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Abstract

Anterior cruciate ligament reconstruction (ACLR) rehabilitation 1s a multifactorial
process that requires the integration of strength restoration, neuromuscular control,
biomechanical symmetry, and objective return-to-sport criteria to achieve optimal
functional recovery. Contemporary evidence supports criteria-based progression over
purely time-based protocols, emphasizing performance-based decision-making to
reduce reinjury risk and enhance long-term outcomes. However, variability persists in
the implementation of rehabilitation progression models, biomechanical load
management, and functional benchmarking strategies. This literature review
synthesizes current evidence on postoperative ACLR rehabilitation and explores the
theoretical integration of Body Engineering (BE) principles as a structured conceptual
framework. BE conceptualizes rehabilitation as a dynamic systems process that
systematically integrates biomechanical, physiological, and functional parameters into
individualized progression pathways. By emphasizing objective assessment, load
calibration, and functional symmetry restoration, this approach may enhance clinical
decision-making and optimize recovery trajectories. Further empirical research is
required to validate the clinical applicability and effectiveness of Body Engineering
principles within standardized ACLR rehabilitation programs.

Keywords: Anterior cruciate ligament reconstruction; ACL rehabilitation; Body
Engineering; criteria-based progression; return to sport; neuromuscular control;
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Introduction

The anterior cruciate ligament (ACL) is one of the primary stabilizing ligaments of the
knee, and its rupture is a common injury among athletes and physically active
individuals, often resulting in functional instability and impaired performance if not
properly managed (Griffin, Albohm, Arendt, et al., 2006). Surgical reconstruction of
the ACL is widely considered the standard intervention to restore knee stability and
enable return to activity, yet successful functional recovery significantly depends on
postoperative rehabilitation rather than surgery alone (Kruse, Gray, & Wright, 2012).

Rehabilitation following ACL reconstruction (ACLR) typically involves structured
protocols aimed at restoring range of motion, progressive muscle strengthening,
neuromuscular control, balance, and functional performance, which together contribute
to improved outcomes and reduced reinjury risk (van Grinsven, van Cingel, Holla, &
van Loon, 2010).

A number of systematic reviews have demonstrated that early mobilization and
criterion-based progression through rehabilitation phases can optimize recovery,
highlighting the importance of evidence-based rehabilitation strategies (Myer, Paterno,
Ford, Quatman, & Hewett, 2006), (van Melick, van Cingel, Brooijmans, et al., 2016)

Despite the availability of multiple rehabilitation protocols, inconsistencies persist in
the timing and progression of exercises, objective criteria for advancement, and
functional return to sport benchmarks, pointing to the need for innovative conceptual
frameworks to guide clinical practice (Ardern, Taylor, Feller, & Webster, 2012). In this
context, the emerging concept of "Body Engineering (BE)" — defined as the
systematic design and integration of biomechanical, physiological, and functional
principles to optimize musculoskeletal rehabilitation — offers a holistic approach that
emphasizes individualized progression based on objective performance metrics rather
than time-based schedules alone (Author-concept, 2026).

The present literature review aims to synthesize current evidence on ACLR
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rehabilitation, examine key components of effective recovery protocols, and explore
how Body Engineering principles can be integrated to enhance functional outcomes
and accelerate safe return to activity.

Research Problem

Despite the widespread adoption of anterior cruciate ligament reconstruction (ACLR),
many patients continue to experience deficits in functional performance,
neuromuscular control, and return-to-sport outcomes (Ardern, Taylor, Feller, &
Webster, 2012), (Dingenen & Gokeler, 2017). Current rehabilitation protocols show
substantial variability in exercise selection, progression criteria, and timing of
functional milestones, which can lead to delayed recovery or increased risk of reinjury
(van (Melick, van Cingel, Brooijmans, et al., 2016), (Myer, Paterno, Ford, Quatman,
& Hewett, 2000).

Moreover, most rehabilitation approaches are still predominantly time-based rather
than individualized, failing to account for patient-specific biomechanical and
physiological differences that influence recovery (Logerstedt, Snyder-Mackler, Ritter,
Axe, & Godges, 2012). This limitation underscores the need for a structured and
integrative  framework that systematically aligns rehabilitation exercises,
neuromuscular training, and functional assessment to optimize outcomes.

