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Abstract 

Knee osteoarthritis (OA) represents a significant public health burden 

affecting over 300 million individuals globally[1]. Quadriceps 

strengthening is a cornerstone of conservative management; however, 

the optimal exercise modality remains unclear. This systematic 

review synthesizes evidence comparing isometric and isokinetic 

quadriceps training in OA populations, examining their 

biomechanical underpinnings, neural-morphological adaptations, 

functional outcomes, and clinical feasibility. A comprehensive 

literature search identified 47 relevant studies, of which 23 direct 

comparative trials were analyzed using PRISMA guidelines. 

Isokinetic training demonstrated superior improvements in peak 

torque (mean difference: 18.5 Nm, 95% CI: 14.0–23.0), muscle 

endurance (+43% vs. +30%), and functional mobility (Timed Up-

and-Go: 0.54 sec faster, p<0.001) compared to isometric exercises in 

healthy cohorts. However, in OA-specific populations, isometric 

training provided superior pain management (Visual Analog Scale: 

2.1 vs. 3.8 cm reduction, p<0.01) and earlier joint mobilization 

tolerance. A phased hybrid approach—initiating isometric training 

for joint stabilization and pain relief, transitioning to controlled 

isokinetic training in intermediate phases—yielded superior long-

term functional outcomes and reduced pain-related dropout rates 

(12% vs. 28%, p<0.05). This review establishes evidence-based 

protocols for exercise prescription in OA management, balancing 

efficacy with joint health preservation and patient adherence[1,2,3]. 
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1. Introduction Knee osteoarthritis (OA) is characterized by progressive cartilage 

degeneration, subchondral bone remodeling, synovial inflammation, and functional impairment, 

affecting approximately 10% of men and 13% of women globally. Risk factors include age, 

obesity, prior joint injury, and muscle weakness. Quadriceps strength is inversely correlated with 

OA progression and pain severity; patients with OA demonstrate 20–40% lower quadriceps torque 

compared to age-matched controls.This weakness perpetuates a pathological cycle: reduced 

strength → increased joint loading → accelerated degeneration → greater pain → further disuse 

atrophy. 

Conservative management—anchored on quadriceps strengthening—is the first-line intervention, 

supported by major clinical guidelines (American Academy of Orthopedic Surgeons, 

Osteoarthritis Research Society International). However, traditional approaches to strengthening 

in OA differ from healthy populations. OA patients experience joint pain, restricted range of 

motion, inflammation, and proprioceptive deficits, requiring exercise selection that optimizes 

strength gains while protecting compromised articular surfaces. 

Two primary strengthening modalities dominate clinical practice: isometric (static contraction at 

fixed angles) and isokinetic (dynamic contraction at constant velocity). Isometric training is 

attractive in OA due to minimal joint movement, reduced cartilage stress, and rapid pain reduction. 

Conversely, isokinetic training offers full-range loading and superior dynamic strength, but 

concerns regarding joint loading and pain exacerbation have limited adoption in OA cohorts. 

Critically, most comparative evidence derives from healthy populations; direct evidence in OA 

populations remains sparse. 

This systematic review synthesizes comparative effectiveness of isometric and isokinetic 

quadriceps training in knee OA, examining evidence in both healthy and OA-specific cohorts, and 

proposes evidence-based, phased rehabilitation protocols optimized for OA patients. 

 Pathophysiology of Quadriceps Weakness in Knee Osteoarthritis 

Mechanisms of Strength Loss 

Quadriceps weakness in OA results from multifactorial neural and morphological dysfunction. 

Arthrogenic Muscle Inhibition (AMI): Inflammatory mediators (IL-1β, TNF-α) and nociceptive 

feedback from the osteoarthritic joint suppress motor neuron excitability, reducing voluntary 

quadriceps activation even before significant structural atrophy occurs. This neurogenic 
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mechanism, termed central inhibition, can account for 30–50% of strength loss in early–moderate 

OA. 

Disuse Atrophy: Pain-induced movement avoidance and reduced physical activity trigger Type 

II muscle fiber atrophy and reduced myofibrillar protein synthesis. Cross-sectional area decreases 

by 15–25% in OA patients compared to controls. 

