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Foot is a segment which is in contact with the ground and bears body weight, its posture can be affected by changes that may
occur within the body itself or from the effect of external environment. Postural imbalance can be caused by changes in the
feet, arising mainly from the different alignment of the body posture. A higher body mass index with weak musculature may
lead to collapse of the foot arches due to extra forces on the arches and consequently weakness of the respective muscles.
This notably changes the contiguity area of the arches of the feet with the ground surface. Also, another important factor is
that the Quadriceps angle, which is the angle of pull of the quadriceps muscle, may get altered with faulty alignment of the
lower limb arising from the biomechanical changes in flat feet. The aim of the present study is to disinter correlation between
Navicular drop and Q- angle amongst normal & overweight middle-aged individuals. A total of 150 subjects were recruited
with 75 subjects in each two groups formed on the basis of BMI indexes as group A (Normal with BMI score 17.5 - 22.99) and
Group B (Overweight with BMI score 23-27.99). Quadriceps angle and Navicular Drop Test were measured using goniometer
method and Brody’s method respectively and correlation between Q angle and Navicular drop was evaluated thereafter in both
the groups. The result of the study demonstrated that there is statistically significant positive correlation between navicular
drop test and Quadriceps angle in both the groups with slightly stronger association in overweight group (r=0.82(rt) and 0.77
(If) at p=0.05). The lower limbs joints work in a kinematic chain where malalignment at one joint affect other, has been a well-
established fact. With our study we have tried to fill in the gap of knowledge regarding the effect of increasing body weight
on the relationship between Q angle and Navicular drop. The future modifications in guidelines for management of important
knee and ankle conditions like knee OA, ankle sprain etc should definitely use this relationship as an important assessment
and management tool, especially for overweight individuals, to achieve maximal improvements in patients.
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may occur from the body itself or from the effect of
external environment. Postural imbalance can be caused

Posture is defined as “the position in which someone
holds their body upright against gravity while standing,
sitting or lying down” Posture and its anomalies can
be linked to different types of activities associated with
mankind like walking and other activities of daily living,
which can be affected by any abnormal changes in the
body posture (Borges et al. 2013). As foot is a segment
which is in contact with the ground and bears body
weight, so foot posture can be affected by changes that
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by changes in the feet, arising mainly from the different
alignment of the body posture (Eldesoky and Abutaleb
2015 Raizada etal 2019).

Sedentary lifestyles, food habits with high content of fat
and calories intake lead to increase in Body Mass Index
(BMI). Stress level of the individual also lead to increase
in body weight. With ageing, there is reduction in muscle
mass and metabolism that may lead to gain in the body
weight. A higher body mass index with weak musculature
may lead to collapse of the foot arches due to extra
forces on the arches and consequently weakness of the
respective muscles. This notably changes the contiguity
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area of the arches of the feet with the ground surface
(Chougala et al. 2015). Modifications in the arches of the
feet can lead to different biomechanical alteration in the
feet posture. It is characterized by valgus alignment of
the calcaneum leading to tibial internal rotation with
collapse of the medial longitudinal arch and forefoot
moving into abduction.

Also, another important factor is that the Quadriceps
angle, which is the quadriceps muscle’s angle of pull,
may get altered with faulty alignment of the lower
limb arising from the biomechanical changes in flat
feet (Letafatkar et al. 2013; Chougala et al. 2015).
Exaggerated foot pronation led to internal rotation of
the lower extremity and may result in knee valgus with
increase in Q-angle (Heggannavar et al. 2016). As the
feet are important weight bearing elements of the body,
increase body weight can lead to changes in the arches
of the feet structure and may affect another important
biomechanical factor like Q-Angle (Omololu et al. 2009;
Freedman et al. 2014; Heggannavar et al. 2016; Park
and Park 2018 Raizada etal 2019). There is paucity of
the study on Indian population about biomechanical
alteration in the kinematic chain segments of the lower
limb associated with navicular drop and Q-Angle with
increase in body mass. The purpose of the study is to
assess the relationship between Navicular drop and Q
angle amongst different BMI indexes in middle aged
individuals and also to analyse the effect of increasing
body weight on their relationship.

MATERIAL AND METHODS

A Correlational study was conducted on 60 subjects
which were divided in 2 groups with 30 subjects in each
group formed on the basis of Asian classification of
BMI as measurement index (BMI = Weight in Kg/Height
in m2), Group A as Normal group (BMI score 17.5 to
22.99) and Group B as Overweight group (BMI score 23
to 27.99). Both males and females between 25-45 years
were included in the study. Outcome measures used
were Quadriceps angle and Navicular drop test. Potential
subjects were apprised of the procedure and its benefits.
Prior to testing, the subjects were familiarized with
the testing procedure. Those fulfilling the criteria were
explained in detail about the study and a written informed
consent, in their preferred language, was obtained from
the subjects willing to participate. Navicular drop test
and Q-angle measurement were done through Brody’s
method and Goniometer method in standing respectively
for all the subjects in two groups. Descriptive data were
also taken for all the subjects (Park and Park 2018).

