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ABSTRACT

The feet are complex structures that transmit loads transferred by other parts of the body to the ground and are involved in many
static and dynamic activities, such as standing and walking. The contact area and pressure changes between the feet and the ground
surface can be measured using pedobarographic devices. With pedobarographic examinations, it is possible to obtain a wide range of
information needed to support clinical evaluation and diagnostic tests in physical medicine and rehabilitation practice. Foot structure
and function, postural stability, lower extremity biomechanics, and gait analysis are among the areas that can be further investigated

using pedobarography.
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Around the 1800s, the structural evaluations of the
plantar surface began with the examination of bare
footprints on various ground materials. Today, the
assessment of the foot sole has reached an advanced
stage with the use of pedobarographic analysis devices,
which can analyze the plantar surface dynamically
and in very small fields using numerous sensors.
The foot is a highly complex structure that involves
numerous muscles, joints, and soft tissues, all working
in harmony with each other and has an integral role in
both static and dynamic physical activities. The force
interactions between the foot and the ground surface
have inspired research on various aspects related to
the foot in detail, such as foot anatomy and function,
lower extremity alignment, biomechanical issues of
the spine, and postural stability.

Pedobarographic examinations include two main
types of analysis: static and dynamic studies. Static
evaluations are conducted while the patient stands still

on a platform (Figure 1). During static examination,
the entire surface of the foot in contact with the ground
is mapped by a device. Static analyses also demonstrate
the amount of pressure generated on each unit area of
the foot. This data is then used to obtain a pressure
distribution map of the entire foot surface. The device
software analyzes the pressures exerted on the plantar
surface to determine the center of pressure (CoP) for
each foot (Figure 2). Center of pressure does not only
provide data on problems related to the foot but also
informs about biomechanical changes affecting weight
transfer and load-bearing processes in the body.

The highest pressure in the plantar region
detected by a single sensor is referred to as “peak
plantar pressure.” Peak plantar pressure is one of
the key parameters evaluated during examinations.
Identification of the areas where the highest
pressures occur on the plantar surface during loading
provides guidance to clinicians about the need for
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Figure 1. Static pedobarographic evaluation.

pressure-reducing insoles or modifications in the
patient's orthoses in these areas.

The CoP progression can be determined by
recording the displacement of the CoP on the foot sole
during walking (Figure 2). Deviations in the expected
CoP progression, either in the medial or lateral
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direction, provide information about foot anatomy or
lower extremity alignment. In addition to the direction
of CoP movements, the displacement velocity is also
crucial. Slower CoP velocity during a specific phase
of walking indicates slowed load transfer due to an
existing pathology in that segment of the foot or a
neurological disorder.

Despite being costly, long platforms that enable
walking on them offer a number of advantages.
Conflicting data reported in the literature regarding
the pressure under the hallux has been attributed to
the use of different platforms in patients with hallux
valgus. It is believed that long platforms allow for the
assessment of a more physiological pattern of gait.!"

Additionally, pedobarographic analyses provide
information about the distribution of body weight,
including the proportion of weight borne on
each foot and the amount of weight carried by
different regions of each foot. By detecting existing
asymmetries in weight distribution, these analyses
can aid in early detection of conditions such as limb
length discrepancy, pelvic asymmetry, lumbosacral
dysfunction, and potential hip and knee joint
pathologies.

The development of devices that can be worn inside
shoes, such as wireless, pressure-sensitive insoles,
has brought a new dimension to pedobarographic
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Figure 2. Dynamic pedobarographic evaluation.
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analyses. By enabling pedobarographic analysis within
natural walking performance, these devices facilitate
the assessment of the suitability of shoe modifications
and can reveal the gait line by evaluating the CoP
trajectory through their software. It is widely accepted
that frontal plane malalignment is compensated by
the hindfoot in individuals with knee osteoarthritis.
However, analyses conducted with insole-type devices
have shown that the hindfoot fails to adequately
compensate for frontal plane alignment problems of
the knee joint.”

