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INTRODUCTION 
Patellofemoral (PF) pain is a common biomechanical 
disorder accounting for 25-32% of all visits to sports 
medicine clinics [1]. Altered PF kinematics, or patellar 
maltracking, is believed to be one potential source of PF pain 
[2]. Although PF maltracking can be defined using 
techniques such as cine-PC MRI, dynamic measures of PF 
kinematics are not always readily obtainable clinically. Thus, 
surrogates such as Q-angle, the 2D acute angle between two 
vectors extending from the anterior patella to the insertion of 
the rectus femoris and tibial tuberosity, have been developed 
to help diagnose patients with PF pain syndrome (PFPS). A 
large Q-angle is thought to indicate an increased lateral pull 
on the patella, leading to excessive lateral PF translation. 
Although the Q-angle is well established, only one study has 
correlated it with patellar kinematics in a group of patients 
with PFPS [2]. Surprisingly, Q-angle was reported to be 
correlated with medial, not lateral PF translation. Thus, the 
purpose of this study was to develop an MR-based measure 
of Q-angle and determine if either this Q-angle, the standard 
clinical Q-angle, or specific static PF alignment measures 
(Figure 1) correlate with dynamic PF kinematics in both 
patients with PFPS and asymptomatic controls.  
 
 
METHODS 
Two cohorts were recruited for this study. The first included 
volunteers diagnosed with PFPS and suspected patellar 
maltracking. To be included in this cohort, each knee had to 
be clinically diagnosed with PFPS with symptoms present 
for 1 year or longer. A physical therapist examined each 
knee for evidence of maltracking: (1) Q-angle = 15º or 
greater; (2) a positive apprehension test; (3) patellar lateral 
hypermobility = 10 mm or greater; or (4) a positive J-sign. 
Any knee that did not exhibit one or more of these four 
criterions was excluded. Additional exclusion criteria were 
(1) prior knee surgery; (2) ligament, meniscus, iliotibial 
band, or cartilage damage; (3) other lower leg disorder or 
injury; and (4) traumatic onset of PFPS. In total, 13 knees 
from 9 volunteers diagnosed with PF pain were included in 
the final patient cohort (8M/5F, 24.9 ± 11.8 years, 58.9 ± 8.9 
kg, 167.0 ± 3.1 cm). The second cohort was an asymptomatic 
population, consisting of 23 knees from 23 subjects 
(11M/12F, 27.0 ± 8.8 years, 63.2 ± 12.3 kg, 165.1 ± 11.7 
cm). To be enrolled as an asymptomatic volunteer, subjects 
were required to have no history of lower leg abnormality, 
surgery, or major injury. No significant differences in 
demographics existed between cohorts. 
 
The clinical Q-angle was measured with the leg in an 
anatomical neutral position with the quadriceps relaxed. 

Subjects were placed in the same position within a 3T MRI 
(Philips Electronics, Eindhoven, Netherlands) with the knee 
centered in a 6-channel knee coil. Axial T1-weighted high 
resolution (1mm3) 3D GRE images were acquired from just 
distal to the tibial tuberosity to just proximal to the rectus 
femoris myotendinous junction.  An anatomical coordinate 
system was defined for each subject and all static alignment 
measures were derived relative to this coordinate system 
(Figure 1). Dynamic scanning took place during the same 
session, but the knee was placed between a pair of flex coils, 
stabilized by a customized coil holder. A cushioned wedge 
was placed under the thigh, enabling the subjects to actively 
extend and flex their leg from ~45o flexion to terminal 
extension, guided by an auditory metronome, for ~2.0 
minutes. During cyclical movement, dynamic MR (cine-PC) 
images were acquired (sagittal-oblique plane, x, y, z, velocity 
and anatomic images over 24 time frames). Three-
dimensional PF displacements and rotations were derived 
through integration with reported accuracy of 0.36 mm [3]. 
Using a Pearson’s correlation, static alignment measures 
were correlated with dynamic PF kinematics at 10º of knee 

(A) 

 
(B) 

 
Figure 1: (A) MR Q-angle was defined as the acute angle 
between the two vectors extending from the PA to the RF 
and TT, as projected into the coronal planes. The anatomical 
planes and distance measures were relative to the femoral 
coordinate system (fx defined as the posterior edge of the 
femur in the axial image at the level of the epicondylar width 
~fy bisected the distal femoral shaft, fz = fx x fy and fy = fz 
x fx) (B) Static MR measures of PF alignment. Left image = 
Bisect Offset, middle image = lateral patellar displacement 
(the distance from Fo to Po along fx and right image = 
patellar tilt angle). 
 



flexion. The repeatability of all static measures was 
determined through intra- and inter-class correlations (ICCs). 
 
 
RESULTS AND DISCUSSION 
The clinical Q-angle ICCs (0.65 to 0.71) were higher to those 
reported previously [4], but the MR Q-angle demonstrated 
far superior ICCs (0.90 to 0.94). In addition, the ICCs were 
excellent for the static PF alignment measures (ranging from 
0.93 to 0.97).  MR static geometries were better predictors of 
PF kinematics than the clinical Q-angle. In the patients with 
PFPS, the MR Q-angle was the only static alignment 
measure that was correlated with PF lateral-medial 
displacement (r = 0.51, p = 0.07).  The correlation was with 
medial, not lateral shift (Figure 2) in agreement of the 
previous finding [2].  In addition, the MR Q-angle had the 
strongest correlation to PF medial tilt (Figure 2). Similar to 
medial shift, a larger MR Q-angle indicated a larger medial, 
not lateral, tilt. The clinical Q-angle, PTA, and BO were all 
moderately correlated to patellar tilt (Table 1), but not to any 
other variable in the maltracking population.  In the control 
population, only PF flexion was moderately correlated with 
the MR Q-angle. 
 
This study has demonstrated that static MR alignment 
measures can provide clinicians with a diagnosis tool for 
patients with PF pain and maltracking. Although 3D PF 
kinematics during volitional movement provides a more 
complete analysis of PF maltracking, such measures are 
currently not widely available in the clinic. Interestingly, the 
correlations varied between the two populations and were the 
strongest in the PFPS cohort. The improved strength in 
correlation between the MR Q-angle and PF axial plane 
kinematics is likely due to the fact that the MR Q-angle can 
be obtained with a higher level of precision than the more 
standard clinical Q-angle. This precision is derived through 
improved definitions of the three points defining the Q-angle 
and through the use of a standardized coordinate system. 
With a simple expansion of a standard clinical MRI static 

scan, the MR Q-angle can be easily obtained and provide 
clinicians with an approximation of the dynamic state of the 
PF joint in the axial plane. Yet, it is important to note that 
this study questions the long held theory that a large Q-angle 
is indicative of excessive lateral tilt and shift, as the MR Q-
angle is correlated with medial (not lateral) PF shift and tilt.  
 
 
CONCLUSIONS 
This study was the first to investigate the relationship 
between the MR-based Q-angle and 6 DOF PF kinematics 
for both patients diagnosed with PFPS and asymptomatic 
controls. The MR-based measure of Q-angle was a better 
predictor of PF kinematics than the standard clinical Q-
angle. Work is ongoing to expand enrollment in order to 
determine if the correlations are gender dependent. 
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Figure 2: Static alignment measures vs. PF kinematics across all groups. *Significance for p < 0.05. 

 

Table 1: Correlations between static alignment measures 
and PF kinematics.  All are significant (p < 0.05), except ^ (p 
= 0.07). Moderate-strong correlations are shaded.  
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