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ABSTRACT

Osteoarthritis (OA) of the knee is one of the most common diseases. For this chronic disease, modified sole structure
can effectively prevent and relieve disease of the knee. The aim of this study isto explore the influence of unstable shoe
with different stiffness on ground reaction force and external knee adduction moment. 17 healthy female volunteers
were recruited, and every subject performed five walking trials in three shoes condition. The results showed that
external knee adduction moment was decrease in all stance phase using soft unstable sole. The ground reaction force
has no obvious changing between two shoes condition. The unstable shoes of this study mainly create instability in the
medial-lateral direction and lead to external knee adduction moment increase.
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INTRODUCTION

Osteoarthritis (OA) of the knee is one of the ntmshmon diseases. Cause of knee OA is that the huddiaee under
the high load (60-80%) in the process of walkingim daily life. Previous studies said that pasewith knee OA
often accompanied by high angle of knee adducewentually lead to the knee medial surface streseased
accordingly. More studies have shown that excedamee abduction moment would also lead to the preadid the
medial knee osteoarthritis. The increase of kneleiettbn moment and abduction moment will affectrtiedial of the
knee joint, The increase of the loading on kneeiatedll leads to excessive load on the surfaceéhef knee joint
cartilage unbearable degradation and irreverside of articular cartilage, eventually led to tleer@ase of the range
of motion, pain or stiffness. Therefore, effectiaatrol and relieve knee lesions can mitigate ffexts of knee OAin
walking and daily activities. Total knee replacemnen high tibial osteotomy has been shown to bectifie in
subjects with severe knee OA, However, it take®ry expensive surgery even the invasive damagereidre,
conservative treatments are becoming popular. @ugenservative treatments can be divided intorddteredge
insoles, subtalar strapping of those 7 methodss@ temnservative treatment methods are by meanssidtiae
devices to improve walking or running gait. By adification of the shoes can effectively reducekhee adduction
moment. Prior studies have summarized 348 suchndects, and the results show that it will be effedti reduced
the first peak of adduction moment by adding artdteedge insole during walking

With the development of research on footwear, it Wiscovered that in unstable shoes also can aléetie pain.
NIGG et al indicated that wearing MBT can relieviddngolfers back pain slightly [14], and it canextively reduce
the pain of patients with knee OA after a periodvefar. Therefore, some researchers began to dtedgfects on
knee while wearing MBT shoes. Nigg et al [16] anestBecker[17] reported that wearing unstable shaaseduce
knee moment. Instrumented knee implants with tefdmdata transmission were used to measure tiefainoral

contact forces and moment during walking with fdifferent shoes compared to those during barefatking, The

results showed that Significant reductions of #suttant force were solely observed for the advdmaaning shoe
and the MBT shoe at late stance. Such studiesibdedcabove shows that wearing unstable shoes carceenee
moment.

The foot is an integral component of the lower liahbsed kinetic chain and its position and motiofiuence knee
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load. Because of this, shoes can increase or deckeee load depending on their design featuresfjause the
effect of the benefits brought by this instabilimir Haim et al. [21] added two removable unstasliements in
Forefoot and rear foot area to modify the centeprebsure during gait in order to reduced knee atttumoment,
but the unstable elements used in the experimantkei same material, Whether different hardnessnstable
elements can also reduce the knee adduction mastiit unknown. The aim of this study is to exq@dhe influence
of unstable shoe which add different stiffness aipist element on forefoot and rear foot with on ek knee
adduction moment changing.

EXPERIMENTAL SECTION

Seventeen subjects participated in this study, thithmean age, height and mass being 22.4 +3.8,yH6.2+5.8 cm
and 60.6+7.2kg, respectively. Each of the 17 subjbad no previous experience wearing unstablessimoelower
extremity injury or major pain duratiasf test, no previous major surgery to lower extreraitypack and no evidence
of arthritis, diabetes or neuromuscular condition.