The development of thin, wearable analytical
devices that can be placed inside shoes has been one
of the most significant contributions to the evaluation
of the effects of specific orthoses on various parts
of the foot objectively and in real time. This enables
demonstration of the real performance of orthoses that
prevent postoperative weight bearing and the pressure
changes they cause in other segments of the foot."
The Intrepid Dynamic Exoskeletal Orthosis used for
critical limb injuries has been shown to reduce peak
plantar pressure and increase the weight-bearing ratio
on the healthy side.™

Many studies have demonstrated that apart
from peak plantar pressure measurements in older
adults, a single pedobarographic analysis conducted
in children and adults is reliable and sufficient
for evaluating plantar pressure distribution.®! In
pedobarographic analyses, assessment of plantar
pressure distribution is essential for diagnosing and
monitoring foot diseases, as well as for evaluation of
postural stability, biomechanics of the foot and lower
extremity, analysis of diabetic foot risk, neurological
disorders, sports injuries, gait analysis, and orthoses
and shoe modifications.

EVALUATION OF PLANTAR PRESSURE
DISTRIBUTION

The structural and mechanical properties of the
plantar fascia and intrinsic foot muscles are important
factors that determine plantar pressure distribution.
This is because these two structures play a key role
in the stabilization of the foot arch.® Periodically
evaluating plantar pressure distribution during
childhood allows for monitoring the development
of the medial arch, the presence of structural foot
problems, and how they progress with growth. When
examining pedobarographic data, it appears that the
age of 14 years is a critical age in terms of changes in
plantar pressure distribution, likely due to the impact
of growth and increased body mass index during
adolescence.”!
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Plantar pressure distributions are influenced by
various factors, such as racial characteristics, foot
type, and anthropometric features. Both barefoot and
in-shoe pressure measurements performed in healthy
individuals provide valuable data for the development
of properly fitting footwear. These examinations also
provide specific pressure patterns associated with
different activities, such as walking and running.®

Metatarsalgia is a general term used to describe
pain in the metatarsal region of the foot. Hallux valgus
is one of the leading pathologies associated with pain in
this area. However, not all patients with hallux valgus
experience metatarsalgia. Very high plantar pressure
values have been demonstrated in patients with hallux
valgus and metatarsalgia. It was reported that the
average pressure values measured under the big toe
may be considered an indicator of the development of
metatarsalgia.”

Studies have shown that pressure-reducing shoes
and orthoses used in rearfoot pathologies similarly
reduce rearfoot pressure by around 50%. However, as a
limitation, both devices cause a significant increase in
pressure in the neighboring midfoot zone. Therefore,
care should be exercised when using these devices in
patients with problems such as midfoot injury.”

PLANTAR CONTACT AREA ASSESSMENT

Many congenital or acquired structural foot
problems cause changes in the plantar area that comes
into contact with the ground. Among the structural
problems of the foot, pes planus leads to an increase
in the plantar contact area while pes cavus causes a
decrease in the contact area. Apart from structural
foot problems, a number of conditions, such as lower
limb shortness, pelvic and spinal issues, neurological
diseases, and spasticity, can lead to asymmetric lower
limb loading, resulting in changes in the plantar
contact area (Figure 3). It has been shown that up to
the age of 13, both sexes have similar plantar contact
areas. However, around the age of 14, a significant
divergence occurs in the plantar contact area between
girls and boys.”!

ASSESSMENT OF LOWER EXTREMITY
BIOMECHANICS

Pedobarographic methods have provided an
opportunity to understand the mechanical and
functional differences caused by different foot types
during stance or walking. These assessments offer
valuable insights into lower extremity biomechanics.
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Figure 3. Decreased heel contact and impaired plantar
pressure distribution in a patient with a short left leg.

The frontal plane biomechanics of the knee joint
can be evaluated by analyzing alterations in plantar
pressure. Early detection of frontal plane pathologies
allows for the elimination of alignment problems,
particularly those affecting the medial compartment,
by correcting foot posture through interventions such
as insoles, foot wedges, and exercise.

In patients with unilateral osteoarthritis, it has
been shown that plantar pressure is lateralized
both on the affected and unaffected sides, and this
lateralization is correlated with radiological stages of
osteoarthritis.”! Through dynamic pedobarographic
evaluation, a correlation has been demonstrated
between the severity of varus thrust and radiological
stages in patients with knee osteoarthritis.'?! In older
adults, planus foot morphology was demonstrated to
be associated with knee pain and medial tibiofemoral
joint damage.["’!

In individuals with knee osteoarthritis, frontal
plane alignment problems, such as valgus or varus,
affect the ankle and foot. In the presence of varus
in the knee, compensation in the hindfoot occurs
through eversion, while in the case of valgus,
compensation involves inversion. Postoperative ankle
pain is frequently observed, particularly in patients
with excessive knee varus or valgus. To prevent
the occurrence of these problems after total knee
arthroplasty, itisrecommended to conduct preoperative
pedobarographic analysis to examine the condition of
the foot and ankle. The same recommendation also

403

applies to individuals who will receive medial or lateral
arch-supporting insoles due to knee osteoarthritis.”

