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Patellofemoral osteoarthritis (PFOA) presents a persistent challenge for clinicians, often progressing 

unpredictably and leading to significant pain and functional impairment. Identifying patients at higher risk 

for specific patterns of cartilage degradation could allow for more targeted interventions, potentially delaying 

disease progression or informing surgical planning.

The question of why some individuals develop more severe or distinct patterns of cartilage loss than others 

has long puzzled rheumatologists and orthopaedic surgeons. Emerging evidence points to the underlying bony 

architecture of the patellofemoral joint itself as a critical determinant, suggesting that anatomical variations are 

not merely incidental findings but active contributors to disease pathology.

K E Y  TA K E AWAY S

º The Pivot: Patellofemoral joint morphology, specifically trochlear and patellar characteristics, directly 

influences cartilage damage patterns in OA.

º The Data: Specific anatomical features, such as trochlear depth and patellar tilt, correlate with distinct 

regions of cartilage loss.

º The Action: Clinicians should consider detailed anatomical assessment, possibly via MRI, to better predict 

disease progression and tailor management strategies for PFOA.

Patellofemoral osteoarthritis, a common cause of anterior knee pain, often sees its onset and progression influenced by 

mechanical factors. The interaction between the patella and the trochlear groove of the femur dictates joint mechanics, 

and deviations from typical anatomy can impose abnormal stress distributions across the articular cartilage. This 

mechanical loading, over time, contributes to the initiation and acceleration of cartilage degeneration, leading to the 

characteristic pain and stiffness of PFOA.

Understanding these anatomical predispositions moves beyond simply diagnosing PFOA to identifying specific 

vulnerabilities within the joint. This shift allows for a more granular approach to patient stratification, moving away from 

a one-size-fits-all model of management. The goal is to pinpoint which patients will develop medial patellar cartilage 

loss, for example, versus those who will experience lateral trochlear erosion, based on their inherent joint structure.

The Anatomical Blueprint of Damage
The morphology of the trochlear groove, the femoral component of the patellofemoral joint, plays a substantial role in 

guiding patellar tracking. A shallow trochlear groove, for instance, provides less bony constraint, allowing for greater 

patellar excursion and potentially increasing shear forces on the cartilage. Conversely, a deeper or dysplastic trochlea 
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can lead to impingement or altered contact pressures, particularly during knee flexion.

Specific measurements of trochlear morphology, such as trochlear depth and the lateral trochlear inclination, correlate 

with distinct patterns of cartilage damage. A reduced trochlear depth, indicating a flatter groove, often associates with 

more diffuse cartilage loss across the patella and trochlea. But a steeper lateral trochlear inclination, which can predispose 

to lateral patellar subluxation, frequently aligns with isolated lateral patellar and trochlear cartilage lesions.

The patella itself also contributes to this anatomical blueprint. Patellar tilt, an angular measurement reflecting the 

orientation of the patella relative to the femoral condyles, directly influences the contact area and pressure distribution 

within the joint. An increased lateral patellar tilt, a common finding in PFOA, concentrates stress on the lateral patellar 

facet and the corresponding lateral trochlear cartilage. This concentrated stress accelerates cartilage breakdown in these 

specific regions.

Patellar alta, a high-riding patella, and patellar baja, a low-riding patella, also alter patellofemoral mechanics. Patellar 

alta can lead to delayed engagement of the patella with the trochlear groove, increasing stress on the inferior patellar 

pole and superior trochlea during early flexion. Patellar baja, on the other hand, can cause impingement in deep flexion, 

stressing the superior patellar pole and inferior trochlea. These variations are not merely descriptive; they predict where 

the cartilage will fail first.

Mapping Cartilage Loss to Bony Features
Advanced imaging techniques, particularly magnetic resonance imaging (MRI), allow for detailed assessment of both 

bony morphology and cartilage integrity. Quantitative MRI can measure cartilage thickness and volume, providing 

objective metrics of damage. When these measurements are correlated with precise anatomical parameters derived from 

the same scans, a clear picture emerges: specific bony configurations consistently predict specific patterns of cartilage 

loss.

For example, patients with a smaller trochlear facet ratio, indicating a relatively smaller lateral trochlear facet, 

often present with more severe cartilage damage on the medial patellar facet. This suggests that an imbalance in 

trochlear constraint shifts load distribution medially, accelerating degeneration in that area. Similarly, a greater patellar 

lateralisation, where the patella sits more laterally in the trochlear groove, strongly correlates with increased cartilage 

signal abnormalities and thinning on the lateral patellar and trochlear surfaces.