A comprehensive three-dimensional gait analysis pesrmed on all subjects, for two footwear coiodis. For all
testing visits, subjects had their gait measuredewtalking in a soft unstable shoe and a hardabistshoe. The
unstable shoe was adjunction unstable elementrefofat and rear-foot of control shoe (figure 1).
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Figure 1.Unstable shoe and position of unstable element

The materials of unstable element was rubber aastiElImodulus was measured by the elastic modekisystem
(INSTRON AG Grove USA), height was 15mm[21,22]. tiide element was hemispheric and induced
medial-lateral direction instability on single-suppphase.
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Figure2.Material test system. B: condense elasticity modulus of two unstable elements

During the subjects visit to the laboratory andobefmaking any measurements, subjects were insttust how to
properly stand and walk in the unstable shoe ane Wen given approximately 10 min to get accustbmeethe
unstable nature of the shoes. Every subject pefiswalking trails in two shoes condition, twakis of experiment
shoes were unstable shoe (soft) and unstable $laod)(the experimental shoes was random seleclobjects
performed five walking trials in the soft unstalsleoe and hard unstable shoe, with the order beindomized
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between the two footwear conditions for both viditdrared timing gates were used to guide theesttbjto walk at
1.5+0.5 m/s and only the stance phase for the figtitlanding of each trial was used for the anedyKinematic data
were obtained with eight high-speed cameras att25QVicon Oxford Metrics Limited UK) system was itahted
allowing a three-dimensional residual error 0.5rB@fore testing, three retro-reflective markers watached each
segment of lower limbs. The markers attached widivieled into two groups. A group of makers attathéth pelvis

(four) : lift and right anterior superior spine, lift andint posterior superior iliac spineanother group of markers

attached with lower limb (twelve): lift and righb&e, lift and right thigh, lift and right shankit land right ankle, lift
and right toe, lift and right heel. In order totdiguish between left and right sides, the markdrsgght thigh was
slightly lower than lift thigh. Kinetic data wereltected at 2400 Hz with a Kistler force platforKigtler Instrumente
AG, Winterthur, Switzerland). During the experiméwb experimental apparatus was synchronous cetledata.
The collected data were exported into Vicon nex8sl1(Oxford Metrics Limited UK), with the kinematand kinetic
data being filtered low-pass Butterworth filter kvitut-off frequencies of 12 and 50 Hz, respectivEhe internal joint
moments were calculated with inverse dynamics usiaganthropometric, ground reaction force and omotiata.

Statistical analysis use spss17.0 software, paseadple t-test was used to analysis significanc@eafk knee
adduction moment. The level of significance wasaset0.05 to identify statistically significant diffemees between
the two shoe conditions.

RESULTS

For the stance phase of the gait cycle, joint afiioluignoment and resultant ground reaction forceanmensemble
average waveforms are shown for the right kneeuf€id,5) for two footwear conditions (unstable skt soft
element and unstable shoe with hard element).
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Figure 4.Mean knee joint moment wavefor ms for the stance phase while walking in a soft unstable shoe and a hard unstable shoe
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Figure 5.Mean resultant ground reaction force wavefor ms for the stance phase while walking in a soft unstable shoe and a hard unstable
shoe
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Table 1. Mean and SD of the analyzed biomechanical variablesfor the two shoes condition and p value

Variable Soft Hard P value
First peak knee adduction moment(Nm/kg) 0.51+0.11 .5340.12 0.33
Second peak knee adduction moment (Nm/kg) 0.38+0.09.39+0.02 0.39
Trough knee adduction moment(Nm/kg) 0.26+0.04 00204 0.35

First peak knee Resultant Ground Reaction Forcg(N/k 10.92+0.36 11.08+0.43 0.78
Second peak knee Resultant Ground Reaction Folag(N/ 10.22+0.60  10.24+0.92 0.89
Trough knee Resultant Ground Reaction Force(N/kg) .948).95 6.89+0.86 0.63

The comparison of the soft unstable shoe and hasthhble shoe condition indicated that the firstkpeedernal knee
adduction moment of soft unstable shoe was decKgagere 4 and Table 1). During the mid-stance mkeknee
adduction moment of soft unstable shoe was sholigdttlg decrease and the second external knee éiddunoment
was also showed slightly decrease (Figure 4 arld B9br he resultant ground reaction force of thsleees condition
in all stance phase exhibited no statistically gigant differences (Figure 5 and Table 1).

