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SOUBORNY REFERAT *

REVIEW

Avulzni zlomeniny

J. Funda

Ortopedicko traumatogické oddéleni NsP PFibram
prednosta: MUDr. Pavel Holub

Uvod
Avulzni zlomeniny maji spolecny znak,
kterym je mechanismus vzniku, a to
vytrzeni nebo odtrzeni. Tvofi zna€né
heterogenni skupinu.Traumatologické
uebnice jsou psany podle jednotného
osvédceného logického schématu, kde se
avulzni zlomeniny dostavaji do stinu
zlomenin v dané lokalizaci CastéjSich a
kolenniho Kkloubu, kde je diagnostika i
léCba téchto poranéni dostatecné
propracovanaaiv nasem pisemnictvi Fadné
popsana (14). Obdobna je situace v oblasti
hlezna (13). DGvody jsou patrné: Getnost
poranéni, zavaznost, pfipadné nasledky pfi
neadekvatni terapii, v neposledni Fadé i
anatomické poméry umoziujici nejen
fadné fyzikalni vySetteni, ale i uZiti dalSich
diagnostickych i terapeutickych metod
Inapf. artroskopie /.V oblasti zapésti a ruky
zasluhuji avulzni zlomeniny vétsi
pozornost, jsou Casto povazovany za
"malé" a svadéji ke konzervativngjsi
terapii, opera€ni léCba nékterych z nich
neni u nas zatim pfili§ vZita. Velkou
pozornost je tfeba vénovat avulznim
poranénim lokte, zejména v détském véku.
S ohledem na mechanismus vzniku
neprekvapuje Casty vyskyt u sportovcl a
mladsich jedincd.

Avulzni zlomeniny u déti maji pocho-
pitelnou pfi€inu v mensi mechanické

pevnosti fyzy ve srovndni s vazem,
pfipadné Slachou. Vzhledem k relativni
vzacnosti vyskytu jednotlivych zlomenin
mize jejich diagnostika Cinit potiZe,
obzvlasté pfi uZiti jen  standartnich
rentgenovych projekci v dané lokalizaci
obvyklych. V nékterych pfipadech mohou
avulzni zlomeniny imitovat i nadorova
onemocnéni skeletu (38).

Vznik avulznich zlomenin neni nikterak
ndhodny. Mechanismus vzniku je v
podstaté dvoji:

I. aktivni svalova kontrakce /Casté u
sportovcll/ a vytrZzeni zaGatku nebo Gponu
svalu i s Casti kosti,

2. nepfimy mechanismus, jenz vede k
vytrzeni vazu €i kloubniho pouzdra i bez
aktivni svalové kontrakce /koleno, hlezno/.

PFi uvedenych mechanismech vzniku
dochazi k poSkozeni anatomickych struktur
v misté nejmensi mechanické odolnosti. U
dospélého Clovéka je pevnost kosti pfi
uréité hodnoté plsobici sily mensi nez
pevnost samotnych vazll, mensi neZ
pevnost v misté prechodu vazu v kost.
Analogicka je situace samotné Slachy,
pfipadné prechodu Slachy v kost. Tato
skute€nost vyplyvad z mikroskopické
stavby uvedenych struktur (3).

Matrix vazll je tvofena kolagenem, z
90% typu I, zbytek tvofi typ 1l a mala
pfimés elastickych vldken. Fibroblasty jsou
uloZzeny mezi paralelné probihajicimi
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vlakny. Samotné protaZzeni vazu beze
zmeény jeho struktury je mozné do 5%
pGvodni délky. SloZitéjsi je struktura Gponu
vazu do kosti. Povrchova vldkna prechazeji
do okolniho periostu, hlubokd maji

Obr. I. Struktura Uponové ¢asti Slachy -
volné podle (3).

I - normalni S8lacha, 2 - chrupavcité
zménéna ¢ast Slachy, 3 - tzv. modra linie,

4 -zvéapenatéla cast, 5 - kost.

