Appendix A: Summary details of all included assessment tasks. 

I. Double leg tasks
All tasks are assessed using a qualitative framework in which observable movement faults are identified as present or not present. The presence of any fault indicates a movement impairment and informs clinical decision-making.
Overhead Squat Assessment (OSA)
	Category
	Details

	Set-Up & Equipment
	No equipment required. Athlete stands with feet shoulder-width apart. Arms held overhead or with a dowel.

	Instructions
	Perform 5 slow, controlled bilateral squats while maintaining arms overhead and feet flat.

	Scoring Method
	Checklist of deviations including trunk lean, knee valgus, heel rise, and asymmetry. Each scored as present or not present.

	Reliability Evidence
	Moderate agreement with trained raters using standardized criteria.

	Validity Evidence
	Limited empirical validity. Primarily used as a screening tool.

	Recommended Scorer
	Clinicians trained in movement assessment.

	Population
	Healthy athletes and rehabilitation populations.



Landing Error Scoring System (LESS)
	Category
	Details

	Set-Up & Equipment
	30 cm box, marked landing area, two cameras (frontal and sagittal).

	Instructions
	Stand on the box. Jump forward to the marked area. Land on both feet and immediately perform a maximal vertical jump.

	Scoring Method
	17-item checklist. Each error = 1 point. Higher score = poorer movement quality.

	Reliability Evidence
	Intrarater ICC 0.82–0.99. Interrater ICC 0.83–0.92.

	Validity Evidence
	Supported against 3D motion capture. Predictive validity mixed.

	Recommended Scorer
	Trained clinicians using video playback.

	Population
	Youth, collegiate, and post-ACLR athletes.



Drop Vertical Jump (DVJ)
	Category
	Details

	Set-Up & Equipment
	30 cm box and 1–2 cameras.

	Instructions
	Step off the box. Land on both feet and immediately perform a vertical jump.

	Scoring Method
	Assessment of knee valgus, hip flexion, and knee flexion using video or visual analysis.

	Reliability Evidence
	Good to excellent reliability (ICC > 0.75).

	Validity Evidence
	Associated with ACL injury risk factors.

	Recommended Scorer
	Clinicians trained in movement analysis.

	Population
	Youth athletes and ACL rehabilitation cohorts.



Tuck Jump Assessment (TJA)
	Category
	Details

	Set-Up & Equipment
	Flat surface and 1–2 cameras.

	Instructions
	Perform continuous tuck jumps for 10 seconds.

	Scoring Method
	10-item checklist of movement flaws. Higher score = poorer movement quality.

	Reliability Evidence
	Moderate reliability. Improved with rater training.

	Validity Evidence
	Limited. Useful for identifying fatigue-related deficits.

	Recommended Scorer
	Trained clinicians using video.

	Population
	Adolescent and collegiate athletes.



Double-Leg Vertical Jump Assessment
	Category
	Details

	Set-Up & Equipment
	Flat surface, vertical jump setup, 1–2 cameras.

	Instructions
	Perform repeated maximal vertical jumps with controlled bilateral landings.

	Scoring Method
	2D video assessment of knee valgus, symmetry, and landing control.

	Reliability Evidence
	Limited compared to LESS. Dependent on rater training.

	Validity Evidence
	Supported in volleyball cohorts vs 3D motion analysis.

	Recommended Scorer
	Clinicians trained in 2D video analysis.

	Population
	Adolescent athletes, especially volleyball populations.


























II.  Single leg tasks

	Movement Screening for Volleyball

	Single Leg Squat Instructions: 
Begin standing on one leg with your hands on your hips and the opposite leg bent behind you. Squat down as far as you can comfortably and then return to the starting position. Do not put your stance leg down or remove your hands from your hips. 
 
Single Leg Drop Down Instructions: Stand on top of a 31-cm plyometric box with your hands on your hips, then jump down from the box landing on one leg, and hold the landing for at least 2 seconds. Do not step off the box, make sure you jump down. Do not land on two feet or removing their hands from their hips. Do not fall or stumble upon landing, or not sticking the landing (i.e., shuffling their landing foot). 
 

