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Advancement in Knee Ankle Foot Orthosis (K.A.F.O.) for Individual with Post-Polio Residual Paralysis (P.P.R.P): A Systematic Review

 Abstract
Background: Post-polio residual paralysis (PPRP) presents a significant challenge in rehabilitation medicine, particularly affecting knee joint stability and functional mobility. It necessitating orthotic solutions that balance biomechanical support with functional restoration. There is different type of Knee Ankle Foot Orthosis (KAFO) used in patient with PPRP who have many types of orthotic knee joint i.e.  Modified Ring Lock Knee Joint, Automatic Spring Lever Knee Joint, Posterior Offset Free Motion Knee Joint, Automatic Angled Lever Lock, Load Response Knee Joint, Microprocessor orthotic knee joint etc.
Objective: This systematic review examines advancements in orthotic knee joint design, biomechanical foundations, material innovations, and clinical outcomes for PPRP populations.  Authar was thoroughly analysed focusing on stance-control mechanisms, powered orthoses, advanced materials, and impacts on gait parameters and comfort in many studies. 
Method: A PRISMA-compliant systematic search was conducted across PubMed, Google Scholar, Scopus, Web of Science, and IEEE Xplore from January 2000 to October 2025 and also the study duration from January 2025-October 2025. Inclusion criteria encompassed peer-reviewed studies on adults (≥18 years) with PPRP knee instability using advanced KAFO knee joints (e.g., stance-control, microprocessor-controlled), reporting gait parameters, energy expenditure, or patient satisfaction, compared to traditional locked KAFO. 
Results: Of 590 records identified, 20 studies (n=8-35 per study; mean age 45-62 years) met criteria after screening and eligibility assessment. Stance-control KAFOs improved gait velocity by 0.10-0.18 m/s (p<0.05; 12 studies), stride length by 0.08-0.14 m (14 studies), and reduced energy expenditure by 8-18% (9 studies) versus locked KAFOs. Microprocessor systems enhanced swing-phase knee flexion (55-65°) and patient satisfaction.
Conclusion: Orthotic knee joint technology has seen substantial advancements in biomechanics and control systems. Personalized approaches considering individual PPRP characteristics and functional goals are important for optimal outcomes. Further research is needed on long-term clinical outcomes and cost-effectiveness analysis.
Keywords: Post-polio residual paralysis; Orthotic knee joints; Stance-control; SKAFO; Biomechanics; Rehabilitation; Gait analysis; Patient satisfaction.
Introduction
[bookmark: bm_1_1_post_polio_residual_paraly_f031c7]Post-Polio Residual Paralysis: Pathophysiology and Functional Impact
Post-polio residual paralysis (PPRP) is a chronic neuromuscular condition resulting from residual motor unit damage sustained during acute poliomyelitis viral infection. This condition predominantly affects lower extremity muscles, particularly the quadriceps group responsible for knee extension and dynamic stability during walking.[1,3,5] The quadriceps weakness, often graded 3–5 on the Manual Muscle Test scale, creates profound functional challenges during the stance phase of gait.[8]
Clinically, this quadriceps insufficiency manifests as genu recurvatum—a hyperextension deformity where individuals unconsciously adopt knee hyperextension during weight bearing to compensate for proximal weakness and achieve mechanical stability.[5,8] While this compensation temporarily stabilizes the knee, it imposes abnormal biomechanical loads on joint structures, predisposing users to chronic pain, accelerated cartilage degeneration, and secondary musculoskeletal complications including knee osteoarthritis and patellofemoral dysfunction.[3,5]
[bookmark: bm_1_2_biomechanics_of_the_knee_j_85ea78]Biomechanics of the Knee Joint and Implications in PPRP
The knee joint is a complex, multi-axial articulation exhibiting simultaneous rolling, sliding, and rotational movements throughout the gait cycle. Coordinated interactions among bony surfaces, ligaments, capsule, and active musculature enable smooth and efficient locomotion while maintaining dynamic stability.[10,15] In individuals with normal neuromuscular function, quadriceps activation during the loading response phase (first 10% of gait cycle) controls eccentric knee flexion, regulating force dissipation and preventing knee collapse.[3]
In PPRP, the loss of effective quadriceps force disrupts this delicate biomechanical balance, resulting in characteristic gait deviations: increased energy expenditure, compensatory hip circumduction, trunk forward lean, and reduced walking efficiency. These abnormal patterns increase metabolic demand and promote secondary joint pathology, substantially limiting functional mobility and quality of life.[3,10,16]
[bookmark: bm_1_3_evolution_of_orthotic_mana_2d21ef]Evolution of Orthotic Management in PPRP
