
CHAPTER 48

R{DIOLOGY AND BIOMECIIANICAL FOOT T\"ES
Dutal.l R. Green. D.P.ll.

Ilost even- ph\sicien txi<cs or. ordels r rx\s |) lis
pn.rice \IheL clo li:)or x rar-s tcll tolr2 fhcv nn\
denrofstrere fi.LcltLr.s ()l dislocati()r]s. pinpoinr
opeqLLe fi)relgn bodies. suggr-st vxious ilrthiri.les.
rcllect e \x cl\ ol svstemic diserses, shor, o\seous
lirctr\Lhs ()r lcsio$. ancl illlrstrfle vrl|iorLs ()s\e()lrs
rchrioiships \\,]ich help in oul' erahr:rtion of rh,::
p:]tho1()glcxl tbot tlpes.

DEFINITIONS

Angle afld tsase of cait
In otler to .olrpxre nnr rr.li()grxphs. rhere rnust
e:ist e st.lll.lar.l ()f cotnparis()n. The sramlald tirr
poclixl.\' his beonc the xnglc xod l)xse of sait
r.-r.L\-s. I The angle ol gla is rhc anxrunt thar c..rcL
f.rol .ic\irtes li.rm dle line ol prrgression The
norral r.lnge is ;.5'io l0'Thc bxse ()f gxit is the
disrence betneen rhe lrle.liel rnalle()1i cluflng gaiL
(Fig. 1).

Dorsoplantar (-AP/DP) X-Ray
Tire AP x aavs ire Ldken one xt a tiote. $.ith one
foot positione.l ()n the rrrr $_hlle the se.ond tbot
is placcd in tLe angle ancl basc o1 grir. Thr \re!
bexrn is 1t'frofl the l)erpcn.LLcr er an.l is dirccted
L()narcl rhe mi.lt.Lrsal iojnt. The parlent should l)e
f:rcinli i1r the cli.ecti.rn of progression r.hcn placed
i. the dngle an.L base of lJaiL If thc parienL is not
plxce.l in his .nglc rnd base of gelt. there cln bc i1

lxrge \ xrietio11 ir the osseots relaLi()nships
\ . ,r | . , . . rt I r. ',. .rl , i ,

Lateral X-Ray
\\'hcr t:lking x laterxl x-.xv, thc patienl is plecccL on
thc orrho p()se. sirnulnti]lg his or her anli]c an.l
bxsc oI gxlr Thc peti.nt ls direcLe.l to t]ce in tle
(llrcction ()f nornil plolaression of gxit The : rx\.
rr,i. r- ,.1 rnr or.. .
pirallel lo thc tilmi dre other f(Dt is placecl in fic
engle encl brse ol llxiL. A stancla.cl hteral $,eiqht-
i)exring x ra\ is tlken ()f each tirot in rLe anglc and
hxse .rf g.rit (liig. 2)

aigure I lris :h.n1 dr i..li.(tLLi litr rtr. tefi t.rr [r.itrl r r]r rnllc

Iigrr. r TL. .rngl. rr' gtr L n rhc irrL lrrh
lo...le\ L e\ t or Jr. fije 1)f rj!!r..sn ] ltre
ilht ldr i5 rp)!.nnin-lr _'ri\ULea tur r|i
lirre ol prg,lsj.n rh. bri. ,,1 Ftr L r dr.
.LLsrrr.r LlFr.n tlie,r irIn.ll..li durirg llir
T!i; n Ltfl)\nur.lr.ne in.L m this ptrrier



CHAPTIR .18 293

Standai:d Paraneters
When these standar.l lxlerxl anLl AP x rl1ys a.e
compared. cefleill pxremeters cxn be fo]los'ed. Thc
tiot can be di\ i.ie.l into dr|ee basic p'rrts re:ufbot.
midtoot rn.l forelirot. The relnti(ftl ps bet\\c.n
d1c valiorrs Pa(s of dle lboi nill tell r.ls 11()L ab()Lrl

the loot tr'pc. To c(nnpale the rclrtbnshlps oI
various pefs of the f(x)t, houe!er'. x'c nee.l
stlrndard refer-ences.

The reerfixrt is m:rcl.- up of the celcaneus ,lrlcl

dre trlus. The krngirrLdin:rl clircction of the rearfbot
is measrj.ed br a line rhxr pxsses Lhrolrgh the
bisectuon of thc postedor :lspcct ol dre calceneus.
xnLl pxsses thr.rr.rgh ihe anterior supe.ior me.lial
aspecr ot' thc cxlcxneus. This \\''il] give u\ Lhe

gene l .lirection of fie readoot (Flg. 3) i

Ptucticall) speaking, this cx.noi . \\,a,vs lt
rrcr- .l r.,,rr, t Al .,v '11.. I ^r i,f
esped of dre calcancr.N is often ()lriteratcd b,r- over-
dding tibia xnd iibr. a. Ho$-ever, the linc elso
prlxllels lhc cllstxl lxbeculer pxttem l1l the calcencrrs

(Luteral hrder of tbr: celcxneus).' \\e 1xl)el this linc
ll\c langitudi1t.tl bisecth/t oJ tht? irl^ra (reerlool).

TIis is dre refereice line shr)wirrg the gene l direc
.,n ol , r r(- L,t \. rl- '((r' J', lrl .l

The mldLor or lesscr tars;rl erer is macie up of
Ihe nrr\i.rrhr rhc three curcif()rr1s. :rnd fic cub()i.I.
lhe geiemi dirccliur ()f thc ni.lf()ot is mcrsu.ell
bl a line Lh:rt paslcs equi distxnt betrvecn rhe

talona\.1cr.r1er efiicL xtion and lhe first cuocifbrm_
illst mctatxlsill drticular xnal l)cfi\.een dle crlcencel
cubold x(iNlxtion ar(l the cuboid-fifth melaursal
arriculati.rn er.lu.Ling the st)-lojd Pr()cess of thc
fifih merat|lrsal. (Ilis lx$er ertictlhtion poiit is

verr, close to the lxtcrnl aspect of dre firurrh

'r,-'i,i .1,i, l-i. rp\ !i <'
sclentificaliy 1I1casurrble ]jne t() the gcnerel
di.ection ()f dre lcsser Ldrsus. To fnr.l tllc 1on8-

ituclinel .lirection of the lesscr rxl\r-rs, \\e slmPll'
drop e perpencLiculal l() dris line $1 ch is gi1'erlthe
lebc1 bn:qilLlLlilull bisectian tt lhe less?r t/,rrnLs.

This ljne is the reicren.e linc sho\\'in!! dle gcnerxl
dir.cdon of the lesser te$rl a.ea (lig. :i).

Iigfr. a LonUiLud rxl Bis..ii.n ol the Ti nh
(R..rloot. cLsnlu th. Lis..tiot is nersrni
lr x lire a..m rllc bisc.lor ol rlre t.st.i.r
rspe.r ,)l r...1..n!!! &d ptrses r.fg[ d1.
aniern nrt.dor mertirl tr\lie(i.l !...lr1neu!
clnri.lll-r. t s ,,n.. diifi.rlt to l..rLe rlie
bn.dnr oid,e t.r.ri.r ist..t olthe.trl,rn.!s
nu. b obl re arn"r b-r th. .rrc.nli,rij rlliir x.d
nbll. ,\ ntr t .ti.rl pl rlel slir.n.. Lin.
llraL n,irnns th..b.Ne releren(e lnr is oh..
use.l Tlis Llrc |rrrllelr dr. ht.ril rspcd ol lre
..I..n.u rn,l,LnLtrl .J.rtu'il t Lrc.ul] prrrenl
aiqrirns rlre s.rill.lGtil.rl.rf erl 1(nnlyl.l

!'igfr. 1. l.orgrLdnr.L tsiselrnin il .hc lesse
Trrnrs The ge.erxl rlnt,L,,i.i drc lesse. h $
ls neruei l)t i bre Ll,rI prsscs e.lrnlistur.c
betrv.en rlr. mcrlrl Lrl(niili.ulrr 1nL nrediil list
D,efurirsrl lirxL run.inrm lrlulitn$ a.a
l).m..n rfe ltrreril.ri..netrl,rlrni,ri.ulLil)r
iml llre (ulr lilih eutiral lLnuhln r.

