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Abstract

Walker orthoses are one of the most popular substitutes to regular cast. They are used by people who have experien-
ced acute trauma to the ankle complex. This review aimed to summarize and update information on the currently publi-
shed research explicitly related to the application of ankle-foot orthoses and to help improve the understanding of how
orthoses influence gait pattern, in particular the kinematics, kinetics, and muscle activity parameters. A review of papers
published from 1999 to 2019 was conducted. The databases searched included PubMed Central, PubMed, ScienceDirect
and EBSCO, a total of 546 articles were found. The review is based on 11 articles that were selected for further analysis.
Kinematics parameters were described in 8 papers, kinetics parameters in 6 papers, the effect of a Walker orthosis on
muscle activity in 2 papers, and the effects of a Walker boot on energy cost, pain and balance were discussed in 3 papers.
A Walker orthosis significantly reduces ankle joint motion and significantly reduces lower leg muscle activity. On the
other hand, it may cause secondary site pain due to leg length differences and increase in energy expenditure. A Walker
orthosis is a useful tool replacing total contact casts and allowing earlier weight bearing and rehabilitation. It is important
to use it for the shortest possible period of time and to always use compensation of leg length discrepancy.

Keywords: kinematics, kinetics, foot

Introduction

An orthosis is a device worn on the body that is in-
tended to support the patient by partially taking over the
function of the damaged part of the locomotor appara-
tus. Orthoses can be divided into mass-produced and
custom-made that are specially prepared for the client
and individually selected for them. They are used on
any part of the body, starting from the neck [1], through
the torso [2], upper limbs [3] and ending with the lower
limbs [4].

There are many types of ankle orthoses with differ-
ent functions or used in different cases. Orthotics can be
used for people with both neurological and orthopedic
problems [5]. Walker boots are used by people who
have experienced acute trauma to the ankle complex
such as fractures, severe ankle sprains and patients who
have undergone surgery in this area [6].What is more,
Walker orthoses may be prescribed to patients as part of
conservative treatment or cast substitute after surgical
treatment of Achilles tendon rupture. The other group
of patients who benefit from the ability to ambulate in
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a Walker orthosis are those who suffer from ulcers due
todiabetes mellitius [7].The main function of an ortho-
sis is to relieve and protect the diseased tissue, limit the
range of motion in the joint and enable gait by helping
reduce pain [8]. This type of orthosis can be used as
a substitute for a conventional cast or as a continuation
of treatment after its removal. Compared to a classic
cast, a Walker boot has many advantages: it is lighter,
which translates into less impact on the biomechanics
of gait and can be removed for exercise, it allows for
supervision of the healing process and tissue hygiene
[6,9]. Low-cut Walkers are used when the metatarsal
[10,11] or tarsal areas [12] require immobilization.
High-cut Walkers are used in the above cases and when
the treatment concerns the ankle or muscles located in
this area [6]. Certain high Walker boots are adjustable in
the sagittal plane of movement in the upper ankle joint.
For this purpose, the orthosis uses a special hinge [6].

A Walker orthosis has many advantages, but it caus-
es differences in the length of the limbs. It was shown
that simulated leg-length discrepancy causes asymmet-
rical limb loading and that a greater loading rate and
a greater proportion of the weight bearing load is sus-
tained by the shorter limb [13]. Leg length discrepancy
can lead to plantar aponeuritis [14], and degenerative
changes in the knee joints [15] as well as hip and lum-
bar spine [16]. Depending on the kind of trauma, im-
mobilization with the use of an orthosis can last for sev-
eral weeks, during which the patient increasingly loads
the limb in the orthosis. In some studies, the reduction
in lower leg muscle activity was shown to be more ef-
fective in Walker than in fiberglass casts [17]. Akizuki,
Gartman [18] found that a Walker boot reduces triceps
surae activity by 21% and by 43% if a one 1 inch heel
wedge is added. In other articles, it has been shown that
the metabolic energy expenditure of gait with immobi-
lized ankle joint increases by 9-15% for walking with
the same speed in comparison to normal gait. Energy
expenditure while walking in cast increases the energy
expenditure by 26% [19]. Therefore, the aim of this pa-
per was to review the research investigating kinematics,
kinetics and muscle activity parameters during walking
with an ankle-foot orthosis — Walker to help improve
our understanding of how this type of orthoses influ-
ence gait pattern.