Kolagenni vldkna prechadzeji do zény
chrupavCité tkané, dale néasleduje tzv.
modré linie, ktera oddéluje vySe uvedenou
chrupavcitou tkan od chrupavky
zvéapenatélé. Dale je jiz pribéh vlaken
nepravidelny, ato co do sméru i hloubky.
Svalovy Gpon mdZe byt chondroa-
pofyzarni nebo diafyzoperiostélni.
Chondroapofyzarnim Uponem se rozumi
inzerce na apofyzu, diafyzoperiostalni
Upon existuje ve dvou formach:
a) ohranieny - Gpon pfimo do kosti na
diafyzarni drsnatinu, hrbolek, hranu,.
b) plochy - svalové snopce prechazeji do

fibroelastické vrstvy periostu a
prostrednictvim Sharpeyovych vlaken do
kosti. Stejné jako v pFipadé Gponu vazu se u
Gponu Slachy rozezndvaji 4  zény:
Slachova, normalni chrupavky, zvapenatélé
chrupavky a kosti. Peritenonium Slachy
pfechazi v okolni periost, ktery v misté
Uponu chybi, Gponova vlakna Slachy se
zakon€uji Sikmo v kostnich lamelach,
nejednd se tudiz o vlakna Sharpeyova.
Rozhrani mezi kalcifikovanou
chrupavkou a kosti je zvInéné, vrstvy
vytvareji proti sobé hluboké papilarni
vybézky.Toto usporadani stejné jako
samotnd interpozice chrupavcité vrstvy je
Gcelné, nebot Upony Slach probihaji
zpravidla Sikmo a ohebnost Gponu se tudiz
zmen3uje postupngé, coZz ma ochranny
vyznam.VySe popsané vybézky brani
separaci v misté zvapenatélé chrupavky.
Ponékud odlisSna je situace u détského
skeletu, kde v nékterych lokalizacich
dochédzi k avulzi v misté fyzy. Struktura
fyzy je v naSi literatufe opakované
popisovana /ToSovsky, Stryhal (55),
BartoniCek (3), Havranek (22)/, stejné jako
i jednotlivé klasifikace poranéni rdstové
ploténky /Stryhal (55), Dungl (17, 18)/. Je
tfeba zddraznit snad jen tolik, Ze vrstva
plvodné nazyvana "germinativni”, ma
spravny nazev spiSe "rezervni" nebo
"klidova", nebot’ chondrocyty této vrstvy
maji minimalni nebo Zadnou proliferacni
aktivitu, na rozdil od bunék "matefskych"
nalézajicich se na vrcholu sloupci
proliferativni vrsty. S ohledem na poranéni
fyzy je dilezitd vrstva "hypertroficka",
kterou Brighton déli na 3 zdny: zo6nu
maturace, degenerace a zdnu provizorni
kalcifikace. Hypertrofii bunék a
souCasnymi regresivnimi zmeénami
chondrocytl pfi redukci mezibunéénych
prostortl Ize vysvétlit mechanické oslabeni
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a skutecnost, Ze je fyza mechanicky
poskozovana prave ve vrstvé hypertrofické
chrupavky, presnéji v zoné provizorni
kalcifikace. Zajimavy je vztah avulznich
zlomenin k nékterym osteochondr6zém,
napf. m. Osgood-Schlatter (16). Z
mikroskopické stavby a mechanickych
vlastnosti vySe popsanych struktur by
vyplyvalo, Ze vyskyt avulznich zlomenin
musi byt znacny. Pro¢ tomu tak neni je
moZné vysvétlit nasledovné:

I. Sila m& urcitou velikost, prostorovou
orientaci a plsobi v Case. Zejména v
kratkém CGasovém okamziku plsobici
znacné sily mohou pFekonat i relativné
vysS§i mechanickou odolnost uvedenych
struktur /vaz, Slacha, kloubni pouzdro/.

2. V pripadé patologickych zmén tkani s
plvodné vyssi odolnosti je situace opacéna
/ruptury Slach zé&nétlivé zménénych, stavy
po predchozi mistni aplikaci kortikoidu
aj./.

3. Zpravidla existuje systém statickych a
dynamickych stabilizatori, na které se
pdsobici silarozdéluje.

4, Zna¢na ¢ast Grazl vznika mechanismem
pfimym, ¢&imZz se dostavaji vzniklé
neavulzni zlomeniny statisticky do
popredi.

5. V nékterych lokalizacich mlze byt
drobné avulze v pozadi zjmu s ohledem na
hlavni problematiku /zlomeniny hrudni a
bederni patefe/.

Prehled avulznich zlomenin

I.Avulzni zlomeniny lopatky
Zlomeniny lopatky jsou vzacné, jejich
avulzni forma jesté vzacnéjsi. S vyjimkou
nutnosti rekonstrukce kloubni plochy
cavitas glenoidalis a nékterych typl
zlomenin proc. coracoideus jsou uréeny ke
konzervativni terapii.

