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[ISTEEE Osteoarthritis is a degenerative disease of joints that causes degeneration and corrosion of joint sur-
face. Because of osteoarthritis, the smooth and even movemvement of joints get interrupted. Osteoarthritis is
the most common kind of arthritis and its prevalence is 19.3% in Iran. Patients with knee osteoarthritis usually
have geno varum and hyperpronation of foot. The purpose of the current study was to evaluate the effect
of lateral wedge and medial arch support on displacement of ground reaction force in knee osteoarthritis in
static state.

The current study is a quasi-experimental study. A total of 13 patients (9 women and

4 men) with an average(SD) age of 63.08+7.7 years with knee osteoarthritis were selected from available
community. Four different test conditions, including 1) barefoot, 2) lateral wedge, 3) medial wedge, and 4)
arch support and lateral wedge were conducted. L.A.S.A.R Posture was used to assess the changes of ground
reaction force from knee center and the comfort level after the intervention was measured on a visual analog
scale. The changes of lever arm were measured with the instrument and the obtained data were analyzed by
SPSS version 20, through multivariate analysis and Bonferroni tests.

[ The results indicated that lateral wedge caused a significant decrease in ground reaction vector from
knee center in barefoot condition (P=0.005). The average distance of weight line from knee center were 13.6
mm in without arthritis condition, 0.8 with lateral wedge, 11.8 mm with medial arch, and 7 mm with lateral
wedge with medial arch. Therefore, using the lateral wedge with 7 mm thickness displace the path of ground
reaction force on the knee, in such a way that the lever arm of ground reaction force from knee center (which
produces adductor torque on the knee) with putting 12.8 mm lateral wedge has become smaller that of
barefoot condition. With regard to comparing different conditions, no significant differences were observed
between barefoot, medial arch, and combination of medial arch with lateral wedge. However, there was a sig-
nificant difference between lateral wedge and medial arch (P=0.013), so that the lever arm of ground reaction
force with lateral wedge is 11 mm shorter. Also, comparing lateral wedge with arch and lateral wedge showed
that lateral wedge is 6.2 mm shorter or it creates 88.5% shorter lever arm (P=0.001). No significant difference
was seen between conditions of medial arch and combination of arch with lateral wedge.

[TTTIERT Given the results, using the lateral wedge decreases the lever arm of ground reaction force to the

Keywords: knee center in people with knee osteoarthritis and geno varum and hyperpronation of foot. Moreover, adding
Knee osteoarthritis, medial arch reduces the effect of lateral wedge on shortening lever arm of ground reaction force on the knee
Orthotic insole, and as a result reduces knee adductor torque in patients with knee osteoarthritis. However, lateral wedge,
Comfort © medial arch, or their combination have no statistically significant effect on the comfort of these patients.
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2. Compartment
3. Adduction moment
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9. Foot Posture Index (FPI)
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7. Kellgren and Lawrence
8. Umbilicus
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13. Kolmogorov-Smirnov
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12. Visual Analog Scale (VAS)




Y oylos . VY 0590 1YA0 L

995 a3 il ag Mo ol slost 3 (3003 Josll S (G908 stloaler 51 15 ol (1098 9 (2 )5 4 33U (ons 0

09e3l Sl Jlazr jo Glipdy 5 (o 050 9 g 55 50 3l g oS- alradle e Sleme Bl g S Tao (Bl ¢ Silee ¥ Jgi

&9 ks o ko] o 5 Sl Jilas eSbeo ase5l ¥
ot A $Iy -v¢ -f -y 595 ot
o I VY v Yo — A b et
b I Vr -vs X )V/A S g aig s
b I WA - ) v B o b a5 )
b A W aA Fe yolo 5600 e
b ") WA ay 2 A s ad
i J5 Wi "\ M AY g e
b A -IA yee Y- YIA® S g b s 4
i ol 5 350 515 Jall S 53y 5 st -
a5 35 0 5 Sl S 55 b
sl grambo 23395 :(P>+/+ )
0ol Sl oz 10 (521 5 Gy 050 5 (13 oS el (fies i ojeitaniz geil W Joaa
Jusa! wopyls ey  awdedliaeny  OFeld 8 yudoicr (903
JED % 7 AV - 5 5550 3 sjp 1o (ol (e
Jhay Y. ¥y Va-5 Riras B 9 bl 0pe
SR

o83 b ) A S 5 g (B0 GagB o7 4 (S g Sl ez 0 (59 s il olies mite ogasl Sl (e (B0 duslia F Jgao

