Appendix L:

Insole System Decrease Plantar Surface Area.

Following is the published data collection which occurred in an effort to observe trends in footprint surface area
reductions when Barefoot Science insoles are introduced as an in-shoe exercise system.

Within this Appendix you will find the published article in the October 2001 Issue of “Biomechanics”:

1) Under Foot Surface Area pressure Mapping With F-Scan

a. Objective: To observe hypothesized changes in surface area of the plantar aspect of the foot
associated with the use of the Barefoot Science insole product.

b. Design: A Cohort study introducing the use the Barefoot Science insole technology as an independent
variable.

c. Participants: N=15, between the ages of 21 and 45 and displaying a moderate level. The gender
breakdown was 7 males and 8 females.

d. Methods: Data was collected using a F-Scan in shoe pressure mapping system manufactured by
Tekscan Inc. The test subjects used the Barefoot Science insoles for a period of 8 weeks during their
normal activities and in their footwear of choice. Data was collected during static standing and
dynamic walking activities in both a shod and unshod condition.

e. Outcome measures: Independent two-sample tests and repeated measures ANOVA using SPSS ver10
statistical software.

f.  Results: A significant difference was observed for the Barefoot Walking condition at a P >0.05. In the
static shod and walking shod there were definite trends shown in the reduction of planate surface
area at p= 0.069 for the static and p=0.082 for the walking.

g. Conclusions: The results demonstrate that through the use of the Barefoot Science insole it is
possible to create structural changes to the foot and in particular the plantar surface area. It is safe to
also propose that said reductions in plantar surface area would be the result of changes to the arch
system of the foot. Although the structural changes can in theory be attributed to a combination of
soft tissue and osseous factors it is highly logical that over such a short time period it is unlikely that
any noticeable osseous remodelling would have occurred resulting in the structural changes
observed. It is therefore logical and safe to conclude that the major contributor to the structural
changes would be the strengthening and conditioning of the foot’s supporting musculature.

h. Discussion: Further research needs to be done in the field and the findings here should be correlated
with those found by proponents of barefoot exercise to observe any commonality between the
results of truly targeted foot exercising and the results attained through the use of insoles devices
such as Barefoot Science.
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PUT TO THE TEST
FOOT ORTHOSES

by Rob Burke, BScKin, Reggie Reyes, BKin, and Tudor Bompa, PhD

INSOLE SYSTEM

decreases
plantar surface area

oot care specialists estimare  tha

almost B3% of the North American

pnpu!.‘lrir-n will ar some time in their
life cxpericnce p|'nb|rmaﬁf foot ]'I:Lrnnini_;'.'
severe ¢notgh to warrant consultation and
treatment. Beliel in a relationship berween the
incidence of foot-related problems and
footwear use is growing. The incidence of
foot-relared problems in unshod populations
i anly a tracrion of whar it is in shod pnpn|.1-
tions {Sethi, 1977). Furthermore, foorwear
may have severe derrimental effects on gair
biomechanics and the development of foor
structure from eady childhood and into man
riry. An histaric cxample of this 15 the ancient
Asian pracrice of foor binding, which ciused

deformarion of the foor into the .-.|‘|:_i|‘lr' of the

FIGURE 1. BAREFOOT
SCIENCE FOOT
STRENGTHENING
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binding appararus used,

Modern hoorwear may have similar damag-
ing effects by alrering foor shape, resulting in
decreased biomechanical efficiency. This is
consistent with theories on bone remodeling
in response to strain and stress sumuli. Today,
fashion and pmr;‘u:iun are the rwo primary
influences affecting foorwear design and con-
struction. This has resulted in the develop-
ment of fooowear thar focuses on bracing prin
ciples thar resericr foor movement.

