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Abstract
Background: Usually the rate of lower extremity’s injuries in sports such as running is known to be correlated with the height of foot arches.
Foot pressure measurement studies have shown controversial results in this issue, mainly due to the complexity of the foot structure. This
study aimed to investigate if any relationship exists between the MLA height and the ankle/knee injuries in professional runners. It was also
aimed to find out any association between the foot pressure patterns and the clinical navicular drop test in the subjects.
Materials and methods: Forty-seven professional runners were participated in this study and using the clinical navicular drop test, they were
categorized into normal, low and high arch foot subjects. Using an Emed pedography platform (Novel, Germany), the maximum force, peak
pressure and the contact area of their feet were studied in both static (single limb support) and dynamic conditions.
Results: The results of this study showed no strong correlation between the height of MLA and the rate of the ankle/knee injuries (P = 0.58).
The correlation between the clinical navicular drop test and the modified arch index (MAI) was between 0.32 in static and 0.57 in dynamic
tests.
Conclusion: The results of this study conveyed that having a lower or higher than a normal MLA is not a definite risk factor for sports-related
injuries. This might be due to the complexity of the foot structure and its ability to accommodate with new situations routinely occurs in
sport. Furthermore, although a high correlation was not found between the clinical navicular drop test and the foot pressure indices, due to the
clinical entity of this test, the obtained association is relatively good. A significant correlation was found between the foot pressure distribution
in single limb support (static) and the dynamic conditions, which provides an extrapolation of the results of this type static condition tests to
the dynamic conditions.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction
The capability of foot shock absorption as well as providing good body stability is mainly due to the fact that the
foot structure is very complex [1]. Existence of too many
small joints and three medial, lateral and transverse foot
arches have granted the foot to be a very unique segment
of the body. Different type of foot structures has shown to
be an important factor in plantar pressure distribution pattern
[2]. Any inappropriate foot plantar pressure distribution may
increase the risk of tissue injuries leading to be as a source
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of pain. Increased walking speed results in increased plantar
pressures but not vice versa and running is associated with
overuse injuries rather than a direct relationship with plantar pressures and overuse injuries [3,4]. In closed kinematic
chain activities such as running, the interaction between the
foot and the ground determines the probability of occurring
injuries in this area [5]. Despite having many common structural features, the shape and the biomechanical reactions of
the foot differ greatly among individuals. The medial longitudinal arch (MLA) has been known as the source of many
of these differences [6] and the existence of any relationship
between the MLA height and the lower limb injuries has been
studied in some research with controversial results [4,7,8].
The most common technique of foot type classification is
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categorizing them through its MLA heights using the clinical
navicular drop test [6]. Due to the fact that this is a static
test and a dynamic test is required to classify the feet during
movements (walking/running) to measure the foot plantar
pressure during both standing (single/double) and moving
(walking/running) both indoor and outdoor activities. Using
foot plantar pressure measurement systems is more common
for this reason and as previous studies have shown [6,9] the
modified arch index (MAI) is a good indicator of foot type to
be a valid clinical means [6,9].
The primary purpose of this survey was to study the relationship between the height of the MLA and the rate of
occurrence of the ankle and knee injuries in professional runners. In addition, studying the correlation between the clinical
navicular drop test and the MLA, and finding any relationships between the indices obtained in both static and dynamic
conditions were also the other aims of this study.
2. Materials and methods
The study included 47 professional1 male runners from
Shaheed Shiroodi Stadium, 2006, Tehran, Iran. Before conducting the test, a pilot study was carried out to prove the
repeatability and reliability of the system with 10 normal
subjects. Each test was repeated for six times and the average
of the results was used in data analysis. The subjects were
excluded if they were using any medical insoles, suffering
from any malalignment of lower limbs or the spinal column,
having a clinical history of the ankle or knee instability, any
neurological or musculoskeletal disorders, any lower-limb
corrective surgeries, or experiencing pain during the test.
Before starting the test, the participants signed in an
informed consent form and then completed a self-constructed
questionnaire indicating any injuries in running during last
year. All measurements were taken from their predominant
foot. Based on the results of their navicular drop test, the
participants were assigned into one of the following groups:
normal arch, high arch, or low arch. The subjects were asked
to sit on a chair with the knee and ankle in 90◦ and the
navicular tubercle of their foot was palpated on its greatest
prominence and marked using a marker. Then, the examiner’s
thumb and forefinger were placed over the two sides of the
ankle (tibiotalar) joint and by frequent inversion and eversion of the posterior part of the foot and ankle, the neutral
position of the subtalar joint was determined and the foot
was placed on the neutral position. The point at which the
examiner felt the two sides beneath his thumb and forefinger had equal depths was set as the natural position of this
joint and this position was used for measurement. Then, a
prepared cardboard card was used to measure and mark the
vertical height of the navicular bone in the non-weight bearing position. The foot placed on a small stool without any
pressure, which is a modification of Brody’s method [8,10].
1

