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Background: Genu valgum is a condition characterized by an abnormal angling of the knee joints, causing the
knees to tilt inward and the feet to rotate outward. This condition is commonly observed in overweight individuals,
particularly females, due to abnormalities in body structure and muscle function, specifically in the quadriceps and
vastus medialis obliquus (VMO) muscles. Such abnormalities can affect the Q-angle, and an increased Q-angle
may lead to patellar instability and stress on the knee joint. Previous studies have indicated that exercises aimed at
strengthening the quadriceps and VMO muscles can help reduce the Q-angle.

Objectives: This study aimedto compare the effects of VMO-focused strengthening exercises and general quadriceps
strengthening exercises on the Q-angle and quadriceps strength in females with overweight and obesity.

Materials and methods: Twenty females with overweight and obesity were randomly divided into two groups of 10.
The first group participated in an exercise program focused on strengthening VMO muscle, while the second group
engaged in a program aimed at improving quadriceps strength. Both programs lasted for 4 weeks and were conducted
3 days a week. Measurements of the Q-angle and quadriceps muscle strength were taken one week prior to the start
of the exercises and again after the completion of the 4-week program. Data were analyzed using a two-way mixed
analysis of variance (ANOVA) to examine the effects of group (VMO vs. quadriceps) and time (pre- vs post-).

Results: The mixed ANOVA revealed no significant group x time interactions for Q-angle or quadriceps strength (all
p>0.05). Both groups demonstrated similar patterns of change over time, with descriptive data indicating reductions
in Q-angle and increases in quadriceps strength following the intervention.

Conclusion: Both VMO-focused and general quadriceps strengthening exercises produced similar changes in Q-an-
gle and quadriceps strength over the 4-week intervention period. No significant differences were observed between
the two exercise approaches. These results should be interpreted with caution because of the short intervention
duration. Future studies employing longer training periods and more objective measures of muscle activation are
warranted to better elucidate potential differences between exercise types and to strengthen the evidence base in

this area.

The quadriceps (Q) angleis definitively established
by the intersection of two lines: one extends from the
anterior superior iliac spine (ASIS) to the center of the
patella, and the second extends from the center of the
patella to the tibial tuberosity." The Q-angle may be
used as an indirect indicator of the line of action and
loading effect of the quadriceps muscle.?® The average
Q angle is approximately 14 degrees for men and 17
degrees for women.* An increased Q-angle is often
linked to genu valgum (knock knees) and represents
a type of extensor mechanism malalignment. It is
associated with knee joint hypermobility, patellar
instability, and patellofemoral pain syndrome.®
Additionally, recent studies have provided evidence
of a relationship between being overweight or obese
and skeletal abnormalities, particularly angular knee
disorders.® As body weight increases, joint loading
increases, which may contribute to an increase in
Q-angle.” Other factors can contribute to an increased
Q-angle in women. These factors include a broader
pelvis, heightened femoral anteversion, knee valgus,
external tibial torsion, greater ligamentous laxity,
hyperpronation of the foot, patella alta, a constricted
lateral patellar retinaculum, and a hypoplastic or
weakened vastus medialis oblique (VMO).8*°

Weak quadriceps muscles can negatively impact
the patellofemoral mechanism. Strengthening the
quadriceps is frequently advised, as these muscles
are crucial for patellar movement. The VMO not only

helps extend the knee but also acts as a primary medial
stabilizer of the patella. When the knee extends, the
VMO pulls the patella inward because of its positioning
relative to the patella.® The VMO is often considered
a significant contributor to patellofemoral joint pain.
During knee extension, the VMO exerts a medial pull
on the patella and has been observed to activate later
than the vastus lateralis (VL) in individuals experiencing
patellofemoral pain. This delayed activation may
disrupt patellar tracking, leading to lateral tracking
because the VMO cannot engage in time.'® As a result,
it contributes to an increased Q-angle.®® However,
general quadriceps strengthening exercises tend to
recruit the quadriceps muscle group globally and may
not selectively enhance VMO activation relative to VL.

It has been proposed that quadriceps strengthening
exercises and sports participation may alter Q-angle
maghnitude.'? Exercises that concentrate on activating
the VMO are highlighted to balance the VMO:VL
firing ratio, aiming to correct the patellar tracking
pattern, which may reduce the Q-angle.® A study
found that strengthening exercises for the quadriceps
effectively decreased the Q-angle.'® However, previous
studies have lacked information regarding the
comparison between quadriceps strengthening and
VMO strengthening exercises. Therefore, this study
compared the effects of VMO strengthening exercises
and quadriceps strengthening exercises on the Q-angle
and quadriceps strength in females with overweight and
obesity. General quadriceps strengthening enhances
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overall knee extensor strength and function; however, it
falls short in addressing the medial-lateral quadriceps
imbalance, thus providing limited impact on patellar
maltracking or the Q-angle. In contrast, training that
focuses on the VMO specifically targets medial knee
stabilization, which can improve patellar tracking and
dynamic knee alignment.™"”

