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ABSTRACT

Introduction: The Quadriceps angle (Q angle) has come to be
accepted as an important factor in assessing knee joint function.
Various conditions can affect the Q angle such as increased
pelvic width, sociological factors, wearing high heels and
certain sports postures such as an increase in pronation can
lead to increase in Q angle. Therefore, measurement of Q angle
is important in the field of Orthopaedics and sports medicine.

Aim: To determine the range of Q angle in right and left lower
limbs and among genders and the association of Q angle
with Tibial Tuberosity-Trochlear Groove (TT-TG) distance,
lateralization of pelvis femur length, weight, height, body mass
index and waist to hip ratio.

Materials and Methods: A total of 70 subjects were selected
from patients who have undergone lower limb angiography
in Computed Tomography (CT). The sample size was then
categorised into 35 males and 35 females. Both legs of the
subject were kept extended and in relaxed position. The images
were then reconstructed into volume rendering (3D) and the Q
angle, femur length and lateralization of pelvis were measured

on volume rendering and TT-TG distance was measured
on 2-dimensional axial images. The data were statistically
analysed using descriptive statistics where mean, standard
deviation, and range was used to report the data. ‘Multiple
Logistic Regression’ test was used to analyse the association
of Q angle with various factors.

Results: The mean Q angle in right leg was 11.76+4° and in left
leg was14.76+6.45°. The mean of Q angle in right leg of male
was 10.4+3.62°, and in females, it was 13.11+4.25° whereas
the mean of Q angle in left leg of male was 12.17+4.59° and in
females, it was 17.34+7.05°. The association of Q angle with
TT-TG distance, lateralization of pelvis femur length, weight,
height, body mass index and waist to hip ratio showed no
significant association.

Conclusion: The range of the Q angle varies in both legs among
gender. Though there was no significant association between
Q angle and femur length, the major factor contributing to the
varying Q angle was femur length compared to other parameters.
Therefore, Q angle increases with increases in femur length and
the left Q angle is more than that of right Q angle.
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INTRODUCTION

The knee joint is a complex synovial joint of the condylar variety
that is stabilised by ligaments and muscles. It is involved in around
50% of musculoskeletal injuries [1]. The Q angle has come to be
accepted as an important factor in assessing knee joint function
[2]. The relative positions of the tibial tuberosity and the centre of
patella are crucially important to determine the Q angle. The Q angle
is an important parameter to assess patella-femoral mechanics
and thus it is of great interest for clinicians. Q angle is the angle
obtained by line drawn from anterior superior iliac spine to the centre
of the patella and another line drawn from centre of the patella to
the tibial tuberosity [3]. Increase in Q angle will be responsible for
patellofemoral disorders such as patellar instability, patellar femoral
pain syndrome, and subluxation associated with trochlear dysplasia,
isolated patella-femoral arthritis, genu valgus, femoral anteversion,
external tibial torsion which leads to surgical procedures such as
patellar realignment [4]. Various conditions can affect the Q angle
such as an increased pelvic width, sociological factors, wearing high
heels and certain sports postures such as increase in pronation can
lead to increase in Q angle [5]. Therefore, measurement of Q angle
is important in the field of Orthopaedics and sports medicine. There
are studies which were conducted for the validity of Q angle and
their measurement, the common method to measure the Q angle
is goniometer but study results are inaccurate and are not reliable,
so the most accurate and reliable measurements are done through
invasive methods such as radiography and CT scan. Several patello-
femoral abnormalities measurements are done through radiological
methods such as congruence angle, lateral patella-femoral angle,
TT-TG distance and other indexes [5].

With the advancements of new technology in computed tomography
such as volume rendering, faster scan times and less dose to
patients it has become the robust method to do the measurement
using measurement tools in CT. The quadriceps femoris angle
(Q-angle) is an important indicator of biomechanical function in
the lower extremities. It is a quantitative measurement of patella
position in respect to the lower extremity alignment [6]. In the
present study authors describe a reliable method used to calculate
the Q angle and the factors that influence it. Apart from serving
as a baseline data for sexual dimorphism in forensic significance,
it also becomes a guideline for designing prosthesis for the knee
replacement surgeries. The aim of this study was to determine the
range of Q angle in right and left lower limbs and among genders,
the association of Q angle with TT-TG distance and lateralization
of pelvis femur length, weight, height, body mass index and waist
to hip ratio.