.t.tLd,A tL! tttt,tt ?n\.6t nf ibe 5th
,arrrJrl lThe l1ie. . i.llrLon !.i ls r.,1
.l.se b thr l.Le Lrf..t ol rie lth nu.ursal
.dho ronL) '1. !.t r l,,nsitu.nrallr di e( rell
1.ldu.e llre, r t!1rtndndu ]s .lr1\ r k, i]]is
lcferrl l)n.. r ot Ll,e less.r tr^us
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Thc geneml dircction ()f thc lbref(xn is
dcrnonstratecl tr_v thc seconcl mctatrl.srl. Since thc
directi()n ()f cach indivicluel metatarsxl cxn be
veried (especixlly the first xnd fihh merxtarsxls), d1e
most clle cteristrc and lelst \.erhble metxteNrl is
dre seconcl l11ctatel.sirl. Thus. iI rve mcasure Lhe
directlon of rhe sec(md metatar'sal. rvc citn olrrain
the Slc[ere] .Lirecti.rn ol d1e forefdrt. The referencc
line lbr the forctbot is tire bi-\ectio of the sh.ii of
lhe secand meratdrsal (l'i,A. 5)-;

EVALUAIIONS AND REL{TIONSHIPS
OBTAINABLE FROM THE AP \'IE\I'T

Thcre is a lText dcd of infb..laticxt Lhxr cxn be
obtriDed fiom thc AP vien. tal<cn in Lhe xnglc ancl
base of 8eft (Table 1)

Table 1

EVAIUATIONS FROM THE AP VIEvr

1. ForelooL adllucnls angle
2. X{eratahus xclctrctus engle (Ftnglc s Aigle)
3. T,esser tarsus xbductus angle
4. Cuboicl abclucdon angle
5. l:rlocalcencal angle (Kite's Angle)
l. l'. r. cnr -rr .lr-i.L rr,.rn
7. tulctrta$us pdmtls edductus
8. "True" inte.metatars.l at1gle
9. 1st metxtarsal calcxnerl rngle

10 Halllrx ebcluctus rngle
11. Sesnrnoid position
12. Tlbial sesamoi.l 2nd mctetirsxl disrxnce

Figur. i ll;.{lon ol dr. S...nd llelarxrsrl Tlr.
gefeirl d re.tlon ol rhe foEloot is lrintr d l),v
bise.d,g rhe se(1)al nre trrrrstrl Tlre n.fuirsxl is
rcasfrd h) i lnr. tl[t Fss.s dr.ush ]he sh.h
bre.tnrn lust produl to th. rr.li ..d jr i d stal
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rigu e 6r F.Fiii (\ddu(Lus) Argle llrr r$e
ingle n,rn.d h.h\... tlr. ]n.initr (l)ise,rnr, ,,'
n'.ond neriursrl) r..l dr. n ..t (l.ngnudinil

rigu.e 6a 'll]is r4le de..r1s.s iLi ttrr:r.n a\
rh. a.r.for i|.lu.ts o. th. rerrln.r rd .rn
cr.n L..D . .. .Ld..t.n dgl. is i..r nr drG

l_1gnr 6N. \ 11 n r 
^eltil 

positio. T[is ]s
lsriLll\ slighrL) lcss thd thc mefurr,lus &tdu.us
rngle nr tr ..utrxl Jlbfulrr F,x ril),

Forefoot vs. Rearfoot
F.rrefoot \.s. rexrf()oL is d1e rclidonsbip bctx'ccn
thc fbrefoot :rnd dre read(xn (tatlsLLs) as meirslLrecl

by the ingle lbrnlcd b]. dre bisectiofl oI the second
etallrrsdl dncl rhe longltudlnal bise.ti(n ()f dle

tarius (read(nt). The nornral vrlrre is uncleLer

fllnecl. Thls relaLi.rnshQ is cellecl the firefix)t angle
xnd ls x posilionlrl anglc Since ihe foref(x)t is
usualh- adducte.l ()n fie rcxfoot, i! ls ()flen refene.l
to .Ls ttrc [arcti)()t Addu.]l?rs ,'1?r8le (Flgs. 6A 6B).1

This is r posirional angle. (In a neutral positror
x 1x,v. dlis is Lrsuell)- slightlv less d1an d1e 1lretelar
slrs edductus ,nEllc.) Thls xngle will vxry \\ ith
pIonxlion io.l supination 'lhe itngle decreases
\riLir pronxti(n as rhc lLref(x)t aliucts on the
rexfo()t. 'l he xngle incleascs $ilh supination xs lhe
forefoot eciclucts on the re fbot (Fig. 6C).1
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F gure l.{. i\lerIr, {s Adrln.tus $gl. Tlis is rn
rrgle tned beL\een rhe tnrtfoot (bisr.tior ol
i]]e s.()nd merrLr \rl) :nd rl,e n dni)l ll.rrg LL,

I nir []irn,i ,I ni; e\\;. h^ .l

Figr.e -C llin rfgl. (hrnEes rea liLLle if l
sr\rnrt..l or p.nir.d ao.t \ rtrr . I seen L\ rr,n

l'igrri ill I rtrr' nr i r.rrrdl,rirr,n rh'.ngle
ii !sfrll,t slighdr n!re Ll,rr rlre l..la,)
.rl.lu.n,s IllE n lre nerhl rlbtihr t.sid..

Forefoot vs. Midfoot
llorefoor !.s mi.lfoot is thc rclationship befi\'ecn dre
lirrefoot ard the lesser orsus aLs mcisurcd br
the bisection of the secood nlctatirrsaLl ,rnd thc
longlnldlnal bisection ()f dle lesser Lusus. Thc
nolmal virluc is 10" lo 2o'(x\erage 15"). Tlis is

cnllcd tbc Metat.trsdl AnglL, aLld is a strLL.llurl
anElle. Since dle fordbot is usuxlly adducled o11 d1e

midfbot. it is ofren rcfirrecl to as dre iletdlzar^
.lddltchLr A|tele (I.|gs. 7]\, 713).r Tlis is e structural
e1]gle. ln r neuLral posirion r.-rav, this is Lrslra11,\'

\lightlv more thxn the forefbor adducflrs nngle. This
angle ]s variable li(nn fturt to tbot but us-ra]lv
changcs vcn- litrle I\.]rh slrpinarioo and pronetion.l
Thc bony stnrctrues of fie foreloot are somelrrhat
osscousl_\' intcrlockcd (Fig.7C). Noter This angle is
probabl) the sinllle most lmp(nlxnt tLngle used in
.leremiiing rhe lansvcrsc plane tbot stnrctule
(aclcluctus vs. re.tlrs lbot Npc).
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rigfr a1 Ergl.s ,\ngle Th6 is x qnilt
csfiniti.,r ,.Lr.n.e . nie nreLaLlrus .rlilu.trrs
1nslc. Thir inglc is Lnn . ben\een llre r',) enrt
0,ise.!or ol thr >..oml mctia$il) r.1 ni.
l)ise,rx,n ,)l rhe r(1)nL.nn.nn,m

llgnr. 8C This r.gl. Nntu\ rhe nehr{,s
trdrlurlG and aLyr .hxn!.s 1.{ lirtl! riiri
t,r,ntrron 3nd sup,n.tion as shoqD br this

Figure rrll x r\ n Lhe neulll t.snnn. denn)n
si rng r 3.1 higher rgl. thrn dr m.uri$rs

E\gle's ADgfu is a quick estirnatbn ol rhc
rnetrrarsus ,dcluctus allgle Thc normal\duc is 18".