Moreover, in theory, increasing VMO activation or
force production can alter the Q-angle over 4 weeks
because the Q-angle has a dynamic component
influenced by muscle forces." The VMO exerts a medial
stabilizing force on the patella, counteracting the lateral
pull of the vastus lateralis. Enhanced VMO recruitment
shifts the resultant quadriceps force vector medially,
improving patellar tracking and reducing lateral
displacement.’® Neuromuscular adaptations occurring
within 3-4 weeks can modify motor control and reduce
dynamic knee valgus, thereby altering the functional
alignment of the extensor mechanism."” Additionally,
changes in patellar position affect surface landmark
measurements, leading to a measurable reduction in
Q-angle despite no change in bony anatomy.®

Although the VMO is anatomically part of the
quadriceps femoris, it plays a distinct functional role
in providing medial stabilization of the patella and
contributes to patellofemoral alignment.?® Selective
VMO-focused exercises are therefore commonly prescribed
to enhance neuromuscular control and correct lateral
patellar tracking, particularly in individuals with altered
knee mechanics.?"? Given that a higher Q-angle in
females, especiallyinoverweightand obeseindividuals,
has been associated with altered knee biomechanics
and patellofemoral loading?, it was hypothesized that
both exercise programs would lead to positive changes
in Q-angle and quadriceps strength.

Furthermore, it was hypothesized that VMO-focused
training would be more effective in improving Q-angle
compared with general quadriceps strengthening.

Study design and participants

This study was arandomized controlled trial (RCT).
The G-Power 3.1 program (University of Dusseldorf,
Dusseldorf, Germany) was used to calculate the
required sample size for a repeated-measures ANOVA
with a within-between interaction. With a significance
level of 0.05, power of 80%, and an effect size of 0.4
based on a previous study?, the analysis indicated that
a total sample size of 16 participants was required.
However, to mitigate the risk of participant drop-out,
this randomized controlled trial (RCT) included a total
of 20 participants who met the following inclusion
criteria: 1) females aged between 18 and 25 years, 2)
a body mass index (BMI) 23-24.9 kg/m2 for overweight
and 225 kg/m? for obesity®, 3) a Q-angle exceeding
17 degrees on both sides, and 4) no participation in
structured lower limb exercise or sports activities of
moderate to vigorous intensity for at least three months

prior to the test (light activities such as daily walking
were permitted). The study excluded individuals who
had: 1) a history of lower limb or lower back injuries
or surgeries within the six months preceding the test,
and 2) any knee joint-related pathology, including
ligament injuries, meniscus tears, muscle strains, or
inflammation of the quadriceps tendon.

Intraclass correlation coefficient (ICC)

The intraclass correlation coefficient (ICC) was
employed to assess the intra-rater reliability of three
researchers in measuring Q-angle and quadriceps
muscle strength. Both measurements were conducted
on the same day with 10 volunteers and were repeated
24 hours later. The resulting data were analyzed to
calculate the ICC. The investigator with an ICC value
closestto 1 was chosento carry outthe measurements.
A minimum acceptable ICC value of 0.70 was
established.? The analysis revealed ICC values of 0.7
forthe Q-angle assessments and 0.8 for the quadriceps
muscle strength evaluations, respectively.

Outcome measurements
Q-angle

The Q angle was measured using a full-circle
universal manual goniometer while the subject stood in
an erect weight-bearing position. The anterior superior
iliac spine (ASIS), the midpoint of the patella (identified
by palpating the superior and inferior borders and
marking the midpoint along its longitudinal axis), and
the tibial tuberosity were identified and marked. The
axis of the goniometer was positioned at the midpoint
of the patella, and the arms were adjusted to align with
the line connecting the ASIS to the tibial tuberosity. The
small angle indicated on the goniometer was recorded
asthe Q angle.”

Quadriceps muscle strength

The volunteer was seated on a bed, with their
legs elevated off the ground. The tester stood in front
of the volunteer and used a handheld dynamometer
(HHD) to assess quadriceps strength. The volunteer
was instructed to perform a maximal isometric
contraction against the tester and hold the position for
five seconds. Each test was conducted three times,
with the volunteer resting for 15 seconds between
measurements to prevent muscle fatigue. Quadriceps
strength was recorded in kilograms, and the results
were averaged.?®

Quadriceps strengthening exercise
Double-legged squat

The volunteer positioned themselves with their
feet shoulder-width apart and hands clasped in front
of their chest. They then bent their knees to lower
into a squat, ensuring both knees formed a 90-degree
angle and their thighs remained parallel to the floor.
Afterward, they stood back up, which counted as
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one repetition. Aim to perform 10 repetitions per set,
completing a total of 2 sets with a 1-minute rest allowed
between sets. 2930

Forward lunge

The volunteer stood with feet shoulder-width apart
and maintained an upright posture. The participant
then stepped forward with their right foot, bending both
knees to a 90-degree angle. The volunteer then pushed
through their feet and returned to the starting position,
completing one repetition. This process was repeated
with the left foot for a total of 30 repetitions, which
constituted one set. The exercise was performed for
two sets, with a 1-minute rest between sets.30%"

Single-leg squat to chair

The volunteer stood with feet shoulder-width
apart, placing the right foot slightly in front of the left.
They shifted their weight onto the left foot, turning
the right foot outward while keeping the heel on the
ground. With hands clasped in front of their chest, they
maintained an upright posture throughout the stance.
The volunteer then shifted weight to the left foot,
pushed the hips back, and bent the left knee to lower
into a seated position. Simultaneously, they extended
the right leg forward and drove through the left foot to
elevate their hips and body back up. This counted as
one repetition. The volunteer completed 10 repetitions
for one set and performed a total of 2 sets. Next, they
switched sides by placing the right foot behind and
using it to support their weight.*°

