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1. Executive Overview — Knee Extensor Isokinetic Power Testing
Isokinetic dynamometry (e.g. Biodex System 3/4 Pro, or the HUMAC NORM by CSMi — the Cybex NORM's direct successor) is a seated testing system that holds the speed of a limb's movement constant while a load cell records the torque (Nm) the participant produces throughout the full range of motion. This “accommodating resistance” loads the knee extensors near-maximally at every joint angle — a dynamic, movement-based test, unlike single-angle isometric testing or the single-effort isoinertial tests (Nottingham Power Rig, Keiser leg press) used elsewhere in this toolkit family.
Because the dynamometer's angular velocity is fixed and precisely known, mechanical power output can be calculated directly from the torque the device records — Power (W) = Torque (Nm) × angular velocity (rad/s) — with no separate power sensor or estimation equation required. This makes isokinetic testing, per Wilk, Arrigo & Davies (IJSPT, 2024), a good method for objectively quantifying dynamic knee-extensor power.
Quadriceps (knee extensor) power declines steeply with age — an estimated ~6.5 W/year in men and ~4.2 W/year in women (Wrucke et al., J Appl Physiol, 2024) — and predicts balance, gait speed, and chair-rise performance in older adults. For XPRIZE Healthspan, the isokinetic approach — regardless of whether a team uses a Biodex or a HUMAC NORM or similar isokinetic dynamometer — turns the derived power value (W) into a directly comparable primary outcome, computed by each device's torque and velocity readouts. 
This isokinetic power outcome is conceptually the same construct (mechanical power output of the knee extensors, in watts) as the leg-press power outcome in the companion toolkit, but the two are not numerically interchangeable — a single-joint, fixed-velocity isokinetic value and a multi-joint, ballistic leg-press value may have different reference thresholds for judging and may not be pooled or converted into one another for analysis.
Derived peak power normalized to body mass (W/kg) is the primary judging measure for this test in the XPRIZE Healthspan Competition.

2. Site Testing Protocol — Knee Extensor Isokinetic Power
This protocol below works on either gold-standard isokinetic system XPRIZE Healthspan sites are likely to own; should your site have different equipment, please discuss with DCC and XPRIZE staff. Use the equipment your site has — do not attempt to reproduce the other vendor's exact hardware. The steps below use a single fixed testing velocity and the minimum number of trials needed to derive a valid, reproducible, cross-site-comparable power value.
Equipment options at a glance
	System
	What It Provides
	Notes for This Protocol

	Biodex System 3 / 4 Pro
	Seated multi-joint isokinetic dynamometer; knee attachment with restraint system and adjustable lever arm
	Set knee-extension/flexion attachment; align dynamometer axis to the knee; perform manufacturer gravity correction before testing

	HUMAC NORM (CSMi)
	Seated multi-joint isokinetic dynamometer (successor to the Cybex NORM); 4 resistance modes
	Use the knee attachment in standard isokinetic (concentric) mode; align dynamometer axis to the knee; perform gravity correction before testing


