1.07)

Lee etal, 2017 2379 5588 Tooxm 748 7oOLT% -0.14 -1.18, 0.90) T
Snarr, Esco, 2014 59.1 409 12 42 216 12 4.0% 050 F0.31, 1.32] I —
Youdas etal, 2017 88.3 56 26 TE4 B34 26 6.8% 0.20 0.35, 0.74] I
Subtotal (95% CI) 78 78 21.0% 0.37 [0.05, 0.69] L 2
Heterageneity, Tau®=0.00; Chi*=2.09, df=3 (P = 0.55), F= 0%

Testfor overall effect: Z=2.28 (F=0.02)

5.1.5 Crunch Abdominal

Sternlicht et al., 2007 0.57 0.3 41 046 0.32 41 8.9% 0.35 -0.09, 0.79] T
Wilaga-Alves etal, 2016 852.89 331.24 20 B17.36 2974 20 5.8% -0.20 [-0.82, 0,42 I
Subtotal (95% CI) 61 61  14.3% 0.12 [-0.41, 0.66] .
Heterogeneity, Tau®=0.08; Chi*= 2.04, df=1 (P=0.15); F=51%

Testfor overall effect: £=0.44 (P = 0.66)

5.1.6 Side bridge

Biscarini; Contermor, Grolla, 2019 41.6 187 18 3.8 10.81 18 5.2% 0.72[0.04,1.39] —
Czaprowskietal., 2013 451 208 33 IrE 163 33 T 0.40 -0.09, 0.88] T
Subtotal (95% CI) 51 51 12.9% 0.51[0.11, 0.90] <
Heterageneity: Tau®=0.00; Chi*= 0.56, df=1 (P = 0.45), F= 0%

Testfor overall effect 7= 251 (P=001)

Total (95% CI) 388 388 100.0% 0.48[0.29, 0.67] L
Heterogeneity: Tau®= 0.06; ChiF= 26.12, df = 16 (F = 0.05); F= 38% _=‘1 2 5 2 4

Testfor overall effect: Z=4.96 (P = 0.00001)
Testfor suboroup differences: Chi*=6.29. df= 5 (P =0.28). F= 206%

Stable surface  Unstable surface

Figure 2. Forest plot of the external oblique muscle EMG activity on an unstable surface versus a stable surface.



Unstable surface Stable surface Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Rand 95% CI IV, Rand. 95% CI
4.1.1 Double-leg bridge

Biscarini; Conternar; Grolla, 2014 17.2 11 18 43 27 18 49.5% 1.57 [0.82, 2.33] —

Lee; Park; Lee, 2015 41 24 14 3 18 15 50.5% 0.52 [-0.20,1.28] -

Subtotal (95% CI) 33 33 100.0% 1.04 [0.02, 2.07] e
Heterogeneity: Tau®= 0.41; Chi*= 3.82, df=1 (P = 0.05); F= 74%

Testfor overall effect: Z=1.99 (P = 0.05)

Total (95% CI) 33 33 100.0% 1.04 [0.02, 2.07] |
Heterogeneity Tau®= 0.41; Chi*= 3.82, df=1 (P = 0.05); F= 74% 54 52 ; é ==1
Test for averall effect: Z=1.99 (P = 0.045)

) ! Stable surface Unstable surface
Testfor subgroup differences: Mot applicable

Figure 3. Forest plot of the internal oblique muscle EMG activity on an unstable surface versus a stable surface.



Unstable surface Stable surface Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD _Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% Cl
3.1.1 Double-leg bridge

Biscatini; Conternor; Grolla, 2019 26.6 8.6 18 271 93 18 106% -0.05 [0.71, 0.60] —r

Kirn; Chung, 2014 3488 BSOS 30 3229 806 30 133% 0.30 [F0.21,0.81] ™

Luk etal., 2021 493 167 43 348 1449 43 147% 0.93[0.48,1.38] —
Subtotal (95% Cl) 91 91  38.6% 0.43 [-0.14, 1.00] -»

Heterogeneity: Tau*=0.18; Chi*=6.92 df=2 (P =003}, F=71%
Test for averall effect Z=147 (P =0.14)