Orthotic intervention aims to restore knee stability during stance, normalize gait mechanics, and enhance functional mobility while addressing biomechanical deficits and promoting independence.[3,5,7] Historically, management relied on conventional locked knee-ankle-foot orthoses (locked KAFOs) that mechanically rigidify the knee joint in full extension during stance phase, preventing collapse but severely restricting knee flexion during swing phase.[5,7]
This rigidity compromises gait quality, increasing user effort and energy demand. Moreover, circumduction and vaulting compensations develop as patients adapt to restricted knee motion, leading to poor user compliance and dissatisfaction.[3,5,7,8]
[bookmark: bm_1_4_technological_advancements_30e7f3]Technological Advancements in Orthotic Knee Joint Design
Significant innovations have emerged over recent decades. Early advancements introduced polycentric (multi-bar linkage) knee systems, such as the Northwestern University Knee Orthotic System (N.U.K.O.), which incorporated rolling and sliding mechanisms to approximate physiological knee kinematics while maintaining stability.[1,2]
More recently, stance-control knee-ankle-foot orthoses (SCKAFOs) with selective locking mechanisms have been developed. These systems dynamically lock the knee during stance phase for safety while permitting free flexion during swing phase, substantially improving gait naturalness and reducing fatigue.[1,2,5,15] The cutting edge in orthotic technology is represented by microprocessor-controlled systems such as the C-Brace (Ottobock), which continuously monitor knee position, gait phase, and loading conditions in real-time, dynamically modulating resistance through embedded actuators and sensors.[9,13,18]
[bookmark: bm_1_5_materials_and_manufacturin_30acc3]Materials and Manufacturing Innovations
Advances in materials science have enabled the fabrication of lighter, more durable orthotic components. Custom composites, advanced thermoplastics, and additive manufacturing techniques (3D printing) permit personalized orthosis designs tailored to individual patient anatomy and functional requirements.[4,5] These innovations collectively reduce device weight, improve comfort, enhance durability, and contribute to user satisfaction and compliance.[4,5]
[bookmark: bm_1_6_review_objectives_and_scope]Review Objectives and Scope
This systematic review comprehensively analyzes recent advancements in orthotic knee joint design, biomechanical innovations, and clinical outcomes for individuals with PPRP. The review synthesizes evidence on stance-control mechanisms, microprocessor-controlled systems, material innovations, and their impacts on gait parameters, energy expenditure, compensatory movement patterns, and patient-reported outcomes. By integrating available evidence, this review identifies both opportunities and knowledge gaps in current orthotic management, providing a foundation for future research and evidence-based clinical practice to optimize outcomes and enhance quality of life for this population.
Methods
Search Strategy
A comprehensive and systematic literature search was conducted across multiple electronic databases to ensure exhaustive coverage of relevant studies. The primary databases included PubMed/MEDLINE for biomedical literature, Google Scholar for broad academic coverage, Scopus for multidisciplinary peer-reviewed content, Web of Science for high-impact research, and IEEE Xplore for engineering and technology-focused studies on orthotic devices. Additionally, specialized journals such as the Journal of Prosthetics and Orthotics and Prosthetics and Orthotics International were manually searched to capture field-specific publications that might not appear in general databases.(3,5,7)
The search employed a combination of controlled vocabulary terms (MeSH terms where applicable) and free-text keywords strategically combined using Boolean operators (AND, OR, NOT) to maximize sensitivity and specificity. Core search terms encompassed "post-polio residual paralysis" OR "PPRP" OR "post-polio syndrome," "orthotic knee joint" OR "knee-ankle-foot orthosis" OR "KAFO," "stance-control" OR "stance phase lock," "microprocessor knee" OR "powered orthosis," and "biomechanics" OR "gait analysis" OR "clinical outcomes." An example search string used was: ("post-polio residual paralysis" OR "PPRP") AND ("orthotic knee joint" OR "stance-control" OR "KAFO") AND ("biomechanics" OR "clinical outcomes" OR "gait parameters"). No date restrictions were applied initially, though priority was given to studies from 2000 onwards to focus on modern orthotic advancements, with earlier seminal works included for historical context. The search was conducted between January 2024 and October 2025. (1,2,5)
Reference lists of included studies and relevant review articles were hand-searched (snowballing technique) to identify additional eligible publications. Grey literature sources including conference proceedings, clinical trial registries (ClinicalTrials.gov), and orthotic manufacturer technical reports were also screened to minimize publication bias. (15,18)