1.1. Zlomeniny processus coracoideus

mohou vznikat jako avulzni v misté
"apexu" /spolecného zacdtku m.
coracobrachialis a caput breve m. bicipitis
brachii/. Je-li odtrZzena €ast i s Uponem m.
pectoralis minor a pfipadné i mista "genu"' s
pars trapezoidea a conoidea lig.
coracoclaviculare, je indikovano operacni
feSeni - repozice a fixace. Osteosyntéza u
zlomenin samotného vrcholu je metodou
volby jen u aktivnich sportovct.

1.2. Zlomeniny acromion scapulae
Avulzni varianta byla popsana vzacné, pri
kontrakci akromialni porce deltového svalu
v souvislosti s novorozeneckym tetanem,
kdy byl vyskyt i oboustranny (29). Jinak
zlomenina vznika spiSe pfimym
mechanismem, pfi minimalni dislokaci je
rovnéz urfena ke konzervativni 1éCbé.

1.3. Zlomeniny v oblasti cavitas glenoidalis
scapulae

Dle Idelbergovy klasifikace téchto
intraartikularnich zlomenin je avulzniho
mechanismu typ |. Je tfeba rozeznavat jen
drobnou okrajovou avulzi od vétsi avulzni
zlomeniny majici vliv na vznik nestability
ramenniho kloubu. Dle Palma se indikuje k
operacnimu feSeni dislokace o vice nez IO
mm, zejména je-li fragment vétSi nez
Ctvrtina glenoidalni jamky. Fixaci provadi
pomoci S$roubl. Nutno pFipomenout
rozsdhlou problematiku instabilit
ramenniho kloubu, vznik a Klasifikaci
defektu Bankartova typu. Typ IV je
povazovan za avulzni zlomeninu.
Soucasny pohled na problematiku
Bankartova defektu je ten, Ze neni
defektem hlavnim, ale nejobvyklejSim
(48).

1.4. Zlomeniny lopatky v détském véku
Télo lopatky je osifikovano jiZ pfi narozeni.
Od 3. mésice véku se formuje jadro v bazi
proc. coracoideus.V puberté se objevuje
jadro akromia a jadro v dolnim dhlu
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lopatky, uzavird se fyza pfi bazi proc.
coracoideus. Zlomeniny maji charakter
apofyzarnich separaci, jsou extremné
vzacné. Jednd se o separaci v oblasti
akromia a pripadné processus coracoideus.
Lécba je konzervativni, fixace v
Desaultové obvazu.
2. Avulzni zlomeniny proximalniho
humeru
Zlomeniny proximalniho humeru jsou
pomeérné Casté, tvofi 4-5% z celkového
poc¢tu zlomenin (21). Ani avulzni
zlomeniny nejsou v této oblasti vzacnosti.
Avulze mohou vznikat v oblasti tuberculum
maius /Gpon m. supraspinatus, m.
infraspinatus, m. teres minor/ i v oblasti
tuberculum minus /Gpon m. subscapularis/.
Rekonstrukce poSkozené rotatorové
manZety je zékladnim predpokladem pro
spravnou funkci ramenniho kloubu.

Avulznich zlomenin v oblasti tuber-
culum maius si v§imd Watson-Jones
11956/, kdy tyto zlomeniny uvadi po boku
zlomenin kréku a luxa€nich zlomenin a déli
je na: a) kominutivni, b) avulzni bez
dislokace, ¢) avulzni s dislokaci.

Nejzndméjsi a zfejmé nejuzivanéjsi je
klasifikace Neerova / 1970/, vychazejici z
klasifikace Codmannovy. Popisuje stupen
posunu fragmentl, takze zlomenina
velkého hrbolu miZze byt obsaZena ve
skupiné | /minimalni dislokace/, ale i IV
/odlomeni s dislokaci/, pfipadné i VI
/luxaéni zlomenina/. Stejné tak odlomeny
maly hrbol mlze byt bez dislokace
/skupina I/, nebo s dislokaci vétsi nez I cm
/skupina V/, anebo soucasti dislokované
zlomeniny chirurgického kréku €i soucasti
CtyFfragmentové zlomeniny s luxaci ¢i bez
luxace /skupina VI/.

