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Abstract

Background: Pes cavus (High-arch foot) was rarely found in outpatient department. There was usually
diagnosed by history taking and physical examination and combined weight-bearing film. Anywise, diagnosis
of pes cavus was still no gold standard and tool for screening. Recently, one study was published about
Staheli index in Harris mat footprint for screening flatfoot in population. The aim of this study is finding
Staheli index cut-off for screening, help diagnosis pes cavus and looking for correlation between clinical
diagnosis, calcaneal pitch angle and lateral Meary’s angle. Objective: To study correlation between
sensitivity, specificity of weight-bearing film and Staheli index from Harris mat footprint by compared
Calcaneal pitch angle, Lateral Meary’s angle and Staheli index for diagnosis of cavus foot. Method: 143
participants were included in this study, examined by Foot - Ankle specialist and diagnosed. Afterward They
were sent to X-ray department for shooting both feet weight-bearing film in AP, Lateral and oblique. Then,
participants were printed their foot by digital footprint at equipment department. Calcaneal pitch angle and
lateral Meary’s angle were measured by Foot - ankle specialist and concealed. Staheli index was measured
from footprint by research resident. The data were concealed from each other and calculated statistically.
Result: Calcaneal pitch angle and lateral Meary’s angle were very poor (r = =0.793, p-value = .001) and not
correlated with Staheli index (r = =0.096, p-value = .110) consecutively. The cut-off point of ROC curve for
diagnosis pes cavus is at 0.5865 when sensitivity and sensitivity are suitable. (Sensitivity = 73.33%; 95%Cl:
58.06, 85.40, Specificity = 50.22%; 95%Cl: 43.59, 56.84). The accuracy is 53.99%. Conclusion: Calcaneal pitch
angle and Lateral Meary’s angle were poor correlated with staheli index. Clinical diagnosis was still highest
reliable tools for diagnosis. The cut-off point of screening pes cavus is 0.5865 by Staheli index method with
highest sensitivity (73.33%).
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UNAQYD

pivae: mydadelsawlndudagduendenis
U IANTI9919N8NAETEN wazaenNTINLNTLTE
Tuviwshasinin Wevsznaunisiteds egndlsfia
nsidadelsavnlnedshifimsguidaeu uasdslid
i3eafledniuldlunisasradansesngulsawinlas
fs1v91unislénminsiiueauumgnususiiie
fndnsidan Staheli index iitelilunisdansosfie
TsAwhuuu gauszasivesmAdeduifesnamdandiy
Staheli index Awngauiotiglunisdansedlsailns
Wisuigudunisitdadenieadin, yu calcaneal
pitch angle waz lateral Meary’s angle Tunnionaise
eNEENGE Wednw sensitivity, specificity 041713
fofidudnasdiluhanimn Wisuileufudndan
Staheli index NwNUAMALN footprint Taen1sldyy
calcaneal pitch angle, lateral Meary’s angle luns
Wiguiileu dulin9idadenian1sdnuseifuaznsig
Sameveaunng fLieivaiunsidingiuazdei
Ju gold standard waziitevndnau Staheliindex et
lumsitadeuazannsasnizinlis 35015 enanadns
143 ﬂuﬁLsﬁﬂmqms%léf%’uLﬁuﬁagaﬁugm, FnUsLIR
LALATININNBINUNNEEL 1T YR Un ST
uazdiawin uazdnenmisnionesgvinluvinasiniing
a0 ntuunmgUszathuazthenaatasluiums
fasinwiaiusunnegunsallasmthiuunne
gunsaliidnglumsldgunsaiiedosin nmeneisdas
anuIRY calcaneal pitch angle uag lateral Meary’s
angle Inefirmaiunsindawinuaz e damam
furivinazgnumnindnsndiu Staheli index lngunmng
szt TeyaasgnunTadsiuuasiu wasisndun
MANUFNTUSN9EDA wa: Y calcaneal pitch angle
wae lateral Meary’s angle Srmuduiusluszdusun
(r = -0.793, p-value = .001) wazlinuanudunus (v
= -0.096, p-value = .110) Audns1du Staheli index
muay afinres ROC curve tiletaslun1sidads
winlrsludnsidau Staheli index agil 0.5865 Lilo
A sensitivity kag specificity ﬁmmmmzamﬁqﬂ
(sensitivity = 73.33%, 95%Cl: 58.06, 85.40, specificity =

