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Fetus development
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e LLimb formation

* Digit formation
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Fetus development -

human embryo : 4 weeks : standupgirl.com
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Scott H Kozin
Shriners Hospital for Children Philadel phia

J Pediatr Orthop 30: S31 2010

signaling centers
AER proximal distally
ZPA, anteroposterior pre — post axial
signaling molecule Is the sonic hedgehog protein
Wingless type center (Wnt) dorsoventral
devel opment
Hox and T-box genes



Embryology of congenital differences
proximal to distal development
AER Apical Ectodermal Ridge

( thickened layer of ectoderm)

Hox and T-box genes
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* AITOYZIA tufjpoatog ( emunkng n eykdpota) ( teAkn 1) €yyug)
* YITEPAPIOMO tpunpa ( moAuSaktuAio)

* BA&PBn AIAXQPIZMOY ( cuvSaktulia 1) Staywptopdg cleft)
* Atctapoyn METEGOYY T'yovTiopoc pokpodakTuAiot — Bpdyuvon

* Altapoyeg oxnpatoc (poaifoirmonodia, kdBetog actpdyciog, TPM,
KotAomodio, kAm)
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CLASSIFICATION

* Absence of part failure of formation

longitudinal Or transverse TERMINAL DEFICIENCIES ~ INTERCALARY DEFICIENCIES

There are no unaffected parts distal to Middle portion of imb is deficient but
and in lne with the deficient portion proximal and distal portions are present

terminal or intercalary

* Polydactyly el

BABAXIAL THANSVERSE BABAXIAL
: 2 Dodect oﬂ::h \,'nr-xvmacly Only ™o proaxal o Entire cortral portion Sogmaontal abaence of
nCcross ontire width postaxial port 1\ 1 Amb abso J :
* Failure of separation syndactyly cleft s -l R L)
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* Over Under Growth gigantism hypoplasia 2 Q
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* Unclassified constriction band syndrome
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Evkapola amovoia TUAUOTOC

* Avoyépela fadiong ?
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Toes aplasia




Normal ? feet
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Absent ray with normal development of the leg
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Proximal deficiency with foot deformity
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Proximal deficiency with foot deformity




Emipunkng ammouvoio aktivog
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Fibular hemimelia
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ibular hemimelia
treatment for the plantigrate of the foot




ibular hemimelia
braces for ambulation
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girl with normal rays
ilizarov treatment




Fibu emimelia
girl with normal rays
ilizarov treatment
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treatment with llizarov

1 y

Eageing e 2



— : . : . . e

A A A A AN, L N P PN AT P P A P 3 G
T N P e e R i et T
A A I A A A B ¥ L g - A

Bpayuvon pe amouoia aktivoc N 6.




/@xuvon te-amovote-aktivoc N Byps




P —  Three ray foot
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four ray foot prenatal duiyamgn'('jsis
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four ray foot




Longitudinal deficiency
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Al0papPTIEC KVAMNG

e qaTrAacia -uttoTTAagia Kvnung
e Jones classification
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e ATTOYZIA tunfjpoatog ( emunkng i eykapoio) ( teAkn) 1} eyyvQ)
* YITEPAPIOMO tunpa ( roAvdoktuirio)

* BA&PBn AIAXQPIZMOY ( cuvSaktulia 1) Staywptopdg cleft)
* Atctapoyn METEGOYY T'yovTiopoc pokpodakTuAiot — Bpdyuvon

* Altapoyeg oxnpatoc (poaifoirmonodia, kdBetog actpdyciog, TPM,
KotAomodio, kAm)



upernumerary toes
Polydactyly bilateral post axial




* Supernumerary toes or metatarsals
e Bilateral or unilateral

e PRE POST axial

* Syndrome

* Watanabe classification ( medial or central or lateral ray, level of
duplication)



P —Polydactyly . =

Watanabe classification ( central or lateral ray, level of duplication)