	Fault 
	Plane 
	Phase 
	Criteria 

	Poor knee position 
	Frontal 
	Squat Loading: initiation to cessation of knee flexion 
 
Drop Landing: 
Initial foot contact to cessation of knee flexion 
	Present: center of the knee joint is inside the medial border of the shoe. 
Not present: center of the knee joint stays within the shoe. 

	Lateral trunk lean 
	Frontal 
	Squat Loading: initiation to cessation of knee flexion 
 
Drop Landing: 
Initial foot contact to cessation of knee flexion 
	Present: midpoint between the shoulders does not remain over the stance foot. 
Not present: midpoint between the shoulders remains ove rthe stance foot. 

	Excessive trunk flexion or extension 
	Sagittal 
	End of loading/landing: cessation of knee flexion 
	Present: the trunk segment does not remain parallel with the lower leg (the anterior edge of the tibia). 
Not present: the trunk segment remains parallel with the lower leg. 



	Athletic Ability Assessment

	 
	Score (3) 
	Score (2) 
	Score (1) 

	Single Leg Squat Off Box (5 repetitions each leg)  
 
Trunk Angle 
	Maintains perfect trunk posture for all reps 
	Inconsistent or uncontrolled forward lean and or movement from neutral lumbopelvic position 
	Excessive and uncontrolled forward lean and or movement from neutral lumbopelvic position 

	Single Leg Squat Off Box (5 repetitions each leg)  
 
Hip/ Knee/ Ankle Alignment  
	Perfect alignment and control of hip/knee/ankle throughout every repetition 
	Inconsistent form with some perfect repetitions OR minor misalignment on all repetitions 
	Poor alignment throughout  

	Single Leg Squat Off Box (5 repetitions each leg)  
 
Depth 
	Hip below knee (below parallel) while maintaining neutral spine for all reps. 
	Depth beyond parallel for some but not all reps. 
	Not able to achieve required depth for any reps.  

	Single Leg Forward Hop (3 repetitions each leg)  
 
Hip/ Knee/ Ankle Alignment  
	Perfect alignment and control of hip/knee/ankle  
	Inconsistent form with some perfect repetitions OR minor misalignment on all repetitions 
	Poor alignment throughout  

	Single Leg Forward Hop (3 repetitions each leg) 
 
Balance/Control 
 
	Landing with perfect balance and control 
	Sticks landing but is unbalanced. Adjustments made via other body movements. 
	No balance/control on landing. 

	Single Leg Forward Hop (3 repetitions each leg) 
 
Power Position on Landing 
 
	Lands in single leg power position/quarter squat after every rep 
	Inability to land in power position on some but not all reps OR makes adjustments post landing to attain power position 
	Excessive hip/knee/ankle flexion. Poor positioning to reproduce force. 


 
 
 





 
 
	Qualitative Analysis of Single Leg Loading

	Variable 
	Definition 

	Arm strategy 
	Excessive arm movement to balance 

	Trunk alignment 
	Leaning in any direction 

	Pelvic plane 
	Loss of horizontal plane 

	
	Excessive tilt or rotation 

	Thigh motion 
	Weightbearing thigh moves into hip adduction 

	
	Non weightbearing thigh not held in neutral 

	Knee position 
	Patella pointing towards 2nd toe (noticeable valgus) 

	
	Patella pointing past inside of foot (significant valgus) 

	Steady stance 
	Touches down with the non-weightbearing foot 

	
	Stance leg wobbles noticeably 



III. Change of direction tasks

	Expanded Cutting Alignment Scoring Tool (E-CAST)
Instructions: sprint at 80% of your maximum speed in a forward direction toward the “opponent cone” and to pivot to perform the side-step cut

	Variable
	Definition

	Trunk lean to opposite direction of cut
	At the time point of initial load acceptance, if the whole trunk segment appears to be deviated greater than 10 degrees from a horizontal line through the hips (ASIS* to ASIS*) score 1 (YES). If not, score 0 (NO).