50.22%, 95%Cl: 43.59, 56.84) n15uUSeuLngUIol
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fAnuaiugn (accuracy) 53.99% a3U: 30 calcaneal
pitch angle way lateral Meary’s angle fiAuELNUS
sdlewieuiunislddndinu Staheliindex, M53dadema
nddnflanuudeiiogefian uaznslidndiu Stahell
index Tunmianivnifiaadn 0.5865 anunsaviunld
Annseagtheifinnewhlnuiesaind sensitivity 7igs
fign (73.33%) Wiodnnsesuazdwiofieivgiiofuns
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AENAEY: WIS, LONBLSEH, WAL

unun
AnuddvastyuaznITUNIUITIUN I
Aeatos (Background and Literature review)
Harris Mat Footprint W39 AR Harris
mat LfJumwﬁfuw‘ﬁLLammsqmaaﬁ’mﬁﬂmauﬁw
YuzBu viowiu WeUiuenn1snszaefiveusinad
fin Usslewiiftensiadeuunaztedtadeanufinund
A1a 9 vaan' Tulaglulisenuidednsldusunum
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Index)? ieteidadennziuwuy’ Tneflasnsidiu
ana 0.77 Tunisraeiiadelsawmnuuu uenwileanlsa
wihuwuuwds Tsawilne (pes cavus) Fuduaruiaunf
d

adruvesdurtusunsety gnunanldlugdis
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psasenedunan Saufunsldnniusienatsdwn
Iuviﬂﬁuaﬂﬁmﬁ'ﬂ WAz calcaneal pitch angle™ !
Usenauny agralsiny n1sidadelsainlnadenadl
AUARIALAROY MINUNNGERTIVIAUTEAUNT 0
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NN
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Wesnnludinsinanugsdaunfidugada (cut-off)

Adpiau ma;ﬁ%’aﬁmmﬁmﬁ ulglunsmauduNuS
sendragiewilnsiudnsdinanaanuaunniia
footprint WazyNINAIMBNLLIEV wazdegigly
msnsAansesthelsawiliwaswnuullumensauriu
jaana:d5n1s
(Material and Method)
TnssmAdeliumssusesmniivssgunaznssuns
35351 Tsameuanvitenaadasidisiy
mATeazifunmmaiiununiiisuoneeslsUind
Tsswegnuianedd Inefiudeyaiugiu WWun e ong
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Talar-first metatarsal angle IﬂﬂéL%ﬂ?‘lﬁﬁ@ﬁﬂUﬂﬁﬂhﬁﬂ
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$19718) vesfiBervgiumsidarnuazdewindy
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1. fnTinengsening 15-80 U
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3. fithswannsnduldiiua lideady
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rheumatoid arthritis, diabetic foot, spinal stenosis,
nerve entrapment w308y 9 ﬁﬁﬂﬁgﬂmmﬁ%ﬁmmm
NAUNR
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6. UheUfsiinTiunsidy

n1353a38 calcaneal pitch angle 4370 film
foot weight- bearing lateral view
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calcaneus (Line E1-E2) yhsuy idufiarnanssliisiiu

v
| °

soft tissue shadow w84 hindfoot Lﬁaagﬂumaqumﬁﬂ
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(Line P)' AnuUnfiegf 15-20 aarn uazazifdadeilui

Tnadlewnndn 25 asrn® 213 (Fig.1A)
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§Ul"i 1 A. UU calcaneal pitch angle,
B. UU Talo-fist metatarsal angle (Meary’s angle),
C. 90s1ddu Staheli index

msi’ﬂgu Talar-first metatarsal angle %39
Meary’s angle 9a31n film foot weight- bearing
lateral view