The at.Igle is fomed b,v thc biscction ot' fie 211d

nletaL,rrs.rl xnLl the longirudinsl bisection o[ d1e

sec()nLl cuneif()rn l)one. Ii is usurlly 3" ro .1"

degrees hlgher than the meratarsus adductus aflgle
'lhjs $-ill nrir.r. the meutarus x.ldLrcLus angie
(Flgs 8A 8C).'
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Fgur. rA lesse trrus Abdu.tts 1n1llE Thr is
trn u,gle ifl r.tl b.r\ei. rhe ,rn,Ll,ni (l.rgiLrd
n,lr,\e(ri,r.lni. e\\rrn^,,i ., rl,erc r(ni
(lLrngiirdlni bG..tun ol thc tisft

riiju e t(] 11, : rntsle Ln(..rs.s \ rlr p,)rrn)n Ls

rl.lnriitr rnd.jid]..r ibdu.t,,i rlre r.in..r
rs shon'n nl drn pr.mi.n n"r r rx_r.

n rlc !rLr po r n

Midfoot vs. Rearfoot
ilidf(x)t vs. rexf()ot is dle rclxlionshlp bet\\.een the
lcsscr txrsus end the rearloot ars mcesr.r.ed bl thc
l.rngituclinal biscction ()f the lesscr larsus iLrd thc
longituclinal Lriscction of the talsrls. This is cxllc.l
the l.e.\ir.r/ Ta$us lngle. Sioce lhe nidtbot is

usuellv ab.llrcrecl on rhe lexf(xrl. dis ls c2llccl thc
Lesset tdrsLts Ah.lu.tt.rs .1r.!1r (tigs. 9A, 9B).r This
angle is a positional anltle ancl rvill vary n'irh
subtelar jolnt pft)nxLir)nj ific.casing $_ith pronation
ar the rnl(ftxrsn1 ioinL dncl rbd[ct]on of the millfo()l
(Fig. 9C). This angle will .lecrcase \\jth sr.rplnxtlon
ot' thc subralar trinl xnd r.l.luction of the .ri(ltiDt.
This enllle is oot (on1m()nl) meesurcd. as the
relationship ber\\,ecn dre cuboid a1]d crlceneus is
e:1sier L.r meesure, and liivcs lr good indicatioo of
fliLlf(x)t n) rearf(Dt relationsht).

Relarionships benreen thc indl\-iduel bones
can pro\ridc .l greet Llerl oI iniirlmrtlon iLrout dre
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Iigur. 10A Cr b.id r!l)d!.ti,)f '\nsle lhis ".n.n!1. mcin .n h.N... th€ s-4fe l d e(Li,rr !1
Llre .uboal (h.(l bordcr trih..ul..) D.L r],e
dlo.L ([r,j(udinrl bise.rir ol i]rc tI:Is)

Ii!!( 104 This rngLe itrrer*s $iLlr |ondor
$ thc lolclnot .lLl tui.L.r rl)du.r ., r1r. etr
fdr rs shom h this pturitcd l..r \ ray

fisrk 1i)l -\ji] nr n.util pDsition

The a:ubatd ,+b{luctk)l ,]//.q/.e is xn estirnxt(rn
of the amormt of ab(luctl()n ()f the (rrboicL on
thc cirlceneus irs mcesrrrcd bl' the longitr(hral
bisection (or lateral bordcr) of $c cubolcl end rhc
longirudinal ;Lxis ol the c.lciucrN. Thc nofln.l
vxlue is 0 t() 5'. 'Ihe cdcencal rcferclce ]ine
remains the longltudinal aris ol the tarsus (reer
finx). This angle estjnxtes the amoLrnt of ab.lLrcti.n
of the .lidfbot on the rerrf()ot ancl mir(ns dle
lcsscr tr$LLs ibductris angle (Flgs. 1OA, 108).' lhis
ls r posili.rnal roglc. \,ith pronation of the
subuler loint afl.l rbduciLon .rf thc lirrctirot and

Llf(x)t on the rearl rr, thc cuboic] ,rbducrs.
increxslng this engle (fig. 10C). Nridl supinalion .r1'

fie sulrtalar trint encl adlluclion of the forefoor xn.l
midtoot on thc .eartbot, the cub()ld rd.LucLs.
,,.r,.r\:-q n-.r ';1. .r J.,.i ,.r ) .,rr. n!
crDoicl a.l.lucrus anllle
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FHrre ra LlllnrIrnetrl (r(iLe, angle |lrs tr
r rngLe a,trme,1 lreNeen tlie 1,ne(til,, ,)l dre
l1erd rnd .e.l .I r€ txlls Dd rle .il.tr..!r
(lorsitu.lin.l bisc.tion ol rh. tlrsusr lrn i

figu,e ll(l \liLl, trddu(Lil,r ,,t lre lrlLr i,l
pfunrril)r, Lhn rrgle ln1.e}er a\ Jxrln rr rlrLs

FigrE llB \ r) in r n.ltnl posirion

TbLt TdLocdlcdneal (Kite,..1r.9L, is an estima
don ol the anlount of divelgence ol dle c:rlcirncus
end rellrs. This anEllc is mexslrred belween d1e

hisecLi(n of Lhe head and neck of the txlus encl

](mgitudlnal xris of the cxlcxneus. The nomll
lahlc is 18". The cxlclrneus alrcadl hes e reference
linc rhc longitudinal aris of thc tarsris (rearfiD!)
(Figs. 11-{, l1l3).' N()te: Don't conhNc drls I!ith
thc lircr|rl telocxlcanexl rngle tlut is measulecl on
e weighl beerioll lateral r ra-v \'ie\\. This is n

positionai angle. With pronaln)n of d1e slrblalar

i()int :Lnd ad.lucLion ol thc rxlus. dre tel.rcalcaneal
xnglc increases (r'ig 11C) v'ith supin:ttion of the
srbtalar joint and abduction ol the trtlus, the trltr
cilcanc:1l :1n[i]c decrerses.-
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IigrF 12]\ Ire(emrge ,,i |rloraiculxr
Ad.uLd, This is i. esinnxri,nr ,,1rhe IE (enl
as. rhxr rhc hc.d ol th. iil|s.d.Llites |ith rl,e
mvi.ulxr. Thc nrolnt ol n i.uLr inioh rn
\!irn rhe rtrhN r en mrred The lronnt ot rral
rii. rflnulrni ri dre lierd is eslinrLerl. The
pcrcnt.g. .l xni.fLiti.m vern's dre Irutr 1)l'

itrlj lr.:a :, rrhin,n n,ilrh.ls n,.. , *nnii.,l

Fgure l.lC \Y'1lr arldu. j1 ol drc t?l$ nl
tr.firl,n, rlie I,{enrtrge .l Lalar l,e1rl
triri.uhtii .Lnnhish$, rs seer Ln Lhs p ,)ul.d

riglr. 128 ,ri ri1 nr lcutrl f.sitn)r

'l hL, 'lLtLtLdL"icular Corllzrrl is an estirnation
of llre amount tlul the head of thc talus aniculxrcs
\\'ith fie n:t1'ic lar. 'lhe nornal \reluc is >75". This is
dererrnlned b). th. a....r'r,"*" of eppirent afiifl er
surfucc *-hich is a(i('uhting \\1d1d1e trl\iclrLlr (Figs.

