Turk J Kinesiol 2020; 6(4): 149-156
www.dergipark.gov.tr/turkjkin

Original Article

DOI: 10.31459/turkijkin.814557

Evaluation of patients with PFPS using a
standardized Q angle measurement protocol

Adil Songur'®

¥, Ertugrul Demirdel’®

U Ankara Yildirim Beyazit University, Institute of Health Sciences. Turkey. > Ankara Yildirim Beyazit University, Faculty of Health

Sciences, Turkey.

Abstract. An important concept in patellofemoral
joint function is the quadriceps angle (Q angle), but
there is a standardization problem with the
measurement method. The aim of the study was to
compare the change of the Q angle in relaxed or
maximum voluntary contraction (MVC) of the
quadriceps using a standardized measurement
method
syndrome (PFPS). This cross-sectional analytical
study includes 34 sedentary female patients aged
18-50 years with a diagnosis of PFPS. Measurements
were carried out with a manual extendable fixed-

in patients with patellofemoral pain

arm goniometer. For the first measurement, the
patient was placed in quadriceps relaxed in supine
position. Lower extremity rotation was neutralized
using the axial rotation neutralizing apparatus
(ARNA). For the second measurement, while the
quadriceps was maximally contracted in the same
position the midpoint of the patella was re-marked
and then the measurement was repeated. The Q
angle measurements taken in quadriceps relaxed
and MVC were 18.44° + 2.80° and 16.41° + 2.83°,
respectively (p = .00). It was determined that there
was no correlation between age, height, weight,
body mass index (BMI), leg length and Q angle
measurements of the participants (p > .05). In
conclusion, this measurement method offered
measurement estimations that verified the effect of
the quadriceps on the Q angle in patients with PFPS.
The prevention of axial rotation in the leg and the
use of fixed-arm goniometer
contribute to the standardization of Q angle
measurement.

an extendable
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Introduction

Patellofemoral pain syndrome (PFPS) is the
most common musculoskeletal —problem
characterized by anterior knee pain in adults
(Crossley et al., 2016). PFPS is 2.23 times higher
in women compared to men (Boling et al,
2010). The clinical manifestation of PFPS is
often associated with muscle weakness and
altered lower extremity biomechanics (Santos
et al., 2015).

The quadriceps angle (Q angle) is a
parameter that gives important information
about the patellofemoral joint alignment. The Q
angle is a risk factor for patellofemoral pain,
patellar subluxation, dislocation, and even
anterior cruciate ligament injury. The Q angle
is widely used to evaluate patients with knee
problems especially cases with PFPS (Brechter
& Powers, 2002; Insall et al., 1976; Lee et al,,
2003). The Q angle measurement is
traditionally performed by a goniometer in
supine, knee extension, and quadriceps in a
relaxed position (Insall et al., 1976). It has been
shown that goniometric measurement can be
used as an inexpensive and radiation-free
alternative to measuring the Q angle as
accurately as radiography (Chevidikunnan et
al., 2017; Stensdotter et al., 2009). However, due
to the lack of sufficient reliability coefficients of
different methods and measurements, there are
no universally accepted normal or abnormal
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values of the Q angle. This may be due to
variations in the measurement procedure
(Smith et al., 2008). The Q angle and reference
points are first described in 1964 (Brattstrom,
1964) (Figure 1). He defines the Q angle as the
complementary angle formed by the resultant
line of force of the quadriceps and a line from
the midpoint of the patella (MP) to the center of
the tibial tubercle (TT). Although anatomical
reference points are clearly defined, the
procedure for measuring the Q angle is not
standardized, as indicated in the literature. For
example, whether the Q angle ““should be
measured in quadriceps relax or isometric
contraction; should the feet be positioned
shoulder-width apart or with the medial
malleolus touching; and should the position be
standing or supine? ", these questions are not
answered (Melicharek et al, 2011). It is
reported that any method that increases the
reliability and applicability of the Q angle
measurement can be useful for investigating
the etiology of PFPS and evaluating the
treatment result (Herrington & Nester, 2004;
Smith et al., 2008). The literature indicates there
is a need for high-quality studies on female
individuals with PFPS.