(9 Ogei b (Sl

fesd® ES W)

Iyey GBb ogh o ot

VAT B AL B g

’/’ ““ u.l>|: U"9§ 5 al
2> 4

oyt B Al I8 ugd

vy 2 Al b s B usd

A 0G5

09 S 5 oGBS (9 (P bl 503 (s dualie o

& loline B lgiay 5 ugd 5 o5 ad b L5
9 )lé- aJ RN )|.>L;.m DS Ll el 00id svalive
Sygo ol 4 sP=+1\Y) sl ooy olesay JB1s yugd
W (2 b ey JodllnSe 5905 (050] 593k &S
9 7 A dnlie 10 e § Cul JSZsS el
$93 yoshen PIV (25 ad a5 olo i ad by ug S 53
oyl (65 S>eS ons2l (593l duo 0 AND L 50ligS so,al
S35 53 (2 5 Moin Aoy izt P 1) S o

S o8 b o A (25 Ad b VYR 5] gy el o
a3l ooliciusl ol Censdts =Y A5 og8l 2 5 ad gV VA
S9y y3ee oo (plrailer el Zo Lo ¥ culs 4 ()15
Ot 5 foline IS 4S5 jsbody c gl (59 ey Joall uSe
Sl 3 30y 35 0y Sl (g Jasll oS 5905 >
S5 5bas dP=+/++0) )l 3929 (2 )& ad (IS g iy
elgs &l 45) gl 35 50 ) e Joall puSie (59,8 (o0 0] 593l
WIA (o2 ad (iS00 935 59 559500 ygliss

S92 00 (AT (y90 Cormdy 3 FSsS o e




Y oylouds . VY 0590 Y40 s

2l T gprplles 5 395 slagtis ) 51,3
65508 yoaS als zals ¥+ ] Yy adlllas ol
ooy Jedll nSe G908l a3k 2 L LS pe i
al}‘- Caouwrdy )L.’.‘..é ;]4 as ol ‘saLo) B JL’Z;j)B d>an »
o Sglite polo aslllae gubis b @l ol ol o JU
> s (5,958 00) gltS als [YY] Ml 51 anlllas ,o
ad jfeolarul cll> o o dBls el b > ad 3l solail
ol dalllas dosss Clbee oS ol 268 « Slody > 5
Lo s TN 9 (2 )1 4l b (oo ,8l 593k (20lS 00 AFTY)
sl ot Jol>  glite doets iz doyx ST anlllas 4o
4 S (5555 AlBlae G 4 S Loy (pOZly 45T

o o8 ok el 950 0 Lo adlllas gl
gbsS alS Sl oS gl 55 50y Sl (e Joall S
T 92 o [F1] Wl aalllae b gl o o5 (595500
S 5 (2 ol o g5y o2 )5 4 jlealizd s [ Y]
ad (S ogd o Yazo! a5 e Gillive IS yud b
Lo aalllas zulis (g9, Ll (o) 9 2oy 0929 o2 )
Sl S3e

adol Jole e ¥V (g9, asdllas b [VV] Madllae»
5 a5 Spmle b (S g5 aw allie 5y lpid
4 42,0 P L&yl o i o0 Qgune J 7S sy
9aS falSpe (7)1 ad 4z 0 WV b &l g (5l
(1515 58 Al 13 Lo aalllnn L st 1 5 05 555,
sl gunats (215 4 by ugd S 5 5 oSy
Sy 9 o