3.1.2 Single-leg bridge

Kirm; Chung, 2014 4201 714 30 3947 B9 30 133% 0.38 [0.14, 0.89] r—
Yoon etal, 2017 2578 2207 15 2766 2046 15 G6% -0.08 [0.30, 0.63] —
Subtotal (95% CI) 45 45 229% 0.22 [.0.21, 0.65] »>

Heterogeneity: Tau®=0.01; Chi*=1.06, df=1 (P = 0.30); F = 5%
Testfor overall effect: Z=0.98 (P =0.33)

3.1.3 Prone plank

Leeetal, 2017 2379 5454 72481 T48 Tooa8% -0.14 [1.19, 0.80] T
Snarr;, Esco, 2014 17.6  8.488 12 10 4.1 12 77% 088[0.13,1.84] —
Subtotal (95% CI) 19 19 13.5% 0.46 [-0.64, 1.57] -l

Heterogeneity: Tau®=0.40; Chi*= 267, df=1 (P=010); F= 3%
Testfor overall effect: £=0.82 (F = 0.41)

3.1.4 Prone plank with hands

Bigcartini; Conternor; Grolla, 2014 3i1o1or 13 27 072 18 10.4% 0.43[-0.23,1.09] T
Luketal, 2021 6.2 2.4 43 42 15 43 14.6% 0.99[0.54, 1.44] —
Subtotal (95% CI) 61 61 25.1% 0.76 [0.22, 1.30] <>

Heterogeneity: Tau®= 0.07; Chi*=1.89, df=1 P =017}, F= 47%
Test for averall effect: Z=2.78 (P = 0.006)

Total (95% CI) 216 216 100.0% 0.47 [0.18, 0.76] L )
Heterogeneity: Tau®= 0.10; Chi*= 16.94, df= 8 (P= 0.03); F= 53%
Testfor overall effect: Z=3.13 (P =0.002

Test for subgroup differences: Chi*=2.43, df= 3 (P =049, F=0%

‘I R
Stable surface  Unstable surface

Figure 4. Forest plot of the erector spinae muscle EMG activity on an unstable surface versus a stable surface.



Unstable surface Stable surface Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD _Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% Cl
2.1.1 Double-leg bridge

Biscatini; Conternor; Grolla, 2019 26.3 9.1 18 272 125 18 11.9% -0.08 [-0.73, 0.57] -
Feldwieser etal, 2012 4071 1057 20 3419 123 20 125% 0.56 [-0.08,1.19] e
Luk etal., 2021 536 196 43 453 183 43 206% 0.43[0.01, 0.86] =
Subtotal (95% Cl) 81 81  45.0% 0.34 [0.01, 0.68] >

Heterogeneity: Taur=0.01; Chi*= 223, df=2 (P =033}, F=10%
Test for averall effect Z=2.01 (P =0.04)

2.1.2 Single-leg bridge

Feltwieser gtal, 2012 4053 1072 20 4037 1165 20 1298% 0.01 061, 0.63] —
Yoon etal, 2017 1783 162 15 1807 1406 15 104% -0.02 [0.73, 0.70] —
Subtotal (95% CI) 35 35 23.3% 0.00 [-0.47, 0.47] 2

Heterogeneity: Tau®=0.00; Chi*=0.00, df=1 (P = 0.95); F= 0%
Test for overall effect: Z=0.01 {P =1.00)

2.1.3 Prone plank with hands

Bigcarini; Conternar; Gralla, 2018 48 347 18 4 275 18 11.8% 0.28 [0.38, 0.94] T
Luketal, 2021 5.4 26 43 36 1.9 43 19.9% 0.83[0.39,1.27] —
Subtotal (95% CI) 61 61  31.7% 0.61[0.09, 1.13] S -

Heterogeneity: Tau®= 0.07; Chi*=1.83, df=1 (P =018, F= 45%
Testfor overall effect: £=2.29 (F = 0.02)

Total (95% Cl) 177 177 100.0% 0.35[0.08, 0.61] *
Heterogeneity: Tau*=0.04; Chi*=8.81, df =6 {F =018}, F= 32%
Test for averall effect: Z=2.59 (P = 0.004)

Testfor suboroun differences: Chi*=2.97, df=2 (P =0.23). F=32.6%

\ \ \
-4 -2 2 4
Stable surface  Unstable surface

Figure 5. Forest plot of the lumbar multifidus muscle EMG activity on an unstable surface versus a stable surface.