Materials and methods

Search strategy

The review was limited to studies analyzing gait
biomechanics in a Walker orthosis. The electronic
search of databases was performed on 28th July 2019.

The articles were limited to those published from Janu-
ary 1999 to July 2019. The PubMed Central, PubMed,
ScienceDirect and EBSCO databases were searched
to identify appropriate literature using the search
terms: ((“Walker orthosis”) OR (“Walking boot”) OR
(“Walking boot”) OR (“Walker boot”) OR (“step an-
kle orthosis™)) AND (“gait” OR “locomotion” OR “ki-
netics” OR “kinematics”).

Eligibility

Only full-text articles were selected from the elec-
tronic databases. The inclusion criteria were (1) the
full-text of the publication in English or Polish, (2)
assessment of kinetic or kinematic gait parameters;
(3) analysis of muscle activity and other parameters
relating to gait, (4) analysis of gait in low-cut or high-
cut Walker orthoses, (5) studies including only healthy
participants. Exclusion criteria were (1) the number
of participants below 5, (2) no Walker orthosis used
in the study, (3) only plantar pressure distribution
analysis in the study, (4) articles evaluating the bio-
mechanics of gait in orthoses other than Walker, (5)
papers in which disabled individuals were examined.
Titles, abstracts and full-texts of the retrieved docu-
ments were sequentially reviewed by two independ-
ent authors (KL and MB) to determine their relevance
to the topic. Also, the reference lists of all the studies
included for the review were searched manually for
their additional relevance. Moreover, the manuscripts
which lacked basic information about the equipment
or the characteristics of the study group were also ex-
cluded. No restriction was applied regarding sex, age
and type of Walker orthosis.

Review process

Duplicate articles were rejected. The title and ab-
stract for the selected articles were first screened ac-
cording to the eligibility criteria. Furthermore, the full-
text evaluation was performed if the title and abstract
could not provide adequate information for the article
screening process. Rejected articles were re-screened
to avoid misinterpretation. The titles, abstracts and then
full-text of the papers identified by the search were
screened by two independent reviewers (the authors:
KL and MB) to choose those that met the selection cri-
teria and extract the data. Decisions about which trials
should be selected were made by negotiation. One re-
viewer (KL) compiled all articles in using a Mendeley
Reference Manager software. Next, the articles that had
been found and approved were divided into four sub-
groups depending on whether they evaluated (1) kin-
ematic parameters, (2) kinetic parameters, (3) EMG, (4)
energy expenditure, balance and pain.
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Results

Initially, the electronic database screening process
yielded 546 articles. The screening of titles and abstracts
enabled to single out 497 articles, and an agreement
was reached for 21 articles, which were identified to be
related to the aim of the literature survey. Following the
eligibility criterion of full-text studies,11 articles were
selected for the review. No articles were retrieved from
the reference lists, yielding a total of 11 articles for the
review process (Fig. 1).

Kinematic parameters

Kinematic parameters during walking in different
walker boots were described in 8 papers (Tab. 1). In
five of these articles, kinetic parameters were also char-
acterized. In two papers, the metabolic energy cost of
walking with the immobilized ankles was compared to
normal walking, while only one paper discussed muscle
activity.

Kinematic gait analysis was performed in eight arti-
cles. In six articles, motion capture analysis systems were
used, whereas in two papers [8,20], the authors used just
an electronic walkway. In five articles [9,19,21-23], the
study samples were rather small (below fifteen partici-
pants), which may have affected the results and limited
the generalization capabilities. In two studies [8,20], the
authors compared different kinds of braces, but did not
compare them to barefoot walking or walking in street
shoes, which makes it impossible to assess the effect of
these orthoses on gait. Only one study analyzed the effect
of heel wedges on gait kinematics [23].

In conclusion, walking velocity decreases to 13%
while wearing an orthosis, but some papers failed to
provide precise data. The analysis of temporo-spatial
characteristics of gait in Walker compared to normal
gait demonstrated that the step length of the limb in
Walker drops to 4% whereas for the limb without Walk-
er, this value falls to 7%. The step width rises to 15%
and therefore the gait cycle time increases to 9% [24].
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Fig. 1. Flowchart demonstrating the selection of articles through the review process



43

Advances in Rehabilitation, 2021, 35(2), 40-50

"J00q J¥[eM U} Ul JOPIM ‘KemTem o1uo109[q
wo [ pue d9ovIq dnums ay) ur Supem uoym