Anterior superior
iliac spine

Midpoint of
patella

Tibial tubercle /]

Figure 1. Reference points of Q angle measurement:
Anterior superior iliac spine (ASIS), the midpoint of
the patella (MP), tibial tubercle (TT).
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In our study, the aim is to examine the
change of the Q angle in the relaxed or MVC of
the quadriceps in the and leg
neutralized positions using axial rotation

supine

neutralizing apparatus (ARNA) and a manual
extendable fixed-arm goniometer in women
with PFPS. In this way, our study is trying to
contribute to the standardization of Q angle
measurement methods. Besides, the correlation
of the Q angle with some of the body
parameters results are
discussed and presented in the light of the

literature.

is examined. Our

Methods

Thirty-four sedentary females with PFPS
between the ages of 18 and 50 were included in
the study. When determining the age range the
lower limit (Tria & Alicea, 1995), the age of
closure of the epiphyseal plates in the knee joint,
and for the wupper Ilimit the possible
degenerative changes in the knee and hip were
taken into account (Almeida et al, 2016).
Inclusion criteria were unilateral, prepatellar
and/or retropaellar knee pain lasting more than
6 weeks, no history of knee trauma, no surgery,
no patellar subluxation or dislocation, and no
signs of meniscus or ligament lesions. Females
were selected due to their higher incidence of
PEPS in this population compared to males and
due to kinematic differences between the two
sexes.

The patients were informed in detail about
the study followed by a consent form. Both the
consent and the experimental procedure were in
accordance with the Declaration of Helsinki and
approved by the Ankara Yildirim Beyazit
University Yenimahalle Education and Research
Hospital Clinical Research Ethics Committee.
Leg length measurement is done with a tape
measure in the supine position by measuring
the distance between the anterior superior iliac
spine (ASIS) and the medial malleolus (Messier
et al., 1991). Body mass index (BMI) is calculated
from height and weight by the formula: BMI=
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weight (kg)/height?> (m?). A manual extendable
fixed-arm goniometer was used to measure the
Q angle. In addition, the ARNA we developed
was used to prevent axial rotation in the leg and
for placing all patients in a standard position
(Figure 2). The participants were measured
under circumstances where the quadriceps was
relaxed or maximally contracted. Individuals
adopted a supine position with the knees
extended and the quadriceps relaxed. The ASIS
and the TT were palpated and marked. For the
first measurement, the MP was marked on
adhesive tape while the quadriceps was relaxed.
The measurement was made so that the
goniometer’s fixed arm showed the ASIS and
the moving arm showed the TT (Biedert &
Warnke, 2001; Brattstrom, 1964; Merchant et al.,
2020; Messier et al.,, 1991). After the adhesive
tape was removed, the patients were asked to
perform a maximum isometric contraction of the
quadriceps. In this state, the MP was marked
again on the renewed tape. After a short rest
period, the patients were asked to repeat the

maximum isometric contraction of the

quadriceps and the Q angle measurement was
repeated in the same fashion as the initial
measurement.

Statistical analysis of the data was carried out
with the help of IBM SPSS version 25.0 package
program. Shapiro Wilk, Skewness and Kurtosis,
the ratio of standard deviation (sd) / mean,
histogram, and Q-Q plot data were used for
normality tests. Paired samples student t-test
was used for the relation of normally distributed
data between dependent groups. Correlation
analysis of the data was performed by using
Pearson's  correlation test for
distributed and Spearman correlation test for
non-normally distributed. The significance level
was accepted as p<.05 in all analyses.

normally

Results

Descriptive data of the participants were
analysed. The age, height, weight, BMI, and leg
length analysis of the patients are shown in
Table 1.

Figure 2. Q angle measurement technique using ARNA and extendable
fixed-arm goniometer.

Table 1

Descriptive data of the participants.

