PICO framework

The Effect of Fatigue on Kinetic and Kinematic Variables in Individuals with Flat Foot

during gait

Population: "Flat Feet" OR "Pes Planus" OR "Foot Arch Collapse" OR "Pronation" OR
"Low Arch Foot" OR "Fallen Arches" OR "Hyperpronation" OR "Flat Foot Syndrome" OR

"Collapsed Foot Arch" OR "Foot Deformities"

Intervention: "Fatigue" OR "Exhaustion" OR "Muscle Fatigue" OR "Physical Fatigue" OR
"Tiredness" OR "Fatigue Induction" OR "Fatigue Resistance" OR "Post-Exercise Fatigue"
OR "Chronic Fatigue" OR "Acute Fatigue" OR "Fatigue Training" OR "Muscular Weakness

Outcome: "Gait" OR "Walking" OR "Stride Length" OR "Kinetics" OR "Kinematics" OR
"Ground Reaction Forces" OR "Postural Stability" OR "Balance" OR "Foot Function" OR
"Movement" OR "Walking Patterns" OR "Cadence" OR "Step Length" OR "Joint Angles"
OR "Stride Time" OR "Gait Cycle" OR "Walking Efficiency" OR "Foot Pressure" OR "Step

Dynamics" OR "Postural Control" OR "Spatiotemporal Variables"

Comparison: Comparison: control OR empty

Table 1. Results of the Search strategy

Pubmed

("Flatfoot"[MeSH] OR "Pes Planus"[MeSH] OR "Foot Arch
Collapse"[MeSH] OR "Pronation"[MeSH] OR "Low Arch Foot"[MeSH]
OR "Fallen Arches"[MeSH] OR "Hyperpronation"[MeSH] OR "Flat Foot
Syndrome"[MeSH] OR "Collapsed Foot Arch"[MeSH] OR "Foot
Deformities"[MeSH]) AND ("Fatigue"[MeSH] OR "Exhaustion"[MeSH]
OR "Muscle Fatigue"[MeSH] OR "Physical Fatigue"[MeSH] OR
"Tiredness"[MeSH] OR "Fatigue Induction"[MeSH] OR "Fatigue
Resistance"[MeSH] OR "Post-Exercise Fatigue"[MeSH] OR "Chronic
Fatigue"[MeSH] OR  "Acute Fatigue"[MeSH] OR "Fatigue
Training"[MeSH] OR  "Muscular Weakness"[MeSH]) AND
("Gait"[MeSH] OR "Walking"[MeSH] OR "Stride Length"[MeSH] OR
"Kinetics"[MeSH] OR "Kinematics"[MeSH] OR "Ground Reaction
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Forces"[MeSH] OR "Postural Stability"[MeSH] OR "Balance"[MeSH] OR
"Foot Function"[MeSH] OR "Movement"[MeSH] OR "Walking
Patterns"[MeSH] OR "Cadence"[MeSH] OR "Step Length"[MeSH] OR
"Joint Angles"[MeSH] OR "Stride Time"[MeSH] OR "Gait Cycle"[MeSH]
OR "Walking Efficiency"[MeSH] OR "Foot Pressure"[MeSH] OR "Step
Dynamics"[MeSH] OR "Postural Control"[MeSH] OR "Spatiotemporal
Variables"[MeSH]).

Embase

(‘flat foot'/exp OR 'flat foot syndrome' OR 'pes planus' OR 'foot arch
collapse' OR 'pronation' OR 'hyperpronation' OR 'low arch foot' OR
'fallen arches' OR 'collapsed foot arch' OR 'foot deformities’) AND
("fatigue'/exp OR 'muscle fatigue'/exp OR 'physical fatigue' OR
'chronic fatigue' OR 'acute fatigue' OR 'post-exercise fatigue' OR
'fatigue training' OR 'fatigue resistance' OR 'fatigue induction' OR
'tiredness' OR 'muscular weakness') AND ('gait'/exp OR 'walking'/exp
OR 'stride length' OR 'gait cycle' OR 'step length' OR 'stride time' OR
'cadence' OR 'walking efficiency' OR 'walking patterns' OR
'movement'/exp OR 'joint angle'/exp OR 'kinetics' OR 'kinematics' OR
'ground reaction force'/exp OR 'foot pressure' OR 'postural
stability'/exp OR 'balance'/exp OR 'foot function' OR 'postural
control'/exp OR 'step dynamics' OR 'spatiotemporal variables').
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WOS

TS=("Flat Feet" OR "Pes Planus" OR "Foot Arch Collapse" OR
"Pronation" OR "Low Arch Foot" OR "Fallen Arches" OR
"Hyperpronation" OR "Flat Foot Syndrome" OR "Collapsed Foot
Arch" OR "Foot Deformities"” OR "Arch Drop" OR "Flatfoot
Biomechanics" OR "Flexible Flatfoot")