For navicular drop measurement the subtalar neutral
position was maintained and the most prominent point
of the navicular tubercle was identified and marked
with a pen with the subject in a sitting position having
their feet in contact with the ground. Subtalar neutral
position was checked by palpating the talus bone and
ensuring equal medial and lateral talar depressions.
The index card was positioned, on the inner aspect of
the hind foot, perpendicular to the floor crossing the

navicular bone. The height of the most prominent point
of the navicular tubercle was indicated on the card.
The same procedure was repeated with the subjects in
standing position maintaining the neutral position of the
subtalar joint. At last, the difference between the original
height of the navicular tubercle’s most prominent point
in sitting and standing positions was measured for both
the foot with the help of measuring tape in millimetres
as shown in figure 1.

Figure 1: Navicular Height

{ \

Navicular drop when measured less than 10 mm
are categorized as normal and more that 10 mm are
categorized as abnormal (Deng et al. 2010; Park and
Park 2018).

Q-angle was measured using a standard full circle
goniometer. The right and left side angles were
measured with subject in standing position. The ASISs,
tibial tuberosity, and assessed midpoint of the patella
as shown in figure 2 were palpated and marked prior
to measurement with the help of removable adhesive
stickers. The fulcrum of the goniometer was placed on
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the centre of the patella. The bottom arm was directed
towards tibial tuberosity. The upper arm was directed
along the anterior superior iliac spine. The Q-angle in

Kumar et al.,

degree was thus measured on both sides (Raizada et al.
2019).

Table 1. Mean and Standard Deviation of variables in Normal & Overweight groups

Age (Mean+SD)

Normal Group 36.67+8.40
Overweight Group 34.9+7.18

Weight (Mean+SD) Height (Mean+SD) BMI (Mean+SD)
Normal Group 60.5+7.87 164.23+9.81 22.39+1.93
Overweight Group 72.13+£5.98 165.48+6.07 26.44+1.16

rt NDT (Mean+SD) It NDT (Mean+SD)
Normal Group 6.6+1.35 6.56+0.97
Overweight Group 10.53+1.30 11+1.55

rt Q angle (Mean+SD) | It Q angle (Mean+SD)

Normal Group 14+1.91 13.93+1.63
Overweight Group 16.8+1.84 16.86+1.97

Graph 1: Mean comparison of weight, height & BMI in
Normal & Overweight Groups
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Graph 2: Mean Comparison of Right & Left NDT in Normal
& Overweight Groups
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RESULTS AND DISCUSSION

The statistical analysis was done using SPSS
(version 21). Mean and standard deviation were obtained
for all dependent variables. Data was analysed by taking
out mean, standard deviation of the Navicular Drop test
and Q angle. Correlation of navicular drop and Q Angle
of right and left was evaluated and then represented

Graph 3: Mean comparison of Right & Left Q-Angle in
Normal & Overweight Groups
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by scatter graphs for each group. Table 1 showing
descriptive data of Normal group and Overweight groups
respectively. Mean value of NDT and Q-Angles in both
the foot was found to be greater in overweight group in
comparison to normal group. Graph 1 showing the mean
values of age, weight, height and BMI in both the groups.
Graph 2 showing the mean values of Right & Left NDT in
both the groups and Graph 3 showing the mean values
comparison of Right & Left Q-Angles among normal
and overweight individuals. Mean values of NDT were
6.6+1.35 (right) & 6.56+0.97 (left) in normal group and
10.53+1.30 (right) & 11+1.55 (left) in overweight group
respectively. Mean values of Q-Angles right and left
were 14+1.91& 13.93+1.63and 16.8+1.84¢& 16.86+1.97
in normal and overweight groups respectively.

Correlation Analysis
Group A (Normal)

Table 2 and 3 showed positive significant correlation
between NDT and Q-Angle in both the foot with r value
0f 0.77 at p<0.05 (NDT Right & Q-Angle Right) and 0.67
at p<0.05 (NDT Left & Q-Angle Left) in Normal Group.
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The correlation graphs 4 & 5 of the result showed a
positive significant correlation between flat foot and
Q-Angle in middle aged individuals with body weight

0.82 at p<0.05 (NDT Right & Q-Angle Right) and 0.77 at
p<0.05 (NDT Left & Q-Angle Left) in Overweight Group.
There was slight stronger correlation in overweight

categorised as normal, at p<0.05.

