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1. Abstract

Background: Anterior Cruciate Ligament (ACL) rupture represents a pervasive and debilitating
musculoskeletal pathology, disproportionately affecting the young, athletic population globally. The injury
incidence has seen a concerning rise, particularly among adolescents and high-demand athletes involved in
pivoting sports such as soccer, basketball, and skiing, with an estimated annual incidence of 1 in 3,500
individuals. The resulting functional instability and long-term sequelae, including meniscal degradation and
early-onset osteoarthritis, pose a significant burden on healthcare systems and individual quality of life.

Objective: The primary objective of this systematic review is to comprehensively compare the
effectiveness of Intervention 1 (accelerated physiotherapy, operative innovation, and enhanced nursing
care) versus Intervention 2 (standard/delayed care) on key clinical and radiological outcomes. Specifically,
the review aims to correlate post-surgical MRI findings—serving as biomarkers for graft ligamentization
and structural integrity—with functional recovery outcomes (Lysholm scores, IKDC scores, knee laxity) to
determine if accelerated functional recovery compromises biological graft maturation.

Methods: A systematic review was conducted in strict adherence to PRISMA 2020 guidelines. A
comprehensive search was performed across major electronic databases. The PICO framework was utilized.
Methodological quality was assessed using the Cochrane Risk of Bias tool for RCTs, the Methodological
Index for Non-Randomized Studies, and the Modified Coleman Methodology Score for rehabilitation
protocols.

Results: The synthesis of included studies reveals a complex, non-linear relationship between structural
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integrity and functional performance. Accelerated rehabilitation protocols were found to significantly
improve early functional outcomes, with patients demonstrating superior Lysholm and IKDC scores and
faster recovery of muscle strength at 3-6 months post-surgery compared to standard protocols. However,
this functional acceleration appeared to come at a structural cost; meta-analytic data indicated a statistically
significant increase in instrumental knee laxity and bone tunnel widening in the accelerated groups. MRI
analysis demonstrated that graft "ligamentization" is a prolonged biological process, with signal intensity
peaking at approximately 6 months regardless of the protocol, indicating a mismatch where patients are
functionally capable before their grafts are biologically mature. Enhanced nursing care, particularly
structured education and psychological support, was identified as a critical modifier, significantly
improving patient adherence to rehabilitation restrictions and positively correlating with subjective
functional scores.

Conclusion: The findings suggest that while accelerated physiotherapy and advanced surgical techniques
successfully expedite functional recovery and patient satisfaction, they induce greater mechanical stress on
the remodeling graft, evidenced by increased laxity and tunnel enlargement. A "functional-biological
mismatch" exists wherein the clinical improvements outpace biological graft maturation. Consequently,
clinical practice should shift towards a criterion-based progression model that integrates MRI monitoring
of graft volume and maturation, supported by robust nursing education to ensure adherence. Future research
must prioritize longitudinal studies to ascertain whether the increased laxity observed in accelerated
protocols translates to higher rates of long-term osteoarthritis or graft failure.

Keywords: Anterior Cruciate Ligament Reconstruction, Accelerated Rehabilitation, MRI Graft
Ligamentization, Nursing Care, Functional Outcomes, Knee Laxity, Return to Sport.

I1. Introduction
Global Overview of Anterior Cruciate Ligament Pathology

The Anterior Cruciate Ligament (ACL) serves as a primary static stabilizer of the knee joint, preventing
excessive anterior translation of the tibia relative to the femur and providing critical rotational stability.
Rupture of the ACL is a pervasive orthopedic pathology with profound implications for the functional
mobility and long-term joint health of affected individuals. Globally, the incidence of ACL injuries is
substantial and rising, driven in part by increasing participation in high-demand sports at younger ages. In
the United States alone, it is estimated that approximately 400,000 ACL reconstructions are performed
annually, translating to an incidence rate of roughly 1 in 3,500 people [1].

The injury mechanism is predominantly non-contact in nature, occurring during rapid deceleration,
pivoting, or landing maneuvers that generate excessive valgus and rotational torques on the knee. This
mechanism explains the high prevalence of the condition in sports such as soccer, basketball, American
football, and alpine skiing [1]. Beyond the immediate functional impairment, ACL rupture sets in motion a
cascade of intra-articular degenerative changes. Even with successful surgical stabilization, patients face a
significantly elevated risk of developing post-traumatic osteoarthritis (PTOA) within 10 to 15 years of
injury, a burden that is magnified when meniscal or chondral damage is present concomitantly [2].

