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INTRODOCTION

Poot orthotic appliances are currently being utilised by practitioners to correct foot deformities and
malalignaent probless in the lower extremity. Recent developments in materials design, diagnostic procedures and
biomechanical assessment have provided more effective appliances plus 2 more comprehensive assessment of their
effectiveness (5,6,12,2,18,3,19).

The foot orthotic system used in this study is the Orthofoot 2000 systea which is an in bouse fabrication
procass designed for application in the clinical setting (14,1). The primary advantages of the system are speed
of fabrication, individualized and accurate molding of the device to the shape of the patient's foot. Postings
and additional protective and structural additions can be affixed to the orthotic based on the prescription. The
appliance also provides comfort and shock absorbency according to the density of the materials selected.

This study presents a description of the diagnostic procedure, the orthotic construction and ground
reaction force testing to verify the effectiveness of the clinical treatment,

PRONATION MALFUNCTION IN THE PQOT

The function of the orthotic prescription in this study was directed toward patients who experienced
abnormal foot mechanics specifically, pronation. Normal pronation during foot striXe is'a complex combination of
dorsiflexion, abduction and eversion {9). The talo crural joint cosplex plus the subtalar, transverse tarsal and
forefoot articulations combine together to allov for normal force transfer during heel strike to toe off (1,4).
Abnorzal mechanics can result in prolonged calcaneal eversion beyond approximately 258 of the stance phase
(16). Normal calcaneal eversion at foot strike combines with knee flexion to absorb initial impact forces.
Bxtended eversion results in an unstable forefoot during mid stance and push off phases, when a rigid foot lever
is required. Parallel subtalar and mid tarsal joint alignment during foot strike provides instability for
eversion. However, if this instability is not corrected through inversion during the mid stance phase, forefsot
instability results. A loss of forefoot stability for plantarflexion of the first ray during push off is also
a result of extended and excessive promation (7). ) :

The failure of the foot to correct from calcaneal inversion can be result of varus which can severely
inhibit forefoot mechanics during the mid stance and toe off phases (15). A forefoot varus deformity is a aid
tarsal joint abnormality resulting from a failure of the head and neck of the talus to derotate from the
original infantile position. A compensated forefoot varus presents as a pes planus with the calcaneus everted
posteriorly. Depending on the degree of compensation, the medial longitudinal arch is collapsed and plantar
surface deformities such as a hallux valgus may develop. Uncompensated, forefoot varus may result due to a lack
of subtalar pronation. In this instance a development of a callus under the fourth and fifth metatarsal heads
often results (9).

CRTHCTIC FUNCTION

The function of the foot orthotic is to bring the contact surface to the foot in order to avoid excessive
deviation from the subtalar neutral position (9}. Rearfoot eversion is controlled using a medial heel wedge
(17) and forefoot varus is corrected using a medial posting (17). The degree of posting has been outlined by
Donatelli (5). Based on patient test data, mean averages, indicated forefoot varus postings of 5.2% and 4.5° for
rearfoot varus postings in 30% of the patient population. Procedures for posting the orthotic in this study were
slighty changed based on clinical experience and used approximately 60% of the seasured malalignment.
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DIAGNOSTIC PROCEDGRE

The diagnostic procedure included static weight bearing and non weight bearing measures, Vertical lines
through the midline of the calcaneus and calf were marked and subtalar inversion eversion measured using mamual
force and a flexible plastic goniometer (Pig.l). In the same position forefoot to rearfoot alignment were
neasured after placing the foot in subtalar neutral (Pig.2). Measures were repeated three tines plus repeated by
& second tester to improve reliability of the measures. Tibial and fesoral torsion were also measured in a non
weight bearing position. Porefoot, mid foot and hind foot flexibility vere sanually tested to determine any
noticeable lack of range in the mid and forefoot articulations.

Hindfoot subtalar and talo crural joint flexibility were measured in a non weight bearing pesition using
a gonjometer (Fig. 3).

