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Abstract

Aim: The aim of this study is to investigate the usability of navicular drop test (NDT) in the diagnosis of plantar fasciitis (PFs).

Material and Methods: Fifty patients aged 35-60 years who were diagnosed with PF in the physical therapy clinic and 50 healthy participants in the same age
range were included in this study. Age, height, weight, dominant lower extremity of all participants were determined and body mass index was calculated. The
navicular drop test measurements of all participants were performed. Data were compared between the two groups.

Results: The body mass index (BMI) in the PFs group was statistically significantly higher than in the control group (p<0.05). The right foot was dominant (93%)
in both groups and PFs was more common on the right side in the patient group (p<0,05). The NDT data were statistically significantly higher in the PFs group
on the right and left sides.

Discussion: Besides the fact that BMI is an important risk factor for the formation of PF, an increase in the amount of displacement in the navicular tubercle
due to overloading of the extremity may further increase this risk. We believe that the diagnosis of PFs can be supported by NDT in physical examination.
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Introduction

The calcaneus and navicular bones are keystones in foot
biomechanics. The tendon of the posterior tibial muscle, a
dynamic stabilizer of the medial longitudinal arch, inserts into
the navicular tuberosity [1,2]. The plantar fascia, which is a
passive stabilizer that supports the arches of the feet, attaches
to the medial tubercle of the calcaneus [3]. Repetitive stress/
traction exerted by the plantar fascia on the calcaneus is
hypothesized to be one of the possible causes of the calcaneal
spur [4]. PFs is the most common cause of heel pain in adults
[5]. This chronic degenerative process results from micro-tears
in the calcaneal junction as a result of biomechanical overuse
resulting from prolonged standing or running [6].

The relationship between the tension of the plantar fascia
and the height of the arch of the foot is known. Therefore, it
is recommended to investigate the relationship between PFs
and the position of the navicular bone, which affects the medial
longitudinal arch of the foot and thus the tension of the plantar
fascia [5]. First described in 1982, NDT is the most widely used
clinical test to examine the medial longitudinal arch [7]. This
test is used to measure how much the navicular tuberosity
height changes position with foot load. The difference between
the navicular tubercle height, measured in the sitting position,
and the navicular tubercle height measured when the foot is
fully loaded on one leg is calculated [8].

This study aims to obtain the NDT data of patients with PFs
and individuals who have no complaints in the foot region and
to investigate the usability of this test in the diagnosis of PFs.

Material and Methods

This study is a master thesis project. The study protocol was
made on the principles of the Declaration of Helsinki and was
approved by the Selcuk University Clinical Research Ethics
Committee (approval number, 2014/311). At the beginning of
the study, all participants were informed and a consent form
was filled out.

Two groups were determined according to the physical
examination and foot radiographs of the patients who applied
to the physical therapy and rehabilitation outpatient clinic. Fifty
patients aged 35-60 years who were diagnosed with PFs and
50 volunteers aged 35-60 years who applied with complaints
related to upper extremities such as shoulders and elbows and
had no complaints in the foot region were included in the study.
The questionnaires and measurements applied to the
participants were carried out by the same person in the same
circumstances. Patients with ankylosing spondylitis and another
known spondyloarthropathy, joint hypermobility syndrome
(Beighton score 4 and above [9]), and pregnant women were
excluded from the study. In addition, those who had lower
extremity surgery, lower extremity length inequalities, and foot
deformities such as tarsal coalition and hallux valgus were
excluded from the study.

Gender, age, and foot dominance of the participants included
in the study were recorded, height (meter, m), weight (kilogram,
kg) measurements were made and body mass index (BMI= kg/
m?) was calculated [10].

Participants in the plantar fasciitis and control groups were
divided into four groups according to body mass indexes

(low<20; normal 20-25; overweight 25-30; obese 30-40).
All measurements were repeated in both extremities for the
patient and control groups. In the patient group, the extremities
diagnosed as plantar fasciitis by the physical therapy and
rehabilitation physician were also recorded as right, left, and
bilateral.

For the NDT, participants were seated in a height-adjustable
chair with their hips and knees at 90°. The ankle joint was
fixed in the subtalar neutral position [10]. The foot was slowly
turned outward until the talus was in a central position and
the depressions felt under both toes were even. The navicular
tuberosity was palpated approximately 2.5 cm anteroinferior
to the medial malleolus tip and then marked with an erasable
marker [7].

The navicular tuberosity was marked on a rigid measurement
chart with the subtalar joint in neutral position. The map base
was in full contact with the ground and the level where the point
marked on the skin coincided with it was marked on the map.
The distance from the ground to the navicular was measured by
millimeters with a ruler [7].

The exact measurement was made while standing (Figure-
1a), with an equal amount of body weight on each leg [10].
The navicular height difference in mm between the two points
marked on the map between the sitting and standing positions
represented the NDT [7,10] (Figure-1b).

This process was repeated 3 times for each participant. This
method for measuring NDT has shown good reliability [7,10].
These calculated NDT values were divided into two groups as
normal (10 mm <) and hyperpronation (>10 mm) [10].
Statistical Analysis:

Statistical analysis of the study was performed using the SPSS
program, and a p-value of <0.05 was considered significant.
Data were summarized as mean + standard deviation and
percentage, and the chi-square test was used to compare
categorical data. Comparisons between the two groups were
made using the Student’s t-test (t-test for the independent
group) when parametric conditions could be met, and the Mann-
Whitney U test when they could not.