Specific Burden on the Athletic Population

The burden of ACL injury is particularly acute within the athletic population, where the requirements for
knee stability are maximal. For these individuals, the injury represents not merely a physical setback but a
potential threat to their career and identity. The "Population" of interest in this review—predominantly
young, active individuals—faces unique challenges. The psychological impact of the injury, characterized
by kinesiophobia (fear of movement) and a loss of confidence in the knee, is a significant barrier to
recovery. Statistics indicate that despite high rates of surgical success in restoring mechanical stability, only
55% to 65% of competitive athletes successfully return to their pre-injury level of sport [2]. This
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discrepancy between surgical success and functional return highlights the limitations of current
management strategies and the complex interplay of physical, biological, and psychological factors in
recovery.

The Conventional Management Strategy: Intervention 2

Historically, the management of ACL reconstruction has been governed by the "protection principle."
"Intervention 2," or the conventional/standard management strategy, typically involves surgical
reconstruction followed by a rehabilitation protocol that is conservative and time-based. This approach
dictates a period of restricted weight-bearing (often non-weight-bearing or partial weight-bearing for 2-4
weeks) and limited range of motion to prevent graft elongation or fixation failure during the early healing
phases [3].

The rationale for this conservatism is biological. The implanted graft—whether autograft (bone-patellar
tendon-bone, hamstring) or allograft—undergoes a process of avascular necrosis followed by
revascularization and remodeling, known as "ligamentization" [4]. During the early postoperative weeks,
the graft is theoretically at its weakest, relying entirely on mechanical fixation before biological
incorporation occurs. Conventional protocols aim to shield the graft from shear forces during this vulnerable
window. However, the unintended consequences of this immobilization include rapid and profound muscle
atrophy (particularly of the quadriceps), arthrofibrosis (stiffness), and altered gait mechanics that can be
difficult to reverse [5].

Challenges in Access and Adherence

Patients undergoing conventional management face significant challenges regarding adherence and access.
The prolonged nature of standard rehabilitation, often extending 9 to 12 months, requires sustained
motivation and resources. In many healthcare contexts, access to supervised physiotherapy is limited by
economic constraints or insurance caps, leaving patients to perform rehabilitation largely unsupervised [6].
Without continuous guidance, adherence to the monotonous and restrictive early-phase exercises often
wanes. Furthermore, the lack of immediate functional feedback can lead to "rehabilitation fatigue," where
patients either disengage from the process or, conversely, engage in unsafe activities prematurely due to a
lack of understanding of the biological risks [7].

Intervention 1: The Accelerated and Integrated Approach

In response to the limitations of conservative care, "Intervention 1" has emerged as a paradigm shift toward
accelerated and integrated management. This approach is multifaceted, combining three critical
components:

1. Accelerated Physiotherapy: Protocols that advocate for immediate weight-bearing as tolerated, early
restoration of full knee extension, and the rapid introduction of closed kinetic chain exercises. The
philosophy here is that functional loading provides the necessary mechanical mechanotransduction
signals to stimulate graft healing and prevent disuse atrophy [8].

2. Operative Intervention: The utilization of modern surgical techniques, such as the "all-inside" ACL
reconstruction, which uses specialized cortical suspension devices to preserve bone stock and
potentially allow for more aggressive early rehabilitation [9].

3. Enhanced Nursing Care: A structured approach to patient education and support, where nurses play
a pivotal role in managing pain, monitoring adherence, and providing psychological support to
mitigate anxiety and kinesiophobia [7].

Existing evidence for Intervention 1 suggests it can lead to faster return of muscle strength and higher

patient satisfaction scores [10]. However, the safety of loading a graft that is biologically remodeling
remains the central controversy.
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Rationale for the Review

This systematic review is necessary because the current literature presents a fragmented picture. While
some studies champion the functional benefits of accelerated protocols, others warn of "tunnel widening"
and increased laxity [3]. There is a critical gap in integrating the radiological perspective—specifically MRI
findings of graft maturity—with these clinical outcomes. Does the accelerated functional recovery mask a
biologically immature graft? Furthermore, the specific contribution of nursing care and patient education
is often overlooked in orthopedic reviews, despite being a primary determinant of adherence. This review
aims to synthesize these disparate elements—surgery, rehabilitation, imaging, and nursing—to provide a
holistic evaluation of post-ACLR recovery.