12A. 12B).'This is x positi(ne1 angle \\'ilh pronetiotl
of thc subtaLlr jojrlt and aclducti()n of lhe Lalus, the
percelrldge of rxhr hced xrticr.lhtion dnnlnishes.
\'ith slrpinxLi()n of the suLrtalxr joint ancl acldrl('ti()n
of the rxhrs, fie percentage ot' tahr hcad a(iculation
increases (F19. l2(l).
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me lleldta6us Ptimus A&luch.ts ArLgl" ]s tn
estimxli()n ()f the nmr)Lrnt ()f cleliation of the first
metelalisal frorn the rest ofthe fir.etbot as mcasrucd
by the bisection .rf drc fii'st rnctrlarsirl 3ncl rhe
bisection .rf thc sccood etatarsal. The nolmel
vxluc is 8" This is also refarre.l lo as dre lv1 (inter
mcatersal) angle (Iigs. 13A, 138).r'lhis is N)sth x
structlrrxl angle. (Ho\\'ever-, ln bunjonectonl
snrgerl', this cxn be recluce(1 a signiticant amount

lvith()ut osreot(nny coiection.) This xnglc increases
(subluxes) ]!-]rh rhe lack ol stabilit) of thc lst ra,v.

Thc 1sr ray snbiljw clepends on tlle stebilitl of thc
joints proxjllr3llv. Thus. r'ith unlockiflg of the
rnidt3rsal joinl dle first ra-v becornes unsteble,
rllo$ing the meLitlsrslLs prlmrN addr.lcnls angle
Lo increxse over ti e. Subluxatlor \\'il] allo*'
eclcluctlor .rf the first rxy and rhcrcfbrc incrcxse the
,' Jr r.. - lrir,,...r., r. r r. -rrg alIL

FLHure IJB llris rigle in.dscs (nr rluresl N Llr la(k,,l ntrl)il1r ,]a d,e
Ii$i ny, .1enrn,{rrte.l nr thG x nt

Igure IJA [jerrlarsus ]rnnus lddu(rrs,\ngle
(lfle meLaltr*rl 

^ngler 
This i: the rngle lonn.d

hch'c.n dr bis..rior ol rlr lisr ncfutasal xnd
ih. r.* ,rf rh. t.tr.nnn ars n.rsnre.l lrr nre
bls.rti.n .f nre se..nd,nerr trrstrl)
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Iignr.li\ Tfl,e lnrenfdttrtiFtrl lngl. IIL{ Tlais

.n!le mexsub rlre stu.irnl dcrixdon ot Lhe

lni( ,neLrLtr \:L lrm th. ddl..t llonliLrdiul
bi.e.Li,)n .a r. lcssr'r txNLs) flnus Lhe ronlr!
dud.l rlrc D.Ltr $tr trtld,(1us rgLc

Iilflc ]iC. Dilfe enr l..t \rith hg.r ctxtbus

Iilf1c lrH x n! .a i Lror \ rli I high mt.txr

The Tnrc tnlermctdtdl\dl An]fu OMA) is an
esdmation of the amornl ()f .leviation .rf the firt
merdtusrl fiom the nolmel nlidfoot. This lakcs into
xcc()unt the mctxrarsus xddrrctrN lngle. Thc oonrel
r'_xhre is B'. Siicc an-v inclcasc to the nelatersus
e(1duc[b angle incrcases the mc.lja] .lefidlion ol all
thc nlcterxls:I1s, the 2nd netatersal reference lific is

,.o l(\ ''<u rFri.r '' l'. r- r.r-
metalillsal angle eqlLals the mersu'ecl I\1-{ + in,v
incredse in thc nretllaNus aclductLLs rnglc oler tlle
norftr1 15 (Figs. 1.1A, 14ts).'

IIL{ = T\1A + (\L{A - Noroul 15)

Tlis ls a strllcnrral xoglc ancl $ i1l cl1anllc ver-ri

littlc \\''ith supioadon an.l plonxtion. lhis enEile

molc accrlrelel] eesrlr'es dle stnlcturll aaldlLctus

oI the lirst ra,v as it rclates Lo the tirot. It is 1t

clinicallv impoffant angle (fig. l4C).
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I gure 1)A. Irj U.t:ti$trl atrltrnerl rngle l isr
\IrLl:11,. Argler This rngl. m.srre\ rlre
de!iri,)r ,,l lre lilr oerIl$rl hii..rn r l;.n]
rh. ri rnn rldigirrn l r)se.1nn ot rhc rxrnrt

Higtr r l:a \1.n dr. Lft n lhted n, tr n.!L rl
ti,riril)n. rl,e l,n o.rr.rs.l fDrnred.r iIgll
IM tr..l itrlrigh fdrLr ntrxlnldus.ngl.rmr\
Lr...D. !.Drnte,l r\ l,e trr$ r.hr.sil
.rl.rn.xl rnllL' ii in.ris.d

f,su e lill l1,e \ u,Lunl dEditrl tuf neme,)1'
l ,l llld rlll,i,
ot tlf brctuoi xml mdrnot .r tlre ,elfoot nr .

reL:rtr \:l (rl,rnerl rngl.

'Ihe First Mettttrl]sttl-CdlcLitTedl h4:b (1sl
rrtet-calc engle) is xn esLlmdLi()n of Lhe trensverse
.lerixrion of thc I st rnerernrsal fr( )m ihe rearfbot. Thc
nor.nl vahLe is undctcrnined. This nkcs inro
xccou[t d1e stflrctuml rnctiltaaflrs addr.rcnls xnll]e
alld the positidul lbrelbot eclclrrcrr.ls engle (Figs.

1;A 158). ltris is a clidcal e\.rlurtiol1 of the
relx&)nshjp ()f rhe lsl meratarsrl ro the fo()L in a

compenseted p()siti()n Ilis is an ilnp()flxnt
el eluation. cspccixllv s-hen the pr<natecl foot is

conlollccl in a.iorc neutl".ll p()siij()n. This is x
sll-LlctrLrrl and positional xngle. 'flris xnglc \,i11
decrexse widr pronedon is drc fbrcfbot ebclucts on

I r. ..,r-t. , lt Ln. 1.r. \ . tur I ,

xs the finef(xr r.lducts on dre readoot (fig. 15C)
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Fgr.. 1,, HillUr AliL,.Lu\ {ngle rll!! This is the rnirle (mre.l
h.ttr... drc t,se.l.n,,l t1]. t)ri lPbalxnrln lrel[l]L\i.. tlf
rirc.rnrn.l rhe ant nrotxrs.L

Tbe ll.tlhlr Ahducllls Arglc is an eltinuLion ()1

the cleviati.rn of tle hallux .s nreasurell I)-v d1c

l()nglLudinrl biscctlon of lhe proximal phalan\ rncl
the blsecrioo of thc Urst meletarsrl (fig 16).' the
normal value is 15" 16'. lhis is .l conblned
s(ucnrrxl xn.l positionrl xng1e. Tlis angle $ill
incrc:1se in pr()potion to the em()unl ol eclchrcti()n

o[ the flrsr nretetr$tl. Cooscquentl]. e h]peflnobile
pr()natcd foot \\tich allo\\ s an increase in dle
rneLxlarsus pri us a.l.luctLLs iollle \\jll xlso ler.l to
xn increese.l ha11ur adclucLus anglc

The libidl Sesantui.l Po:iili.rr is an cslimeti(n o1'

the latcirl de\.ielion of the sesxmoids ln rclation r()

the fist mctatarsal hexd as .reasr.rred b) the rclition-
ship of the ribjal sesxmoicl rnd the bisecLion of lhe
tlrst merxrxrsrl (Iigs. l7A, 1lB). " Th]s is x combjncd
sffuc111r'el xod posilLonal xligftnent T|e sesxmoid.s

sho(. e releti|e hterel drilr NiLh the incicxsed nle.lixl
.(,r-tio ,l 'lr- ' " .'" '' 1," o.,'tr.
buii()n dctbnnlt! Nilh ilnv inc1easecl mctalerslrs
prlmlrs ,dductus angle ,ncl af increxsed IL\ airgle.

