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INTRODUCTION: Prior research found an association between coronal knee alignment and femoral condyle bone mineral density (BMD).1 The primary 
study aim was to assess the association between knee alignment and bone mineral density (BMD) for both the entire distal femoral and proximal tibial 
epiphyseal regions using CT Hounsfield Units (HU) and compare medial-to-lateral ratio (MLR) between knee alignment groups. The secondary aim was to 
assess the association between sex and other demographics on regional BMD in relation to coronal knee alignment. 
 
METHODS: After Institutional Review Board, 312 individuals were included (mean age 66.5, SD 9.3; 50.6% females). A search was conducted from 
2008–2025 for patients with non-contrast knee-CT and anteroposterior standing long-leg radiographs. Individuals with femur or tibia fracture or surgery 
history or known metabolic bone disease other than osteopenia and osteoporosis were excluded. Mean trabecular bone CT-HU were measured for six regions 
for calculation of MLR: medial femoral condyle (MFC), lateral femoral condyle (LFC), entire distal femur epiphysis (DFE), medial tibial plateau (MTP), 
lateral tibial plateau (LTP), and entire proximal tibial epiphysis (PTE). HU measurements excluded the subchondral plate, visible sclerotic bone margins or 
bone cysts; (Fig. 1). Combined-MLR was also calculated (MFC+MTP to LFC+LTP ratio). Knee alignment was measured and cases categorized: (1) major 
varus (≤170º), (2) varus (>170º, <178º), (3) neutral (178–182º), (4) valgus (>182º, <190º), and (5) major valgus (≥190º). Statistical analysis was performed 
using SPSS (v29.0.2.0; IBM, Armonk, NY). Data were tested for normal distribution (Shapiro-Wilk test). Correlation coefficients were calculated to assess 
association between variables. An independent Samples T-test or ANOVA test was used to analyze normally distributed continuous variables and a Mann-
Whitney U test or Kruskal-Wallis test for nonparametric data. A p-value of <0.05 was considered statistically significant. 
  
RESULTS: Overall, 18.3% had neutral alignment, 53.5% varus, 17.0% major varus, 10.6% valgus, and 0.6% major valgus (Table 1). Overall, in 88.5%, 
LFC had higher BMD than MFC (p<0.001), and in 92.9% MTP higher BMD than LTP (p<0.001). In neutral knees, BMD was 20.4% lower for MFC vs, 
LFC (p=0.002), and 23.5% lower for LTP vs. MTP (p=0.002). Increasing valgus alignment correlated with decreasing MLR based on HKAA and MLR 
correlations (DFE: Pearson r=-0.459, p<0.001; PTE: r=-0.322, p<0.001). Overall, DFE was found to have 28.4% higher mean BMD than PTE (mean HU: 
191.4 vs. 137.1; p<0.001). Moderate positive correlations were found between bodyweight and HU for all medial and lateral regions (MFC: r=0.280, LFC: 
r=0.314, MTP: r=0.238, LTP: r=0.313; p<0.001). Median HKAA for females was 176.9º (173.1-180.6º) vs. for males 173.1º (170.6-176.2º), with males 
having more overall varus deformity (p<0.001). Significant MLR differences were found between alignment groups (p<0.05; Table 2), and especially for 
females when stratified by sex. More statistically significant differences were observed for females vs. males between alignment groups for the DFE-MLR, 
PTE-MLR and combined-MLR (MFC+MTP to LFC+LTP). 
 
DISCUSSION: Increasing valgus was associated with decreasing distal femur and proximal tibia MLR. The correlation between HKAA and combined-
MLR were stronger for females than males and more statistically significant differences were observed for females between alignment groups and MLR.  
 
SIGNIFICANCE/CLINICAL RELEVANCE: These findings may suggest medial-to-lateral BMD is more susceptible to alignment variation in females 
compared to males. Overall, higher BMD was found for DFE than PTE. Regional deficits were common and may have surgical implications. 
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