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SUMMARY: The Q-angle is defined as the acute angle formed by the vectors for combined pull of the quadriceps femoris
muscle and the patellar tendon. This study aimed to investigate the variations in Q angle with respect to race. Mostoghgr, this
performed ultrasound to evaluate of the thickness of articular cartilage covering the medial and lateral femoral condyteeirsvol
with an increased Q angle. The study included 487 Jordanian and 402 Malaysians with age range 18-23 years. Moreover, the study
included 30 participants aged between 18 and 22 years, with a total of 15 volunteers withaQd>11%l patients with €14°. Both
Q angle and condylar distance were measured by well-trained medical practitioners according to a well-established protocol. The
thickness of articular cartilage covering the medial and lateral femoral condyle of the femoral bone was measured usitdy ultraso
Regardless of race, Q angle was greater in females. Furthermore, Q angle was significantly greater in Arab volunteer®compared
Malay volunteers. Q angle significantly increase with increasing condylar distance in both races. Finally, the statigsisal anal
showed a significantly reduced thickness of articular cartilage on both medial and lateral femoral condyle (P = 0.05)1li#’the Q
group. Multiple factors including race and condylar distance and even the articular cartilage of femoral condyle shoudéiszicons
during the examination and management of knee fractures and condylar diseases.
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INTRODUCTION

The Q angle (quadriceps angle) was first described Different values for Q angle were reported in
in 1964 by Brattstroem (1964), who defined it as the angligerature. Generally, the normal range lies between 12 to 20
formed between the quadriceps muscle and the patellagrees (Jaiyesimi & Jegede, 2010), although some studies
tendon. The Q angle is formed by the intersection of the limensider values between 8° and 10° to be normal (Khasawneh
going from the anterosuperior iliac spine (ASIS) to the centet al., 2019). Males show lower values than females
of the patella and the line between the anterior tuberosity @aiyesimi & Jegede; Telkt al, 2010). Angles larger than
the tibia and the center of the patella (Almedtlal, 2016). 20° are considered excessive (Davies, 1978).

The Q angle describes the effect of quadriceps An excessive Q angle impedes the smooth movement
mechanics on the movement of the knee (Loudon, 2016)olt the patella in the femoral groove, which adds
is also used to assess the function of the knee and its heblttmechanical stress on the knee during repetitive activities
in patients with anterior knee pain (Chhabtaal, 2016; (Chhabraet al; Loudon). This may lead over time to muscle
Loudon). Q angle is of particular importance for athletesnbalance and eventual wearing and loss of knee cartilage
and physically active individuals, since it describes th@'sakonitiet al, 2011). In addition, excessive Q angle may
alignment of the pelvis, leg and foot (Nguyetnal, 2009; increase foot pronation, which produces excessive internal
Daneshmandgt al, 2011; Almeidaet al). rotation of the tibia. The latter can change the quadriceps
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mechanics and lateral tracking of the patella (Tiberio, 198&h produce accurate measurements with an error margin of
eventually resulting in patella femoral arthralgia and°. In brief, the anterior superior iliac spine (ASIS), the
degenerative joint disease. Indeed, the effects of abnormah@)dpoint of the patella, and the tibial tuberosity were
angle can often be reduced by controlling the pronation of tdetermined. The hinge of the goniometer was located at the
foot (Pivaet al., 2009). midpoint of the patella, the goniometer arms were adjusted to
become positioned to the line joining the ASIS and the line
Only a few studies have addressed the differencesjmining the tibia tuberosity, and the small angle on the
Q angle among various ethnicities, such as the study by Eb@miometer was then read as the Q angle. Both sides were
etal (2014), which described differences in the Q angle valueseasured for each individual. Each side was measured 3 ti-
across the various ethnic groups in Nigeria. Another studyes, and the mean value of the angle was calculated.
found that Q angle in Nigerian women is larger than that of
Caucasian women (Omoloat al, 2009). The values of the A manual metal caliper, scaled from 0 cm to 20 cm
Q angle in Arab population were found to be relatively higheand with a marginal error &f1 mm, was used to measure the
than those reported in other countries and ethnicitie®ndylar distance of the femur for both sides of each volunteer.
(Khasawnetet al). The subject first stood in the anatomical position with the feet
facing forward, and the leg was flexed to 90° with the result
Our study aimed to detect potential differences in thiat the femoral condyles became prominent and easily pal-
Q angle between the Arab and Malay ethnicities. In additiopable at that position. After the fixed arm of the caliper was
we measured the thickness of the surface cartilage of thlaced on the lateral condyle, and the movable arm was then
femoral condyle and assessed its correlation to the Q angladjusted to the medial condyle; the condylar distance
measurement for each side.