The T-Posirioll scxle is xs lollo$-s:
:1. lnlirc ribial sesemoi!:l is rnedi;1l lo dlc 1st

metetrrs,Ll bise.Lia)n
12. Larelrl rspect ()f d1e dbi l sesxnn)id is lxn
gentixl to fic nretatarsal bisector.
;J 'lhe lateml l/3 ofthe iiL)ixl sesanroid over
leps the bisector.

=4. The tibixl sesaNoid is centered over thc
biscctor.
:5. The mcclixl l,'3 of rhe ribixl sesrmoid over
laps the bisector.
-6. The nlediel ispcc! ()f the tibirl scsxrnoicl is
trngcntixl t() the biscctor.

=J. The entire til)ial scsanrold is lxterxl to thc
hisc.ior The normrl virlucs ele 1 itn.l 2

Lateral

r.t k 1-\ Tt r \.\Jtru n TI. r .
r.n,tr rhr 1,1 L.L! lsur !,.r't!h -L r

th. trrL n,ettrtir:xl !f r - t.slrlot n1l. =1 'ah.
er re il.lr ie"tr roi.l is nedrl b rhc Jirn
nEriuRL Lrne(r(,r 1:. Tlre lrt. l rslrc.i.lrl,.
ribi.ls.lrnoill bx.hfs lre lri!..t.rr =J 11,e ht
c(l I,J,) n!. ibr2l srsrmom .\eltrfs th.
bise( ir =a Thc ribrl:.:ir!(l is (entel.d ot.r

'11,. m.dill I I oI dt tibl.l
s.srmo .\enrps th. bise.t.r 'a The ne(lirL
asp..t ot Lt'e tiblil rei tr)i.l t.r.he! l]re liir..
i.n =; 'rlie.nrir. nLirlsrsrnonL tr Lr..rl b d].

r-,gur. 1lN.li i| iL.r{rnrrrn,ta ri Pntlnrn (,1
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Hrgu t ]a Tibi.l S*arnl)(lS..ond \lrtrrrrarl
I)i\trr.e (TSIIL, Tlji" i\ rnc p.4r...li.LLl.tr
disitrr.e r )illntut.li il.m Llre ne(lirl asp..a .l
d!. til)irl:*rn,,n b dr. bis.lrnr r)l Llre scron.

ngirtre 1tB P,\L!|criiilr r rr\ 1)lJ rlo!r! L.s.
(.!g. .ne,r,) nv irrrNd.l. br.nre( !,nr shon
rg rcrln{i.,r .l nr. l,rlllx ibin.rlLs .Lntle rht

,rLenn.tut.ril Dtjle. xnd drc ribiil ie\rtrn)tl
t.siLil)r lhe dLial s.sxnDnl !e(ond n.iftrr\il
di:t1n(e ,r,nrnrs rs:.ntirll\ !f(l,r rlcrl.

l_i!ur. 191 l(.trertr e r.r1 .l r hrll!.
.bifu.(rillns tl.D.rstrdrg dre lrrrr "rl,drdtrs rfgle, Llre ifte,merxtuul ingl.. rlre
tibirl rsrrtr)tl t,,! nn, rnd l,e !iLirl *rNr
s..oni m.utrsrl .Li{r..r

'lhe Tibidl Sesdtiioid 2nd Llcldtdlsdl Dindnce
aTsur) is thc pcrpcnclicular clistlnce in millinretcrs
fr(nn thc mcdiel bor.ler oI the ribial sesilnroid to the
blsector ol the 2nd fleLrLrl-sel (Fig. l8)." Tlis is e
strucaulel.listrnce.'lhe sesxmoicl eppxmtus is lin ,v

fi\c.l witl n the s()ft tisslre snucnrles of the phnlxr
aspecL ()f the foot. Anv chxnEae i1l the
relati()nshlp bct\\ccn thc lst mctatarsrl herd and the
sesxmold apparatrN is prinurih- the lesuh ()f m()!e-
ment ol thc lirst rnerertusal. The .lisLxnce bet$-een
the ribial sesamoid itnd the sec(mLl nretatels|rl
renuins fixe.l. In pe ()m rg hallltx abclucto \'. lans
su+te+ (blrni()nec(nn1r. the internrctatarsxl angle.
the hallur ebclucnrs nnglc and thc iibirl sesenroiLl
positir)n erc xll usrnllv rccluccd. Ilo\\eler Lhe tlbixl
sesxnlord 2nd rnctat:usrl distiucc remains rel:tiveh-
Lrn('hnngcd (figs. 19A. 19B)
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EVATUAfi ON AND REL{IIONSHIPS
OBTAIIIED FROM THE I-{TERA.L \'IEW

vt can x1s() obtah e grcat cleal ()f infomladon fiorn
the lateml \\eighthc,rring x-r'av \;ier!. Ldken in dlc
rnglc xnd bxse (]1 gart (TaLrle 2). lhe stan.lard
ueighr bearing leference is nlcasri.ed by x line
ti(nn rhe plaotarmost aspect oI dle calcaneus an.l
rhc 5rh meLdta]srl hcnd (Fig. 2o).rl

The a'.llLdnedl ItlclitL.ttbn ,4r.q/e is 3n

esrimadon of the pilch of the c:ricxneus es

neasurcd blr the line exrcnding fron fie pnrxim.rl

tJ"r r.(.1" ..r,'r. ' -ri
lnfedor rspcct of the cxlcanerl cr.rboi(1 jomi. 'lhis
line is conlpxred to lhe \\ cillht srrpporing
sufal]e.rr Tllis is prirnadh x slluclrLrirl angle In
gener:Ll, Lhis englc usr.re11y changes \el litllc io lhe
sagitrxl plaie \\'irh *-cighr-bexring prcnelion xnd
snpiratlon (ligs 21,\, 2lR). The normal is 2:i.5"

wirh a range of 18'to 30'
Notc: Thc plxnLxr condflc of lhe cel.aneus

rnal. beconre pronrinent \\ith invcrslon and ever
sion. 'lhis 1llay talselv appe]r lo chenge Lhe

calcnneal pilch Ln supinalion or P.onati()1].
IIor\'ever, the calceneal cub()id ioint does n()t

bccome significandy depressecl or elev.lrcd i!se1f.

'lhus, tllc calcanerl inclinati.rn angle LIePe[ds nlore
on the sagittal plxne relxtiooship of the forefoot lo
the readd)t dlan on pr(mation or stlpinxti( )n.i':

Table 2

EVAIUATIONS FROM THE
LAIER{L \AEW

Cxlcanerl inclif xtion xnglc
Till1r declin]tiof rngle
Lrtcril rxl()calcancxl nngle
ii l)v sign
(l\''nltr lil]c
1st rretatirrsal .leclifirtion xngle
Seiberg ln.lcx
T.iterxl lxlo 1st melatxrsal an81e

r nari.uhr clrrcifor hult)
9. ,rh rrelatx$al dcclination ansilc

10. Ileight ol the 1]aricular

1.

2

3.

5.

