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( Abstract \

Introduction: Navicular drop is described as subtraction of peak of navicular tuberosity from floor in neutral position of sub-
talar and peak of navicular tuberosity from floor in weight bearing position. It is a very important component in diagnosis of
pronated foot.

Methodology: The current study is a comparative observational study. For this purpose, 300 collegiate students of both gen-
ders, out of which 150 were high heel users and 150 were non high heel users between age of 18-35 years from Galgotias
University who fit into the inclusion criteria were selected according to our convenience. All subjects involved in this study
by their own consent. Their navicular drop was measured using business card, ruler, removable marker, pencil etc. same way
as described in Navicular Drop Test which has been used by Brody in his studies. Foot pain was also measured in the current
study with help of numeric pain rating scale (NPRS).

Results: 13.33% of total high heel users found to have navicular drop and 4.66% of total non- high heel user found to have
navicular drop. Therefore, we can say that navicular drop is more in high heel users as compared to non- high heel us-
ers.

Conclusion: It is concluded that navicular drop in high heel footwear user is more than navicular drop in non-high heel foot-
wear user. Pain is more in subjects who use high heel footwear for more than 5 days in a week.

Keywords: Navicular Drop; Foot Arch; High Heel Footwear; Non- High Heel Footwear; Foot Pain; NPRS; MLA; LLA

Introduction

The subtraction of navicular tuberosity’s height in two posi-
tions from the ground gives us measurement of navicular drop
that is we subtract height of navicular tuberosity in weight bear-
ing position from height when foot is in subtalar neutral and
keeping in mind that both heights are measured from ground.
It was reported that the mainly young collegiate students, run-
ners, kathak dancers have navicular drop [1-3]. It was also re-
ported that players with a higher body weight, BMI, Q-angle,
genu recurvatum, tibial torsion angle, and total leg length are
thought to have higher navicular drop [4]. It was also seen that
people who are overweight have navicular drop [5]. An NDRT
less than 9mm and more than 2mm was found in 93.8% of
population while NDLT was less than 9mm and larger than
2mm in 96.4% of the population [6].

From earlier times, people wear shoes with high heel to make
them appear more taller than what they are in real. As per data
of Medical Association of America which deals with Podiat-
rics,39-69% females choose to go with high heels. Out of 100%,
40% females use high heels on daily basis in their routine either
they go for office or for shopping [7]. 37.5 % of women who

wore high heels complaint of foot pain, according to the study
done by Mehnaaz Sameera et.al., high heel makes the person
appear taller, wiser, and more confident [8]. It was reported,
putting shoes with a high heel for extended period of time is
thought to cause chronic pain and abnormalities [9]. When the
person wears high heels, their hips and spine are out of align-
ment, putting more pressure on their knees and feet [8]. Every
single foot can be characterised as feet that are under pronated
or have a foot with increased arch (the foot’s longitudinal arch
present on medial side of foot is raised higher than the normal
is called supinated foot), foot that is pronated or has a low-arch
(longitudinal arch located medially is decreased more than the
normal is called pronated foot), or normal arched, depending
on the MLA structure [10]. According to the study done by
Ashok Aenumulapalli et.al. a foot is considered as flexible flat
foot if ND greater or equal to 10mm. Flexible flat foot affects
12.8% of males and 14.4% of females [11].

Navicular bone’s internal structural arrangement

The most significant bone out of seven bones that comprise
ankles and foot’s tarsus is our navicular bone. Its location is
medial side of foot, near to cuboid bone, prior to the talus head,
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and behind the cuneiform bones. It's one of the midfoot's five
bones [2,12]. Structure of navicular bone is shaped pyriform,
tiny in size and having uneven surface [13]. It has a concave
posterior surface with two inconspicuous ridges which are at-
tached with bones called cuneiform which are 3 in number.
[12]. An external bump like appearance projecting at medial
surface which lies inferiorly which is typically easy to palpate
directly anterior to the medial malleolus is termed as navicu-
lar tuberosity [12]. An articular complex termed as subtalar is
made by talocalcaneonavicular joint which is also famous as
acetabulum pedis [14]. It is named so because of having some
similar properties as that of joint called ball and socket [14].
Morphological structures that support skeleton are comprised
of surface of navicular bone which provides attachment site to
talus head and lies posteriorly, as well as surface of calcaneus
which provides site of attachment for talar surface which lies
medial and frontal side [14].
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Figure 1: Representing Human Navicular Bone along with its
surrounding structures.