Double-legged wall squat

The participant stood with feet shoulder-width
apart and engaged their core to maintain contact
with the wall. They then lowered their body until their
knees bent to approximately 90 degrees, ensuring both
thighs remained parallel to the floor. The back stayed
in contact with the wall throughout the movement.
The participant held this position for 15-20 seconds,
which counted as one repetition. They completed 5
repetitions per set and performed 2 sets overall.2°%°

VMO strengthening exercise
VMO straight leg raise

The volunteer lay on their back with legs extended
straight and engaged the right thigh as they slowly lifted
the leg off the ground. They then rotated the leg outward
so that the toes pointed 45 degrees to the side before
lowering it back to the starting position. This counted as
one repetition. The volunteer completed ten repetitions
for one set and performed two sets, with a 1-minute
rest between sets. After finishing with the right leg, the
participant switched to the left leg and repeated the
exercise.’?%

VMO activation

The participant sat upright in a chair, with their
knees bent and feet flat on the floor. A medicine ball,
measuring 45 cm in diameter, was positioned between
their knees. The participant was instructed to squeeze
their hips and gently press the inner sides of their knees
against the ball. This action constituted one repetition.
They completed 10 repetitions per set, performing a
total of 2 sets.3%%

VMO strengthening squat

The volunteer positioned themselves with their
back against the wall, slightly bending their knees and
hips while holding a ball securely between the inner
sides of their knees. They then lowered their body until
their knees were bent at approximately 90 degrees,
maintaining the squeeze on the ball. At this point,
their thighs were parallel to the floor, and their knees
did not extend beyond their toes. The participant then
returned to the starting position, which counted as one
repetition. The participant performed 10 repetitions per
set, completing 2 sets overall.3%%

Bridge with ball between knees

The volunteer lay on their back with both knees
bent and feet flat on the floor, hands resting beside the
body, and a ball positioned between the knees. They
lifted their hips and held the position for 5 seconds
while squeezing the ball, then returned to the starting
position. This counted as one repetition. Participants
performed 10 repetitions per set, completing 2 sets
overall.3%%

Procedure

The study received approval from the University
of Phayao Human Ethics Committee (HREC-UP-HSST
1.2/098/67) and adhered to the Declaration of Helsinki.
The protocol was sanctioned by the Thai Clinical
Trials Registry (TCTR20240723014). All participants
provided written informed consent before testing.
Researcher 1 randomly assigned participants to either
the VMO or quadriceps group using the drawing-lots of
method. Researchers 2 and 3 measured all baseline
data, Q-angle, and quadriceps muscle strength at the
start of the study. The assessment researchers were
not aware of the group allocation. Volunteers were
instructed not to discuss their group activities with the
assessment staff. The quadriceps group performed
quadriceps strengthening exercises, while the VMO
group performed VMO strengthening exercises 3 times
a week for 4 weeks. The participants completed the
exercise programs under the supervision of Researcher
1 during each session at the physiotherapy clinic,
School of Allied Health Sciences, University of Phayao.
The Q-angle and quadriceps muscle strength were
reassessed after 4 weeks of the exercise programs
by Researchers 2 and 3, who remained blinded to the
group allocation (Figure 1).
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Figure 1. Consort flow diagram of the operational procedures and data collection.

Statistical analysis

The data were analyzed using SPSS statistical
package version 25 (SPSS Inc., Chicago, IL). All baseline
data were presented as mean * standard deviation
(SD). Normality of the data was confirmed using the
Shapiro-Wilk test, which showed that all variables
followed a normal distribution (p>0.05). To examine
significant differencesin baseline data between groups,
an independent t-test was utilized. The dependent
variables were analyzed using a two-way mixed ANOVA
ontwo factors, whichwere one between-subjects factor
(group) with two levels (groups: VMO, Quadriceps) and
one within-subjects factor (time) with two levels (time:
pre-, post-). A significance level was set at p<0.05.
Descriptive percentage changes were calculated for
each outcome to illustrate the magnitude and direction
of change within each group. These descriptive data
were not subjected to inferential statistical testing.

Results
A total of 20 participants who met the inclusion
criteria were recruited for the study. However, during

follow-up in the final week, 2 participants in the
quadriceps group completed less than 80 percent
of the total exercise sessions. Consequently, they
were excluded from statistical analysis. The baseline
characteristics of the participants are outlined in Table 1,
which indicates no significant differences between the
groups across all baseline measures. Table 2 presents
the within- and between-group analysis of pre- and
post-test Q-angle and quadriceps muscle strength
in the VMO and general quadriceps training groups.
The mixed-design analysis showed no statistically
significant group x time interaction effects for right
Q-angle, left Q-angle, right quadriceps strength, or left
quadricepsstrength (allp>0.05), indicatingthatchanges
over time did not differ significantly between the two
intervention groups. Figure 2 presents descriptive
percentage changes in Q-angle and quadriceps
strength for both groups following the intervention.
Overall, both groups showed reductions in Q-angle
and increases in quadriceps strength; however, these
values are reported descriptively only and were not
subjected to inferential statistical comparison.
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Table 1. Baseline characteristics of the participants (N=18)