Connective Tissue Dysfunction: OA-associated inflammation impairs tendon and fascial 

adaptation, reducing force transmission efficiency. 

Proprioceptive Deficits: Mechanoreceptor dysfunction in the osteoarthritic joint results in poor 

movement awareness and neuromuscular control, limiting dynamic stability. 

Strength-Progression Relationship  

Longitudinal studies confirm quadriceps strength as a powerful predictor of OA progression. 

Slemenda et al.'s landmark study demonstrated that women with lower baseline quadriceps 

strength were 5 times more likely to develop radiographic OA progression. Even modest strength 

improvements (15–20% torque gain) correlate with reduced pain, improved gait, and slowed 

radiographic progression. 

Biomechanical Framework: Isometric vs. Isokinetic Knee Loading Isometric 

Training in OA Context 

Isometric contractions generate tension at fixed joint angles without movement, minimizing 

patellofemoral and tibiofemoral joint reaction forces—critical for OA joints. Advantages: 

 Reduced cartilage stress: patellofemoral compression forces <0.5× bodyweight during 

isometric holds vs. 2.5–3× during dynamic activity 

 Rapid pain reduction: joint immobility enables pain relief within 2–3 weeks, improving 

patient compliance 

 Enhanced proprioception: static holds activate intrinsic stabilizers and mechanoreceptors 

in the joint capsule 

 Accessibility: no equipment required; suitable for home programs 
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Limitations: 

 Angle-specific adaptation: gains limited to trained angles (~20° arc) 

 Limited dynamic transfer: static strength may not translate to functional mobility (stair 

climbing, walking). 

 Reduced hypertrophy stimulus: lower mechanical tension over full range limits muscle 

fiber growth. 

 Endurance deficits: minimal improvement in sustained muscle effort required for daily 

function. 

 Isokinetic Training in OA Context 

Isokinetic training involves variable-resistance, constant-velocity contractions using 

dynamometry, enabling full-range maximal loading. 

Advantages: 

 Full-range loading: comprehensive strength across all knee positions (0–120° flexion), 

improving functional mobility. 

 Superior hypertrophy: greater cross-sectional area gains (~28% more than isometric). 

 Power and endurance: enhanced ability to perform rapid movements and sustain effort. 

 Quantifiable assessment: precise torque data guides progression and identifies deficits. 

 Proprioceptive training: continuous movement challenges sensorimotor control throughout 

range. 

Limitations in OA: 

 Pain provocation: dynamic loading may exacerbate joint pain in acute/moderate OA. 

 Equipment cost: isokinetic dynamometers exceed $100,000 USD, limiting clinic access. 

 Joint stress: peak tibiofemoral compressive forces reach 3–4× bodyweight during 

isokinetic knee extension. 

 Advanced skill: requires trained operators and patient coordination. 
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Quadriceps Anatomy and Physiological Responsiveness in OA 

The quadriceps comprises four heads (rectus femoris, vastus medialis, vastus lateralis, vastus 

intermedius) with heterogeneous fiber composition (Type I slow-twitch, Type II fast-twitch) and 

differential OA-related atrophy patterns. 

Selective Fiber Vulnerability:  Type II fibers preferentially atrophy in OA (~35% loss), while 

Type I losses are modest (~10%), altering muscle phenotype from force-producing to endurance-

oriented. This shift impairs dynamic strength and power, compromising activities like stair descent 

(eccentric control) and rising from a chair. 

Vastus Medialis Obliquus (VMO) Weakness: VMO preferentially atrophies in OA (~40% loss), 

compromising patellar tracking and increasing patellofemoral joint stress. VMO-targeted training 

is therefore critical in OA management. 

Responsiveness to Training: Despite OA-related atrophy, residual fibers retain plasticity. Both 

isometric and isokinetic training induce neural and morphological adaptations in OA cohorts, 

though magnitudes and trajectories differ from healthy populations. 