MATERIAL AND METHOD A total of 60 subjects (30 Jordanian/30 Malaysians)
from the first group volunteered for an ultrasound study. The
volunteers were divided into two groups; the first one included

Study sample Atotal of 487 (236 male/ 251 female) Jordaniar80 individuals with Q angles 14° and the second group 30

representing the Arab race and 402 (212 male/190 femaieflividuals with Q angle > T4All volunteers were informed

Malaysians representing the Malay race were included in thbout the purpose of the research and gave voluntary informed

study. Malaysian volunteers from Indian and Chinese raciabnsent to participate in the study. Ultrasound (US)

backgrounds were excluded from the study. All participanesxamination of the knee joint articular cartilage was conducted
were students at Yarmouk University and Jordan Universitysing a HONDA HS-2200 with 6.0/8.5/11.00 MHz high-

of Science and Technology (JUST) in Jordan. All participantgsolution linear transducer. The knee was examined with the

were right-leg dominant with age range between 18 and patient supine; the knee was positioned with full flexion. The

years. To determine the leg dominancy, the volunteers weransducer was applied transversely just above the patella,
asked to kick a ball, the leg dominancy was determine baggerpendicular to the surface of the femoral condyles. The
on their performance. Participants with musculoskeletabtained images were used to measure the thickness of
pathology that could influence the Q-angle were excluded frohbomogeneous low echoic or anechoic cartilaginous structure
the study. The Q angle measurements have been performsthg ultrasound software (Fig. 1). The measurement of the
bilaterally for each volunteer. articular cartilage covering the lateral and medial femoral
condyle was repeated 3 times and the mean value was

Measurement procedure Ethical clearance for the study wascalculated. Both limbs were evaluated by the same operator.

obtained from the Institutional Research Board at Jordan

University of Science and Technology (IRB # 7/134/2020). Th:i#

procedure was explained to the subjects who then signed

informed consent form before embarking on thd

measurements. The nationalities, age, sex, weight, height, 4

dominant side were recorded on a specific investigation paj

sheet. The determination of the leg dominance was based
their individual preference when being asked to kick a ba

The Q angle was measured with a full circle universal man

goniometer made of clear plastic with the subject standing EScl Medial

the erect weight-bearing position, according to the methddy. 1. Femoral cartilage thickness measurements via ultrasound. LC.

described by Khasawnehal This method had been reported-ateral condyle; IA. Intercondylar area; MC. Medial condyle.
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After collecting the requested information an 16

measurements, the data were transferred into a computer to pe g
the required statistical analysis. H 12
B0
Statistical analysis.Levene test was applied to determine t & 8
homogeneity of variance, the data were evaluated by one- %
analysis of variance (ANOVA) or independent samples t-test at ( b 6
and 0.01 levels of significance. When needed the Scheffe pos g, 4
analysis test was performed to examine statistical differer 2
between the groups when necessary. For multiple comparisc 0
cartilage thickness for both condyles the Bonferroni test was u Right Left
The data were presented as meastandard error of the mea Siialay Kb
(SEM).
?2 sk sk
9’ 16
RESULTS A
zéb 12
o ) ) g 10
Variation in Q angle and condylar distance with raceBoth Arab S 8
and Malay races demonstrated variation in Q angle with sex s ER
lar to previous reports (Table I). When the two racial groups w C“; 4
compared, the Q angle was significantly (P< 0.01) greater on | 3
sides in Arab males compared to Malay males (Table I; Fig. Right Left
Similarly, Arab females had significantly (P< 0.01) larger Q an W Malay ® Arab