AND

TS=("Fatigue" OR "Exhaustion" OR "Muscle Fatigue" OR "Physical
Fatigue" OR "Tiredness" OR "Fatigue Induction" OR "Fatigue
Resistance" OR "Post-Exercise Fatigue" OR "Chronic Fatigue" OR
"Acute Fatigue" OR "Fatigue Protocol" OR "Neuromuscular Fatigue"
OR "Endurance Fatigue" OR "Prolonged Fatigue")

AND

TS=("Gait" OR "Walking" OR "Stride Length" OR "Kinetics" OR
"Kinematics" OR "Ground Reaction Forces" OR "Postural Stability"
OR "Balance" OR "Foot Function" OR "Movement" OR "Walking
Patterns" OR "Cadence" OR "Step Length" OR "Joint Angles" OR
"Stride Time" OR "Gait Cycle" OR "Walking Efficiency" OR "Foot
Pressure" OR "Step Dynamics" OR "Postural Control" OR
"Spatiotemporal Variables" OR "Motion Analysis" OR "Dynamic
Balance" OR "Locomotion")
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TITLE-ABS-KEY (("flat feet" OR "pes planus" OR "foot arch collapse"
OR "pronation" OR "low arch foot" OR "fallen arches" OR
"hyperpronation” OR "flat foot syndrome" OR "collapsed foot arch"
OR "foot deformities"))

AND

TITLE-ABS-KEY(("fatigue" OR "exhaustion" OR "muscle fatigue"
OR "physical fatigue" OR "tiredness" OR "fatigue induction" OR
"fatigue resistance" OR "post-exercise fatigue" OR "chronic fatigue"
OR "acute fatigue" OR "fatigue training" OR "muscular weakness"))
AND

TITLE-ABS-KEY(("gait" OR "walking" OR "stride length" OR
"kinetics" OR "kinematics" OR "ground reaction forces" OR "postural
stability" OR "balance" OR "foot function" OR "movement" OR
"walking patterns" OR "cadence" OR "step length" OR "joint angles"
OR "stride time" OR "gait cycle" OR "walking efficiency" OR "foot
pressure" OR "step dynamics" OR "postural control" OR
"spatiotemporal variables"))

Risk-of-bias summary based on the Newcastle-Ottawa Scale

12 A

10 A

(0]
1

Number of studies

High quality (7-9) Moderate quality (4-6) Low quality (0-3)
Quality level based on NOS

Fig. 1 visual risk-of-bias summary based on the NOS ratings.



Experimental Control Mean Difference Mean Difference

or Subgrou Mean SD_ Total  Mean SD  Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.4 First peak medio-lateral GRF
Behmararm et al, 2021 -3.38 152 17 -3.74 328 17 6.5% 0.36 [-1.36, 2.08]
Subtotal (95% CI) 17 17 6.5% 0.36 [-1.36, 2.08]
Heterogeneity: Mot applicable
Test for overall effect: Z= 0.41 (P = 0.68)
2.1.5 second peak medial-lateral GRF
Behmaram et al. 2021 11.09 1.4 17 103 2.4 17 11.0% 0.79 [-0.53, 2.11]
Subtotal (95% CI) 17 17 11.0% 0.79 [-0.53, 2.11]
Heterogeneity: Mot applicable
Testfor overall effect. Z=1.17 (P = 0.24)
2.1.6 First peak antero posterior GRF
Behmaram et al. 2021 38,43 588 17 4401 477 17 1.5% -5.58[-9.18,-1.98] =
Subtotal (95% CI) 17 17 1.5% -5.58[-9.18, -1.98] *
Heterogeneity: Mot applicable
Test for overall effect: 2= 3.04 (P = 0.002)
2.1.7 second peak antero posterior GRF
Eehrmararm et al. 2021 -47.97 5.94 17 -51.49 516 17 1.4% 3.52[-0.22,7.26] =
Subtotal (95% CI) 17 17 1.4% 3.52 [-0.22, 7.26] »
Heterogeneity: Mot applicable
Test for overall effect: Z=1.84 (P = 0.07)
2.1.8 First peak vertical GRF
Behmaram et al. 2021 129.05 1349 17 13753 1022 17 0.3% -8.48[-16.68,-0.28] —
Subtotal (95% CI) 17 17  0.3% .8.48[.16.68, .0.28] -
Heterogeneity. Mot applicable
Testfor overall effect Z= 2.03 (F = 0.04)
2.1.9 second peak vertical GRF
Behmaram et al. 2021 92.79 1008 17 86.03 969 17 0.4% 6.76 [0.11,13.41] —
Subtotal (95% CI) 17 17 0.4% 6.76 [0.11, 13.41] >
Heterogeneity: Mot applicable
Test for overall effect: Z=1.99 (P = 0.05)
2.1.20 loading rate
Eehrmararm et al. 2021 6.687 0.869 17  7.608 D057 17 78.9% -0.92 [-1.42,-0.43] -
Subtotal (95% CI) 17 17  78.9% .0.92[-1.42,.0.43] |
Heterogeneity: Mot applicable
Testfor overall effect: Z= 3,65 (F = 0,0003)
Total (95% CI) 119 119 100.0%  -0.65 [-1.08, -0.21] |
Heterogeneity: Chi*= 27.31, df= 6 (P = 0.0001); PF= 78% Yoo 20 ] 20 100