Pre-test screening
Confirm the participant can extend and flex the tested knee through a full, pain-free range of motion against light manual resistance before loading the dynamometer.
Do not test if the participant has:
· A recent lower-extremity fracture, joint replacement without surgeon clearance, or ligament repair
· A recent cardiac event, unstable angina, or uncontrolled severe hypertension
· Acute deep vein thrombosis
· Significant knee or hip pain that prevents a full, controlled push against resistance
Standardized setup (both systems)
· Record which leg is tested (R/L and dominant/non-dominant) at every visit.
· Seat the participant upright, hips and back against the seat back, arms folded across the chest (do not allow the participant to grasp the dynamometer frame or seat rails with their hands), with the hip at approximately 85–100° flexion; secure the trunk, pelvis, and thigh with restraint straps.
· Align the dynamometer's mechanical axis of rotation with the participant's knee joint axis (lateral femoral epicondyle).
· Attach the lower-leg pad/cuff with a strap positioned just proximal to the malleoli.
· Record the seat position, axis height, and lever-arm length at baseline; reuse the identical settings at every follow-up visit for that participant.
· Set the range-of-motion (ROM) mechanical stops from full extension (0°, or 5° short of full extension to avoid an end-range braking artifact) to 90–95° of knee flexion.
Manufacturer mandatory steps 
Should your system require, perform built-in gravity correction procedure or other mandatory calibration steps per manufacturer instructions) before any test trial.
Step 1 — Familiarization
Complete 3–4 submaximal concentric knee-extension repetitions at the test velocity (180°/s) so the participant understands the movement and cadence. These are not scored.
Step 2 — Standardized test velocity
Set the dynamometer to a single fixed concentric angular velocity of 180°/s for knee extension. This velocity should be used at every site, on every device, for every participant and visit.
· 180°/s approximates functional movement speed and produces substantially lower patellofemoral compressive and anterior tibial shear forces than the historically common 60°/s (Wilk & Andrews, 1993; cited in Wilk et al., IJSPT 2024) and remains reliably “catchable” by older participants.
Step 3 — Scored trials
· Instruct the participant to kick out “as hard and as fast as possible” through the full set range of motion for the knee extensors (concentric phase only is scored).
· Perform 3–5 maximal concentric knee-extension repetitions at 180°/s, with the system's standard passive return between reps.
· Allow at least 60 seconds of rest if a second set is needed (e.g., a technically invalid first set).
· Record the highest Peak Torque (Nm) for knee extension across all scored repetitions on that leg.
What to record vs. what REDCap calculates
Because the angular velocity is fixed and known, power will be calculated directly from the recorded peak torque — this formula is identical regardless of vendor, and is the primary outcome for this toolkit – and will be calculated by the Data Coordinating Center from data entered in REDCap:
Power (W) = Peak Torque (Nm) × angular velocity (rad/s) = Peak Torque (Nm) × π  (at 180°/s exactly, since 180°/s = π rad/s ≈ 3.14 rad/s)
If your device's software also reports an “Average Power” value directly, record it as a secondary field — but the peak-torque-derived value above is the primary outcome, because it is computed identically across Biodex and HUMAC NORM software rather than relying on each vendor's own internal averaging algorithm.
Re-test schedule
· Baseline at enrollment; standard interim cadence per protocol for judging.
· Use the same dynamometer, same leg, same seat/axis/lever-arm settings, same 180°/s velocity, and the same rater when possible at every visit for a given participant.
· Every team — regardless of equipment used— must test at 180°/s and record or enter data needed to derive the peak-torque-derived Power (W) formula above. Do not substitute a different velocity or a vendor-specific power metric as the primary outcome, even if your site's usual clinical protocol differs.


3. Data Recording Sheet (Paper Source Document)
Complete in ink at time of testing. Transcribe to REDCap per site SOP. One form per visit.
	Participant ID #1 (Subject ID)
	 
	Participant ID #2
	 

	Site / Clinic ID
	 
	Visit / Timepoint
	 

	Date of Test (DD-MMM-YYYY)
	 
	Rater / Tester Initials
	 



	Equipment Used
	☐ Biodex System 3      ☐ Biodex System 4 Pro      ☐ HUMAC NORM (CSMi)      
☐ Other: _______________


Pre-test screening
	Item
	Response

	Any absolute contraindication present? (see Protocol Section 2)
	☐ Yes — DO NOT TEST      
☐ No

	Tested knee moves through full pain-free ROM vs. light manual resistance?
	☐ Yes      
☐ No — DO NOT TEST

	Gravity correction performed before testing?
	☐ Yes      
☐ No — DO NOT PROCEED

	Familiarization (3–4 submaximal reps at 180°/s) completed?
	☐ Yes      ☐ No

	Leg tested
	☐ Right  ☐ Left  
☐ Dominant  ☐ Non-dominant


Minimal inputs required to score the test
	Field
	Value

	Height (cm)
	________ . ___ cm (measured earlier in visit)

	Body mass (kg)
	________ . ___ kg (measured earlier in visit)

	Seat position / dynamometer axis height (site setting)
	_____________________

	Lever-arm length (cm from knee axis)
	________ cm

	ROM used (degrees, extension to flexion)
	____° to ____°

	Angular velocity used (must be 180°/s)
	________ °/s

	Trial 1 peak torque (Nm) as displayed by device
	________ Nm

	Trial 2 peak torque (Nm) as displayed by device
	________ Nm

	Trial 3 peak torque (Nm) as displayed by device
	________ Nm

	Trial 4 peak torque (Nm), if performed
	________ Nm

	Trial 5 peak torque (Nm), if performed
	________ Nm

	Highest peak torque recorded (Nm)
	________ Nm

	Derived Power (W) = Highest Peak Torque × 3.14 — transcribe to REDCap
	________ W

	Device “Average Power” (W), if displayed (secondary field only)
	________ W

	Test stopped early? If yes, note reason below
	☐ No      ☐ Yes


Do not calculate power by hand beyond the simple × 3.14 step above. Transcribe all raw torque values shown by the device into the REDCap per site SOP.
Notes / adverse events during test
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