VMO group

Quadriceps group

Characteristics (N=10) (N=8) p value
Age (year) 20.00%1.33 20.13+1.55 0.86
Weight (kg) 75.84+10.51 84.44+14.88 0.17
Height (cm) 161.55+5.44 164.50+3.82 0.21
BMI (kg/m?) 28.99+3.14 31.26+5.71 0.34
Rt Q-angle (°) 19.22+1.84 19.48+1.18 0.73
Lt Q-angle (°) 19.33+1.45 20.73+1.31 0.05
Rt Quadriceps strength (kg) 14.53%4.42 17.64+3.91 0.14
Lt Quadriceps strength (kg) 15.08+5.53 15.24+1.94 0.94

Note: BMI: body mass index, Rt: right, Lt: left.

Table 2. Mean=SD of the pre- and post-test Q-angle and quadriceps muscle strength in the VMO (N=10) and
quadriceps (N=8) groups.

Group x Time (interaction)

Group Pre-test Post-test 95% ClI F pvalue Partialn®
VMO 19.22+1.84 16.20+2.01 -3.11 (-7.34-2.00)

Rt Q-angle (°) 0.58 0.47 0.076
Quadriceps  19.48+1.18 17.92+2.67 -1.81 (-5.96-2.35)
VMO 19.33+1.45 17.15+2.47 -0.16 (-4.52-4.21)

Lt Q-angle (°) 0.001 0.95 0.000
Quadriceps  20.73%1.31 18.29+1.72 -1.92 (-6.54-2.70)
VMO 14.53%4.42 18.35x4.75 -0.26 (-1.86-1.33)

Rt Quadriceps strength (kg) 1.13 0.32 0.139
Quadriceps  17.64+3.91 20.16+3.17 -1.72 (-4.05-0.62)
VMO 15.08+5.53 17.94+5.05 -1.40 (-2.80-0.00)

Lt Quadriceps strength (kg) 0.80 0.40 0.103
Quadriceps  15.24%1.94 19.86+3.94 -1.14 (-3.33-1.05)

Note: Q: quadriceps, VMO: vastus medialis oblique, Rt: right, Lt: left.

Percentage change (%)

[ VMO group (N=10)

80 - , [ Quadriceps group (N=8)
60+ i - |
. 2629 | 1897 i
20 o N ; L. !
al L. O | T
-201 _1570 -8i02 -11J._29 -11.76 | <
-40 !
-60
-80 T T T E = T = T =
Right Q-angle Left Q-angle ngﬂstg::;tr'-‘ceps Lefts :lr:a:g;eps
Q-angle Quadriceps muscle strength

Figure 2. Descriptive percentage changes in Q-angle and quadriceps muscle strength.
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The present study examined the effects of a
4-week vastus medialis oblique (VMO)-focused
exercise program compared with general quadriceps
strengthening on Q-angle and quadriceps muscle
strength. The mixed ANOVA showed no significant
group x time interaction for any outcome variable,
indicating that neither intervention was statistically
superior to the other in changing Q-angle or quadriceps
strength. The associated partial eta-squared values
were small to moderate, suggesting limited between-
group effect sizes. Therefore, the primary hypothesis
was not supported, as no significant between-group
differences were observed.

Effects on Q-angle

Both groups showed reductions in right and left
Q-angle over the intervention period, although no
significant between-group differences were observed.
The small partial eta-squared values observed for
Q-angle outcomes further indicate that the between-
group effect size was trivial to small, implying limited
practical significance despite observable numerical
improvements. This suggests that general quadriceps
strengthening may be as effective as VMO-specific
training in influencing Q-angle. From a biomechanical
perspective, Q-angle is influenced not only by VMO
activation but also by global lower limb alignment,
including femoral internal rotation, tibial torsion, pelvic
width, and hip muscle strength.""* Therefore, it is
unlikely that isolated VMO strengthening alone would
produce substantial structural changes in Q-angle.

Furthermore, Q-angle is traditionally considered
a relatively static anatomical measure, particularly in
adults, and large structural changes are not expected
over short intervention periods.®% This may explain
why the magnitude of change observed in the present
study was small and not statistically different between
groups. Previous research has similarly reported
limited effects of short-term exercise interventions on
Q-angle, even when neuromuscular improvements are
evident.4o4

Effects on quadriceps muscle strength

Both intervention groups demonstrated increases
in quadriceps muscle strength, with no significant
differences between the VMO and general quadriceps
groups. However, the moderate partial eta-squared
values for right and left quadriceps strength indicate
small-to-moderate effect sizes, suggesting the
intervention had a meaningful impact on muscle
performance, even without statistically significant
group differences. This aligns with the principle
of training specificity, whereby any repeated knee
extensor loading is likely to induce neural and muscular
adaptations in the quadriceps as a whole.*> Early
strength gains, particularly within the first 4-6 weeks, are
predominantly attributed to neural adaptations rather

than hypertrophy.*® This supports the notion that the
observed increases in strength may reflect increased
motor unit recruitment and improved neuromuscular
coordination rather than true structural muscle growth.