0.

tl

,l
,t'

.hrn!c' 1Nr.rr .leil, inrErs ng r'ith Pn,ntrrn r

Igur. ltB Sdtnrted llnn rr11. \ atrl.xn.al iftlinrrnrn ]n!lc
llr.ges v.( llnL. r Llr n,fnr. r B Trlal d..lnrLil,r trngl. .huses
qlit. i bit. ic. ersing Inh suP nrtn r D lre lrte ii..rl,trrerl
inglc.lvr.Lrnse\ tr gL.at.l€rl Je.Msnrll rvrh sLLfnrnrn

Iigfr 20 ArguL Eli.nslips !n t hrerrl \ tu! lnr. ab is thc Neigl{
slppon rg FleF... nciskd b! Ll,e I,lrniinn.{ aspc.r oi Llre .alt-.nens
r.n ihe i*, ni iinrsrl h.trd L re ,d is r. lin.lDm nre rn. i(tr nfed.r
ast,etl .I dr. .xl.ar{: r,, rhe rntoior .rp..r ot fie ! trl rneJ .uboi.l i.ri
l.nie eI is drc Lc€.Lor ,,1dr. Lod a.d .e(r 1,4 rhe nl$ nhi.h D.srs
eqlnLisa nur d.:rl trnd thniu nrrs I ol ihe irdo]lr tud .t Lrre

trhr [crl rn(] dlriiisttr nlm rL6rl ani th xr Nrqnrs .)1 Ll,e h[r
nc.,li I i ( r, totriml nlm lhe r In lhr mirgins A C.lQ real nr.ftrtrdon
.ngle B Lrlrl .L.L_lnudon rngle D Llr.I aL txl.ul( I r4l ingl€



308 CTL{PTIR 18

?es Ca\'1rs \\'ith I rigiLl focfa()L ()r. nletatal.sxl
cavus. a fi\ed plenter flerd.rn o1 fie folef(xX or
tletararsus ()n the rcxrf(xx, there $ill be a rellcx
buckling of the rcaf(x)t rhich *-ill ceusr an
increxscd calcancal in.linirtion :rnglc. \lo(lcrate

deforrniN is -ll'' to .io"i >.10" is considered ro be
seve.c defolmin. (Figs. 22A. 22B).,. Supinxrion
nl r., rri , tro |l r.1.,... !U n. g,

nol eher the crlcaneel incllnation engle sigmllcandv
(22C,221)).

ri,l!r 221 t)(,: tlt.nrn oarh.l..rj rh-- rnkle r. S.t rhe ar,thu.r.
nle l,eel on rs srn,e ,rnc r.ris.s rh.lrl.aferl lnrlinrdr r lte

Fi!u[ 221 ]es lir11r Rignl rftr L .lerl nrLior .t nje iretuor

Figu,! 22C. SufiriLe.t.xrxs (high rr.lr,fo.r figLre 22r) tuo.ir.| rrlus lh 8lr lr.h) loot
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Pes \r1g() Planus. With unlocking ()1 fie
rnldt.rrsal ioint ln the lateral c()1lrfln, llle ce]crneus
and thc tahls can su]rhrr plantarl-v as x Lrnit ()\er a

pcriod of time. Thls is ohen relerrerL to as

dorsiflcxior ol rhe fbretirt on thc realfoot.
Ilo\lever, in gcit. this suLrlr.l\etion occurs in stxncc,
as dre pull o[ d1e gastroso]cus conlplcx fbrccs ftc
rearfbo! inlo plxntar decli1]atiolr xs ir attempts to liJt
thc tbor and heel fr()nl the grruncl. 'lhe unhrking
oI the htcral colunn is most commonLv ceusecl b-v

ercessive pronerion ol thc srbrala. jo].t. Tlis leads
Lo l()\yering ol drc celcancal irclinetion angle bv
structural subluxalion.'r Sircc thc rcalf.rot is

st cturrlh, lowered, supifirdon fiom thc pronetcd

positjon \\-lll once rgdin not irller the cxlcaieej
inclinetion angle signiiicantlv (Iigs 2.JA-23O." l

Pes llanus is sinlp\, 2 low irchcd tb.rt. 1hi!
Io()r \\ill flrnction rn e nortul iashion i\'ilh a

ieulrxl restin!! sr:rncc positi(n .Aldloullh lhc )i rev
of this fix)t $ill lle\e ;r lo\\' cel,.xnerl inclinxlion
engle, the ren ning })orairctels ni11 be esselrtiell)
nor.rxl. A cxlc.Lne:Ll iflclinrlion .Lng1e ()f 10'_ Lo 18'
i. .orr.'e id r, \-'rr, ,' l.Lir l0 r . -r.
delblmiq (Ii[i 2:i). \oLe: Thc celcxneel inclinxtion
l1ngle is lxobeblv the single nlost i.lporlent angle
use.l in determllirxi the segitlal Pl.ln foot stmcture
(pes carus vs. pes planrls).

Figu'e zlA \irh unL,,.Lnrg.l dr. nidtxr.l ioinr,n $e Llt rl(,,1!trtr,,
d,e fulus rnd.xl.x..ns ..r Jlrur |L rlny:s r unir 1^r. r l!ri..L .l

rlgrr 2lB tr l.rn (irl(inerlin.lnutn)n ingle ir re.n nr drG Lronxled

Figrre 2lC Th..xl.rncrl i,r.linrLior trfgle rnlins ldr is dris a.d n f_gure 2,i l,n fes tlrfs fo,r lt::L l.^t.r!.ar.ll trl.lmL!f Lnsle

rs I re{. in n.Ltil nin.c |os I (tr,
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'l/.)e T.][ar Declifiatian;7/.qL, ]s xn cstiutxri().
of the pl.ntxr ilexnrn ol rhe telus as 1[easur.ed
be6\-ccn the l)isectl.rn ol the heaci ancl neck of thc
Lahrs xnd dle \1.eight srLpp()rting surl:ce measuj.ccl
bv the phntarnosr aspcct of the cirlcaneus and 5th
rreretarsal hee(l Thc hisecrion ol the heed of the
talus is measurcd bv blsectirlg lhe dorsal rnLl
plantxr erricul slrdxce .rf d1e tilxr hcacl The txlxr
neclr is LrisecLe.l at e lcvcl 1.5 centirncteN f()rn thc
dorsel afiiclrlxr su'facc en.l 1.5 ccntimeter! ft.ro1
fic phntar articriiar slfxce of thc talar head. The
lioc connectjng thcse e(luj(listent p()ints ts the
bisection of thc hea.l xnd neck ()f thc ialus :

Nomrxl ls 2 l'
'lhis xirgle increescs (ie. ii.reascd plrnrxr

fle-rion of the tdllrs) in subrxlxr prooaLi()1l.
,-r .i r,.r,r., irl. lrr (\,-.
Lhe perpcndicLrlxr. This angle clccrerses (ie.
illcrcnsed dorsifiexjon ol Lhe txlrrs) h slrbtelxr
supinirriol].'_'r N.rrnrallv. the cxtcnsion ()l fic
bisecdon ()f thc head ancl neck of tlle txlus passes
through thc lst metatrrsel h.:ad io neuLrxl position
(Iigs.20,21,{.218).

The Ldlerdl ldlocalcdnedl Angle (Lar TCA) is
en estinlate of rhe xm.runt of divergeoce in the
txlr.ls xnd the .rlcanetls on d1e lareral .adiogrxph.
'fhis angle is fomred bv the 1()n8irudinal bise(nrn
of rhe hee.l ancl ncck o[ rhe ta]us iutd the cxlcnneal
pitch. The calcencrl pitch xl.redv hes x refelcrlcr-
line, x llnc cxren.liig fr.rm the plxntxr suficc oI
the calcxncus to Lhe nntc or inled()r aspect oI the
calcaneal cub()icl loint'

This argle cnn bc meesure.l on the laterxl
rirdiograph (n-can lr calculetecl fronr rhe calcaneel
inclinxLi()n anglc and dle trlar dcclination angle.
The lateral txlocalcaneel nnglc c.lurls the srim
of the cxlcanexl in.llnation anllle xnd the olar
.leclinerion xngle (La!-TCA = CIA -'lDA). Since rhe
(]:llcancal inclination itnglc ancl Lhe trler dcclinrdon
angles e.c lreasured xgalnsr a com ()n linc (the
$eighl bceriflg slr lce). cach rrxke! irn angle \\ith
fiis bes.line. thus. a triengle is formed lhe
nomrl is .ii' (rlnge .i0" 50').