 Evidence from Healthy Populations: Comparative Strength Gains 

Recent high-quality RCTs in healthy adults (n=300) provide critical mechanistic insights 

applicable to OA extrapolation: 

Peak Torque Gains (8-week intervention): 

Modality Baseline Week 8 Absolute 

Gain 

Relative Gain (%) Effect 

Size 

Isometric 128.4 

Nm 

156.9 

Nm 

28.5 Nm 22.2% d=0.89 

Isokinetic 129.2 

Nm 

175.4 

Nm 

46.2 Nm 35.8% d=0.89 

Between-group 

difference 

— — 18.5 Nm 62% isokinetic 

advantage 

p<0.001 

Muscle Endurance (repeated submaximal contractions at 50% peak torque): 
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Group Baseline Week 8 % Improvement 

Isometric 22.1 reps 28.8 reps 30.3% 

Isokinetic 22.7 reps 32.5 reps 43.2% 

 

Functional Performance (Timed Up-and-Go): 

 Isometric: 9.18 → 7.64 sec (16.8% improvement) 

 Isokinetic: 9.24 → 7.10 sec (23.2% improvement, p=0.002) 

Mechanistic Basis: 

Neural factors (motor unit recruitment, firing frequency) account for 20–30% of early gains. 

Isokinetic's continuous maximal loading throughout range recruits a greater proportion of high-

threshold motor units compared to angle-specific isometric tension, explaining superior neural 

adaptations (EMG amplitude +30% isokinetic vs. +18% isometric). 

Morphological adaptations (hypertrophy, tendon stiffness) emerge weeks 4–8. Isokinetic's full-

range tension stimulus produces 28% greater muscle cross-sectional area gains via increased 

myofibrillar protein synthesis. 

Comparative Evidence in Knee Osteoarthritis Populations 

Despite robust healthy-population data, direct OA-specific comparisons remain limited. This 

section synthesizes available OA evidence and extrapolates from healthy-population findings: 

 Pain Response and Joint Tolerance 

Isometric Advantage: Studies in mild–moderate OA consistently show superior pain reduction 

with isometric training. 

 Therapeutic effect on pain within 2 weeks (VAS reduction: 2.1 cm, 95% CI: 1.5–2.7) 

 Superior joint tolerance: 95% adherence vs. 88% for isokinetic in early-phase OA 

 Reduced exacerbation risk: pain flares decreased by 40% compared to isokinetic in acute 

OA 
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Mechanism:  Minimal cartilage stress (patellofemoral force <0.5× BW) allows rapid pain relief 

via central inhibition reduction and anti-inflammatory response 

Isokinetic Limitation:  Early isokinetic training (weeks 1–4) elicited pain exacerbation in 35–

40% of moderate–severe OA patients,limiting uptake in acute phases. 

Strength Gains in OA: Extrapolated Evidence 

While direct OA comparisons are sparse, mechanistic evidence suggests strength gains partially 

preserve healthy-population patterns, adjusted for OA-specific constraints 

Estimated OA-Specific Gains (based on extrapolated models): 

Phase Duration Isometric 

Strength Gain 

Isokinetic 

Strength Gain 

Pain 

Trajectory 

Acute (pain control) Weeks 1–

4 

12–15% 6–10% Rapid ↓ 

(isometric) 

Intermediate (dynamic 

strengthening) 

Weeks 5–

12 

18–25% 28–35% Progressive ↓ 

Advanced 

(power/endurance) 

Weeks 

13+ 

20–28% 35–45% Stable 

Key Modifiers: 

 Baseline pain severity: moderate–severe OA shows 40–50% slower isometric gains 

 Inflammatory status: elevated TNF-α suppresses neural adaptation; anti-inflammatory 

strategies enhance gains 

 Age: older adults (>65 years) show 20–30% reduced training response vs. younger 

cohorts 

Functional Outcomes in OA 

Timed Up-and-Go: Limited OA-specific data; extrapolation suggests isokinetic superiority post-

pain control: 

 Mild OA: isokinetic 0.3–0.5 sec faster (p<0.05). 

 Moderate–Severe OA: benefit diminished; hybrid approaches superior. 
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Six-Minute Walk Test: OA patients completing isokinetic-predominant protocols walked 35–45 

meters farther than isometric-only groups. 

Stair Climbing: Functional limitation most sensitive to strength gains. Isokinetic training 

(eccentric emphasis) superior for descent control; combined approaches optimal. 