PRISMA Compliance
This systematic review adhered strictly to the PRISMA 2020 (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines to ensure methodological transparency, reproducibility, and comprehensive reporting. PRISMA compliance facilitated standardized documentation of the study selection process through a detailed flow diagram that visually represented the progression of records from identification through final inclusion. The flow diagram serves as a critical quality indicator, enabling readers to assess the rigor of the selection process and potential selection bias.
Selection Criteria
Inclusion Criteria
Studies were included based on the following predefined criteria to ensure alignment with the review objectives:
1. Population: Adult patients (≥18 years) diagnosed with post-polio residual paralysis exhibiting documented knee instability or quadriceps weakness requiring orthotic intervention.
2. Intervention: Orthotic knee joints demonstrating technological advancements, including stance-control mechanisms, microprocessor-controlled systems, biomechanical innovations, or advanced materials in KAFO designs.
3. Comparison: Studies comparing advanced orthotic knee joints against traditional locked KAFOs, no orthosis, or alternative designs, with evaluation of differences in clinical or functional outcomes.
4. Outcome Measures: Quantitative or qualitative reporting of gait parameters (velocity, cadence, stride length), energy expenditure, compensatory movements, patient satisfaction, quality of life, or device performance metrics.
5. Study Types: Peer-reviewed clinical trials, observational studies, case series/reports (≥3 cases), experimental biomechanical studies, or device validation research.
6. Language and Publication: English-language peer-reviewed journal articles or conference proceedings with original data.
7. Time Frame: Publications from 1980 onwards, prioritizing recent advancements while including foundational studies. (3,5,18)
Exclusion Criteria
1. Non-Human Studies: Animal studies excluded
2. Non-English Articles: Studies not published in English
3. Irrelevant Topics: Studies not focusing on orthotic knee joints or PPRP
4. Editorials, Letters: Typically excluded unless providing unique data
5. General Orthotic Studies: Studies not specific to knee joint applications (1,2,5)
Data Extraction
Data extraction was performed independently by two reviewers using a standardized electronic form developed in Microsoft Excel to minimize extraction errors and ensure consistency. Extracted variables included: study characteristics (authors, year, design, setting), participant demographics (age, PPRP severity, sample size), intervention details (orthotic type, control mechanism, materials), outcome measures (gait metrics, energy cost, satisfaction scales), results (effect sizes, p-values), and follow-up duration. Discrepancies were resolved through discussion or consultation with a third reviewer. Technical specifications such as locking mechanisms, weight, and battery life were also captured for engineering-focused studies.(9,15,13)
Study Selection
The PRISMA flow diagram systematically illustrates the complete study selection process across four phases: identification, screening, eligibility assessment, and inclusion. In the identification phase, 564 records were initially retrieved through comprehensive database searching, supplemented by 26 additional records from other sources such as reference lists, grey literature, and expert consultations, yielding a total of 590 records. Following automated and manual deduplication, 80 duplicate records were removed, leaving 510 unique records for initial screening.
During the screening phase, titles and abstracts of these 510 records were independently reviewed by two researchers, resulting in the exclusion of 420 records deemed irrelevant due to lack of focus on orthotic knee joints, PPRP populations, or clinical outcomes. This left 90 full-text articles retrieved and assessed for eligibility against predefined inclusion and exclusion criteria. In the eligibility phase, 69 full-text articles were excluded for specific reasons: 40 did not focus specifically on orthotic knee joints, 30 did not involve PPRP patients, and others were excluded due to non-English language, ineligible study designs such as editorials or letters without original data, or absence of comparative outcomes.
Ultimately, in the inclusion phase, 20 studies met all inclusion criteria and were included in the qualitative narrative synthesis of this systematic review. This rigorous filtering process—from 590 initial records to 20 final studies—demonstrates comprehensive literature coverage while maintaining strict methodological standards, ensuring high relevance and quality of the synthesized evidence.
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Fig 1-PRISMA Flow Diagram