in both sides than Malay females (Fig. 2). Fig. 2. Variation of the Q angle between Arab and Malay

racial groups. A. Males; B. Females. Each column represents
It was already being published that a significant increasettie mean Q angtestandard error of the mean (SEM); **P<
Q angle was observed as the condylar distance increased in Arath compared to the same side and sex of the other race (t-
populations, so we assess the relationship between the condigsh)-
distance and the Q angle. The Malay volunteers were divided into Thickness of the surface cartilage of the

3 groups according to length of their condylar distance. Each 9'%bhoral condyle. The thickness of surface cartilage

included a condylar distance with 10 mm interval. Similar to Arabghe medial and the lateral femoral condyles in both

a significant (P< 0.05) increase in Q angle with increased condy, 5ups are shown in Table IV. The mean cartilage

distance was observed in both male and female Malay participafis nesst SDis shown in Table V.

(Tables Il and 111). On the other hand, the Malay participants showed

a smaller condylar distance comparing to Arab populations. The statistical analysis showed a
significant reduction in the thickness of

Table I. Measurements of the Q angle with respect to sex and side in Arab andpoth medial (P=0.05) and lateral (P=0.00)

Malay participants femoral condyle articular cartilage in the

Sex _ Arab Race _ Malay Race Q >14 group (Fig. 3). On the other hand,
Right Qangle Left Qangle  RightQangle Left Qangle no significant difference was found
Male 14.240.42 13.940.51 10.65+0.32 10.3+£0.55

between the right and left side of the same

ok ok ® ok
Female 17.440.53 170.93 13.7£0.49 13.36+0.62 Q angle group (Q >P4or Q<14° groups)

*P < 0.05; **P < 0.01, significantly greater than the corresponding side in males (t-test).

(Table V).

Table Il. Variation of the Q angle with condylar distance of the Table Ill. Variation of the Q angle with condylar
femur in Malay males participants. distance of the femur in Malay females participants.
Condylar distance (cm)  Right Q angle Left Qangle Condylar Right Qangle  Left Q angle
7-7.9 10.1+0.24 10+0.36 distance (cm)

6.5-7.4 135+ 0.24 13.1 £ 0.36
8-89 10.3£0.42 101+0.25 7.5-8.4 138+042  133+025
9-99 11.5+0.34* 11+ 0.37* 8.5-9.5 14.3 + 0.34* 13.9 £ 0.37*
*P < 0.05; a significant increase in Q angle as the condylar distance *P < 0.05; a significant increase in Q angle as the condylar
increases in both sides (ANOVA, LSD post hoc). distance increases in both sides (ANOVA, LSD post hoc).
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Table IV. The thickness of the articular cartilage covering the femoral condyle in volunteers.
Articular cartilage thickness (mm)