V diagnostice nedislokovanych zlo-
menin velkého i malého hrbolu jsou nékdy
vhodné snimky v zevni, pfipadné vnitfni

rotaci paze, pfipadné tomografie. Relativné
Casty je vyskyt kombinace predni luxace
ramenniho kloubu a zlomeniny velkého
hrbolu, tato zlomenina v3ak vzhledem k
typu luxace nebyva repozic¢ni pfekazkou.
Lécba Cisté avulzni zlomeniny velkého
hrbolu bez diskokace i s dislokaci do | cm
je konzervativni - fixace Desaultovym,
pripadné Desaultovym - Zahradni€kovym
obvazem po dobu 3 tydnl, u starSich
pacientd s preferenci funkéni lécby a
védomim moZnosti vzniku  postfixacni
rigidity. PFi vétSi dislokaci, zejména u
mlad$ich jedincd a sportovcl, je
indikovana repozice a fixace tahovym
Sroubem nebo Srouby dle velikosti Glomku.
Avulzni zlomenina malého hrbolu jako
samostatné poranéni je vzacna. LéCha je
konzervativni i pFi udavané dislokaci
tahem m. subscapularis. Kromé klasické
fixace Desaultovym obvazem po dobu 3
tydnl jsou popisovany i fixace jiné,
zdOraziujici vétsi addukci /Velpeauoviv
obvaz/, ¢i vnitfni rotaci paze /imobilizace s
pfedloktim za z&dy neni v naSich
podminkach obvyklé/.
Zlomeniny proximalniho humeru v

détském véku

Osifikace: po narozeni je epifyza chrupavcita, ve 2-3
mésici se objevuje jadro hlavice, od 7. mésice jadro ve
velkém hrbolu.Vyrazné rlistové aktivni fyza méni
pdvodné rovny tvar na stiechovity, flize obou jader
nastavav5.-7. roce.

Typické avulzni zlomeniny nejsou pFilis
Casté, spiSe se jedna o epifyzeolyzy Il. typu
Salterovy-Harrisovy Klasifikace a svalové
Upony se podileji na pripadné dislokaci
fragmentl. UZivana je Kklasifikace dle
Horwitze a Neera zaloZend na stupni
dislokace: I. stupefi: dislokace mensi nez 5
mm, II. stupen: dislokace do /3 Sife kosti
ke strang, Il1. stupen: dislokace do 2/3 Sife
kosti s angulaci, IV. stupen dislokace vétsi
nez 2/3 Sife kosti, vCetné kompletniho
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sklouznuti.

Za zcelararitni je povaZovana izolova-
né avulze malého hrbolu v détském véku
(42). Za mechanismus Urazu je udavana
kontrakce m. subscapularis plsobici proti
nahlé zevni rotaci, zejména v 60-90
stupfiové abdukci. Pro jevuje se
nemoznosti pohybu, tzv. dead arm
syndrome. Nasledkem po konzervativni
16¢bé mlZe byt omezend vnitini rotace z
dlvodu zhojeni v dislokaci a mechanicka
iritace ze vzniklého datvaru, ktery
pfipomind exost6zu. Presto je v3ak
doporucovan primarné konzervativni
postup.

3. Avulzni zlomeniny lokte

Wyskytuji se zejména v détském véku. S
ohledem na zavaznost poranéni a mozné
nasledky vyzaduji maximalni pozornost
jak v diagnostice, tak v 16Cbé. Patfi mezi né:
3.1. zlomenina medialniho epikondylu
humeru, 3.2. zlomenina lateralniho
epikondylu humeru, 3.3. zlomenina
olekranu ulny, 3.4. zlomenina proc.
coronoideus ulnae.

Avulzni mechanismus vzniku je mozny i u
dalSich fraktur: 3.5. zlomenina radialni
¢asti kondylu humeru, 3.6. zlomenina
ulnérni ¢asti kondylu hum-eru, 3.7.
zlomenina proc. coronoideus ulnae,
ulnarniho epikondylu humeru a olekranu

ulny se soucasnou luxaci lokte
Poznamka: anatomicky se v oblasti distalniho humeru
nachazi pouze jeden kondyl, proto je spravné spise
rozliSovat jeho radilni a ulnarni ¢ast /v traumatologii
dospélych nékdy radialni a ulnarni pilif/, s pfesnym
klasifikaénim typem charakterizujicim pribéh
zlomeniny. S ohledem na vyskyt téchto zlomenin je
znalost objeveni se a splynuti jednotlivych
osifika¢nich jader nutnosti a zakladem pro spravné
oSetfovani, nebot srovnavaci RTG snimky nemuseji
vzdy situaci vyresit.

