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Abstract Measurement of foot pressure distribution is clinically useful because it can identify anatomical foot
deformities, guide the diagnosis and treatment of gait disorders and falls, as well leads to strategies for preventing pressure
ulcers in diabetes. This study was conducted to investigate the differences in plantar pressure distribution in normal subjects
at four points during symmetrical standing position. The peak plantar pressure was measured below four points of each foot
(big toe, lateral aspect of the foot, head of first metatarsal and mid heel) in male and female subjects. Results revealed that
there were significant difference between the two groups at the level of mid heel, big toe, and head of the first metatarsal,
while there was no significant difference at the level of metatarsal heads. Statistical t-test was used to compare plantar
pressure distribution between the dominant and non-dominant limbs in each group. The test results indicated that upper limb
anthropometry is significantly different between females and males with p-value of 0.025. Mean value of males (25.54) is
higher than females (16.99). Left heel pressure is significantly different between females and males with p-value of 0.008.
Mean value of females (0.87) is higher than males (0.45). Right heel planter pressure is highly significantly different between
females and males with p-value < 0.001. Mean of females (1.35) is higher than males (0.54), whereas all other variables are
not significantly different between females and males. Load asymmetries during quiet standing has not received much
research attention, they may greatly extend our understanding of the upright stance stability control. It seems that limb load
asymmetry factor may serve as a vertical measure of postural stability and thus it can be used for early diagnostics of the age
related decline in balance control.
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increase the local pressure[9].

1. Introduction The measurement of pressure can be extremely valuable in
assessment and monitoring the effects of treatment. Pressure
of the foot on the floor can be measured by a flat device in
the shoe, known as a limb load monitor. This is useful for the
assessment of load on the lower limb in gait re-education and
assessment. The force plate can also be used to measure
pressure in static condition[10].

Mueller.,[18] mentioned that pressure is a form of
mechanical stress, which is equal to the magnitude of the
force-applied perpendicular to a specific surface area.
However, pressure is critical in variable orthotic, prosthetic
and footwear design, because there is good evidence linking
high pressures from ill-fitting orthotics, prosthetic and
footwear can cause pain to people provided that proper
evaluation of pressures is done.

In addition, Brike et al., (2000), mentioned that sensory
loss and high foot pressure have been shown prospectively to

) be highly predictive of ulceration. Studies have shown that
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The foot is one of the most important weight bearing and
shock absorbing structures in the human body during
various activities as walking, running, and jumping[2][20].
It has been pointed out by many researchers that the
biomechanical factors play an important role on the etiology,
treatment, and prevention of many foot disorders[5].
Therefore, the need to understanding the biomechanics
associated with the normal foot before any foot orthosis or
surgical intervention can be applied is clear.

Pressure is defined as force per unit area. When a solid
object at rest on a surface is considered, as someone standing
with both feet on the floor, it is easy to see that the pressure
between the shoe and the floor is the weight of the person
divided by the area of his /her shoes in contact with the floor.
Making the area of contact with the ground smaller will
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the management of pressure ulcers and skin breakdown.
Although they are thought to be preventable, they remain a
frequent complication of disability, aging and illness. Direct
medical costs, morbidity, mortality, social costs and the
personal impact of pressure ulcers are all discouraging[28].

Measurement of foot pressure distribution is clinically
useful because it can identify anatomical foot deformities
[11], guide the diagnosis and treatment of gait disorders and
falls, as well lead to strategies for preventing pressure ulcers
in diabetes. Thus the approach to treatment and relief of
symptoms is often better understood owing to the recent
scientific advances in both measurement and theoretical
methodology[22]. The purposes of this study are to
determine the difference between male and female
concerning plantar pressure distribution in normal subjects,
determine the levels of pressure distribution and its values at
lateral aspect, mid heel, first metatarsal head and big toe and
determine if there is relation between anthropometric
measures of upper and lower extremities and the determined
pressure at the foot.

2. Related Work

During standing on level ground, the heads of the

metatarsal and the calcaneus are in the same horizontal plane.