These correlations are not simply statistical curiosities. They represent a fundamental biomechanical principle: abnormal 

joint loading, driven by aberrant anatomy, leads to predictable patterns of tissue failure. The cartilage, a viscoelastic 

material, responds to chronic overload by softening, fraying, and eventually eroding. The location of this erosion is not 

random; it is a direct consequence of where the forces are highest and most persistent.

The clinical utility of these anatomical insights lies in their potential to inform prognosis and treatment. If a patient 

presents with a specific anatomical predisposition, such as a severely dysplastic trochlea, clinicians can anticipate a 

more aggressive course of PFOA with particular areas of cartilage vulnerability. This foresight could guide decisions 

regarding activity modification, physical therapy, and even surgical interventions aimed at correcting the underlying 

biomechanical imbalance.

Implications for Intervention
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The recognition that anatomy drives damage patterns opens avenues for preventative or targeted interventions. For 

patients with identified anatomical risk factors but minimal cartilage damage, early interventions might focus on 

strengthening specific muscle groups to improve patellar tracking and reduce abnormal loading. This could involve 

quadriceps strengthening, particularly the vastus medialis obliquus, to counteract lateral patellar pull.

In cases where cartilage damage is already present, anatomical insights can guide surgical approaches. For instance, 

a patient with significant lateral patellar tilt and corresponding lateral cartilage loss might benefit from a lateral 

retinacular release to reduce lateral tension and improve patellar alignment. A trochleoplasty, a surgical procedure to 

deepen or reshape the trochlear groove, could be considered for severe trochlear dysplasia to enhance patellar stability 

and normalise contact pressures. The Oxford Handbook of Rheumatology provides further detail on these surgical 

considerations.

But the challenge remains in translating these anatomical correlations into precise, individualised treatment algorithms. 

While the associations are clear, the exact thresholds for intervention based on anatomical measurements are still under 

investigation. The degree of trochlear dysplasia or patellar tilt that warrants surgical correction versus conservative 

management is not yet universally defined, requiring careful clinical judgment alongside imaging findings.

The open-label nature of many observational studies in this area is an obvious caveat. While anatomical measurements are 

objective, the assessment of cartilage damage can still involve a degree of subjective interpretation, even with quantitative 

MRI. Future research needs to focus on prospective studies that track patients with specific anatomical features over 

time, correlating these features with the longitudinal progression of cartilage damage and clinical outcomes. This will 

provide stronger evidence for causality and the predictive power of anatomical markers.

The trial was not powered to detect differences in very specific anatomical subgroups, and that gap matters. While broad 

correlations exist, the nuances of how multiple anatomical factors interact to produce a unique damage pattern require 

larger, more granular studies. A patient might have a shallow trochlea but also a well-developed medial patellar facet, 

potentially mitigating some of the expected damage. These complex interactions need to be unravelled.

Ultimately, the goal is to move towards a predictive model for PFOA, where a patient's unique patellofemoral anatomy 

serves as a key input. This would allow clinicians to not only diagnose the condition but also to forecast its likely trajectory 

and to select the most appropriate, personalised intervention. The next step involves validating these anatomical markers 

in large, diverse cohorts and establishing clear, evidence-based guidelines for their clinical application.

CLINICAL IMPLICATIONS

The direct link between patellofemoral anatomy and the specific patterns of cartilage damage in OA offers a 

powerful tool for clinicians. We can move beyond simply diagnosing 'knee pain' to understanding the underlying 

biomechanical vulnerabilities driving a patient's pathology. This precision allows for a more proactive approach, 

identifying at-risk areas before extensive damage occurs.

For orthopaedic surgeons and rheumatologists, detailed imaging of the patellofemoral joint should become 

standard practice, not just for diagnosis but for prognostic assessment. Knowing that a patient's shallow 

trochlea predisposes them to medial patellar erosion, for example, informs both conservative management 

strategies and the timing and type of potential surgical intervention. This is about tailoring treatment to the 

individual joint, not just the individual patient.
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But the challenge lies in standardising these anatomical measurements and integrating them into routine 

clinical workflows. While MRI provides the necessary detail, interpreting these complex anatomical 

relationships requires expertise. Training clinicians to recognise and quantify these predictive features will be 

essential for widespread adoption.

The industry needs to develop more sophisticated imaging analysis tools that can automatically quantify these 

anatomical parameters and correlate them with cartilage health. This would streamline the process, making 

these insights more accessible to busy practitioners. The ultimate aim is to equip clinicians with the ability to 

predict, rather than merely react to, the progression of patellofemoral OA.
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