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Postal workers

respond positively to

hoe inserts

ncreasing complaings of pain at the feer,

knass, and back reflecr a desperate need

o reducs ground reaction forces while
standing and walking. Cushion pads at sta-
tionary work stations are an arempre ar a solu-
tion but do nor address a mobile work setting,
Employees’ compiaints of pain and discomfort
sould be related to the onset or progression of
such common pachologies relaced ro the feet,
knees, and back as articular ¢artilage degener-
arion and osteoardhrics.’

As our workforce begins ra advance in age,
we can presume thar they will be more likely
to experience these maladies. As a result, the
general workforce would cerminly benefic
from an effecrive cushion inrerface to prevent
or delay exaczrbation of these symproms.’

Choices have been limited to either con-
sumer-variety orthotic devices available ar the
local drugsrore or custom-made orthoses. It
was apparent to us that a large gap existed
between these chaices, one thar we hoped to
address with alternative orthotie [nserr possi-
biliries thar offered durabilicy and funcrional
support at a reasonsble price. Based on chis
criteria, a scarch of manufacturers and rerail

sources revezled thar there were no viable '

choices presently on the marker. Past studies
have investigared viscoelastic materials with
lictle success in preventing or reducing
injuries.' The current medical regime presents
2 complicared view of the nawral topolagy of
the foot that Ikaves one wich the sense thar
only rigid support is appropriace.!

Limited mobilicy or satic standing work
represent a crucisl and timely need for viabls
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shoe inserrs that enhance the narural scrucrure
of the foor while reducing the ground reaction
forces imposed at the workplace. Many
employees spend up to cight hours 2 day on
rhinly covered or plain concrere work surfaces,
with many of thesc workers having 10 o 30
years of sxposuce in manufacturing and service
industries. Shoe inseres thar enhance the nat-
ural topology of the foor, with the proper
composiwe of flexible materials, could poren-
tially result in a significant prospective reduc-
tion of healtheare costs.

Methed

We conducted a two-part study at 4 segional
bulk mail center (BMC) of the US, Tost
Office. The inicial phase was o evaluare a vari-
ery of matcrials, or combination of marerials,
thar currendy compose various shoe inserc
designs. Each was assessed for its appropriate
applicarions and merits in the wotlkplace, bascd
on the responses of workers compared with
known principles of kinesiology. The liverature
offered direction and suggestions for cerrain
properties ta consider, bue our effort was limit-
cd to materialy that were pliable 2nd could eas-
ily be molded for modificarions.’® The iniual
phase was used ro confirm material and design
suirabilicy in chis setting,

Polyethylene, ¢lastomers, and polyure-
thane represented the marerials tested that
generally make up the inserts now on the
miatker. Each of these has a narrow range of
characreristics that can be modified for
desired resulrs.

Polyethylene comprasses easily under body
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Rearfoot

motion control
can reduce

back and knee pain
in workers stand-
ing on contrate
surfaces.




pain on a body diagram and assign it a Borg Pain Scale rating,
The scale raring ranged from zero o 10, with zera meaning no
pain and 10 indicating scvere pain. A total of 42 participants
were issued the srudy inserrs with instrucrions to wear them ar
wark for a three-month period that extended from the middie of
November 1997 o the middle of February 1998. This period
included the Thanksgiving 2nd Christmas bulk
mailing season, which involves increased volume

porting continued use of the inserts ar the work site and into the
furure. There were no incidents of injuries caused by the study
inscris. No participants complained of ankle insrabiliry from
wearing the inserts. Onc parmicipant experienced material failure
caused by difficulty in properly fiming a full-lengrh inserr into a
wotk boot. All other test inserts in the scudy mainrained cheir
material incegriry and did nor canse any addi-
tonal injuries or difficylties. The end-of-study