Attachments and articulations of the navicular bone

The medial sole ligament which is also famous as the spring
ligament and the lateral ligament which is a part of the bifur-
cated ligament support these bones. [14]. The tibialis posterior
tendon is the navicular's only muscle connection [1,13]. The
posterior tibialis muscles help keep the navicular bone stable
[15]. The tendon extends downwards to enter the canal which
is located in depth of the posterior part of the tibia [13]. There
are many ligaments that attach to the foot bone which is pyri-
form shaped and named as navicular. There is an inferior con-
nection to navicular bone by the ligament known as plantar
calcaneonavicular [14]. Even most of the researches are not
clear about the anatomy and morphology of this ligament but
this is one of those ligaments which provides a good sort of
connection to calcaneus and navicular bone and talar head is
supported by the socket formed by this ligament [16]. Bor-
ders located on anteromedial aspect of sustentaculum tali on
the talus bone give rise to the superomedial calcaneonavicu-
lar ligament [17]. Here onwards, it runs in dorsolateral aspect
of navicular bone’s posterior portion and links tibial tendon
which lies posteriorly [17]. Coronoid’s fossa superior segment
which lies on frontal aspect of sustentaculum tali, gives rise to
the inferior calcaneonavicular ligament [16]. It is inserted just
next to the point where insertion position of calcaneonavicular
ligament is located [16].

Function of the ligaments and associated structures of the
navicular bone

The principal stabilisers which maintain the stability of medial
longitudinal arch of foot in static condition are ligaments popu-
larly famous as calcaneonavicular [17]. Bifurcate ligament is
mainly contributed by ligaments called lateral calcaneonavicu-
lar and medial calcaneocuboid and bifurcate ligament is shaped
as tissue as alphabet letter Y [18]. The lateral calcaneonavicu-
lar ligament arises anteromedially from the sinus tarsi, which

1S positioned lateral to that articular surface of talus which 1s at
the anterior side [17]. These fibres combine to produce a strong
band that aids in lateral foot stability [17]. The navicular is fre-
quently referred to as quoin of longitudinal arch of foot which
lies medially because of the positioning that is on top aspect of
arch and character of keeping foot arch in place [19]. Tarsals,
metatarsals, ligaments, and tendons make up the foot’s arches
[20]. They assist in balancing the body’s weight while standing
and walking, as well as acting as shock absorbers [11].

Pathophysiology of navicular bone

There are several types of clinical disorders which directly in-
volve navicular bone [18]. Navicular is prone to stress frac-
tures, which can result in Navicular stress syndrome. Miiller
Weiss syndrome is an osteonecrosis of the navicular bone that
develops spontaneously in adults and may be detected radio-
graphically [21]. The anomaly known as Accessory Navicular
Bone is one of the most prevalent associations [18]. The na-
vicular is also utilised therapeutically in the Navicular Drop
Test, which can be used to assess foot pronation [18]. Because
it is located on the medial side of the tarsus, between the talus
behind it and the cuneiform bones in front, the height of the na-
vicular bone is important in maintaining the integrity of MLA
[11]. Excessive navicular mobility puts patient at greater risk
of injuries to medial side of the shin as well as knee [3].

Navicular Drop Test

Brody initially introduced the Navicular Drop Test (NDT) in
year 1982 to evaluate extent of pronation present in runner’s
foot [23]. Static evaluation tool that calculates the change in
position of bony prominence present on navicular surface that
is tuberosity of navicular from foot position when subtalar joint
is in neutral condition to a position when there is weight bear-
ing on foot and the subject is in standing posture [24]. Subject
is informed to stand with loading foot by body weight, also
keep his or her foot in a neutral posture of the subtalar joint
("talar head congruent") [25]. Measure the distance between
the most prominent region of the navicular tuberosity and the
supporting surface (floor or step) [26]. After the patient has
relaxed, use a ruler to calculate the quantity of navicular expe-
dition in sagittal plane [26]. Alternatively, the test can be done
backwards, measuring from a relaxed state to talar neutral in a
standing position [26]. Many physicians prefer to conduct this
examination by recording beginning and termination points us-
ing a business card put at inner side of foot for measuring the
difference using a plastic ruler [26]. The NDT is used to assess
MLA function, which is important when examining individu-
als with overuse injuries [3]. NDT is widely utilised in clinical
practice and has no limitations in terms of space or expenses
[27].

