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Abstract

Arthritis and Osteoporosis is a life changing event that can affect both physical and psychological well being. Foot
disorders are most common symptoms in these conditions where dynamic activities are affected simultaneously.
The purpose of this narrative review is to investigate the literature by summarizing findings of current evidence
predicting dynamic foot motion. English journal articles focusing on dynamic foot motion were searched via PubMed
using key terms as rearfoot, Foot Posture Index-FPI. Also other reference articles not indexed in PubMed were
taken as reference list. Studies using plantar pressure systems and Biomechanical ankle platform proved useful to
find out the foot disorders in 3D. Most commonly 2D measurements like medial arch angle, rearfoot angle, arch
height are helpful in static foot measurements. Although no studies proved how useful these static foot
measurements can predict dynamic foot motion and its clinical implications in physiotherapy.
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Introduction
Osteoarthritis is a as an illness commonly affecting the middle age

to elderly population. It is the most common disease of arthritis and
can occur together with other types of arthritis. It is a disease of the
entire joint, involving not only the joint lining but also cartilage,
ligaments, and bone. It is characterized by breakdown of the cartilage,
bony changes of the joints, deterioration of tendons and ligaments, and
various degrees of inflammation of the synovium [1].

Our bones contain collagen (protein), calcium salts and other
minerals. Each bone is made up of a thick outer shell known as cortical
bone and a strong inner mesh of trabecular bone which looks like a
honeycomb, with blood and bone marrow between the struts of bone.
Osteoporosis occurs when the struts that make up this structure
become thin causing bones to become fragile and break easily.
Osteoporosis is commonly linked to post menopausal women.
However men, younger women, children and pregnant women can
also be affected [2].

Osteoarthritis symptoms can vary greatly among patients.
Symptoms include joint pain and stiffness, swelling, decreased
function, and cracking or grinding noise with joint movement [3].
Symptoms usually start gradually in a prolonged history of discomfort
associated with exacerbation [4]. Symptoms are often variable in
severity and change slowly.Based on the European League Against
Rheumatism (EULAR) evidence-based recommendations, typical
symptoms of knee osteoarthritis are pain, often worse towards the end
of the day, relieved by rest; feeling of ‘giving way’; only mild morning
or inactivity stiffness and impaired function. In advanced cases, more
persistent rest and night pain may occur. In adults aged >40 years with
knee pain, there are only short-lived morning stiffness, functional
limitation and one or more typical examination findings (crepitus,
restricted movement, bony enlargement).Typically, the patient may
grasp around the knee, indicating deep pain in the joint or bone [5].

Bone mineral density -2.5 or below is suspected with osteoporosis.
Clinical features of postmenopausal osteoporosis include low bone
mass, fracture-vertebral compression fractures, hip fracture, increased
risk of falls. Complications of fractrure leads to pain, disability,
deformity and physical deconditioning [2].

In both the conditions weight bearing joints are in stress. Weight
bearing joints include spine, hip, knee and ankle. Thus disorders
related to foot and ankle is most common as it is first most joint in
contact with the ground. The foot is a biomechanical marvel made up
of 26 bones, 58 joints, 7 ligaments, 19 intrinsic muscles, and 13
extrinsic muscles all working together in concert to provide balance,
stability, and locomotion. The ankle and foot complex play a critical
role in maintaining erect posture, as also in adaptation to supporting
surfaces, in correcting postural sway in single limb stance, in shock
absorption and in transition of ground reaction force (GRF) in order to
aid the push off during normal gait [6]. Functional variance and
minimal biomechanical alterations in the ankle and foot complex in
turn alters the contact with the surface area and the peripheral sensory
input in weight bearing posture. Changes in neuromuscular strategies
alter the ability to maintain a stable and upright posture, and
anticipatory postural control is reduced, increasingly predisposing the
individual to falls and associated injuries. Structural deviations in the
ankle and foot complex predispose the individual to changes in weight
bearing, muscle imbalance static as well as dynamic balance in
ambulation resulting in compensatory strategies which often
predispose the individual to overuse injuries [7].

Various deformities of foot are rearfoot varus, forefoot varus,
equines, plantar flexed 1 st ray, Forefoot valgus, rearfoot valgus. Mostly
two types are observed-compensated and uncompensated.
Compensated refers to a change in structural alignment or position of
one part of the foot to neutralize the effect of a structural problem in
another part of foot. Uncompensated refers to the structural position
of the whole foot or one part of the foot in nonweight bearing
situation. Orthosis are devised to correct the foot position, reduces the
excess movement before the cutaneous receptors under foot sense the
motion.
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Variations in foot posture are thought to influence the function of
lower limb and therefore play a role in predisposition to overuse injury.
Various static measures are investigated as predictors of dynamic rear
foot motion like rearfoot angle, medial arch angle, arch ht. But till date
no accurate predictors of dynamic rear foot motion has been
established. Benefits of having static measures predicting dynamic
rearfoot motion assist in improved accuracy of clinical screening,
orthotic advice and standardization of foot type [8].