Unstable surface Stable surface Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total _ Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.1.1 Bench press

Aranda etal, 2016 03 021 19 04 044 19 46%  -028 092,036 —
Saeterbakken, Fimland, 2013 0448 018 16 0655 026 16  39%  -044[114,027] —
Sousa etal, 2022 4237 32 14 4187 1734 14 36% 003072, 077] —
Subtotal (95% CI) 49 49 120%  0.24[0.64,0.16] =

Heterogeneity. Tau®= 0.00; Chi#= 081, df= 2 (P= 0.67), F= 0%
Testfor overall effect Z=1.20(F=0.23)

1.1.2 Chest press (concentric phase)

Marshall; Barnadette; Murphy, 2006 45366 15061 14 42126 12831 14 35% 0.22[0.52,0.97] S
Uribe et al., 2010 1.74 181 186 164 168 16 4.0% 0.06 [-0.64,0.75] —_—t—
Subtotal (95% CI) 30 30 7.5% 0.13 [0.37, 0.64] ~a-

Heterogeneity: Tau®= 0.00; Chi*= 011, di=1 (P= 0.78); F= 0%
Testfor overall effect: 7=052 (P = 0.60)

1.1.3 Push up (dynamic)

Baorreani etal, 20150 anal 1324 29 2925 10.33 20 64% 0.13[-0.39, 0.64] T
Calatayud et al, 2014a 2946 4915 29 2358 937 29 B2% 063[010,1.15] -
Calatayud et al., 2014h 41.6 155 29 298 1012 29 549% 0.90[0.38, 1.45] E—
Kim etal., 2012 B,968.7 275566 33 59798 2,656.28 33 T.0% 0.36 013, 0.84] T
Palmaetal., 2021 55 274 12 56.6 342 1 31% -0.05[-0.85 0749 T
Snharr, Esco, 2013 3.08 1.13 n 2.66 1.05 2 4.9% 0.38[-0.23, 0.99] T
Subtotal (95% CI) 153 153 33.5% 0.43 [0.17, 0.68] <>

Heterogeneity. Tau®= 0.02; Chi®= 6.26, df= 5 (P = 0.28), F= 20%
Testfor overall effect 2= 3.25 (F = 0.001)

1.1.4 Push up (concentric phase)

Park; Yoo, 2013 B6.09 178 14 61.23 1747 14 3.5% 0.27 [0.47,1.02] S —
Sandhu; Mahajan; Shenoy, 2008 2871 1748 35 16A1 1178 35 6O% 0.81[0.32, 1.30] —
Subtotal (95% ClI} 49 49 10.5% 0.62[0.11,1.12] -
Heterngeneity Tau== 0.04; Chi== 140, df=1 (P = 0.243; F= 29%

Testfor overall effect £=2.39 (P = 0.02)

1.1.5 Push up with isometric phases

Hweangha, Kim, 2012 17,2399 169308 45 11,2891 77714 45 2.6% 0.45[0.03, 0.87] —
Lehman et al. 2006 299 7.6 13 30.4 9.7 13 3.3% -0.06 [-0.82, 0.71] I
Subtotal (95% CI) 58 58 11.9% 0.30 [-0.14, 0.75] -
Heterogeneity: Tau®= 0.03; Chif=1.27,df=1 (F=0.26); F= 21%

Testfor overall effect Z=1.33 (P =018}

1.1.6 Knee push ups

De Meyetal, 2014 8013 BE.64 47 8288 4582 47 9.0% 013 [0.28, 0.53] I

Kim etal., 2012 50771 2068229 33 42788 161584 33 6O% 0.43 [-0.06, 0.91] T
Subtotal (95% CI) 80 80 15.9% 0.25 [-0.06, 0.56] e
Heterngeneity, Tau®= 0.00; Chi®= 086, df=1 (P= 0.35); F= 0%