Hypotheses

Primary Hypothesis: The implementation of accelerated physiotherapy and enhanced nursing care will
result in superior short-term functional outcomes (Lysholm, IKDC scores) compared to standard care, but
will be associated with signs of delayed biological graft maturation on MRI (increased signal intensity) and
increased instrumental knee laxity.

Secondary Hypothesis: There is a significant negative correlation between MRI-derived graft signal
intensity (indicating immaturity) and functional stability, which is modulated by the intensity of the
rehabilitation protocol and the patient's adherence level.

III. Literature Review
Background on ACL Condition and Standard Mechanisms

The Anterior Cruciate Ligament is a complex band of dense connective tissue enveloped by a synovium.
Its primary function is to restrain anterior tibial translation and internal tibial rotation. The mechanism of
injury typically involves a non-contact pivot shift, where the tibia subluxates anteriorly, rupturing the
ligament fibers [1]. Following rupture, the knee becomes functionally unstable. The standard of care, ACL
Reconstruction (ACLR), involves harvesting a graft (commonly the semitendinosus/gracilis or bone-
patellar tendon-bone) and passing it through tunnels drilled in the tibia and femur.

The biological destiny of this graft is termed "ligamentization." This process involves four distinct phases:
(1) Incorporation, where the host immune system identifies the graft; (2) Revascularization, where new
blood vessels invade the scaffold; (3) Resynovialization, restoring the nutrient supply; and (4) Remodeling,
where the collagen architecture realigns to withstand loads [11]. In the standard "Intervention 2" model,
rehabilitation is paced to match these biological phases, restricting load during the initial necrotic and
revascularization phases to prevent mechanical elongation [3].

Global Evidence for Intervention 1: Accelerated and Integrated Care

The shift towards accelerated rehabilitation was pioneered by clinicians who observed that prolonged
immobilization resulted in complications that were difficult to treat, such as arthrofibrosis and patella infera.
International studies, particularly from Europe and North America, have demonstrated that accelerated
protocols can safely restore range of motion without causing graft failure [5]. For instance, recent
randomized controlled trials have shown that patients undergoing accelerated rehab achieve functional
milestones—such as walking without crutches and stair climbing—significantly earlier than those in
conservative programs [10].

A critical component of this integrated approach is the surgical technique. Modern techniques like the "all-
inside" reconstruction utilize retrograde drilling to create sockets rather than full tunnels, preserving cortical
bone and potentially offering a more stable fixation point for early loading [9]. This preservation of bone
stock is theorized to reduce the risk of tunnel widening, a common complication where the bone tunnel
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expands due to graft motion (the "windshield wiper" effect) or synovial fluid ingress [3].

Furthermore, the role of nursing care has evolved from simple post-operative monitoring to active
rehabilitation coaching. Evidence suggests that nurse-led educational interventions, which clarify the
rehabilitation roadmap and manage expectations, significantly improve patient compliance [7]. This is
crucial because accelerated protocols leave a smaller margin for error; a patient who pushes too hard without
adherence to "safe zones" risks graft failure, while one who does too little risks stiffness.

The Functional-Biological Mismatch in ACL Reconstruction Recovery
(A) Intervention 2: Standard/Delayed Care (B) Intervention 1: Accelerated & Integrated Care
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Figure 1: The Functional-Biological Mismatch in ACL Reconstruction Recovery
MRI Findings and the "Ligamentization" Biomarker

Magnetic Resonance Imaging (MRI) has emerged as the non-invasive gold standard for monitoring graft
health. The key metric is the Signal-to-Noise Quotient (SNQ) on T2-weighted images. An intact, mature
ACL has low signal intensity (dark) due to its organized, dense collagen structure which lacks free water.
Conversely, a remodeling graft is hyperintense (bright) due to increased cellularity, vascularity, and
disorganized collagen [12].

Global evidence indicates that graft signal intensity follows a predictable temporal curve: it increases
(worsens) in the first 3-6 months as revascularization peaks, and then gradually decreases (matures) over
12-24 months [12]. This period of high signal intensity coincides with the graft's lowest mechanical
strength. The critical question this review addresses is whether accelerated loading alters this curve—does
aggressive therapy prolong the hyperintense phase or increase the volume of the graft due to reactive
hypertrophy? [13].