The distribution of body weight through the foot depends on
the shape of the arch and the location of the line of gravity at
a given moment. In bilateral stance each talus receives 50
percent of the body weight; in unilateral stance, the
weight-bearing talus receives 100 percent of the
superimposed body weight. In static unilateral or bilateral
stance, 50 percent of the weight received by the talus passes
through the posterior subtalar articulation to the calcaneus,
and 50 percent passes anteriorly to the forefoot,[9].

The body weight, of the head, arm, and trunk transmitted
through the lower limb, is applied through the ankle to the
posterior part of the foot at the level of the trochlear surface
of the talus that is considered as distributer. From there the
forces are distributed in three directions, towards the
supports of the vault: (A) towards the anterior and medial
support via the neck of the talus and the anterior buttress of
the medial arch; (B) towards the anterior and lateral support
via the head of the talus, the sustentaculumtali of the
calcaneus and the anterior buttress of the lateral arch; (C)
towards the posterior support via the body of the talus, the
subtalar joint, and the body of the calcaneus (the bony
trabeculae underlying the superior articular surface) i.e.
through the common posterior buttress of the medial and
lateral arches as shown in Fig. (1)[12].

During standing, the mobility of the metatarsal heads
permits them all to fall into contact with the floor as soon as
load is applied[27]. Riegger[25] cleared that, in the portions
of the foot that have contact with the floor during normal
stance, approximately 50% of the load is borne by the heel
and 50% is transmitted across the metatarsal heads. The load
on the metatarsal head of the hallux is twice that on each of

the lateral four metatarsal heads. The first metatarsal head
thus transmits twice the load of each individual lateral
metatarsal head, and each of these bears an equal amount of
the remaining portion of the load in the forefoot. A slight
change in the foot structure alters the load distribution. It
may also be changed with only slight modification of weight
bearing, such as rocking slightly from side to side or forward
and backward while standing; thus, when one stands for long
periods, as a soldier at attention does, a slight shift of the
weight relieves pressure on the plantar soft tissues and
lessens the burning and pain of fatigue in the soft tissues of
the foot.

Figure (1). Distribution of forces on the foot in three directions, towards
the medial arch (A), towards the lateral arch (B), and (C) towards the
posterior support[12]

Nyska et al.,[20], showed that the foot can be divided into
six regions first toe, second to fifth toes, metatarsal region,
medial mid foot, lateral mid foot, and heel. Contact area,
peak pressures, peak forces and duration of contact can be
measured in seven areas of interest of the foot The
relationship of the forefoot to the rear foot in the sagittal
plane must also be assessed, because structural deformities
may increase the amount of ankle dorsiflexion required for
normal ambulation. An imaginary plane representing the
ground surface is applied to the plantar surface of the
calcaneus. The metatarsal heads should rest upon this plane.
However, a large amount of research in joint contact pressure
simply treats the cartilage as a single phase, clastic material
because of the difficulties involved in a biphasic joint
analysis and based on the fact that under high loading rates,
the cartilage does demonstrate a mechanical behavior that
does not deviate substantially from a linear elastic model
(Blankevoort et al., 1991). Because of the complexity of
human joint geometry, it is difficult to depend on analytical
solution to predict surface pressure distribution of the joints
under physiological loading conditions[20].

The load is distributed toward the heel and is transmitted
to the forefoot by two general routes. The greater load is
borne across the highest portion of the longitudinal arch and
it then passes from the tarsal joints into the first and second
metatarsals and metatarsal heads. The lesser load is
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transmitted somewhat laterally through the cuboid into the
base and then to the head of the fifth metatarsal. These routes
are described for the peak forces within the foot, however,
and it should be recognized that loads are transmitted
through all tarsal and metatarsal bones[30].

There is evidence to suggest that increased pressure plays
a role in forefoot pathology. Metatarsalgia is commonly
associated with hallux valgus. It often arises following or
exacerbated by hallux valgus surgery. Patients with hallux
valgus demonstrates increased peak pressure under
callosities which are higher than normal. In addition,diabetic
plantar ulcers occurs at sites of high pressure[26].