Pedobarographic examinations have made
significant contributions to understanding
the biomechanical changes caused by partial
foot amputations and their effects on the gait
cycle.l In patients with total knee arthroplasty,
pedobarographic analyses enable objective
assessment of abnormal movement patterns. The
lack of definitive objective methods for diagnosing
instability in these patients can lead to challenges in
clinical diagnosis. However, with pedobarographic
examination, it is possible to reveal inconsistent
weight-bearing in patients with instability.!'”!

Pedobarographic systems also enable the
examination of sex-related differences in plantar
pressure distributions. In females, it has been shown
that during standing and walking activities, plantar
pressures are greater in the hallux, toes, forefoot, and
medial regions of the foot compared to males.!'!

GAIT ANALYSIS

Pedobarographic devices, other than small
platforms that allow for only static evaluation, offer
the opportunity to examine parameters related to
gait because they can record data during consecutive
steps. Parameters such as walking speed, stride length,
cadence, and single- and double-limb support times
can be evaluated (Figure 2). Unlike three-dimensional
motion analysis devices used in gait analysis, changes
in plantar pressure and surface area throughout
all phases of walking can be recorded during
pedobarographic gait analysis. This is valuable since
it enables demonstration of the real biomechanical
effects caused by foot problems, as well as orthoses
prescribed for the protection of the medial knee
joint, shoe modifications, foot wedges, and other
applications.

The foot progression angle is a key parameter
that undergoes changes in various orthopedic and
neurological conditions, making it an important
tool for evaluating the effectiveness of rehabilitation
programs. This angle, which is formed between the
long axis of the foot from the calcaneus to the second
metatarsal and the line of progression of gait, is
generally calculated through kinematic analyses with
the help of sensors placed on the foot.!'” However,
with the introduction of pedobarography, which
allows dynamic gait analysis, it has become possible
to calculate the foot progression angle using the CoP
progression lines.!"®!
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In patients with cervical myelopathy, as the degree
of stenosis increases, walking speed and stride length
decrease, while the toe-out angle increases.”” The
angle between the foot's long axis and the line of
progression of gait is referred to as the toe angle.
Using the same method, it has been determined that
increased severity of low back pain is associated with a
decrease in stride length, cadence, and walking speed
in patients with lumbar disc herniation.?”

ASSESSMENT OF POSTURAL STABILITY

By recording instantaneous CoP displacements
from static evaluations over a certain period, it is
possible to obtain information about the body's
postural balance. Center of pressure oscillations can be
evaluated both in the anteroposterior and mediolateral
directions. This helps determine whether postural
instability is specific to a particular direction or due
to a total balance disorder. In a study conducted
with patients with ankylosing spondylitis, we found
significant postural instability prominent in the
anterior-posterior direction.?!

The examination of abnormalities of plantar
pressure distribution caused by spinal deformities,
particularly scoliosis, is another area where
pedobarographic methods have been used in recent
years. The correlation between coronal balance and
plantar pressure distribution has been demonstrated in
patients with idiopathic adolescent scoliosis.”

STRUCTURAL FOOT DISORDERS

Physical examination, radiological evaluation, and
measurements on X-rays are crucial for the diagnosis
and follow-up of structural abnormalities of the foot.
Pedobarographic examinations provide objective
quantitative data through analysis of the foot's contact
area and plantar pressure distribution. Radiological
measurements provide detailed information about
the static alignment of bones. Pedobarographic
examinations, on the other hand, offer the
advantage of informing about extremity dynamics
throughout the gait cycle. The reproducibility of these
examinations allows for objective follow-up of the
outcomes of surgical interventions, orthoses, footwear
modifications, and exercise programs, in addition to
the initial diagnosis.

Pes planus is characterized by the collapse of
the medial longitudinal arch of the foot during
weight-bearing and walking (Figure 4). In patients
with pes planus, abnormal distribution of the load on
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the foot needs to be corrected. Medial arch-supporting
insoles used in these patients have been shown to
increase the weight-bearing capacity of the contact
surface in the midfoot region, resulting in reduced
pressure on the forefoot and rearfoot. Demonstration
of the regional pressure changes caused by various
insoles on the plantar contact area is important for the
development of orthotic devices, which are primarily
designed to redistribute plantar pressure.?’! It has
been demonstrated that measurements of mediolateral
pressure and surface area ratios on both single-leg
and double-leg standing positions are useful in the
diagnosis of pediatric flatfoot.