Testfor overall effect: Z= 2.88 (P = 0.004)

) pre fatigue postfatigue
Testfor subgroup differences: Chi®= 27.31, df= 6 (F = 0.0001), F= 72.0%

Fig. 2 Results of analysis of ground reaction force.
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Waeighn
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F.1.10 impulse tos 1
Anbarian et al. 2016
Subtotal (95% Ch
Heterogeneity: Mot applicable

Test for overall effect: £ = 0586 (P = 0.58)

2672 1017

13
13

J1.11 Impulse toe 2.5
Anbarian et al. 2016
Subtotal (95% CI)
Heterogeneity: Mot applicable

Test for overall effect: Z= 1.84 (F = 0.07)

13.78  3.36

3.1.12 impulse metatarsal 1
Anbarian et al. 2016 4414 1012
Subtotal (95% CI) 13

Hater - Mot
Test for overall efect: = 0.95 (P = 0.34)

3.1.13 bnpulse metatarsal 2
Anbarian et al. 2016 41 08
Subtotal (95% CI)
Heterogeneity: Mot applicable
Test for overall effect: Z= 0.21 (¢ = 0.93)

10.56

14 nmpulse metatarsal 3
Anbarian et al. 2016 Z4.07
Subtotal (95% CI)
Heterogeneity: Mot applicable
Test for overall effect: Z = 0.33 (P = 0.74)

10

3.1.15 impulse metatarsal 4

Anbarian et al. 2016 2611 a.s53
Subtotal (95% CI)

Heter ot
Test for overall effect: = 0.64 (P = 0.52)

F. 116 impulse metatarsal S
Anbarian et al. 2016 1598 @18
Subltotal (95% CI) 13
Heterogeneity. Mot applicable

Testfor overall effect: Z= 0.54 (F = 0.59)

J.1.97 impulse mid Toot
Anbarian et al. 2016 18.4 10.59
Subtotal (95% CI) 13
Heterogeneity: Mot applicable

Testfor overall effect Z= 0.79 (F = 0.43)

3118 impulse heol modial

Anbarian et al. 2016 28.25 a.05 13
Subtotal (95% CH 13
Heterogeneity. Mot applicable

Testfor overall effect: = 0.24 (F = 0.81)

3.1.19 inpulse heel lateral
Anbarian et al. 2016 1419 446
Subtotal (95% CI) Lk
Heterogeneity: Mot applicable

Testfor overall effect: Z= 0.48 (F = 0.63)

Total (95% CI) 130

28.57 6.37

13
13
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-
W

4913 1595

-
W

41 .88

353

8.73 13

2817

17.76

21.97

12.28

29.03

1321

130

Heterogeneity: Tau®s 0.00; Chi"s 3.54, dfe 9 (F = 0.94); "= 0%

Testfor overall effect: Z= 1.68 (P = 0.0

@
Test for subaroup diferences: Chi"= 3 .54, df= 9 (P = 0.94), 1" = 0%

Fig. 3 Results of analysis of impulse.
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24.5%
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5. 2%
25.2%

100.0%

-1.85 (-8.37, 4.67)
~1.85 [-B.37, 4.67])
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-3.57 [-12.38, 5.24)
~3.57 [-12.38, 5.24]
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LA

=100

-850

pre fatigus

Mean
IV, R:

post fatigue

Difference
d 95% CI

Study or Subgroup  Mean _ SD_Total

Weight

1.1.1 antero_posterior GRF

Fasihi etal. 2019 10 4.06 15
Subtotal (95% CI) 15

Heterogeneity: Not applicable
Test for overall effect Z=1.72 (P = 0.09)

1.1.2 Medio latral GRF

Fasihietal. 2019 15.53 5.95 15
Subtotal (95% CI) 15

Heterogeneity: Mot applicable
Test for overall effect Z=1.35 (P=0.18)

1.1.3 vertical GRF

Fasihietal. 2019 8 115 15
Subtotal (95% CI) 15
Heterogeneity: Not applicable

Testfor overall effect Z=1.22(P=0.22)