Furthermore, factors associated with stress fractures
include training errors, exercise surfaces, footwear, and
anatomic abnormalities. Logically, footwear can play an
important role in the development and treatment of stress
fractures because foot loading, together with structure, and
stability have a significant impact on the development of
stress fractures[7]. Footwear has been implicated as a
primary cause of foot ulcers, yet research is limited on the
efficacy of shoe and insert combinations to decrease pressure
and prevent reulceration[24].

In rheumatoid arthritis there is an important interrelation
between the rear foot position and forefoot pressure sites.
Peak pressures were shifted to the medial forefoot
accompanied by a higher prevalence of callosities[36]. This
information necessitates better understanding of the patterns
of planter pressure distribution so that, appropriate treatment
strategies for foot impairments may be prescribed for
children with juvenile rheumatoid arthritis and, moreover
assist in planning for treatment of gait abnormalities.
Clinicians reported that, the children may have foot pain such
as metalarsalgia can be effectively treated with, shoe
modifications or ankle foot orthosis to redistribute pressure|[7].

Many experimental techniques were developed and
employed for the quantification of foot biomechanics, such
as gait analysis, pressure sensing platforms[15], in shoe
pressure transducers[4], pressure sensitive films[2],
cadaveric experiments, (Jacob and Zollinger, 1992). The
above mentioned measurement techniques are commonly
used in predicting joint kinetics and quantifying plantar
pressure distributions[22].

Reduction of peak plantar foot pressure during walking
has become a primary focus in prevention and treatment of
pressure ulcers[34]. However, therapeutic footwear can help
to prevent lower extremity amputation in patients with
diabetes. The primary means of preventing amputation is to
protect the insensitive foot from unnoticed trauma and
excessive plantar pressure that occur during walking. The
specific prescription of the shoe depends on many foot risk
criteria, particularly on the patient’s level of sensation,
history of ulceration, and the amount of foot deformity, and
ignoring the pressure distribution factor[17]. The value and
efficiency of therapeutic foot wear is questionable unless
considering foot pressure distribution. An ideal post
operative shoe should be comfortable to wear and protect
the foot during recovery from surgery or injury protection

is assumed to be related to peak pressure and force time
integral under the foot[8].

Concerning the factors affecting planter pressure changes
Spink et al[31] concluded that Plantar hyperkeratotic lesions
affect 60% of older people and are associated with female
gender, hallux valgus, toe deformity, increased ankle
flexibility and time spent on feet, but are not associated with
obesity, limb dominance, forefoot pain or foot posture.

Knowledge about the pressure distribution of the intact
ankle joint may help to understand the mechanism leading to
cartilage damage. Therefore, the intraarticular and plantar
pressure distribution of the ankle joint complex is possibly
determined. These findings will help to understand the
development and localization of arthritic changes due to
posttraumatic changes of the joint loading characteristics[2].

Reiber et al.,[24] suggested that, careful attention to foot
care by health care professionals may be more important
than therapeutic foot wear but does not negate the possibility
that special footwear is beneficial in persons with diabetes
who do not receive such close attention to foot care by their
health care providers or in individuals with sever foot
deformities. However, even these efforts miss the important
link relating plantar pressure distribution to internal foot
structure. To date, no computer aided design foot orthotics
system integrates internal foot structure with pressure
information (Smith et al., 2001).

Ulbrecht et al.,[35], reported that, therapeutic footwear
represents a first line of defense in the prevention of
neuropathic plantar ulceration in patients with diabetes
mellitus, and it is not worthy that the design of such
therapeutic footwear is still based largely on experience and
opinion rather than on experimentally confirmed design
principles. There is little information available for the
practitioner who wishes to decide on the appropriate
thickness of a given insole material to reduce pressure at
particular foot[13]. In this study, Sixty five normal subjects
were included with average weight 63.50+3.36 kg., average
age 20.73+2.48 years and average height 166.38+3.29cm to
measure the effect of gender on plantar pressure distribution
in normal subjects considering that these subjects were
divided into two groups according to sex.