Importantly, the lack of between-group differences
suggests that selectively targeting the VMO may not
confer additional benefits for overall quadriceps
strength compared with general strengthening
exercises. This is consistent with electromyographic
studies showing that selective activation of the VMO
independent of the vastus lateralis is difficult to
achieve during functional exercises.***®* Consequently,
general quadriceps strengthening may be sufficient
for improving knee extensor performance in clinical
populations.

Given that the vastus medialis obliquus (VMO)
is anatomically part of the quadriceps femoris
muscle group, general quadriceps strengthening may
inherently activate the VMO, which could partly explain
the absence of significant between-group differences
observed in this study.*>4¢

Was the intervention duration sufficient?

Akey considerationininterpreting these findings is
whether the 4-week intervention period was sufficient
to induce meaningful biomechanical or structural
adaptations. Muscle hypertrophy and tendon or alignment-
related changes typically require longer training
durations, often exceeding 6-8 weeks.**® Therefore,
the short duration of the intervention may have limited
the potential for detecting larger between-group
differences, particularly in Q-angle, which reflects
structural alignment rather than purely neuromuscular
control.

Previous studies investigating patellofemoral
biomechanics commonly employ intervention periods
of 6-12 weeks or longer and report more substantial
functional improvements.*"*° It is therefore plausible
that the present study was underpowered in both
sample size (Type Il error) and intervention duration to
detect small-to-moderate between-group effects.

Training intensity and load

In addition to duration, the training intensity
and mechanical loading may also have influenced
the outcomes. While the exercise program was likely
sufficient to stimulate improvements in quadriceps
strength through neural mechanisms, it may not have
provided adequate mechanical stimulus to elicit
meaningful structural remodeling of the quadriceps
muscle or patellofemoral joint alignment.*®* Structural
changes in muscle and connective tissue depend
on progressive overload, sufficient training volume,
and high mechanical tension, which are critical for
inducing hypertrophy and altering musculoskeletal
properties.*>*®¢ Consequently, although participants
demonstrated functional improvements, the training
load may have been insufficient to generate detectable
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changes in static Q-angle, which is strongly influenced
by bony alignment and long-term neuromuscular
adaptations.™

Exploratory between-group percentage changes

Figure 2 presents the descriptive percentage
changes in Q-angle and quadriceps muscle strength
following the 4-week intervention in both groups.
Overall, both the VMO and quadriceps groups
demonstrated reductions in Q-angle and increases in
quadriceps strength, indicating improvements in lower
limb alignment and muscle performance.

For Q-angle, both groups showed comparable
decreases bilaterally. The VMO group exhibited a mean
reduction of -15.70% on the right and -11.29% on the
left, while the quadriceps group showed reductions
of -8.02% and -11.76%, respectively. These findings
suggest that both exercise programs were associated
with modest improvements in patellofemoral alighment,
with slightly greater reductions in the VMO group on the
right.

For quadriceps strength, both groups showed
substantial percentage increases. The VMO group showed
increases of 26.29% (right) and 18.97% (left), whereas
the quadriceps group demonstrated increases of
14.27% (right) and 30.33% (left). The large standard
deviations indicate considerable inter-individual
variability in training responses, particularly for muscle
strength outcomes.

Importantly, these data are descriptive and should
be interpreted in conjunction with the mixed ANOVA
results, which showed no statistically significant group
x time interactions. Therefore, although both groups
exhibited changes, Figure 2 supports the conclusion
that the magnitude of change was broadly comparable
between interventions over the 4-week period, rather
than indicating superiority of one program over the
other.

Limitations

Several limitations should be acknowledged.
Firstly, the small sample size limited statistical power
to detect between-group differences, particularly
group x time interaction effects, and increased the
risk of Type Il error. Secondly, the short intervention
duration (4 weeks) may have been insufficienttoinduce
meaningful structural or biomechanical adaptations.
Thirdly, the absence of a non-exercise control group
restricts causal inference, as observed changes may
reflect learning effects or natural variability. Fourthly,
using static Q-angle as an outcome measure may
not fully capture dynamic knee mechanics during
functional activities. Finally, the specific participant
population (young overweight/obese females) limits
the generalizability of the results to other groups.

Future study

Future studies should include a larger sample
size and a longer training period to determine whether
VMO-focused and general quadriceps strengthening
exercises produce different effects over time. A non-
exercise control group should also be included to
better determine whether the observed changes are
related to the exercise programs. In addition, dynamic
knee alignment and VMO and VL muscle activity should
be assessed to provide more information than static
Q-angle measurement alone. Longer-term follow-up
may also help determine whether changes in Q-angle
and quadriceps strength are maintained after the
intervention.

Practical implications

The findings suggest that both VMO-focused
and general quadriceps strengthening exercises may
reduce Q-angle and increase quadriceps strength
over a short-term period (4 weeks). However, the study
found no statistically significant differences between
interventions, suggesting neither approach clearly
outperformed the other within this timeframe. From a
clinical perspective, these results imply that clinicians
may have flexibility in exercise prescription, and both
targeted and general strengthening programs could
be considered as part of early-phase rehabilitation.
Nevertheless, given the exploratory nature of the study,
small sample size, short intervention duration, and
lack of a control group, interpret these implications
cautiously. The present findings should not be
generalized to longer-term rehabilitation programs,
and further studies with larger samples and extended
follow-up periods are required before definitive clinical
recommendations can be made.