Three 2-h practice sessions per week.

Fig. 1. An Emed-X platform (Novel Electronics, Munich, Germany) used
in this study.

This height was measured again in a full weight bearing position and marked on the same card. The difference between
the initial and the second heights of this bone was labeled
as the “Navicular Drop” index. According to Brody’s (1982)
definition, the normal range for the navicular drop is between
5 and 9 mm. A drop more than 10 mm is considered as low
arch and less than 4 mm is known as high arch foot [11].
To calculate the foot pressure indices including MAI,
an Emed pedograph platform system (Novel Electronics,
Munich, Germany) was used in this study (Fig. 1). The
system works through a calibrated capacitor sensors and connects directly to the computer through a USB port (four
sensors per square centimeter, 100 Hz). Before conducting
each static/dynamic test, the system was calibrated by the
researcher and the subjects were familiarized with the system through walking on the platform at their self-selected
speed for 10 min. To test in static condition, the subjects were
asked to stand over the platform on one foot, imitating the
midstance phase of a gait cycle, and lean on one hand over
the wall. The subject just put their hand on the wall next to
them without any deviation. All efforts were carried out for
not having any deviations of the subjects to alter the results.
After 5 s when the subject’s postural sway diminished, the
static data was captured. The data acquisition was repeated
for six times and the average of the trials was calculated.
To test the dynamic situation, the free gait method was
employed. Each subject stood 4 m away from the platform
and while looking forwards passed over the platform in such
a way that the predominant foot would be completely placed
first on the platform. Similar to the static condition, this phase
was repeated till six acceptable trials were recorded. Any trials in which the subject deliberately targeted on the platform,
was excluded and the trial was repeated.
The data were processed using Novel-Diabetes application software, installed on the system. The software divides
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Fig. 2. A sample of the results derived from Emed-X.

the foot into 10 regions (masks) represented anatomically
relevant areas of the foot. For each foot region, the temporospatial parameters, peak pressure, maximum force and
the contact area were calculated (Fig. 2).
Based on the previous research, the MAI was calculated
by dividing the values of maximum force and peak pressure
in the midfoot region by the sum of these two variables in
all regions of the foot (except toes) [6]. The arch index (AI)
for contact area was also calculated using the same method.
Data analysis was carried out using SPSS software, Version
11 and P < 0.05 was taken as the significant level.