Testfor overall effect =156 (P=0.12)

1.1.7 One-arm knee press up

Hertington; Waterman, Smith, 2015 9.73 1212 21 6.13 5.4 21 4.9% 0.38 [-0.23, 0.99] T
Pontillo et al., 2007 9.6 8.6 14 8.7 7.2 148 3.8% 0.11 [-0.61, 0.83] I
Subtotal (95% CI) 36 36 B7% 0.26 [-0.20, 0.73] -
Heterogeneity, Tau®= 0.00; Chi®= 031, df=1 (P=058); F=0%

Testfor overall effect Z=1.12 (P = 0.28)

Total {95% CI) 455 455 100.0% 0.29[0.14, 0.44] L 2
Heterogeneity Tau®= 0.02; Chi*= 22.76, df= 18 (F = 0.20); F= 21% + 4 ] 3

Testfor overall effect: 7= 377 (P = 0.0002)
Testfor subaroup differences: Chi*=9.92 df=6(P =013, F=39.5%

Figure 6. Forest plot of the pectoralis major muscle EMG activity on an unstable surface versus a stable surface.

Stable surface  Unstable surface



Unstable surface

Stable surface

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean 50 Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Bench press

Saeterbakken; Fimland, 2013 0.516 017 16 0.747 0.23 16 6.5% -1.11 [1.87 -0.36]

Sousaetal, 2022 29.03 16.11 14 26.71 13.52 14 6.6% 0.15[-0.59, 0.849] —
Subtotal (95% CI) 30 30 131% 0.48[1.72,0.76] —a—
Heterogeneity: Tau®= 065, Chir=551 df=1 (P =002, F=82%

Test for overall effect: 2= 0.76 (P = 0.45)

1.3.2 Push up (dynamic)

Anderson etal, 2013 63.51 29.08 15 a7.48 23.51 14 B.7% 0.23 [-0.50, 0.94] -
Eorreani et al,, 2015k ar.oz 9.69 28 17.14 7.058 29 6.9% 2.321[1.64, 2.99] -
Calatayud et al, 20143 3295 18.36 29 13.99 820 29 T4% 1.31[0.74,1.68] i
Calatayud et al., 2014h 244 9.04 29 17.14 7.05 29 T6% 0.881[0.34,1.42) -
Kimetal, 2012 26,1544 1458314 33 22,7808 13,105.64 33 T.8% 0.24 [-0.24,0.72] T
Parketal., 2013 67.21 1218 16 62.05 13.03 16 B.8% 0.40 [-0.30,1.10] -
Snarr; Esca, 2013 a1 1.87 21 3m 1.36 1 T2% 0.70[0.07,1.32]  —
Syed-Abdul etal, 2018 gz 333 24 3oy 230 24 T.4% 0.26 [-0.31, 0.83] T
Subtotal (95% CI) 196 196 57.9% 0.79 [0.31, 1.26] <&
Heterogeneity: Tau®= 0.37; Chi*= 34 .85, df=7 (P < 0.0001); F= 80%

Test for overall effect: 2= 3.24 (P = 0.001)

1.3.3 Push up (concentric phase)

Fark; Yoo, 2013 Th.43 1.3 14 7229 14.07 14 B.6% 0.24 [-0.51, 0.98] -
Sandhu; Mahajan; Shenaoy, 2002 265.8 113.6 35 179.4 113.4 35 T.8% 0.75[0.27,1.24] -
Subtotal (95% CI) 49 49 14.4% 0.58 [0.10, 1.05] <
Heterogeneity: Tau®= 0.03; Chi*=1.29, df=1 (P = 0.26); F=22%

Testfor overall effect: Z= 2.36 (P = 0.02)

1.3.4 Push up com fases isométricas

Hwangho; Kim, 2012 6,080.2 3,385 45 5O07P1 24082 45  52% 0.34 [-0.08, 0.75] —
Lehman et al. 2006 299 101 13 327 174 13 B.4% -0.19 [0.96, 0.58] 1
Subtotal (95% CI) 58 58  14.6% 0.18 [-0.30, 0.65] -
Heterogeneity: Tau®= 0.04; Chi#=1.38, df=1 (P = 0.24); F= 28%