IOPIM WD () Sem IpIm daig -as1om 946 sem ‘paads Sury[em jsej Je 7 pue [euLiou Je 7 ‘paads

dorIg
opjuy dnxmg (¢

*SOT)SLI)OBIRYD
y1e3 [eneds-orodwo) uo

K1a8ms/Ain(i
AnodwwAse awn oddns 9[3urs ‘Osiom 9,0 sem  Fupjem mors je g :1poddns opjue yoes J10J [B10) Ul SY[BM 9 j00q Jaep (T ssn mo me\smﬁwicwiww%m@ (8]
AnswwAse yy3ua] doys ‘s/wg| () Aq JoMO[Ss sem dusiqny, (1 P s PIUE JUSI91p
C Jo s109p30 ayy aredwo)
100q JoyTem ) ur yed ‘dusdiqny, 03 paredwo) ‘€1 F Th Snpe Ayljedy 81
: d ¢ A di
1EoMI00] sutiojye]d 0010 ‘woysAs axnydeo uonoy
Iepue)s ul Sun{[em usyMm UeY} Io[[ews A[qejou ‘sorjewoul
piep Lsupy Y ) I3[ 19 g 1v[eM (€ -20ys 1odg (g ! |
sem SIOY[EA\ Y10q 10J paads Suryjem aSeroae oy, . . oouwy pue dIy uo SION[eA\
Y 1yTeM (T “TBOMI00F POZIpIepuels (] :SUOBIPUO)) g Iovepm urs[TT)

"UOIIBIAJP 15918013 oy oonpoid 03 sreadde v
T "QUUI] JOMO] O] O} UO UIOM SABM[E SeAM ION[BA\ YL
IOY[eA\ TEOM]O0] [BULIOU [IIM pareduiod sooud

-IOJJIP ONEWOUDY JUBOYIUSTIS MOUS SION[EM Ylog . a——

(¢ v Ioem (1

913010 JO SUSISOp 0Mm] JO
109130 WLId)-1I0ys oy} d10[dx

‘suiojyeld 9010] ‘woysAs armyded uonoj

's100q

-o3ueI [ewIou Sunjem ay) Jo ssew oy} yojew 0} pajySIom ynq 991y Spyue
Uy uryIm a19m so3ue jurof diy pue oauy oyl (7 yum es [ewiou (¢ ‘s)ooq Sunyjepy ym Sunjem (g ‘sdoys
‘sygz | peads Sunyreay (1 1901S UI Sunjjem (] :SUONIPUOD ¢ Ul POINSEIW 1M J1e3

Suumnp YO pue sonewoury Jres ‘uondunsuod uaSAxQ

“(0%—C) synpe Ayypeay 9

SIyBrm apuy (g
IY[eA\ onewmauy (|

‘ssewr pappe
103 Sur[onuod o[Iym Juryjem
[ewrIou Jsurede sapue paxy
ym Sunjem aredwo))

A31oug ;oEM_”@ I H_

‘s[eo0301d ‘urropyerd 90107 ‘wIdIsAs oInydes uono
"SO0US o1} J0F SO} 1990304 e 3 } ! HOW

uey) Jo[[ews A[3ueoyIusdis o1om 19zijenby pue

‘1oz1Tenbs pue d0ys A1ojeIoqe ‘ToyTR
1o3[eA 11BD oY) 10J INOY uononpqe diy oy, (¢ HEP PHE 201 461 (€ 1A

JIeD) pue 90ys AI10jeI0qe] (7 ‘sooys A10je10qe] om} (]

‘19zirenby (g
1eMm 31D (1

'$)00q Sunyem 3of
-}10yS JO sodA3 JUQIQIIP oM}

‘Sunyrem ul Sunj[em Junmp siojowered uryl6]
:SUOTIIPUO)) "AUO O] O} UO SA0YS JIONTBM .
Jewou 9y} 0} paredwiod 1y[ep 31D ur jred O1JOUDY PUE OIJRWAULY JO
K107810qR] 9y pUR 39 JYSLI OU} UO UIOM SBM SISO  MOYS pue d0ys odg
o} 10J IOJ[BWS SEM JNOY UOISIOAd 9[ue YL (g : ’ SOISLIOJOBIBYD QUIWIEXF]
'S 8T 0FKT 1 A30070A Sunyrem (1 N  —
dmb
SInsay JESUICIADH /SHOIpUO0 1591 SISOy Apms ayy Jo asoding Apms