Total (95% CI) 45

1276 471 15

15

12,46 6.47 15

15

7.53 096 15

15

45

29.0%
29.0%

19.8%
19.8%

51.2%
51.2%

100.0%

Heterogeneity: Tau®= 3.01; Chi*= 5,28, df= 2 (P = 0.07); F= 62%

Test for overall effect Z=0.04 (P =0.97)

Test for subaroup differences: Chi*=5.28, df=2(P=007),F=621%

-2.76 [-5.91,0.39]
-2.76 [-5.91, 0.39]
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Fig. 4 Results of analysis of ground reaction force.
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pre fatigue post Tatigue Mean Difference Mean Difference

Study or Subgroup  Mean _SD_Total Mean  SD_Total Weight IV, 95% C1 n, 95% CI
30.1.1 Medial fore foot area
Lee etal 2012 229 4.56 20 2575 531 20 140% -285[592 023]
Subtotal (95% CI) 20 20 14.0%  -2.85[-5.92,0.22]
b < Mot licakl
Testfor overall effect £=1.82 (P = 0.07)
30.1.2 Middle Tore foot area
Lee etal 2012 21.83 4.56 20 2595 292 20 18.7%  -4.12[6.49, -1.75]
Subtotal (95% CI) 20 20 18.7% -4.12[-6.49, -1.75]

- Mot
Testfor overall effect 7= 3.40 (P = 0.0007)
30.1.3 Latral Tore Tool area
Lee etal 2012 832 0.21 20 a1 178 20 336%  -0.78[1.57,001)]
Subiotal (95% Cl) 20 20 33.6% -0.78 [-1.57, 0.01]
Heterogeneity: Mot applicable
Test for overall effect Z= 1,95 (F = 0.05)
30.1.4 Mid foot latral
Lee etal 2012 216 401 20 2267 476 20 161%  -1.07 [3.80, 1.66]
Subtaotal (95% CI) 20 20 16.1%  -1.07 [-3.80, 1.66]
[ < Mot
Testfor overall effect Z= 0.77 (F = 0.44)
30.1.5 Hind Toot
Lee etal 2012 30 o 20 30 L] 20 Mot estimable
Subtotal (95% CI) 20 20 Not estimable

: Mot app
Testfor overall efect Mot applhicable
30.1.6 hallux
Lee etal 2012 1215 411 20 11.76 395 20 17.7% 0.39 211, 2.84) —f—
Subtaotal (95% CI) 20 20 17.7% 0.39 [-2.11, 2.89] ———
i © Mat
Testfor overall effect Z= 0,31 (F = 0.76)
Total (95% CI) 120 120 100.0% -1.53 [-2.98, -0.08] -
Heterogeneity: Tau®= 1,48, Chi*= 9.47, df= 4 (P = 0.05); "= 58% —%

Test for overall effect Z= 2 07 (P = 0.04)

ue postfatigues
Testfor subdroun diferencas: Chi*= 0.47. df= 4 (P = 0.05). F= 57.8%

Fig. 5 Results of analysis of foot pressure.



pre fatigue post fatigue Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Rand 95% ClI IV, Random, 95% CI

31.1.1 1st metatarsal plantar pressure

Kirmizi et al. 2022 1086 1.93 25 1179 207 25 97% -0.93[2.04,018]
Subtotal (95% CI) 25 25 9.7% -0.93[-2.04,0.18]

Heterageneity: Not applicable
Testfor overall effect Z=164 (P=010)

31.1.2 2nd metatarsal plantar pressure

Kirmizi et al. 2022 888 15 25 892 157 25 165% -0.04[-0.89, 081
Subtotal (95% C1) 25 25 16.5%  -0.04[-0.89,0.81]

Heterogeneity: Not applicable
Test for overall effect Z=009 (P=093)

31.1.3 3rd metatarsal plantar pressure

Kirmizi et al. 2022 107 144 25 1063 147 25 184% 0. |
Subtotal (95% C1) 25 25 184%  0.07[-0.74,0.88]

Heterogeneity: Mot applicable
Testfor overall effect: Z= 017 (P = 0.86)

31.1.4 4th metatarsal plantar pressure

Kirmizi et al, 2022 968 1.33 25 836 1.3 25 22.3% 0.32[-0.41,1.05]
Subtotal (95% CI) 25 25 22.3% 0.32[-0.41, 1.05]

Heterogeneity: Not applicable
Testfor overall effect Z=0.86 (P =0.39)

31.1.5 5th metatarsal plantar pressure

Kirmizi et al. 2022 6.4 228 25 588 202 25 8.4% 0.52 [-0.67,1.71] 1T
Subtotal (95% CI) 25 25 8.4% 0.52 [-0.67, 1.71] E:-3
Heterogeneity: Not applicable