Pes cavus, which can occur due to various
etiological reasons, is characterized by a decrease
in the total foot contact area on pedobarographic
examination (Figure 5). In these patients, it has been
shown that plantar pressures increase in the forefoot,
midfoot, and rearfoot regions, except for the fifth
metatarsal area.”™ The CoP shifts towards the medial
side of the foot in pes planus, while in pes cavus, it
shifts towards the lateral side of the foot.l*"

Metatarsus adductus is a relatively common foot
deformity that can cause pain around the fourth and
fifth metatarsocuboid joints and the dorsal part of
the foot in adulthood. Pedobarographic examinations
have revealed that during walking, patients with
metatarsus adductus tend to load more weight on the
lateral column of the forefoot, midfoot, and rearfoot.
This finding led to a better understanding of the
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Figure 4. Static pedobarographic examination in pes planus.
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Figure 5. Static pedobarographic examination in pes cavus.

underlying cause of clinical problems involving the
lateral aspect of the foot in the later stages.l?”

Inflammatory arthritides, such as rheumatoid
arthritis, are conditions that are commonly associated
with foot deformities. The primary goal of using
orthoses and shoe modifications in rheumatologic
diseases is to ensure the redistribution of plantar
pressure and restore the foot's physiological load
distribution. Rather than standard insoles,
custom-made devices that are based on analysis
of the patient's plantar pressure distribution help
optimize the outcomes of corrective procedures.
Rheumatologic problems often affect the forefoot.
Patients initially exhibiting greater plantar pressure
in the forefoot have been shown to experience more
significant reductions in plantar pressure after using
orthoses. Pedobarographic studies have demonstrated
that alleviation of pain and improvement in quality of
life observed after using orthoses in patients with
rheumatoid arthritis cannot be solely explained by
the reduction in forefoot pressure.®*!

Static and dynamic plantar examination data have
been reported in acromegaly, a condition characterized
by chronic bone and soft tissue overgrowth. It has been
found that acromegalic patients exhibit increased peak
plantar pressure in the midfoot and reduced peak
medial heel pressure.?! In individuals with abnormal
plantar force and contact area, hypertrophy of the
plantar fascia and intrinsic foot muscles has been
detected through pedobarographic analyses.
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SPORTS INJURIES

It is known that long-term cumulative stress can
lead to stress fractures in the foot bones. Identifying
areas of excessive stress and asymmetric loading
through assessment of plantar pressure distribution
is important for preventing stress fractures. In young
soccer players, asymmetric foot pressure distribution
has been observed, with excessive pressure on the
hallux, medial rearfoot, and the head of the fifth
metatarsal bone.!!

In military recruits, pedobarographic examinations
conducted during barefoot running were performed
to investigate the factors that increase the risk of
fractures.’” The study has shown that as the ratio of
the midfoot's ground contact area decreases during the
stance phase, the risk of stress fracture in the second
metatarsal increases. In individuals with second
metatarsal fractures, another influential factor is the
decreased angle of foot abduction. These factors have
been associated with a high arch, where the forefoot is
in more adduction compared to the rearfoot and the
midfoot's contact area is reduced. In the same study;, it
has been demonstrated that individuals with delayed
peak plantar pressure in the second metatarsal during
the push-off phase have an increased risk for third
metatarsal fractures. The third metatarsal is a critical
structure during the push-off phase of running.

In children with Sever's disease, it has been
shown that plantar pressure in the heel region
is significantly greater compared to healthy
controls.’” McNab et al.’* has demonstrated that
older individuals with equinus in the ankle and
a higher body mass index have increased plantar
pressures in the forefoot and midfoot, making
them more susceptible to related risks.

In individuals with anterior cruciate ligament
injury, it was shown that the plantar pressure in
the midfoot was higher, and the pressure in the
rearfoot was lower compared to controls. However,
postoperative evaluations in these patients indicated
that the plantar pressure was comparable to that of
controls.!

