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Background: Around 80% of women prefer wearing high heel footwear, out of which 30% use it for professional
reasons. Usage of high heel footwear revealed to exhibit pathological differences in entire lower limb
mechanics.There is a dearth of literature regarding change in surface area of contact of footwear on lower limb
biomechanics, with constant heel height in high heel footwear users.

Study design: Cross sectional observational study.

Objectives: To assess and compare Q angle in women wearing flat heel, wedges and pointed heel footwear.

Methodology: 147 females were screened and only 99 (according to inclusion and exclusion criteria) were
enrolled in the study. Three groups were made (33 participants in each group). Q angle measurements were taken
in supine and standing positions. Collected data was analysed using one way ANOVA and Post Hoc analysis.

Results:  Mean value of the Q angle in flat footwear users is (Rt- 14.27±1.64), (Lt-14.18±0.95) in supine; (Rt-
15.15±2.22), (Lt.15.18±1.89) in standing. In wedged heel users is (Rt-16.39±1.58), (Lt-16.06±1.92) in supine and in
standing  (Rt-16.82±2.07), (Lt-16.58±1.95) respectively. In pointed heel users is (Rt-18.76±1.5), (Lt-18.58±1.25) in
supine; and (Rt-18.85±1.28), (Lt-18.76±1.3) in standing. There was statistically significant increase in participant’s
Q angle (p < 0.0001) with change in type (surface area of contact) of footwear.

Conclusion: Variable heel type has an effect on Q angle. The Flat heel users have normal Q angle. Wedge heels and
pointed heels are associated with significant increase in Q angle.

Clinical implication: Usage of flat footwear is advisable for good lower limb mechanics. Wedges are not better
than pointed heel footwear.
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80% of women wear high heel footwear, out of
which 50% wear by preference and 30% women
use because of their profession [1].
Some workplace studies showed that women
who are working in the hospitality industry like
hotel management, makeup artist, corporate
sector, air hostess wear high heels regularly for

Women wear High-heel footwear to make them-
selves look taller and fashionable. The use of
high heeled footwear is, and will always be, a
common practice among women. According to
survey (Farhat Sadique Basha, R. Gayatri Devi,
A. Jothi Priya 2018), it has been revealed that
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It is also a common belief that wedges are
better than pointed heels. Hence there is need
to find out if the heel type has any effect on
lower limb alignment with constant heel height.
There is dearth of literature about effect of
change in surface area of contact on Q angle.
Hence present study was done to assess the Q
angle in women using flat heel footwear, wedged
heel footwear and pointed heel footwear as well
as to compare the Q angle in these heel types.
The height for wedged heel footwear and
pointed heel footwear is kept constant i.e. 4 cm.

long hours [1].
There are several types of footwear used by
teenager women, which are variable in height
and width of the heel and also in the inclination
of the sole. The most commonly used heel types
are flats, wedges, and pointed heels.
Flat footwear has heel height which is either
equal or close to the height of the forefoot sole
[2]. The wedge heel type allows the force
applied by the heel on the sole of the shoe to
cross evenly over a wide area on the ground,
ensuring the balance of the user. Wedge heels
are slightly narrower in the rear foot region when
compared with the forefoot region; causing an
inclination of the Tibiotarsal joint as sole of the
forefoot is thin and of rear foot is thick and nar-
rower [2, 3]. The pointed heel footwear has thin
sole at forefoot region and of rear foot is at some
height as compared to forefoot.
The effects of the width and height of the heel
of the shoe on the body have been revealed to
exhibit differences in lower extremity
mechanics and energy cost. Biomechanical and
physiological studies show that the ground
reaction force vector becomes more vertical
which causes more strain on weight bearing
joints and pressure on the forefoot during the
use of high-heels [4,5] as well as uneven
distribution of weight on foot[6]. Other
negative side effects also include increased risk
of falling [7], stress fractures [8] and increased
stress on other lower limb joints like Patello-
femoral joint leading to pain [9].
Studies have reported that there are permanent
changes associated with bone and muscle
adaptions in those who use high heel footwear
on daily basis, even after the removal [10, 11].
The measurement of the quadriceps angle
(Q-angle) can be performed using different
methods, such as the radiographic method or
clinically with the goniometer [11]. It has been
shown that increase in heel height causes
various changes in individual’s postures, and
lower limb alignment. The angle reflects the
effects of Quadriceps mechanism on the knee
and depicts the overall alignment of the lower
limb [11] as many studies have shown that
alteration in position of one body segment
affects the other segment of the body [12].