3. Materials and Methods

3.1. Experimental Setup

This study was conducted to investigate the effect of
gender on plantar pressure distribution in normal subjects
and relate the determined values on different points with
anthropometric measures. Sixty five randomly selected
subjects of both sexes participated in the study with age
ranged between 18 and 30 with mean age (20.73+2.48) years.
All subjects were examined for weight and height to be sure
of normal range of body mass index and were divided into
male group and female group. Subjects' heights ranged from
165-175¢cm  with mean height (166.38+£3.29). Subjects'
weight ranged from 60-70kg with mean weight (63.50+3.36)
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kg. A foot-Scan plate system was used to measure
percentage of plantar pressure distribution over dominant
and non-dominant foot exclusively. Percentage of peak
pressure was measured under the areas, big toe, head of first
metatarsal, lateral aspect of the foot and mid heel[1]. All
subjects have no history of musculoskeletal, neuromuscular,
lymphatic, vascular, or metabolic disorders.

3.2. Instrumentation

The RS (Resistive sensor) foot scan force plate system
was used to measure the percentage of peak pressure of body
weight under 8 areas of the feet. The system composed of a
force plate connected with a long cable connection to a
laptop as shown in Fig. (2). Foot scan software can be
operated using the mouse and/or keyboard. The system was
stable on the ground and automatically calibrated having
only the weight of the pressure plate. The plate was
completely supported by the underlying concrete structure in
order not to bend and damage the plate during measurement.
The system offered full details color-coded printout of
amount and percentage peak pressure under selected areas of
the foot, represented by bar graphs. Also, RTZ-120; a health
scale (German) was used to measure subject's weight and
was adapted to measure the height and a tape measurement
was used for upper and lower limb length measurements.

Figure (2). The Resistive Sensor foot- scan force plate

3.3. Data Collection and Analysis

The data was collected by analyzing the print and graph
of each subject, using the RS foot scan special program
considering the following steps:

1. The dominant limb was detected by asking the
subject to write his name and to kick a ball.

2. The subjects were asked to take off shoes and stand
bare feet on the foot mark drawn on the force plate with
erect back and straight knees and eyes forward.

3. Four points were detected under each foot on the
screen (big toe, lateral aspect, head of 1% metatarsal and
mid heel on the screen.

4. The graph was analyzed using the software program
of the R-S foot scan.

5. The peak plantar pressure was measured under these
four points in both dominant and non-dominant foot.

As for descriptive analysis, mean and standard deviation
were calculated for all variables. The histogram was used to
display the distribution of each variable for the whole group
while the bar chart was used to display the means of males
and females for each variable.As for the analytical analysis,
independent samples t-test was used to test if there is a
significant difference between mean of males and mean of
females for each variable. Paired t-test was used to test if
there is a significant difference between mean of right and
left for each variable. Also Pearson correlation coefficient
was used to find the variables correlated to each other for
both males and females and to test the significance of the
correlation according to the following formula:

ny _anzy
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Where, x and y are the measures for Rt and Lt within the
foot, heel and other points and # is the number of item within
male and female subjects.

4. Results
Table (1). Mean and standard deviation (SD) of females and males
characteristics
Females Males
Variable Mean SD Mean SD
Age 20.74 2.80 20.69 1.01
Weight 62.94 3.16 65.25 345
Height 166.28 3.37 166.69 3.11
Lt Upper 12.49 8.95 12.99 8.94
Lt Lower 30.92 11.92 29.99 18.95
RT Upper 16.99 12.39 25.54 14.85
Rt Lower 39.41 15.54 31.48 16.17
Rt heel 1.35 0.69 0.54 0.31
Rt head 0.24 0.36 0.20 0.16
Rtbigtoe 0.24 0.57 0.71 1.51
Rtmetatarsals 0.19 0.26 0.26 0.22
Lt heel 0.87 0.58 0.45 0.30
Lt head 0.19 0.25 0.23 0.29
Lt bigtoe 0.15 0.33 0.14 0.19
Lt metatarsals 0.12 0.34 0.12 0.20

