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Foot ortbotic appliances are currently hlng utilised by practitionen to corract foot de fod t ies  and 
mlal igmnt problem in the lover extremity. Rmt developmts in mterials design, diagnostic procedures and 
bionechanical a.uessmt have provided lore effective appliances plus a mre colpprehensive assessmt of their 
effectiveness (5,6,12,2,18,3,19). 

'Ihe foot ortbotic system used in this study is the Orthofoot 2000 system vbich is an in house fabrication 
process designed for application in the clinical setting (14,l). Tbe prirary advantages of tbe systen are speed 
of fabrication, individualized and accurate wlding of the & v i a  to the shape of the patient's foot. Postings 
and a d d i t i o ~ l  protective and structural additions can be affixed to the orthotic based on the prescription. Tbe 
appliance also provides confort and shwk absorbency accord4 to the density of tbe mterials selected. 

This study presents a description of the diagnostic procedure, the ortbotic construction and ground 
reaction f o m  testing to verify tbe effectiveness of the clinical t reatmt.  

PRONATION lULPONCTION IN THE FCOT 

The function of the orthotic prescription in this study vas directed toward patients vho experienced 
abnormal foot mechanics specifically, pronation. Normal pronation durinq foot strike is a complex contination of 
dorsiilexion, abiuction and eversion ( 9 ) .  The helo crural joint complex plus the subtalar, transverse tarsal and 
forefoot articalations combine together to allow for normal force transfer during beel strike to toe off ( I , ( ) .  
Abnoml nechanics can result in prolonged calcaneal eversion beyond approxintely 251 of tbe stance pbse 
(16) .  Worm1 c a l m 1  eversion at  foot strike coabines with knee flexion to absorb initial impact forces. 
mended evenion results in an unstable forefoot during .id stance and p l s h  off phases, wben a rigid f w t  lever 
is required. Parallel subtalar and mid tarsal joint alignment duriq foot strike provides instability for 
eversion. Bouever, if this instability i s  not corrected through inversion during the lid stance phase, forefmt 
instdbility results. A loss of forefoot stability for piantarflexion of the first ray during push off is alss 
a result of &ended and excessive p ro~t ion  ( 7 ) .  

* 

The failure of the foot to correct from calcaneal inversion can be result of varus vhich can severely 
inhibit forefoot mechanics duriq the lid stance and toe off phases (15). A forefoot v a n s  defodty is a aid 
tarsal joint abnormality resulting from a failure of the bead and neck of the talus to derotate from the 
originai infantile position. A coqmsated forefoot varus presents as a p s  planus vith the calcaneus eveeed 
psteriorly. Depending on the degree of compensation, the medial lonqitudi~l arch is collapsed and plantar 
surface defomities such as a ballux valgus nay develop. Unco~pensated, forefoot varus nay result dw to a lack 

9 of subtalar pronation. In this instance a development of a callus under the fourth and f i f th  mtatarsal beads 
often results (9). 

ORTHmIC PrJNCTION 

The function of the foot orthotic i s  to brkq the contact surface to the fwt  in order to avoid excessive 
deviation fro# the subtalar neutral position (9). Rearfoot eversion is controlled usinq a d i a l  heel wdge 
(17) and forefoot vans i s  corrected using a medial justinq (17). The degree of p t i q  has been outlined by 
f f i ~ t e l l i  (5). Based on pt ient  test data, mean averages, indicated forefoot varus postings of 5.2' and 4.5' for 
rearfoot varus pastiqs in 90% of the patient population. Procedures for posting the arthotic in this study vere 
slighty changed tased on clinical experience and used approximately 601 of the measured mlaligmnt. 
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Re diagnostic procaiure included static weight beariry and wn weight bearing wures. Vertical lines 
througb the u d l b  of tbe calcaneus and calf w e  wked and subtalar inversion emion  .easured us@ -1 
force and a flexible plastic goniaeter (Fig.1). In tbe sam? pooitiai forafoot to rearfoot aligmmt w e  
manwd after placing tbe toot La dkalar neutral (Fig.2). kararer vere repeated three t h  plw repeated by 
a second tester to hprove reliability of the learures. Tibia1 and fuual tonian were alsa mmed La a mu 
wight bearing position. Forefat, rid toot and hind foot flexibility w e  rarmally tested to deternine any 
noticeable lack of raqv in the aid and forefoot articulations. 

Binifoot mbtalu and tab c ~ a l  Joint flexibility vere vaMed in a m wight bearing position ruing 
a gmioletcr (Pig. 3). 

