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ABSTRACT

Objectives: This study aims to examine the association between Q-angle and clinical, radiological, and ultrasonographic findings in patients with
knee osteoarthritis (OA).
Patients and methods: Sixty-eight female patients (mean age 59.8±6.8 years; range 39 to 78 years) diagnosed with knee OA were included in this
study and classified into two groups according to Q-angle of symptomatic knees: low Q-angle group (LQ) (n=40) and high Q-angle group (HQ)
(n=28) (LQ-angle <15° and HQ-angle ≥15°, respectively). Patients were clinically assessed for pain and functional status by using a visual analog scale
and the Western Ontario and McMaster Universities Arthritis Index. X-rays of knees were scored using the Kellgren-Lawrence OA grading system.
Symptomatic knees were also evaluated using ultrasonography for distal femoral cartilage thickness/grading.
Results: No significant difference was observed in clinical and imaging findings between the groups (p>0.05). HQ-angle measurements were
positively correlated with cartilage grading by ultrasonography (r=0.435, p=0.033) and Kellgren-Lawrence grading system (r=0.435, p=0.021), and
negatively correlated with cartilage thickness measurements of the medial femoral condyle (r=-0.399, p=0.036).
Conclusion: We found that HQ-angle was associated with cartilage thickness measurements of the medial femoral condyle and cartilage grading
by ultrasonography and the Kellgren-Lawrence grading system in patients with knee OA.
Keywords: Articular; cartilage; osteoarthritis of knee; ultrasound imaging.

The quadriceps angle, or Q-angle, is defined as
the angle formed by the intersection of two lines,
one that starts at the anterior iliac spine and goes
to the center of the patella, and another that goes
from the tibial tuberosity to the center of the
patella.1 When compared to individuals with low
Q-angle (LQ-angle <15°), asymptomatic individuals
with high Q-angle (HQ-angle ≥15°) displayed
anatomical cross-sectional areas of the vastus
medialis and lateralis that were approximately
10% smaller when using the Q-angle as an
estimate of quadriceps muscle disorientation.2,3
As a consequence, contrary to common belief,4,5
the force exerted by an almost equally atrophied

vastus lateralis may successfully counteract the
lower force exerted on the patella by an atrophied
vastus medialis. Lateral maltracking of the patella
and possible wear of the neighboring articular
cartilage may thus be prevented.
Osteoarthritis (OA) is the most common
type of joint disorder affecting the majority of
people and it causes a huge burden of pain and
disability.6 The most common properties of OA
are loss of cartilage structure, subchondral bone
sclerosis, synovial inflammation, and osteophyte
formation, with involvement of the whole joint
(i.e. joint failure).7 Some authors have found
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that, in comparison to the lateral tibiofemoral
cartilage, the thickness of the medial tibiofemoral
and patellofemoral articular cartilages in healthy
individuals with normally aligned knees is
thinner.8,9 This is likely due to differences in
the distribution of loads over the medial and
lateral compartments.10,11 Although an altered
load distribution between the lateral and medial
compartments of the joint may be demonstrated
in individuals with varus or valgus knees (and
an inevitably HQ-angle), it remains unknown
whether the thickness of the articular cartilages
in these individuals is also functionally adapted,
particularly at an early age. Clinicians have
taken advantage of this information to develop
intervention strategies to prevent progressive
wear of the knee cartilages.10,11
The imaging modalities most frequently used
in this field are conventional radiography, and
within the last decade, ultrasonography (US).12
Because of its convenience and low expense, in
addition to providing dynamic assessment and
guidance during interventions and the absence of
radiation, musculoskeletal US has already taken
its place in the daily practice of physical and
rehabilitation physicians.13
Taking into consideration all the information
above, in this study, we aimed to examine
the association between Q-angle and clinical,
radiological, and ultrasonographic findings in
patients with knee OA.

PATIENTS AND METHODS
A total of 68 female patients (mean age 59.8±6.8
years; range 39 to 78 years) were recruited
from Eskiehir State Hospital, Zübeyde Hanım
Campus Physical Medicine and Rehabilitation
outpatient clinic between January 2016 and
March 2016. All patients with a diagnosis of
knee OA according to criteria established by
the American College of Rheumatology were
enrolled.14 The study protocol was approved
by the Medical Faculty of Eskiehir Osmangazi
University Ethics Committee. A written informed
consent was obtained from all participants. The
study was conducted in accordance with the
principles of the Declaration of Helsinki.
Subjects with postural deviations such as leg
length discrepancy, recurvatum knees, muscle