DISCUSSION

The aim of this study was to investigate the déferes of knee joint moments and ground reactiareftor different
hardness sole unstable shoes. Various design $aofofootwear such as heel width, arch supporte sblape,
flexibility or cushioning might influence joint laling [19]. This study focused on changes in theekadduction
moment and ground reaction forces under the camditiof different hardness soles. The comprehensive
three-dimensional gait analysis show that the fnstl the second peak external knee adduction moofesft
unstable shoe was lower than the hard unstable $tibige the trough knee adduction moment was deergeahen
wearing a soft unstable . Scott C. Landry et akehshown that the decrease of the knee adductionembmainly
appears in the early stance when wearing MBT s[i&]s soft unstable is the closest one with MBTthis study.
During the heel-strike external knee adduction mamé soft unstable shoe was showed slightly dessr€@ompared
with the hard unstable shoe, it may be due todbeleel of unstable shoes is the soft hemicycletire, During the
heel-strike greater compressive deformation ocdurréhe soft unstable shoe and reduce the actifitiye knee joint
coronal In the process of the land, and thus rethed&nee adduction lever, at the same time, safernal and the
material of MBT shoes foot heel similar help buffstBT footwear instability arises mainly in the itudinal
direction, Shoes are used in this study, instgb#itises mainly in the horizontal, This is similar the Easy
Tone[25] .Therefore in the mid - stance knee jdingle change on the surface of the coronary ine®aknee
adduction moment is relatively increase while wegBT. During the toe-off external knee adductrooment of
soft unstable shoe was also slight decrease conhpatte the hard unstable shoe. Its principle magdigsistent with
the foot heel position of unstable elements, buteduce the size of the heel-strike. While thdabile element added
on the rear foot and the forefoot is the same fipation, but the forefoot unstable element for ith@act of the knee
joint is relatively smaller. Haim used the Apos ®ys, which is a foot-worn platform with a speciadlgsigned sole
that is capable of attaching to two different hésgimovable rubber convex elements, Long-term wgashoes with
this system can effectively improve the symptomknefe osteoarthritis. Although this study has cledthe unstable
element of hardness, choose only the middle positiwl add the unstable element of the same hé&ighire studies
can add unstable elements of different locatiorts lighly on the basis of hardness further analydi® resultant
ground reaction force of three shoes conditionllirstance phase exhibited no statistically sigaificdifferences.
However, previous studies have shown that theaeslight increasing in the ground reaction forcemtvearing MBT

shoes compared to barefoot and wearing ordinaryssfithe high ground reaction force will increagertbk of injury,

and the unstable shoe structure on anteropostargeterating the speed of walking when wearing MBde, thus the
momentum of distal joints increases, so as to asehe ground reaction force. And the experimehiaés chosen in
this study is unstable shoes with different hardmveithout ordinary shoes, which can do the furtitady in the later
research. While the two unstable shoes in this raxe&t mainly provided the lateral instability, Fa3one
experimental conditions similar to the experimdms, results show that the ground reaction forcense® have a
rising trend in the early stance, but did not giveertain answer. But up to the present, the ulestiibes structure will
not significant effects on the ground reaction éorc

CONCLUSION

The shoes with lateral instability will increasee thctivity of the knee joint in the process of viatkand it will
increase the knee adduction moment, compare to uvesthble shoe walk in soft unstable shoe the extdmee
adduction moment was decrease in all stance phhsainstable element attached to the forefoot lraie significant
effect on the knee compared with the rear-footrduthe gait cycle. There was no significant chaoigihe ground
reaction force under the two experimental cond#ion
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