V distalni epifyze humeru se rozliduji 4 sekundarni
osifikaéni jadra. Do | roku /od 6 tydnd do Il mésicl/ se
objevuje jadro v oblasti capitulum humeri, mezi 5.-7.

rokem jadro mediélniho epikondylu humeru, mezi 8.-
10. rokem jadro v oblasti trochlea humeri a mezi Il.-13.
rokem v misté lateralniho epikondylu humeru.
Osifikacni jadro hlavicky radia se objevuje mezi 5.-6.
rokem, v misté olecranon ulnae mezi 7.-10. rokem.V
oblasti apexu se mlZe objevit dal$i ptidatné jadro, coz
vSak neni patella cubiti /sezamské kost ve Slade
tricepsu/. Mezi I1.-13. rokem dochazi k fuzi jader
oblasti trochlae humeri a capitulum humeri, mezi 14.-
18. rokem k fazi jadra lateralniho epikondylu se
spoleénym jadrem epifyzy, poté k uzavéru rlstové
ploténky distadlniho humeru. Osifikaéni jadro
medialniho epikondylu persistuje, k splynuti dochazi
v I5 letech u dévéat, v I8 letech u chlapcd. Uzaveér fyzy
proximalniho radia je udavan ve 14 letech, stejné jako v
oblasti proximalni ulny.

3.. Zlomeniny medialniho epikondylu
humeru

jsou v détském véku jedny z nej-CastéjSich
po boku suprakondylickych zlomenin
humeru a zlomenin lateralni Casti fyzy
kondylu humeru.Tvofi 11,5% vSech
zlomenin v oblasti lokte (46). NejCastéjsi
vyskyt je ve véku od 9dol2 let, 4x CastéjSiu
chlapcl. Z 50 % existuje jako izolovana
zlomenina, zbytek jako doprovodna v
souvislosti s luxaci lokte. Cetnost vyskytu
je déana dlouhou dobou existence apofyzy
/od5do15-18 let/.

Medialni epikondyl je mistem zacatku
m. flexor carpi radialis, m. flexor carpi
ulnaris, m. flexor digitorum superficialis,
m. palmaris longus a humeralni hlavy m.
pronator teres. Dale dvou €asti medialniho
kolateralniho vazu /lig. humero-
coronoideum , lig. olecranohumerale/.
Vzhledem k Uponu pouzdra je poranéni
povazovano za zlomeninu extraar-
tikularni..

Kromé avulzniho mechanismu drazu je
popisovan mechanismus pfimého Gderu a
dale vyskyt pfi luxaci lokte. Avulzni
mechanismus je potencovan fyziologickou
valgozitou lokte /carrying angle/. V
diagnostice je kromé nativniho RTG
snimku /negativni fat pad sign/ popisovan
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tzv. gravity stress test /Wood, Schwab (cit.
sec. 46)/. Sleduje se pfitomnost pfipadné
nestability pfi supinaci pfedlokti, abdukci
paZe 90 stupiid, 90 stupiiové zevni rotaci v
ramennim kloubu a I5 stupnich flexe lokte,
kdy se eliminuje stabilizacni efekt
olekranu. PFi fyzikalnim vySetfeni nutno
pamatovat na vySetfeni funkce n. ulnaris.
Ctyfstupriova Klasifikace je pouze
orientaCni terapeutickou smérnici, nebot
na lé¢bu existuji znatné nazorove rozdily:
I. stupen: nepatrné oddaleni bez poruseni
vnitfniho postranniho vazu,
2. stupen: dislokace epikondylu distalné az
do drovné kloubni Sterbiny.Svalovy Gpon a
postranni vaz jsou funkéné odtrzeny,
3. stupen: zaklinéni dislokovaného
epikondylu v loketnim kloubu,
4. stupeni: separace medialniho epikondylu
spojenas luxaci lokte.
Typ | se 1éCi konzervativné fixaci lokte na 3
tydny (55). Typ Il Ize IéCit konzervativné u
malych déti, u adolescentt fixaci Sroubem
(55) €i pomoci 2 divergentné zavedenych
Kirschnerovych dratd (22). Nékdy je
doporucovana fixace pomoci
vstiebatelnych tyCinek (23, 37). Odpada
druhd operace, coz ma ekonomické i
psychologické hledisko. Typ Ill: u
Cerstvych traumat jsou popisovany
repozicni manévry s cilem odstranit
dislokovany epikondyl z kloubu. Roberts
(cit. sec. 46) provadi valgus stress pfi
supinaci predlokti a dorziflexi zapésti.
Fowles provadi distenzi kloubu instilaci
vzduchu. Patrick doporucuje faradickou
elektickou stimulaci flexord.Tim se
pfevede typ Il na typ Il a jako takovy se
16Ci. Typ IV: provede se nejprve repozice
luxovaného lokte. PFi ni vzacné mize dojit i
k repozici plvodné dislokovaného
epikondylu (22). Nenapravi-li se dislokace,
vznikne typ Il nebo Ill. Excize fragmentu