Of primary concern s the weakening
and/or arrophy of foor muscularure. This
reduces the foors natuml abilicy . control
impact enerey and o provide the body with a
strong, stable base of multidirectional supporr.
Second, sensory msulation effects of modern
foorwear prevent the nerves on che plantar sur-
face from receiving and reacting o sensory
inpur (Mysha er al., 1993), This restriction of
hiofeedback seimuli reduces involuncary mus-
cle contractions and promotes muscle inactiv-
ity and weakening, Therefore, creating
foorwear char can negate the above-mentioned
shoe, foor, and gair-related problems is a new
focus of some manufacturcrs. We belicve this
should include designs thar improve sensory
responses at the plantar surface of the shod
foot, which requires an understanding of the

ole of an|'.~.ri|.~|;|,-;1|;i|m and biofeedback in

stimularing muscle contracrion.

The human bedy conmains a myriad of
cUtaneous il.I'IL:. }UIJL"J.IJ.EI"U"I.M L‘:'u:k'p[‘)‘f'§ ﬁh:”.
I'L'.‘GF'HI['IJ ] F..'Iif! il.l]lj J.‘IE?IE-LIIE" 5[]|]]Lli] |:Li1[i‘|d-|‘.l.
1998). The mechanoreceprors in the foor also

I'i.'.‘ipﬂﬁl.{ 1] |'I]'l.':i:-'lll'l_' .‘|1‘imll|i -JI1E| drc I?II:].'J"?ITLIIH

JCTOBER 2001

Fut to the Test
Is a forum
for technology
assessment
studies of
products and
devices used
within the
biomechanics
mainstream.,
BioMechanics
magazine does
not specifically
endorse any
of the products
or devices
tested.

BIOMECHANICS 835




for promoting muscular conrracton (Robbins and Hanna,
1987), Kavounoudias ec al. {1998) showed thar cutaneous mes-
sages from the main supporting zones of the feet play an impar-
tant role in communicating with the central nervous system
about body position, More specifically, we believe that biofeed-
back from the sensory locations in the plantar surface of the foot
are important for postural adapracions.

Further study needs to be conducied on the effects of differ-
ent types and levels of pressure stimuli on the plantar surface of
the foor and the resulring anaromical responses. This type of
rescarch can porentally revolutionize the shoe industry if posicive
anatomical remodeling of the foot ulumarely becomes an impor-
rant factor influencing footwear design, which we believe will
help 1o alleviare the vast number of foor- and gait-related
pathologies and injuries resulting from the everyday wse of com-
mon foorwear,

A pilor study ar the University of Huddersfield in the UK. on
a propricceprive insole device (being commerdialized under the
name Barefoor Science) has shown promising results. Shortening
of the medial, lateral, and cransverse arches, as well as reductions
in the valgus index of the st group were observed (Robbins and
Hanna, 1987}, To investigare the usefulness of the insale concepr
for positive amaromical remodeling of the shod foor, we devel-
oped a protocol similar to thar used in the Huddersfield study.

First, we believe that the presently atrophied foor of a typical-

MAKE YOUR SHOE

number of quality arch supports and inseles for every walk of life.
We also offer a complere line of

orthopedic produces and supplics

ly shod person is capable of musculoskelewal rehabilimton. This
can be compared to immobilization of a broken wrist, which
causes the surrounding muscalature (wrist flexors and exrensors)
o weaken and atrophy or shrink. Rehabilitation of che joint
SEructures commences, however, as soon as the cast is removed.
Full range of motion flexion, extension, and rotation exercizes are
used to redevelop the soft tssuc in the surrounding area. As che
muscles around the joint are stengthened in all ranges of
miation, the joint itself becomes more stable.

Second, introducing monitored, conrrolled pressure o the
plantar surface will catalyze musculoskeleral rehabilication
Third, a reduction in plantar surface area will be observed.
Reduced surface area is an indicator of increased arch heighr and
arch shorrening.

Materials and methods

lhe Barefoor Science foor-strengrhening insole replaced rhe
existing nsoles of each subject’s shoes. The insole was designed
with a built-in dome-shaped comtour serategically placed 1o sic
directly beneath the arch apex of the individual’s foot (Figure 1),
A series of six progressively firmer inserts were placed within the
underside of the dome area, ane every two weeks. These inserts
provided the subjects with the caralyst required for muscular con-
traction. The gradual progression allowed the muscles of the feer
and lower leg o adapt in a conservarive and effective pattern
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The insoles were customized 1o each subject’s foor and trimmed
so that the dome area sat directly beneath the arch apex of the
foot and the entire Barefoot Science insole lay completely flat
within the shoe. The insoles come in six size ranges suitable for
children's size 1 all the way up ro men's size 14.