(s1eak) 98y /dnoi3Apmg

s1ojowered onEWAULY J0J SO[O11IE POMOTADI WO POJORIIX0 eje(] ° "qelL



Lann Vel Lace K, Btazkiewicz M

44

v 9[qe) ul Apmys — AS1ouq ‘¢ 9[qel ul Apnys — DN 7 2[qe} Ul Apris — 1oury] ‘9010 UONOBAI PUNoIs — 1O

'soSpom
JO Joquinu Fuisearoul ue [yirm paads 3re3 ur sooud
-IoJIp JueoyruSIs A[[eonsiels ou 9Iom 910y,

‘DAY ‘swrope[d 90105 ‘WsAs arnyded uonoN

"PA30R[[00
sem Sunjjem jueds own o1oym poriod UOHEPOWWOdIL
Inoy ouo & papraoid o1om A9y [ IOpIO WOPUEI Ul PIIS}
soSpom G pue ‘¢ ‘0 y3m J00q ul payjjem syuedionred
"quu Jomof 1yS11 oy} uo Ind a1om SoSpom pue IoN[eA\

11 F 9T ‘S12djunoA %Q:NOQ Tl

'so3pom G pue
€0 Yra IY[eM [[BL

‘porrad

UOTJEPOWIIOI0. UE IoJE pue
KJoyerpawur Jooq orpadoyiio
ue ur SoSpom JO 9sn oy} yHm
sotueyoouW J1ed pue orIns
sdoown oy Jo Kj1anoe [osnu
ur soSueyd 9qLIOSOp O,

DINA .ch._v_ﬁmﬁ

“quu] Suoj
AU} Ul SJUSWdAOW due]d ISIOASURI) PUE ‘[BIUOI]
‘[enISes ul SOOUAIJJIP JUBIYIUSIS 2IOM A1)

‘suiopyerd 20105 ‘wWo)sAs aanyded uonop

"100J o[ Ieq

‘saoys 1odg (g

100q Suny[em
arpadoyiio ue Jnoypm
pue yum Sunjem sunmp

‘syurol oouy pue diy ayp 1y “soueyd [je ur suonow 9005 Y311 94} U0 J00q (€ $100J Y[ UO 0YS SIUUI) 900 Jdoeig TSIy DY ‘SOFIIoL i
xe1oy} pue d1a1od yead ur sasearour JuedYIuSIS Y311 9y) o 100q (g ‘seoys wods [e1deiq (] :suonipuo)  Supj[ep Ised Iy (] »mo.wmz.wwwﬁmso M&o QEM
1004 9y} SuLIBOM T
-[eneds je1d1e[1q oY) SuIIRXH
UdUM PIseaIdNdp APuedyIuSIs AJ100[0A Suny[ep ‘8§ F L0 :S109unjoA Ayiedy Of
‘sogewl
J00ja1eq 0} paredwod Kdoosorony ‘swrojrerd 0010] ‘woisAs armydes uonoy ‘Sunyem
%197 Aq uonjoWw Ie[e)qns pue 9,1 7S Aq uonow -o0ys 110dg (g 1009 AV Pue 100Jo18q
[eINIOO0[E} PIONPAI 100q YD) HOYS J00JoIEq 0} "J00J [BI9JE] BIJUOD 9y} UO 0ys }10ds pue 100q VD (&} 1009 IAVD U90M}0q SOOUAIQJIP oLl [12]
paredwod 9,0/ ¢ Aq uonIOW JR[EIQNS PUE 9%,8°98 PUE J10US & SULIEOM J[IYM SUuD[em 900JoIeq:suonIpuo)) [Terpue uoys (] -ouny Je[ejqns pue [EINIOO[E}
Aq uonour [eINIdO[E} PANIWI] 3009 INVD [[BL oueld reniSes ouruolq
‘G°€ F T S1001UunjoA AUy 41
“K1081ms uonexy
dusiqny “Kemy[em o1uoIO9[q [BUIOIUI O[3UE IOJJB SYIIM 9
C doelg Surreaq JySom pajoLIsaIun
Ul UBE 3004 JA[BM, 9t Ul ISP WOT T Sem ‘sisAJeue j1e3 ay) 10 sproddns opuy dnung (¢ 0 pourad [enrur oy} SuLn
ypim doyg “dusiqny yym paredwod 100q IoN[BA\ A tes ot 1oy 1 ’ 30 POHRE TWHITE; og) STInp 500uz[0C]

