Is non-dominant leg a key factor for endurance performance in male youth soccer players? 
Data-driven knowledge-adjusted causal analysis and literature synthesis 
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SUPPLEMENTARY MATERIALS



SUPPLEMENTARY MATERIALS
Table 1. Relations with anthropometric features.
	Anthropometric parameter
	Related features

	2D:4D measures
	Agility [1]
IFT [2]
Muscle strength (CMJ, ISH, ISQ) [2]*

	Arm length
	FFM [3]

	BMI
	Ball control with the head [4]
Ball shooting speed [5]
CMJ [6]
Dribbling [5]
Maturity [7]
Multistage Shuttle Run Test [8]
Sprint [9]
VO2max [5]
YoYo [5, 6]

	Body size
	Age [10]
Conquering ball [11]
FFM [11]
Maturity [10]
Successful goal attempts [11]
Sprint [12]
Vertical jump [12]
Weight [11]
YoYo [12]

	Foot length
	BMD [3]

	Height
	Age [7, 11, 13-15]
Agility [7, 16, 17]
Ball control with head [4]
CMJ [7]
HGS [18]
IFT [19]
Kicking velocity [20]
Maturity [7, 21-24]
Medical ball throw [17]
Passing accuracy [7]
Repeated sprint tests [25]
Sitting height [7]
Soccer skills (ball control with the body, ball control with the head, slalom dribbling with a pass, slalom dribbling, passing accuracy and shooting accuracy) [26]*
Sprint [5, 7, 18, 27, 28]
Successful goal attempts [4]
Vertical jump [5, 12, 18, 28]
VO2max [5]
YoYo [5]

	Leg length
	Experience [29]

	Muscle composition
	Acceleration [30]

	Sitting height
	Experience [29]
Height [7]

	Weight
	Age [11, 13-15]
Agility [27]
Ball shooting speed [5]
BMD [3]
Body size [11]
Conquering ball [11]
CMJ [16]
Dynamic balance [31]
FFM [3, 31, 32]
HGS [18]
IFT [19]
Kicking velocity [20]
Maturity [7, 21-24]
Repeated sprint tests [25]
Sprint [5, 12, 16, 18, 27, 28, 33]
Successful goal attempts [11]
Vertical jump [18, 28]
YoYo [28]



Table 2. Relations with body composition features.
	Body composition parameters
	Related features

	Adiposity
	Agility [16]
CMJ [16]
Sprint [16]
YoYo [16]

	Body fat percentage (FATP%)
	Agility [34, 35]
LBM [36]
Multistage shuttle run test [8]
Pacer test [35]
Run with a ball [34]
Sprint [9]
Vertical jump [35]

	Bone mass
	Maturity [37]

	Bone mineral density (BMD)
	Maturity [3]
Weight [3]
Foot length [3]

	Fat-free body mass (FFM)
	Age [11, 38]
Agility [35, 39]
Arm length [3]
Body size [11]
Dribbling [39]
Weight [3, 31, 32]
Conquering ball [11]
Maturity [3, 37]
Successful goal attempts [11]

	Hand to foot bioelectrical impedance (Impedance)
	Agility [40]
Sprint [40]

	Lean body mass (LBM)
	CMJ [36]
FATP% [36]
Sprint [33, 36]

	Muscle mass
	Bilateral triple hop jump [6]
CMJ [6]
HRR [41]
Single-leg triple hop jump [6]
Sprint [9]

	Total body water (TBW)
	Maturity [42]

	Total fat mass (FATM)
	Agility [43]
Bilateral triple hop jump [6]
CMJ [6]
Maturity [37, 44]

	Vitamin D
	CMJ [45]
RSI [46]
Sprint [46]
Yard tests [46]*


*Due to no clear relationship information, the association is not included in the graphs.

Table 3. Relations with physical fitness features.
	Physical fitness parameter
	Related features

	30s jumping
	Knee flexor torque [47]

	Back squat
	1RM [48]
CMJ [48-50]
Sprint [49-51]
Squat jump [48-50]

	Bilateral triple hop jump
	FATM [6]
Muscle mass [6]

	Calf raise
	RSI [51]