Effects of navicular drop

Navicular drop is defined by presence of a swollen, reddish
bony protrusion medially and significant discomfort in middle
of foot. Because of structural abnormalities and atrophy of the
muscles that support the arch, navicular drop occurs [1]. ACL,
MTSS and patellofemoral pain syndrome have all been linked
to abnormal navicular drop. Excessive navicular drop was also
linked to plantar intrinsic muscle fatigue, according to another
study [1]. Navicular drop was used to assess foot pronation
in a clinical setting [1]. Navicular drop is a chronic disease
characterised by insufficient MLA support and excessive sub-
talar joint pronation [28,29]. The navicular drop has been con-
sidered as the best metric for determining foot pronation [4].
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Figure 2: Showing Navicular height measurement in sub talar
neutral position.

Figure 3: Representing Navicular height measurement in
weight bearing position.

The usual navicular drop range is 5 to 9mm, with values below
4mm indicating an increased arch and values above 10mm in-
dicating a decreased arch [30].

Bone structures, ligaments, and extrinsic and muscles which
are present deep inside foot, all work together and govern
MLA. Weakness in gluteus maximus causes hip joint to inter-
nally rotate and the foot to pronate, resulting in foot abnormali-
ties [31]. Due to additional stresses on the arches, a higher BMI
combined with poor musculature can cause the foot arches to
collapse [32,33].

The role and construction of longitudinal arch that is located
medially (MLA), is influenced by navicular posture, assumed
to be a threat for tear [4]. The MLA may deteriorate as a result
of increasing pronation caused by ligament laxity and recurrent
stressors [22]. Hallux valgus is caused by fall down of MLA
and an overly pronation in foot [34,35]. Pronation, a condition
in which people stand or walk with their feet on side of ground
rather than flat on the ground [36]. Obesity cause pronation,
which causes our heels to point outwards and our ankles to be
closed together [36]. A positive NDT was also reported to be
suggestive of plantar intrinsic muscle exhaustion [37].

Patients with a history of ACL tears have been observed to have
excessive navicular drop, which is likely make prone people
to shin splints and MTSS [1]. Excessive arch deformation, as
evaluated by navicular drop, is connected to a number of lower
extremity overuse injuries including MTSS and patellofemoral
pain syndrome [38-41]. It was documented that sprinters with
a low navicular drop had higher number of injuries in ankle,
fifth metatarsals fractures caused due to stress, and rubbing
syndrome of iliotibial band [42]. It may also aid in identifying
those with patellofemoral pain syndrome who might benefit
from prefabricated orthotics and reduced exercise [42]. NDT
may also be useful in evaluating individuals with lower ex-
tremity overuse complaints [16]. The NDT should be used in
concert with other methods as part of a comprehensive lower

extremity examination [43]. Inconsistent reliability 1s present
due to complexities of palpation of navicular tuberosity and
sub-talar joint as well as % bearing of weight on the lower
limb [44]. To address some of these difficulties, other version
of examination exists like as one that uses a single leg stance
relaxed posture, navicular drop test in sit-to-stand (SSNDT),
and navicular drop test in dynamic posture (DNDT) [44].

Aim and Objective of the study

1.The aim of the study is to study about navicular drop in high
heel user and non- high heel user.

2.The main objective of this research is to observe navicular
drop in high heel user as compared to non- high heel user.
3.To see the impact of wearing high heel on foot arch

Hypothesis of research: There is a significant difference in
navicular drop between high heel and non-high heel footwear
users.

Null Hypothesis: There is no significant difference in navicular
drop between high heel and non-high heel footwear users.

Method and Materials

This study included a comparative observational study assess-
ing comparison between navicular drop in high heel and non-
high heel footwear users. The subjects were selected according
to the convenience and a total of 300 subjects enrolled in un-
dergraduate and postgraduate programmes at Galgotias Uni-
versity, Greater Noida involved in this study. The subjects in-
cluded male and female of age 18-35 years. The subjects were
divided in two groups i.e., Group A and Group B (150 subjects
in each group). Group A subjects were high heel footwear us-
ers who use high heel more than 3 inches for more than 5 days
in a week and Group B subjects were non high heel footwear
users. The study strictly excluded the subjects with any foot de-
formity, neuromuscular complication, any recent injury of leg,
fracture of tarsal and meta tarsal bone, diabetic, CVA, abnor-
mal thyroid, lymphedema. The study duration was 6-7 weeks.