shortening, kyphosis and/or scoliosis, past
surgery, injury of the lower limbs, patellofemoral
pain syndrome, thyroid dysfunction, rheumatic
conditions, obesity with body mass index
>30 kg/m2, increased level of kinetic activity or
who used anabolic drugs and/or participated in
organized athletic activities were excluded from
this study.
Patients were divided into a LQ-angle group
(n=40) and an HQ-angle group (n=28) based on
the magnitude of Q-angle in the symptomatic limb
(LQ-angle <15° and HQ-angle ≥15°, respectively).
All patients were evaluated in terms of age,
height, weight, and duration of symptoms
by a research physician. Laboratory testing
comprised erythrocyte sedimentation rate and
serum C-reactive protein. None of the patients
had redness, swelling, or instability of joints
upon physical examination and all of them were
postmenopausal. Each patient was clinically
assessed for pain and functional status using a
visual analog scale at rest and at motion and
the Western Ontario and McMaster Universities
Arthritis Index, which is a three-dimensional,
disease-specific, and self-administered health
status measure that evaluates pain, joint stiffness,
and physical function in patients with knee OA.
In this study, the Turkish version of Western
Ontario and McMaster Universities Arthritis
Index was used.15
The Q-angle was measured in the symptomatic
lower leg of the subjects using a commercially
available full circle goniometer. Each subject
was instructed to lie in supine position with
the knees fully extended and the quadriceps
relaxed. As the magnitude of the Q-angle may
be influenced by the position of the foot in
terms of inward-outward rotation,16 the foot
was positioned such that the line connecting the
middle of the heel with the second metatarsal
was perpendicular to the ground.17 Three
landmarks (8 mm diameter) were located by
palpation: the anterior superior iliac spine, the
center of the patella and the tibial tubercle. The
patellar center was located at the intersection of
a mediolateral line extending through the widest
part of the patella and a superoinferior line
connecting the base and the tip of the patella.
The long arm of the goniometer was placed
along the line connecting the anterior superior
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p
Min-Max
Median
Mean+SD

High Q-angle group (n=28)

%
Median

Min: Minimum; Max: Maximum; SD: Standard deviation; * T test; † Mann-Whitney U test; ‡ Chi-square tests (Pearson); BMI: Body mass index; WOMAC: Western Ontario and McMaster Universities Arthritis Index.

No difference was observed in any of the
parameters between the groups (p>0.05) (Table 1).

Age (year)			
58.7+7.4					
61.4+5.7			
0.106*
Duration of symptoms (year)			
8.1+4.4					
9.3+4.6			
0.298*
0.264*
BMI (kg/m2)			 31.9+4.1					30.6+4.8			
Erythrocyte sedimentation rate (mm/h)			
17.7+11.3					
20+10.8			
0.267*
C-reactive protein (mg/L)			
0.5+0.5					
0.6+0.5			
0.277*
WOMAC			
Pain			 11.6+2.9					11.6+2.3			
0.782*
Stiffness			 4.6+1.6					 4.7+1.4			
0.678*
Function			43.2+6.9					42.1+6.2			
0.480*
Visual analog scale			
At rest				4
3-6				5
2-6
0.953†
At motion				8
6-9				8
5-9
0.984†
Cartilage thickness (mm)			
Medial femoral condyle			
1.8+0.4					
1.9+0.6			
0.950*
Intercondylar area			
2.1+0.4					
2.3+0.5			
0.310*
Lateral femoral condyle			
2.0+0.4					
2.0+0.5			
0.906*
Cartilage grading 				
4
2-5				
4.5
1-5
0.699†
Kellgren-Lawrence grading											 0.788‡
1
2
5				
3
10.7
2
16
40				
12
42.9
3
21
52.5				
13
46.4
4
1
2.5				
0
0

RESULTS

Mean+SD

All data analyses were performed using IBM
SPSS version 21.0 software (IBM Corp., Armonk,
NY, USA). Data were expressed as the mean
± standard deviation for nominal variables and
as median (25-75%) for ordinal variables. The
normal distribution and homogeneity of each
parameter was tested with independent samples
t-tests. The Mann-Whitney U test was used for
data with non-normal distributions. Categorical
variables (i.e., K-L grading) were evaluated with
the Chi-square test. Since the parameters were
not normally distributed according to the ShapiroWilk test, the Spearman’s correlation was used.
Correlations among Q-angle and clinical and
imaging findings were assessed by using the
Spearman’s correlation coefficient. Statistical
significance was set at p<0.05.

Table 1. Comparison of clinical and imaging findings of study groups

Statistical analysis

LQ-angle group (n=40)

Min-Max

n

Knee radiographs were evaluated using the
Kellgren-Lawrence (K-L) grading system, the most
widely used method for the diagnosis of knee
OA, focusing on osteophytes and/or joint space
narrowing.20

%

All measurements were performed by the
same physiatrist using a 5-10 MHz linear probe
(Diagnostic Ultrasound System, Shimadzu,
Kyoto, Japan). All knees were evaluated for
distal femoral cartilage thickness/grading. Distal
femoral cartilage assessment was performed while
patients were lying in a supine position with their
knees in maximum flexion. The transducer was
placed axially above the patellar outer edge.18
Cartilage thickness measurements were taken
from the mid-points of the medial femoral condyle,
intercondylar area, and the lateral femoral condyle.
The cartilage thickness was measured as the
distance between the thin hyperechoic line at the
synovial space-cartilage interface and the sharp
hyperechoic line at the cartilage-bone interface.19
Cartilage grading (range 0-6) was conducted by
evaluation of sharpness, clarity, and thickness of
the cartilage band.18

Although there was no correlation between clinical
characteristics, imaging findings and Q-angles of
all participants, we found correlations between
the Q-angle measurements and cartilage
grading by US (r=0.435, p=0.033), K-L grading

n

iliac spine with the center of the patella and the
short arm along the line connecting the center
of the patella with the tibial tubercle.
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(r=0.435, p=0.021) and medial femoral condyle
thickness (r=-0.399, p=0.036). Measurements
of the 68 female patients’ symptomatic knees
were analyzed. Patients were divided into two
group based on Q angle. The demographic
characteristics, clinical and imaging findings of
the patients are presented in Table 1.