o) UI %G pue 20eIq dnims ay ur 9,¢ paonpal
sem AnadwwAse owr oddns quuip oj3urg

o) YIM JEOM)O0] [RULIOU J1d) SULIROM 2I0M sjudled

b1 F L [UOLEXY Io)Je SYAIM 9 ‘synpe g

100q Iox[eA HOYS (T
dugigqng, (1

ured pue (AnowwuAse pue
KJ100[9A) SO1SLIRORIBYD J1B3
uo syoddns apyue Jo s31093J0
9JRIPAWILI ) AUIULINOJ

o) T "qeL



Advances in Rehabilitation, 2021, 35(2), 40-50

45

A Walker orthosis significantly decreases the range
of motion in the ankle joint in the frontal and sagittal
planes during fluoroscopy testing [21]. It also alters
the range of motion during the knee transfer, involving
a large amount of rotation in the hip joint [19]. In gen-
eral, hip and knee joints of the leg without the orthosis
are less or even not affected in the case of a range of
movements in the frontal and sagittal planes. The big-
gest changes are observed in the opposite leg in the hip,
knee and, as one study suggested, changes might also
be seen in the opposite ankle joint.

Kinetics parameters

Six papers discussed how a Walker boot may affect
kinetic parameters, but only one was designed just to
assess ground reaction force (GRF) (Tab. 2). Five of
these studies also analyzed kinematic parameters, one
of them evaluated energy expenditure and one analyzed
muscle activity.

Two studies [23,25] analyzed the effect of heel
wedges on gait kinetics. Ground reaction forces were
analyzed in four articles [9,23-25], whereas joint mo-
ments were analyzed in five [9,19,22-24]. Zhang,
Clowers [9] and Keefer, King [25] showed that wear-
ing Walker may cause a small initial peak in the ver-
tical ground reaction force. The peak vertical ground
reaction force was at the same level [9] or slightly
but significantly (2-3%) [24] lower compared to shoe
walking depending on the research. The peak knee
extension torque on the Walker limb were elevated
(19-29%) in every study addressing this issue. On the
other hand, demand on the hip extensors was lower by
6% [9,22,24]. Knee and hip abduction torques for the
same limb were decreased [9,24].

Muscle activity
Only two papers discussed how a Walker boot
may affect muscle activity (Tab. 3). One of them was

Tab. 2. Data extracted from reviewed articles for kinetic parameters

Study Purpose of the Orthosis Studygrogp/ age (yez.irs) Results

study Test conditions/ Equipment

Neither walker increased the bimodal vertical GRF peaks typically observed in normal walking. Both
[9]Kinem, * walkers increased the demand on the knee extensors while they decreased the demand of the knee and hip

abductors.

10 healthy volunteers: 22.6 + 1.68.

Examine how The application of a walker

heel height Six conditions: lab shoes, gait created peak vertical and AP

differences in Short Walkers:  walker, gait walker with heel insert ~ GRF prior to the normal peaks
[25] the walker and 1) Gait Walker on shoe side, gait walker with insert  associated with the loading

shoe side may
influence GRFs
when wearing
a short walker.

2) Equalizer
3) Sport shoe

on walker side, equalizer walker,
equalizer walker with heel insert on
shoe side.

response. Peak propulsive

AP GRF were smaller in all
walker conditions compared to
shoe on walker side.

Force platforms, photocells.

[ 1 9]Kinem, Energy, *

Compared to normal walking, ankle fixation can reduce ankle torque and work during the stance phase.
Decreased ankle work in the ankles fixed condition was not compensated by greater work in other joints.

Significant differences in peak knee extension torques were seen between all conditions with Walker
A showing the highest knee extension torques followed by Walker B, and in the peak knee flexion torques

[22]Kinem, * between the two Walkers. Significant reductions in peak knee adduction torques were observed when
walking with both Walkers compared with sport footwear. Hip extension moments showed significant
differences between Walker A and both Walker B and sport footwear.

Peak vertical GRF were significantly decreased on long limb. Peak AP GRF differed significantly across

[24]Kinem, * conditions and side. At the hip and knee joint, both limbs had significant differences in the all planes joint

moments with the exception of the short limb frontal plane moment.

[23]Kinem, EMG, *
increasing number of wedges.