Conclusion

Both VMO-focused and general quadriceps
strengthening exercises were associated with within-
group decreasesinQ-angleandincreasesinquadriceps
muscle strength; however, no statistically significant
differences were observed between interventions.
These findings suggest that neither approach clearly
outperformed the other over the 4-week period. Given
the small sample size, short intervention duration,
and absence of a control group, the results should
be interpreted as preliminary, and further adequately
powered studies are required to confirm these findings.
Future studies incorporating longer intervention periods
and neuromuscular measures, such as EMG onset
timing or assessments of muscle morphology, may
provide deeper insights into the differential effects of
VMO-focused versus general quadriceps training.



Poomsalood S. et al. Journal of Associated Medical Sciences 2027; 60(1): 215-225

Ethical approval

The study obtained approval from the University
of Phayao Human Ethics Committee (HREC-UP-HSST
1.2/098/67) and complied with the Declaration of
Helsinki. The protocol was authorized by the Thai
Clinical Trials Registry (TCTR20240723014).

Declaration of generative Al and Al-assisted technologies

ChatGPT (OpenAl) was used to assist with
English language editing and improve the clarity of the
manuscript. Grammarly was used to check grammair,
spelling, and language. All content was reviewed and
approved by the authors, who take full responsibility for
the final manuscript.

Funding
School of Allied Health Sciences, University of
Phayao, Thailand

Conflict of interest
The authors declare no conflict of interest.

CRediT authorship contribution statement

Somruthai Poomsalood: conceptualization, methodology,
visualization, validation, data analysis, writing-English
original draft; Panida Hanphitakphong: data analysis,
result summary; Palagon Udomkichpagon and
Chatchadaporn Jaiyen: investigation, writing-reviewing
and editing; Chayanid Wongchanta, Natthaphon
Chanrak and Vasita Cheeprem: data collection,
methodology.

Acknowledgements

We would like to express our gratitude to the staff
and students of the School of Allied Health Sciences,
University of Phayao for their assistance and for helping
recruit participants.

References

[11 Loudon JK. Biomechanics and pathomechanics
of the patellofemoral joint. Int J Sports Phys Ther.
2016; 11(6): 820-30.

[2] Boling MC, Padua DA, Marshall SW, Guskiewicz
K, Pyne S, Beutler A. A prospective investigation
of biomechanical risk factors for patellofemoral
pain syndrome: the joint undertaking to monitor
and prevent ACL injury (JUMP-ACL) cohort. Am J
Sports Med. 2009; 37(11): 2108-16. doi: 10.1177/
0363546509337934.

[8] Mizuno Y, Kumagai M, Mattessich SM, Elias JJ,
Ramrattan N, Cosgarea AJ, et al. Q-angle influences
tibiofemoral and patellofemoral kinematics. J
Orthop Res. 2001; 19(5): 834-40. doi: 10.1016/
S0736-0266(01)00008-0.

[4] Vanzeli CHG, Reis ACF, Pereira AG, Tavares MR,
Fazan VPS. Measurement the “Q” angle through
the application of direct method and indirect
method. J Morphol Sci. 2016; 33(3): 168-70. doi:
10.4322/jms.079515.

(3]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(18]

[16]

223

Vijayakumar K, Dineshkumar D. Effects of therapeutic
weight loss exercises on obese individuals with
genu valgum deformity. Indian J Public Health
Res Dev. 2020; 11(9): 185-9. doi: 10.37506/ijphrd.
v11i9.11007.

Soheilipour F, Pazouki A, Mazaherinezhad A,
Yagoubzadeh K, Dadgostar H, Rouhani F. The
prevalence of genu varum and genu valgum in
overweight and obese patients: assessing the
relationship between body mass index and knee
angular deformities. Acta Biomed. 2020; 91(4):
€2020121. doi: 10.23750/abm.v91i4.9077.
Elhoseny HA, Eltohamy AM, Diab OA. Effect of
body mass index on quadriceps angle and tibial
torsionin school-aged children. Bull Fac Phys Ther.
2024; 29: 76. doi: 10.1186/s43161-024-00235-1.
Santhi V, Rajesh B. A study on the effect of
isometric quadriceps activation and vastus
medialis obliquus strengthening in decreasing
g-angle among young females. J Evol Med Dent
Sci. 2020; 9(12): 965-8. doi: 10.14260/jemds/
2020/208.

Nguyen AD, Boling MC, Levine B, Shultz SIJ.
Relationships between lower extremity alignment
and the quadriceps angle. Clin J Sport Med. 2009;
19(3): 201-6. doi: 10.1097/JSM.0b013e3181a38fb1.
Raveendranath R, Nachiket S, Sujatha N, Priya
R, Rema D. Bilateral variability of the quadriceps
angle (Q angle) in an adult Indian population. Iran
J Basic Med Sci. 2011; 14(5): 465-71.

Powers CM. The influence of altered lower-extremity
kinematics on patellofemoral joint dysfunction: a
theoretical perspective. J Orthop Sports Phys Ther.
2003; 33(11): 639-46. doi: 10.2519/jospt.2003.33.
11.639.

Sharma R, Vaibhav V, Meshram R, Singh B, Khorwal
G. A systematic review on quadriceps angle in
relation to knee abnormalities. Cureus. 2023; 15(1):
€34355. doi: 10.7759/cureus.34355.