1992 May;89(5):856-77.
Polydactyly of the foot: an analysis of 265 cases and a morphological
classification.

1
) b


http://www.ncbi.nlm.nih.gov/pubmed/1561258
http://www.ncbi.nlm.nih.gov/pubmed?term=Watanabe%20H%5bAuthor%5d&cauthor=true&cauthor_uid=1561258
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujita%20S%5bAuthor%5d&cauthor=true&cauthor_uid=1561258
http://www.ncbi.nlm.nih.gov/pubmed?term=Oka%20I%5bAuthor%5d&cauthor=true&cauthor_uid=1561258

> — Polydactyly

: : : 5
S b b iis 04
0 qs Sfg  Qbg = ¢

Arch Plast Surg. May 2013; 40(3): 232-237.
Published online May 16, 2013. doi: New
Classification of Polydactyly of the Foot on the
Basis of Syndactylism, Axis Deviation, and
Metatarsal Extent of Extra Digit

Hyo Hyun Seok, Ji Ung Park, and Sung Tack Kwon
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Bilateral polydactyly, PRE axial e

~_— surgical treatment




Mpolydactyly

Choosing appropriate ray for excision




ilateral polydactyly
family predisposing




Bilateral polydactyly /

and syndactyly preaxial
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Types of post axial
polydactyly




=
EOw | nDsS

AT S fwwy

| Types of post
polydactyly 2




Types of post axia
polydactyly 3



s

Post axial polydactyly bilateral tzim 1







hamartoma
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Polydactyly hand and feet

* archond



Polydactyly hand and feet

* archond




Polydactyly hand and feet

archond




Polydactyly hand and feet

* archond
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Polydactyly feet bilateral and hand

e Elaf1
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Polydactyly feet bilateral and hand

Elaf 2 & ' i
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Inappropriate surgical correction




Treatment options ?




Foot extra polydactyly
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Polydactyly, mirror foot, dorsal and plantar view
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Polydactyly dorsal and plantar view
fina







Foot extra polydactyly
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Extrapolydactyly surgical treatment
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/Pmlydactyly, 7 toes,

tarsal bones duplication




Surgical treatment




L L P A PO Pt = e N A NN RN AR AN, AR
Ry e L ey R A AN AN, A

re axial polydactyly, 7 toes,

arsal bones duplication. Final result




Mirror foot

e Verghese R, Shah H, Rebello G, Joseph B (2007) Pre-axial mirror polydactyly associated with
tibial deficiency: a study of the patterns of skeletal anomalies of the foot and leg. ] Child Orthop
1:49-547.

e Skoll PJ, Silfen R, Hudson DA, Bloch CE (2000) Mirror foot. Plast Reconstr Surg 105:2086-2088

e Hersh JH, Dela Cruz TV, Pietrantoni M, von Drasek-Ascher G, Turnquest MA, Yacoub OA et al

(1995) Mirror image duplication of the hands and feet: report of a sporadic case with multiple
congenital anomalies. Am | Med Genet 59:341-345



Mirror foot

* There is no universal agreement on what constitutes a mirror foot . While some
authors consider mirror foot as any foot with mirror-image polydactyly, others
believe that mirror duplication of all the skeletal elements of the foot on the
tibial aspect must be present to fulfill the criteria for diagnosing a mirror foot.
We suggest that feet with supernumerary rays situated pre-axially (i.e., medial to
the first ray) but with characteristics of post-axial toes be considered as mirror
feet.




Mirror foot

* With respect to terminology, the descriptive terms ‘mirror foot’ and
‘diplopodia’ do not adequately describe the embryological defect. Diplopodia
simply suggests that the foot is duplicated, and the supernumerary toes need
not be mirror duplication.



Foot polydactyly













Mixed polydactylyAnitiptistiaicaselofaipatient with seven—toed feet.
Kapetanos GA

Cliing OlrLLpQ RelatRes: 1984 Jur (186) 220-3


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kapetanos%20GA%22%5bAuthor%5d&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kapetanos%20GA%22%5bAuthor%5d&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22El-Shazly%20M%22%5bAuthor%5d&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

Mirror foot




*16.7 mm (2D)
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2011 Jun;31(4):435-47. The spectrum of preaxial
polydactyly of the foot.