	Increased cut width
	At the time point of initial load acceptance, draw a line down from the lateral most aspect of the athlete’s stance leg hip, if the line appears to fall more than one shoe width medial to the foot score 1 (YES). If not, score 0 (NO).

	Knee valgus at initial load acceptance (static evaluation)
	At the time point of initial load acceptance, if the weight bearing limb demonstrates valgus (thigh adduction, genu valgum, or knee abduction) score 1 (YES). If the weight bearing limb is in neutral alignment score 0 (NO).

	Knee valgus throughout the cutting task (dynamic evaluation)
	During the cutting task if the weight bearing limb demonstrates valgus (thigh adduction, genu valgum or knee abduction) score 1 (YES). If the weight bearing limb is in neutral alignment, score 0 (No).

	Decreased knee flexion angle
	At the time point of initial contact, if the athlete demonstrates a stiff or extended knee position score 1 (YES). If the athlete demonstrates a flexed knee position ( Approximately> 30 degrees), score 0 (NO)

	Decreased plantar flexion angle
	At the time point of initial contact, if the stance foot lands heel to toe score 1 (YES). If the stands foot lands toe to heel score 0 (NO)




	Cutting Movement Assessment Score (CMAS)

The original CMAS is a 9-item checklist. Each fault is scored as 1 = present and 0 = absent/optimal, except for two items that are scored on a 0-2 scale. The total score is categorized as Low (≤ 3), Moderate (4-6) or High (≥ 7), with higher scores indicating poorer movement quality. 

	Variable
	Summarized Definition

	Clear PFC braking strategy (at penultimate contact)
	This is judged at the penultimate foot contact (PFC). A fault is scored when the athlete does not show a clear braking strategy characterized by backward trunk inclination and a large anterior placement of the foot with heel contact relative to the center of mass. If that clear PFC braking strategy is present, the item scores 0; if absent, it scores +1.

	Lateral leg plant distance (at initial contact)
	This is judged at initial contact of the final contact step. A wide lateral plant scores +2, defined as about ≥0.35m from the greater trochanter to the center of the foot, or a shin angle around 45°. A moderate plant scores +1, defined as about 0.20-0.35m or a shin angle of approximately 20-45°. A narrow plant scores 0, defined as about ≤0.20m or a near-vertical shin angle ≤20°. 

	Hip in an initial internally rotated position (at initial contact)
	At initial contact, this item is scored +1 if the femur is internally rotated. It scores 0 if the femur is in a neutral or externally rotated position.

	Initial knee ‘valgus’ position (at initial contact)
	At initial contact, this item is scored +1 if the knee is in a valgus / medial position. It scores 0 if the knee is in a neutral position. Notably, raters can use a line from the greater trochanter to the lateral malleolus to help judge whether the knee sits medially.

	Foot not in neutral foot position (at initial contact)
	At initial contact, this item is scored +1 if the foot is internally or externally rotated relative to the approach direction of travel. It scores 0 if the foot is approximately neutral (about 0°).

	Frontal/transverse plane trunk position relative to intended direction of travel (at initial contact and during WA)
	This is judged at initial contact and during weight acceptance. It scores +2 if the trunk is laterally flexed over the stance limb or rotated toward the stance limb. It scores +1 if the trunk is upright/vertical. It scores 0 if the trunk is medial, meaning oriented toward the intended direction of travel.

	Trunk upright or leaning back throughout contact (at initial contact and during WA)
	This is judged from initial contact through weight acceptance. It scores +1 if the athlete stays upright or leans back, with limited hip flexion and inadequate trunk-flexion displacement during the final contact. It scores 0 when the trunk is forward with sufficient hip flexion and adequate trunk-flexion displacement.

