Appendix 1:  The continuum of post-injury AMI adaptation and molecular process with suggested most effective rehabilitation tools available at each stage. For every biological milestone it prescribes progressively heavier, faster, and more cognitively demanding interventions (from cryo-compression and NMES to heavy flywheel eccentrics, velocity-based training, stroboscopic balance, and sport-specific VR), ensuring that loading, frequency, and neurosensory challenge rise in parallel with tissue readiness and neuro-muscular recovery.

	Time window
	Molecular process in  Arthogenic Muscle Inhibition (AMI)
	Rehabilitation recommendations
	References

	0 – 60 min 
	· In the synovial fluid there is a ≥ 10-fold surge in IL-6, which correlates with pain.
· Edema raises intra-articular pressure → immediate blockade of the Ia reflex arc: the quadriceps H-reflex decreases by ~40 %.
· The first inhibitory signals appear in the spinal cord (from group II afferents and group III/IV nociceptors).
· Immediate activation of group III/IV nociceptors and joint mechanoreceptors → reflex inhibition of the quadriceps α-motoneuron pool (H-reflex amplitude drops by ~45 %).
· At the motor-cortex level: a short-term increase in cortical excitability (to compensate for pain), with no change in GABA-ergic inhibition.
	· Cryo-compression (CRYO) – cuff with 10–12 °C water, 25–30 mm Hg pressure, 20 min every 2–3 h; target skin temperature 10–15 °C.
· Isometric (ISO) – “quad-sets” – 5–10 s contractions at 0–30°; 2 × 12 reps per day.
· Neuromuscuar electrical stimulation (NMES) – biphasic 75 Hz, 400 µs pulse width, 2 s ramp, 12 s ON / 50 s OFF, ≥ 50 % MVIC, 15 contractions; 5 × 10 cm electrodes on VMO/RF.
· Perineural stimulation (PENS) – perineural needles (femoral nerve), alternating 2/100 Hz, 0.1–0.3 ms pulse width, 5 s ON / 55 s OFF, 20 min; 1 session per day.
· Virtual reality (VR) – analgesic exposure 5–10 min in supine or seated position (motor-imagery apps, ambient acceleration < 1 m/s²).
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	6 h – 48 h 
	· Up-regulation of NCAM in quadriceps muscle fibers (within 6 h) – a marker of neuromuscular-junction destabilization.
· At 48 h: ↑ MAFbx/atrogin-1 and higher 20S proteasome activity → onset of muscle-protein proteolysis.
· Synovial fluid: still elevated IL-1β, TNF-α, MMP-3; joint-matrix degradation begins. IL-6 and TNF-α peak; CGRP and Substance P are released → neurogenic inflammation starts.
· Spinal cord: pronounced presynaptic inhibition of quadriceps Ia afferents (AMI mechanism).
· Muscle: as early as 24 h, myostatin expression rises and ubiquitin ligases (MuRF-1/Atrogin-1) are activated → initiation of atrophy.
	· CRYO – as above, 3 × per day.
· Blood-flow restriction (BFR) – passive occlusion at 60 % AOP: 5 min ON / 3 min OFF; ankle-pump 2 × 20 repetitions.
· ISO – 10 s isometric holds at 0–45°, 3 × 10 per day.
· NMES – daily, same parameters as above.
· PENS – applied according to pain level and VMO activation.
· Stroboscopic goggles (SG)- static two-leg balance with stroboscopic goggles – flicker frequency 1–2 Hz (50 % light / 50 % dark); 3 × 30 s, 1–2 sessions per day.
· VR – graded motor imagery: 2 × 10 min, joystick-controlled ROM (0–30°).
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	2 – 7 days
	· Persistent spinal inhibition (↓ central activation ratio, ↓ voluntary strength).
· Progressive loss of muscle mass and fiber CSA; the ubiquitin–proteasome pathway remains active.
· Muscle: further rise in myostatin, drop in IGF-1, and the first signs of satellite-cell loss.
· CNS: subtle cortical-excitability changes on TMS (↑ motor threshold, ↑ intracortical inhibition).
· Brain: early sensorimotor-network reorganization; simple knee movements show heightened activity in both ipsi- and contralateral M1 and in the cerebellum.
· Spinal cord: presynaptic inhibition still dominates; slow normalization of the H-reflex.
· Neuromuscular junction (animal model): initial end-plate fragmentation, ↑ γ-AChR subunit, ↓ MuSK.
· Muscle: marked type II fiber loss and ECM fibrosis.
	· BFR-low-load resistance training (LLRT)– 60–80 % arterial occlusion pressure, 20–30 % 1 RM; 4 sets of 30-15-15-15 reps, 30-s rests, 2–3 × per week.
· Eccentrics (ECC) (mini-negative) – body-weight with manual assistance, 2-s eccentric phase, 3 × 10 reps, ROM 20–60° (only if swelling < 1 cm).
· ISO – 5–6 sets, 10–15-s holds at 0–60°; may be combined with NMES.
· Cryo-compression – after each session.
· NMES / PENS – continue as tolerated.
· ECC quasi-isometric (EQI) – slow descent 20–30 s → 5-s hold → partner-assisted return; 2 × 3 reps, 20–30 % 1 RM.
· ISO yield – 5–6 sets × 10–15-s holds at 0–60° (≥ 70 % MVIC).
· ISO overcome – sub-maximal 3-s pushes against an immovable object, 3 × 3 reps, 50 % intensity; only if no joint effusion.
· SG- balance + mini-squat – ROM ≤ 30°, 2–3 Hz; 3 × 40 s.
· VR – interactive ROM games (knee flexion–extension) 2 × 10 min per day.
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	1 – 6 weeks
	· Days 3–42: serum myostatin and TGF-β rise, inhibiting protein synthesis.
· Spinal cord: H-reflex remains depressed and α-motoneuron excitation threshold is elevated.
· Brain / motor cortex: TMS shows higher active motor thresholds and lower MEP amplitudes early signs of reduced corticospinal excitability.
· fMRI / EEG: excessive activation of the premotor cortex and lingual gyrus correlates with strength asymmetry a compensatory but inefficient motor-cortex “overshoot.”
· Motor units: reduced firing rates and synchronization, with greater variability (HD-EMG studies).
· Neuromuscular junction: marked loss of contact area, further decline in α-AChR, and persistent MuRF-1 over-expression.
· Muscle: up to ≈15 % loss of fiber CSA in the vastus lateralis, driven chiefly by myostatin and TGF-β1.