) b

Polydactyly is a common congenital anomaly of the foot classified as
preaxial, central, or postaxial depending on the location of the duplic

ation. Approximately 15% of all duplications of the toes are preaxial

RESULTS:

There were 21 patients (28 feet) including 11 male and 10 female subjects.
Duplications were bilateral in 7 patients and unilateral in 14. The average
age at surgery was 1.8 years (range: 0.8 to 4.6 y).


http://www.ncbi.nlm.nih.gov/pubmed/21572282
http://www.ncbi.nlm.nih.gov/pubmed?term=Belthur%20MV%5bAuthor%5d&cauthor=true&cauthor_uid=21572282
http://www.ncbi.nlm.nih.gov/pubmed?term=Linton%20JL%5bAuthor%5d&cauthor=true&cauthor_uid=21572282
http://www.ncbi.nlm.nih.gov/pubmed?term=Barnes%20DA%5bAuthor%5d&cauthor=true&cauthor_uid=21572282

2011 Jun;31(4):435-47. The spectrum of preaxial
polydactyly of the foot.

1
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According to the Watanabe classification, the distal phalangeal type
occurred in 4 feet, the proximal phalangeal type in 10 feet, the metatarsal
type in 10 feet, the tarsal type in 2 feet, a combined tarsal and metatarsal
type in 1 foot, and a mirror type in 1 foot. All patients had associated
anomalies in the affected feet. Congenital hallux varus was the most
common associated anomaly (20 feet)


http://www.ncbi.nlm.nih.gov/pubmed/21572282
http://www.ncbi.nlm.nih.gov/pubmed?term=Belthur%20MV%5bAuthor%5d&cauthor=true&cauthor_uid=21572282
http://www.ncbi.nlm.nih.gov/pubmed?term=Linton%20JL%5bAuthor%5d&cauthor=true&cauthor_uid=21572282
http://www.ncbi.nlm.nih.gov/pubmed?term=Barnes%20DA%5bAuthor%5d&cauthor=true&cauthor_uid=21572282

2011 Jun;31(4):435-47. The spectrum of preaxial
polydactyly of the foot.
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Clinical outcomes after the initial surgery were excellent in 8 feet, good in
15 feet, and poor in 5 feet.


http://www.ncbi.nlm.nih.gov/pubmed/21572282
http://www.ncbi.nlm.nih.gov/pubmed?term=Belthur%20MV%5bAuthor%5d&cauthor=true&cauthor_uid=21572282
http://www.ncbi.nlm.nih.gov/pubmed?term=Linton%20JL%5bAuthor%5d&cauthor=true&cauthor_uid=21572282
http://www.ncbi.nlm.nih.gov/pubmed?term=Barnes%20DA%5bAuthor%5d&cauthor=true&cauthor_uid=21572282

P Animals polydactyly

. normally have five digits on the front paws and
four on the rear. have more, and this
is a moderately common condition, especially in
certain cat populations.

* Polydactyly was believed to be common in the
, the number of digits settling to
the common five on each foot in and four
to the hand and five to the foot in in
the early



http://en.wikipedia.org/wiki/Cat
http://en.wikipedia.org/wiki/Polydactyl_cat
http://en.wikipedia.org/wiki/Ichthyostegalia
http://en.wikipedia.org/wiki/Amniotes
http://en.wikipedia.org/wiki/Amphibians
http://en.wikipedia.org/wiki/Carboniferous







(1088) by features the character
who has a duplicate middle finger on his left hand. This
physical anomaly was never portrayed in the

In Dostoyevsky's the son of Grigory Vasilievich
Kutuzov and Marfa Ignatyevna is born with six fingers. Devastated by the
abnormal features of the baby, Grigory is reluctant to have it baptized
calling the baby "a confusion of nature."


http://en.wikipedia.org/wiki/The_Silence_of_the_Lambs_(novel)
http://en.wikipedia.org/wiki/Thomas_Harris
http://en.wikipedia.org/wiki/Hannibal_Lecter
http://en.wikipedia.org/wiki/The_Silence_of_the_Lambs_(film)
http://en.wikipedia.org/wiki/The_Brothers_Karamazov

lead vocalist of English rock band Oasis, extra toe
, former Queen of England, was rumoured to have six fingers on one hand.
, boxing champion, has 6 toes on his right foot
's third wife reportedly had six toes on her right foo


http://en.wikipedia.org/wiki/Liam_Gallagher
http://en.wikipedia.org/wiki/Anne_Boleyn
http://en.wikipedia.org/wiki/Danny_Garc%C3%ADa_(boxer)
http://en.wikipedia.org/wiki/Danny_Garc%C3%ADa_(boxer)
http://en.wikipedia.org/wiki/Mao_Tse-tung
http://en.wikipedia.org/wiki/Jiang_Qing
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polydactyly oligodactyly