3. Results
3.1. Repeatability of the Emed pedograph platform
system
Before starting the test, 10 healthy subjects with normal
arch height were asked to walk over the platform using the
previously described method, as a pilot study. The whole

Table 1
The consistency of the results for Emed-X pedobarograph (N = 10)
ICC
Peak pressure arch index
Max force arch index
Contact area arch index

0.85
0.89
0.91

test was repeated again in the afternoon of the same day
and a week later. Intraclass correlation (ICC) of the indices
including peak pressure, maximum force and contact area
was calculated as shown in Table 1. The ICC between 0.85
and 0.91 is known as a good repeatability of the test and
convinced the researchers to start the main test.
3.2. Subjects characteristics, navicular drop and foot
type classiﬁcation
The characteristics of the subjects, navicular drop and
the rate of injury in the subjects with different foot types
have been shown in Tables 2 and 3. As the tables shown,
the mean age was 21.4 ± 3 years old, height 180.3 ± 7 cm,

Table 2
Subjects characteristics and navicular drop values in healthy and injured subjects
Groups

Numbers

Age (years)

Height (cm)

Weight (kg)

Navicular
drop (mm)

Healthy
Injured
P value

30
17
–

21.33
21.20
0.902

180.46
181.47
0.684

69.08
69.27
0.949

5.3 ± 2
7.4 ± 2.5
0.002a

a

Significant difference.
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Table 3
Foot type classification in healthy and injured subjects
Height of MLA

Healthy

Injured

Total

Normal
Low arch
High arch
Total

17
2
11
30

11
3
3
17

28
5
14
47

and weight 69.8 ± 8 kg; with a minimum 3 years running
experience.
Table 2 shows the characteristics of the subjects in terms
of the age, height and weight in the healthy and injured
individuals and reveals that they were matched. An independent t-test showed that the mean navicular drop value for 30
(64%) healthy subjects was 5.3 ± 2 mm, which was significantly lower than that of 17 (36%) injured subjects who had
a navicular drop value of 7.4 ± 2.5 mm (P = 0.002).
Table 3 reveals that based on the result of the navicular
drop test, 28 (60%) subjects were within the normal limit and
classified as normal group, of which 17 subjects were healthy
and 11 subjects had a history of lower extremity injury. Five
(11%) subjects had more than 10 mm navicular drop and classified as low arch group, of which two subjects were healthy
and three subjects were in injured group. Finally, 14 individuals (29%) were classified as high arch group with less than
4 mm navicular drop, of which 11 subjects were healthy and
three subjects were in injured group. There were totally 17
(36%) injured subjects with different foot types. A χ2 test
did not show any relationship between the rate of injury and
their MLA height (P = 0.58).

Fig. 3. The measurements of peak pressure arch index in subjects with
normal, low and high arch feet.

Fig. 4. The measurements of maximum force arch index in subjects with
normal, low and high arch feet.

3.3. The correlation between the MAI in dynamic and
static conditions
A Pearson statistics analysis test showed that the correlation in peak pressure arch index between the dynamic and
static conditions was 0.71. However, it was 0.78 for maximum force arch index and 0.87 for the contact area arch
index between the static and dynamic conditions (Table 4)
(Figs. 3–5).
3.4. The correlation between the navicular drop values
and MAI in dynamic and static conditions

Fig. 5. The measurements of contact area arch index in subjects with normal,
low and high arch feet.
Table 5
The correlation coefficient between the navicular drop values and the MAI
in static condition (N = 39)
Navicular drop

The correlation coefficients between the navicular drop
values and the MAI in static and dynamic conditions have
been shown in Tables 5 and 6, separately. It was between 0.44
and 0.57 in static and 0.32 and 0.57 in dynamic situations.

Peak pressure arch index
Maximum force arch index
Contact area arch index

Table 4
The correlation between the modified arch index (MAI) in dynamic and
static conditions (N = 39)

Table 6
The correlation coefficient between the navicular drop values and the MAI
in dynamic condition (N = 39)
Navicular drop

ICC
Peak pressure arch index
Maximum force arch index
Contact area arch index

0.71
0.78
0.87

0.49
0.57
0.44

Peak pressure arch index
Maximum force arch index
Contact area arch index

0.32
0.51
0.57
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3.5. The comparison of the mean modiﬁed arch index in
dynamic and static conditions
Using a single factor one-way ANOVA, the mean MAI
values in the static and dynamic conditions were compared
among the three high arch, low arch and normal arch groups.
The results showed that in dynamic situation, the mean peak
pressure arch index was not significantly different among
the three groups (P > 0.05). However, in static condition, a
significant difference was shown between the normal and
high arch, and between the low arch and the high arch groups
(P < 0.05). In terms of the mean maximum force arch index,
there was a significant difference among the three groups in
both the dynamic and static conditions (P < 0.05). The mean
contact area arch index was only different between the normal
and low arch groups, and between the low arch and high arch
groups in both dynamic and static conditions (P < 0.05).