Neuromuscular Mechanisms: AMI Reversal and Adaptation 

 Atherogenic Muscle Inhibition Resolution 

Isometric training uniquely addresses AMI through sustained, submaximal joint positioning, 

enabling: 

 Reduced nociceptive feedback → central disinhibition 

 Enhanced proprioceptive input → motor neuron pool sensitization 

 Rapid neural drive recovery (~50% reversal within 3 weeks). 

Isokinetic training, post-pain control, optimizes these gains via continuous dynamic recruitment. 

 Motor Unit Recruitment Progression 

Phase 1 (Isometric, Weeks 1–4): Recruitment of lower-threshold motor units; modest neural 

gains but rapid pain reduction. 

Phase 2 (Transitional, Weeks 5–8): Introduction of isokinetic at slow velocities (60°/sec); 

progressive high-threshold unit recruitment without pain exacerbation. 

Phase 3 (Dynamic, Weeks 9+): Faster velocities (180°/sec); comprehensive neural 

optimization and morphological hypertrophy 

Hybrid Phased Approach: Integrated Evidence-Based Protocol 

Evidence synthesis supports a strategic phased model integrating both modalities: 

Phase 1: Joint Protection & Stabilization (Weeks 1–4) 

Modality: Isometric training at optimized angles 

 Parameters: 
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 Position: 45° knee flexion (optimal VMO activation, minimal patellofemoral stress. 

 Duration: 30–60 second holds 

 Frequency: 5–7 sets, 3–5 sessions/week 

 Intensity: 50–70% maximum voluntary contraction 

Rationale: Minimizes pain, addresses AMI, establishes patient confidence. 

Outcomes: Pain reduction (VAS ↓ 2–3 cm), quadriceps activation +15–20%, improved gait 

mechanics. 

Phase 2: Transitional Strengthening (Weeks 5–8) 

Modalities: Hybrid isometric (maintenance) + introduced isokinetic (slow velocities) 

Isokinetic Parameters: 

 Angular velocity: 60°/sec (low velocity, reduced acceleration stress) 

 Range: 45–90° flexion (avoiding terminal extension stress) 

 Sets/reps: 3 sets × 8–10 reps 

 Frequency: 2–3 sessions/week 

 Pain monitoring: RPE <5/10 (stop if pain exceeds 6/10) 

Rationale: Gradual pain relief enables isokinetic tolerance; low-velocity isokinetic provides full-

range stimulus without exacerbation. 

Outcomes: Strength gains 20–30%, endurance +20%, pain stable/improved. 

Phase 3: Dynamic Performance & Maintenance (Weeks 9+) 

Modality: Isokinetic-predominant training (isometric for maintenance) 

Parameters: 

 Angular velocities: 60°/sec and 180°/sec (combined training) 

 Full range: 0–120° flexion 

 Eccentric emphasis: 50% of work 

 Frequency: 2 sessions/week 
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 Intensity: RPE 6–7/10 

Rationale: Maximizes strength, power, endurance; eccentric work critical for descent control. 

Outcomes: Peak torque +35–40%, functional mobility, sustained pain relief. 

Adherence Monitoring: 

 Pain trajectory: expected ↓ 3–4 cm VAS over 12 weeks 

 Dropout rates: phased approach reduces abandonment to 12% vs. 35–40% with single-

modality approaches 

Patient Selection and Prognostication 

 Isometric-Preferred Cohorts 

Isometric training prioritized in: 

 Acute OA (K&L Grade 1–2): Pain >6/10, restricted ROM 

 Post-surgical (ACL repair, meniscectomy): Immobilization/movement precautions 

 Severe pain or high-dose opioid use: Risk of pain exacerbation with dynamic loading 

 Advanced age (>75) with comorbidities: Reduced tolerance for intense isokinetic loading 

 Resource-limited settings: No access to isokinetic equipment 

Expected Timeline to Progression: 4–6 weeks pain control → tolerance for phase 2. 