Procedure

We First of all, we explained about our study to the students
and discussed the complications of using high heel footwear
to the collegiate students to match the trend going on in our
society. The subjects were made aware about the importance of
our study, approach, aims and data required for the study pur-
pose and after that we have taken the consent from the subjects
who were willing to participate in the study. The data used in
this study is demographic data which includes name, age, gen-
der, occupation, weight, height and BMI. All these data were
collected using data collection forms. They were asked about
whether they use high heel footwear or non-high heel footwear.
If they were high heel user then they were asked about the du-
ration for which they use high heel. They were asked about
their pain status either they feel pain or not after using high
heel footwear. If they feel pain then pain was measured using
Numerical Pain Rating Scale.

After taking these details, each participant was asked to re-
move his/her footwear and socks.

Then participants were asked to stand erect on even floor. The
navicular tuberosity height from the floor was measured in two
different position using scale, pen and index card. One mea-
surement was made when the subject was bearing weight and
the other one was taken in sub talar neutral position.
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Atter this, using the two mentioned above measurements, we
calculated the navicular drop in each participant using the Bro-
dy’s method of navicular drop measurement and recorded the
data obtained in this measurement.

Results

The data obtained in the measurement of navicular drop has
been studied and analysed properly using statistical data anal-
ysis tool. The comparative data has been obtained using one
tailed T test. Data for high heel users(n=150) and non-high heel
users(n=150) have been separately analysed accurately.

13.33% of total high heel users found to have navicular drop.
4.66% of total non-high heel user found to have navicular drop.
The results are very clear and showed that there is a significant
effect of high heel footwear on navicular drop. Age and BMI
have a significant role in navicular drop. BMI with mean value
22.17 kg/m2 have a great significant impact on navicular drop.
Subjects with mean age 23.21 years have more navicular drop.
Therefore, we can say that navicular drop is more in high heel
user than non-high heel user.

Pain is also linked with use of high heel as we have found 22

out of 150 subjects using high heel footwear complaining of
severe pain. These are the subjects who used high heel for
more than 5 days in a week. So, it can be said that pain is also
associated with duration of high heel use. The subjects who
used high heel for more than 5 days a week felt more pain than
those who used high heel for less than a week.

Table 1 shows the analysis of demographic data of both the
groups i.e., Group A and Group B related to age, weight, height
and BML

Table 2 shows the analysis of navicular drop difference in the
two groups i.e., Group A and Group B and shows a clear result
of the p value being less than .05 and henceforth we can accept
the alternate hypothesis that there is a significant effect of high
heel footwear on navicular drop.

Graph no-1 shows comparative difference of navicular drop in
both the groups i.e., Group A and Group B.

Graph no-2 shows comparative difference between pain be-
tween high heel users for more than 5 days in a week and high
heel users for less than 5 days in a week.

Table 1: Showing demographic data such as age, weight, height & BMI has been analysed using T Test

(Demographic data analysis).

Mean age (in years) (n=150) | T value [ P value

High heel user 23.21 3.67134 ] 0.000143

Non high heel user | 21.97 Significant
Weight (in kg) (n=150) T value | P value

High heel user 57.22 0.8598 | 0.195107

Non high heel user | 90.03 Non-significant
Height (in ft. and inch) T Value | P value
(n=150)

High heel user 6.14 1.51848 | 0.064977

Non high heel user | 5.4 Non-significant
BMI (in kg/m*) (n=150) T Value | P value

High heel user 21.17 2.31156 | 0.010742

Non high heel user | 22.18 Significant

Table 2: Representing navicular drop-in group A (high heel user) and group B (non high heel user) has
been analysed using T test.

Navicular drop mm (n=150) | Std deviation | T value P value
High heel user 6.51 1027.49 1.90491 0.028877
Non high heel user | 5.99 637.97 Sionificant Sionificant

Table 3: Representing pain in high heel users on NPRS scale, (people who use high  heels footwear
less than 5 days and more than 5 days in week) has been analysed using T test.

Variables

less than 5 days in week

High heel footwear user | High heel footwear user | T value

more than 5 days in week

P Value

42+23

6.22+3.36

Comparison between high heel
user & non high heel user

6.5

5.5

Heel user Non heel user

Graph 1: showing graphical representation of navicular drop
in high heel user and non-high heel user.