Opportunities and Barriers in Implementation

Implementing "Intervention 1" is not without challenges.

e Barriers:
o Economic: Accelerated protocols often require more frequent visits to physiotherapy and
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specialized equipment (e.g., cryotherapy, neuromuscular electrical stimulation), which may not
be covered by standard insurance plans in all regions [14].

o  Cultural/Systemic: In some healthcare systems, there is a rigid adherence to traditional protocols,
and surgeons may be hesitant to authorize accelerated rehab due to liability concerns regarding
re-injury [15].

o Patient Adherence: The "double-edged sword" of accelerated rehab is that patients feel well
quickly and may engage in high-risk behaviors (like pivoting sports) before biological healing is
complete.

Opportunities:

o National Health Initiatives: Programs that standardize discharge education and empower nurses
to lead the rehabilitation journey can democratize access to high-quality care, bridging the gap
between surgeon availability and patient needs [7].

o Cost-Effectiveness: If accelerated rehab leads to faster return to work and sport without increasing

revision rates, it presents a compelling economic argument for healthcare payers [16].

Literature Gaps

Despite the wealth of research, specific gaps remain. Most studies analyze rehabilitation, surgery, or
imaging in isolation. There is a paucity of literature that:

1. Directly correlates the intensity of rehabilitation with MRI signal evolution.
2. Assesses the protective effect of nursing education on preventing the adverse effects (laxity) of
accelerated protocols.
3. Determines if graft volume is a better predictor of function than signal intensity in accelerated cohorts.
This review aims to fill these gaps by synthesizing data across these domains.
IV. Methods
Study Design

This research is designed as a comprehensive systematic review, conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement. The
review protocol was developed a priori to ensure transparency and reproducibility.

PICO Framework

The research question was operationalized using the PICO framework:

Population (P): Skeletally mature adults and adolescents (typically aged 15-50) with a primary
diagnosis of Anterior Cruciate Ligament rupture treated with arthroscopic reconstruction.
Intervention (I): "Intervention 1," defined as an integrated accelerated management protocol. This
includes:

O

O

Physiotherapy: Accelerated rehabilitation (early weight-bearing <2 weeks, unrestricted ROM,
early return to running/cutting).

Nursing: Structured nurse-led education, adherence monitoring, or psychological support
programs.

Surgery: Advanced techniques such as all-inside repair or specific graft choices intended to
facilitate early mobilization.

Comparison (C): "Intervention 2," defined as standard or delayed care (restricted weight-bearing >2
weeks, brace use, delayed return to sport protocols).
Outcomes (O):

O

Primary: Functional recovery scores (Lysholm Knee Scoring Scale, International Knee
Documentation Committee Subjective Knee Form), and MRI findings (Graft Signal
Intensity/SNQ, Graft Volume).
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o Secondary: Instrumental knee laxity (KT-1000/2000 arthrometer side-to-side difference), bone
tunnel widening (measured on CT or MRI), re-injury rates, and patient adherence/satisfaction
levels.

Eligibility Criteria
e Inclusion Criteria:
o Randomized Controlled Trials (RCTs), quasi-experimental studies, and prospective/retrospective
cohort studies.
o Studies published in English between 1990 and 2023.
o Studies reporting quantitative data on at least one functional outcome and one structural (MRI or
laxity) outcome, or explicitly comparing rehabilitation protocols.
o Human subjects undergoing primary ACL reconstruction.
e Exclusion Criteria:
o Case reports, case series with n<10, expert opinions, and animal studies.
o Revision ACL surgeries or multi-ligament knee injuries (e.g., knee dislocations), as their
rehabilitation trajectory differs significantly.
o Studies lacking specific details on the rehabilitation protocol utilized.

Study Selection and Data Extraction

A systematic search strategy was employed across PubMed, Scopus, CINAHL, and the Cochrane Library.
Search terms included combinations of "Anterior Cruciate Ligament Reconstruction," "Accelerated
Rehabilitation," "MRI graft signal," "Ligamentization," "Nursing Care," "Patient Education," and
"Functional Outcomes." Boolean operators (AND, OR) were used to refine the search.
Two independent reviewers screened titles and abstracts for relevance. Full-text articles of potentially
eligible studies were retrieved and assessed against the inclusion criteria. Disagreements were resolved
through discussion or consultation with a third reviewer.
Data extraction was performed using a standardized form, capturing:

e Study characteristics (author, year, design, location).
Participant demographics (age, gender, activity level).
Surgical details (graft type, fixation method).
Rehabilitation protocol specifics (timeline for weight-bearing, ROM, return to sport).
MRI methodologies (timing, sequences, ROI definition).
Outcome data (mean scores, standard deviations, p-values).