	Countermovement jump (CMJ)
	1RM [48]
Knee flexor torque [47]
Age [52-55]
Adiposity [16]
Agility [34, 40, 56]
Back squat [48-50]
Deep overhead squat [52]
Dribbling [57]
Dynamic balance [58]
Experience [59]
Flexibility [60]
Height [7]
Kicking velocity [20]
LBM [36]
LSPT [61]
Maturity [21, 54, 62-65]
Side hop [66]
Single-leg hop for distance [58]
Skeletal age [16, 53]
Sprint [33, 34, 36, 40]
IFT [19]
Vitamin D [46]
VO2max [59]
Weight [16]
YoYo [59]

	Deep overhead squat
	CMJ [52]
Sprint [52]

	Reactive Strength Index (RSI)
	Calf raise [51]
Vitamin D [46]

	Hamstring strength
	Maturity [67]
Sprint [68]

	Hand grip strength (HGS)
	Age [14]
Height [18]
Maturity [17]
Multistage shuttle run test [8]
Weight [18]

	Horizontal jump
	Sprint [69]
Maturity [58]

	Isoinertial progressive loading test (V1-load)
	Repeated Sprint Tests [70]

	Knee flexor torque 
	30s jumping [47]
CMJ [47]
Squat jump [47]

	Medical ball throw
	Height [17]

	Multistage fitness test
	YoYo [71]

	Non-dominant leg performance
	Dynamic balance [31]

	One Repetition Maximum (1RM) Squat
	Back squat [48]
CMJ [48]
Sprint [27]
Squat jump [48]

	Side hop
	CMJ [66]
Single-leg hop for distance [66]

	Single-leg hop for distance
	CMJ [58]
Dynamic balance [58]

	Single-leg triple hop jump
	Muscle mass [6]

	Sit-ups
	Dribbling [57]

	Squat jump (SJ)
	1RM [48]
Advancement [73]
Age [52, 74]
Agility [34, 40]
Back Squat [48-50]
Dribbling [57]
Knee flexor torque [47]
LSPT [61]
Maturity [74]
Sprint [34, 36, 40]
TSPU [52]

	[bookmark: _GoBack]Trunk stability push-up (TSPU)
	Agility [52]
SJ [52]
Sprint [52]

	Vertical jump
	Age [14]
Body size [12]
Experience [12]
FATP% [35]
Height [5, 12, 18, 28]
Interleg asymmetry [45]
Maturity [12, 58, 67]
Repeated Sprint Tests [74]
Skeletal age [18]
Sprint [33, 40, 69]
Weight [18, 28]



Table 4. Relations with physical and physiological performance features.
	Physical and physiological performance
	Related features

	30-15 Intermittent Fitness Test (IFT)
	2D:4D [2]
Age [55]
Agility [19]
ASR [75]
CMJ [19]
Height [19]
Sprint [19, 75]
SSG [75]
Weight [19]

	Acceleration
	Height [17]
Muscle composition [30]
Skeletal age [18]
Weight [18]

	Anaerobic speed
reserve (ASR)
	Age [55]
IFT [75]
Sprint [75]
SSG [75]

	Crossover hop test
	Agility [55]

	Intermittent shuttle run
	Maturity [4, 12]

	Kicking velocity
	CMJ [20]
Height [20]
Multistage shuttle run test [20]
Sprint [20]
Weight [20]

	Multistage shuttle run test
	BMI [8]
FATP% [8]
HGS [8]
Kicking velocity [20]
Maturity [69]

	Pacer test
	FATP% [35]

	Repeated sprint tests (RRST/RSA)
	Age [10, 32]
Agility [74]
Height [25]
Maturity [10, 76]
Sprint [70, 74, 77]
V1-load [70]
Vertical jump [74]
Weight [25]
YoYo [70]

	Sprint
	1RM [27]
Adiposity [16]
Advancement [16, 72]
Age [14, 15, 17, 33, 40, 52-55, 78-80]
Agility [56]
ASR [75]
Back squat [49-51]
BMI [9]
Body impedance [40]
Body size [12]
CMJ [33, 34, 36, 40]
Deep overhead squat [52]
Defensive tactic performance [81]
Experience [12]
FATP [9]
Flexibility [60]
Height [5, 7, 18, 27, 28]
Horizontal jump [69]
IFT [19, 75]
Interleg asymmetry [78]
Kicking velocity [20]
LBM [33, 36]
LSPT [61]
Maturity [4, 12, 22, 54, 62, 64, 67, 69, 80, 82, 83]
Muscle mass [9]
Hamstring strength [69]
Repeated sprint tests [74, 77]
Skeletal age [18, 53]
Squat jump [34, 36, 40]
TSPU [52]
Vertical jump [33, 40, 69]
Vitamin D [46]
Weight [12, 16, 18, 27, 28, 33]