M i

H

Pigure 1: Rearfoot markings for diagnostic measures. Figure 2: Porefoot to rearfoot alignzent.
A qualitative dymamic analyses vas perforved while walking. Gait angle, including toe in and toe out was
observed for degree of ab and adduction during each of the qait phases. The foct positions were observed during
heel strike, midstance and push off to detect compensatory adjustments related to lower extremity malalignments.
Based on the diagnostic results, specific therapy and orthoses were prescribed. Individualized orthotic
prescriptions were in some instances cobined with the use of antipronation running or walking shoes.

Figure 3: Hindfoot subtalar and talocrural Pigure 4: Molded orthotic construction.
joint flexibility measures.

ORTHOTIC CONSTROCTION

Orthotic materials were selected according to the patients’ specific symptomology, activity level and
comfort (15). The Orthofoct 2000 molded Orthotic system uses a shell which conforms to the patients’ heel
contour and foot size. The foot is placed into the shell vhile the patient is in a seated position and the ankle
is manipulated into sub talar meutral (ST). (Fig. 4). This position is achieved through palpation of the talus
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vhile manipulating the foot to find the neutral talar position. Extremes in supination and promation are
adjusted to position the foot into neutral and the position is maintained during the molding of the orthotic.
Polyurethane foam resins are mived and poured into the shell, which is then covered by a permanent orthotic top
cover. The foot is placed on the top cover and beld against a beel guide to ensure a correct heel cup formation.
The polyurethane foam sets to the contours of the foot as downward body weight presswre is applied. A knee strap
is used to maintain the vertical force and to xinimize excessive thickness of the orthotic. The foam cures
within a fev minutes and can be removed, trimsed and cut to fit the shoe. Edges are ground and sanded smooth to
prevent friction blisters, Based on the initial diagnostic procedure posting is completed using wedges applied
to the interior surface of the orthotic to accoumodate for malalignment in the forefoot or rearfoot. Specific
shoes are also specified to assist in support and correction.

ORHOTIC POSTING

The procedures for posting the orthotic are based on Donatelli (5) and involve rear and forefoot varus
posting. Posting wedges are selected according to the diagnostic measures. In the neutral standing position the
great toe is non veight bearing. The orthotic prescription is designed to raise the contact surface to the foot
through a pedial forefoot posting to prevent excessive cospensatory calcaneal eversion. Adhesive wedges of
varying degrees are attached to the appropriate area of the orthotic (Fig. 5.) Based on the rear to forefoot
neasures a forefoot varus is posted 50-60% up to a maxisum of 8% of the measured mlaligneent. A forefoot valgus
is posted 60% to a maximm of ¢° of the measured Bind foot malalignament. Generally the rearfoot is posted 1°
less than the forefoot depending on the available rear foot motion or subtalar mobility. A heel 1lift may be
included to control a possible restricted equinas plus relief areas may be bujlt into the orthotic to control
pressure areas such as corns and heel spurs.

Figure 5: Rear and forefoot orthotic wedge postings.
TEST METHODOLOGY

Patients vere referred from general practitioners and orthopaedic surgeons to the foot clinic for various
lover limb foot and pain syndromes including plantar fascitis, shin splints, bhalux valqus, metatarsalgia and
patella femoral syndrome. The patients specifically selected for the study were typical forefoot varus
prenators. Patients vere tested on a force plate one month pest orthotic construction at the Lakehead University
Biosechanics laboratory. Orthotics conmstruction was based on a prescription developed through a clinical
diagnostic procedure adapted from procedures developed by Donatelli, 1985. The diagnosis was also based on
patient history, activity level, profession, dress requirements and specific foot abnormalities. The patients
tested were chosen as typical pronators vith forefoot varus symptomology.

PORCE PLATE ANALYSIS

Folloving the diagnoses, construction and fitting of the orthotics patients were reassessed using both
static and dynamic gait measures. The orthotics and posting wedges wvere rechecked and adjusted to ensure correct
tit (Pig. 1). Patients were booked for a force plate analysis approximately one month post fitting. This period
ws considered sufficient time to adjust to the orthotic and footwear if prescribed. Patients vere directed to
use the shoes which were normally used with the orthotic. Testing was completed without footwear, footvear only
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and footwear cosbined with the orthotics, The patient was instructed to practice walking over the force plate
until they were able to strike the plate repeatedly with a relaxed and natural qait stride. A minimm of 15
trials were repeated for both feet. Trials vhere the stride was not natural or where the stride length was
extended or shortened were cancelled. The patient was instructed to provide additional feedback concerning
abnormal trials.