A triangle = 180'
Tf thc calceneel inclination angle (CLd)= A
l,l . rl l-. oll ny '1.\=B
Ard the re.rxining angle of thc riangle = C
r -. , \r\ L,\,p, -='\n
(CIA)A + (TDA)B: 180' C

A stmighr linc = 180"
lf thc lareral Lrloca.lcenerl arlilc al.{l fCA) = D
.drd dre rrouining irgle of dtc strxight linc = C

Then: (I.AT TC,\)D + C = 180' ..

(LAT TCA)D = 180" C

Since (CIA)A + (TDl)ts = 180 C
Arcl (I-AT TCA)D = 1l'10" C an.l
C is the idcnticrl r[g]e in borh equatioN

Then, (I-.{T TCA)I) = (CIA).{ + rlDAlll
(lrigs. 20, 2l 

^. 
218)

The latcr|rl tel.rcalcrieel tLngle is x positional
angle. Almost .rll ()1 the sagittxl plane motio[ f(]r

is arglc cones fIom Lhe telar motion 
_ \\lilh

proration oI lhe sulrt:LI:Lr ioint, drc telsr .leclinxlion
xnlllc increxses. thrs inclcirsing the lateral
talocalcanexl xnglc. \I'ith supilltion of dre subta]er
ioint xn.l clolsillcxion oI rhe txlus, the teler dccli1]lr
licn angle dccrt':rscs, end thus thc leterdl
ralocxlcxneal anElle decreases.'lhis englc chxnges
quite a bjl \\'ith pronation and supirl1iio..'_'

nre C)rna linc is an estimari()n ot' s.gital
plxne .clirionship oI dle rw'(] iexrfixrt bones the
c:Llcaneus ancl the l1tllrs. es nexsurccl br dle
relationship ol rhe talona\iclrlx. rl1lculstion to e
cal(nncal cuhoi.l erticLrlxti()n.r Norn.lllv. d1e line
fo(ncd by dre txlonxvlculer and cilcineal cub()id
joint sufeccs forms a gentle "S" cufl,e (Iigs. 25A
258) A l)r()lren c,vllrx linc mcel1s dlese surf;Lces arc
11Ol Contllluorrs.

\\''irh subtalar joinr pronlrLi(n, thc telus
adllr.icts, ,rllo$ing rhe lxreml silhouette of drc Ldus
L() be olorc plo iflenL dnLl "appe[s" to move ante
dorl,v il1 reldd()n t() the cal('xneus. \'he1l tlre
talore|iculer xriculxti()n is antedor to the celcanexl
cuboid a cuhtion. it is knon-n es :rn anteliol breek
in the cvn:L llne (Fig. 2iC).

\\'ith subral.r joint supinirion, rhe talrrs
abLlll(]S, illo\\'ing rhc talar silholr--tte to beconc
less longituclinel an.l "appea$" lo rn()\re postcliol
in relllion to Lhe Clrlcxneus. \\'hen thc txlonaviclr
lar arricuhrion is posted()r t() fie calcanc,rl cuboid
arliculition, iL is knonn:ts e postclior break in the
qrrra line.:rl

Kirbls SlgD is a sign ol maxilnlrrl p.ou.Ltiol
ol the suLrteler joinr and occu$ [-hen thc leaclir,g
uxll of the postedor faceL of rhe lahls occlu.les Lhe
slnus trlsi xnd abuts fie calcenexl tloor of the sinus
clnal.(Pcrsonal (l)ixrunicxti()n. Kcvin Iiirby. 1987)
'fhis is a p()sit()nal xnSlc (Fig.25C)

,{s the tahN rdducts end planrar fle\es. drc
lceding *-a11 ol thc posrcrior i:rcet ()f the talus
loLares tirm-xrd, until it is stoppecl lrr. the bonl
cdlcxncirl floor o[ d1e sinus Larsi. Thus. the sinus
lursi is occluded. xnd the tl1us .xn rdatc no flrflher
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FHure ?iA The iaml l,ne ,5 a reftle S' .!rr. rnm.i trr drc t.L.D
iri.rlf..d .rLnderl .ub.ii .ntr s!ltr(es lri: nnnrl\ o!.u^
*l].n th. loor n in ..LErl st n.. t.si ,l

15rriB\r.

Iilulc 2iai iTopl In. p,oflted td xrlr. r|e tuLntri.ul1, r,i,n
rfpefi n,!.rr ftft trnLen(tr rlu tl]e (rl.rrerl.ul.nlj(,-a, rs the

lrreiLl :illtrrLefe l)l tle alL: L)e..m.s mre tl.min..t thG .r.at.s.n
rnre , br.l i. th. ._rni lnr.. Th. Lat.r:L n]ll ol ihc po$.iior

+ Kirbr silif tBotor) l,r 1 n,F nlred nxr \ 1y. A [,e Lrl,r trtrdll]\,
Lhe Lllonr\.ulrr j,,in rtFrrs mnh rnft Ilxleri,tr rt,rr the
,rl(rnerl .uli,)iJ jl,nt. is r€ tuhr silhol.ft. h...!rs l.ss ldrs
itudrirl dris.reites r to{.rnrrbrcrk nrdr..nu Lr Thc l.t.1xlell
ol dr po$crior $Ltil.r Fnn rotres bld!a.d, !f(!ve. ns $e si,nh
t.is1 .ru!i,rg r r.,r l)l:ief rrd orndeC sinrs rrh 1) Bulld H,)le
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fislr. 2aA Tie li.n nrerar*rl d..lilttnrn .n!LL- G G dre FL ,r
rr p beBcen drc bis.dn r .l re ai nreLrLrul d.l rhc ncigln
slt,t)lfLng n,i(e (ri) Th. Lxt.r:L r.b li.{ nerrLtr srl dllc is
n.rrlrl lenreer Llre |ise.l0n ot th. h.in d. ...1.4 nre hlrr trf(l
drc bls.. r! .l the 1si n,eartrarl rF)

Hisu e 2(u Pron.tcd irot r{r Thc rLr merltr&l rl..lhxtion .n!1.

rhc p.si e dft,ri,n rs rl,. rtrlus:isnili.r l) flrnrxnle\es iFl

Figure l6a SrIr rired t,r, \ ;r Tlre i! ocratxNl fc.lnr.ftD.ngl.
i..rcisr:;ornenhri (H) L'he ljetul :rL I lt n€rd.rsxl.n!lc ino!.s.s
nr drc ..g.d. .Lir..drn trs tle ullr d.cilleres s H| t (anLlv (I)

for\.nrd. As thc telus adducts alld Llorsiflexes. the
lcrding s'all o[ the posredor facet of the tahrs
rotates back$xIds, widelling the ent|ance of the
sinrN tirlsi. \rid1 sillliIicant supinati(n. the sintN
tarsi rrer crn eppear open rn.l r()unded. Thjs is
rcf.rred to as a "BLr1let Hole" (sinus rarsi)
(Iig. 25C) i l

Tbe Fifs! tllLttdL.ltsd.l Declinatian Anglc is all
esdmirioo .rf dle pLanter dcclinetion o[ the lsL
nretxLxrsxl as mexsrn'ed bcfi\:een the bisecli()n of
lhe lst metatarsirl xnd rhe weighL slrpp(nting
sln'fxcc, (as mersuled hv the plxntxrrnost aspect of
rhc celcaneus a1ld Lhe 5th metararsal hcad) (Fig.
2arA).i l]is is x c() bhecl posrtionxl and stlLrclural
angle Vith pronation, drls anlllc dccrcases to the

cncl ml]ge of clorsiilerion evxihble, alrd \\,ith
supinitri.n. this xngle in.reeses to en.l rdnge of
plantar fleriion, unless dre Libialis onteriol' is ;Lctile
ao.l .l(nsifle:rinJl the firsr Iev segment (Figs. 268,
26ar) ,,

7"be Ldterdl T.ib lst lletatdr;dl Afi!:le ]s lhe
relalionship bct$'ccn the lst r:Ll'segmenl xnd the
talus. as mcasucd bcm:ccn the bisection of thc 1st

nrcratrrsrl and the biscction of thc hcxd nnd
ncclt .)1 dle talus. This enlilc js e \'.cry rmpofiirnr
in.licaror of re fi1st \ .1nd fbrefbot stabiliti
(fig.26A).'