	· BFR – 70–80 % arterial occlusion pressure, 30–40 % 1 RM; 4 sets of 30-15-15-15 reps, 2–3 × per week.
· ECC- ergometer / isokinetic eccentric – 3 × 8-12 reps, 4 s eccentric phase, 40–60 % 1 RM; progress to 70–85 % 1 RM and 90° ROM by week 6.
· Flywheel ECC – inertia 0.025–0.05 kg·m²; 2–3 × 6-8 reps (3 s concentric / 3 s braking), 2–3 × per week.
· EQI- 30–45 s “quasi-isometric” descent + 3-s braking, 3 × 3 reps; 30–40 % 1 RM load.
· ISO yield – 5- to 6-s yielding holds at 60–90°, ≥ 70 % MVIC, 5–6 sets.
· ISO overcom – 3 × 3-4 reps, 3–5 s maximal push against an immovable object, knee angle 80–90°; 2 × per week.
· NMES – 3 × per week, same parameters as before; discontinue once MVIC ≥ 80 %.
· CRYO – used only for recovery.
· PENS – as needed.
· Velocity-based training (VBT) – begin if the joint is effusion-free: 20–30 % 1 RM, aim for concentric velocity 0.8–1.0 m/s; stop the set when velocity drops ≥ 20 %; 2 × per week; use a linear encoder or IMU.
· SG  – step-down from a 10 cm platform; 3–5 Hz flicker; 2 × 5 sets × 6 reps.
· VR – squat-based VR (0–60° ROM) with dual-task scenarios, 15 min, 3 × per week.
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	3 – 12 months
	· Quadriceps strength remains 20–30 % below baseline; larger, slower motor units are being recruited.
· Spinal cord: the H-reflex is partly returning to normal, but supraspinal inhibition still limits activation.
· fMRI: activation shifts toward visuomotor areas, while cerebellar activity declines reflecting a “visuomotor” compensation strategy.
· Neuromuscular junction: persistent end-plate fragmentation and ongoing denervation–reinnervation; NCAM is up-regulated and nAChR expression remains disrupted.
· Muscle: continued atrophy and fibrosis, with slow and incomplete recovery of satellite cells.