* Spectrum of deformities

* Syndrome

* Growth

* inheritance

* Plantigrade foot

* SHOE WEAR

* SURGICAL MANAGEMENT




/M

TA=ZINOMH2H

o Al

° Y]

[IOYZIA turuatog ( empnkng 1 €yKapoio) ( teAkn) 1} eyyvQ)
[EPAPI®OMO tunua ( moAvdoktuAic)
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KotAomodio, kAm)
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Bilateral syndactyly Apert










 SYNAAKTYAIA auo®ntikd mpdBAnuo




Cleft foot




Cleft foot and CTEV




are the mirror of t

entral lesion feet
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* ATIOYZIA tunpatog ( emunkng 1 eykapola) ( teAxn) 1) gyyuQ)

* YITEPAPIOMO tpunpa ( moAuSaktuAio)

* BA&PBn AIAXQPIZMOY ( cuvSaktulia 1) Staywptopdg cleft)

* Avcrapoyn METEQOYY TiyovTiopo¢ HOKPOSAKTUAIX —
Bpdyuvvon

* Alatapoyeg oxnpatoc (poufoirmonodia, kdBetog actpdyaiog, TPM,
KotAomodio, kA)
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Gigantism of the foot, lipo neuro matosis
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——— Gigantism of the foot, lipo neuro matosis 2

Congenital gigantism of the foot

N LALIOTIS
L inhas Gewernt |

Summary

Congenital gigantism of the ool is & vare disorder ity which there is

three-dimensional enlargement of the foot arek soes, affecting all
[sstes. We prosent oar case and the surgical treatmend we provided

width of the foot to enabis

Removal of & ray 1s vsaental 10 reduce t

normal shoe weas, The pathogenesis remativ. ankpown

Keywords: gigantism, foor, chilkdren
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Gigantism of the foot, lipo neuro matosis 2 15 yrs later
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macrodactyly
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[lyovTiopoc nodov




[lyovtiopoc modov (2)
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Short metatarsal
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Constriction band syndrome




e

Constriction band

syndrome
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CLASSIFICATION

* Absence of part failure of formation
longitudinal or transverse
terminal or intercalary

* Polydactyly

* Failure of separation syndactyly cleft

e Over Under Growth gigantism hypoplasia

* Malformation CTEYV, Vertical talus, CMV,

toes abnormalities

* Unclassified constriction band syndrome
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® BaBOeid Seppatikn mruyn avwBev tng mrepvag- vmAn B€on
TITEPVOC

® AgPUATIKN TITUYT] OTO £€0W X€IAOC TOU MOS0V

® YNHOVTIKT) TPOCAYWYT] KO UTTTIAOIOC OTO TTOOL

e Kotromodix
e ' BAOMOY XPIII
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Avtipetwriton HE KAewotn dtatoun axtAAELlou




CTEV conservative — Ponseti method
surgical treatment




CTEV classification system

120

EEXQT
Touoc 57, (31:120-127, 2006

KAvikn aZioadyncn tng paipoinnonodiac

N. AAAIQTHE

OpBoNMBIKAS XEIROUPYOS

EAR. Etaipeio Npootaoiag kar Anokatdotaons Avanfpwy Maidwv EAEMAT, eocafoyikn

NEPIAHWH

NapouciaZoups HEB0SO agioAdynong NG BapuTNTac
TNC ouYYEVOUC paiBoinnonodiac (ZPIN). NepiRappavo-
vtal 112 veoyva kai Bpéen pe IPIN, and ta onoia ta 31
£iXaV OUPOTEPONAEUPN NPOCBOAN. NPOKEITAI VIO PEBOSO
KANVIKAC 0EIOAGYNONG VIO TNV NAPAUOPPKION NOU aYopa
sTov oniceio kai noboero nébo XapaxtnpiZoupe Bapeia