Testfor overall effect £=0.85 (P =0.39)

31.1.6 hallux plantar pressure

Kirmizi et al. 2022 7.25 1.16 25 724 136 25 243% 0.01 [-0.69, 0.71) -
Subtotal (95% CI) 25 25 24.3% 0.01[-0.69, 0.71] 4

Heterogeneity: Not applicable
Testfor overall effect Z=0.03 (P =0.98)

31.1.7 medial heel plantar pressure

Kirmizi et al. 2022 124 133 25 1277 1333 25 04%  -0.37[562 4.88] —_— T
Subtotal (95% CI) 25 25 04%  -0.37[-5.62, 4.88] e
L

Heterageneity: Not applicable
Testfor overall effect Z=0.14 (P=0.89)

Total (95% CI) 175 175 100.0%  0.03[-0.31, 0.38]

Heterogeneity: Tau®= 0.00; Chi*= 4.19, df= 6 (P = 0.65), F= 0% _110 5 o : h
Test for overall efrec_t: Z=018 (P=_ 0.86) pre fatigue post fatigue
Test for subgroup differences: Chif= 419, df= 6 (P = 0.65), F=0%

Fig. 6 Results of analysis of plantar pressure.



pre fatigue
Study or Subgroup Mean SD Total

post fatigue
Mean SD Total

Mean Difference

95% ClI

Mean Difference

IV, Rand

IV, Random, 95% CI

6.1.18 first peak free moment
Behmaram etal. 2021 0.0048 0.001
Subtotal (95% CI)

Heterogeneity. Mot applicahle

Test for averall effect Z=1.85 (P = 0.06)

2
21

0.00423 0001 21

21

6.1.19 second peak free moment
Behmaram etal. 2021 0.0048 0.002
Subtotal (95% CI)

Heterogeneity. Mot applicahle

Test for averall effect Z=0.08 {F = 0.93)

0.00476 0.001 21

2
21 21

Total (95% CI) 42

Heterogeneity: Tau®= 0.00; Chi*= 0.84, df=1 (P = 0.36), F= 0%
Testfor overall effect Z=1.60 (P=0.11)

Test for subgroup differences: Chi*= 0.84, df=1 (P =0.36), F=0%

42

Fig. 7 Results of analysis of moments.
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Fig. 8 Results of analysis of moments.



pre fatigue

Study or Subgroup Mean SD Total

post fatigue

Mean

Mean Difference

SD Total Weight IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

4.1.1right invertor moment
Sharifrmaradi et al. 2013 0.45 025
Subtotal (95% CI)

Heterogeneity: Mot applicable

Testfor overall effect: 7= 0.91 (P = 0.36)

4.1.2 left imvertor moment
Sharifmoradi etal. 2018 054 0323
Subtotal (95% CI)

Heterogeneity: Mot applicable

Testfor overall effect: Z= 0.08 (P = 0.94)

4.1.3 right external rotator moment
Sharifrmaradi et al. 2013 0.2 013
Subtotal (95% CI)

Heterogeneity: Mot applicable
Testfor overall effect: 2= 1.20 (P = 0.23)

4.1.4 left external rotator moment
Sharifmoradi etal. 2018 032 005
Subtotal (95% CI)

Heterogeneity: Mot applicable

Testfor overall effect Z=1.83 (P=0.07)

4.1.5 left plantar flexor moment
Sharifmaradi et al. 2018 0.69 0.39
Subtotal (95% CI)

Heterogeneity: Mot applicable
Testfor overall effect: Z= 0.44 (P = 0.66)

4.1.6 right plantar flexor moment
Sharifmoradi etal. 2018 081 038
Subtotal (95% CI)

Heterogeneity: Mot applicable

Testfor overall effect 7= 0.45 (P = 0.65)

Total (95% CI)

Testfor overall effect: 2= 018 (F = 0.89)

Testfar subaroup differences: Chi*= 572, df= 5(P =0.33), F= 12.5%

10
10

10
10

10
10

10
10

10
10

10
10

60
Heterogeneity: Tau®= 0.00; ChiF=5.72, df=5 (P = 0.33); F=13%

0.55

0.3

0.27

025

062

0.as

0.24

10 9.2%
10 9.2%
10 67%
10 67%
10 27.3%
10 27.3%
10 486%
10 48.6%
10 45%
10 4.5%
10 37%
10 3.7%
60 100.0%

Fig. 9 Results of analysis of moments.
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pre fatigue post fatigue Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SO Total Weight IV, Random, 95% CI v, Random, 95% €1