Mazidi M, Alizadeh MH, Rajabi R. The effects of
one period of exercise therapy program on Q and
popliteal angle in athletes with patellofemoral
pain syndrome. J Res Rehabil Sci. 2011; 7(2): 217-
24 (in Persian). doi: 10.22122/jrrs.v7i2.217.

Clark DI, Downing N, Mitchell J, Coulson L,
Syzpryt EP. Physiotherapy for anterior knee pain:
a randomized controlled trial of exercise, taping,
and education. BMJ. 2000; 320(7238): 792-5. doi:
10.1136/bmj.320.7238.792.

Witvrouw E, Lysens R, Bellemans J, Cambier
D, Vanderstraeten G. Open versus closed kinetic
chain exercises for patellofemoral pain. Am J
Sports Med. 2000; 28(5): 687-94. doi: 10.1177/036
35465000280050801.

Crossley KM, van Middelkoop M, Callaghan
MJ, Collins NJ, Rathleff MS, Barton CJ, et al.
Patellofemoral pain consensus statement. Br J
Sports Med. 2016; 50(14): 844-52. doi: 10.1136/
bjsports-2016-096384.



224

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

(23]

(26]

[27]

(28]

[29]

Poomsalood S. et al. Journal of Associated Medical Sciences 2027; 60(1): 215-225

Powers CM. The influence of abnormal hip
mechanics on knee injury. J Orthop Sports Phys
Ther. 2010; 40(2): 42-51. doi: 10.2519/jospt.2010.
3337.

Shelburne KB, Pandy MG. A musculoskeletal
model of the knee for evaluating muscle and joint
forces during gait. J Biomech. 1997; 30(2): 163-76.
doi: 10.1016/S0021-9290(96)00119-4.

Livingston LA, Mandigo JL. Bilateral Q-angle
asymmetry and anterior knee pain syndrome. Clin
Biomech. 1999; 14(1): 7-13. doi: 10.1016/S0268-
0033(98)00054-2.

Powers CM. The influence of altered lower-extremity
kinematics on patellofemoral joint dysfunction: a
theoretical perspective. J Orthop Sports Phys Ther.
2003; 33(11): 639-46. doi: 10.2519/jospt. 2003.33.
11.639.

Cowan SM, Bennell KL, Hodges PW, Crossley KM,
McConnell J. Delayed onset of electromyographic
activity of vastus medialis obliquus relative to
vastus lateralis in subjects with patellofemoral
pain syndrome. Arch Phys Med Rehabil. 2001;
82(2): 183-9. doi: 10.1053/apmr.2001.19022.
Crossley K, Cowan SM, Bennell KL, McConnell J.
Patellar taping: is clinical success supported by
scientific evidence? Man Ther. 2000; 5(3): 142-50.
doi: 10.1054/math.2000.0233.

DograK, Singh A. Correlation of Q-angle with muscle
strength and balance parameters. IntJ Med Pharm
Res. 2025; 6(5): 196-200. doi: 10.5281/zenodo.
17190708.

Mrityunjay K, Chhabra D. Comparison between
effect of isometric quadriceps exercise and vastus
medialis oblique strengthening on quadriceps
angle and patellar shift in normal individuals. Eur
Acad Res. 2014; 2(4): 5360-70.

WHO Expert Consultation. Appropriate body-mass
index for Asian populations and its implications
for policy and intervention strategies. Lancet.
2004; 363(9403): 157-63. doi: 10.1016/S0140-
6736(03)15268-3.

Weiss L, DeForest B, Hammond K, Schilling B,
Ferreira L. Reliability of goniometry-based Q-angle.
PMR. 2013; 5(9): 763-8. doi: 10.1016/j.pmrj.2013.
03.023.

Khasawneh RR, Allouh MZ, Abu-El-Rub E.
Measurement of the quadriceps (Q) angle with
respect to various body parameters in young Arab
population. PLoS One. 2019; 14(6): €0218387.
doi: 10.1371/journal.pone.0218387.

Rousseau AF, Dardenne N, Kellens |, Bornheim
S, Misset B, Croisier JL. Quadriceps handheld
dynamometry during the post-ICU trajectory: us-
ing strictly the same body position is mandatory
for repeated measures. Intensive Care Med Exp.
2023; 11(1): 39. doi: 10.1186/s40635-023-00523-5.
Slater LV, Hart JM. Muscle activation patterns
during different squat techniques. J Strength Cond

(30]

[31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

Res. 2017; 31(3): 667-76. doi: 10.1519/JSC.00000
00000001323.

FerberR, Bolgla L, Earl-Boehm JE, Emery C, Hamstra-
Wright K. Strengthening of the hip and core versus
knee muscles for the treatment of patellofemoral
pain: a multicenter randomized controlled trial.
J Athl Train. 2015; 50(4): 366-77. doi: 10.4085/
1062-6050-49.3.70.

Muyor JM, Martin-Fuentes |, Rodriguez-Ridao D,
Antequera-Vique JA. Electromyographic activity
in the gluteus medius, gluteus maximus, biceps
femoris, vastus lateralis, vastus medialis and
rectus femoris during the monopodal squat, forward
lunge and lateral step-up exercises. PLoS One.
2020; 15(4): e0230841. doi: 10.1371/journal.pone.
0230841.

