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ABSTRACT. The structural complexity and biomechanical vulnerability of the knee
joint necessitate unparalleled diagnostic precision to guide orthopedic interventions.
This cross-sectional radiological study critically reevaluates the diagnostic validity of
high-frequency ultrasonography (US) against magnetic resonance imaging (MRI) in
characterizing articular lesions. Analyzing a clinical cohort of 145 patients prior to
arthroscopic surgery, the research quantifies tissue-specific visualization parameters.
Empirical data demonstrate that US provides exceptional morphological clarity for
peripheral structures, achieving a sensitivity of 93.1% for collateral ligament tears and
100% for superficial bursal fluid collections. Conversely, acoustic impedance severely
restricts sonographic evaluation of deep intra-articular spaces. MRI demonstrated 97.4%
sensitivity for anterior cruciate ligament ruptures and 95.2% for complex meniscal tears,
alongside detecting subchondral bone marrow edema. The dynamics of these results
indicate that diagnostic accuracy is strictly anatomically dependent. Implementing a
stratified, zone-based imaging protocol minimizes diagnostic delays and prevents the
overutilization of high-field scanners for exclusively extra-articular pathologies.
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INTRODUCTION

The knee joint functions as the primary weight-bearing hinge of the musculoskeletal
system, relying on the synergistic stability of ligaments, fibrocartilaginous menisci, and
tendinous insertions. Disruptions to this biomechanical equilibrium, predominantly
induced by sports trauma or degenerative arthropathy, mandate rapid morphological
assessment. Clinical evaluation is frequently compromised by acute hematoma and
muscle spasms, driving the necessity for advanced radiological imaging.
Contemporary literature highlights a critical dilemma in regional trauma centers.
Universal reliance on MRI as the ultimate diagnostic standard has precipitated
procedural backlogs and elevated healthcare expenditures. Parallel to this, the rapid
technological evolution of high-frequency US has expanded its diagnostic horizon well
beyond simple fluid detection. The objective of this investigation is to quantitatively
map the diagnostic thresholds of US and MRI across varying depths of knee joint tissues.
Establishing a definitive correlation between radiological signals and actual arthroscopic
pathology allows for the formulation of an optimized imaging triage system.
MATERIALS AND METHODS. A prospective analytical study was conducted at the
Andijan State Medical Institute, incorporating 145 adult patients (82 males, 63 females;
median age 36.4 years) from February 2023 to April 2024. Inclusion parameters required
documented clinical suspicion of meniscal, ligamentous, or tendinous injuries,
accompanied by a scheduled arthroscopy within 14 days of initial evaluation. Patients
with ferromagnetic implants or massive comminuted fractures were excluded.
Ultrasonographic scanning utilized a 10-15 MHz multifrequency linear array transducer,
integrating dynamic sonographic maneuvers (valgus and varus stress tests) to assess
real-time capsuloligamentous laxity. Subsequent MRI was performed using a 1.5 Tesla
superconducting magnet with an 8-channel knee coil. Sequences included T1-weighted,

T2-weighted, and STIR in three orthogonal planes (slice thickness 3.0 mm).

227

@ http://globalconferencehub.org




Global Conference Hub

INTERNATIONAL MULTIDISCIPLINARY

SCIENCE CONFERENCE
VOLUME-1, ISSUE-4, 2026

Diagnostic arthroscopy served as the absolute reference standard. Statistical processing
was executed using SPSS 27.0. The McNemar test evaluated discrepancies between
Imaging modalities, with significance defined at p < 0.05 and a 95 percent confidence
interval.

RESULTS. Surgical arthroscopy confirmed 68 anterior cruciate ligament (ACL)
injuries, 82 medial meniscus tears, 35 lateral meniscus lesions, and 44 collateral
ligament sprains. Analytical outcomes heavily underscore the depth-dependent efficacy
of diagnostic modalities. For superficial structures like the medial collateral ligament
(MCL), US exhibited metrics statistically indistinguishable from MRI, identifying fiber
discontinuity with 93.1% sensitivity and 96.5% specificity. Real-time sonographic
compression allowed precise differentiation between complex Baker's cysts and
popliteal aneurysms in 100% of cases.

Conversely, evaluating the central pivot shift complex exposed the limitations of
acoustic imaging. US yielded a poor direct sensitivity of 38.2% for ACL ruptures,
relying entirely on indirect hematoma visualization. MRI demonstrated overwhelming
superiority in this anatomical zone, achieving an ACL tear detection sensitivity of 98.5%
and a specificity of 97.2% (p < 0.001 relative to US).

Meniscal evaluations presented a bifurcated reality. US successfully mapped peripheral
longitudinal tears but failed to resolve horizontal cleavage and deep radial lesions due
to acoustic shadowing. MRI maintained a rigid sensitivity of 95.2% across all meniscal
zones and uniquely visualized occult subchondral bone marrow edema in 41 patients.
DISCUSSION. The profound disparities in diagnostic accuracy are intrinsically tied to
the biophysical mechanisms governing each technology. High-frequency sound waves
provide sub-millimeter spatial resolution for superficial soft tissues and grant immediate
functional data regarding ligamentous competence through active transducer pressure.

However, ultrasound energy is almost entirely reflected at the bone-cartilage interface,
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creating an acoustic blind spot over the intercondylar notch. Current empirical data
perfectly align with the structural advantages of MRI. The chemical shift physics
inherent in MRI allows fluid-sensitive sequences to vividly highlight intrasubstance
degenerative processes long before macroscopic physical tearing occurs. Bypassing
ultrasonography entirely leads to the gross misallocation of high-field MRI time for
superficial pathologies that can be accurately diagnosed sonographically within minutes.
SCIENTIFIC NOVELTY AND PRACTICAL SIGNIFICANCE. This investigation
provides the first mathematically validated, comparative radiological mapping of knee
joint trauma specific to the clinical demographic of the Andijan region. The practical
outcome is the proposition of a "Zone-Based Imaging Triage Model." Patients
presenting with localized superficial point tenderness must undergo high-frequency
ultrasonography primarily. MRI should be strictly reserved as a secondary line of
investigation for deep mechanical symptoms or equivocal initial sonographic findings.
CONCLUSION. Morphological assessment of the traumatized knee joint requires a
sophisticated, bi-modal radiological approach. Empirical evidence solidifies MRI as the
undisputed gold standard for mapping deep intra-articular derangements, including
complex meniscal tears and cruciate ligament ruptures. Simultaneously, high-resolution
ultrasonography retains extreme diagnostic potency for the dynamic evaluation of the
extra-articular tendoligamentous apparatus. Institutional implementation of a stratified,
anatomy-driven diagnostic algorithm drastically enhances operational efficiency,
ensuring appropriate imaging technology is matched precisely to the suspected
pathological depth.
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