32.1.1 ankle positive sagital power

Jafarnezhadgero et al. 2019 1899 984 13 1812 677 13 0.0% 2.87 [-3.62, 9.36]
Subtotal (95% CI) 13 13 0.0% 2.87 [-3.62, 9.36]
Heterogeneity: Mot applicable

Testfor overall effect Z= 0.87 (P = 0.39)

32.1.2 ankle positive frontal power
Jafarnezhadgero et al. 2019 1.76 182 13 167 271 13 0.5% 0.09 [-1.68, 1.86] by
Subtotal (95% CI) 13 13 0.5% 0.09 [-1.68, 1.86] *
Heterogeneity: Mot applicable

Testfor overall effect Z= 010 (P=092)

32.1.3 ankle positive horizontal power

Jafamuzhaﬂgvru etal 2019 062 065 13 045 034 13 9.3% 017 [0.23,
Subtotal (95% 13 13 9.3% 0.
Helerogeneity: Nm applicable

Testfor overall effect: Z= 0.84 (F = 0.40)

32.1.4 knee positive sagital power

Jafarnezhadgero et al. 2019 19.53 9.32 13 257 125 13 0.0% -B.17 [14.65, 2.31]
Subtotal (95% CI) 13 13 0.0% -6.17 [-14.65, 2.31]
Heterogeneity: Mot applicable

Test for overall effect: Z=1.43 (P =015)

32.1.5 knee posithve frontal power

Jafarnezhadgero et al. 2019 046 046 13 055 057 13 9.3% =009 [-0.49, 0.21]
Subtotal (95% CI) 13 13 9.3% -0.09 [-0.49, 0.31]
Hueterogeneity. Mot applic abl.

Taest for overall effect: Z= (P = 0.6E6)

32.1.6 knee positive horizontal power

Jafalnemaugem etal 2019 037 043 13 0DE7 1.05 13 39% -0.20 [-0.82, 0.42] b
Subtotal (95% 13 13 39% -0.20[-0.82,0.42] 1
Helerogeneity: Nm applicable

Testfor overall effect Z= 0.64 (P = 0.53)

32,7 hip positive sagital power

Jafarnezhadgero et al. 2019 1874 9.4 13 2048 917 13 00%  -1.74 [8.88,5.40]

Subtotal (95% CI) 13 13 0.0% -1.74 [-8.88, 5.40]
Heterogeneity: Mot applicable
Testfor overall effect Z= 048 (P = 063)

32.1.8 hip posithve frontal power

Jafarmezhadgero et al, 2019 1.08 098 13 1 089 13 2.9% 0.09 [ 0.52, 0 80]
Subtotal (95% CI) 13 13 2.

Heterogeneity. Not applicable
Test for overall effect: Z= 0.25 (P = 0.80)

32.1.9 hip positive horizontal power

Jafarnezhadgero et al. 2019 0.39 051 13 0.28 025 13 155% 0.11 [[0.20, 0.42]
Subtotal (95% CI) 13 13 15.5% 0,11 [-0.20, 0.42]
Heterogeneity: Mot applicable

Testfor overall effect Z= 0.70 (P = D.48)

32.1.10 ankle negative sagital power

Jafarnezhadgero et al. 2019 -12.18 4 13 -1389 47 13 0.1% 1.72 [-1.63, 5.07]
Subtotal (95% CI) 13 13 0.1% 1.72[-1.63, 5.07]
Heterogeneity: Mot applicable

Test for overall effect: Z=1.00 (P = 0,31)

32.1.11 ankle negative frontal power

Jafamcz‘haﬂgwu etal 2019 -0.9 067 13 -088 0.86 13 4.2% =0.02 [-0.61, 0.57]
Subtotal (95% CI) 13 13 4.2% -0.02 [-0.61, 0.57]
Heterogenaeity: Mot applicable

Testfor overall effect: Z= 0.07 (F = 0.95)

32.1.12 ankle nagathve horizontal power

Jafarnezhadgero et al. 2019 -0.26 024 13 -0.23 045 13 19.2% -0.03 [[0.31,0.25]
Subtotal (95% CI) 13 13 19.2% -0.03 [-0.31, 0.25]
Heterogeneity: Mot applicable

Testfor overall effect Z=0.21 (P = 0.83)

32.1.13 knee negative sagital power

Jafarnezhadgero et al. 2019 -533 47 13 -488 315 13 0.2% -0.45 [(3.53, 2.63] -1
Subtotal (95% CI) 13 13 0.2% -0.45 [-3.53, 2.63] -

Heterogeneity: Not applicable
Test for overall effect; 2= 029 (P=0.77)

32.1.14 knee nagative frontal power

Jafamszﬂaﬂgero etal 2019 =037 037 13 -0%5 08 13 BA4% 018 [-0.30,
Subtotal (95% 13 13 6.4% 0.
Helerogeneity: Nm applicable