Pedobarographic examinations enable the
assessment of extremity biomechanics and
improvement of functional status following
orthopedic surgery. Postoperative pedobarography
was used for follow-up in patients with Lisfranc
fractures in whom structural problems can persist
despite optimal treatment. Despite long-term
management, longer midfoot contact time and
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decreased maximum force, contact area, and peak
pressure were detected in the fractured side compared
to the uninjured side.?®

NEUROLOGICAL DISORDERS

Any neurological disorder that causes dynamic
imbalance in the lower extremity muscles can lead
to problems in walking and balance due to impaired
segmental control of foot and ankle movements.
Loss of foot function and foot deformities caused by
hemiplegia result in significant postural instability
and mobility problems in affected patients. The ability
to measure dynamic foot characteristics in a repeatable
manner makes pedobarographicassessmentsimportant
in the development and follow-up of rehabilitation
programs for hemiplegic patients (Figure 6). Repeated
measurements from hemiplegic patients have shown
the reliability of pedobarographic data.l*”

Cerebral palsy, a clinical condition where foot
and ankle problems along with walking difficulties
represent major problems, is one of the areas
where pedobarographic assessments can be most
effectively used. Although common problems like
pes planovalgus are traditionally evaluated through
physical examination and radiological measurements,
it is known that pedobarographic analyses provide
valuable data in these conditions.’® In cerebral
palsy, where ankle plantar flexors are dominant, a
pedobarographic gait analysis typically shows initial

Figure 6. Static pedobarographic examination in a patient
with right hemiplegia.
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contact of the forefoot with the ground, disturbed
CoP progression, and the heel mostly making the
last contact with the ground with low pressure. Some
dynamic foot pressure indices generated using plantar
pressure distributions have been shown to be very
useful in monitoring patients with spastic equinus.””

In healthy individuals, the activity of the plantar
flexor muscles ensures the adaptation of the foot to
the ground and creates a synchronized gait pattern.
Studies in individuals with multiple sclerosis have
shown that there is a problem in the transfer of load
to the forefoot after a heel strike. This highlights
the importance of gait training in multiple sclerosis
rehabilitation.*"!

DIABETIC FOOT

Neuropathy is one of the most common
complications of diabetes. Neuropathy leads to
decreased protective sensation, plantar pressure
abnormalities, development of deformities, and
increased risk of mechanical trauma. Pedobarographic
assessments have a high diagnostic value in predicting,
preventing, and monitoring diabetic foot, which
represents a significant clinical problem in diabetic
patients.

Identification of areas with high plantar pressure
provides important warning data for using pressure-
reducing measures and ensuring careful foot care,
particularly in those regions (Figure 7). Improper foot
orthoses and shoe applications that do not provide
adequate support to the relevant areas have been
reported to increase the risk of ulcer formation.
In patients with diabetic neuropathy, it has been
demonstrated that impaired sensation of touch leads
to increased contact with the ground in certain foot
regions as well as reduced loading in other areas. This
increases the risk of ulcer formation in the plantar

Figure 7. Three-dimensional analysis in a diabetic patient; the
red areas show the regions with the highest plantar pressure.
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regions exposed to high pressure and also results in
postural instability and altered gait patterns.*!

In patients with diabetic neuropathy, it has been
shown that the severity of neuropathy is associated with
plantar pressure distribution. Peak plantar pressure has
been reported to be higher in the heel, medial forefoot,
and midfoot in patients with severe neuropathy.l” In
addition to disease duration, glycemic control, and the
severity of neuropathy, plantar pressure distribution
is also considered an important risk factor for ulcer
development in diabetic patients. In particular, peak
plantar pressure in the forefoot is regarded as an
important indicator, and a peak pressure value of
350 kPa has been suggested as a cut-off value for
high risk of ulceration.*”! In another study, it was
demonstrated that in patients with long-term diabetes,
there is a decrease in pressure in the hallux region
while there is an increase in pressure in the metatarsal
and heel regions. The gradual decrease in pressure in
the hallux region over time was reported to increase
the likelihood of diabetic foot ulcer formation.!*¥

In conclusion, pedobarographic analyses
provide objective information not only about the
foot structure and function but also about gait
analysis, postural stability, and lower extremity
biomechanics. Evaluating this data in the
patients requiring pedobarographic assessment
provides guidance for diagnosis, as well as for
developing rehabilitation protocols and monitoring
treatment outcomes. Therefore, in the practice of
physical medicine and rehabilitation, the use of
pedobarographic analyses should be considered
when there is a need for supportive objective
information alongside clinical evaluation and other
examination methods.
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