Salnsasraduiianndu longitudinal axis ves
talus (Line B1-B2) vhyufuiduiiaindu longitudinal
axis Y84 first metatarsal bone (Line C1-C2) L‘fﬁJuanaJ Afo
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991> 1 (Fig.1B)
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metatarsal angle
N15ALATIENTYANINENR (statistical analysis)
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Wi (Spearman’s correlation) AINN1INILAUAIVD
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Inglusunsu SPSS version 17.0

Wa (Results)
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Stahell Index
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Calcaneal pitch angle
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Tugunuenanatinsie 143 au (276 i) ﬁ@ﬁﬁmﬁﬂm
fildsunisnsnidadsnnunmdiidermgiuniseinda
Whuazdawinegtey 1 419 37 518 (25.87%) NN
#3unsnafiduonuisdifiedayu calcaneal pitch
angle Wag lateral Meary’s angle LagRuUMYINTULHURLN
\fio¥nen Staheli index

91015197 2 wanslffiuauduiussening
dndlu Staheli index AU 313 calcaneal pitch angle way
lateral Meary’s angle wu11 dadau Staheli index Wag
33 calcaneal pitch angle finnuduiuslussausun
(r = —0.793, p-value = .001) (fig.2A) uag liwumau
duiusszninsdndau Staheli index AU lateral Meray’s
angle (r = -0.096, p-value = .110) (fig.2B)
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sUn 2 A. AUAUWUSS:KI0UU Calcaneal pitch angle 11a: 9asidouyoL

aana (Staheli index), B. ADWEAUWUSS:KI1OUU Talo-Fist metatarsal angle (Meary's angle)

na:das1dduyovannad (Staheli index)

dlothnsidademeerdinveddsawilnadu cold
standard W3suLiisunu nsindadiu Staheli index
NUI sensitivity, specificity 73.33%, 50.22% uag
A1 positive predictive value Wag negative predictive
value 18uA 22.30% wag 90.62% Muasiu (15797 3,
5U7 3) uans ROC curve 484 Staheli index W3suiien
fiu NIfaderan1eerdlin Yednlun1sIdadelsawinlng

99NN173A Staheli index (cut-off point) &A1 0.5865
Lﬁlaﬁﬂ sensitivity Wag specificity ﬁmmmmzamﬁ?jﬂ
(sensitivity = 73.33%; 95%Cl: 58.06, 85.40 , specificity
= 50.22% ; 95%Cl: 43.59, 56.84) nMsWIBULieUAa
fimuusugn (accuracy) 53.99 % #udiléns ROC
311 0.68 (95%Cl: 0.589, 0.771)
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ROC Curve
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C“
- Specificity
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Diagonal segments are produced by ties

AUC =0.680 (95% CI =0.589 - 0.771)

Cut-off Staheli index = 0.5865

§U|"i 3 ROC curve yov Staheli index

IJSguUINgUNU NISJTUPAYWaNIvAalN

ewSeuitsunasld eold standard 1du
calcaneal pitch angle uag lateral Meary’s angle
Aluyy Staheli index wda wud1 N15lY calcaneal
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(sensitivity = 68.27% ; 95%Cl: 58.42, 77.05 , specificity
=50.58% ; 95%Cl: 42.87, 58.28) A3 13411 (accuracy)
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(sensitivity = 58.38% ; 95%Cl: 50.66, 65.81 , specificity
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(137971 5, U7 5) ety ileiSeuiflouseninnsitedy
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10U calcaneal pitch angle nun1sdadadou
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AUC =0.552 (95% CI =0.481 - 0.622)
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a1s10A 1 Joyaus:sInsyovonanalns

Total asj'l\;gjefj“; - Toal ML)
(n=143) (n=37) (n=106) p-value
n % n % n %
Age (y) -