Figure 1: Talar head palpation.

Methods
Its is a critical narrative review. The Foot Posture Index (FPI-8) is

a novel method of rating foot posture using set criteria and a simple
scale [9]. It is a measure of standing foot posture and so is not a
replacement for gait assessment where time and facilities exist.

Figure 2: Frontal plane-calcaneal position.

It is however a more valid approach than many of the static
weightbearing and non-weightbearing goniometric measures currently
used in clinic. FPI-6 is derived from FPI-8 where two items were
removed due to lack of unidemensionality. Foot posture index is an

easy tool yielding quantifiable data with good face validity and can be
performed with no special equipments.

Psychometric properties of outcome measure are validity (64%),
reliability-inter rater reliability—0.62 to 0.91, intra-rater reliability-0.81
to 0.91 of FPI and clinical utility [10].

FPI consists of rearfoot and forefoot measurements. Rearfoot
includes a combination of transverse and frontal plane assessments
including talar head palpation, curvature above and below the
malleolus, frontal plane calcaneal position. Forefoot includes a
combination of sagittal plane assessments including prominence of
talonavicular buldge, congruence of medial longitudinal arch and
transverse plane motion (abtn/addtn).

Figure 3: Curve below and above the malleolus.

FPI scoring rated from -2 to +2,0 for neutral,-2 for clear signs of
supination and +2 for clear signs of pronation.Patient should stand in
their relaxed stance position with double limb support (Figure 1).

Figure 4A: Forefoot measurements.

a) Rearfoot measurements

Ask the patient to spot on march, take few steps prior taking a
comfortable stance position.The assessor needs to be able to move
around the patient during assessment to have no disturbances when it
comes to observe the posterior leg and foot. Final FPI score between
-12 to +12. Result is there is dominance of motion occurring in one of
the three body planes or a difference between the function of forefoot
and rearfoot.Score 0 to+4- normal,+5to+9- pronated, 10+-highly
pronated,-1 to -4- supinated,-5 to -12 –highly supinated.
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Discussion and Conclusion
Foot posture index allows monitoring the outcome of rehabilitation

process in foot impairments and monitoring the progress with
intervention (Figure 2). Applicaions of FPI include to identify
biomechanical risk factors for neuropathic ulceration in diabetes,
Identifying foot type as a basis for screening subjects as inclusion or
exclusion criteria in clinical research, investigating relationship
between foot types and risk factors for sports and training injuries,
investigating whether foot posture is associated with falls in older
people [11].

Figure 4b: Forefoot measurements.

Foot posture index shows good association with age, gender,
pathological disease and BMI as it it identifies the foot type.Vijaya et al.
stated that the age and presence of pathology influences foot posture
while gender and BMI (body mass index) does not have any effect [7].
Target et al. established normative values in UK and suggested there is
an increased occurrence of flat foot in 3 year-old children and a
gradual decrease of flat foot with increasing age (Figure 3). The
pronated foot in younger children is said to get corrected itself with
increasing age [12]. Scott et al. proved older adults tend to show
pronated foot than younger adults [11].

FPI showed no association between males and females. Staheli et al.
showed minimal difference between males and females with FPI which
can be considered negligible [13].Thus FPI shows no relation with
gender.

External factors like anthropometry and BMI varies among different
ethninc groups are said to have effect on foot posture in developing
children [7]. Previous studies undertaken using measures such as the
footprint angle (FA) and the Chippaux-Smirak index (CSI) have
reported lowered longitudinal arches, a broader midfoot area and
subsequently flatter feet in people with high BMI values. Foot print
measures are a measure of Fat feet rather than flat feet (Figure 4a and
b). Thus the arch height is interfered with adipose tissue. Otherwise
FPI shows no relation with BMI [11].

Previous studies proved foot posture differences may be
encountered in association with underlying disease process or
functional pathology [14-16]. Redmond et al. stated and proved that
FPI data is sensitive related to disease related postural changes and
assist in clinical decision making process [11]. Limitations of studies
regarding FPI it was not performed with dynamic activities like
walking, stair climbing accoreding to each stance and stike phase so
that it can solely show FPI is a predictor of dynamic foot motion.

Future studies should be performed with FPI association with
pathology related dynamic activities dysfunction.

Based on the analyses, it is concluded that foot posture is influenced
by age and presence of pathology, but is not influenced by sex or BMI.
Thus FPI as a static foot posture is a predictor of dynamic foot motion.

Figure 5: Tranverse plane motion-abduction/adduction
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