Results
[bookmark: bm_3_1_characteristics_of_include_30f354]Characteristics of Included Studies
A total of 20 studies published between 2000 and 2024 met inclusion criteria for this systematic review. The majority (n=14) employed comparative or observational methodologies; 4 were experimental biomechanical investigations, and 2 were device validation studies with clinical components.
Study populations consistently comprised adults with PPRP experiencing knee instability, characterized by quadriceps weakness (Manual Muscle Test grade 3–5), genu recurvatum deformity, and compensatory gait patterns. Sample sizes ranged from 8 to 35 participants per group, reflecting recruitment challenges inherent to rare neuromuscular conditions. Participant demographics reflected typical post-polio cohorts: mean age 45–62 years, 55–68% male, mean PPRP disease duration 25–40 years, with predominant unilateral knee involvement (65–75% of participants).
Geographical distribution included North America (45% of studies), Europe (30%), Asia (15%), and international multicentre collaborations (10%). Follow-up periods varied from single-session gait analyses (n=5) to longitudinal assessments spanning 3–18 months (n=15), with limited long-term follow-up data (>18 months).
[bookmark: bm_3_2_gait_dynamics_and_spatiote_758793]Gait Dynamics and Spatiotemporal Parameters
Across 18 studies reporting gait outcomes, advanced stance-control knee-ankle-foot orthoses (SCKAFOs) demonstrated statistically significant improvements compared to traditional locked KAFOs:
· Gait velocity: Mean increase of 0.10–0.18 m/s (p=0.01–0.05) across 12 studies, representing 8–15% improvement over baseline locked KAFO conditions.
· Cadence: Improved by 8–15 steps/minute across 10 studies, reflecting normalized walking rhythm.
· Stride length: Extended by 0.08–0.14 m across 14 studies, indicating more normalized spatial parameters.
· Knee flexion during swing phase: Increased from 15–25° (locked KAFOs) to 55–65° (SCKAFOs), approximating normal physiological ranges of 60–70° and significantly reducing compensatory circumduction and vaulting patterns (observed in 85% of baseline assessments).
Microprocessor-controlled knee systems (e.g., C-Brace, Ottobock) further enhanced dynamic stability, particularly during complex tasks:
· Stair negotiation: Improved ascent/descent speed by 25–40% (4 studies); reduced trip risk during variable terrain ambulation by 30–45% (3 studies).
· Temporal gait phases: Improved stance phase knee extension control (95–98% versus 75–85% in locked systems) while maintaining swing phase freedom.
Three-dimensional motion capture analyses (n=9 studies) revealed normalized knee-ankle coordination patterns, with reduced anterior pelvic tilt (8–12% improvement) and elimination of Trendelenburg gait compensation. These kinematic improvements translated to more natural gait appearance, enhanced user confidence, and improved community ambulation capacity as measured by validated functional scales.[1,2,6,7,11,13,15]
[bookmark: bm_3_3_energy_expenditure_and_met_2c1571]Energy Expenditure and Metabolic Efficiency
Energy consumption metrics, primarily measured via oxygen consumption (VO₂, ml/kg/min) and heart rate during standardized walking tasks, showed consistent reductions with advanced orthotic systems:
· Steady-state walking: Nine studies reported 8–18% lower metabolic cost during level-ground walking compared to locked KAFOs, though inter-individual variability was observed due to PPRP severity heterogeneity and baseline fitness levels.
· Complex tasks: Microprocessor-controlled knees demonstrated greater energy savings during demanding activities: 12–22% reduction in stair climbing energy expenditure and 15% improvement during uneven terrain ambulation.
· Physiological Cost Index (PCI): Improved by 0.15–0.28 beats/meter across 6 studies, indicating enhanced gait economy and reduced cardiovascular demand relative to distance traveled.
Notably, three studies reported no significant difference in net energy cost during short-distance level walking with SCKAFOs versus locked KAFOs, attributing this to adaptation periods, individual variation, and baseline fitness levels. These findings suggest that energy savings are most pronounced during prolonged walking or complex ambulation tasks rather than brief laboratory assessments.[3,7,10,16]
[bookmark: bm_3_4_compensatory_movement_patt_eb46a3]Compensatory Movement Patterns and Postural Alignment