This study was conducted on sixty five normal subjects,
the group as a whole includes small range concerning height
(in cm) and weight (in kg) to avoid possible impact on the
variability of the results. These subjects are sub- grouped
into male group and female group. The characteristics of the
subject concerning demographic data as presented in table
(1). The data shows that the age in male group was 20+2.82
while in female group was 20.69+1.01. The mean weight
value in male group was 62.94+3.16 and in female group was
65.25+3.45. The height in male group was 166.28+3.37 and
in female group was 166.69+3.11. RT Upper limb
anthropometry is significantly different between females and
males with p-value=0.025. Mean of males (25.54) is higher
than females (16.99). As shown in fig (5, 6). Lt heel pressure
is significantly different between females and males with
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p-value=0.008. Mean of females (0.87) is higher than males
(0.45). Rt heel is highly significantly different between
females and males with p-value<0.001. Mean of females
(1.35) is higher than males (0.54). All other variables are not
significantly different between females and males.There is a
direct significant correlation between weight and both height
and Rt metatarsals in females while in males there is a direct
significant correlation between weight and height.

In females, there is an inverse significant correlation
between Lt Upper limb anthropometry and both Rt Lower
and Lt head of metatarsal pressure. There is an inverse
significant correlation between Lt Lower and Rt Lower limb.
Also there is an inverse significant correlation between Rt
Upper and RtLower limb anthropometry. There is direct
significant correlation between Upper Rt and Rt metatarsals
pressure. There is a direct correlation between Lower Rt and
Rt heel pressure. There is a direct correlation between Rt
heel and both Rtbigtoe and Lt heel pressure. There is a direct
correlation between pressure at Rtbigtoe and Rtmetatarsals,
Lt head and Lt bigtoe pressure. There is a direct correlation
between Rt metatarsals head and Lt metatarsal head pressure.
There is a direct correlation between Lt metatarsal head and
both Lt big toe and Lt metatarsals head pressure.

In males, there is a direct significant correlation between
Lt Lower limb anthropometry and Lt heel while there is an
inverse correlation between Lower Lt and Rt Lower limb
anthropometry. There is a direct significant correlation
between Rt Upper limb anthropometry and both Rt big toe
peak pressure and Lt big toe peak pressure. There is an
inverse significant correlation between Rt Lower limb
anthropometry and Lt heel pressure. There is a direct
significant correlation between Rt heel and Lt heel pressure.
There is a direct significant correlation between Rt head and
both Lt head and Lt metatarsals. There is a direct significant
correlation between Rt big toe and Lt big toe pressure. There
is a direct significant correlation between Lt head of
metatarsal pressure and both Lt big toe pressure and Lt
metatarsals pressure.

There is symmetry between Rt and Lt metatarsal head
pressure. Also symmetry between Rt and Lt metatarsals
pressure. There is asymmetry between Rt and Lt for Upper
limb anthropometry, Lower limb anthropometry, heel
pressure and big toe pressure as demonstrated in table (2) and
figures (3,4,5,6).

Table (2). Paired T-test for differences between Right and Left foot

. . - Percent of mean
Variables Mean difference t-value p-value Significance difference (%)
UpperLt-UpperRT 6.45 3.1 0.003 Significant 51.2
LowerLt—LowerRt 6.79 2.1 0.036 Significant 222
Rtheel-Lt heel 0.38 5.04 <0.001 Significant 54.3
Rt head-Lt head 0.027 0.61 0.53 Not significant 135
Rt big toe-Lt bigtoe 0.2 2.02 0.047 Significant 142.9
Rt metatarsals-Lt 0.082 1.81 0.073 Not significant 68.3
metatarsals
RT
1.4 -
1.2 A
Lt
1 -
0.8 Rt H Mean Rt heel
Lt
0.6 - B Mean Lt.heel
0.4
0.2
0 T T
females males

Figure (3). Mean mid heel pressure for females and males
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Figure (4). Mean head of metatarsals pressure for females and males
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Figure (5). Mean bigtoe pressure for females and males
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Figure (6). Mean lateral metatarsals pressure for females and males
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5. Discussion