The absence of such a framework contributes to inconsistencies in clinical practice,
suboptimal functional recovery, and uncertainty regarding the safe timing for return to
sport. Therefore, innovative strategies — such as the application of Body Engineering
(BE) principles — are required to provide a comprehensive, evidence-based, and
patient-centered approach to ACLR rehabilitation (Author-concept, 2026).

Importance of Research

The importance of this research lies in its explanation of the importance of post-
operative rehabilitation for patients undergoing anterior cruciate ligament (ACLR)
reconstruction.
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Despite advances in surgical techniques, many patients experience lingering deficits in
muscle strength, neuromuscular control, and functional performance, which can limit
return to sport and daily activities (Ardern, Taylor, Feller, & Webster, 2012),
(Dingenen & Gokeler, 2017). By integrating Body Engineering (BE) principles into
rehabilitation protocols, clinicians can adopt a more individualized, evidence-based,
and biomechanically informed approach, potentially reducing reinjury rates and
optimizing functional recovery (Myer, Paterno, Ford, Quatman, & Hewett, 2006), (van
Melick, van Cingel, Brooijmans, et al., 2016). Furthermore, the systematic evaluation
and application of BE concepts may provide clinicians with objective criteria for
exercise progression, neuromuscular training, and return-to-sport decisions, addressing
current inconsistencies in rehabilitation practices (Logerstedt, Snyder-Mackler, Ritter,
Axe, & Godges, 2012)

This study also contributes to scientific literature by introducing an innovative
conceptual framework, emphasizing the interplay between biomechanics, physiology,
and functional rehabilitation. By highlighting evidence-based strategies and proposing
the incorporation of Body Engineering principles, this research aims to guide clinical
practice, inform future studies, and ultimately improve patient-centered outcomes
following ACL reconstruction (Author-concept, 2026).

Research Objectives

The primary objective of this literature review is to critically analyze current evidence
regarding postoperative rehabilitation following anterior cruciate ligament
reconstruction (ACLR).

This study aims to identify key components of effective rehabilitation programs,
including range of motion restoration, strength development, neuromuscular training,
functional progression, and return-to-sport criteria.

Another objective is to evaluate existing rehabilitation models and determine their
strengths, limitations, and areas of inconsistency in clinical practice.
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Furthermore, this research seeks to introduce and conceptually integrate Body
Engineering (BE) principles into ACLR rehabilitation as a structured and systematic
framework.

Finally, the study aims to propose a clinically applicable model that aligns
biomechanical, physiological, and functional parameters to enhance individualized
recovery and optimize safe return to activity.

Methodology

This study was conducted as a structured literature review aimed at synthesizing
current evidence on postoperative rehabilitation following anterior cruciate ligament
reconstruction (ACLR). The review process was conceptually guided by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework to
enhance transparency and methodological rigor.

A comprehensive electronic search was performed across PubMed, Google Scholar,
and leading peer-reviewed journals in sports medicine and rehabilitation. The search
focused on contemporary literature to reflect modern rehabilitation practices.
Keywords and Boolean combinations included: “ACL reconstruction rehabilitation,”
“postoperative ACL rehabilitation,” “neuromuscular training after ACLR,” “return to
sport after ACL reconstruction,” “criteria-based rehabilitation,” and ‘““functional
recovery after ACL surgery.”

Inclusion criteria comprised peer-reviewed original research articles, systematic
reviews, and clinical practice guidelines addressing adult populations undergoing ACL
reconstruction. Studies examining rehabilitation protocols, neuromuscular control,
strength recovery, biomechanical factors, functional assessment, and return-to-sport
criteria were considered eligible.

Exclusion criteria included non-English publications, studies involving pediatric
populations, case reports with limited external validity, and articles lacking clearly
defined postoperative rehabilitation outcomes.
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Relevant studies were screened based on titles and abstracts, followed by full-text
assessment for eligibility. The selected literature was analyzed to identify consistent
rehabilitation principles, progression strategies, and objective return-to-sport criteria.
The findings were then synthesized and interpreted through the conceptual framework
of Body Engineering (BE), aiming to explore how biomechanical, physiological, and
functional components can be systematically integrated to optimize individualized
postoperative recovery.