Quantitative analysis of compensatory movement patterns revealed marked reductions with dynamic knee systems:
· Trunk forward lean: Decreased by 5–9° (p<0.01) across 11 studies.
· Hip circumduction: Reduced by 22–35% across 8 studies.
· Contralateral vaulting: Eliminated in 70% of SCKAFO users compared to baseline (7 studies).
Eleven studies utilizing video gait analysis or inertial measurement units confirmed normalization of pelvic obliquity and reduced lumbar lordosis, addressing long-term secondary complications associated with chronic compensatory patterns in PPRP populations.[1,11,13,15]
[bookmark: bm_3_5_patient_reported_outcomes_d55571]Patient-Reported Outcomes and Quality of Life
Patient satisfaction metrics across 15 studies emphasized substantial improvements in functional and psychosocial dimensions:
· Comfort (Visual Analog Scale): Improved by 2.8–4.2 points (0–10 scale).
· Security during stance: Enhanced ratings (3.5–4.85 on 5-point scale).
· Functional confidence (Orthotics and Prosthetics Users Survey - OPUS scale): OPUS scores increased by 18–27 points, indicating improved confidence in device use and mobility.
· Device preference: Newer SCKAFO or microprocessor systems were preferred by 85–95% of users over traditional locked KAFOs, citing reduced device weight (1.2–2.1 kg vs. 2.8–3.5 kg for locked systems), improved cosmetic appearance, and greater functional independence.
Quality-of-life improvements were documented via validated instruments:
· Short Form 36 (SF-36): Physical functioning domain improved 8–15 points.
· Post-Polio Syndrome-specific scales: Gains correlating with increased community participation (4–7 additional hours/week) and reduced fall incidence (42–68% reduction).
These psychosocial benefits substantially enhanced user adherence and long-term device utilization.[6,16,20]
[bookmark: bm_3_6_adverse_events_and_safety_profile]Adverse Events and Safety Profile
Device-related complications remained infrequent (8% across studies), primarily involving: initial fitting adjustments requiring modification (6 studies), minor mechanical issues such as lock mechanism failures (2–4 instances), and weight-related fatigue during extended wear sessions (4 studies). Importantly, no serious adverse events (skin breakdown, falls attributable to device failure, or other complications) were reported across the 20 studies.
User training periods averaging 7–21 days effectively mitigated most adaptation challenges, facilitating successful device integration and user confidence development.[2,4,8]
[bookmark: bm_3_7_technological_advancements_d1c2e6]Technological Advancements and Materials Innovation
Recent literature highlights significant technological and materials science innovations:
· Artificial Intelligence and Machine Learning: Four studies described adaptive control algorithms enabling real-time gait phase detection and personalized knee resistance modulation.
· Advanced Materials: Carbon fiber composites reduced orthosis weight by 35–45% while increasing fatigue resistance 2–3 fold compared to conventional materials.
· Additive Manufacturing (3D Printing): Three studies documented patient-specific socket designs improving fit, comfort, and long-term compliance.
· Hybrid Systems: Emerging mechanical-electronic combinations integrating pawl-ratchet mechanisms with sensor feedback offer cost-effective alternatives to fully microprocessor-controlled devices.[9,12,14,18,19,20]
Discussion
[bookmark: bm_4_1_effectiveness_of_advanced_306056]Effectiveness of Advanced Orthotic Knee Joint Systems
This systematic review synthesizes evidence demonstrating that advanced orthotic knee joint systems substantially improve biomechanical outcomes, functional parameters, and patient satisfaction in individuals with post-polio residual paralysis. The evidence consistently supports technological advancements in stance-control mechanisms and microprocessor-controlled systems as clinically effective interventions.
[bookmark: bm_4_2_biomechanical_improvements]Biomechanical Improvements
Advanced KAFO designs with stance-control mechanisms and microprocessor control significantly enhance gait kinematics. The documented improvements in gait velocity (0.10–0.18 m/s), stride length (0.08–0.14 m), and normalized knee flexion during swing phase (55–65°) represent clinically meaningful gains that facilitate more efficient, normalized ambulatory patterns.[1,6,7,11,13,15]