<20 1 0.7% 1 2.7% 0 0%

20-29 a4 30.7% 16.3% 38 35.8%

30-39 24 16.8% 24.3% 15 14.2%

40-49 26 18.2% 10 27.0% 16 15.1%

50-59 39 27.3% 10 27.0% 29 27.4%

60-69 7 4.9% 0 0% 7 6.6%

> 70 2 1.4% 1 2.7% 1 0.9%

Mean=SD 40.95+13.48 41.46+12.00 40.77+14.01 775"

Sex .029*

Male 39 27.3% 5 13.5% 34 32.1%

Female 104 72.7% 32 86.5% 72 67.9%

Yot (kg), mean+SD 65.66+14.63 63.47+12.23 66.02+15.36 293"
duga (m), mean=SD 1.61+0.09 1.59+0.08 1.62+0.09 1387
BMI (kg/m?) 437

<185 7 4.9% 1 2.7% 6 5.6%

18.5-24.9 79 55.2% 23 62.1% 56 52.8%

25-29.9 35 24.5% 6 16.3% 29 27.4%

> 30 22 15.4% 7 18.9% 15 14.2%

Mean+SD 25.12+4.77 24.98+4.70 25.17+4.81 840"

1IN -

Talleivineu 9 6.3% 1 2.7% 8 7.6%

waitu 4.2% 1 2.7% 4.7%

Suane 24 16.8% 4 10.8% 20 18.9%

WAE WeUA 19 13.3% 1 2.7% 18 17.0%

Susrvnis/eenila 83 58.0% 29 78.4% 54 50.9%

HnSeu/AnAne 2 1.4% 1 2.7% 1 0.9%

Underlying disease .566

No 103 72.0% 28 75.7% 75 70.8%

Yes 40 28.0% 9 24.3% 31 29.2%
Hypertension 18 12.6% 7 18.9% 11 10.4%
Dyslipidemia 6 4.2% 0 0% 6 5.6%

Diabetes 5 3.5% 1 2.7% il 3.8%
cencer 2 1.4% 0 0% 2 1.9%
Bu 9 9 6.3% 1 2.7% 8 7.6%

p-value from chi-square test, T = p-value from independent t-test, * significant at the .05 level
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Q15107 2 AUEUWUS (correlation) DINNNSIAMWIKUNUWAIESE Staheli index 1US8UIRSUAUINUNW
1DNBISIINMMEuINNNSIQYU calcaneal pitch angle ﬁuu 25-30° 11a: YU Talar-first metatarsal angle (Meary’s
angle) laglgArduUs:ansarauwusiuuailesiuu (Spearman’s rank correlation coefficient)

Staheli index _ .
StQUADIUANWUS
r p-value
Calcaneal pitch index -0.193 .001* FEAUFIUIN
Lateral Meary angle -0.096 110 laidunus

* correlation is significant

a5 3 1USsUIRsuNs3TodeNvAaTnuovlsAIRTAY NMsIadasidiuaana (Staheli index)

Detection Diagnosis
method Total Sensitivity Specificity PPV NPV Accuracy
Staheli index Positive Negative (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)
at 0.5865
Stai < 0.5865 33 115 148 73.33% 50.22% 22.30% 90.62% 53.99%
Positive (58.06,85.40)  (4359,56.84)  (18.74,26.31)  (85.41,94.10)  (47.91,59.98)
Stai > 0.5865 12 116 128
Negative
Total 45 231 276

aNs0A 4 IUS8UIREUNS3TURdeIlald gold standard 10U calcaneal pitch angle fiunis3adadou Staheli
index fulspiMmInv

Detection CPA
method Total Sensitivity Specificity PPV NPV Accuracy
Staheliindex  pgsitive Negative (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)
at 0.5965
Stai < 0.5965 71 85 156 68.27% 50.58% 45.51% 72.50% 57.25%
Positive (58.42, 77.05)  (42.87,58.28) (40.61, 50.50) (65.73, 78.38) (51.18, 63.16)
Stai > 0.5965 33 87 120
Negative
Total 104 172 276