	VO2max 
	BMI [5]
CMJ [59]
Experience [59]
Height [5]
Maturity [23, 59]
YoYo [84]

	Yo-Yo Intermittent Recovery Test (YoYo)
	Adiposity [16]
Advancement [85]
Age [16]
BMI [5]
Body size [12]
CMJ [59]
Defensive tactic performance [86]
Dribbling [57]
Experience [12, 59, 87]
Height [5]
Maturity [4, 12, 21, 59]
Multistage fitness test [71]
Repeated sprint tests [70]
Skeletal Age [18, 59]
Soccer skills (ball control with the body, ball control with the head, slalom dribbling with a pass, slalom dribbling, passing accuracy and shooting accuracy) [26]*
SSG [88]
VO2max [84]
Weight [28]


*Due to no clear relationship information, the association is not included in the graphs.

Table 5. Relations with functional assessment features.
	Functional Assessment
	Related features

	Agility (505, COD, t-test)
	2D:4D measures [1]
Adiposity [16]
Advancement [72, 89]
Age [16, 38, 40, 52, 55, 73, 80, 90]
Ball control with body [91]
Body impedance [40]
Choice reaction [92]
CMJ [34, 40, 56]
Crossover hop test [56]
FATM [43]
FATP% [34, 35]
FFM [35, 39]
Flexibility [60]
Height [7, 16, 17]
IFT [19]
Interleg asymmetry [78, 93]
LSPT [61]
Maturity [1, 34, 43, 73]
Repeated sprint tests [74]
Sprint [56, 80]
Squat jump [34, 40]
TSPU [52]
Weight [27]

	Flexibility / Muscle stiffness 
	Age [14]
Agility [60]
CMJ [60]
Maturity [60]
Sprint [60]

	Functional Movement Screen (FMS)
	Age [73]
Dribbling [94]
Maturity [95]
Physical fitness (shuttle run 4 m X 10 m, standing broad jump, and 20-m progressive shuttle run) [94]*
Physical fitness [96]

	Heart Rate Recovery (HRR)
	Muscle mass [41]

	Interleg asymmetry
	Agility [78, 93]
LEFT [97]
Passing accuracy [78]
Sprint [78]
Vertical jump [45]

	Lower extremity functional test (LEFT)
	Age [97]
Interleg asymmetry [97]


*Due to no clear relationship information, the association is not included in the graphs.

Table 6. Relations with sport performance features.
	Sport performance 
	Related features

	Attention window
	Dribbling [98]

	Ball control with body
	Agility [91]
Experience [4]
Maturity [4]
WMC [98]

	Ball control with head
	BMI [4]
Height [4]
Maturity [6]

	Ball juggling
	WMC [98]

	Ball shooting speed
	BMI [5]
Weight [5]

	Choice reaction (RT, S3)
	Agility [92]

	Defensive tactic performance
	Experience [86]
Maturity [81]
Sprint [81]
YoYo [86]

	Dribbling with a ball
	Advancement [57]
Age [12] 
Attention window [98]
BMI [5]
CMJ [57]
FMS [95]
FFM [39]
LSPT [61]
Maturity [4]
Physical fitness (Shuttle run, standing broad jump) [94]*
Sit-ups [57]
Squat jump [57]
SSG [99]
WMC [98] 
YoYo [57]

	Dynamic balance
	CMJ [58]
Maturity [58, 100]
Non-dominant leg performance [31]
Single Leg Hop for Distance [58]
Weight [31]

	Loughborough soccer passing test (LSPT)
	Agility [61]
CMJ [61]
Dribbling [61]
Sprint [61]
Squat jump [61]

	Passing accuracy
	Height [7]
Interleg asymmetry [78]

	Run with a ball
	FATP% [34]
Maturity [34]

	Small-sided game (SSG) performance
	ASR [75]
Dribbling [99]
IFT [75]
Maturity [83]
YoYo [88]

	Successful goal attempts
	Height [4]
Maturity [12]

	Working memory capacity (WMC)
	Ball control with body [98]
Ball juggling [98]
Dribbling [98]


*Due to no clear relationship information, the association is not included in the graphs.