MATERIALS AND METHODS

A cross-sectional study was conducted from November 2016-
June 2017 in Department of Radiodiagnosis and imaging, Kasturba
Hospital, Manipal, India and the EC were received from Kasturba
Hospital Ethical Committee, Manipal, Karnataka, India. The patients
were referred for CT scan of lower limb on Philips 64 slice CT. Sample
size calculation was done using comparison of mean formula. The
total 70 subjects (35 males and 35 females) were selected but
subjects with the history or radiographic evidence of osteoarthritis
trauma and knee replacement surgery were excluded from the study.
Inform consent was taken from the patient before the procedure.
Both the legs of the subject were kept extended and in a relaxed
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position. Further, lower limb CT scan of the subject was obtained
using standard protocol with kVp=200, mAs=120 and filter=sharp
C. The source axial lower limb images were then reconstructed into
thinner slice of slice thickness 1/0.5 mm. The reconstructed images
was reformatted into volume rendering (3D) and following parameters
were measured for both extremities that are Q angle as part of atriangle
with the hypotenuse formed by a line connecting the Anterior Superior
liac Spine (ASIS) with the centre of the patella. The base formed by
a line extending from the ASIS and perpendicular to the vertical line
extended from the centre of the patella (BC). The angle formed by line
connecting the ASIS with the centre of the patella and base formed
by a line extending from the anterior superior iliac spine (Q). The femur
length measured from greater trochanter to intercondylar fossa (EA)
[Table/Fig-1]. TT-TG distance is taken as follows, first a line tangent
to the posterior epicondyle (LM) [Table/Fig-2] then another line drawn
parallel through the most anterior portion of the tibia tuberosity (TA)
[Table/Fig-3], Line drawn perpendicular to the deepest trochlear
groove (GB) and TT-TG distance was measured (AB) [Table/Fig-4].

[Table/Fig-1]: A 3D CT of lower limb (A & G -Centre of patella, B& D - Anterior superior
liac spine, C& F —Sacrailiac joint, E & H — Greater trochanter, |- Tibial tuberosity)

[Table/Fig-2]: Line tangent to the posterior epicondyle (LM). (Left)
[Table/Fig-3]: Line drawn parallel through the most anterior portion of the tibia. (Right)

[Table/Fig-4]: Line drawn perpendicular to the deepest trochlear groove (GB) &
TT-TG distance measurement (AB).
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STATISTICAL ANALYSIS

The data were statistically analysed utilising Social Package of
Statistical Science software (SPSS, version 20.0). Mean, standard
deviation, with error bars was used to determine the range of Q angle
in right and left lower limbs and among genders. ‘Multiple Logistic
Regression’ test was used to analyse association of Q angle with
TT-TG distance, lateralization of pelvis femur length, weight, height,
body mass index and waist to hip ratio.

RESULTS

Statistical analysis of Q angle in right and left leg irrespective of gender
is given in [Table/Fig-5]. The Q angle in right leg is varying from 8° to
24° with mean of 11.76+4°, whereas range of Q angle in left leg is
varying from 8° to 32° with mean of 14.76+6.45°. Data analysis was
done among gender and the value of Q angle among male subjects
is given in [Table/Fig-6] and among females is given in [Table/Fig-7].
The association of Q angle with TT-TG distance, lateralization of
pelvis femur length, weight, height, body mass index and waist to
hip ratio was statistically analysed using multiple regression model,
and it shows that there was no significant association between
TT-TG distance, lateralization of pelvis femur length, weight, height,
body mass index and waist to hip ratio. And also, authors found that
compared to males Q angle among females in right leg is expected
to increase by 2.9217 degree (95% Confidence Interval of 1.1457,
4.6976). When compared to males Q angle among females in left
leg was expected to increase by 5.4996 degree (95% Confidence
Interval of 2.6925, 8.3068).

Varibles Q angle (Right) Q angle (Left)
Mean 11.76 14.76
Std. Deviation 4.005 6.457
Minimum 8 8
Maximum 24 32

[Table/Fig-5]: Statistical significance to find the range and mean of Q angle in right

and left leg in both genders.

Varibles Q angle (Right) Q angle(Left)
Mean 10.40 12.17
Std. Deviation 3.265 4.592
Minimum 8 8
Maximum 21 24

[Table/Fig-6]: Statistical significance to find the range and mean of Q angle of

males in right and left leg.

Varibles Q angle (Right) Q angle (Left)
Mean 13.11 17.34
Std. Deviation 4.255 7.054
Minimum 8 8
Maximum 24 32

[Table/Fig-7]: Statistical significance to find the range and mean of Q angle of

females in right and left leg.