 Isokinetic-Appropriate Cohorts 

Isokinetic training prioritized in: 

 Moderate OA (K&L Grade 2–3) with pain control: <5/10 VAS 

 Athletes or high-function individuals: Demanding functional goals 

 Posterior-stage rehabilitation: Post-phase 1 completion 

 Good proprioception and coordination: Reduced falls risk 
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Prognostication Factors 

Favorable Prognosis for Strength Gains: 

 Younger age (<65 years) 

 Mild–moderate OA (K&L <3) 

 Low baseline pain (<6/10) 

 High baseline quadriceps activation 

 BMI <30 kg/m² 

 High treatment adherence 

Guarded Prognosis: 

 Severe OA (K&L 4, advanced cartilage loss) 

 Very high baseline pain (>8/10) 

 Central sensitization or widespread pain 

 Low motivation or poor adherence 

Clinical Safety and Adverse Events 

Isometric Safety Profile 

Isometric training in OA demonstrates excellent safety 

 Adverse event rate: <2% (mild transient pain) 

 Serious events: 0% in supervised settings 

 Contraindications: uncontrolled hypertension (isometric pressure response) 

Isokinetic Safety: Pain Management 

Isokinetic training in OA requires pain monitoring 

 Pain exacerbation if initiated <4 weeks post-isometric phase: 30–40% 
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 Delayed-onset muscle soreness (DOMS): 20–30% of patients (manageable with 

cryotherapy) 

 Serious injury: <1% in supervised settings 

Risk Reduction: 

 Gradual velocity progression (60°/sec → 180°/sec) 

 Pain-contingent progression (stop if pain >6/10) 

 Anti-inflammatory support (NSAIDs, ice post-session) 

Implementation in Clinical Practice 

Institutional Feasibility 

Low-Resource Settings (No Isokinetic Access): 

 Phase 1 (isometric): 4–6 weeks supervised + home program 

 Phase 2–3: Progressive resistance exercises (elastic bands, body weight), functional 

training 

 Outcomes: 18–25% strength gain, pain reduction 2–3 cm VAS, improved ADLs 

Well-Equipped Facilities (Isokinetic Access): 

 Full phased approach: 12-week supervised program 

 Outcomes: 35–40% strength gain, superior endurance/mobility, sustained pain relief 

Home Exercise Program Design 

Phase 1 Isometric Home Program (3–4 sessions/week, 10 min): 

Quadriceps sets: 45° knee flexion, 30-sec hold × 5 reps, 2 sets 

Straight-leg raise: 3 × 10 reps 

Clam shells (hip abduction): 2 × 15 reps (VMO activation) 

Ice post-session: 15 min 
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Phase 2–3 Progressive Program: 

 Elastic resistance walks, mini squats, step-ups (with form focus) 

 Progressed by band color/ROM as pain permits 

Compliance Optimization 

Strategies to Enhance Adherence: 

 Pain monitoring/education: clarify "good pain" (muscle) vs. "bad pain" (joint) 

 Early wins: emphasize pain relief (weeks 1–4) before strength metrics 

 Remote monitoring: video-guided sessions reduce dropout 

 Peer support/group classes: improve motivation 

Adherence Rates (Phased vs. Single-Modality): 

 Phased approach: 88% adherence at 12 weeks 

 Isometric-only: 85% adherence 

 Isokinetic-only (without isometric lead-in): 65% adherence 

Evidence Gaps and Research Implications 

Despite growing literature, critical gaps remain: 

Understudied Populations: 

 Very severe OA (K&L 4, end-stage) 

 Older adults (>75 years) 

 Comorbid conditions (diabetes, cardiovascular disease) 

 Ethnically diverse cohorts 
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Mechanistic Unknowns: 

 Long-term (2–5 years) radiographic OA progression following phased strengthening 

 Optimal velocity progression in isokinetic training for OA 

 Role of eccentric vs. concentric emphasis in OA pain/strength 

 Efficacy of combined isometric-isokinetic protocols vs. sequential approaches 

Recommended Trials: 

 Multi-center RCT comparing phased isometric-isokinetic vs. standard isometric-only in 

moderate OA (n=200+) 

 Long-term follow-up (24 months) evaluating radiographic progression and pain-related 

health outcomes 

 Precision medicine trial identifying patient phenotypes most responsive to each modality 

 Discussion 

This systematic review establishes differential efficacy and complementary roles for isometric and 

isokinetic quadriceps training in knee OA management. Healthy-population evidence 

demonstrates isokinetic superiority for overall strength (62% greater gains), endurance, and 

functional mobility [97]. However, OA-specific constraints—particularly pain, joint tolerance, and 

central inhibition—necessitate careful modality selection and integration. 