4. Discussion
Despite the meaningful difference between the average of
navicular drop values in the injured and healthy groups, the
main hypothesis of this study was not confirmed and no relationship was found between the rate of the ankle and knee
injuries and the height of the subject’s MLA. The results also
showed that the most injured subjects were in the group with
normal arch height and not in low or high arch subjects. In
other words, most high arch subjects were in the healthy and
not in injured group. A relatively good correlation was found
between the navicular drop values and the modified arch
index (MAI) variables. Some of the MAI parameters showed
a significant correlation between the single limb support static
and dynamic conditions.
The results of this survey were in agreement with some
studies carried out in this area, but were contradicted with
some others. In a similar study, Bennet et al. studied the navicular drop values of some healthy and sport-injured subjects
and found a higher navicular drop amount in the injured runners relative to the healthy runners [7]. Many studies have
been conducted to investigate any relationships between the
navicular drop values and the rate of sports injuries in athletes, each with different techniques including foot printing,
radiography and using anthropometric indices to describe the
foot [5,7,9,11,12]. Michelson et al. reported that, contrary to
the popular beliefs, pes planus is not a risk factor for lower
extremity injuries in runners [11]. However, Burns et al. compared subjects with normal and high arch feet and concluded
that high arch subjects had more foot pain characterized by
high pressure-time integral under their rearfoot and forefoot
[2].
These extensive controversies led the researchers of the
current study to believe that the sources of these different
viewpoints are highly likely due to the various methods
employed by the researchers, as well as being the multifactorial nature of the mechanisms of the occurrence of