Gl (85 5l ooliud w555 [F1] ol aalllas po
913 9,0 Ol 8l oo ¢SS g b (85 9 (215 4

=255 A L i () 59 dalllan gulis (prizres 9 oo
3929 Yoz .l alloes anlllas oyl gl b as™ ols las |

B adb ol 50 6 ,miload caelibo o) Lo 8 cyidudg
5o lem Vo oy b FY] 5iga anlllag jo .ol axihs ogarg
Al )5S et aallae 4y 4l ouls

o8 o aAlslae 45w 515 (Y] ers aslllas o
2l b o 2l a5 8 oo 3,0 oo 1 (553l o L5

17. Yeh

18. Nakajima
19. Sultan
20. Jones
21. Abdallah

(F ojlods Jouor) ot alasdlo 2 )l ad b wgd S 53
cou

Folor (75 4l b (S 45 am o0 (L aalllae ol slaadly
Sy ey Jesll oS 595 5058l S93k 3)lge 402
dod 4 Comd A3 gd b 2 )15 ad oS5 Ll wanos o
LS 3 3 a8 3l gl i 5| cpizran g ol e
a5 gl 4 e o slas 59315 5955 001 13l 00l 553t
asl 03925 alaoMa B L (piidg yals 9 o9 lo935 L o3l

) ad jloslaul 5590 40 aslllas oyl 5l Lols slaasily
iy 35 0 3l ey JosllnSe (59,8 (00,0l 593k 2alS (6l
kol g5l 095 anlllas 4o a5 [V¥] € porod anlllas b
@3,S )5 (00l Sl (RalS ]y (598l polisS rals
693k Oy a5 [YA] PGIleih adlllae 18 ol gurosd
23 ols b bl el o (59 L &y S il (500
ot 4 B ) ool JLaitly s 3 Ve 5 ey
s 45 ol (a1 soy0l ol (RIS 05 ()2 A4S
5 asllas gy gl Lol ectans] gunatr T by il aslllae
Fashee O ool 4y goy0 a3l ilatl gus 2 55 45 32
ojlailay pol> dslllas jo aS ol Jb> jo (pl.cdls gloal>
Sy ety ol Koe 45 08 slomy] ol 2o s VYIA
28l Jlon 9 plles O3 G (BOGly 0 gl g by 2y
sz adlgily 5 pgusool S alS ol dalllas s
TA GYEYAl ol gurods LB lalllaa by a7 ol )Lt

o9 a5 el o] 51 S adllas ol o L Slialie
9 5202l 593t o llaMa b8 et lgsay 3o
Bl el 00,5 ol 51 35 04t o 503 Jasll S
S iipas gl YV (g b a5 [Y9] et aalllas
)8 Iy 69500l yliiS dlasl g (55555 001 yliiS
ool o3k S pae 392 b Lo aslllae o Lol ol guens
o abisMe (g0 )0 VY LialS « wgd 5l oolisl b (gLl Hhas
ol (iy S92 ey obj Jlosiml 4y oS

039 AL gl Wil 3,3 YY a5 [YV] Ve ,9» aalllas yo
) (sl sgbuiS alS olidl g1 00,5 o)z (s ugB L1,
Qo 43 # oladlay il (lesl 40 g 0o jo Fojlailay yayes b
> (5 )lel glis 095 b Lo aadllan 4o Lol o, 5155
Focshes VA ojfuslay (S (g3 (IS ugd 9 (55 o9
ol 1) ¢l 5550 5l ey JoallnSe 5905 (050l 593k
aalllan o 31 oslizid cledy Col (Koo ol cysl il s oo

14. Hinman
15. Schmalz
16. Franz




Y oylos . VY 0590 1YA0 L

995 a3 il ag Mo ol slost 3 (3003 Josll S (G908 stloaler 51 15 ol (1098 9 (2 )5 4 33U (ons 0

References

[1] Wilson WA. Estimates of the US prevalence of systemic lupus ery-
thematosus: Comment on the article by Lawrence et al. Arthritis &
Rheumatism. 1989; 42(2):778-799.