Results
The descriptive characteristics of the participants are given
in Table-1 (Table-1). While there was no underweight person

Figure 1. Measurement of navicular drop test (NDT) in the left
extremity (a: measurement in the subtalar neutral position; b:
standing position while weight bearing)
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Table 1. Descriptive characteristics of the participants

PFs Group Control Group Total
n 50 50 100
Female 74% (37) 66% (33) 70% (70)
o Male 26% (13) 34% (17) 30% (30)
Age (years) 4618y 45:9y 45,5+8y
Height (m) 1.64+0.1 m 1.64+0.1 m 1.64+0.1 m
Weight (kg)* 7912 kg 7110 kg 75+12 kg 0.001
BMI* 29:4 kg/m? 27+5 kg/m? 2815 kg/m? 0.008
Foot Right 96% (48) 90% (45) 93% (93)
Dominance | o 4% (2) 10% (5) 7% (7)
Right* 52% (26)
PFs sides Left 18% (9) 0.012
Bilateral 30% (15)

* p<0.05, Independent T-Test and Chi-Square Test

Table 2. Navicular drop test values and comparison of PFs
group and control group (Student’s t-test)

Plantar Fasciitis

Control (50 feet -value
(50 feet) ( ) 2
Min Max MeantSD Min Max Mean+SD
Right
side 5 18 10+3* 3 8 5+1 10.599  0.000
(mm)
Left
side 4 14 8,5+3* 2 8 441 10.161  0.000
(mm)

*:p < 0.05, Independent T-test, (Min:minimum, Max:maximum)

according to BMI in the PFs group, there were 9 normal weight

individuals (18%), 21 overweight individuals (42%), and 20
obese (40%) individuals. The control group consisted of 4
underweight individuals (8%), 19 normal weight individuals
(38%), 18 overweight individuals (36%), and 9 obese individuals
(18%).

According to the results we obtained, when the Students t-test
was performed, the weight and BMI of the individuals in the
PFs group were significantly higher than in the control group
(p<0.05).

According to foot dominance, 48 people (96%) in the PFs group
and 45 people (90%) in the control group were statistically right
dominant (p<0.05). In total, 93% were right dominant and 7%
left dominant. PFs was diagnosed at a statistically significant
rate (52%) on the right side (Table-1).

NDT values were statistically significantly higher in the PFs
group than in the control group (p<0.05) (Table-2). As a result
of NDT, hyperpronation on the right side was 50% (25 feet) and
30% (15 feet) on the left side (ND>10 mm) in the PFs group. In
the control group, all participants (100%) had normal (NDT<10
mm) values on the right and left sides. In the control group, all
participants (100%) had normal (NDT<10 mm) values for the
right and left sides.

Discussion
NDT values in the PFs group were found to be significantly higher
than in the control group (p<0.05). This difference suggests that

the displacement of the navicular tuberosity, which increases as
a result of foot overload as a natural consequence of BMI, is
associated with the formation of PFs. In the literature, studies
are showing that a high BMI is effective in reducing foot arch
and increasing foot pronation, thus increasing the risk of PFs
[6,11,12].

Prichasuk and Subhadrabadandhu [12] argued that excessive
weight gain, aging, and gender might be important factors
that affected the fall of the foot arch and the increase in
PFs formation, and also that these factors might lead to the
development of plantar heel pain.

In contrast, Menz et al. [13]. reported that there was no relation
between the navicular tuberosity height and the formation of
PFs. Similarly, Gill [14] observed PFs development in increased
arch height. Few studies were conducted to determine the
relations between foot biomechanics and PFs. Tauntan et
al. [15] argued reported that 19% of patients with PFsis had
abnormal arch structure, conversely, Irving et al. [15] argued
that chronic plantar heel pain was not associated with the
height of the arch.

The rate of increased pronation in patients with PFs is not
known completely. Werner et al. [16] found the rate of increased
subtalar pronation (hyperpronation) as 53% with PFs. Cinar’s
study [17] with 73 PFs patients found that the hyperpronation
rate measured by the NDT was 34%. In this study, the rate
of hyperpronation (NDT>10 mm) in the right extremity in the
PFs group was 50% in the right extremity and 30% in the left
extremity. The hyperpronation rate in the control group was
0%.

Rathleff et al. [18] measured dynamic NDT in healthy people
as 5+2 mm during running, and static ND as 3+0.5 mm before
running. Bennet et al.[19] found mean static NDT measurements
of 77 healthy athletes as 8.5+4 mm on the right and 8.7+4 mm
on the left. Unver and Bek [20] found static NDT measurements
of 12+2 on the right and 13+2 on the left in patients with
increased pronation.

In this study, NDT was determined as 10+3 mm on the right and
8.5+3 mm on the left in the plantar fasciitis group. In our study,
we determined static NDT as 5+#1 mm on the right side and 4+1
mm on the left side in the control group.

In the study, subtalar joint pronation was examined by
performing NDT. A significant correlation was found between
increased subtalar joint pronation and the incidence of PFs.
These data are similar to the results of studies on PFs and
healthy groups in the literature. We think that increasing BMI
will increase subtalar joint pronation. We believe that this study
will contribute to the clinic in the field of foot anatomy and
biomechanics.
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