The F-Scan In-Shoe Pressure Measurement System ( Tekscan)
WS 1|.wd 1} ql[ﬂnrirﬂfiv{'l'{ TSNS T]'H.' Flﬂﬂrﬂr ‘;l]l.'F-“.f Al 1‘F
each of the subjects’ feet. This bipedal system used a .007-inch
F”I'I'I SENS0OL DD Measure H}D[ i"ul'l.l:tllun. a.l'bl:l ‘.'uuld. h‘ fuﬁtm‘ni?ﬁd [{a}
match individual shee sizes. Both staric and dynamic condirions
were tecotded, The sensor was versatile enough to measure shod
and unshod (with socks) condirions withour interfering with
normal gair biomechanics,

Seven males and eight females berween the ages of 21 and 45
Wore rl;'l:miTﬁd Fmﬂ'l i Iﬂlfﬂl ]'I:l;]'l:'ﬂ[iﬂn CCMIET. Fr]'lfi.r mi'r'i.r_\" ||."r'f|.5
ranged exercising berween two and four times per week and
included a combination of walking, jogging, cycling, and resis-
tance training. All footwear included conventional running shoes
and cross wrainers. Prior to wearing the Barefoor Science foot
strenigthening system, all subjects were asked 1o describe any
foot- or gait-related injucies. The general sympromaric com-
plaints included heel pain, lower back pain, knee pain, flat feer,
shin pain, and foot pain following long bouts of physical actvi-
ty. However, a medical professional did not formally diagnose
these conditions.

Procedures
Plantar surface areas of 15 test subjects were measured ar speci-
fied time intervals ever an eight-week period. Prior to insole use
If;u: wcd: .zl:m'}I :a.ﬂ i:urlil;:ipm'l.u. were measired E:;.rr aur three test
protocols (static unshod standing, dynamic unshod walking,
dynamic shod walking) to obtain baseline plantar surface area
data. The p:!l‘li.Ll!J.J.l:llS- were then I:mlil.:ml].' $p|il Into Do groups
to participate in one of two experiments.

Experiment I: Relative plantar surface area change

Ten subjects were randomly splic into two trearment groups.
Four subjects were placed into the control group and six sub-
jects in the experiment group. All experimental group subjects
WOrE tI'II: H-.'lrr.ﬁml.‘ SI.'il.'i]L'f E-l.H.“ hi[:llﬂll'll‘l:li]'lﬂ h}-‘!'l.l:m II‘I.'iU]E'-
and were instructed to change o progressively firmer plantar
inserts every two weeks. Alter eight weeks, plantar surface area
was measured again for both the control and experimental
groups for the six test conditions (Figure 2). This was done o
test for any differences in changes to plantar surface area over
rime in the experimental group relative o the control group for
eich test condition.

.Exibrr.l'm.m.r 2 Proportional p.n.'zrnhrr surface avea change over
trme

J"QE 401 .'llllJ.“:nd.Ll.]'.l'l L2 ':.‘I.PEI'JI.[IIL"J.I‘I. 1. Plullta.l' -buIr:LC' ATEA Wy
measured for the remaining five subjects over an eighe-week peri-
od. All participants wore the Barefoor Science foot strengthening
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FIGURE 2. RELATIVE PLANTAR
~ SURFACE AREA CHANGE

Treatmend

system insoles throughout the duragon of this experiment. F-
scan measures of all six rest conditions (STAND-L, STAND-ER,
B-WALK-L, B-WALK-R, W-L. W-R) were taken ar weeks zero,
twe, four, six, and eight after progressing through phases 3
4. 5-6, and & of the Barefoor Science foot strengthening system
insoles. The bimonthly measurements were done o test rhe
cffectiveness of the insoles ar cach phase of use