Testfor overall effiect: 2= 0.73 (P = 0.46)

Total {95% CI) 333 333 100.0% 0.48[0.12, 0.84] <
Heterogeneity: Tau®= 0,37, Chi*=64.03, df=13 (P = 0.00001); F= 80% t

Test for overall effect: 2= 2.63 (P = 0.008)

Test for subgroup differences: Chi*= 559, df= 3P =013}, F= 46.4%

Figure 7. Forest plot of the triceps muscle EMG activity on an unstable surface versus a stable surface.
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Unstable surface Stable surface Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.2.1 Bench press

Aranda etal, 2016 065 042 19 052 013 19 7.6% 0.41[-0.23,1.05] -
Saeterbakken; Fimland, 2013 0943 029 16 0945 028 16 7.2% -0.01 [0.70, 0.68] —_—r
Sousaetal, 2022 66.58 3621 14 6846 3368 14 6.9% -0.05 [-0.79, 0.68] —
Subtotal (95% CI) 49 49 21.7% 0.14 [-0.26, 0.54] >

Heterageneity: Tau?= 0.00; Chi*=1.10, df=2 (P = 0.58); F=0%
Testfor overall effect Z=0.69 (P = 0.49)

1.2.2 Chest press (concentric phase)

Marshall, Bernadette; Murphy, 2006 449.39 227 86 14 33724 11678 14 68% 0.49[-0.26,1.24] T
Uribe etal, 2010 0.85 0.41 16 0.8 0.35 16 T.2% -0.13[-0.82,0.57] 1
Subtotal (95% Cl) 30 30 14.1% 0.16 [-0.44, 0.77] -

Heterageneity: Tau?= 0.05; Chi*=1.40, df=1 (P = 0.24), F= 28%
Testfor overall effect Z=0.53 (P = 0.60)

1.2.3 Push up {dynamic)

Borreanietal. 2015a 8374 3264 30 7854 2404 30 BE% 0.18[-0.33, 0.69] T
Borreanietal, 2015k 19.08 449 29 2632 7.86 29 8I% -1.08 [1.63,-0.52] I

Calatayud etal, 20144 16.42 7649 29 2968 1378 28 BI% -1.18 .74, -0.62] I

Calatayud etal, 2014h 2218 769 29 2822 7.86 28 BA% -0.52 [-1.04, 0.01] ]

Snarr; Esco, 2013 5.08 1.44 1 4.01 1.27 21 7% 0.74110.11,1.37] I
Syed-Abdul etal, 2018 320 240 24 281 17 24 81% 018038 0.74] T
Subtotal {95% Cl) 162 162 49.3% -0.28 [-0.88, 0.31]

Heterogeneity: Tau®= 0,47, Chi*= 34.39, df= 45 (P = 0.00001); F= 85%
Testfor overall effect Z=0.93 (P =0.35)

1.2.4 One-arm knee press up

Herrington; YWaterman; Smith, 2015 9.9 T il 11 7.2 21 T.9% -018[0.76,0.45] i —
Fontillo etal, 2007 10,95 11.34 15 1258 9.28 15 7% -0.15 [-0.87, 0.56] 1
Subtotal (95% CI) 36 36 14.9% -0.15 [-0.62, 0.31] <

Heterageneity: Tau?= 0.00; Chi*= 000, df=1 (P =1.00); F=0%
Testfor overall effect Z=0.65 (P =0.52)

Total (95% CI) 277 277 100.0% -0.11 [-0.43, 0.21] *
Heterogeneity: Taw®= 0.25; Chi*= 4211, df=12 (F = 0.0001); F=72% 1 T 1
Testfor overall effect Z=0.69 (P =0.49)

Testfor subgroun diferences: Chi*= 203, df= 3P =057, F= 0%

a1

- 2
Stable surface  Unstable surface

Figure 8. Forest plot of the anterior deltoid muscle EMG activity on an unstable surface versus a stable surface.