Figure 1: M o o t  larkiqs for diagnostic urasures. Pigure 2: Forefoot to rearfoot aligmnt. 

A qualitative dynamic analyses was p e r f o d  while wlkirq. Gait anqle, including toe in and toe out was 
observed for degree of ab and adduction during each of the gait phases. The foot positions were observed durinq 
heel strike, midstance and push off to detect compensatory adjustnents related to lover extremity mlalignments. 

Based on the diagmtic results, specific therapy and ortboses were prescribed. Individualized orthotic 
prescriptions nre in som instances wcbined with the use of antipromtion m i n g  or walking shoes. 

Figure 3: Bindfoot Nbtalar and talocrural 
joint f lelibility neasures. 

Figure 4: Holded orthotic construction. 

Orthotic raterials were selected according to the patients' specific symptomolagy, activity level and 
comfort (15). The Orthofoot 2000 molded Orthctic system ues a shell which confom to the patients' ke l  
contour and foot sin.  Tbe faot i s  placed into the shell while the patient is i n  a seated position aid the ankle 
is  mnipulated into sub talar neutral (ST). (Pig. 4) .  This position is achieved thmugh palpation of the talus 
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vhile wipllating tbe foot to find the neutral talar positioa. Evtnres in supination and pronation are 
. adjusted to psition the foot into neutral ard the position is  nintained during Ue .old* of the orthotic. 

Polyurethane foaa resins are nixed and poured into tbe shell, which is then covered by a penanent orthotic top 
cover. l'be f a t  is placed on tbe top cow and held against a heel guide to ensure a correct heel cup fomation. 
The p o l p t h a ~  foaa sets to th contours of the foot ae dou~uard body wight pressure is  applied. A )mea strap 
is used to nintain tbe vertical force and to dnimize excessive thfcLnenr of tbe ortbotic. The foam cures 
within a few ICnutea and caa k rmved, t r W  and cut to fit the sbce. are proud ard sanded smth  to 
prevent friction blisters. Based on tbe initial diagnostic prodire postbq is coqleted using wedges applied 
to the interior surface of tb orthotic to a-te for mlaligwnt in tbe forefoot or rearfoot. Specific * shou are also specified to assist in q p r t  and correction. 

The procedures tor posting tbe orthotic are based on Donatelli (5)  and involve rear and forefoot varus 
pstinq. Posting vedges are selected amrding t o  tbe diagnostic ma~ures. In the neutral standing position the 
great toe is non wight hearing. The o m t i c  prescription k designed to raise tbe contact surface to the foot 
through a medial forefoot postinq to prevent excessive colpehsatory calcaneal eversion. Mbesive wedges of 
varying degrees are attacbed ta the appropriate area of the ortiwtic (Pig. 5.) Based on the rear to forefwt 
masures a forefwt vans is posted 50-601 up to a maxim of 8' of the msured mlalignmt. A forefoot valgus 
k posted 601 to a w i m  of 4' of tbe leasurd hinf fwt ralalignrent. Generally tbe rearfoot is posted lo 
less than the forefoot depending on the available rear fwt mtion or subtalar ability. A heel l if t  nay be 
included t o  control a passible restricted equinas plus relief areas my be built into tbe orthotic to control 
pressure areas such as corns and heel spurs. 

EST El'HOffiLCCY 

Patients were referred from general practitioners and orthopaedic surgeons to the foot clinic for various 
lover limb foot and pain syndromes includinq .plantar fascitis, shin splints, halux valqus, aetatarsalgia and 
patella femral syndrow. The patients specifically selected for the study wre typical forefoot v a w  
prcnators. Patients wre tested on a force plate one mntb pxt orthotic construction at tbe Lakehead University 
Biomechanics laboratory. Orthotics constmticn was based on a prescription developed throuqh a clinical 
diaqnostic procedure adapted from procedures developed by Do~telli, 1985, T?ie diagnosis vas also based on 
patient history, activity level, profession, dress requiremts and specific foot abnormalities. The patients 
tested wre chosen as tpical pronators vith forefoot vans symptowlogy. 

FURCE PLATE ANALYSIS 

Pollowiq the diagnoses, construction and fitting of the ortbotics patients wre reassessed using both 
static and dynanic gait msures. Tbe orthotics and posting wedges were rechecked and adjusted to ensure correct 
f i t  (Fig. 1). Patients were bwked for a force plate analysis approximately one wnth post fitting. This priod 
was considered sufficient time to adjust to the orthotic and fwtvear if prescribed. Patients e r e  directed to 
use the shoes vhich were normally used vith the ort?otic. Testinq was completed without fwtear, footwear only 

VIII Symposium ISBS - 2 4 3  - Prague 1990  



and footvear coDbined vith tbe orthotics. The patient n s  instructed to practice valking over the force plats 
until they vere able t o  strike the plate repeatedly vith a relaxed and Mtural gait stride. A ninimua of 15 
trials vere repeated for both feet. Trials uhere the stride vas not ~ t n r a l  or here the stride length vas 
extended or shortened w'e canceiled. The patient vas instructed to provide additional feedback wncerning 
abnoraal trials. 