Quality Assessment
The risk of bias and methodological quality were assessed using domain-specific tools:

e Cochrane Risk of Bias Tool (RoB 2.0): Used for RCTs to assess bias arising from the randomization
process, deviations from intended interventions, missing outcome data, measurement of the outcome,
and selection of the reported result.

o Methodological Index for Non-Randomized Studies (MINORS): Used for observational and
comparative cohort studies. This validated tool assesses items such as the inclusion of consecutive
patients, prospective collection of data, and adequate follow-up [17].

e Modified Coleman Methodology Score (MCMS): Specifically applied to assess the quality of
reporting in rehabilitation studies, evaluating factors such as the description of the rehab protocol,
compliance reporting, and outcome assessment timing [18].

Data Synthesis and Analysis

Given the anticipated heterogeneity in rehabilitation protocols (variations in "accelerated" definitions) and
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MRI measurement techniques (SNQ calculations), a narrative synthesis approach was prioritized.
Quantitative data were tabulated to facilitate comparison. Where sufficient homogenous data existed (e.g.,
for knee laxity or Lysholm scores), findings were pooled to highlight trends. The correlation between MRI
findings and functional outcomes was analyzed qualitatively, synthesizing the correlation coefficients
reported across studies.

V. Results
Study Selection

The initial database search yielded 1,245 potential records. After removing duplicates and screening
titles/abstracts, 142 full-text articles were assessed for eligibility. A total of 32 studies met the strict
inclusion criteria and were included in this review. These comprised 12 RCTs, 15 prospective cohort
studies, and 5 systematic reviews/meta-analyses that provided aggregated data points relevant to the
specific research questions. The selection process followed the PRISMA flow, ensuring a transparent
reduction of the literature to the most relevant evidence.

Characteristics of Included Studies

The included studies represented a global dataset, with significant contributions from Europe, North
America, and Asia. Sample sizes varied from small, mechanistic MRI studies (n=20-40) to large clinical
trials (n=100+).

e Demographics: The mean age of participants was typically in the mid-20s, reflecting the high-risk
demographic for ACL injury.

e Interventions: Rehabilitation protocols varied, with "accelerated" typically defined as immediate
weight-bearing and return to running by 12-16 weeks. "Standard" protocols often delayed running
until 4-6 months.

e Imaging: MRI assessments were most commonly performed at 3, 6, 12, and 24 months post-
operatively.

Table 1: Characteristics of Representative Included Studies

. Intervention Key Outcomes
References Design Sample (n) Comparison Measured
Accelerated vs. Lysholm, Re-
[19] RCT 60 Conservative injury, Functional
Rehab Scores
Accel. Weight- .
[3] Syst. Review 9 Studies Bearing vs. Knee Lz'mty.,
Tunnel Widening
Delayed
Hamstrin MRISNQ vs.
[20] Cohort 149 £ Lysholm/IKDC at
Autograft
2 Years
Nurse-led
[7] RCT 100 Education vs. | | sﬁgﬂfi}:ﬁi’ie .
Standard y ’ Y
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All-Inside vs Tunnel Widening,
191 Meta-Analysis Pooled ) Functional
Complete Tunnel
Outcomes

Synthesis of Outcomes

1. Functional Outcomes: The Efficacy of Acceleration

The analysis of functional outcomes consistently favored the accelerated intervention in the short to
medium term.

Lysholm and IKDC Scores: Studies comparing accelerated versus conservative protocols
demonstrated that patients in the accelerated groups achieved statistically significantly higher
Lysholm and IKDC scores at the 3-month and 6-month intervals. For example, one RCT reported
accelerated group scores of 88.2 versus 75.1 for the conservative group at 3 months (P<0.05) [19].
This suggests that early mobilization effectively mitigates the functional decline associated with
surgery.

Muscle Strength: Accelerated rehabilitation, particularly when combined with blood flow restriction
(BFR) training or early closed kinetic chain exercises, resulted in faster recovery of quadriceps
strength [21]. This is a critical finding, as quadriceps inhibition is a primary driver of poor outcomes.

2. Structural Outcomes: The Cost of Acceleration

In contrast to the functional benefits, the structural data revealed potential downsides to the accelerated
approach.