CPA = Calcaneal pitch angle
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s 5 1URYUIRIUNSIURAYILDIS gold standard 10U
TulsAinlrvo

lateral Meary’s angle nuMsJadadou Staheli index

Detection LMA
method Total Sensitivity Specificity PPV NPV Accuracy
Staheli index Positive Negative (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)
at 0.5900
Stai < 0.5900 101 50 152 58.38% 51.46% 66.89% 42.40% 55.80%
Positive (50.66,65.81)  (41.40,61.42) (61.49,71.88) (36.26,48.78)  (49.72,61.75)
Stai > 0.5900 72 53 124
Negative
Total 173 103 276

LMA = lateral Meary’s angle

J91sal (Discussion)
nsafiadewinlndlutagiudelddl gold standard
fifoau Finsendeiinsianeeddadundn wasnis
fosionaisganiiduviluiasimdnits calcaneal
pitch angle way lateral Meary’s angle (lateral
talo-first metatarsal angle) \ieteUsznaun1sitade

Ayt i

N135919899 NN sAnwRudlaldyy lateral

y a6 G4 = a U o
Meary’s angle NWAULDNYLILLUTYUNFUNUNITIN
Staheli index a1 WAL Harris mat footproint tiveae
TumsAnnsesUefivihuuy’ faduiinnvesmideiull
71 Staheli index azanunsaldilu gunsallunisinnses
U1 ::{'al v 1 1 ::1' 1 [ s q' a
AdrendnzwinlieneunvzdluSumsienaL oy
lavsaly

yuenaLsenannsaltlunmswinlnalafe talo-fitst
metatarsal angle, calcaneal pitch, talo-navicular
coverage, talo-calcaneal inclination, wag AP
talo-calcaneal angle uiyunfealduas nlauiugiign
A talo-fitst metatarsal angle, calcaneal pitchf”lz’13

IneneneuANUELRUsYeILY calcaneal pitch
angle way lateral Meary’s angle LLé"JWUimuﬁﬂaadﬁ
ANMUFLTUSSEAUANINLaY lduuSAuNIIR Staheli
index (r = -0.793, -0.096) MUAPU 81992LUDINIIN
wiwgunsallunisnaivagaeilauenasdiininuyy
TawiAurai 18 NUBIUSEINTHARLAY LALLINUNT
A o 1 a 12 Y A M Y &
Avhnsanenmasulunuisvasntng tlladuau
WReNNuInNIsnasd Ise1ainANUAaAaaulun1sane
Ale N1senfeItadenemannIedlanudususuInnIn

ANsNaLenLsed Tunanuitedull

A58 ROC curve Wieldnsifadenianain
U1 gold standard wuan ﬁﬁ;@ﬁ@ Staheli index WAy
0.5865 9%l sensitivity ua specificity g4fign (73.33%,
50.22%) Faenaanansalugadnd wildlums screening
gafanumdululafiordnnasinlae wazdelun

>Ce e

Wemaylavinn1sitadesiely dldnsinyuenaise

ee

14 calcaneal pitch angle waz lateral Meary’s angle
\Ju gold standard 1figuriu Staheli index wuin N5l
calcaneal pitch angle l¥3nfinuas Staheli index
7l 0.5965 \ilaen sensitivity uay specificity g4gn
(68.27%, 50.58%) waz ANLLLIUEN (accuracy) = 57.25%
waziiiold lateral Meary’s angle \Ju gold standard §
ﬁ;@ﬁmﬁ 0.5900 il sensitivity waz specificity Wuzay
fian (58.38%, 51.46%) Asusiugniian 55.80% Ffon
nimsitadensedin SsfusuFosnuduiusvos
NI AUN WAL TUT9AY
ToyaNNIsANYINUI wldnuazneadlinuag
n15911 foot mapping WAYIAMETS Staheliindex 98Ut
U high arch foot ianuamaenisdliidianudusiudiu
Faordnaniledevatsegnatu Staheli index 9l
arunideialenfuorgtictoiu’ Tumsfinwadull
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