(caralogs, large packers, boxes, erc.), in addition o 4 . ) follow-up obscrvation of the inserts showed
increased hours, and the opportunity for overtime Subjects who that the ropcover and supporting polyurethane
work, All of the participants worked in the BMC- " marerial were similar to the first day of issuance
East, standing throughout an cight-hour day, and wrore 3/4-langth with no breakdown in the composite marerial,
were expected to wear the inserts throughons the  ingerts all
three months, Discussion

reporied a The biomechanics of the kinetc chain can be
Results cac recognized during searic standing postures. As
The resules of the second phase of the study showed positive response the workday proceeds, there is an evenmal
that 3 total of 30 pardicipants fulfilled the sudy with regard fatiguc of the supporting foor musculature,
requireenents and weore the inserts for three which encourages a lowering of the medial lon-
months. Of the 12 participanws dropped from the 1o pain reduction, ) gitudinal arches of vhe feer. A valgus position,

study, four had been tramsferred, five no longer
worked at the BMC, two forgor w wear them the
entire perind, and one loaned his pair of inserts to a friend who
refused to give them back. Of the 30 rcmaining participants,
57% (17) wore the 3/4.length design and 43% (13} wore the
full-length design, which were randomly assigned at the ourser of
the study. The group profile cevesled an average age of 46.3 years
old, with 23% being female and 77% being male. The pain-loca-
tion profile reflecred that 60% had back pain, 9% had knee pain,
and 31% had foot pain. 1t was common for parricipants to com-
plain of pain in the back or the knees in combinarion with foot
pain, but foor and back pain were undeniably the predominare
CcOncerns.

All pardicipants had experienced pain in the feer, knces, back,
or a combination of these locations, as required by the selection
criteria, before wearing the inserts, The average parricipantt
complaint of pain was 3.5 as measured by the Borg Scale

After wearing the inssriz for a period of three months, how-
ever, the average participant reporred thar pain was significantly
reduced o an average Borg Scale raring level of only 1.8, a reduc-
tion of 67% in perceived pain at the feet, knees, andfor back.
Only 10% of the entire group reported no perceived change in
or relief from discomfort during or after work hours over the
threr month period. Those three participants wore full-length
inserts, Subjeces who wore the 3/4-Jength version all teported a
positive respanse with regard o pain reduction, as evidenced by
the change in post-study pain scale ratings and additional com-
ments. Nonc of the 3/4-lengrh parricipants stared thar there were
any enmplications of toe cramping or additional hear in he
shoes,

Sraristical analysis of the pre- and post-study Borg Scale pain
reporting dara comparisons found them to be staristically differ-

enc ar the 0.01 level using a paired-T swatisrical testing method.
A roral of 909 of parricipants submirred positive comments sap-
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and resulring eversion of the subtalar joints, is
observed in the calcaneus. The valgus bias of
the calcaneus precipirates a lateral distortion of the heel’s far pad.
The talus and tibia rotate internally as the subtalar joint assumes
its new alignment. The medial condyle of the femur, which rests
ar the postcrior aspect of the medial menisens and medial
condyle of the nbia, becomes more internally rorared while
mainiaining knee extension, The normal resting posicion of the
fermur is now more internally oriented, due to internal tibial tor-
sion, and promotes forward trunk flexion ™

The rearfoor segments of the talocrural and subtalar joints
are rhe main inverface between the leg and mobiliry of the fore-
foot.?3 Qrehotic inserr design must allow for a balanced tran-
sition of forces as the orthosis interaces with the opposing
ground. Orthescs have been shown to mediate the influences of
tibial rorsion on foot structure.'* Unchallenged valgus bias ar
the knee cansed by invernal ribial torsion tends to resule In fur-
ther internal rorarion of the femur The magnitude of the inter-
nal rotation increases for a lareral vector at the knees and a bias
for bilateral hip flexion.®** An addirional consequence of
internally rotared femurs not only affects the low back pain but
also the inereased lareral force vectors at the parella. This is
observed as increased Q angles and femur orientarion. The
grearer the lareral force vectors acting on the parella, the greater
the porenrial for varous pawllofemoral pain symptoms.™"?
The ensuing overall postural change ¢t be observed as a lower-
ing of the foor arches; further internal rotarion of the wdbia;
increased € angles; furcher internal rotartion of the hips, causing
slight flexion of the rrunk; and an anterior bias of the body's
cenicr of mass, This describes the scquence of the body’s kiner-
i¢ ¢hain in relation o ground reaction forces rypically nored
during exrended standing static postures.!