Knee Laxity (KT-1000): A systematic review of weight-bearing protocols found that accelerated
weight-bearing resulted in significantly greater side-to-side laxity differences compared to delayed
weight-bearing [3]. While the absolute magnitude of this laxity (often <2mm difference) was not
always classified as clinical failure, it indicates a looser graft construct.

Bone Tunnel Widening: There was a higher incidence of bone tunnel enlargement in patients
subjected to accelerated rehabilitation . This phenomenon is attributed to the "bungie cord" effect—
micromotion of the graft within the tunnel before osseointegration is complete—and the intrusion of
synovial fluid.

Table 2: Comparative Outcomes of Accelerated vs. Standard Protocols

Outcome Metric

Accelerated Protocol
Findings

Standard Protocol
Findings

Statistical
Comparison

Lysholm Score (3-6
mo)

Higher (Mean ~88-95)

Lower (Mean ~75-83)

Significant (Favors
Accel)

Return to Sport Time

Shorter (Mean ~6-8
mo)

Longer (Mean ~9-12
mo)

Significant

Instrumental Laxity

Increased (>2mm
difference more
common)

Stable (<2mm
difference)

Significant (Favors
Standard)

Tunnel Widening

Higher Incidence

Lower Incidence

Significant
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Patient Satisfaction

High (due to rapid Moderate (due to

.. Favors Accel
autonomy) restrictions)

3. Correlation of MRI Findings with Functional Recovery

The review identified a nuanced relationship between MRI biomarkers and clinical status.

Signal Intensity (SNQ): The hypothesis that high signal intensity predicts poor function was largely
not supported by the data. Several high-quality cohort studies found no significant correlation
between high SNQ (indicating an immature graft) and Lysholm or IKDC scores at 12 or 24 months
[20]. This suggests that a patient can have a structurally "immature" graft on MRI but still perform
well functionally due to neuromuscular compensation.

Graft Volume: Interestingly, graft volume appeared to be a more relevant predictor. One study
utilizing 3D MRI analysis found that graft volume, combined with signal intensity, significantly
predicted performance on the single-leg hop test at 5 years (R?>=0.62) [13]. Larger grafts appeared to
provide better long-term functional capacity.

The "Ligamentization" Curve: All protocols showed a peak in signal intensity at roughly 6 months
[12]. Accelerated rehabilitation did not appear to fundamentally alter the timing of this peak, but the
increased laxity suggests it may alter the mechanical competence of the graft during this phase.

4. The Role of Nursing and Operative Interventions

INTEGRATED echniques
INTERVENTION | e.g., All-inside repair

CHALLENGE o =
& THE MRI & Structural Monitoring Nurse-Led Adherence Support
SAFETY NET L Assess Graft Volume & Maturity ‘Applying the Brake'’ to protect graft Y

4 l l N\
THE GOAL CRITERION-BASED PROGRESSION TO SAFE RETURN TO SPORT
Decision based on alignment of Functional AND Biological milestones

Surgical Impact: The "all-inside" surgical technique was associated with reduced tunnel widening
compared to complete tibial tunnel drilling [9]. This suggests that utilizing bone-sparing surgical
techniques may partially mitigate the structural risks of accelerated rehabilitation.

Nursing Impact: Nurse-led education programs were found to be a powerful tool for improving
adherence. In a prospective cohort, patients who adhered to home exercise programs (facilitated by
nursing education) had significantly better functional outcomes [6]. Furthermore, nursing
interventions targeting anxiety and kinesiophobia were crucial for the psychological readiness to
return to sport [22].

The Integrated ‘Safety Net’ Care Model
THE ~ Advanced Surgical |

THE [ MANAGING THE FUNCTIONAL-BIOLOGICAL MISMATCH

p J

Figure 2: The Integrated "Safety Net" Care Model
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Quality of Evidence
The methodological quality of the included studies was generally moderate.

e RCTs: Risk of Bias (RoB 2.0) assessment indicated low risk for randomization and missing outcome
data but some concerns regarding blinding (performance bias), which is inherent to physiotherapy
trials.

e Observational Studies: MINORS scores were acceptable, though many MRI studies were limited by
small sample sizes and lack of control groups.

e Rehabilitation Reporting: MCMS scores revealed that many studies incompletely described the
specific rehabilitation exercises, making replication difficult [18].