jako krajni feSeni je doporu€ovéana jen pfi
vyrazné kominuci epikondylu s nutnosti
refixace mékkych struktur .

U inveterovanych dislokaci typu Il
miZe dojit ke srlistu s proc. coronoideus
ulnae a nemoznosti uvolnéni epikondylu.
PFi pripadné excizi fragmentu nutno opét
vySit ziskané mékké struktury  jako
prevenci nestability. U aktivnich sportovcl
uZivajicich horni koncetinu pfi sportovni
aktivité /veslafi, gymnasté/, je
doporucovano operacni FeSeni pfi dislokaci
vétSi nez 2 mm. P¥i pfiznacich poSkozeni n.
ulnaris je v pripadé operacniho FeSeni
indikovana jeho revize, nikoli automaticky
jehotranspozice.

3.2. Zlomeniny laterdlniho epikondylu
humeru

Poranéni apofyzy lateralniho epikon-dylu
humeru je velmi vzacné vzhledem ke
kratkému obdobi existence samostatného
osifika€niho jadra /2-3 roky/. K separaci
mUGze dojit tahem lig. collaterale radiale
nebo kontrakci extenzorll /m. extensor
carpi radialis brevis, m. extensor digitorum
communis, m. extensor carpi ulnaris, m.
extensor digiti minimi/.

Teoreticky je mozna dislokace jako v
predchozim pripadé, prakticky s ohledem
na vzacnost tohoto poranéni nejsou tyto
pfipady popisovany. Pfi zlomeniné bez
dislokace vystaime s konzervativni IéCbou
- fixace lokte na 3 tydny.

3.3. Zlomeniny olekranu ulny

Mohou vznikat avulznim mechanis-mem
pri kontrakci m. triceps brachii. Velikost
odlomeného fragmentu je zavisla na typu
nasili a stavajici velikosti rlstové
chrupavky. Konzervativni terapie je
doporu€ovana jen pfi zlomeninach bez
dislokace - fixace ve stfednim postaveni po
dobu 4 tydnd. PFi dislokaci je popisovan
konzervativni postup - tlak na olekranon a
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nasledna imobilizace v extenzi. Zpravidla
vSak postupujeme jako u dospélych -
otevienou repozici a tahovou cerklazi
dosdhneme stabilni osteosyntézy. Pred
fixaci Sroubem intramedularné je tfeba
varovat z divodu jednak mensi stability,
jednak pfi predpokladu poSkozeni fyzy. PFi
avulzi drobného fragmentu staci adaptacni
suturaafixace na4tydny.

3.4. Zlomeniny processus coronoideus
ulnae

Jako izolované jsou povaZovany za vzacna
poranéni, spiSe se vyskytuji v kombinaci s
luxaci lokte. Udavany mechanismus
vzniku je kontrakce m. brachialis, pfipadné
kombinace se stfiznym mechanismem
ftrochlea humeri/ pfi dislokaci ulny. M.
brachialis se upina na tuberositas ulnae, v
tésné blizkosti proc. coronoideus. K
vlastnimu vybézku ma vztahulnarni
kolateralni vaz /lig. humerocoronoideum/ a
aponeuroticky zaCatek m. flexor digitorum
superficialis.

Regan (45) rozeznava 3 typy této
zlomeniny: Typ |: prosta avulze, Typ Il:
odlomeni méné nez poloviny vysky
vybézku, Typ Ill: odlomeni vice nez
poloviny vysky vybézku.