Vertical GRF significantly decreased and peak knee extension power significantly increased with

GRF — ground reaction force, AP — anterio-posterior, Kinem — study in table 1, EMG — study in table 3, Energy — study in table 4.,
* — purpose of the study, type of the orthosis, study group and test conditions/ equipment are contained in the table 1.
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Tab. 3. Data extracted from reviewed articles for EMG

Purpose of the

Studygroup/ age (years)

Stud Orthosis . . Results
uy study Test conditions/ Equipment "
A significant decrease in muscle
activity was found between the
L 12 healthy adults. barefoot and boot conditions
Determine if .
. for: gastrocnemius, soleus and
muscle activity Three . .
.. o Subjects walked at their self-  peroneals.
reduction is conditions:

similar using 1) Barefoot;

[17]

a fiberglass 2) Fiberglass
cast versus cast

a prefabricated 3) High Walker
boot.

selected speed for 10 trials in
each condition.

Force plate, EMG: left medial
gastrocnemius, lateral soleus,
and peroneal muscle.

The comparison between
barefoot and cast established

a significant decrease in soleus
and peroneal activity. The boot
and cast comparison exhibited

a significant decrease in the gas-
trocnemius activity in the boot
compared with the cast.

23 Kinem, Kinet, *
[23] . .
increasing number of wedges.

Peak and integrated EMG in the medial gastrocnemius and soleus significantly decreased with the

Kinem — study in table 1, Kinet — study in table 2, * — purpose of the study, type of the orthosis, study group and test conditions/ equip-

ment are contained in the table 1.

designed strictly to assess muscle activity and the other
one analyzed kinematic and kinetic parameters.

Electromyography was performed in two papers.
One of them [17] was designed specifically to analyze
muscle activity while walking in a cast and a Walker
boot. Overall muscle activity decreased by 20% in the
Walker boot. The effect of the number of heel wedges
on triceps surae activity was analyzed in the second
article [23]. The five wedges significantly decreased
medial gastrocnemius and soleus muscle activity, while
3 wedges decreased only soleus activity. Both articles
tested groups of only 12 participants. Heel lifting and
ankle immobilization are effective in decreasing the
lower leg muscle activity.

Energy cost and pain assessment

Three papers discussed how a Walker boot may af-
fect energy cost, pain and balance (Tab. 4). Energy ex-
penditure of gait in a Walker boot was analyzed in one
article [19]. Assessment of balance in a Walker boot
was also performed in one article [26]. Furthermore,
pain assessment was conducted also in one study. It
concerned pain-relieving properties of different types
of orthoses [20].

According to Vanderpool, Collins [19], decreased
plantarflexion caused by ankle immobilization is com-
pensated by a curved rocker bottom surface. It is pos-
sible that higher energy expenditure results from an

added weight of Walker rather than the ankle immobili-
zation. A Walker orthosis has also an effect on postural
balance, but the effect of heel wedges on postural bal-
ance is inconclusive.

Discussion

This review aimed to summarize and update infor-
mation on the currently published research explicitly
related to the application of ankle-foot Walker orthoses
and to help improve the understanding of how this type
of orthoses influence gait pattern, in particular the kine-
matics, kinetics, and muscle activity parameters. To our
knowledge no systematic reviews have been conducted
in this topic.

One of the main goals of the rehabilitation of patients
who have undergone a surgery or have been injured in
the foot and ankle area is to protect and immobilize this
zone and then to restore the normal gait pattern, which
can be disturbed asymmetrically due to the unilateral
presence of injury. Factors that may affect asymmetry
during gait include muscle weakness, pain, propriocep-
tion disorder, movement range limitation, and no full
load capacity [28,29]. The main function of an orthosis
is to enable walking, relieve damaged tissue, limit the
range of motion, and help reduce pain [8]. Compared to
a total contact cast, an orthosis has many advantages:
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Tab. 4. Data extraction from reviewed articles for energy expenditure, balance and pain assessment

Study Purpose of the study Orthosis

Study group/ age (years)
Test conditions/ Equipment

Results

Gait in walking boots caused the total rate of energy expenditure for walking to increase significantly by

[ 1 9]Kinem, Kinet, *

equivalent ankle weight.

4.1% compared to normal shoes but differed by an insignificant amount (0.4%) compared to walking with

Determine if a walking
boot increases body
motion during balance
tests across a range of
simple to challenging
[26] conditions and if adding Walking boot
a heel lift to the non-
involved limb would
reduce body motion by
correcting the leg length
discrepancy.