Unstable surface Stable surface Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD _Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Half Squat (90°) Isometric

Jeon etal, 2020 9354 1479 40 133.92 2118 40 3368% -218[2.75,-1.63] =

Kir et al., 2021 7354 53.04 22 B8.09 G148 22 336% 0.09 [-0.50, 0.68] -
Saeterbakken; Fimland, 2013 0.34 009 15 041 0N 15 32.6% -0.68 [-1.42, 0.06] -
Subtotal (95% CI) 77 77 100.0% -0.93 [-2.36, 0.50] & 1

Heterogeneity: Tau®=1.48; Chi*=31.21, df= 2 (P = 0.00001); F=94%
Test for overall effect Z=1.28 (P =0.20)

Total (95% CI) 77 77 100.0% -0.93 [-2.36, 0.50] -

Heterogeneity: Tau®=1.48; Chi*=31.21, df= 2 (P = 0.00001}; PF=94% } 1 1 1
. -10 -5 ] 5 10

Testfor averall effect: Z=1.28 (P = 0.20) Stable surface Unstable surface

Test for subgroun diffierences: Mot applicable

Figure 9. Forest plot of the rectus femoris muscle EMG activity on an unstable surface versus a stable surface.



Unstable surface Stable surface Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Squat

Andersenetal., 2014 832 354 14 1.1 224 14 6.6% 0.07 [-0.65, 0.78] I —
Aranda et al 2016 0.34 0.22 19 0.34 0.21 19 6.8% 0.00[-0.64, 0.64] I
Buscaetal, 2020 0.74 0.26 14 0.59 014 14 6.4% 0.69[-0.08,1.45] T
Gindodan; Aydin; Sadlam, 2023 101.52 3433 14 9972 3323 14 B5% 0.05 [-0.69, 0.79] e

Li; CGao; Chen, 2013 324 NME 13 32 14 13 64% 0.03[-0.74,0.80] -
Subtotal {95% CI) 75 75 32.6% 0.15[-0.17, 0.47] »

Heterogeneity: Tau®= 0.00; Chi*=2.30, df= 4 (P=068) F=0%
Testfor overall effect: Z=0.92 (P = 0.36)

1.2.2 Bulgarian squat

Aguilera-Castells et al, 2019 TETY 1688 20 7234 2151 20 B&% 0.23 [-0.40, 0.55] ——
Andersen etal, 2014 778 247 15 837 257 18 GA% -0.23 [-0.85, 0.49] —
subtotal (95% CI) 35 35 134% 0.03 [-0.44, 0.50] <

Heterogeneity: Tau®= 0.00; Chi*= 087, df=1 (P =0348) F=0%
Testfor overall effect: Z=0.13 {P = 0.90)

1.2.3 Half Squat (90°) Isometric

Jean et al, 2020 160.01 263 40 886Y 1402 40 B6% 348[2.75, 4.16] I
Kimetal., 2021 538 2094 12 5487 1724 22 8% -0.04 [-0.63, 0.56] T

Marshall; Murphy, 2006 2362 1043 12 2268 1114 12 B3% 0.08[-0.72, 0.88] T

Saeterbakken; Fimland, 2013 0.44 012 14 0.46 013 15 BE% -0.16 [F0.87, 0.56] /T

Subtotal (95% CI) a9 89 26.4% 0.84 [-0.87, 2.55] e

Heterogeneity: Tau®= 2.92; Chi®=72.42, df= 3 (P = 0.00001}); F= 96%
Testror overall effect Z=0.96 (F=0.34;

1.2.4 Squat (60°) Isometric

Hyong: Kang, 2013 5082 2087 14 4864 148 14 B5% 012 [0.62, 0.86]
Kang etal, 2017 15906 2626 24 16515 247 24 T0% -0.20 [0.77, 0.26] —
Marin; Hazell, 2014 00356 00126 28 00399 00158 28 71% -0.30[-0.83, 0.22] —t
Parketal, 2015 5349 2315 25 45 M83 25 T0% 0.37 [0.189, 0.83] T
subtotal (95% CI) 91 91 27.6%  -0.02[0.34,0.29] L 2