Workplace staric postures can have 2 profound influence on

ympromaric pain thar may potentially manifesr as the onser or cac-
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weight over a relarively shore amount of time (two o three
wecks). As the material collapsed, it provided lirde sustained
motion ¢ontrel to the strucrures of the foot. The gel-like mater-
tal of elastomers were good ar mitigaring shear forces. The extent
of the ground-reaction force equaly the change in momenum ar
hecl strike.

Elastomers ahsorb the mass and velacity forces of the heel
arrike by rheir abiliy o deform the marterial interface. As the
heel and midfoor leave the ground, the elastomers dissipate
energy as heat and regain theit original shape. However, this gel-
like material had difficulty controlling the morion of che foor
effectively and rended o be o heavy in the shoe, given the
thicknesses (2 to 3 mm) needed for this parricular design.

We found polyurethane defined with less than a 2% compres-
sion set to be the best choics for durability, wear needs, and cush-
ioning characreristics for this inserr design. It represented a
resilient, nondeformable material thar would augment the support
and morion conrrol desired, while not being restrictive or corree-
tive. The flexibiliry of the polyurethane materials worked equally
well with shoes, sneakers, and work boots. The thickness and loca-
tion of the polyurethane marerial achieved the marion conrrol and
cushioning needed to be effective for long periods of standing,
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Another consideration was to safoly address the peteral popu-
larion by matching each participant with his or her correct size.
Most inserts available require some cutiing or triimming of the
material before placing the insert into the shoc. This represents a
porential for poor firrings and macerial folds that causs pressure-
relared problems for the feet. Qur approach required the design
of the inserts o be siz¢-specific and approximatc the ranges in
available shoe sizes.

The basic parmdigm of the inserr was predicared on a recipro-
cal profile of the topology of the foor, given the size varieties of
the general popularion. The design ealled for an extensive mod-
eling process so that the support proportions of the heel and arch
could be maintained within half a shoe size. In that way, the
inseres could be safely and easily dispenscd by medical personnel
or safety departmencs withour the need for dme-consuming
adjustments.

The design demonstrated the ability o enhance the normal
shock absorbing characteristics of the foot while reinforcing the
natural structure of the foot as it Interacts widh the ground
below and the torsion forces of the ribia and femur above. The
shoe inserrs were made in two basic formats, a full-length and
a 3/4-length veion. They were individually sized with heel
and arch dimensions appro-
priate to cach specific size.
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Second phase

The second phass invest-
gawed the mitgating effeces
of the newly designed
insercs throughour the ki-
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tic responses of the postal
warkers.

This phase invelved sub-
jecr seleceion from cthe pool
of postal workers at the
BMC, The uriteria required
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thar workers spend mote

than 50% of their workday

ug Ye: Borg Pain Scale
**Satistically significant at the 0.01 fevel

sranding on thinly covered

or plain concrete surfaces.
The selected subjects must
have chronic complaints of
puin at the feet, knees, ar
back not currently being
weated by a physician, Par-
ticipants were asked to fill
our a pain questionnairc to
assess the peaks of pain; me
of day; incidents per week;
seasonal variations; and loca-
tion of pain. They had ta
draw the location of their




etbarion of pathology. Susmined forward trunk bending requires
back muscles to counterbalance the shift in the body's center of mass.
The effective force of those muscle contractions will increase disk
pressures, especially in the lumbar disks. The inadverreat Joss of nor-
mal fumbar lordosis will oricnt thosc increased forces oward the
posterior aspect of the disk strucrures. A common complaint of
those postal warkers with back pain was a consrant discomfort local-
ized equally on both sides of the low back area. They also described
their pain as a discomfort that progressively worsened toward the
end of the workday: Some of the postal workers were diagnosed with
degenerarive disk disease. There were no participants at the time of
the study with a recent diagnosis of disk herniadons.