12 healthy volunteers.

In each test, subjects were wearing sport
shoes, a walking boot, or a walking boot
and a heel lift in the contralateral shoe.
Quiet stance test was performed during
standing with both eyes open and
closed, on rigid and soft surfaces.

Functional reach test, perturbed and
unperturbed walking test (90s) on
a treadmill.

Walking boot
significantly affected
the balance in each
test. When wearing
the wedge, the test
result in quiet stance
was significantly
better than when
wearing the orthosis
alone, but in the other
tests, no differences
were noticed.

Test conditions/equipment: VAS scale for pain assessment.

[ZO]Kincm, *
with Tubigrip.

The pain was significantly lower in the Walker boot and to a lesser extent in the stirrup brace compared

Kinem — study in table 1, Kinet — study in table 2, * — purpose of the study, type of the orthosis, study group and test conditions/ equip-

ment are contained in the table 1.

it is lighter, has a smaller effect on gait biomechanics
and can be removed to maintain tissue hygiene and to
perform exercises [6,9].

It is proved that leg length discrepancy alters the
gait kinetics and kinematics and may lead to conditions
such as low back pain, plantar fasciitis and osteoarthri-
tis of the knee and hip joints. In their clinical practice,
many physiotherapists and physicians recommend that
their patients wear an athletic shoe on the opposite leg
to the one with a Walker orthosis. This suggestion was
partially proven right. Mieras, Singleton [30] demon-
strated that wearing an athletic shoe on the leg opposite
to that with a Walker orthosis significantly decreases
peak plantar pressure in the rear foot area compared to
the barefoot condition. In another study, Gulgin, Hall
[24] tested walking in Walker on the left foot and shoe
or barefoot on the right. They did not conclude if wear-
ing a shoe on the contra lateral leg might be beneficial.

The changes in the center of pressure during the
use of a walker orthosis were examined by Lajevar-
di-Khosh, Bamberg [31] and North, Potter [32]. Both
studies yielded different results. North, Potter [32], who
tested healthy participants, suggested that the center of
pressure shifts anteriorly while the weight bearing in-
creases. On the other hand, Lajevardi-Khosh, Bamberg
[31] showed that the center of pressure shifts posteri-
orly in lower leg fracture patients towards heel during

recovery. The distinction may exist because healthy and
recovering participants performed partial weight-bear-
ing ambulation differently.

Muscle activity was analyzed in only two articles. It
was proved by Kadel et al. [17] that a high-cut Walker
may be used instead of a custom cast if the goal during
the treatment is to limit muscle activity of the lower leg
muscles. It significantly decreases overall muscle ac-
tivity compared to barefoot walking and significantly
decreases gastrocnemius muscle activity compared to
the custom cast. Those differences between walker and
the cast may be caused by the rocking bottom of the
walker. Richards, Payne [22] proved that even subtle
differences in the Walker design may have a significant
effect on knee joint kinetics and kinematics. Zellers,
Tucker [23] showed that with an increasing number of
heel wedges, muscle activity in the gastrocnemius and
soleus muscles decreases. In both studies, surface elec-
trodes were placed on the skin under the walker ortho-
sis. In such conditions, even the slightest compression
on an electrode may alter the measurement.

Gait kinematics has been analyzed in only a few stud-
ies. Zhang, Clowers [9] showed no significant changes
in ankle angle in the sagittal plane between a low-cut
Walker or Equalizer and a shoe condition. On the con-
trary, McHenry, Exten [21] using the fluoroscopy unit
showed that low-cut and high-cut Walkers significantly
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decrease movement in the sagittal plane, with better
outcomes obtained for the high-cut Walker. During the
analysis of kinetics, Gulgin, Hall [24] found a signifi-
cant difference in peak vertical ground reaction forces
in contrast to Zhang, Clowers [9]. Also, they found
significant decreases in anterior and posterior ground
reaction forces. In both studies, the researchers found
increased internal knee extensor torques in the lower
limb. Higher forces acting on the limb with a walker
may occur due to leg length discrepancy and may lead
to knee pain in the longer limb. There have been at-
tempts to decrease leg length discrepancy by putting an
additional heel wedge into a shoe on the leg opposite
to the walker. Keefer, King [25] used this method but
failed to find differences in the initial peak between
walking in shoes and walking with the heel wedge in
the shoe and the walker on the opposite leg. Keene,
Willett [8] compared three different types of orthoses.
They found that a walker orthosis causes significantly
greater gait disruptions than Tubigrip. Interestingly,
they did not observe any important differences between
a stirrup brace and Tubigrip although the stirrup brace
is believed to be stiffer and provide stabilization in the
frontal plane. They also suggested that a walker orthosis
should be considered a primary choice six weeks after
surgery due to its capability to reduce pain and increase
the base of support.