' i
il SEARAIRE feil | ||'.-\. [e8] DO TOCOR
& I

Searie fen yeasuned pian-

tar surface area in a staric stare. Each subjecr was ser up with the

ensors placed berween the bare foor and a lighe sock and ashked

mes per second

to stand for 16 seconds, or BO0 frames ac 50 fra

Left and righr foor dara were measured individually (STAND-L,
STANDL-R)

|"-|:'.-.'...'.l.l.'r. o i r.'lg'.'-;_"\- il L he second est pi

wwocal

LW |;.h‘-.| L‘.u_'l'l '\llhi!'."' T 1\..4”«. ||||\.|'.Lu| '.'.'il"l 'i'l-. SEMB0ES |'\:."'.'.'|'|"|

I|||.' h:1n- oot and a ||;_-|1r Bl l: for _*':l \l\.'l\.l.lllil.'\-. or | ;":H:' franm

Plantar surtace areas were recorded hor
B-WALK-R).

Dymanic thod walkine fese. While wearing shoes, each subject
g

50 frames per second

eiach toot (B-WA

'-‘-'il:.]-.ﬂ.ij WL ‘:lir.’ SENS0TS !ll."L‘-'. esn ijll. |.".=.Jl:' toot -.ll':Ll. 4 |I:.:|li :'l-_l-\.

tar 30 seconds:, or 1500 Fames at 50 Hames per secoiid, Adaili
FANCAT -I|:|:'u_-.' Areas wWere 1-_'..|||-|{'-| bl |:-n'|: ne |._'II :||:|‘| FIENE [SEr

{(W-L, W-R),

Data analysis

I.I'.LlL'Eli::'.n.lL'ﬂl. DWO-sLIT Pie E-DES0E WETS USCU [0 Al yes L'h!ll.'liilli:lll

I lrelative '.‘-|.II'|I1I surkace drea ¢

..||I=-_-.--.+-|||r-~i vy, test group
data. This tested for differences in foot surface area .:1.||||:r_t' O
Liine disong the control and -.'.x:,~\.'.'.||:-..'ll~|| Eroups. [-tests were
also |'i.':|i.|||1'|;.-.i within ¢ach treatment Broup oo test for L]I.l]lELﬁ
in sutface arca before and akfrer insole use

Repeared measures ANOVA AMalysis OF VAriance berween

wwwL dormec h.eoim

groups) was used for experiment 2 (proportional plantar surface
area .'|‘:|.-||'|.g{' over nme) data o rest for any ._"1.u|:_5|,'l. at discrete
rime ingervals.

Prior to analysis, raw dara were changed 1o proportons, all

relarive to che inital baseline measurements for cach test proto-

col. The appropriate transformanons were then made & dara

set to enable us to run an accurare analysis using the SPSS 10.0
for Windows statistical package

Subjects 03 and 06 were not included in experiment 1

sis a5 well as subject 08 in experiment 2 due to insufficient initial
surface area recordings. Also, right foor data were not analyzed

because of rechnical problems with the F-scan measuring device

Results
Expertmrent [+ A significant difference beoween the tese and con-

groups was observed for the B-WALK-L conditen (p <

e in surface area while the

0.05). The test group showed a decr
control group did noe change after eighe weeks (Figure 1. No
d eaneral

significant differences were observed among the test
group for the STAND-L and W-L conditions (p > 0.05).

However, a general trend indicating a decrease in surface area
over time for the STAND-L and W-L conditions was observed as
p = 0.069 and 0.082 respecavely (Figure 2).

Far mt 2 A eraction was ohserved bemween rrearment
pe and phase (p < 0.03). Both STAND-L and B-WALK-]

only shghely over

i

showed a marked decrease while W-L decrease

time (Figure 3

:.!;-:' -.||.'.Il.'..--:' i|| surtace area :.-l'l.\-.'l'--:'xl |-:| |1|':'|'i:|:'.'r|| 1 Can De
artributed 1o an anatomical restructuring of the foot’s supporrive

muscLl

in response to the gradual biofesdback foor

strengthening system insole created by Barefoot Science. The

FIGURE 3. PROPORTIONAL PLANTAR
SURFACE AREA CHANGE OVER TIME
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insole stimulates the muscles in the feet and lower leg o fire in
sexjuences similar to those attained during unshod gaic, [As will
be discussed later, the effectiveness of this simulation is mingar-
ed by the design of the foorwear whereby looser-fining shoes reap
greater benefics.)