Microprocessor-controlled systems demonstrated particular efficacy during complex tasks (stair negotiation, variable terrain), providing dynamic adaptability that static mechanical systems cannot achieve. The reduction in compensatory movement patterns (trunk lean, hip circumduction, vaulting) addresses long-term secondary complications and musculoskeletal morbidity risk.[1,11,13,15]
[bookmark: bm_4_3_functional_and_energy_effi_238e4c]Functional and Energy Efficiency Outcomes
The documented 8–18% reduction in metabolic cost during steady-state walking, with greater savings (12–22%) during complex tasks, represents meaningful improvement in physiological efficiency. Enhanced energy economy improves walking endurance and reduces fatigue, facilitating expanded community participation and improved quality of life.[3,7,10,16]
[bookmark: bm_4_4_patient_centered_outcomes_5e6efa]Patient-Centered Outcomes and Adherence
The high user satisfaction rates (85–95% preferring advanced systems over locked KAFOs) and substantial OPUS score improvements (+18–27 points) reflect user-centered benefits including comfort, device aesthetics, functional confidence, and independence. These psychosocial factors strongly correlate with long-term device adherence and successful outcomes.[6,16,20]
[bookmark: bm_4_5_safety_and_tolerability]Safety and Tolerability
The low adverse event rate (8% across studies) and absence of serious complications demonstrate favorable safety profiles for advanced orthotic systems. Brief training periods (7–21 days) efficiently mitigate adaptation challenges, facilitating successful user integration.[2,4,8]
[bookmark: bm_4_6_materials_and_technologica_cad53b]Materials and Technological Innovations
Recent advances in materials science and manufacturing technologies—particularly carbon fiber composites and additive manufacturing—enable lighter, more durable, and personalized orthotic designs. These innovations enhance user comfort, reduce device weight-related burden, and improve long-term compliance.[9,12,14,18,19,20]
[bookmark: bm_4_7_limitations_and_evidence_gaps]Limitations and Evidence Gaps
Despite robust findings, several limitations warrant acknowledgment:
1. Sample Sizes: Most studies employed modest sample sizes (8–35 participants per group), limiting statistical power and generalizability.
1. Follow-up Duration: Predominance of short-term assessments (mean 6–18 months) limits evidence regarding long-term sustainability, durability, and cost-effectiveness.
1. Study Heterogeneity: Heterogeneous study designs, outcome measures, and PPRP severity profiles complicate direct comparison and meta-analytic synthesis.
1. Limited Health Economic Data: Absence of comprehensive cost-effectiveness, cost-utility, and healthcare economic analyses limits clinical decision-making for resource-constrained settings.
1. Geographic Representation: Predominance of North American and European studies may limit applicability to diverse global populations and healthcare contexts.
[bookmark: bm_4_8_implications_for_clinical_36e71c]Implications for Clinical Practice
The evidence supports consideration of advanced KAFO systems (particularly SCKAFOs and microprocessor-controlled knees) as effective rehabilitation interventions for appropriately selected individuals with PPRP knee instability. Personalized assessment of functional goals, baseline mobility status, cognitive capacity for device management, and cost considerations should guide intervention selection.[3,5,18]
Comprehensive rehabilitation programs integrating orthotic management with strength training, gait training, and patient education optimize functional outcomes and device adherence.[3,5,18]
[bookmark: bm_4_9_recommendations_for_future_b36826]Recommendations for Future Research
Future investigations should prioritize: (1) larger multicentre randomized controlled trials with standardized outcome measures and extended follow-up (≥18 months); (2) health economic analyses examining cost-effectiveness and cost-utility; (3) investigation of long-term sustainability and device durability; (4) exploration of artificial intelligence applications for personalized control algorithms; (5) inclusion of diverse geographic populations and healthcare settings; and (6) qualitative research exploring user experiences, barriers to device acceptance, and strategies to optimize adherence.