The hardware systea included the A.M.T.1. force plate with gait analysis and statistical analysis software,
Pilot studies indicated extreme variance in ground reaction force data when low trial mubers were used. As
a result 15 trials vere taken for each of the test conditions, barefoot, shoes, and shoes with orthotics.
Frontal (x) plane Ground Reaction Porces (GRF) was used to measure the variation in medial (pronation) forces
under the foot. Time to maximm pronation (TNP), maximum force to promation [MFP) and mean force over 30% stance
tine (P-30% ST) were the peasurement variables. The orthotic construction is designed to prevent excessive
deviation of the foot from the sub talar neutral position. The GRP measures used are considered strong
indicators of excessive or prolonged calcaneal eversion. The effects of the orthotic and shoes are peasured
against the barefoot trials.

The effectiveness of the orthotic shoe combimation in controlling extended Compensatory pronation is
concluded through the frontal (x) plane GRF measures.

RESULTS

Results for left and right foot force plate measures are presented in Table 1. Mean values from 15 trials
including T¥P, MPF and F-30% ST are listed for each condition; barefoot, orthotic and shoes. For statistical
analysis the data is ordered for 2 sign test analysis. Positive (+), Negative {-) or (0) signs indicate
a decrease (+), increase (-) or no change (O) betéeen the barefoot test and the orthotic and shoe test
condition. -

TABLE 1
Force Plate Results
Frontal {X) Plane Ground Reaction Porces
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STATISTICAL ANALYSIS

Sign tests for ordered data were performed to indicate significance betveen the independent variables,
barefoot to orthotic and barefoot to shoe. Changes in TMP, MPF and F at 30% ST from barefoot to orthotic and
barefoot to shoe were indicated as positive (+) or negative {-) {13).

Results indicated significant changes (0.05) in TMP, MPF and F at 30% ST between barefoot readings and
orthotic readings (Tabie 1 and 2j. The indication is that TMP, MPF and F - 30% ST all indicated decreases using
the orthotic. These results demonstrate that the molded orthotic significantly reduced calcaneal inversion time
(THP) plus reduced the magnitude of the inversion forces (MPF) applied medially under the foot in most patients.
The average force over the first J0% of stance time was also significant and is an indication that the magnitude
of forces during the initial stages of foot strike is reduced (F - 30% ST). As calcaneal eversion occurs during
the initial stages of heel strike this result indicates that the orthotic is effectively controlling the motion.

The sign test for significance between barefoot and prescribed footwear indicated no significance between
any of the variables TP, XPF and P - 30% ST. This result indicates that the prescribed footwear did not
effactively control the time to pronation or the pedial forces acting to control calcaneal eversion. As all
patients were not wearing identical footwear and the footwear was at different stages of wear these results are
not unexpectad. Purther testing is required to verify the effectiveness of specific brand name anti promaticn
shoes which demonstrated some degree of success in a number of patients.

TABLE 2
Test of Significance {0.5) Using Ordered Sign Test

ORTHOTIC SHOE
TMP | MPF *F-]O\ST TMP| MPF | F-303ST

BAREFOOT TMP * -

MPY - -

F-30%s3T . -

i

™P - time tO maxinum pronatiosn
MpPY - 3aximum pronavion force
F-30%s8T - nean force over lst 10t stance tinoe
- - significance at .23% lsvel

CCNCLUSTON

The use of the prescription molded orthotics for foct pronation used in the study demensirazad
a significant level of success based on frontal plane (x) FRF plate measures. These results agree with the high
rate of pain symptom reduction reported by patients and verify the function of the orthotic in controliing
forces under the foot and limiting excessive pronation froa the sub talar neutral position.

P
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