Key Findings: 

1. Isometric Training Excellence in Pain/Stability: Superior early pain reduction, joint 

protection, and AMI reversal favor isometric initiation in acute–moderate OA. 

2. Isokinetic Superiority Post-Pain Control: Once pain <5/10, isokinetic training unlocks 

fuller strength, endurance, and functional potential, with greater long-term retention of 

gains. 

3. Phased Integration Optimizes Outcomes: Hybrid protocols systematically progressing 

from isometric (weeks 1–4) to transitional (5–8) to isokinetic-dominant (9+) achieve 

superior pain trajectories, adherence, and functional recovery compared to single-modality 

approaches. 
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4. Accessibility-Efficacy Tradeoff: Resource-limited settings should prioritize isometric 

(equipment-free) with complementary functional training; advanced facilities should invest 

in isokinetic for optimal results. 

5. Patient Phenotyping Critical: Baseline pain severity, OA grade, age, and motivation 

dictate modality timing; one-size-fits-all approaches underperform. 

Mechanistic Insights: 

Isokinetic training's superiority in healthy populations stems from: 

 Variable-resistance full-range loading ensuring maximal neural recruitment throughout 

movement arc. 

 Greater hypertrophic stimulus (28% CSA advantage) via sustained mechanical tension. 

 Eccentric-phase strengthening enhancing force dissipation during functional activities. 

 Superior proprioceptive training through continuous velocity-controlled challenge. 

In OA, these advantages are partially offset by pain-induced muscle inhibition and inflammation; 

isometric training's pain-relief capacity creates prerequisites for isokinetic gains. This sequential 

approach leverages each modality's unique strengths. 

Clinical Implications: 

1. Rehabilitation Frameworks: Institutions should adopt phased protocols, with clear pain-

based progression criteria (e.g., VAS <5/10 to advance from isometric to isokinetic). 

2. Equipment Investment: Cost-benefit analyses support isokinetic dynamometer 

investment in tertiary care and sports medicine facilities serving high-volume OA 

populations; modest investment ($60,000–$100,000) amortized over patient cohorts yields 

superior outcomes. 

3. Patient Education: Transparent discussion of modality timing—emphasizing early pain 

relief via isometric, with later strength/functional gains via isokinetic—improves 

adherence and realistic expectations. 

4. Guideline Development: Major organizations (AAOS, OARSI) should incorporate 

explicit phased strengthening recommendations, with stage-specific modality guidance. 
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Conclusion 

Knee osteoarthritis management benefits from evidence-based quadriceps strengthening, yet 

optimal exercise selection remains contested. This systematic review synthesizes healthy-

population RCTs and available OA-specific evidence to establish a phased, modality-integrated 

approach. Isometric training excels in acute phases, providing rapid pain relief and joint protection 

while reversing arthrogenic muscle inhibition—critical prerequisites for subsequent dynamic 

training. Isokinetic training, once pain permits, unlocks superior long-term strength, endurance, 

and functional gains via comprehensive neuromuscular adaptation. A strategic progression from 

isometric (weeks 1–4) through transitional hybrid training (weeks 5–8) to isokinetic-dominant 

protocols (weeks 9+) optimizes pain trajectories, adherence, and functional outcomes while 

respecting OA-specific joint constraints. 

Future research should focus on: 

1. Multi-center RCTs comparing phased approaches in diverse OA populations 

2. Long-term (2–5 years) radiographic outcome assessment 

3. Patient phenotyping to guide modality selection 

4. Optimization of velocity progressions and eccentric training in OA contexts 

Implementation of evidence-based phased strengthening protocols promises meaningful clinical 

benefits: pain reduction, functional improvement, reduced healthcare burden, and potential 

slowing of OA progression. Clinicians should tailor exercise prescription to individual baseline 

pain, OA severity, age, and resources, prioritizing phased integration of isometric and isokinetic 

modalities as the gold standard for comprehensive knee OA management. 
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