Table 7. Relations with time related features.
	Time related features
	Related features

	Age

	Agility [14, 16, 38, 40, 52, 55, 73, 80, 90]
ASR [55]
Body size [10]
CMJ [52-55]
Dribbling [12]
FFM [11, 38]
Flexibility [14]
FMS [73]
Height [7, 11, 13-15]
HGS [14]
IFT [55]
LEFT [97]
Maturity [7]
Repeated sprint tests [10, 32]
Skeletal age [7, 13, 32]
Sprint [14, 15, 17, 33, 40, 52-55, 78-80]
Squat jump [52, 73]
Technical skills (sprint, agility, dribbling, ball control, and juggling) [15]*
Physical fitness (shuttle run 4 m X 10 m, standing broad jump, and 20-m progressive shuttle run) [94]*
Vertical jump [14]
Weight [11, 13-15]
YoYo [16]

	Advancement / Training load

	Agility [72, 89]
Dribbling [57]
Sprint [16, 72]
Squat jump [72]
YoYo [85]

	Experience / Minutes played

	Ball control with body [4]
CMJ [59]
Defensive tactic performance [86]
Leg length [29]
Maturity [23, 29, 59]
Sitting height [29]
Sprint [12]
Vertical jump [12]
VO2max [59]
YoYo [12, 59, 87]

	Maturity
	Age [7, 44]
Agility [1, 34, 43, 73, 80]
Anthropometry and body composition [101]*
Ball control with body [4]
Ball control with head [4]
BMD [3]
BMI [7]
Body size [10]
Bone mass [37]
CMJ [21, 54, 62-65]
Defensive tactic performance [81]
Dribbling [4, 12]
Dynamic balance [58, 100]
Experience [23, 29, 59]
FATM [37, 44]
FFM [3, 37]
Fitness (strength, speed, agility, flexibility) [102]*
Flexibility [60]
FMS [96]
Hamstring strength [67]
HGS [17]
Height [7, 21-24]
High-intensivity activities [83]*
Horizontal jump [58]
Intermittent shuttle run [4]
Morphology (height, weight, body fat, body mass index) [102]*
Multistage shuttle run test [77]
Physical fitness (shuttle run 4 m X 10 m, standing broad jump, and 20-m progressive shuttle run) [94]*
Physical fitness (flexibility, CMJ, horizontal jump, speed tests, YoYo) [37]*
Repeated Sprint Tests [10, 76]
Run with a ball [34]
Skeletal age [24]
Soccer skills (ball control with the body, ball control with the head, slalom dribbling with a pass, slalom dribbling, passing accuracy and shooting accuracy) [26]*
Soccer skills (speed dribbling, short pass accuracy, long pass accuracy, foot and body ball juggling) [64]*
Sprint [4, 12, 22, 54, 62, 64, 67, 69, 80, 82, 83]
Squat jump [73]
SSG [83]
Successful goal attempts [12]
TBW [42]
Vertical jump [12, 58, 67]
VO2max [23, 59]
Weight [7, 21-24]
YoYo [4, 12, 21, 59]

	Skeletal age
	Acceleration [18]
Age [7, 13, 32]
CMJ [16, 53]
Maturity [24]
Sprint [18, 53]
Vertical jump [18]
YoYo [18, 59]


*Due to no clear relationship information, the association is not included in the graphs.

Abbreviations: 
1RM – One Repetition Maximum 
2D:4D – Second-to-fourth digit ratio 
ASR – Anaerobic Speed Reserve 
BMI – Body Mass Index 
BMD – Bone Mineral Density 
CMJ – Countermovement Jump 
COD – Change of Direction 
FATM – Absolute Fat Mass 
FATP / FATP% – Percentage of Fat Mass 
FFM – Fat-Free Mass 
FMS – Functional Movement Screen 
HGS – Hand Grip Strength 
HRR – Heart Rate Recovery 
IFT – Intermittent Fitness Test 
ISH – Isometric Hamstring Strength 
ISQ – Isometric Quadriceps Strength 
LBM – Lean Body Mass 
LEFT – Lower Extremity Functional Test 
LSPT – Loughborough Soccer Passing Test 
RSA / RRST – Repeated Sprint Ability / Repeated Sprint Tests 
RSI – Reactive Strength Index 
RT (S3) – Reaction Time (S3 test variant) 
SJ – Squat Jump 
SSG – Small-Sided Games 
TBW – Total Body Water 
TSPU – Trunk Stability Push-Up 
V1-load – Velocity at First Load (Isoinertial Progressive Loading Test) 
VO₂max – Maximal Oxygen Uptake 
WMC – Working Memory Capacity 
YoYo / YoYo IR – Yo-Yo Intermittent Recovery Test
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