Lécba je u zlomenin typu 1 jen
kratkodobou imobilizaci po nékolik dnii do
odeznéni bolesti. Typ Il se 1éCi fixaci po
dobu 3 tydnd, typ 111 méa sklon k instabilité
lokte /dorzalni dislokace/, proto Regan radi
otevifenou repozici a vnitfni fixaci,
pfipadné pro stabilizaci uziti i fixace zevni.
3.5. Poranéni radialni ¢asti fyzy kondylu
humeru
Je to nejCastéjsi fyzarni poranéni v oblasti
lokte. Na jeho vznik existuje kromé teorie
odrazeni - push off /Stimson (cit. sec. 46)/ i
teorie avulzni - pull off /Jacob, Fowles,
Rang/. Zdlrazfiovana je zejména varus
pozice atah extenzord a lateralniho

Obr. 2. Reganova klasifikace zlomenin
proc. coronoideus ulnae - volné podle
(45).

kolaterélniho ligamenta. Kromé obecnych
klasifikaci fyzarnich poranéni je uzndvana
Milchova klasifikace: Typ I: linie lomu
probihd intraartikularné lateralné od zlabku
trochley /rozlomené jadro hlavicky
humeru/. Typ 1lI: linie lomu probiha
intraartikularné v nebo medialné od ZI4bku
trochley /Castéjsi/.

Obvyklé je déleni na 3 typy podle
dislokace, jak je schematicky zobrazeno na
obr.3. Lécba zlomenin 1. typu bez dislokace
nebo s dislokaci do 2 mm se provadi fixaci
vEpronaci predlokti a flexi lokte nad 90
stupiili po dobu 4 tydnd za RTG kontroly
pro moznost dislokace tahem extenzor( . U
zlomenin Il. typu je metodou volby
repozice a perkutanni fixace Kirschne-
rovymi draty /Wilkins (cit. sec. 46)/ nebo
pfimo oteviena repozice a vnitfni fixace.
Zlomeniny Ill. typu  se indikuji k
operacnimu léCeni podle zé&sad oSetfeni
fyzarnich poranéni /zpravidla transfixace
Kirschnerovymi draty nebo Sroubem z
malého instrumentaria za metafyzarni
fragment/. Fixace na 3 tydny, nutné je
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Obr. 3. Déleni zlomenin radialni ¢asti kondylu humeru dle velikosti dislokace na stu-

pen I -111 - volngé podle (22).

sledovani dal$iho ristu.

3.6. Poranéni ulnarni Casti fyzy kondylu
humeru

Je to vzécné poranéni s moznosti vzniku jak
odlomenim, tak avulzi ptisobenim flexor(i a
ulnarniho kolater&lniho vazu.

Typ I: linie lomu kon¢i v zafezu trochley
/prochazi mezi jadrem hlavicky humeru a
jadremtrochley/.

Typ II: linie lomu kon¢i v kapitulo-
trochlearnim zlabku /prochazi medialni
Casti jadra hlavicky humeru/.

Typy dislokace jsou stejné, podobné jako
terapeuticky pFistup. Dislokace typu Il a 1l
je indikaci k operaci, navic je nutno
objektivizovat stav ulnarniho nervu.

4. Avulzni zlomeniny zapésti

jsou ddlezitou kapitolou traumatologie,
nebot’ jsou Uzce svazany s problematikou

karpalnich instabilit. Pfi nerozpoznani
nebo pfi neadekvatni 16€bé vedou k
poSkozeni funkce ruky a subjektivnim
obtizim. Jsou typickym prikladem oblasti
traumatologie, kde je nutny aktivnéjsi
pFistup.

Anatomickou hranici mezi predloktim a
rukou je radiokarpalni kloub. Zlomeniny
zapésti vznikaji zpravidla pfimym
mechanismem. Intaktniho vazivového
aparatu je mozno vyuzit terapeuticky
[princip ligamentotaxe u zevni fixace/. PFi
ulnarni dukci mbze vzniknout avulzni
zlomenina proc. styl. radii /tah lig.
radiotriquetrum, lig. radiocapitatum/.

Pozadavek anatomické rekonstrukce
distalniho radia co do délky, sklonu i
plivodniho tvaru kloubni plochy je
vSeobecné akceptovan. Samotna distalni
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ulna stoji trochu v pozadi zajmu. Avulzni
zlomenina je rovnéZz mozna /tah lig.
ulnotriquetrale, ulnarni kolateralni vaz/.
Poranéni triangularniho fibrokartilagi-
nozniho komplexu nelze povazovat za
avulzni zlomeninu.

Poranéni vznikaji nejCastéji padem na
extendované zapésti. PFi nasledné
dorziflexi zapésti, flexi v lokti a rotaci
predlokti vznika ulnarni dukce a posun
distalni fady ulnarné a proximalni radialné.