Testfor overall effect Z= 0.74 (P = 0.46)

32.1.15 knes negative horizontal powaer

Jafarnezhadgero el al. 2019 -0.48 038 13 -0.38 033 13 19.7% -0.10 037,017
Subtotal (95% CI) 13 13 19.7% <0.10 [-0.37, 0.17]
Heterogeneity: Mot applicable

Testfor overall effect: Z=0.72 (P = 0.47)

32.1.16 hip negathve sagital power

Jafarmezhadgero et al, 2019 -17.26 6B5 13 -1538 -] 13 0.1% =188 [-6.40, 2.64]
Subtotal (95% CI) 13 13 0.1% -1.88 [-6.40, 2.64]
Heterogeneity. Not applicable

Testfor overall effect: Z= 0.81 (P = 0.42)

32.1.17 hip negative fromal power

Jafarnezhadgero et al. 2019 -1.25 09 13 -1.38 093 13 3.0% 0.13 [[0.57, 0.83]
Subtotal (95% CI) 13 13 0% 0431057, 0.83]
Heterogeneity: Mot applicable

Testfor overall effect Z= 0.36 (P = 0.72)

32.1.18 hip negathve horizontal power

Jafarnezhadgero et al. 2019 -0.47 052 13 -062 077 13 5.8% 0.15 [-0.36, 0.66]
Subtotal (95% CI) 13 13 5.8% 0.15 [-0.36, 0.66]
Heterogeneity: Mot applicable

Test for overall effect: Z= 058 (P = 0.56)

Total (95% CI) 234 234 100.0% 0.02 [-0.10, 0.14]
Heterogenetty: Tau® = 0.00; Chi*= 813, df= 17 (F = 0.96); "= 0% = r—— ¥

Taest for overall effect: Z= 0.27 (F = 0.78)

1m0 20
@ fatigue ost fatigue
Test for subaroup diferences: Chi*= 813, df= 17 (P = 0.96), I*= 0% pr gue  p gu

Fig. 10 Results of analysis of power.
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pre fatigue post fatigue Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
7.1.1 initial contact phase relative time
Anbarian etal. 2016 6.22 2486 13 453 154 13 0.2% 1.69 [0.11, 3.27] ——
Subtotal (95% CI) 13 13 0.2% 1.69 [0.11, 3.27] T ———8
Heterogeneity: Mot applicable
Testfor overall effect Z= 210 (P = 0.04)
7.1.2 forefoot cantact phase relative time
Anbarian etal. 20186 6.19 265 13 548 1.84 13 0.2% 0.71 [-1.04, 2.46] >
Subtotal (95% CI) 13 13 0.2% 0.71[-1.04, 2.46] | —er TR R N
Heterogeneity: Mot applicable
Test for overall effect: Z=0.79 (F=0.43)
7.1.4 stand foot flat phase relative time
Anbarian etal. 2016 36.07 474 13 3676 5.2 13 0.0% -069[-451,313] + >
Subtotal (95% CI) 13 13 0.0%  -0.69[-4.51,3.13] | —
Heterogeneity: Mot applicable
Test for overall effect: Z=0.35 (P =0.72)
7.1.5 stand fore foot pushup phase relative time
Anbarian etal. 2016 52.28 513 13 5581 559 13 0.0% -3.53 [7.65,0.59] ¢
Subtotal (95% CI) 13 13 0.0% -3.53 [-7.65, 0.59]
Heterogeneity, Mot applicable
Test for overall effect: Z=1.68 (F = 0.09)
7.1.6 fore foot contact phase medio-lateral ratio
Anbarian etal. 2016 -0.12 012 13 -014 015 13 26.4% 0.02[0.08,012] -
Subtotal (95% CI) 13 13 26.4% 0.02 [-0.08, 0.12] L 2
Heterogeneity: Mot applicable
Test for overall effect: Z= 0.38 (P =0.71)
7.1.7 forefoot pushup phase medio_lateral ratio
Anbarian etal. 2016 0.35 018 13 042 019 13 181% -0.07 [-0.21, 0.07] -1
Subtotal (95% CI) 13 13 18.1% -0.07 [-0.21, 0.07] i
Heterogeneity: Not applicable
Test for overall effect: Z= 096 (P = 0.33)
7.1.8 stand foot flat phase medio_lateral ratio
Anbarian etal. 2016 -0.07 011 13 -0.03 0.1 13 324% -0.04 [[0.12,0.04] —-
Subtotal (95% CI) 13 13 32.4% -0.04 [-0.12, 0.04] &
Heterogeneity: Mot applicable
Test for overall effect: £= 0.93 (F = 0.35)
7.1.9 initial contact phase medio-lateral ratio
Anbarian etal. 2016 -0.2 015 13 -019 016 13 227% -0.01 013, 0011] —a—
Subtotal (95% CI) 13 13 22.7% -0.01 [-0.13, 0.11] -
Heterogeneity. Not applicable
Test for overall effect. Z=016 (P = 0.87)
Total (95% CI) 104 104 100.0% -0.02 [-0.09, 0.05] q
Heterogeneity, Tau®= 0.00; Chi*= 9.36, df=7 (P = 0.23), "= 25% -1 -D:.S ) D:.S