Q angle <14° Q angle>14°
Lateral femoral Medial femoral Lateral femoral Medial femoral
Left side  Right Left side  Rightside Leftside Rightside Leftside Right
Patient number side side
1 2.05 1.99 1.95 2.1 1.39 1.44 1.41 1.43
2 2 2.05 1.97 2.04 1.44 1.45 1.47 1.5
3 2.1 2.1 1.99 2.15 1.47 1.52 1.5 1.53
4 1.98 2.02 2 2.08 1.5 1.61 1.55 1.64
5 2.4 2.42 2.37 241 1.42 1.51 1.48 1.5
6 1.7 1.8 1.78 1.87 1.34 1.47 1.38 1.42
7 22 2.31 2.25 2.4 1.44 1.5 1.49 1.51
8 1.8 1.89 1.82 1.95 1.54 1.58 1.55 1.6
9 1.97 2.05 2 2.1 1.52 1.62 1.56 1.6
10 2.5 2.56 2.58 2.6 1.47 1.55 1.51 1.54
11 2.25 25 2.31 2.45 1.58 1.63 1.6 1.65
12 2.15 2.24 2.19 2.28 1.37 1.43 1.37 141
13 1.68 1.78 1.71 1.77 1.37 1.48 1.41 1.46
14 2.52 25 2.52 2.54 1.43 1.59 1.47 1.52
15 221 2.36 2.28 2.31 1.48 1.6 1.52 1.57
16 1.89 2.07 1.92 2.06 1.44 1.61 1.54 1.58
17 2.45 2.5 2.49 2.53 1.6 1.66 1.63 1.68
18 2.45 2.58 2.46 2.6 1.35 1.44 1.39 1.4
19 1.77 1.87 1.82 1.88 1.39 1.52 1.45 1.52
20 2.53 2.6 2.61 2.64 1.52 1.59 1.55 1.56
21 2.03 2.34 2.12 2.27 1.41 1.53 1.48 1.52
22 1.99 2.21 2.04 2.15 1.45 1.54 1.46 1.5
23 2.24 2.34 2.3 2.34 1.48 1.59 1.51 1.55
24 2.07 2.3 2.14 2.26 1.43 1.5 1.44 1.56
25 1.79 1.85 1.81 1.84 2 2.21 2.05 2.16
26 2.53 2.61 2.58 2.6 1.43 1.49 1.44 1.45
27 2.47 2.58 2.5 2.54 1.44 1.57 1.48 1.53
28 2.33 2.43 2.37 243 1.45 1.6 1.54 1.59
29 1.86 2 1.92 2.01 1.61 1.72 1.67 1.71
30 2.09 2.3 2.1 221 1.36 1.43 1.4 1.43
31 2.31 2.56 2.43 2.55 1.46 1.51 1.46 1.49
Average 2.139%* 2.248%* 2.171* 2.256* 1.47 1.564 1.5 1.55

*P < 0.05, **P < 0.00; significant increase in the thickness of both right and left femoral condyle articular cartilage
in the Q<14° group. No significant difference found between the right and left side in the same Q angle group.
(ANOVA, LSD post hoc).

25 Table V. The thickness of the articular cartilage covering the condyles in the Q
< 14° and Q >14° groups.

ek
1.2 n B N
. Articular cartilage thickness [mm] (mean + SD)

14: The condylar distance Qangle < 14 Q angle>14
16 Lateral femoral condyle 2.191+0.15 1.515+0.19
14 Medial femoral condyle 2.2135£023 1.52540.11

. B Lateral condyle

1 ¥ Medial condyle
0.8
06 DISCUSSION
04
0.2

0

Qsl4 Q14 The quadriceps angle (Q angle) is considered an
Q angle . .. . .
Fig. 3. A relationship between the thickness of condyyle articulirrnngzr:]t dp{ahr:r;;ittigogézgtﬂlmt%ﬂ e\;taéﬁzt;g&giglqsmcﬁq:
cartilage and the Q-angle. Each column represents the mean Q a . . . g P - . J S
+ standar error of the mean (SEM). The figure shows a significaH ed in the diagnosis of several knee joint d'sor_ders' and in
increase in thickness of lateral femoral condyle articular cartilage?ﬁe assessment of sports performances. Excessive values for

=0.00) in the Gt 14° group. +P < 0.05; **P< 0.01 (t-test). Q angle may result from abnormal knee alignment, which
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increases the lateral force on the patella. Such increase mayfound that Q angle is directly correlated with the condylar
cause an excessive compression of the lateral patella on digtance of the femur in the study group regardless of which
lateral lip of he femoral sulcus, leading to the potentiaside is measured (Khasawredlal). As a result, we assessed
subluxation or dislocation of the patella. Abnormal Q angltne relationship between the condylar distance and the Q
was also associated with changes in neuromuscular respoasgle in Malay race. We found that the Q angle increases as
and quadriceps reflex response time, making it a risk factibre condylar distance increases similar to Arab race. On the
for the anterior cruciate ligament injury (Grifiaaal, 2000). other hand, the Malay race showed a smaller condylar
Values of Q angles are affected by sex, and females shdistance comparing to Arab race. These findings provide a
significantly higher values than males (Khasaweehl). plausible explanation for why the Q angle is significantly
Our study found that the values of Q angle in males wela&ger in Arab race comparing to Malay race.

