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We introduced X-box Kinect as “portable and inexpensive” option
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     Moonshot Concept

Data acquisition in 
the community Quantify performance

Personalized trainingReduce ACL injuries

Worldwide collaboration and 
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Development of the AIR Score (ACL Injury Resilience Score)

Single Leg Drop Jump Run Cut 90°



Development of the AIR Score (ACL Injury Resilience Score)



The ACL Injury Resilience (AIR) Score as an objective 
measure of an athlete’s readiness and ability to avoid injury

• Each risk factor compared with literature based 

injured cohorts to establish risk thresholds

• For each metric, calculate a Resilience Factor Z-

score, which is equal to the number of standard 

deviations from the mean difference between 

the injured and healthy group

HIGHER POSITIVE VALUES = GREATER INJURY RESILIENCE



ACL Expert Survey: 



ACL Expert Survey

          Activities           Metrics 



Dataset to Validate OpenCap for ACL Injury Risk Screening

Time-synchronized Motion 

Capture and OpenCap



OpenCap metrics exhibit moderate to strong correlations with 
motion capture across all tasks

DLDJ SLS SLDJ DC RC

Trunk Flexion Initial Contact 0.47 -- 0.57 0.73 0.58

Hip Flexion Initial Contact -- -- 0.65 0.74 0.57

Hip Flexion Range of Motion 0.93 -- -- -- --

Knee Flexion Peak 0.93 0.93 0.89 0.93 0.86

Ankle Flexion Initial Contact -- -- 0.47 0.59 0.59

Correlation Coefficients



AIR Score assessed with as few as two activities 
consistently reconstructs scores with metrics from all screening activities 

Run Cut 90° 

Single-leg Drop Jump





AIR SCORE

TRUNK 1.2

AIR Score Plugin

Summary

-1.7

HIP -0.8

KNEE 0.2

ANKLE -2.3

AIR Score Plugin

METRICS

Trunk Lean (°) 3

Hip Flexion (°) 37
Knee Valgus 

(°)
7

Ankle P.flexion (°) 13

KAM (%BW*ht) 3.6

vGRF (%BW) 4.4

Trunk Flexion (°) 38



AIR Score Evaluation 
Single Leg Drop Jump at Max Depth

TOTAL 

AIR SCORE

TRUNK 

SUBSCORE

KNEE 

SUBSCORE



AIR Score Evaluation 
Run Cut 90° at Initial Contact

TOTAL 

AIR SCORE

HIP 

SUBSCORE

KNEE 

SUBSCORE



The Smartphone Motion Analysis with Rapid Testing 

(SMART) Study for ACL Injury Resilience

3 year prospective observational study to validate AIR score 
and screening for ACL injury risk
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      Conclusions 

▪ Much more work to do AND more questions than answers

▪ Incredible and collaborative multi-disciplinary team 

▪ Excited to involve ACLSG members in this mission!!



Thank you!
shermans@stanford.edu
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