Test for overall effect: Z= 051 (P = 0.61)

Test for subaroup differences: Chi*= 9.36. df=7 (P=0.23). F= 25.2%

Fig. 11 Results of analysis of spatiotemporal parameters .
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pre fatigue post fatigue Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
11.1.1 running speed
jahani et al 2022 2167 0291 22 1975 0197 22 93% 0.19[0.05, 0.34] e —
Subtotal (95% CI) 22 22 9.3% 0.19 [0.05, 0.34] e ——
Heterogeneity: Not applicable
Test for overall effect: Z= 2.56 (P = 0.01)
11.1.2 step time
jahani et al 2022 0.397 0013 22 0441 0034 22 36.4% -0.04[-0.06,-0.03] =
Subtotal (95% CI) 22 22 36.4% -0.04[-0.06,-0.03] [ ]
Heterogeneity: Mot applicable
Test for overall effect: Z= 567 (P = 0.00001)
11.1.3 single support
jahani et al 2022 0,282 0.036 22 0292 0039 22 352% 0.00 [-0.02, 0.02) z
Subtotal (95% CI) 22 22 35.2% 0.00 [-0.02, 0.02]
Heterogeneity: Not applicable
Testfor overall effect: Z=0.00 (P =1.00)
11.1.4 step length
jahani et al 2022 0.787 0.148 22 0715 0aA3 22 181% 0.07 [-0.01,0.15] —
Subtotal (95% CI) 22 22 19.1% 0.07 [-0.01, 0.15] R
Heterogeneity: Not applicable
Test for overall effect: Z=1.71 (P = 0.09)
Total (95% Cl) 88 88 100.0% 0.02 [-0.04, 0.07]

Heterogeneity: Tau®= 0.00; Chi*= 24.53, df= 3 (P < 0.0001); = 88%

Testfor overall effect: Z= 0.59 (P = 0.55)

Test for subgroup differences: Chi*= 24.53, df= 3 (P < 0.0001), F= 87.8%

Fig. 12 Results of analysis of spatiotemporal parameters.

Experimental Control
Study or Subgroup Mean SD_Total Mean SD

Total Weight

Mean Difference
n, Random, 95% CI

02 -01 0 01 02
pre fatigue postfatigue

Mean Difference
. Random, 95% CI

12.1.1 step width

Azizi et al. 2019 7.2 8.8 10
Subtotal (95% CI) 10
Heterogeneity. Mot applicable

Test for overall effect: Z= 003 (P = 0.97)

7.3 211

12.1.2 stride length
Azizi et al. 2019
Subtotal (95% CI)
Heterogeneity: Mot applicable

Test for overall effect Z= 0.38 (P = 0.70)

1416 3596 10 1347 4436
10

12.1.3 foot length

Azizi et al. 2019 a96.5 355 10
Subtotal (95% CI) 10
Heterogeneity: Mot applicable

Test for overall effect: Z= 0.06 (P = 0.95)

98.3 89.02

12.1.4 Amtero posterior center of mass displacement

Azizietal 2019 1048 4.41 10 1025 96.6
Subtotal (95% CI) 10

Heterogeneity: Not applicable
Test for overall effect: Z= 0.08 (P = 0.94)

12.1.5 Medio lateral center of mass displacement

Azizi et al. 2019 65.28 5917 10 63.27 91.09
Subtotal (95% CI) 10
Heterogeneity: Mot applicable

Test for overall effect: Z= 0.06 (P = 0.95)

Total (95% CI) 50

10
10

10

10
10

10
10

10
10

50

Heterogeneity: Tau®= 0.00; Chi*= 0.16, df= 4 (P = 1.00); *= 0%

Test for overall effect: Z2= 0.03 (P = 0.98)

Test for subgroup differences: Chi*= 016, df= 4 (P =1.00), F= 0%

95.3%
95.3%

100.0%

6.90 [28.49, 42.29]
6.90 [-28.49, 42.29]

-1.80 [F61.20, 57.60]
-1.80 [-

61.20, 57.60]

30 [-57.63, 62.23]
30 [-57.63, 62.23]

2.01 [-65.31, 69.33)
2.01[-65.31, 69.33]

0.09 [-5.39, 5.56]

Fig. 13 Results of analysis of spatiotemporal parameters.
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