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Introduction: Following a patella dislocation event, the patella can remain unstable, leading to patellofemoral instability (PI). There are various anatomic risk factors for PI that help guide surgical treatment including the tibial tubercle to trochlear groove (TT-TG) distance. A tibial tubercle-trochlear groove (TT-TG) distance of 20 mm is typically used when determining whether tibial tubercle anteromedialization (AMZ) is needed for PI surgical treatment. TT-TG distance, however, may depend on the internal/external (IE) rotation of the tibia, which is typically not controlled for. Without knowledge of the variability in an individual’s TT-TG based on knee joint IE rotation, the use of a specific distance during pre-operative planning for PI may lead to incorrect decisions on the use of tibial tubercle AMZ. To the authors knowledge, no study has analyzed the temporal changes in TT-TG prior to any surgical intervention. This study, therefore, sought to understand the variations in TT-TG for pediatric patients suffering from PI prior to any surgical intervention. Additionally, this study sought to determine TT-TG in cadaveric knees at varying degrees of knee joint IE rotation. The authors hypothesized that the TT-TG would not substantially change between timepoints, and that knee joint IE rotation is related to the TT-TG distance. 


Methods: Patients undergoing medial patellofemoral ligament (MPFL) reconstruction using CPT code 27427 between January 1, 2014 and December 31, 2019 by one of two orthopedic surgeons were identified. Patients were included if they 1) had two pre-operative MRIs performed of the same knee within 8 months of each other prior to any surgical intervention and 2) had an initial TT-TG between 10 mm and 20 mm. Exclusion criteria were previous ipsilateral knee surgery or planned MPFL reconstruction with tibial tubercle osteotomy. Initial and subsequent TT-TG measurements were compared using paired-samples t-tests with two-tailed statistical significance set at p ≤0.05. Additionally, in a separate portion of this study, a total of 8 human cadaveric knee specimens (age: 32±6; 4 males, 4 females) were utilized. A robotic manipulator (ZX165U, Kawasaki Robotics, Wixom, MI, USA) instrumented with a universal force/moment sensor was used to determine knee joint internal/external (IE) rotation under applied moments of ±5Nm at full extension. Two independent reviewers selected the trochlear groove and tibial tuberosity points on CT images of each specimen to define TT-TG (ICC=0.969). To determine the influence of knee joint IE rotation on TT-TG, 3D models generated from CT scans were registered to tibiofemoral kinematics. Subsequently, linear regression was performed to determine the relationship between knee joint IE rotation and TT-TG. Regression coefficient and standard error of measurement (α=0.05), and coefficient of determination (r2) were reported.  


Results: After considering 251 patients for inclusion, 26 patients met inclusion criteria and were analyzed to determine if TT-TG changed between sequential MRIs prior to surgical intervention. The mean age of the cohort was 14.5±2.4 years and 42.3% were male. TT-TG was initially noted to be 15.3±1.8 mm. At mean time between sequential MRI’s of 4.8±1.9 months, TT-TG was noted to be 17.1±3.5 mm. The differences between initial and subsequent TT-TG ranged from a 21% decrease to a 61% increase, with a mean difference of a 12.1% increase.  Comparison between initial and subsequent TT-TG values demonstrated a significant difference (p=0.006). Furthermore, in the cadaveric portion of the study, the range of motion for all cadaveric specimens averaged 11.5±1.5 degrees of internal rotation and 11.5±3.0 degrees of external rotation in full extension for a total range of 23±4.2 degrees. TT-TG changed by 12.1±2.8 mm over this range. For every degree of knee joint IE rotation, TT-TG changed by 0.52±0.07 mm (p<0.001 and r2>0.987).


Conclusion: At a mean time between sequential MRIs of 4.8 months before surgical intervention, variations in TT-TG ranged from a decrease of 21% to an increase of 61%. These findings suggest that TT-TG measurements may vary in patients on sequential MRIs and could be due to variations in tibiofemoral rotation during imaging. Surgeons should be aware of these variations when planning surgical correction for patellar instability. Moreover, the cadaveric part of this study displayed that TT-TG was highly dependent on knee joint IE rotation changing by 0.52 mm for every degree of knee joint IE rotation. Thus, an offset in IE rotation of 10° would lead to a change in TT-TG of 5.2 mm, enough to alter surgical decision making for or against tibial tubercle AMZ.  Physicians should pay close attention to knee joint IE rotation when measuring TT-TG in their patients, specifically in patients found to have a TT-TG near 20 mm.