[2] Davatchi E Banihashemi AT, Gholami J, Faezi ST, Forouzanfar
MH, Salesi M, et al. The prevalence of musculoskeletal complaints
in a rural area in Iran: A WHO-ILAR COPCORD study (stage 1,
rural study) in Iran. Clinical Rheumatology. 2009; 28(11):1267-74.

[3] Sharma L, Song ], Felson DT, Cahue S, Shamiyeh E, Dunlop DD.
The role of knee alignment in disease progression and functional
decline in knee osteoarthritis. Journal of the American Medical As-
sociation. 2001; 286(2):188-95.

[4] Sharma I, Hurwitz DE, Thonar EJMA, Sum JA, Lenz ME, Dun-
lop DD, et al. Knee adduction moment, serum hyaluronan level,
and disease severity in medial tibiofemoral osteoarthritis. Arthritis &
Rheumatism. 1998; 41(7):1233-40.

[5] Andriacchi TP. Dynamics of knee malalignment. Orthopedic clinics
of North America. 1994; 25(3):395-403.

[6] Crawford DC, Miller LE, Block JE. Conservative management of
symptomatic knee osteoarthritis: A flawed strategy? Orthopedic
Reviews. 2013; 5(1):e2. doi: 10.4081/01.2013.e2

[7] Pollo FE. Bracing and heel wedging for unicompartmental osteo-
arthritis of the knee. American Journal of Knee Surgery. 1998;
11(1):47-50.

[8] Kuroyanagi Y, Nagura T, Matsumoto H, Otani T, Suda Y, Nakamu-
ra T, et al. The lateral wedged insole with subtalar strapping signifi-
cantly reduces dynamic knee load in the medial compartment: Gait
analysis on patients with medial knee osteoarthritis. Osteoarthritis
and Cartilage. 2007; 15(8):932-6.

[9] Reeves ND, Bowling FL. Conservative biomechanical strategies for
knee osteoarthritis. Nature Reviews Rheumatology. 2011; 7(2):113-
22.

[10] Wolfe S, Brueckmann E Conservative treatment of genu valgus
and varum with medial/lateral heel wedges. Journal of the Indiana
State Medical Association. 1991; 84(9):614-15.

[11] Hunt MA, Birmingham TB, Giffin JR, Jenkyn TR. Associations
among knee adduction moment, frontal plane ground reaction
force, and lever arm during walking in patients with knee osteoar-
thritis. Journal of Biomechanics. 2006; 39(12):2213-20.

[12] Hinman RS, Bowles KA, Metcalf BB, Wrigley TV, Bennell KI..
Lateral wedge insoles for medial knee osteoarthritis: Effects on
lower limb frontal plane biomechanics. Clinical Biomechanics. 2012;
27(1):27-33.

[13] Hinman RS, Payne C, Metcalf BR, Wrigley TV, Bennell KIL.. Lateral
wedges in knee osteoarthritis: What are their immediate clinical and
biomechanical effects and can these predict a three-month clinical
outcome? Arthritis Care & Research. 2008; 59(3):408-15.

[14] Hinman R, Bowles K, Bennell K. Laterally wedged insoles in knee
osteoarthritis: do biomechanical effects decline after one month of
wear? BMC Musculoskeletal Disorders. 2009; 10(1):146.

[15] Hatef MR, Mirfeizi Z, Sahebari M, Jokar MH, Mirheydari M. Su-
periority of laterally elevated wedged insoles to neutrally wedged

| 0342 Mﬁl’- aslllas

S5 L1 o Lals [YASF -] MeSiuhr g «ap anlllas
Sloed pol>aslllac has ols lis > )15 ad g 1o ed
@lides Ol gwyp cdedy canl (e el )l ol
565 3 ol adlllas g Slalllas il 5 Sy g5 loxd
Al gy 2y

S5 42

L o515 a3 Tgtias] ol Loy 43 45" ol Lt dalllas oyl ool
9k helS el aletiar () ad loso s sy sole
o998 o) 4 (el a5 Lel g oo il el y3 052
JECHRCRPEPE SRV IR, - P IO g S AN

