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INTRODUCTION 
One of the main suggested contributing factors of 
Patellofemoral Pain Syndrome (PFPS) is abnormal patellar 
tracking due to an imbalance in the activity of the M. vastus 
medialis obliquus (VMO) relative to the M. vastus lateralis 
(VL) [1,2]. Accordingly, it has often been suggested that 
patellofemoral pathology is associated with decreased VMO 
muscle mass. However,  it is striking to observe the scarcity 
of objective data and studies concerning VMO atrophy along 
with patellofemoral pathology. The goal of the present study 
is therefore to examine if PFPS patients actually exhibit a 
smaller size of the muscles (VMO and VL) that play a 
significant role in the dynamic balance of the patella. 
 
 
METHODS 
A total of 46 patients with PFPS (21 male and 25 female, 
mean age 25,0 ± 7,4) and a control group of 30 healthy 
subjects (13 male and 17 female, mean age 21,6 ± 4,5) were 
enrolled in this study. Only the worst affected leg of the 
PFPS patients who complained of bilateral knee pain was 
used for the analysis. The corresponding dominant or non-
dominant leg was at random determined for the healthy 
control group. This resulted in 46 injured legs and 30 
corresponding healthy legs.  
 
Quadriceps anatomical cross-sectional area (CSA) was 
obtained through Magnetic Resonance Imaging (MRI) using 
a 3T magnet (MAGNETOM Trio-Tim System; Siemens AG, 
Erlangen, Germany). One axial slice was taken at 2 
centimeters above the superior border of the patella to bring 
the VMO clearly into vision (Figure 1A). The second slice 
was located at the middle of the distance from the spina 
iliaca anterior superior to the superior border of the patella 
(Figure 1B).  
 
On the patellar level the CSA of the VMO and the VL was 
measured. The CSA of the following muscles were 
calculated at the middle of the upper leg: VL, VMVI (M. 
vastus medialis and M. vastus intermedius could not be fully 
distinguished from each other on that level, so they have 
been considered as one entity) , M. rectus femoris (RF) and 
the total quadriceps muscle (sum of all the quadriceps 
components).  
 

To evaluate the differences in CSA between the patients and 
the control group a two-way analysis of variance was used 
that was covariate-adjusted for gender, BMI and activity 
index. These parameters were used as covariates because of 
their close relationship with CSA. The statistical significance 
level was set at p<0.05. 
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Figure 1. MRI images of the quadriceps components. A. 
MRI image of a female PFPS patient 2 cm above the 
superior border of the patella. VMO, M. vastus medialis 
obliquus; VL, M. vastus lateralis. B. MRI image of a male 
PFPS patient at mid thigh level. VL, M. vastus lateralis; 
VMVI, M. vastus medialis and intermedius; RF, M. rectus 
femoris 
 
 
RESULTS AND DISCUSSION 
The CSA of the VMO was significantly smaller in the PFPS 
group than in the control group (16,67 cm²(±4,97) versus 
18,36 cm²(±5,25)(p=0.040)) while there was no significant 
difference in the cross-sectional area of the VL at patellar 
level (Table 1). At the middle of the upper leg the CSA of 
the VL and the RF of the patient group differed significantly 
from those of the healthy subjects. A tendency was noted for 
a smaller total quadriceps CSA for the PFPS patients at mid 



thigh level (66,99cm² ± 15,06 versus 70,83 cm² ± 15,30) 
(p=0.074).  
 
The main results indicated that patients with PFPS show a 
less developed quadriceps, and in particular a significantly 
smaller CSA of the VMO compared to healthy controls. The 
differences of the VL and RF were more explicit than the 
difference of the VMO. However, as at mid thigh level the 
VL and RF do not play an active role in the stabilization of 
the patella, we consider that the most important finding of 
this study is the significant atrophy of the VMO at patellar 
level, since it is an accepted fact in the literature that within 
the quadriceps the VMO is the most important dynamic 
stabilizer of the patellofemoral joint[3,4].  
 
As the current study was cross-sectional, it is impossible to 
draw conclusions about VMO atrophy being the effect or the 
cause of PFPS. Hence, the question whether PFPS causes the 
decrease in muscle size or the decrease in muscle size results 
in PFPS still remains a matter of debate. Longitudinal 
prospective research will be needed to enlighten the cause – 
result issue. Moreover, it has not been demonstrated that the 
patients had also a smaller VMO size before their 
patellofemoral complaints started. Consequently, it may be 
possible that within the PFPS patients the VMO did not 
atrophy but was just developmentally smaller compared to 
those of the healthy controls. 

The measurement of the quadriceps strength would provide 
more insight to what extent muscle atrophy may account for 
muscle weakness as the current data on this subject is rather 
limited and vague. 
 
CONCLUSIONS 
In conclusion, this study is the first to examine VMO size in 
PFPS patients with MRI. The CSA of the VMO was 2cm² 
smaller in patients with PFPS in comparison with healthy 
control subjects. Because there was no significant difference 
in the CSA of the VL at patellar level, it seems that the VMO 
muscle was disproportionately smaller in comparison with 
the VL. Whether the VMO atrophy is a cause or effect of 
PFPS is still an unanswered question. Further research, 
among other things on the relationship between quadriceps 
strength and atrophy will throw some more light on the 
origin of VMO atrophy in PFPS.  
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Table 1: CSA Measurements of the Quadriceps Components in PFPS Subjects and Healthy Controls 
 
  
  

 
PFPS  

mean CSA in cm² 
(SD) 

Control 
mean CSA in cm² 

(SD) 

Corrected 
mean differencea 

(95%CI) 

 
  

p 

Patellar level VMO 16.67 (4.97) 18.36 (5.25) -2.02 (-3.94 - -0.10) 0.040* 
 VL 5.90 (3.30) 6.59 (2.66) -0.90 (-2.26 - 0.46) 0.192 
 VMO:VL 3.53 (1.99) 3.02 (0.86) 0.54 (-0.25 - 1.34) 0.179 
Mid thigh level VMVI 31.47 (8.28) 33.26 (8.92) -1.61 (-4.44 - 1.21) 0.259 
 VL 24.83 (5.43) 27.19 (6.28) -2.62 (-4.79 - -0.44) 0.019* 
 RF 11.23 (2.59) 12.11 (3.18) -1.21 (-2.02 - -0.37) 0.006* 
 Total Q 66.99 (15.06) 70.83 (15.30) -4.52 (-9.50 - 0.46) 0.074 

      
aCorrected mean difference, the mean difference after correction for gender, BMI and activity index; PFPS, Patellofemoral Pain 
Syndrome; CSA, cross sectional area; SD, standard deviation; CI, Confidence interval; VMO, M. vastus medialis obliquus; VL, M. 
vastus lateralis; VMVI, M. vastus medialis and intermedius; RF, M. rectus femoris; VMO:VL, ratio of VMO in relation to VL; *, 
significant (p< 0,05). 


