
Relating Effusion Size to Patellofemoral Cartilage T1ρ Relaxation Times Following Lateral Patellar Dislocation 
 

1
Cole R. Shafer, 

1
John J. Elias, 

2
Anthony N. Baumann, 

3
Richard Lartey, 

3
Mei Li, 

3
Lutul D. Farrow, 

3
Xiaojuan Li 

1
Cleveland Clinic Akron General, Akron, OH, 

2
Northeast Ohio Medical University, Rootstown, OH, 

3
Cleveland Clinic, Cleveland, OH 

Email of Presenting Author: shaferc@ccf.org 

 

Disclosures: Cole Shafer (N), John Elias (N), Anthony Baumann (N), Richard Lartey (N), Mei Li (N), Lutul Farrow (N), Xiaojuan Li (N) 
 

INTRODUCTION: A lateral patellar dislocation is a traumatic event associated with osteochondral injury and a high risk of post-traumatic osteoarthritis  

(PTOA) [1]. Joint effusion is common following patellar dislocation. Joint effusion can indicate a high energy dislocation with a large impact.  Joint effusion 

is also related to the inflammatory response to injury  [2]. The current study was performed to determine if the size of the effusion following patellar 

dislocation can be considered a biomarker of injury to cartilage following an initial patellar dislocation . Relating effusion size to cartilage degradation would 
help identify patients at greatest risk of progressive cartilage degradation to  PTOA and help clarify mechanisms responsible for cartilage degradation. 

 

METHODS: The IRB-approved study included 22 patients being treated for a first-time patellar dislocation 

(22 ± 8 years, 12 females).  Effusion size was evaluated from the first MRI scan following patellar dislocation 
(15 ± 11 days following injury) based on T2 fat saturated images  in the axial plane. Effusions were identified 

as hyperintense fluid collection emanating from the patellofemoral joint. The slice with the largest effusion 

area was identified. The perimeter of the effusion was traced for automated measurement of area (Fig. 1). 

 

Cartilage properties were quantified from MRI-based (3T) T1ρ relaxation times. Long T1ρ relaxation times 
indicate a low concentration of proteoglycans within cartilage. Cartilage was evaluated during the acute phase 

of injury (3 to 150 days, average = 53 ± 37 days). To date, follow up evaluation of cartilage properties has 

been performed for 12 subjects at least five months following the first evaluation (average = 244 ± 53 days). 

Using automated deep learning algorithms, cartilage was segmented from a 3D fat saturated Dual Echo Steady 
State (DESS) scan (slice thickness of 0.7 mm) and separated into compartments representing the medial and 

lateral femoral condyle, medial and lateral tibial plateau, and medial, lateral and central trochlear groove and 

patella. T1ρ relaxation times (fat saturated scan, slice thickness = 4 mm, spin lock times = 0, 10, 30, and 70 

ms, spin-lock frequency = 500 Hz) were quantified throughout the cartilage [3]. To map T1ρ relaxation times 

to the cartilage [3], images from the DESS scan were rigidly registered with the first echo of the T1ρ images. 

Following non-rigid registration between the first echo and a template mask covering the knee joint, the 

resulting transformation was applied to a rigid registration of the later echoes of the T1ρ images to the first 

echo. The T1ρ times were fit to cartilage pixel by pixel by relating image signal to exponential decay based on 
time of spin lock to T1ρ relaxation time. T1ρ relaxation times were averaged for each compartment. Linear 

regressions were performed to relate T1ρ relaxation times to maximum effusion area. Regressions were 

performed for each region for both the acute phase of injury and follow up evaluations. Statistical significance 

was set at p < 0.05. 
 

RESULTS SECTION: T1ρ relaxation time tended to increase as the maximum effusion area increased. In the 

acute phase following injury, the regression was significant for cartilage on the medial patella , at the medial 

trochlear groove, at the lateral femoral condyle and medial femoral condyle (Table 1). Beyond the acute phase 
of injury, no significant regressions were identified. 

 

DISCUSSION: The results indicate that effusion in the acute phase following patella dislocation is an 

indicator of early cartilage degradation.  At the medial patella, effusion size is likely an indicator of direct 
trauma to cartilage due to impact against the lateral femoral condyle.  The medial patella shows the highest 

level of cartilage degradation compared to controls , based on T1ρ relaxation times, in the acute phase 

following a patellar dislocation [3]. Positive correlations between effusion size and T1ρ relaxation 

times for other regions may indicate a mechanism other than traumatic impact also relates effusion to 
early cartilage degradation, such as an inflammatory response to traumatic injury creating an adverse 

biochemical environment for cartilage [4].  

 

Effusion size was not an indicator of cartilage properties for the follow up evaluations. At the medial 
patella, cartilage recovery in the first few months after a first dislocation [3] likely weakened the 

relationship between effusion area and T1ρ relaxation times . Inflammatory conditions influencing 

cartilage may also decrease over time, weakening the relationship between effusion area and T1ρ  

relaxation times for other regions of cartilage. The sample size limitations due to ongoing follow up 

and image processing limited the analysis at the follow up time point. Assessing effusion size based on 
maximum area in a slice may have been another limitation, as the full volume frequently expanded beyond the MRI field of view.  

 

SIGNIFICANCE/CLINICAL RELEVANCE: Increasing knee effusion size following initial patellar dislocation is associated with early cartilage 

degradation within multiple regions of the affected knee. The relationship between effusion size and properties of the cartilage matrix may be related to a 
high energy injury and traumatic impact producing a large effusion. A large effusion could also introduce inflammatory byprod ucts to the joint that 

adversely influence cartilage. While ongoing follow up is needed, relationships between effusion size and cartilage properties seem to weaken with time 

following dislocation, indicating other factors may be more influential in determining the risk of future PTOA. Ongoing assessment of factors influencing 

early cartilage degradation is needed to determine the primary mechanisms of progressive cartilage degradation to PTOA following patellar dislocation and 

identify patients at highest risk of PTOA. 
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Figure 1: Measurement of effusion area. 

Table 1: Significant linear regressions relating 

increasing effusion area to increasing T1ρ 
relaxation time in the acute phase of injury. 

 r
2
 p-value 

Medial Patella 0.19 0.044 

Medial Trochlear Groove 0.22 0.029 

Lateral Femur 0.23 0.024 

Medial Femur 0.20 0.036 

 

 
Figure 2: T1ρ relaxation times mapped to 

cartilage. 
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