injuries. These factors include footwear effects, having previous injuries, running terrain, the intensity and the type
of trainings, etc. In 1982, Van Mechelen explained four
etiological factors important in occurring running injuries
including the existence of previous injuries, lack of running
experience, competition, and running a long distance every
week [13]. In details, the relationship between the occurrence
lower extremity injuries and factors such as warm-up, gender, height, weight, body biomechanics, running frequency,
performance level, type of shoes and using orthoses yet to
be understood [14–17]. In the current study, all the participants were male and were matched in terms of age, height,
weight and running experiences. The practice venue was also
the same for all subjects. Based on the controlled studies in
terms of the type, time and the intensity of trainings, Marti
et al. and Macera et al. reported an equal risk of injuries in
men and women [16,18]. Macera et al. and Walter et al. had
also reported that age, height and weight have no relationship
with the rate of running injuries, while weekly long distance
running was an important factor related to the prevalence
of injuries [18,19]. Marti et al., Macera et al., and Taunton
et al. reported that the having a history of previous injuries
is a main predictor of the occurrence of re-injury in runner
athletes [14,16,18]. In 2003, Taunton et al. also reported no
relationship was found between the rate of running injuries
and the type of running terrains [14]. However, it seems that
they failed to accurately measure the time and intensity of the
training carried on the particular terrains.
In this study, the measurement of navicular height was
carried out non-invasively through highlighting some landmarks on the skin. Although a high correlation was not found
between the navicular drop values and the foot pressure measurements, the navicular test seems to be a valuable method
in static evaluation of the foot. In agreement, Gilmour and
Burns reported a −0.46 as the correlation index between the
navicular height and the arch index [20].
In agreement with Morag and Cavanagh, the results of the
current study showed no significant difference on the average
dynamic peak pressure arch index among the three groups.
Morag and Cavanagh had also pointed out that a foot with
lower arch, and consequently greater contact area, would have
higher midfoot peak pressure arch index, which would highly
correlated with the calcaneus inclination shown in radiographic images (r = −0.64) [7]. Rosenbaum et al. also studied
the relationship between the plantar pressure pattern and the
static eversion angle of the calcanean bone. They reported
that the higher calcaneus eversion angle in static position,
the more pressure applied to the medial part of the midfoot
in dynamic position, too [21]. Cavanagh et al. identified the
arch related measurements as of the strongest predictors of
dynamic plantar pressure patterns [22].
Comparison of the modified arch indices in the three
groups in dynamic and static conditions showed that except
the dynamic peak pressure arch index, the rest of the indices
were different among the three groups. It is reasonable to
assume that the maximum force value to be more sensitive
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than the peak pressure value related to the effective factors
such as foot structure and arch heights. In terms of the static
peak pressure and contact area arch indices, the observed
difference was meaningful in both conditions between the
normal arch and the high arch groups, and also between the
high arch and the low arch groups. In spite of the existence
of a meaningful difference between the high arch and low
arch groups, the low arch and normal groups did not show a
significant difference. This might be due to the fact that a significant difference between the low arch and normal groups
may require an application of a force more than one body
weight (i.e. replacing the ordinary walking with a running
task) to become more apparent through kinematic changes in
dynamic circumstances. In 2005, Burns et al. compared the
temporospatial parameters and the peak pressure in normal
and high arch individuals and found out that the contact area
in the midfoot region was smaller in high arch individuals
than in normal ones [23]. However, the peak pressure in the
rearfoot region was more in high arch individuals than the
normal ones. Sneyers et al. reported a higher peak pressure
and relative loads in forefoot in high arch subjects than that in
low arch subjects [24]. It could finally be stated that since the
foot is a mediator between the body and the ground, its shape
and structure should affect on the amount of foot plantar pressure. As a result, plantar pressure measurement might provide
some direct information regarding the quality of the interaction of the different structures of the foot and the ground, and
it can be used as a means of foot type classification.
Due to the complexity of the structure of the foot, a comprehensive analysis of the foot interaction with the ground
during walking is very difficult. Using multi-segmental models of the foot, some researchers have succeeded to offer new
information regarding the kinematics and kinetic of the forefoot, midfoot, and rearfoot and their interaction with ground
during gait [25,26] and predict the dynamics of the foot function. Nachbauer and Nigg studied the height of MLA in standing position and arch flattening during running and reported
no relationship existed between these two situations [27].
Cashmer et al. used a 3D gait analysis system and studied
the behavior of the MLA in three conditions including sitting on a chair, single limb standing, and walking [28]. They
studied three parameters including the length of the arch, the
height of the arch and the supranavicular angle in these three
conditions and found a significant difference among them.
On the contrary, McPoil and Cornwall in 1996, and Hunt et
al. in 2000 found that the static angle of the rear foot in the
single limb stance may serve as a good clinical indicator for
the maximum rearfoot eversion during walking [29,30].
The significant correlation of some of the MAI parameters between the static and dynamic conditions, found in
this study, could be due to the similarity of the single limb
stance and functional walking biomechanics. Thus, it is reasonable to assume that foot pressure measurements in the
single limb stance might predict the foot functions in dynamic
tasks such as walking. This may help researchers and clinicians to predict foot behaviors during simple single stance
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rather then complex movements during sports, but requires
further research.

5. Conclusion
The results of this study did not support the idea of existence any relationship between the structure of the MLA and
the prevalence of the ankle and knee injuries in professional
runners. It seems that various factors such as different foot
wears, training surfaces, experiencing previous injuries, the
intensity and frequency of training sessions and also the type
of trainings all might determine the probability of injury
occurrence in athletes. This also indicates that using prophylactic ankle supports to prevent injuries in runners with
abnormal arch height may not be helpful, although it may be
of benefit when injury is present. This study shows an association between the maximum force/plantar pressure and arch
height with further research indicated.
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