Group B (Overweight)

Table 2. Showing positive correlation between Right NDT
and Right Q-Angle significant at p<0.05

Rt Q angle

Rt NDT Karl Pearson 0.77

coefficient of

Correlation (1)
t value

p value

<0.00001
<0.05

Table 3. Showing positive correlation between Left NDT
and Left Q-Angle significant at p<0.05

left Q angle

Left NDT Karl Pearson 0.67
coefficient of

Correlation (r)

<0.00001

<0.05

t value
p value

I Graph 4: Correlation between Right NDT & Right Q-Angle

in Normal subjects
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Graph 5: Correlation between Left NDT &t Left Q-Angle
in Normal subjects
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Table 4 and 5 showed positive significant correlation
between NDT and Q-Angle in both the foot with r value of

individuals in comparison to normal group subjects.

Table 4. Showing positive correlation between Right NDT
and Right Q-Angle significant at p<0.05

Rt Q angle
Rt NDT Karl Pearson 0.82
coefficient of
Correlation (r)
t value <0.00001
p value <0.05

Table 5. Showing positive correlation between Right NDT
and Right Q-Angle significant at p<0.05

left Q angle

Left NDT Karl Pearson 0.67
coefficient of
Correlation (1)
t value <0.000046
p value <0.05

Graph 6: Correlation between Right NDT & Right Q-Angle
in Overweight subjects
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The correlation graphs 6 & 7 of the result showed a
positive significant correlation between flat foot and
Q-Angle in middle aged individuals with body weight
categorised as overweight, at p<0.05. In addition, graphs 6
& 7 showed more stronger positive significant correlation
between NDT and Q-Angle amongst overweight middle
aged individuals, at p<0.05. So, the result exhibited that
with increase in body weight, there was more navicular
drop among overweight individuals leading to increase
in Q-Angle also. Our inference about a greater Q-angle
could be prognosticated by increased navicular drop was
supported by preceding studies that delineated about
association of an exaggerated pronation with internal
rotation of the lower extremity and raised knee valgus
and is therefore indicated to result in greater Q angle
(Nguyen et al. 2009; Almeida et al. 2016).
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Graph 7: Correlation between Left NDTEt Left Q-Angle in
Overweight subjects
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Our findings are in line with the result of these studies.
There was statistically significant positive correlation
in both the groups between Quadriceps angle and NDT
with slightly stronger association found in overweight
group. One possible explanation for slightly stronger
relationship among variables in overweight group is
that increase bodyweight give rise to elevated loading
of the foot mechanically, thus leading to collapse of
medial longitudinal arch of the foot, which is followed
by out-toeing and increased foot pronation (Chougala
et al. 2015) In addition, when foot is functioning
biomechanically with persistent pronation, it result
in excessive internal rotation of the entire lower limb
(Almeida et al. 2016).

This stress due to excessive internal rotation of the
leg may upshot to viable mechanical problems around
the knee, including increase pull of quadriceps muscle
laterally (Cote et al. 2005). Hamstra-Wright et al. (2015)
supported the findings of the present study as they
specified that a raised BMI and alteration in the posture
of the foot must be taken into account in order to manage
medial tibial stress syndrome. A study disclosed that there
is significant positive correlation between BMI & Q-angle
which arrives in accord with our study results. Therefore,
there was a slightly stronger correlation between Q angle
and NDT in overweight group and the level of arch
drop and Q-angle was also greater in fatter individuals
(Hamstra-Wright et al. 2015; Prakash et al. 2017).

These results are complimented by a study performed
by Kim et al. (2010) showed that there exist significant
correlations among navicular drop and quadriceps
angle (p<.05), and internal rotation of hip (p<.05) and
concluded that navicular drop has a viable effect on
biomechanical arrangement of the lower limb. So,
there is need to take into account the biomechanical
alignment of the entire lower limb rather than a single
factor, as there is potential for one mechanical factor to
compensate for or affected by another (Kim et al. 2010;
Prakash et al. 2017).

CONCLUSION

The lower limb joints work in a kinematic chain where
mal-alignment at one joint affect other and has been a
well-established fact. With our study we have tried to fill
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in the gap of knowledge regarding the effect of increasing
body weight on the relationship between Q angle and
Navicular drop. The future modifications in guidelines
for management of important knee and ankle conditions
like knee OA, ankle sprain etc should definitely use this
relationship as an important assessment and management
tool, especially for overweight individuals, to achieve
maximal improvements in patients.
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