Summarizing, the Walker orthosis was proved to al-
ter gait biomechanics and it should be used reasonably.
The analysis was carried out for kinematic and kinetic
parameters, it appears that hip and knee joints of the
leg with orthosis are those most affected. Changes are
noticeable in all three planes during stance phase. In-
creased knee and hip flexion, knee internal rotation and
hip adduction. What is more gait in the orthosis induces
decrease of gait velocity and increase of step width. It
was resulted that hip and knee joints of the leg without
the orthosis are less or even not affected in the case of
a range of movements in the frontal and sagittal planes.

It is worth mentioning that in the papers includ-
ing healthy individuals the study subjects were wear-
ing orthoses just for tests and were not using them for
a longer period of time, whereas patients after surgeries
were using them on average for 68 weeks and patients
with foot ulcers in diabities mellitious for 6-10 weeks.
The topic of wearing the orthosis for a long time was
discussed only in one work [22]. Richards, Payne [22]
showed that it may cause secondary site pain in the ipsi-
lateral knee, contralateral hip and the lower back in 67%
of patients and that a third of patients had ongoing pain
3 months after the transition to normal boot wear. On
the other hand, we think that in our review it is justified
to compare different applications of orthoses because
all the participants were ambulating with full weight

bearing without any additional support. It is our belief
that this condition makes all gaits comparable, however
it does not exclude the possibility that some differences
might occur. On the other hand, we acknowledge the fact
that in some instances we compared different types of
Walker orthoses, which is one of the drawbacks of this
article. Additionally, it is worth emphasizing that if the
injured person does not feel pain and is not afraid to put
weight on the limb in the orthosis, the gait parameters
should not differ from the parameters of healthy people
wearing an orthosis. Otherwise, the injured person may
put more weight on the uninjured limb. After review-
ing the literature, it is clear that the orthosis introduces
changes in the biomechanics of gait in healthy people.
Research [27] on the symptoms of people wearing or-
thoses for medical reasons has shown the emergence of
new pain ailments. This means that the changes caused
by the orthosis are greater in sick people or that similar
changes in the biomechanics of the gait cause pain after
a longer period of use of the orthosis. However, this is
our assumption and the additional study on injured pa-
tients should be performed to verify this conjecture.

One limitation of the study is that most articles had
a low number of participants. The groups studied were
not coherent and they mostly included able-bodied peo-
ple, which makes generalization of the patients impossi-
ble. Other limitations were that participants were walk-
ing at different walking speeds which were not always
monitored. The types of used orthoses were also dif-
ferent and it was not always possible to verify whether
the orthosis was a high-cut Walker or a low-cut one.
In conclusion, this study is a comprehensive repository
of the problem of the effect of Walker orthoses on gait
biomechanics.

Conclusions

A Walker orthosis is a useful plantar pressure reliv-
ing device as long as the patient is willing to cooperate.
It also allows earlier weightbearing and rehabilitation.
Due to problems connected with LLD Walker, an or-
thosis should always be prescribed with a compensa-
tion of the LLD (eg. shoe) on the opposite leg because
the patient may not be aware of the problem. What is
more, a Walker orthosis should be worn for the shortest
period of time possible due to LLD and ankle immobi-
lization which may cause secondary site pain. Another
drawback of wearing an orthosis is increased energy ex-
penditure. It has been shown that further research con-
cerning the influence of heel wedges in a Walker boot
on gait biomechanics is required. Moreover, additional
research should include patients and investigate the ef-
fect of ankle-foot orthoses on muscle force distribution,
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which corresponds to EMG. Orthosis pressuring elec-
trodes may cause problems with obtaining reliable
data from EMG. Muscle force distribution obtained by
computer muscle simulation would be the method of
choice to obtain reliable data. In conclusion, this study
is a comprehensive repertory of the problem of the ef-
fect of Walker orthoses on gait biomechanics.
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