Parameters (n=34) Value

Age (year) 27 (20-47) "
Weight (kg) 58+7.97"
Height (cm) 160.88 +5.51"
Leg length (cm) 81.74+4.29"

BMI* (kg/m?)

21.98 (17.55-29.58) ™

* Body Mass Index; " median (min-max); " mean * sd

Turk J Kinesiol 2020 6(4): 149-156



Using ARNA for Standard Q Angle

Q angles of the quadriceps in relaxed and
MVC conditions were compared. It was found
that the mean of the Q angle in the quadriceps
relaxed position in participants was higher
than the mean of the Q angle in the contracted
position (18.44° + 280° 16.41° =+ 2.83°
respectively). The Q angle decreased
significantly with contraction (p<.01) (Table 2).

Table 2

Q angles of the participants in two different states of
the quadriceps.

Parameter (n:34) Relaxed Contracted p

Q Angle 18.44+2.80 16.41+2.83 .00"

Y Paired samples student-t

When the correlation between the Q angles
of the quadriceps and the descriptive
characteristics of the participants was
examined, it was found no correlation between
the age, height, weight, BMI, leg length, and Q
angles of the individuals (Table 3).

Table 3

Correlation between the descriptive parameters of the
participants and Q angles (n=34).

Variables Relaxed r(p) Contracted r(p)
Age (year) -.014 (0.937) ° .229 (0.193) ®
Weight (kg) .006 (0.973) ° -.048 (0.787) °
Height (cm) .156 (0.378) ° -.008 (0.962) °
Leg length (cm) .289 (0.098) ° .024 (0.892) °
BMI (kg/m?) -.092 (0.606) * -.072 (0.687) ®

. b .
® Spearman correlation test; ° Pearson correlation test

Discussion

To be clear, this study does not present a new
test but describes a new standard protocol for
an old test to make it a useful physical
examination technique for assessing the Q
angle.

For patients in the supine and extended
knee position, the results of the Q angle
measurements using an extendable fixed arm
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goniometer and ARNA (in relaxed quadriceps:
18.44° + 2.80°; in MVC of quadriceps: 16.41° +
2.83°) were found to be consistent with the
literature. When compared to the literature, the
Q angle measurements of women with relaxed
quadriceps in the supine position were similar
to the measurements of symptomatic female
individuals in the same position (Almeida et
al., 2016; Draper et al., 2011; Guerra et al., 1994;
Merchant et al., 2020; Shiva Prakash et al., 2019;
Woodland & Francis, 1992) but higher than the
mean measurements of asymptomatic female
individuals (Aglietti et al., 1983; Choudhary et
al., 2019; Draper et al., 2011; Merchant et al.,
2020; Raveendranath et al., 2020; Shiva Prakash
et al., 2019; Woodland & Francis, 1992). In
Almeida et al.’s evaluation of 22 individuals in
the supine position with PFPS, they found a
mean Q angle of 17.8° + 2.7° (Almeida et al.,
2016). On the other hand, in analyses of 200
individuals (half of them females) in the supine
position with their quadriceps relaxed, the
mean Q angle of the female participants was
determined to be 14.48° + 2.02° (Shiva Prakash
2019). In another study of 257
asymptomatic female individuals, the mean Q
angle was reported to be 15.8° (Woodland &
1992). In a study
symptomatic and asymptomatic individuals in
a relaxed supine position, the means of Q angle
were found to be 20° and 17°, respectively
(Aglietti et al., 1983). Moreover, a study using
an extendable

et al,

Francis, comparing

fixed-arm goniometer to
standardize the Q angle found a mean angle of
159° + 48° in its
asymptomatic female subjects (Merchant et al.,
2020). In a study that measured participants in
a relaxed supine position with computed
tomography, the patella was more significantly
situated in the lateral tilt position of the PFPS
group than the healthy group. The authors also
concluded that these findings may indicate
patellar incompatibility caused by passive and
active patellar stabilizers (Esfandiarpour et al.,
2018).