The hardvare system k ludcd  the A.X.T.I .  force plate vith gait analysis and statistical analysis softme. 
Pilot studies indicated extree vuiance in  g r d  reaction force data vben 1ov trial nllmben vere used. L 
a result 15 trials w e  tah for each of the test conditions, barefoot, shoes, and shaes vith orthotics. 
Rontal ( x )  plane CmlPd Eeacticn Porces (CRP) ws used to measare the variation in d i a l  (pronation) forces 
under the foot. T h  to maxiam pronation (THP), l a v h  foiw t o  pronation (WP)  and rean force over 30t stance 
tine (P-301 ST) vere the leamemt variables. Tbe orthotic constnrction is designed to prevent excessive 
deviation of the foot from the sub talar neutral position. The  GRP neasures used are considered strong 
indicators of excessive or plonqed calcaneal eversion. The effects of "& oithotic and shoes are measlxed 
against the barefoot trials. 

The effectiveness of the orthotic shoe mabindtion in  controlling ertended coqensatory pronatlon is 
concluded through the frontal ( x )  plane GRP seasures. 

RESULTS 

Results for left and right foot force plate aeasures are presented in Table 1. Uean values from 15 trials 
includirg W ,  I(PP and F-30t ST are listed for each condition; barefoot, orthotic and shoes. For statlstlc61 
analysis the data is ordered for a sign test analysis. Positwe (t), Negative ( - )  or (0) signs indlcdte 
a decrease ( + I ,  increase ( - )  or no change ( 0 )  bet'deen the barefwt test and the orthotic and shoe test 
condition. 

TABLE 1 
Force Plate Results 
Frontal { X )  Plane C m d  Reaction Porces 
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STATISTICAL ANALYSIS 

Sign tests for ordered data w e  performed to indicate significance betveen the independent variables, 
barefoot to ortbotic and barefoot to shoe. Chanqes in TW, HPP and P at 30'L ST from barefoot to orthotic and 
'carefoot to shoe vere indicated as psi t ive (t) or negative (-) (13). 

-A. Results indicated significant changes (0.05) in TWP, WPP and P at  30t ST betoeen barefoot readings and - 
orthotic readings (Table 1 and 23. T k  indication is that TH?, WPP and P - 30i ST all indicated decreases using 

- 

the orthotic. These results demonstrate that the mlded ortbotic significantly reduced calcaneal inversion time 
(W) plus reduced the mgnitude of the inversion forces (WP) applied medially under the foot in most patients. 
The average force over the f i rs t  30% of stance time vas also significant and is an indication that the mgnitude 
of forces during the initial staqes of foot strike is reduced ( P  - 30i ST). As calcaneal eversion occurs during 
the initial staqes of heel strike this result indicates that the orthatic is effectively controllinq the mation. 

The sign test for significance betwen barefoot and prescribed footwar indicated M, siqnificance bebeen 
ar.y of the variables TI(P, lIPF and P - 30t ST. This result indicates that the prescribed footwear did not 
effectively control the time to pronation or the d i a l  forces actinq to control calcaneal eversion. As a l l  
ptients vere not wearing identical footwear and tl!e footwear vas at different staqes of wear these results are 
nct ~~ex;estaf. Rr+&er restinq is required to verify the effectiveness of specific brand naw anti pronaticn 
snjes which denonstrated some degree of success i.7 a number of patients. 

TABLE 2 
Test of Significance (0.5) Osinq Ordered Sign Test 

'ixP - t~m. to m s x l s t m  p r o n a t i o n  
MP? - sarinun pronac:on :or=. 
r- lots:  - meal Lorc. 0v.r 1st l o t  stnnc. t.n. - signiLl~anc. at . J Y  1av.l 

The use of the prescription molded ort!otics for foot prsnation used i n  the stdy dex?st:?f?! 
a s~qniiicant level of success hsed on frontal plane ( x )  PRP plate measures. These results agree vith the hi$ 
r3te of pain symptom reduction reported by patients and verify the fwction of the orthotic in contr3l:inq 
forces under the fcot and limiting excessive proration from the sub talar neutral position. 
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