In this work, the effect of gender on plantar pressure
distribution in normal subjects was studied. The difference in
plantar pressure distribution between dominant and
non-dominant limbs in different groups was also
investigated through the study. The R.S foot scan was used to
measure plantar pressure under four areas of each foot during
standing. Biomechanical measurements of pressure
distribution concentrate on the pressures between the foot
plantar surface (sole) and the supporting surface. Various
pressure systems are available for the measurements of the
pressures inside the shoe or insole and the plantar foot during
various activities. Such assessment has proven to be very
useful in the diagnosis and management of pressure related
foot problems. Plantar pressure may or may not be
influenced by some factors such as body weight, velocity,
stride length, and shoe type and construction. However, there
is no satisfactory association between gender difference,
anthropometry regarding right and left pattern of
loading.Maximum and average pressures are often reported.
The average pressure is the mean of all the sensor values,
whereas the maximum pressure is the highest individual
sensor value[32]. Natarggan and Myailvahnan,[19]
reported that, the foot has two functions to perform; a static
and a dynamic function. In standing it performs static
functions by forming a stable weight bearing support to the
body. During walking, it functions as an efficient lever to
propel the body weight forward. The arches of the foot are
formed by the shape and articulations of the tarsal bones,
held together by the strong plantar and spring ligaments but
the maintenance of the arches depends on the efficient
postural tone of the intrinsic muscles of the foot.

On the other hand,the following stability functions could
be performed by the foot with a fixed arch structure: (1)
distribution of weight through the foot for proper weight
bearing; and (2) conversion of the foot to a rigid lever.
However, the following mobility functions can only be
performed by a non-rigid structure: (a) dampening of the
shock of weight bearing; (b) adaptation to changes in the
supporting surface and (c) dampening of superimposed
rotations.Furthermore, Glasoe et al.,[9] added that, the
distribution of body weight through the foot depends on the
shape of the arch and the location of the line of gravity at a
given moment. In bilateral stance, each talus receives 50
percent of the body weight; in unilateral stance, the
weight-bearing talus receives 100 percent of the
superimposed body weight. In static unilateral or bilateral
stance, 50 percent of the weight received by the talus passes
through the posterior subtalar articulation to the calcaneus,
and 50 percent passes anteriorly to the forefoot.This study
revealed that, on the level of mid heel there was a significant
difference in plantar pressure value between male and female
group and right and left foot. The heel receives more than
twice the magnitude of the other total forefoot and mid foot
with a difference between male and female. This can be
viewed with the variability of foot structure.

Sammarco,[27] mentioned that, during standing, the
mobility of the metatarsal heads permits them all to fall into
contact with the floor as soon as load is applied. In those
portions of the foot having contact with the floor,
approximately 50% of the load is borne by the heel and 50%
is transmitted across the heads of the metatarsals. The load
on the first metatarsal head is twice that on each of the lateral
four metatarsal heads. The weight-bearing area of the foot
has been assessed by several authors using many different
methods. The results of these studies have led to a general
controversy over what areas of the foot actually bear weight
during quiet standing. Cavanagh et al,[5], reported data
about weight bearing in over 100 asymptomatic feet. The
authors used an electronic mat with 256 sensors with a
resolution of 1X1 c¢m to measure the pressure distribution
under the foot. The study revealed that, the largest pressure
under the foot was located in the heel in 96 out of 107 feet
tested and was greater than twice the mean pressure under
the forefoot region. However, assessment of mean weight
distribution revealed that 60.5% of the weight was applied
across the heel, 28.2% in the fore foot, and 7.8% in the hind
foot, with the remaining 3.5% in the toes. Their data also
supported the concept that all of the heads of the metatarsal
bones bear weight during quiet standing[14]. It was noted
that there is a very large individual variation in proportional
to loading of the foot. It should be noted, however, that these
authors measured "asymptomatic" feet, making no attempt to
describe or to assess the feet in terms of the arched foot. Thus,
some subjects may have demonstrated hind foot or forefoot
deformities with corresponding postural abnormalities but
had no clinically significant complaint related to these
abnormalities. The variability reported by these authors,
therefore, may be the result of a more heterogeneous
population than suggested by the lack of symptoms reported
by the subjects. However, Sammarco,[27] suggested that, A
slight change in the foot structure alters the load distribution.
A small change in the loading of the foot can cause a
significant change in load distribution.