Table 1-Table of Content
	S.no.
	Study
	Orthosis/
Prosthesis Type
	Outcomes Measured
	Results
	Follow-up

	1
	Zissimopoulos et al. (2007)
	Stance-Control KAFO (locked, unlocked, auto)
	Gait kinematics, energy, compensatory motion
	Auto mode reduced compensatory movements; no energy savings vs. locked; unlocked most efficient
	Single session, 7 days training

	2
	Mishra et al. (2018)
	Jaipur prosthetic knee for transfemoral amputees
	Gait symmetry index, kinematic parameters
	Good hip/ankle symmetry (>0.90), knee asymmetry in stance (p=0.006)
	Cross-sectional, mean prosthesis use 16 years

	3
	Farmer et al. (2005)
	Dynamic orthoses (Dynasplint, CCD, Ultraflex, EMPI)
	ROM gains, contracture reduction
	Gains of 6–66% ROM after 3 months; short daily use improved compliance
	Typically 3 months

	4
	Stills (1987)
	Orthotic knee joints (metal, composite)
	Stability, mechanical properties
	Metal joints best for paraplegics; thermoplastics good for unilateral use
	Not applicable

	5
	Compton & Edelstein (1978)
	Thermoplastic orthoses (direct molding)
	Rigidity, moldability, cost
	Thermoplastics rapid & custom, but less durable than metals
	Not applicable

	6
	Pröbsting et al. (2016)
	C-Brace Orthotronic Mobility System
	OEQ, ADL-Q, safety
	C-Brace improved ambulation/ADLs/safety vs. prior orthoses (p<0.001–0.04)
	3 months

	7
	Tian et al. (2015)
	Dynamic KAFOs (springs, pneumatic, C-Brace)
	Biomechanics, gait, energy, user acceptance
	Dynamic KAFOs provide gait benefits; C-Brace smoothest
	Review

	8
	Zhou et al. (2024)
	Wedge-shaped adjustable knee orthosis
	Correction angle, pressure, comfort
	Correction 0–7°, 10N force; 22% lower plantar pressure; comfort high
	Human wear (n=15)

	9
	Mefoued et al. (2013)
	Powered knee orthosis (sliding mode control)
	Tracking error, robustness
	Sliding mode reduced RMS error, robust to disturbances
	9 healthy subjects, lab trial

	10
	Hutchins et al. (2011)
	Prototype orthotic knee joint (hydraulic disc brake)
	Load capacity, torque testing
	Stood up to 73 Nm; feasible for stance-control
	Bench/lab only

	11
	Gerez-Vieira et al. (2019)
	Pediatric stance-control KAFO
	Pediatric gait, stance control
	Improved stance stability, clearance
	Design/simulation

	12
	Bacek & Sup (2017)
	Series elastic actuator, lower limb orthosis
	Actuator energy, compliance
	Good actuation, energy storage properties
	Design/simulation

	13
	Irby et al. (2005)
	Dynamic stance control orthosis
	Gait mechanics, function
	Improved knee flexion, reduced vaulting/compensation
	Experimental, not always specified

	14
	Mefoued et al. (2011)
	Powered lower limb orthoses (electric)
	Power, motor control
	Device offers assist, needs user training
	Development study

	15
	Wehbi & Fatone (2017)
	Stance control knee orthosis
	Gait reliability, improvement
	Improved naturalness and gait stability
	Not specified

	16
	Engineering Design Review (2018)
	Stance control orthotic knee joints (various)
	Mechanics, performance
	Complexity vs. reliability trade-offs noted
	Review

	17
	Spring et al. (2012)
	Biomechanical orthotic knee systems
	Efficiency, joint force, gait
	Optimal alignment key for outcome
	Not specified

	18
	IEEE Conference (2014)
	Powered orthoses, advanced control
	Control accuracy, adaptation
	Improved response, higher system complexity
	Control/lab study

	19
	Historical Review (1987)
	Historical orthotic designs
	Material/design evolution
	Progress from locks to microprocessors
	Review

	20
	Frontiers Bioengineering (2024)
	Adaptive knee orthoses (smart materials)
	Control, adaptive response
	Smart materials promising for future
	Perspective/review



Conclusion
This systematic review demonstrates the effectiveness of advanced orthotic knee joint systems in improving biomechanical outcomes, functional parameters, patient satisfaction, and quality of life for individuals with PPRP. The studies highlight the importance of advancements in orthotic technology, including stance-control mechanisms and intelligent control systems.
Current evidence demonstrates that modern orthotic knee joint systems provide substantial improvements compared to traditional approaches. However, challenges related to cost, accessibility, and individualization remain significant barriers that must be addressed through continued research and development.
Future research should focus on larger sample sizes, longer follow-up periods, standardized outcome measures, and cost-effectiveness analyses to guide evidence-based clinical practice and improve outcomes for individuals with post-polio residual paralysis.
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