Kushion D, Rheaume J, Kopchitz K, Glass S, Alderink
G, Jinn J. EMG activation of the vastus medialis oblique
and vastus lateralis during four rehabilitative
exercises. Open Rehabil J. 2012; 5: 1-7. doi: 10.2174/
1874943701205010001.

Shabick MA, Latip HFM, Aziz MSA. Exercises
to increase vastus medialis oblique activity: a
review. J Sport Games. 2019; 1(2): 18-22. doi: 10.
22259/2642-8466.0102004.

O’Sullivan SP, Popelas CA. Activation of vastus
medialis obliquus among individuals with patello-
femoral pain syndrome. J Strength Cond Res.
2005; 19(2): 302-4. doi: 10.1519/1533-4287(2005)
19[302:AOVMOA]2.0.CO;2.

Cho M, Kang JY, Oh JH, Wu JG, Choi EB, Park SE,
et al. The effects of performing squats on an
inclined board on thigh muscle activation. Phys
Ther Rehabil Sci. 2017; 6(1): 39-44. doi: 10.14474/
ptrs.2017.6.1.39.

Lee S, Park J, Lee D. Effects of bridge exercise
performed on an unstable surface on lumbar
stabilizing muscles according to the knee angle. J
Phys Ther Sci. 2015; 27(8): 2633-5. doi: 10.1589/
jpts.27.2633.

Earl JE, Hoch AZ. A proximal strengthening program
improves pain, function, and biomechanics in
women with patellofemoral pain syndrome. Am
J Sports Med. 2011; 39(1): 154-63. doi: 10.1177/
0363546510379967.

Livingston LA. The quadriceps angle: a review of
the literature. J Orthop Sports Phys Ther. 1998;
28(2): 105-9. doi: 10.2519/jospt.1998.28.2.105.
Herrington L, Nester C. Q-angle undervalued? The
relationship between Q-angle and medio-lateral
position of the patella. Clin Biomech. 2004; 19(10):
1070-3. doi: 10.1016/j.clinbiomech.2004.07.006.
Syme G, Rowe P, Martin D, Daly G. Disability in
patients with chronic patellofemoral pain syndrome:
a randomised controlled trial of a home exercise
programme. Knee. 2009; 16(3): 223-9. doi: 10.1016/
j-knee.2008.11.002.

Fukuda TY, Rossetto FM, Magalhaes E, Bryk FF,



[42]

[43]

[44]

(48]

Poomsalood S. et al. Journal of Associated Medical Sciences 2027; 60(1): 215-225

Lucareli PRG, de Almeida Aparecida Carvalho N.
Short-term effects of hip abductors and lateral
rotators strengthening in females with patello-
femoral pain syndrome: a randomized controlled
clinical trial. J Orthop Sports Phys Ther. 2010;
40(11): 736-42. doi: 10.2519/jospt.2010.3246.
Kraemer WJ, Ratamess NA. Fundamentals of
resistance training: progression and exercise
prescription. Med Sci Sports Exerc. 2004; 36(4):
674-88. doi: 10.1249/01.MSS.0000121945.36635.61.
Folland JP, Williams AG. The adaptations to
strength training: morphological and neurological
contributions to increased strength. Sports Med.
2007; 37(2): 145-68. doi: 10.2165/00007256-2007
37020-00004.

Irish SE, Millward AJ, Wride J, Haas BM, Shum GLK.
The effect of closed-kinetic chain exercises and
open-kinetic chain exercise on the muscle activity
of vastus medialis oblique and vastus lateralis.
J Strength Cond Res. 2010; 24(5): 1256-62. doi:
10.1519/JSC.0b013e3181d32c11.

Smith TO, Nichols R, Harle D, Donell ST. Do the
vastus medialis obliquus and vastus lateralis
differ in function in patients with patellofemoral
pain syndrome? A systematic review. Knee. 2009;

[46]

[47]

(48]

[49]

(50]

225

16(4): 301-8. doi: 10.1016/j.knee.2008.09.002.
Bolgla LA, Uhl TL. Electromyographic analysis of
hip rehabilitation exercises in a group of healthy
subjects. J Orthop Sports Phys Ther. 2005; 35(8):
487-94. doi: 10.2519/jospt.2005.35.8.487.
Kraemer WIJ, Ratamess NA, French DN, Volek
JS, Hakkinen K, Rubin MR, et al. Physiological
adaptations to resistance exercise. Sports Med.
2002; 32(7): 467-83. doi: 10.2165/00007256-20023
2070-00004.

Schoenfeld BJ. The mechanisms of muscle hyper-
trophy and their application to resistance training.
J Strength Cond Res. 2010; 24(10): 2857-72. doi:
10.1519/JSC.0b013e3181e840f3.

Dolak KL, Silkman C, Medina McKeon J, Hosey
RG, Lattermann C, Uhl TL. Hip strengthening prior
to functional exercises reduces pain sooner than
quadriceps strengthening in females with patello-
femoral pain syndrome. J Orthop Sports Phys Ther.
2011; 41(8): 560-70. doi: 10.2519/jospt.2011.3554.
American College of Sports Medicine. Progression
models in resistance training for healthy adults.
Med Sci Sports Exerc. 2009; 41(3): 687-708. doi:
10.1249/MSS.0b013e3181915670.