MATERIALS AND METHODS

147 adult females were screened out of which
99 were selected according to inclusion and
exclusion criteria. Inclusion criteria was women
wearing heels for 6 hours per day for 6 months
[13], Healthy women (fat percentage 15- 30%,
waist hip ratio is it the < 0.85) [14], Age 21 to 39
years. Exclusion criteria was women with
congenital problems of spine and lower limb,
any recent fracture or injury to lower limb or
spine, women having limb length discrepancy.
All subjects participated voluntarily after being
informed about the purpose of the study and
having signed a written informed consent.
Selected 99 women are divided in three groups
(n= 33) namely: Flat heel users, Wedged heel
footwear users with 4 cm heel height, Pointed
heel footwear users with 4 cm heel height.
Demographic data (name, age, occupation,
weight, height) of each subject was documented.
Fat percentage was measured using Tanita: body
composition analyser and waist and hip circum-
ference were measured by tape in centimetres.
The Q angle measurements were taken in
supine and standing by universal goniometer.
Q angle measurement in supine position: Each
subject was asked to lie supine with completely
relaxed quadriceps and hips in neutral rotation.
After adequately exposing the subject, bony
landmarks like ASIS, midpoint of patella and
tibial tuberosity were marked by marker.
The first line joining the ASIS to midpoint of
patella is drawn, similarly second line joining
the tibial tuberosity and midpoint of patella is
drawn as shown in Figure 1 .The angle of inter-
section of these two lines (Q angle) is measured
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with the Universal goniometer.
Q angle measurement in standing position:
Each subject was asked to stand in erect posi-
tion by bearing equal weight on both lower
limbs. After adequately exposing the subject,
bony landmarks like ASIS, midpoint of patella and
tibial tuberosity were marked by marker.
The first line joining the ASIS to midpoint of pa-
tella is drawn, similarly second line joining the
tibial tuberosity and midpoint of patella is drawn
as shown in Figure 2. The angle of intersection
of these two lines (Q angle) is measured with
the Universal goniometer.

MEAN SE MEAN SE MEAN SE

Supine                     
(Left knee)

14.27±1.64 0.29 16.06±1.92 0.33 18.58±1.25 0.22

Supine                    
(Right knee)

14.18±0.95 0.17 16.39±1.58 0.28 18.76±1.5 0.26

Standing                
(Left knee)

15.15±2.22 0.39 16.58±1.95 0.34 18.76±1.3 0.23

Standing (Right 
knee)

15.18±1.89 0.33 16.82±2.07 0.36 18.85±1.28 0.22

Flat heel footwear Wedge heel footwear Pointed heel footwear

RESULTS
Table 1: Descriptive table

Groups n Age Height Weight Fat % W/H BMI
Flat heel footwear 33 21.39 ± 0.86 157±5.24 54.09±5.43 30.11±4.02 0.68±0.04 22.35±2.58

Wedged heel footwear 33 21.09±3.13 154.5±5.47 53.17±8.08 28.25±4.84 0.68±0.05 23.72±4.28
Pointed heel footwear 33 22.27±2.89 155±3.87 51.34±6.89 28.31±5.48 0.69±0.07 21.61±2.5

Table 2: Q angle measurements in
supine and standing position.

Fig. 1: Q angle in Supine position

Q angle measurement in each positions was
taken twice and mean of the measurements was
considered. In order to avoid manual error the
bony landmark palpation and Q angle measure-
ments were practiced on 20 subjects under the
supervision of experts.
The design of this study is cross sectional and
observational. This study was conducted from
June 2018 to Feb 2019.
Statistical analysis of the collected data was
done by one way ANOVA and Post Hoc analysis.
(SPSS software version: 17.0)

Fig. 2: Q angle in standing
position.

Graph 1: Q angle measurement at Right knee in supine
position.

The graph shows that Q angle is increasing at
Right knee in supine position when footwear is
changed. The difference is significant as p <
0.0001.
Graph 2: Q angle measurement at Left knee joint in su-
pine position.