The heel pad, located beneath the calcaneus bone, consists
of dense strands of fibrous septa and closely packed fat
cells[23]. The fibrous septa, rich in collagen fibers, from
large sealed compartments retaining and preventing the out
flow of fat. Hsu et al., (1998) stated that, the heel pad is an
efficient shock absorber that attenuates the peaks of dynamic
forces and dampens vibrations in each individual, the impact
of pressure load on tissues alters over time. During standing,
the mobility of the metatarsal heads permits them all to fall
into contact with the floor as soon as load is applied. In those
portions of the foot having contact with the floor,
approximately 50% of the load is borne by the heel and 50%
is transmitted across the heads of the metatarsals. The load
on the first metatarsal head is twice that on each of the lateral
four metatarsal heads. The first metatarsal head thus
transmits twice the load of each individual lateral metatarsal
head. The first metatarsal bone bears the most weight and
plays the most important role in propulsion. It is the shortest
and thickest. It also provides attachment for several tendons.
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The second, third, and fourth metatarsal bones are the most
stable bones of the metatarsals. They are well protected and
have only minor tendon attachments and are not subjected to
strong pulling forces[16].

On the other hand, the change in pressure distribution was
highly significant on big toe level the change in peak
pressure over the lateral metatarsals caused significant
difference in the distribution of plantar pressure on big toe.
There was significant difference in distribution in male and
female group. By comparing the pressure distribution
between the four studied contact points under the foot in
group I, there was significant difference between the
dominant and non-dominant limbs at the level of mid heel
and metatarsals, there was significant difference on the level
of head of first metatarsal and big toe. By comparing plantar
pressure distribution under dominant and non-dominant foot,
the results of this study indicate significant increase in
female at dominant foot, with no available data in the
literature to compare between two feet. The asymmetry in
the normal characteristics between feet settle a question
about the normality concerning the foot biometrics.Previous
studies have demonstrated different methods to measures
plantar pressure. This may be of value to prevent injuries
and ulcer formation by changing the walking pattern in
patients who have lost nociceptive perception secondary to
metabolic diseases, infections or neuraologic disorders[21].
Maximum and average pressures are often reported. The
average pressure is the mean of all the sensor values,
whereas the maximum pressure is the highest individual
sensor value (Stinson,[32]). The most commonly reported
pressure value is the single maximum.

Concerning pressure recorded at critical areas of body
(Shelton et al[29], Cobb and Claremont[6]) reported that
the average pressure is a more stable measureand gives a
better overall picture of interface pressure in disabled people
than maximum pressure, which is a single sensor value.
Plantar pressure distribution was evaluated in three plantar
areas: forefoot, midfoot and rear foot and during two phases
of gait stance: heel-strike and push-off. The rear foot
corresponded to 30% of foot length, the mid foot, 30% of
foot length, and the forefoot(which included the metatarsal
heads and the toes), 40% of foot length, following the
scheme established by Cavanagh and Ulbrecht[35]. These
areas were defined in the Creation of any Mask software and
are proportional to the insoles length and width.[31].
Blaszczyk et al.,[3], cleared that, although the identification
and characterization of limb load asymmetries during quiet
standing has not received much research attention, they may
greatly extend our understanding of the upright stance
stability control. It seem that limb load asymmetry factor
may serve as a vertical measure of postural stability and thus
it can be used for early diagnostic of the age related decline
in balance control. Abboud et al.,[1], mentioned that, in
healthy, normal feet where there is no pain or any anatomical
or functional deformity, normal plantar pressure distribution
exists under the load bearing points of the foot, i.e, heel,
metatarsal heads and phalanges of the toes.

6. Conclusions

In the case of an abnormal plantar pressure distribution,
the areas of peak pressure do not always correspond to those
where the patient senses the pain, either because the subject
has changed the pattern of his/her walking pattern to protect
the area of pain, or because it is related to a functional
problems. This apparent dilemma indicates that the cause of
high pressure under the foot is multifactorial and is
consequent to either anatomical or functional disturbance or
more likely a combination of both. Determination of planter
pressure pattern during different position as well as activity
in male and female may be used in early detection of minor
alteration of planter pressure due to minor change in
anatomical and mechanical integration of musculoskeletal
unit.
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