To sumulace che p|.1,:1r.u surface of the foot, |3n.grqs~i';;|g.'
firmer inserts are placed under the dome-shaped contour situar-
ed beneath the center of the foor ar the arch apex (Figure 3). The
pressure exerted by the inserr acts as a caralyst ro stimulare the
body’s proprioceptive mechanisms to signal the foor wo pull away
from the simulus. This avoidance response is carried our via a
contraction of the lower leg and foot's intrinsic musculature,
namely the ribialis anterior, peroneus tertius, adductor hallucis,
and extensor hallucis longus. As these muscles contract i che
“windlass effect,” the great toe is dorsiflexed and the longirudinal
arch both shortens and heighrens crearing a scronger base of sup-
port (MNyska et al, 1925, Winter, 1987). As these events are
repeated on a regular basis, the muscles eventually become
stronger (much like a resistance training workout) and more ¢ffi-
cient with respect to force dissipation and musculaskeletal
remodeling. The resulting muscular development enhances the
structure and alignment of the foat (Robbins and Hanna, 1987),
Evidence of muscular development is demonstrated as a decrease
in the plantar surface area of the foor, as observed in our parric-
ipants wearing the insole

This rype of tssue response can be coupled with a central ner-
vous system response as the body's praprioceptive mechanizms
sense a biomechanical change in the external enmvironment (i.e.,
pressure beneath the foor). The resulr is a change in gair pawemn
as a defense mechanism (Nurse and Nigg, 1999), We believe tha
conrinuing rescarch quantifying and qualifying rthe cxrensive
relationship berween neural feedback and gair pacrerns will serve
to solidify the need for redesigning common foorwear by imple
menting a foor srrengrhening insole such as the one designed by
I‘-:'.wr;mr I"H."if"l'l-\.\,i'

As indicated in experimenr 2, an interacrion occurred among
treatment types and phases. This can be explained by the differ
ences in the magnitude of surface area decrease over time among
the three rest prorocol conditions. The W-L condition improved
slighdy then leveled off, showing only an approximare 10%
reduction in surface area while surface areas in both the unshod
left standing and unshod left walking conditions dramancally
decreased -:_E"tg'urr 3}

With respect to the unshod standing resules, the smaller
decrease in plangar surface area (relanive o the unshod walking
condition) may have occurred because of the foots static posi-
tion, In this environment, structural alignment s less critical
because the force throughout the body is less than is seen in
dynamic conditions. Therefore, the foot would be in a more
relaxed state in the standing position causing an increase in plan-
tar surface contact. With respect o the shod walking resulis, the
lesser decrease in planrar surface arca (relative to the unshod
".'..l,l_;,lllg Ll_‘llLli{]kl”.:' Can I:’JL' ':,"\.Efl.‘ill.l\,'tl ],H' rh\'.' Ll |||'\||il -lllg I.'“-l:'-. I |:l!.

footwesr,
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Effect of footwear

The unshod foor represents the ideal with respece w naural bio-
mechanical function since it is free from any range of motion
restriction and is forced to adapr o varving environmenes.
Henwever, as foorwear is a necessity in most environments, design
parameters are important. Factors such as toe box shape, midsole
height, and heel flare musy all be revisited to arack the roor cause
of most foor- and gair-relared pathologies.

As discussed carlicr, reserictive tochbox designs inhibit che
effecriveness of the windlass effect and the foor's ability ro stabi-
lizee prior to initial contace with the ground, predisposing the
foot to excessive arch collapse and overpronation. The resulting
hypermobile environment is compounded through the rest of
the body as the forces typically controlled by a structurally
sound foor are absorbed by ather joints, This repetitive stress
can lead to many overuse injuries in the knees, hips, and lower
back.