Ohlem o5 olass 4y (e co adlllas oyl slacysgass
@ Co 5 lattil ¥ g ¥ o) Ao j0 dus 399 Cpaizren 20,5 oL
il 0dls )3 ibicos 1) anlllas guls ol Koo anlllas
5 slem Sy 99,0 (gam Slalllas jo a7 0l ge Slgatiy
lizes Gl duglio (ol podle 09l o)y SYob 0490
S9d oo Slgidey dalllas ol glis b g elis ) 9 (25 4

22. Skou




Y oylouds . VY 0590 Y40 s

insoles in medial knee osteoarthritis symptom relief. International
Journal of Rheumatic Diseases. 2014; 17(1):84-8.

[16] Malvankar S, Khan WS, Mahapatra A, Dowd GS. How Effective
are Lateral Wedge Orthotics in Treating Medial Compartment Os-
teoarthritis of the Knee? A Systematic Review of the Recent Litera-
ture. Open Orthopaedics Journal. 2012; 6(1):544-547.

[17] Toda Y, Tsukimura N. P317 the review of the seven papers about
lateral wedged insole with subtalar strapping for medial compart-
ment osteoarthritis of the knee. Osteoarthritis and Cartilage. 2006;
14:172.

[18] van Raaij TM, Reijman M, Brouwer RW] Bierma-Zeinstra SM, Ver-
haar JA. 320 the effect of lateral-wedged insoles compared to valgus
bracing in the treatment of medial compartmental osteoarthritis of
the knee: A prospective randomized trial. Osteoarthritis and Carti-
lage. 2009; 17(Suppl 1):S171.

[19] Shamsi F, Tabatabai Ghomshe F, Bahramizade M, Mousavi ME,
Rezasoltani P. [Effects of lateral heel wedges and lateral forefoot
wedge on the knee adduction moment in healthy male students
(Persian)]. Journal of Rehabilitation. 2012; 12(4):27-34.

[20] Parkes MJ, Maricar N, Lunt M, LaValley MP, Jones RK, Segal NA,
et al. Lateral wedge insoles as a conservative treatment for pain in
patients with medial knee osteoarthritis: A meta-analysis. Journal of
the American Medical Association. 2013; 310(7):722-30.

[21] Abdallah AA, Radwan AY. Biomechanical changes accompanying
unilateral and bilateral use of laterally wedged insoles with medial
arch supports in patients with medial knee osteoarthritis. Clinical
Biomechanics. 2011; 26(7):783-9.

[22] Nakajima K, Kakihana W, Nakagawa T, Mitomi H, Hikita A,
Suzuki R, et al. Addition of an arch support improves the biome-
chanical effect of a laterally wedged insole. Gait & Posture. 2009;
29(2):208-13.

[23] Levinger P, Menz HB, Fotoohabadi MR, Feller JA, Bartlett JR,
Bergman NR. Foot posture in people with medial compartment
knee osteoarthritis. Journal of Foot and Ankle Research. 2010;
3(1):29.

[24] Levinger P, Menz HB, Morrow AD, Feller JA, Bartlett JR, Berg-
man NR. Foot kinematics in people with medial compartment knee
osteoarthritis. Rheumatology. 2012; 51(12):2191-8.

[25] Reilly K, Barker K, Shamley D, Newman M, Oskrochi GR, Sandall
S.The role of footand ankle assessment of patients with lower limb
osteoarthritis. Physiotherapy. 2009; 95(3):164-9.

[26] Sasaki T, Yasuda K. Clinical evaluation of the treatment of osteo-
arthritic knees using a newly designed wedged insole. Clinical Or-
thopaedics and Related Research. 1987; 221:181-7.

[27] Franz JR, Dicharry J, Riley PO, Jackson K, Wilder RP, Kerrigan
DC. The influence of arch supports on knee torques relevant to
knee osteoarthritis. Medicine and Science in Sports and Exercise.
2008; 40(5):913-7.

[28] Skou ST, Hojgaard L, Simonsen OH. Customized foot insoles
have a positive effect on pain, function, and quality of life in patients
with medial knee osteoarthritis. Journal of the American Podiatric
Medical Association. 2013; 103(1):50-5.