	· ECC heavy-slow – 4 × 6–8 reps, 3–4-s eccentric phase, 75–85 % 1 RM, 2–3 × per week.
· Flywheel ECC – inertia 0.05–0.11 kg·m², 3–4 × 6–8 reps at 75–85 % maximal effort, 2–3 × per week.
· EQI – 45–60 s quasi-isometric drop → full braking through 90–10°, 3 × 2–3 reps with 40–50 % 1 RM.
· BFR – deload micro-cycles (60–70 % AOP, 20–30 % 1 RM).
· ISO yield – 5–6-s holds at 90–110°, 6 sets at ≥ 80 % MVIC.
· ISO overcome – 3 × 3–4 reps, 5-s maximal pushes at a sport-specific angle, 2–3 × per week.
· NMES – 4-week ON / 4-week OFF blocks once strength plateaus.
· PENS / CRYO – as needed (for pain or workload).
· Shock plyometrics – phase 2: drop/snap-downs from 20–30 cm, 3 × 6–8 reps, contact time < 250 ms, 2 × per week.
· VBT – strength–power blocks: 40–70 % 1 RM at 0.5–0.8 m/s; jumps and throws > 1.2 m/s; stop the set when velocity drops 15–20 %; 2–3 × per week.
· SG – single-leg hop & catch, 4–6 Hz random mode; 3 × 6 reps, 2 × per week.
· VR – sport-specific reactive VR (agility, decision-making), 20 min, 3 × per week.
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	> 2 years (to ≈5 years)
	· Spinal cord: reflex excitability is heightened, but cortical excitability remains depressed → supraspinal inhibition still dominates (> 24 months).
· Long-term fiber-type switch: fewer type I fibers and more type IIx fibers, along with a mitochondrial deficit.
· NMJ remodeling: γ-AChR subunits increase and MuSK decreases; proteolysis markers (MuRF-1) stay up-regulated.
· Brain networks: persistent hyper-activation of the visual and prefrontal cortices during knee-movement tasks.

	· ECC power – eccentric/cluster sets 4 × 4–8 reps, eccentric phase < 3 s, 80–90 % 1 RM.
· Flywheel ECC – inertia 0.075–0.11 kg·m², cluster 4 × 4–6 reps, braking < 2 s, 90–95 % maximal effort.
· EQI – “over-fatigue” hold 60–90 s → delayed brake; 2 × per week during a hypertrophy mesocycle.
· BFR – re-conditioning phases: 60–70 % AOP, 30-15-15-15 rep scheme.
· ISO yield – 10-s holds at ≥ 90° knee flexion with an extra 25–35 % 1 RM load, 5 sets.
· ISO overcome – 4 × 3 reps, 5–6 s maximal push at 90–120°; use a Smith machine or pin-press.
· NMES / PENS – applied cyclically for symptomatic AMI flare-ups.
· CRYO – after high-volume sessions.
· Shock plyometrics – depth jumps from 60–75 cm (≈ 0.75 m per Verkhoshansky), 3 × 6 reps, contact time ≤ 0.20 s, 2–3 × per week; progress to 90–110 cm within max-strength micro-cycles.
· VBT – dual focus: < 0.5 m/s (≥ 85 % 1 RM) for max strength, and > 1.3 m/s (≤ 30 % 1 RM) ballistic work; auto-regulate via velocity loss; 2–3 × per week; monitor asymmetry.
· SG – reactive agility with a ball, 5–8 Hz random duty cycle; 4 × 30 s, 3 × per week.
· VR – sport-specific “return-to-play” scenarios (real-speed movement, cognitive distractions), 25 min, 2–3 × per week.
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