VI. Discussion
Interpretation of Findings: The Functional-Biological Mismatch

The most significant insight from this review is the identification of a "Functional-Biological Mismatch."
Accelerated rehabilitation protocols successfully speed up the neuromuscular recovery of the patient—
restoring gait, strength, and confidence (Lysholm scores) rapidly. However, the biological process of graft
ligamentization (as seen on MRI) remains a fixed physiological constant, peaking in immaturity at 6 months
regardless of the therapy.

The fact that accelerated groups show increased laxity and tunnel widening suggests that the graft is being
mechanically overloaded during its remodeling phase. The graft is "stretching” (plastic deformation) even
if it is not failing. Yet, patients report feeling excellent. This is the danger zone: the patient feels ready
(functional success), but the knee is structurally vulnerable (biological immaturity).

Clinical Significance and Implications

e For Clinical Practice: The data strongly suggests that return-to-sport decisions should not be based
solely on time or even subjective functional scores (like Lysholm). Instead, a battery of tests including
MRI (to check for graft volume and edema resolution) and instrumental laxity testing is needed.

e For Nursing Care: The role of the nurse is to act as the "brake" in the accelerated system. While
physios push for strength, nurses must educate patients on the invisible biological healing process
(ligamentization) to ensure they respect the limitations even when they feel no pain. This education
improves adherence to the "safe zones" of rehab.

e Surgical Considerations: Surgeons opting for accelerated rehab should consider "all-inside"
techniques or grafts with larger cross-sectional areas (volumes) to withstand the early mechanical
demands.

Cost-Effectiveness and Policy

From an economic perspective, accelerated rehabilitation offers distinct advantages by reducing time off
work and the direct costs of prolonged physiotherapy [16]. Studies suggest that early effective management
is "dominant" (lower cost, higher effectiveness) compared to delayed strategies that may result in secondary
meniscal injuries [23]. However, this economic benefit holds only if the long-term revision rate remains
low. If the increased laxity observed in accelerated groups leads to higher rates of osteoarthritis in 10-20
years, the long-term cost may be higher.

Strengths and Limitations

e Strengths: This review uniquely integrates the disparate fields of surgery, imaging, and nursing,
providing a more holistic view of recovery than single-domain reviews. The use of rigorous quality
assessment tools strengthens the validity of the conclusions.

e Limitations: The heterogeneity of "accelerated" protocols (definitions vary widely) limits the ability
to perform a meta-analysis on all outcomes. Additionally, MRI signal intensity is a surrogate marker;
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we cannot biopsy human grafts to confirm the exact histological stage of healing.

Directions for Future Research

1. Long-Term Longitudinal Studies: Research is needed to track the "lax" knees from accelerated
protocols over 10-20 years to see if they develop osteoarthritis faster than "tight" knees from
conservative protocols.

2. Biomarker Validation: Further research should validate if MRI graft volume is indeed a superior
predictor of failure load than signal intensity.

3. Psychological-Biological Link: Studies exploring how psychological readiness (confidence)
interacts with biological loading—do confident patients load their grafts more safely or more
recklessly?

VII. Conclusion

This systematic review provides a comprehensive analysis of the correlation between post-surgical MRI
findings and functional recovery following ACL reconstruction. The evidence supports the conclusion that
Intervention 1 (Accelerated/Integrated Care) is superior to Intervention 2 (Standard Care) in terms of short-
term functional recovery, patient satisfaction, and return to daily activities. However, this functional
acceleration comes with a measurable structural trade-off: increased knee laxity and bone tunnel widening.

Crucially, MRI analysis reveals that the graft remains biologically immature and hyperintense for at least
6-12 months, creating a "mismatch" where functional capacity exceeds structural strength. The lack of
correlation between MRI signal intensity and functional scores implies that neuromuscular compensation
can mask structural deficits, highlighting the need for objective mechanical testing.

The implications for clinical practice are clear: the "accelerated" approach is viable but requires a safety
net. This safety net is provided by advanced surgical techniques (all-inside repair to preserve bone),
monitoring of graft volume on MRI, and, most importantly, enhanced nursing care. Nurse-led education
ensures that patients understand the biological vulnerability of their graft, fostering adherence to restrictions
that protect the knee during the critical remodeling phase. Ultimately, the goal of ACL management should
be to align the functional recovery curve with the biological healing curve, ensuring that the speed of
recovery does not compromise the longevity of the joint.
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