lower than those in females. These results agree with

previously reported findings (Tel& al; Khasawnelet al). In this study we used ultrasound regarding the thickness
A few theories have been suggested to explain sex-relat#fdemoral condyle articular cartilage, and according to our
differences in the values of Q angle. Females have widarowledge this is the first study to investigate the thickness
pelvis than males, which makes the distance between tfdemoral condyle cartilage and its relation to the Q angle.
pelvis and the patella longer than that from the patella to the

tibial tuberosity. This induces an alternation in the position Ultrasonography is a widely used imaging technique
of the anterior superior iliac spine, which impacts Q angfer the diagnosis and assessment of any musculoskeletal
values (Grelsameat al, 2005). Previous studies had revealedystem related pathology. Ultrasound is considered superior
an inverse relation between the value of Q angle and tteeanother imaging technique due to its availability, short scan
individual’s height. Since men tend to be taller than wometime and low costs. Moreover, it allows for a better
their Q angle values are smaller than females’ valuesualization of detailed knee structures such as muscles,
(Jaiyesimi & Jegede). Higher Q angle values in females digaments, periarticular tissues and fluid cisterns (Grobbelaar
associated with increased compression of articulatirg Bouffard, 2000), and detects any abnormality that may
surfaces, and this may explain the higher risk of patelfesent in the knee (Hsietal, 1998).

femoral pain in this group (Khasawnetral). Some authors

also point to an increased risk of patellanriiromalacia as The results showed a significant reduction in the
well as patellar dislocation and subluxation (Barbetial, thickness of right femoral condyle cartilage (P = 0.05) was
1998) if the Q angle >15-20 observed in the Q >24roup. Moreover, the data showed a

significantly reduced thickness of the left femoral condyle

The potential role of ethnicity in Q angle values wasurticular cartilage (P=0.00) in the same group.These findings
not extensively studied. The values of Q angle measuredagree with previous reports of a negative correlation between
the Arab population were higher than those reported in othieigh Q values and cartilage thickness of the medial femoral
ethnicities (Khasawneét al). Differences were also found condyle in female patients with knee osteoarthritis (Eim
among various ethnic groups in Nigeria (Ebeyeal) and al., 2017). In another study, the thickness of the articular
between Nigerian women and their Caucasian counterpactstiiage on the lateral femoral condyle was found to be
(Omololuet al). Our study directly compared the values of Qeduced in women with the Q angle 21&usiak &
angles in two ethnic groups, Arabic and Malay. The Q angkawczyn’ski, 2018). This reduction in cartilage thickness
was significantly (P< 0.01) greater on both sides in Arab masay be an adaptive response to increased compression
les and females compared to their Malay counterparts.  applied by the patellar cartilage on this condyle, as found by

Mizunoet al (2001).

It has long been speculated that Q angle may differ in
relation to race. Moreover, differences between studied Our findings indicate a significant reduction in the
populations have been suggested to underlie conflicting datackness of femoral articular cartilage with increase Q-angle
about Q angle in the literature (Omoleltal; Raveendranath value. This can happen as a result of the increased
et al, 2011; Khasawneét al). Moreover, Hovinga & Lerner compression imposed by the patellar cartilage on the condyle.
(2009) reported some observation atitie role of ethnicity
on the variation of Q angle. It could be argued that this This study supports the role of sex in influencing the
variation might be due to differences in physical parametevalue of Q angle independent of the age, race and dominant
such as height and weight between the Arab and Malaide factors. It also provides a new evidence about the
participants. However, our statistical analysis revealed mariation of Q angle between different races. Finally, it de-
significant difference in height or weight in either male otermines the presents of an inverse relationship between the
female participants of the two races. In our previous work) angle and the thickness of the femoral articular cartilage
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