5.669 0.00T significance
NPRS Scale
[

a8

6

-

2

0

High heel High heel

footwear user footwear user
less than 5 days more than 5
in week days in week

M Seriesl 4.2 6.22

Graph 2: Showing graphical representation of pain in high
heel user on NPRS scale, high heel user less than 5 days and
more than 5 days in week.
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Discussion

The motive of the research was to study about navicular drop
in high heel footwear user and non-high heel footwear user.
The study was designed to determine whether there is any dif-
ference between navicular drop in high heel and non-high heel
footwear user. The results disclosed presence of significant dif-
ference between navicular drop in high heel and non-high heel
footwear user. In this study, various data was analyzed for both
the groups in which some data played a significant role and
have a great impact on navicular drop. In this current study
BMI and age have a great impact on navicular drop in high
heel footwear user. Subjects with mean age 23.21 years have
more navicular drop. Subjects with mean BMI 21.17 kg/m2
have more navicular drop.

In this study it is found that mild grade of pain is associated
with high heel footwear user even if they have no navicular
drop. Foot arch is also associated with navicular drop in this
study; similar study done by Chaya Garg et.al. in 2014 also
found that the navicular drop is more in subjects with low foot
arch. But the difference between the studies is that we have ob-
served the navicular drop and its association with foot arch in
collegiate high heel and non-high heel footwear user but in the
study done by Chaya Garg et.al, the authors also observed this
difference in runners and non-runners and found that runners
have considerably pronated foot [2].

In this study, it is found that higher BMI also played a signifi-
cant role in navicular drop and is similar to the study done by
Harish S. Krishna et.al in 2018 and the result of both stud-
ies showed same results and found that if BMI increases then
navicular drop also increases [36] but the only difference be-
tween the two studies is that they have found that weight is
also affecting the navicular drop significantly but, in our study,
weight has no significant effect on navicular drop.

We have used Navicular Drop Measurement Test of Brody
to measure the navicular drop in high heel and non-high heel
footwear user and this is completely similar to the test used by
R.M.B Dilrukshi Rajkaruna et.al. in 2015 and found that NDT
is one is the more reliable test to measure navicular drop [20].
According to study done by Muge Kirmizi et.al. (2020) also
reported that NDT is more reliable than the other traditional
techniques and it can help clinicians and researchers develop
clinical strategies for detecting foot position in a more reliable
way [58]. Juan Carlos Zuil-Eschobaret et.al. (2018) also found
that NDT is a simple, repeatable and valid test [56].

We have measured the navicular drop in standing position sim-
ilar to Ji-Won Park et.al. (2010) because navicular drop mea-
surement in standing position has higher intra rater and inter-
rater reliability than sitting position [61].

As we have noted the constant complain of pain in subjects
using high heel footwear for more than 5 days a week simi-
lar to the study done by Mehnaaz Sameera Arifuddin et.al. in
2021 that showed that high- heeled footwear can cause dam-
age of the foot architecture, which leads to back and foot pain
[8]. Nihar Ranjan Mohanty et.al. (2019) noticed that a higher
navicular drop is hypothesized to be associated with athletes
who have a higher body weight, BMI, Q-angle, genu recurva-
tum, tibial torsion and total leg length and we have also found
BMI to be associated with navicular drop in this current study
[4]. Chun-Ming Yin et.al. (2016) also reported that the usage

ol high-heeled shoes over a long period of time might cause
changes in the arch morphology and we have also noted this in
our study that foot arch is associated with navicular drop [48].
As aresult, it is very clear that navicular drop is more in high
heel footwear users as compared to non-high heel footwear us-
ers. And by the end of this study, it proves that its alternate
hypothesis is true or accepted.

Conclusion
Therefore, this study resulted into giving a significant effect
of high heel footwear on navicular drop of collegiate students.

Limitations of the study

1. We could have selected the subjects from different
professions so that we can relate high heel use duration with
navicular drop.

2. We could have measured the dynamic navicular drop
in high heel and non-high heel footwear user.

3. We could have selected large sample size for this
study.

Future scope of the research

1. The study can be used to determine the type of foot-
wear we use.

2. The study can be used to decide for which group of

people should use which type of footwear according to the
BML.

Conflicts of Interest: There is no conflict of interest in this
study.

Funding: There was no funding from any agency, it was a self-
funded study.
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