With respect to foorwear, midsole configuration plays an
important role in influencing biomechanics, In an effort to intro-
duce mechanical devices o improve comfort, stabilicy and cush-
ioning, the rear foor of the shoe has been rargered because of its
ease of access. The introduction of these devices has often result-
ed in the incrcase of midsole heel thickness or height, This is
ironic since it is generally understood thar the foor becomes less
stable the furcher away it is from the ground. Furthermore, this
unseable environment requires more efforr on the part of the
foor’s supporting musculature which can lead to premature
fatigue and increased suscepribility 1o injury.

As to heel flare, normal initial contact is characeerized by the
foor wouching the ground on the lateral, postenor aspect of the
heel, subsequenty rolling medially prior to toe-off. Many shoe
designs now fearure a lared heel v provide exera cushioning at
impact and anempe o conmol excessive promation. This design
component physically provides a wider base of supporr, however,
increases torque on the ankle joint by increasing the distance
berween the point where the shoe makes initial contact with the
ground and the foor's long axis of mnon. Analogows o chis is
the difference in power when holding a tennis racquer ar the end
of its handle rather than halfway up the handle; more force is
generited with a longer lever, Similarly, the increased disrance
berween the long axis of romation and the ground as a result of the
heel fare creates more acceleration and increased energy each
time the foor strikes the ground, requiring more conrribution
from the supporting muscles (within the same amount of dime)
in an attempt to stabilize the foor.

[t is not only the design of foorwear that places undue soress
on the body, bur also improper use, Hence, another factor chat
plays an impartant role is tightness of the laces (which is inverse-
ly relared o the effecrivencss of the insole). As the laces are right-
ened, the downward pressure forces the foot to fatten out and
limits its range of motion. Eventually this will prevent the foot
from funcrioning effectively with respect wo force dissipation and
energy return. Essenially, tighening the laces compounds the
bracing effect of common foorwear.
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Overall, the results of both coperiments suggest dhae the
decrease in plancar surface arca over time can be atcributed 1o the
usc of the Barefoor Science foor strengthening system insole,
I'his suppores our first and second hypotheses concerning the
possibility of restructuring typically atrophied foor muscles.

Despite increasing evidence of the negative effects of modern
foorwear, unshod walking most of the fime 13 just not feasible. In
reality, footwear is a necessity in most societies. This has led 0
the development of many strategies to alleviare the symproms of
shoe-related foor problems including cushioning insoles, sup-
partive orthotic devices, and restructuring of footwear (motion
control), The problem with these solutions is that they attack the
symproms, not the cause, of the problem. This leads to a further
weakening of the structure as well as increased dependence on
the armificial support.

As illustrated by our results, a significant decrease in planrar
surface area was achieved with the use of the Barefoor Science
foor strengthening system insole, However, it is important o
note that this resule occurs only to the maximum degree allow-
able within the foorwear design: e, limited webox room or
tight laces may limir the insoles’ effectiveness.

Applications and future research
Subjects for our study were recruited from a local recreational
facility. This group represents a reasonable sample of the physi-
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cally active population between the ages of 21 and 45, Their
results can be further applied o individuals outside of the respec-
tive demographics; as long as an individual walks or runs using
conventonal foorwear, the concept of decreasing plantar surface
area through foor strengthening can be applied.

Further research concerning foor srructure remodeling
through narural screngrhening should be done o verify and sup
port our findings. It is crucial o point our thar the above resules
were artained with a small sample size, Nonetheless, significant
positive changss in foor musculature were observed in our
experimental groups using the Barefoot Science insole system,
supporting  previous observations by Robbins and Hanna
(1987}, and giving credibility to the insole. Important informa-
tion concerning arch heighe and arch length changes; and the
inherent biomechanical consequences of these changes, should
be gathered and compiled o burther supporr the wse of the
insole system,

Burther research should also address the effect of the insole
system on individuals with various foot- and gan-relared
pathologies. Dam collection in this direction can be coupled with
curtent knowledge to help cultivate and foster much needed
changes in modern foorwear design, Furure applicarions should
look inte combining proper foorwear design and stmulagory
plantar surface devices into one entity to eliminate the majoricy
of commaon foor- and gair-relared injurics. &
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