DISCUSSION

This study was conducted to determine the range of Q angle in
right and left lower limbs and also among genders with computed
tomography and to find the association of Q angle with TT-TG
distance, lateralization of pelvis femur length, weight, height,
body mass index and waist to hip ratio. While most of the studies
conducted measured Q angle with goniometer [7-8], authors
measured the Q angle virtually by using 3-dimensional computed
tomography. Computed tomography volume rendering gives an
accurate measurement which will provide accurate range of Q angle
to surgeons which will aid them towards better planning in patella-
femoral surgeries and these data will aid in rehabilitation treatment
in the field of sports medicine and physiotherapy. In present study,
authors found that the range of Q angle in right leg was varying from
8° 1o 24° and in left leg Q angle was varying from 8° to 32° and
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among genders value of Q angle in right leg of male was varying from
the 8° to 21° and range of Q angle in left leg of male was varying
from 8° to 24° whereas in females the range of Q angle in right leg
was varying from 8° to 24° and in left leg Q angle was varying from
8° 1o 32°. There were no studies which were done specifically to find
the range of Q angle in right and left leg, also range of Q angle in
male and females by considering bilateral legs. In the present study,
authors measured the Q angle in both limbs and both genders but
by the method of three-dimensional computed tomography in lower
limb scan and found that the mean of Q angle in male right and left
leg was 10.4+3.625 and 12.17+4.59 respectively and in females the
mean of Q angle in right and left leg was found to be 13.11+4.25 and
17.34+7.05 respectively. These values of Q angle in left leg of males
were similar with study conducted by Nandi M et al., measured Q
angle through both radiological and clinical method. In radiological
method, the Q angle was measured with the X-ray AP view from
anterior superior iliac spine to the tibial tubercle. The Q angle was
measured in both limbs and among genders and found that in males
the Q angle of both right and left leg was 10.5+2.06 and 10.06+2.09
respectively but there was a difference in values of females Q angle
in the right and left leg of 15.8+3.82 and 15.5+3.82 respectively [9].
Authors included femur length of both genders in left and right leg
and found left leg femur length is higher than that of right leg femur
length by 2 or 3 cm, thus authors can state that the difference in
Q angle among right and left can be due to femur length among
the gender. This result was similar with the study of Greshlamer RP
and Klein J, where they found men have lower Q angles since they
are taller than women [10]. In presents study, authors found that Q
angle of right leg of both female and male subjects was higher than
that of the Q angle of left leg, this result was similar with the study of
Jaiyesimi AO and Jagede OO, where the right Q angle was higher
than that of left Q angle [6], but this result does not correspond to
study done by Nandi M et al., where there was not much difference
in right and left Q angle [9]. When gender was considered in present
study authors found that the Q angle was higher in females than
males, found that in females Q angle in right leg was expected to
increase about 2.9217° and in left leg it was expected to increase by
5.499°. But this result was different from that of the study conducted
by Greshlamer RP and Klein J, where they found a little difference
that is about 2.3° among males and females [10]. Cooney AD et al.,
conducted a study among 34 symptomatic and non-symptomatic
knees to find any association between TT-TG distance and Q angle,
their findings revealed that there was negative correlation among Q
angle and TT-TG distance in symptomatic knees that is the TT-TG
distance increases when Q angle decreases. Whereas, in the present
study authors included 140 knees excluding history or radiographic
evidence of osteoarthritis, trauma and knee replacement surgery
and found there was negative correlation, but this correlation was
not significant. This can be due to inclusion of subjects in present
study was more comparable than the study conducted by Cooney
AD et al., [11]. Metgud S et al., conducted a study in which they
compared Q angle and BMI in osteoarthritis patients to find if there
was any association. The results of their study revealed that there
was no correlation between BMI and Q angle [12], which was similar
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to present study in which authors did not find a significant correlation
between Q angle and BMI.

Clinical Relevance

Thereasonfor conducting the study was to provide an accurate range
of Q angle to surgeons which will aid them towards better planning
in patella-femoral surgeries and these data will aid in rehabilitation
treatment in the field of sports medicine and physiotherapy.

LIMITATION

The present study was conducted on the normal bone anatomy
patient and therefore there is no mention of the TT-TG distance
and Quadriceps angle affecting patellar instability and trochlear
dysplasia. Since this study intends to give result related to normal
anatomy further studies can be initiated considering the abnormality
in the bone with a larger sample size and longer duration.

CONCLUSION

The range of the Q angle varies in both legs among gender.
Though there was no significant association between Q angle
and femur length, the major factor contributing to the varying Q
angle was femur length compared to other parameters. Therefore,
Q angle increases with increases in femur length and the left Q
angle is more than that of right Q angle. The range of Q angle
can vary depending on various factors such as gender, bilateral
limbs, pathologies and geographical distribution. Hence, authors
suggest the above factors should be taken into consideration for
calculation of the range of Q angle.
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