DISCUSSION
In this study, we evaluated the association
between the Q-angle and clinical features and
radiologic/ultrasonographic findings of patients
with knee OA. According to our results, HQ-angle
measurements were positively correlated with
cartilage grading by US and K-L grading and were
negatively correlated with medial femoral condyle.
The evidence that an increased (or decreased)
Q-angle actually has an effect on the position
of the patella and/or the thickness of the knee
cartilages is limited. Mizuno et al.21 have shown in
a biomechanical study on cadaveric knees that an
increased Q-angle may shift the patella laterally
when the knee is between 20° and 60° of flexion,
leading to lateral patellar dislocation or increased
lateral patellofemoral contact pressures. Biedert
and Warnke,22 who also measured the position of
the patella with computed tomography in patients
with patellofemoral pain syndrome, failed to show
a significant relationship between the Q-angle and
patellar positioning within the femoral trochlea.
Tsakoniti et al.23 revealed that healthy individuals
with HQ-angle are unlikely to demonstrate any
changes in the position of the patella or the
thickness of the knee articular cartilages. Patellar
positioning and the thickness of the articular
cartilages were determined in 19 asymptomatic
male individuals with HQ-angle using magnetic
resonance imaging. The findings of their study
rejected the hypothesis that the articular cartilages
of the medial and lateral compartments of the
knee may respond to an increased Q-angle by
adapting their thicknesses. Adaptive changes
in the thickness of the articular cartilages of
the knee may not have been detected in the
HQ-angle group due to the participants’ age (mean
age=20.1 years).23 It has been shown that age is
negatively related to articular cartilage thickness
(e.g. femoral condyles), especially in areas that are
subject to compression due to body weight.24 This

hypothesis was based on the fact that common
malalignments of the lower limbs, such as valgus
knees, a deformity that results in an increased
Q-angle, alter the pressure distribution over the
medial and lateral compartments of the joint,10,11
a biomechanical factor that possibly contributes
to articular cartilage wear and the initiation of
knee OA.10,11,25 Bruns et al.10 in a cadaveric study
reported that knee joint pressure distribution was
shifted towards the lateral compartment with
the joint positioned at 10° valgus. Huberti and
Hayes25 in a similar study stressed that in knees
with Q-angles of 10° more than normal (which
is approximately 15°), the patellofemoral contact
pressures were increased over the lateral facet of
the patella in half of the knees under investigation.
In the present study, the medial femoral
cartilage was thinner when compared to the
lateral femoral cartilage. Likewise, our findings
are in agreement with previous observations that
have shown a decreased volume of the medial
compartment of the knee when compared to the
lateral compartment in patients with knee OA.8,9
It has been hypothesized that the thinner medial
tibiofemoral and patellofemoral articular cartilages
may actually demonstrate an adaptive response to
the higher pressure that is applied on this area
during normal everyday weight-bearing activities,
such as standing26 and walking.11,27 This response
may in part be explained by the mechanism that
allows hyaline cartilage to expel water when
subjected to high osmotic or hydrostatic pressure
and conversely to ingress water from the synovial
fluid when this pressure is low.26
The Q-angle is widely used as an indicator of
patellofemoral problems such as patellofemoral
pain syndrome.28 In patients with advanced OA of
the knee, patellofemoral degeneration at the joint
frequently coexists with tibiofemoral OA. Recent
studies have shown that patients with concomitant
patellofemoral OA had more symptoms and
functional disabilities than those with isolated
tibiofemoral OA.29,30
Musculoskeletal US is a non-invasive, widely
available, and relatively inexpensive technique. It
can be promptly performed and is easily accepted
by patients, it is a radiation-free diagnostic test,
and it does not have any contraindications.31
In a previous study, a good level of agreement
in cartilage thickness measurements between

351

Q Angle and Articular Cartilage in Osteoarthritis

magnetic resonance imaging and US was
found.32,33 In our study, cartilage was graded
and the distal femoral cartilage thickness of the
symptomatic knee was measured in females with
knee OA using US, and we found that HQ-angle
measurements were correlated with cartilage
grading/thickness by US.
The limitations of this study are the small
number of patients included and its cross-sectional
design.
In conclusion, this study shows that the
relationship between knee cartilage thickness and
HQ-angle can be evaluated by US without using a
radiographic method. However, further research
is needed to investigate other factors affecting
cartilage thickness and grade and Q-angle in knee
OA.
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