The common complaint noted in the feet was described as
pain toward the medial aspece of the caleancus that would
exrend periodically to the midfoot ares. This became progres-
sively worse through the workday, Workers perceived the
unyielding hardness of the concrere work surface as the main
origin of their foot discomfore. Cushioning or rubberized floor
mats were a high prioriry in some areas but limitacions on their
use existcd in others.

Knee pain was rypically described as anteromedial knes pain
associared with patella mobility. One participant did have exist-
ing pain ar the medial joint line juse prior to the study thae was
larer diagnosed as a torn medial meniscus. This individual
noriced that the inserts helped alleviace a significant amount of
discomfort for the firsr siv ro eighr weeks of the seudy.

The combination of marerials and design charaeterisrics per-
mitted this inserr to perform as both an effective shock arrenua.
tor and a cushioning device, The inserts Aulfilled their more
important purpose of providing motion ¢onttol and supporr to
the strucrures of the foot. In addirion, the inserts demonstrated a
positive influence on lower extremiry biomechanics.

This implicarion of overall improvemenr throughout the
kinetic chain was observed in a common response of the postal
workers: They fele as though they were standing up straighrer
throughout the werkday. The applicarion of this motion-conrrel
insert as an interface berween the ground and the worker was
noted early in che study and conrinued chroughout the theee.
monch scudy period,

The literarure describes the benaficial use of shae inscrts in
reducing rerminal shock.*® The shock-attcnuating characteris.
tics of inserrs have alio been shown o funcrionally improve back
pain. Howevet, there are many designs and producrs on the mar-
ker thar claim to have ehe same results but lack che biemechan-
ical componcents needed o effecrvely support the foor structure
and influence rthe kinetic chain, The positive response of the
workers in this scudy necessitates a discussion to consider prop-
erly designed shoe inserts as personal procecrion equipment. The
dara from this study suggest chat inserts could be in the same
clagsificarion with such injury-prevendve devices as gloves or
back belts.

The 3/4-length insens tested in the study appear to have a
broader application while providing the greacest reduction in pain
symptoms. The parricipants who wore this type did not complain

of toe cramping, additional heat within the shoe, or any ftting
problems.

The ease of wearing and the absence of any associated fitting
difficultics would cerrainly supporr the general application of
the 3/4-length insert for consideration as & personal prorecrive
deviee for the workplace. Addidonally, the manufacturer seaced
thar the cost assoclated with the 3/4 length would be less
than thar for the full-length version duc to reduced material
tXpanses.

Gonclusien

Shoe inserts can be a cost-effective injury-preventive strategy
for employers and can have a meaningful impact on employees
by reducing pain symptoms of the fest, knees, and back. This
study demonstrared that propesly designed inserts can reduce
the degree of perceived pain in thosc areas mentioned. An
extension of thar approach could help prevent or delay exacer-
bation of those condirions associated with the aress of discom-
fort noted in the study. Although preventon ceceives less
atrention than it deserves, the inevitable aging of the work-
force will command more attention in the future becuuse of
higher worker compensation, lost workdays, and elevated
healtheare costs. Realistic and cost-effecrive measures will offer
management purposeful solutions for employees in mecting
their shorr- and long-term needs. The usc of properly designed
3/4-lengrh shoe inscrts shauld be one of the first considera-
tions for employees required to stand for extended perieds in
the workplace. .y

Patrick Carley, MS, PT, is an assistant professor in the division
of physical therapy ar American [niernational College in
Springfield, MA,

Atlantic Footeare (2 division af ATP Munufacruring, LLC, Nordh
Smithfield, RI} assisted in this project by supplying maxerial, mod-
ified thoe inserts, and engineering support in the final adjustments
necessary for the new inserv design.
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