Conceptual Integration of Body Engineering (BE)

Body engineering is a structured framework that integrates the necessities of body
control, including the principles of biomechanics, physiological adaptation, and
neuromuscular control, in order to achieve anterior cruciate ligament rehabilitation

Rather than viewing rehabilitation as a sequence of isolated phases, BE conceptualizes
recovery as a dynamic engineering process in which load progression, movement
quality, tissue healing, and functional capacity are continuously evaluated and
optimized.

By aligning objective performance criteria with biomechanical analysis and
individualized progression strategies, BE may offer a comprehensive model aimed at
enhancing functional recovery and reducing reinjury risk following ACL
reconstruction.

Discussion

The findings of the reviewed literature highlight the multifactorial nature of
postoperative ACL rehabilitation. Contemporary rehabilitation protocols emphasize
restoration of strength, neuromuscular control, movement quality, and objective return-
to-sport criteria as key determinants of successful outcomes (Ardern, Glasgow,
Schneiders, Witvrouw, Clarsen, Cools, et al., 2016)

A consistent theme in current evidence is the superiority of criteria-based progression
over strictly time-based rehabilitation. Time alone has been shown to be an insufficient
98

International Journal for Scientific Research, London Vol (5), No (3), 2026
https://doi.org/10.59992/1JSR.2026.v5n3p4 E-ISSN 2755-3418



https://doi.org/10.59992/IJSR.2026.v5n3p4

International Journal for daalad) & ganll 4 gal) ddaal)

Scientific Research (1JSR)

Vol. (5), No. (3) March 2026 (3) sadi ¢(5) oY

determinant for safe return to sport, whereas objective performance measures—such
as quadriceps strength symmetry, hop testing, and neuromuscular control—are more
strongly associated with reduced reinjury risk (van Melick, van Cingel, Brooijmans, et
al., 2016).

Despite these advances, inconsistencies remain in the operationalization of progression
criteria, load management strategies, and integration of biomechanical assessment
within rehabilitation frameworks. Many existing protocols provide structured phases
but lack a fully integrated system aligning tissue healing timelines, mechanical loading
principles, and functional task demands (Grindem, Snyder-Mackler, Moksnes,
Engebretsen, & Risberg, 2016).

The integration of Body Engineering (BE) principles may conceptually address these
limitations. By viewing rehabilitation as a dynamic systems process rather than a linear
timeline, BE emphasizes continuous biomechanical assessment, individualized load
calibration, neuromuscular efficiency, and functional performance symmetry. This
approach aligns with emerging evidence supporting individualized, performance-based
decision-making in ACL rehabilitation (Kyritsis, Bahr, Landreau, Miladi, & Witvrouw,
2016).

However, while BE provides a theoretically structured model, empirical validation is
required to determine its clinical efficacy and reproducibility within standardized
rehabilitation settings.

Conclusion

Anterior cruciate ligament reconstruction (ACLR) rehabilitation remains a complex,
multifactorial process requiring careful integration of strength recovery,
neuromuscular control, biomechanical alignment, and objective return-to-sport criteria.
Contemporary evidence supports criteria-based progression over purely time-based
models, emphasizing the importance of performance-based decision-making to reduce
reinjury risk and optimize functional recovery.
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Despite advances in evidence-based rehabilitation guidelines, variability persists in the
implementation of progression criteria, load monitoring strategies, and functional
benchmarking. These inconsistencies highlight the need for a structured conceptual
framework capable of integrating biomechanical, physiological, and functional
variables into a coherent rehabilitation model.

The proposed Body Engineering (BE) framework offers a theoretically grounded
approach that conceptualizes postoperative rehabilitation as a dynamic systems
process. By emphasizing individualized load calibration, objective biomechanical
symmetry, neuromuscular efficiency, and functional performance metrics, BE may
enhance clinical decision-making and improve long-term outcomes.

However, further prospective and experimental research is necessary to validate the
clinical applicability, reliability, and effectiveness of Body Engineering principles
within standardized ACLR rehabilitation programs.
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