Heterogeneity, Tau®= 0.02; Chi*= 3.54, df= 3 (F = 0.32); F= 15%
Testfor overall effect: Z=0.15 (P = 0.88)

Total (95% Cl) 290 290 100.0% 0.27 [-0.17,0.72] ?
Heterogeneity: Tau® = 0.65; Chi®= 93.56, df=14 (P = 0.00001); F=85% 52
Testfor overall effect Z=1.20(F=0.23) Stable suface  Unstable surface
Testfor subaroup differences: Chi*=1.37, df=3 (P = 0.712, F=0%

at
F

Figure 10. Forest plot of the vastus lateralis muscle EMG activity on an unstable surface versus a stable surface.



Unstable surface Stable surface Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 85% CI IV, Random, 95% CI
1.3.1 Squat

Buscé et al,. 2020 073 022 14 063 022 14 T.6E% 0.44 [-0.31,1.19] -
Gindofan; Aydin; Safdlam, 2023 8916 1674 14 8457 10904 14 7E% 0.25[-0.50, 0.98] -

Li; Can; Chen, 2013 337 6.5 13 322 87 13 7.5% 0.19 [-0.58, 0.96] b
Subtotal {95% CI) 41 41 22.7% 0.29 [-0.14, 0.73] »

Heterogeneity: Tau®= 0.00; Chi®=0.23, df= 2 (P = 0.84), F= 0%
Testfor overall effect Z=1.32 (P =0.15)

1.3.2 Squat (60°) Isometric

Hyong: Kang, 2013 695 1765 14 4420 1819 14 T3% 1.37 [0.53, 2.20] —_—
Kang etal, 2017 15001 3144 24 17BE3 3638 24 BO0%  -0.77[1.36,-0.18] —

Marin; Hazell, 2014 00376 00125 28 0.044 00167 28  B1% -0.43 [-0.86, 0.10] —
Parketal, 2015 4121 1782 25 3578 1TF? 28 BA% 0.30 [-0.26, 0.86] T
Subtotal (95% CI) 91 91 31.6% 0.07 [-0.72, 0.87] -

Heterogeneity: Tau®= 0.56; Chi®= 20.25, df= 3 (P = 0.0002);, F= 85%
Testfor overall effect Z=018 (P = 0.85)

1.3.3 Half Squat (90°) Isometric

Hanetal., 2017 48 13 15 4858 124 15  7.7% -0.04 [-0.75, 0.68] T

Jeonetal, 2020 168.22 26.6 40 10414 1647 40 7.9% 2.87 [2.24, 3.50] —

Kim etal., 2021 4575 1841 22 5182 25485 22 8.0% -0.25[-0.85, 0.34] i

Saeterbakken; Fimland, 2013 0.56 0.26 18 0.67 0.51 15 7% -0.26 [-0.98, 0.45] /1

Subtotal {95% CI) 92 92 31.2% 0.58 [0.97, 213] il

Heterogeneity Tau®= 2.39 Chi*= 65.96, df= 3 (P < 0.00001}; F= 95%

Testfor overall effect: Z=0.73 (P = 0.46)

1.3.4 Deep Squat (100°) Isometric

Hanetal., 2017 47.3 147 14 48 13.6 14 7% -0.05 [-0.76, 0.67] —

hcbride; Carmie; Deane, 2008 119586 5453 9 18235 6328 9 6.8% -1.01 [2.01,-0.02] ——

Subtotal {95% CI) 24 24 14.5% -0.47 [-1.40, 0.47] . .

Heterogeneity Tau®= 0.27; Chi®= 237 df=1(FP=012), F= 58%

Testfor overall effiect: £=0.97 (P = 0.33)

Total {95% Cl) 248 248 100.0% 0.20 [-0.35, 0.76] ?

Heterogeneity, Tau®= 0.90: Chi*=102.70, df= 12 (P = 0.00001%; F= 88% t t t t
) -4 -2 0 2 4

Testfor overall effect Z=0.72 (P = 0.47) Stable suface  Unstable surface

Testfor subaroup differences: Chi*= 2.40, df= 3 (P = 0.49), F=0%

Figure 11. Forest plot of the vastus medialis muscle EMG activity on an unstable surface versus a stable surface.