ALK — fim A Arumfisng nalAae

VAPANKEC KOl CUCTNPATKO E151KG NPOYPOUIC QOKACEWY Ta
BpEEn Kal OTOV 30-40 UAVA EYIVE EXTIHNON TNC EEEAIENC
ka1l VEQ BaBPOAGYNON Twv Naidiv, 00a BPEpn NapEUE!-
vav og ¥ BaBpoy IPIN avOHETWNIOBNKAY XEIPOUPYIKA.
BewPNOaYE NARPN ANOKATAOTAON TNV OPGEA TWV BPEPWV
NoU NETUXAV CUVINENTIKG va £XOUV KprThpia a BaBuou
EPIN. WE pOXIaia EKTAON TNC NOSOKVNUIKAC GV Twv 15
{iE OUYXpOVN SIGRBWON TNE POIBETNTOG TG MTépVac. 000
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TeAko amoteAeopa y BaBuou 2PIM



TeAwko amoteAeopa eTepONAsLPNC patBourmonodiog
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[ BaOpoo ZPIM




ongenital valgus feet
common benign condition




Vertical talus
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VVERTICAL TALUS

Congenitalicomvex pes valgus
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VERTICAL TALUS - kaBetoc aotpayaAoc

® YTTAVIX GUYYEVTC OLOUXPTIO
* BAawootnta kot trmomodio 6tov omic01o moda

* [Ipométela TG KEDUATC TOU AOTPAYXAOU GTO
£0w X€lA0C TOU TOSL0V

* Poytado €€qpOpnpa tov okadoeldoug

i
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pr__—Vertical talus xray







RTICAL TALUS newborn



Hamanishi classification

* CNS defects myelomeningocele

* Neuromuscular disorders : arthrogryposis

® Multiple dysplasias, malformation : facial,
polydactyly

® Genetic syndromes

e IDIOPATHIC ( must rule out underline
condition)




MNadikn mAatumodia
AveTapKNn ¢ oYNUATIOHOC TTOSIKNG KOUUAPAC

EAattwpevo 0og €6w tOE0UL TOU TOBLOU
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Moudikn mAatumodia

H mAatumodia eivat otpodikn) mapopopdwon tov modlov Tov
YopokTnpileton oo TpnVIoHO Tou omioBiov TodOC e UTTIXOUO TOU
npooBiov TUNHATOC, HE AMOTEAEGUA TV TTWOoN 1 €€addAvion TNC TOSIKNG
KOUAPAG






Tumot modikNc kapapac O Mpipac
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Clinical examination 2




KAwvikoc eleyyoc 1




KALvIkOC €Aeyxoc 2




Flat feet in valgus knees







Flat feet in out toeing 2
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anovalgus feet

clinical picture and management




Vertical talus

clinical picture and management




_Improvement of the shapeand.function
Reduced mobility of the foot

NOT COMPARED with the results for the
treatment of club foot.




Toes deformities hallux varus




Toes deformities hallux varus final

HiERG
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Overriding toe
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e Lapidus ( tendon transfer E to
b

e Kelikian artificial contracture

® Ruiz Mora ( excision of
phalanx)

e Thomson

e Butler ( capsulotomy, ETE,
racquet incision)
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Prenatal diagnosis o
malformation

COMITRA AB TTTObstetAs ! CENTER OF FETAL MEDICW
w TROOE SEVASY "HE 092008 YYET-TEAW
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Current Issues
Edited by Carl L. Stanitski, M.D

Prenatal Ultrasonography in Antenatal Orthopaedics:
A New Subspecialty

Bruce K. Foster, MLB.. BS. M.D. (Adel ), FRACS,, Margaret E, Fumess. FRANZCR
» Mulpuri, M.S. (Onth)

awd Kishor

Medscul ultravonogmaphy was miially devedopes) o ltions. Moy of the comanemts in this anticle are tased
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CTEV agyria, hydrocephaly 1
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CTEV, agyria, hydrocephaly 2
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CTEV, agyria, hydrocephaly 3
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