A negative lelo 1st netata$rl anllle (ie.pldnrdr
fleion of the lsr ra_v ()n fie talonariclrlar segment).
ir.li.xtes stnblll1l ()f the 1st ray in dle I()reibot.
There is oftcn thc dorsal pr()ninen.e ()f lhe lst
nrctxtarsal cuoejlbfin a.ca (Flg. 26Il).

A posid!e txlo 1sr metatarsal angle (ie
.lorsrfle\ioir ()f the 1sr ra,v on lhe talarnavLcrl:u
segnenl) in.licxtes instabilih' ol thc 1sr ra,v. Thcrc
is often a .()n.aviLv in d1l: rcgion of rhe lst
cuoeifonn navicular rre:1 termecl i1 J'iat)icular
Ctotei/arnt jrtrult (Flg. 26C). 'llris is d .oflbined
strucnlral .llld positional angle.

\:irh pronrdon of rhc sulrtalar joint, rhc tlrst
r-e)' do$ifle\es if modon is r|aihblc at d1e fifir ray.
The talrr elld the na|iclrhr segnlents plantarflex.
\Yi supinaLion of lhe slrbralar joinr. dre fi^L ray
plenlaifleres n) en.1 rrnge oI motioi evaileble
(rrnless the riblalis enterior is rlclivel,v dorsiflening
the tirst ra1 sc[iircnt). The talar and navicular
sellnlcnts dorsifl en.r'



CHAPTER i8 3]3

n)e Seiberg lrxbx ls the nlcasurelnent ()f Llre

saliftal plare relrti()nshlp of thc lifst merrtx$rl L()

the secon.l rnetarersxl. Thc pelpencliculxr Llistnnce
fnrm the dorsunr of thc se.ond metatxrsal shati
L() the do.srlnr .rf thc lst metatarsal sheti.
epproxillrxlch' 15 cm ftorn lts adculnr brsc ls
rnexsu.ed in nillimeters Next, the pc.pcndicular
clistxnae lroltr Lhe d()rsurn of thc sccond lnetata$xl
sheft ro Lhe.l()rsurn oIthc lst nlctrtarsal sl itllthe
lsr rnetrtelsxl nccl( lcvcl, iust ploliinul Lo the head,
is .rcastrcd in millimelers. 'Ihe pr()rin l measure
rnent is suLrtlrctccL liom the .lisu1 nersurernent t.l
obrxin lhc Scibclg Index (l'ig. 27A).'i 'fhis is
prLmirih a stnrcrural ergle, hut ma\- chnn!{c solne

r:1l \\'ith pro[ation xncl sr.rpinxtion. A

plentarflr:rcd lirsr Ia1' ('an be x stnrmrel (ldi)min
()r e hrnctioDxl positi.rnxl srete. in \\hifh thc frsr
mclatirlsel is phttar ilcxc.L rnorc t1llln thc second
mclirtelsxl. The alistrnce ol tha more proximel mex
suremeit is greaLer thdn the distal mexsure ent
The cllfference is expressed its e negxtive mrmbe.
lb1' the Seihrg hrdex (r'is 278).

A lletatL! rst I s Piin1l I s LleL)a1! l.t s (do.sifl exc(l
lst rir,v) cllr bc a tir,.'cl st1ar.-rurxl .lefi)rnrin. o. a

functi.rtal posirionrl stxte in \\hich thc lst
.rct:ltrrsal is elcvetcd rnorc then thc .lnd
.1ctamrsil. The dislencc of thc morc proximrl
rllcirsLrlelnent is less d1an dlc clistirl mcasurement.
The tlifference is elipresse.l as a posirile 1]l:mber
lor Lhe Selberg ln.ler (ligs. 2lC. 2lD).

IigiF lr]\ Seilrerg rfder i\ i srBnral mernL enerL ot llre.e1Jrnnshitl
.a !. ft{ m.rtrii$rl b dr. s...r.L ,eilrtul Llre |)e pen(lrul1
rlilrxnre lronr rhc doNm .i rh. s..onn ndir.rsil ar thr n.NUn .l
rl,e fi ndrLlr, \hrtL ",ne.ntrerl,Lrh.tu{ nlt.tx$rl n .!i lnn 1I

il
sLbrx.red lr.d rlie .Li{trI .reIur enr r) Si\. rl,e ritreqj Inle\

HiHu e l-(. v Llr r neLdrhus |rnlus .l.rrirs. th. S.ir.rg li..r is

Irgur. 2lB Eith r Lrl.ntrr rlerlitred ht ri) rl,e Seibe.g lrdr\ ir

figrr. 2;D Tle Srih.rg Iidcx.h.n!cs Ler LLlle n1lh {,|nrlrnrr rra
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Iigfr 25A.IifLh rr.rarrrsil d..[rxdon.ogle T],e angl..r.rsnr.s thc
klnn.nshif l,etrleen tlt ri*.tion .l rlre aiith m.tiurxl 1nn rht

rig!ft 238. H.ighr ol llre ntrri.f lxr Thn li |ighr nr a Pe! (r\u: l..t
ind Loncr in x pc! pltrrus L.t.Tbe i lri .r.trtiEll dea nrLtrm rngl.

.rc.s.i nnh p 1) rnra (.1crsin.al..t The farnuL. Ldi.rr Fith

Ii!!,! l3a Tl1c inh lreLtri.rFil .c.Lritlon lrgle d..I.rscs $ith
n,pifulnr (iflniilf .l l().I) Th. n.r i.ulr r eler rles i irh nr pnrxrnrn

7he 5th f,Ict.]ta$Lll Declirtdtian Alryle A al:,

estlmati()n oI thc plenlar de.linadon ol the 5th
rnctatxlsal as nlaxsureal bcN-een the biscctlon ()f

tllc 5th melatxrs.l :tnd lhc xeiglll suppo(lng
surl;cc. The n'eight supporil1!! surface is meesurecl

I)y the pl|lrtalln()sL rspcct ()f the celceneus and thc
5rh meirtelsrl (Fig 28A). This is x c(nnbincd
shrcLlr l rnd positional engle. \irith prorlrtioi. fiis
angle increases xs r\eight is shilted moe h) fie
mcdiel columr (cversion of the lbrcf.r.rt) (!ig.
2|ts) \Yith srjpin;llron, this xngle decreascs as re

lir.rr is .olle.l morc ()nlo the ldtelrl column
(inrersion of fie for(:t.or) (lig. 28C).'l

Tbe |leight o[ LLe N.tlicrld/ is xn eslinition of
the heigllr ol the xdr bv measurinli the dista[ce of
the pLxntarnosl a\pect of the oa\i(allar ftom thc
-,! -- l"rrn_.,rt....11,. n.!,r r. T,.
cx\.11s tbot xn.l lo\\:cr in a pcs ple1lus fbot (Fig. 28,{).

Thc heighl dccreases wjth the elersion of tlre
miclfbor \\'ith eliccssive micllarsal pt.rnxlion (fig
28B). The heighl iocreeses with dle invetsion ofthe
n .lfoot s'irh supinaaion (lig. 28C).' Slrblu-\rtions
er0ggerare thcse findinEls.
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