measurements of
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When the quadriceps is contracted when the
knee is in extension, that is, there is no
patellofemoral contact; the tensile force will
want to pull the SIAS and TT in the same
direction, so the patella slides laterally. This is
proportional to the magnitude of the angle Q
(Kuru et al., 2012). If the Q angle exceeds the
normal, the lateral pulling force increases. An
increased Q angle has been suggested to be an
indicator of pathological lateral forces on the
patella (Burke et al., 2018; Chhabra et al., 2016;
Insall et al., 1976). The greater the Q angle, the
greater the lateralization force on the patella,
increasing the retropatellar pressure between
the lateral facet of the patella and the lateral
femoral condyle (Brechter & Powers, 2002). A
10% increase in the Q angle results in a 45%
stress increase in the patellofemoral joint
(Huberti & Hayes, 1984). These continuous
compressive forces femoral
condyle and the lateral patellar facet can cause
long term degeneration of the patellar joint
cartilage resulting in the formation of PFPS
(Brechter & Powers, 2002; Lee et al., 2003).

between the

In our study, the mean Q angle values
obtained from MVC of the quadriceps were
found to be significantly lower than the values
obtained from the relaxed quadriceps position.
In a study that investigated how Q angle
measurements are affected by the position and
contraction of the quadriceps, measurements
were made in both supine and standing
positions with the quadriceps in relaxed or
contracted states. In turn, the measurements of
the contracted quadriceps in both positions
were found to be significantly lower than those
taken of the relaxed quadriceps (Guerra et al.,
1994). Belchior et al. analyzed the Q angle
measurements of quadriceps that were relaxed
and MVC. These
performed with X-rays on women in the supine
position. Although
symptomatic individuals in
contracted positions were reported to be 21.45°
and 15.8°, respectively, the data from

measurements were

the measurements of

relaxed and
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asymptomatic patients were reported to be
17.15° and 14.5°, respectively (Belchior et al.,
2006). In a study performed with magnetic
resonance imaging, lateral maltraction was
significantly higher in symptomatic patients
than in asymptomatic patients (Burke et al,,
2018). The greater Q angle and lateralization in
symptomatic individuals supports the idea that
the Q angle is inversely proportional to the
quadriceps force (Bayraktar et al., 2004; Binder
et al.,, 2001; Byl et al., 2000).

While the relationship between the
participants' Q angle measurements and some
of the body parameters (age, weight, BMI,
height, leg length) examined, no
correlations between these factors were found.
Similarly, studies have indicated that there is

were

no relationship between age and Q angle in
adults (Choudhary et al., 2019; Grelsamer et al.,
2005; Khasawneh et al., 2019; Tarawneh et al.,
2016). Choudhary et al’s evaluation of 150
participants reported no relationship between
these individuals’ Q angles and their ages
(Choudhary et al., 2019). Likewise, Tarawneh et
al’s study of 419 people,
relationship between body weight and Q
angles but did find a positive correlation
between individuals' BMIs and Q angles
(Tarawneh et al., 2016). Many studies have
reported a negative correlation between height
and Q angle (Choudhary et al., 2019; Grelsamer
et al., 2005; Khasawneh et al., 2019; Kwon, 1999;
Tarawneh et al, 2016). Contrary to the
literature, the present study identified no
correlation between height, leg length, and Q
angle. This discrepancy may be due to the
similar heights of the current study’s the
participants.

identified no

Conclusions

According to the results of the data obtained
from standardized Q angle measurements
using an extendable fixed-arm goniometer and
ARNA, the Q angle values decrease in the
contracted quadriceps compared to in the
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relaxed quadriceps of patients with PFPS.
When measuring, ASIS and TT reference points
are fixed. Therefore, the main reason for this
reduction is thought to be the lateral shift of the
patella with contraction. When clinical Q angle
standardized for both
preliminary assessments and evaluations of the
effectiveness of treatment, the elimination of
leg rotation and the extent of the functional
effect of the quadriceps muscle on the Q angle
should be considered. The present study was
limited in that it contained no control group
that included healthy individuals. Further
studies are recommended to include more
participants, different control groups, and
other non-standardized methods.

measurement is
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