	Limited knee flexion during final contact ≤ 30° (during WA)
	During the final contact / weight-acceptance phase, this item scores +1 when knee flexion is limited to approximately ≤30°, reflecting a stiffer strategy. It scores 0 when the athlete shows sufficient knee flexion (>30°) and does not appear stiff.

	Excessive knee ‘valgus’ motion (during WA)
	During weight acceptance, this item scores +1 if the knee visibly moves into valgus / a medial position. It scores 0 if the knee remains in a neutral position. As with item 4, raters can use a line from the greater trochanter to the lateral malleolus to help visualize medial knee motion.


WA= Weight acceptance
	Deceleration Task Assessment

	Variable
	Definition

	Limb Stability
	Assessed using the 2D frontal plane knee valgus and the relationship of the ground reaction force vector (displayed on video) to the knee in the frontal plane at maximal knee flexion. For knee valgus, score 0/2 if the angle is >25°, 1/2 if 10-25°, and 2/2 if <10°. For the GRF vector, score 0/2 if the vector is medial to the knee joint center, 1/2 if it falls between the knee joint center and lateral femoral condyle, and 2/2 if it is lateral to the knee.

	Pelvis Stability 
	Assessed using pelvis angle, defined as the angle between the ASIS-to-ASIS line and a horizontal neutral reference. Score 0/2 if pelvic angle is >10°, 1/2 if 5-10°, and 2/2 if <5°.

	Trunk Stability
	Assessed using trunk angle, defined as the angle between the clavicular notch-to-midline pelvis line and a vertical neutral reference. Score 0/2 if trunk angle is >10°, 1/2 if 5-10°, and 2/2 if <5°.

	Shock Absorption
	Assessed using knee flexion, defined as the angle between the lateral malleolus to lateral femoral condyle line and the lateral femoral condyle to greater trochanter line. Score 0/2 if knee flexion >130°, 1/2 if 110-130°, and 2/2 if <110°.

	Movement Strategy
	Assessed using knee flexion and hip-trunk flexion. Start from a score of 2/2. Subtract 1 point if knee flexion is >120°. Subtract 1 point if hip-trunk flexion is >100°. Hip-trunk flexion is defined as the angle between the lateral femoral condyle to the greater trochanter line and the greater trochanter to the shoulder joint center line.



	Run-Plant Task Assessment
Instructions: Run forward, plant on one foot, then backpedal to the starting line

	Variable
	Score (0)
	Score (1)

	Trunk Lean
	During the period from initial foot contact to the cessation of knee flexion during the final plant, if the midpoint between the shoulders remains over the plant foot, mark NO (0). 
	If the midpoint between the shoulders moves outside of the plant leg foot in the ipsilateral direction, mark YES and score (1).

	Dynamic Valgus
	During the period from initial foot contact to the cessation of knee flexion during the final plant, if the plant limb demonstrates neutral alignment mark NO and score (0). 
	If the plant limb demonstrates valgus (thigh adduction, thigh internal rotation, genu valgum, or knee abduction) mark YES and score (1).

	Sagittal Alignment
	During the period from initial foot contact to the cessation of knee flexion during the final plant, if the trunk segment remains roughly parallel with the lower leg (anterior edge of tibia), mark NO and score (0). 
	If the trunk segment does NOT remain roughly parallel with the lower leg (anterior edge of tibia), mark YES and score (1).

	Foot Position
	During the period from initial foot contact to the cessation of knee flexion during the final plant, if the plant foot is in neutral mark NO and score (0). 
	If the plant foot is in internal rotation (pointing inwards) or in external rotation (pointing outwards) mark YES and score (1) in its respective column.

	Preparatory Deceleration Steps 
	As the athlete approaches the target (final plant) if there is a noticeable change in step length mark YES and score (0). 
	If there is not a noticeable change in step length mark NO and score (1).

	Number of Preparatory Steps
	As the athlete approaches the target (final plant) if there are > 3 preparatory deceleration steps (i.e., smaller steps), mark YES and score (0). 
	If there are < 3 preparatory deceleration steps (i.e., smaller steps), mark NO and score (1).