Unstable surface Stable surface Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 Squat

Andersen etal, 2014 1188 388 15 1217 345 15  8.3% -0.08 [-0.79, 0.64] Y E—
Aranda etal 2016 008 006 19 009 008 19 104% -0.14 [-0.78, 0.50] ——

Busca etal,. 2020 033 oM 14 023 0N 14 B9% 0.88 [0.10, 1.66] —
Li; Cao; Chen, 2013 18.4 12 13 171 106 13 T.2% 0.11 [-0.66, 0.88] S —
Subtotal (95% Cl) 61 61  32.8% 0.16 [-0.28, 0.61] -

Heterogeneity: Tau®= 0.07; Chi*= 4,56, df=3 (P =0.21); F= 34%
Testfor overall effect Z=072(FP=047)

1.4.2 Bulgarian squat

Aguilera-Castells etal, 2014 2721 988 20 245 1073 20 10.9% 0.26 [-0.37, 0.88] I a—
Andersenetal, 2014 193.3 101.5 15 215945 106.7 15 8.2% -0.21 [-0.93, 0.51] 1
Subtotal (95% Cl) 35 35 19.1% 0.06 [-0.41, 0.53] e
Heterogeneity: Tau®=0.00; Chi*=082 df=1 {P=034), F=0%

Test for overall effect Z=0.24 (P =081}

1.4.3 Half Squat (90°) Isometric

Hanetal, 2017 457 304 14 39 374 149 821% 0.19[-0.53 0.91] I —
Kimetal., 2021 40.47 2127 22 4332 366 22 121% -0.09 [-0.68, 0.50] T
Marshall, Murphy, 2006 10.54 g 12981 6949 12 BE% 0.08 [-0.71, 0.89]  —
Saeterbakken; Fimland, 2013 011 0.05 15 01 004 15 8.2% 0.21 [-0.50,0.93] B R—
Subtotal (95% Cl) 64 64  35.1% 0.08 [-0.27,0.43] -
Heterogeneity: Tau®= 0.00; Chi*= 056, df=3 (P =091}, F=0%

Test for averall effect: 2= 0.45 (P = 0.65)

1.4.4 Deep Squat (100°) Isometric

Hanetal, 2017 429 227 15 417 376 18 83% 0.04 [-0.68 0.74] R E—
Mchride; Carmie; Deane, 2006 8761 3319 9 388 2371 e 4.7% 0.62 [-0.33,1.57] I —
Subtotal (95% Cl) 24 24 12.9% 0.25[-0.32,0.82] -l

Heterogeneity: Tau®= 0.00; Chi*= 091, df=1 (P =0.34); F=0%
Test for averall effect: 2= 0.85 (P = 0.40)

Total (95% CI) 184 184 100.0% 0.12 [-0.09, 0.33]
Heterogeneity: Tau®= 0.00; Chi®=7.28, df=11 (P=0.78), F= 0%

Test for averall effect Z=1.14 (P = 0.25)

Test for subaroup differences: Chi*=0.38, df= 3 (P = 0.95), F=0%

T

2 A 0 1 2
Stable surface Unstable surface

Figure 12. Forest plot of the biceps femoris muscle EMG activity on an unstable surface versus a stable surface.



Table 1. Intensity of exercises included in the meta-analysis.

EXERCISE STUDY INTENSITY
z ARANDA et al., 2016 15 RMs
=
&
- SOUSA et al., 2022 50% of 1 RM
@)
%
e SAETERBAKKEN; FIMLAND, 2013 50% of 6 RM
7
= MARSHALL; MURPHY, 2006 60% of 1 RM.
=™
o
<
T URIBE et al., 2010 80% of 1 RM.
@)
ANDERSEN et al., 2014 6 RMs
ARANDA et al., 2016 15 RMs
>
8 BUSCA et al., 2020 80% of 1 RM
N
LI; CAO; CHEN, 2013 60% of 1 RM
GUNDOGAN; AYDIN; SAGLAM, 2023 Body weight