The graph shows that Q angle is increasing at
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Left knee in supine position when footwear is
changed. The difference is significant as p <
0.0001.
Graph 3: Q angle measurement at Right knee joint in
standing position.

The graph shows that Q angle is increasing at
Right knee in standing position when footwear
is changed.  The difference is significant as p <
0.0001.
Graph 4: Q angle measurement at left knee in standing
position.

The graph shows that Q angle is increasing at
Left knee in standing position when footwear is
changed. The difference is significant as p <
0.0001.

DISCUSSION

Vastus Lateralis and muscle activation strate-
gies around knee joint [15].
The Q angle is taken in supine (non-weight
bearing position) and standing position (weight
bearing position and functional position) in
order to check if the changes are permanent.
Footwear that has a heel size that is equal or
close to the height of the forefoot sole does not
cause horizontal imbalance of the sole and,
therefore, will not affect the biomechanical
alignment of the ankles; as in flat footwear.
Wedge heels are slightly narrower in the rear
foot region but are wide as compared to pointed
heels to support base of the heel. In wedge and
pointed heels footwear there is narrow base of
support in the rare foot region compared to flat
heels. This results in reduced area for pressure
distribution on ground, which can alter the
alignment of the lower limb [16].
Increase in Q angle is attributed to reduction in
surface area of contact. As the surface area of
contact reduces the pressure per unit area
increases. This also causes increase in focal
force magnitude. Usage of high heels (wedges
and pointed) results in elevation of the
Calcaneum which is associated with the flexion
at the Tibiotalar joint. This leads to elevation
and forward displacement of the COG, causing
postural imbalance, promoting adaptive postural
adjustments for balance recovery and to
maintain the upright posture [10]. It triggers
several changes in posture, in the lower limbs
and spine, like forward head posture, increased
lordosis, valgus at knee, etc.
The plantar flexion at ankle causes rear foot
supination. This results in excessvie activation
of Tibialis Posterior (sling of MLA), leading to
fatigue of Tibialis posterior, which causes loss
of MLA (medial longitudinal arch). Hence Knee
Valgus (increase in Q angle) is seen. Increase
in Q angle causes increase in the magnitude of
the above mentioned patho-biomechanical
changes [15]. It is verified that with increase in
Q angle, increases the stress on the Patello-
femoral joint due to more magnitude of the knee
extensor moment, Simonsen et al demonstrated
that it also intensifies the knee abduction
moment [15].
There is no significant difference noted between

The present study showed that females using
variable type of footwear like flats, wedges, and
pointed heels on daily basis; there is significant
change in Q angle.
The surface goniometry protocol described in
this study is appeared to be reliable for
relatively lean young men and women. Hence
inclusion criteria like BMI 18-25 [14], waist hip
ratio is < 0.85 [14]. Body fat percentage
15-30 was considered, so that all the bony
prominences are easily palpable in these
individuals [11].
The heel height chosen for wedged heel and
pointed heel is 4 cm because in studies it has
been shown that heel height above 3 cm there
are changes seen in EMG of Vastus Medialis and
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left knee and right knee Q angles of the
subjects. There are evidences which showed
that the individuals whose Q angle is more than
20 degrees are symptomatic [17]. There were 3
subjects whose Q angle was more than 20
degree and they were symptomatic; being
duration for wearing high heels was more than
5 years.
In our study the heel height was kept constant 4
cm for wedge heel and pointed heel.  Q angle in
wedge heel users is less as compared with
pointed heel users, but significantly greater if
compared with flat heel users.
Limitations:  Less sample size was taken.
Sampling method was convenient. Recreational
activities of the subjects were not considered.

CONCLUSION
Variable heel type affects the Q angle. The Flat
heel users have normal Q angle. Wedge heels
and pointed heels are associated with signifi-
cant increase in Q angle

For maintenance of better lower limb alignment
or body posture it is advised to wear flat foot
wear. Wedged heel footwear is not better than
pointed heel footwear. Prolonged use of wedge
as well as pointed heel footwear leads to patho-
mechanical changes in the closed kinematic
chain which can be permanent.

CLINICAL IMPLICATION

BMI: Body mass Index,
W/H: Waist- hip ratio,
EMG: Electromyography,
SPSS: Statistical Package for the Social Science,
ANOVA: Analysis of Variance
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