[29] Schmalz T, Blumentritt S, Drewitz H, Freslier M. The influence
of sole wedges on frontal plane knee kinetics, in isolation and in

combination with representative rigid and semi-rigid ankle-foot-
orthoses. Clinical Biomechanics. 2006; 21(6):631-9.

[30] Gardner JK. Effects of Lateral Shoe Wedges and Toe-in Foot Pro-
gression Angles on the Biomechanics of Knee Osteoarthritis during
Stationary Cycling [PhD thesis]. Knoxville: University of Tennessee;
2013.

[31] Gibson K, Sayers SP, Minor MA. Measurement of varus/valgus
alighment in obese individuals with knee osteoarthritis. Arthritis care
& Research. 2010; 62(5):690-6.

[32] Brouwer GM, Tol AWV, Bergink AP, Belo JN, Bernsen RMD, Reij-
man M, et al. Association between valgus and varus alignment and
the development and progression of radiographic osteoarthritis of
the knee. Arthritis & Rheumatism. 2007; 56(4):1204-11.

[33] Redmond AC, Crosbie J, Ouvrier RA. Development and validation
of a novel rating system for scoring standing foot posture: the Foot
Posture Index. Clinical Biomechanics. 2006; 21(1):89-98.

[34] Russell EM, Hamill J. Lateral wedges decrease biomechanical risk
factors for knee osteoarthritis in obese women. Journal of Biome-
chanics. 2011; 44(12):2286-91.

[35] Shelburne KB, Torry MR, Steadman JR, Pandy MG. Effects of foot
orthoses and valgus bracing on the knee adduction moment and me-
dial joint load during gait. Clinical Biomechanics. 2008; 23(6):814-21.

[36] Shimada S, Kobayashi S, Wada M, Uchida K, Sasaki S, Kawahara
H, et al. Effects of disease severity on response to lateral wedged
shoe insole for medial compartment knee osteoarthrits. Archives of
Physical Medicine and Rehabilitation. 2006; 87(11):1436-41.

[37] Kakihana W] Akai M, Nakazawa I, Takashima T, Naito K, To-
rii S. Effects of laterally wedged insoles on knee and subtalar joint
moments. Archives of Physical Medicine and Rehabilitation. 2005;
86(7):1465-71.

[38] Kang JW, Park HS, Na CK, Park JW, Hong J, Lee SH. Immediate
coronal plane kinetic effects of novel lateral-offset sole shoes and
lateral-wedge insole shoes in healthy individuals. Orthopedics. 2013;
36(2)e165-¢71.

[39] Hinman RS, Bardin I, Simic M, Bennell KI.. Medial arch supports
do not significantly alter the knee adduction moment in people with
knee osteoarthritis. Osteoarthritis and Cartilage. 2012; 21(1):28-34.

[40] Yeh HC, Chen LE Hsu WC, Lu TW, Hsiech LE, Chen HL. Immedi-
ate efficacy of laterally-wedged insoles with arch support on walk-
ing in persons with bilateral medial knee osteoarthritis. Archives of
Physical Medicine and Rehabilitation. 2014; 95(12):2420-7.

[41] Sultan J, Chapman G, Jones R. The effect of lateral wedge insoles
on the asymptomatic knee of patients with medial compartment
knee osteoarthritis. Bone & Joint Journal Orthopaedic Proceedings
Supplement. 2013; 95(1):65-73.

[42] Jones RK, Zhang M, Laxton P, Findlow AH, Liu A. The bio-
mechanical effects of a new design of lateral wedge insole on the
knee and ankle duting walking. Human Movement Science. 2013;
32(4):596-604.

[43] Jones R, Chapman G, Parkes M, Forsythe L, Felson D. Does a re-
duction in knee loading constitute a reduction in pain when weating
lateral wedge insoles? Osteoarthritis and Cartilage. 2013; 21(1):S89-
$90.

AY




Y oylos . VY 0590 1YA0 L