Rozeznavaji se 4 stadia poranéni karpu
(32). Stadium 1I: trha se lig.
scaphoideolunare a lig. radioscaphoideum,
lig. radiocapitatum /stylocapitatum/,
vznikd scaphoideolunatni diastaza, pfi
zlomeniné scaphoidea dorsalni instabilita.
Stadium Il: odtrzeni lig. radiocapitatum
nebo zlomenina proc. styl. radii, stejné jako
mozna avulze lig. collaterale radiale.
Poranénim kapitulolunatnich vaz(l vznika
diastdzamezi os lunatum acapitatum.
Stadium I1l: ruptura lig. radiotriquetrum,
lig. triquetrolunare a ulnotriquetrum
/mozné avulze/. Dorzalni perilunarni
luxace.

Stadium IV: roztrzeni lig radiocarpale
dorsale, luxace lunata /vytlaceno kapitatem
volarné/.

Vzhledem ke sloZitosti anatomické
stavby zapésti je kladen draz na podrobné
fyzikalni vysetfeni. Dle jeho vysledkd
kromé obvyklych RTG projekci jsou nutné
nékdy i projekce specidlni /karpalni
tunel/.VV nékterych pfipadech objasnéni
pfinesou az dalSi vySetfovaci metody
/tomografie, CT, kostni scintigrafie/.

4.1. Osscaphoideum

I kdyZ je nejCastéji poranénou karpalni
kosti, avulzni mechanismus poranéni je
nepravdépodobny v&etné zlomeniny
tuberkula /Gpon €ésti retinaculum flexorum
a misto zacatku m. abductor pollicis

brevis/. Samotné tuberculum slouZi jako
hypomochlion pro m. flexor carpi radialis.
4.2. Oslunatum

Pfi awvulzi volarnich vazll s kostnim
fragmentem je moZnost vzniku
osteonekrozy / lig. radioscaphoideo-
lunatum - Testutliv ¢i Kuentzliv vaz, lig.
ulnolunatum/. Proto je doporucovano
operacni feSeni - fixace Ulomku. Avulze z
dorzalni strany /CastéjSi / je feSitelna
pouhou imobilizaci.

4.3. Ostriguetrum

Kromé relativné CastéjSich zlomenin téla
triquetra mdze dojit k avulzi drobného
Glomku z dorzalni plochy
/lig.radiocarpeum/.VVzacné je pozorovana
avulze volarné /lig. radiolunotriquetrale,
lig. ulnotriquetrale/. Nehrozi vznik
osteonekrozy, fixace 3-6 tydnl je
dostacujici, pfi nepfihojeni fragmentu je
doporu€ovana jeho excize a reinzerce vazu.
Avulze triquetra mlZe byt znadmkou
perilunarni luxace karpu.

4.4. Ospisiforme

Byva poranéna mechanismem pfimym.
4.5. Ostrapezium

Popsany jsou avulze v misté zlabku pro
Slachu m. flexor carpi radialis a avulzni
zlomeniny v misté tuberculum ossis
trapezii /zaCatek m. abductor pollicis brevis
a m. opponens pollicis, Upon Casti
retinaculum flexorum/. Palmer 198l (cit.
sec. 10) déli zlomeniny tuberkulana: typ I:
zlomeniny baze, typ II: avulze vrcholu.
Zlomeniny baze jsou Casto nedislokované,
Ize je IéCit imobilizaci po dobu 4 tydnd
/palec az po IP kloub/. Dislokované
zlomeniny baze tuberkula a avulzni
zlomeniny apexu se konzervativné Casto
nepfihoji, proto je doporuCovana oteviena
repozice a transfixace /Kirschnerovym
dratem/, pfipadné jen reinzerce.
Zlomenina je cCasto prehlédnuta pfi
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béznych projekcich pro sumaci, proto je
doporu€ovana projekce na karpalni tunel,
pfipadné tomografie.

4.6. Ostrapezoideum

Avulzni zlomeniny jsou nepravdépodobné.
4.7. Oscapitatum

Kromg ¢astgjsich pficnych zlomenin mize
dojit k odlomeni drobného fragmentu z
dorzalni plochy téla. PF¥i izolované avulzi
fixace po dobu 6 tydn(l byva dostadujici.
4.8. Oshamatum

Zlomenina hamulu /astéjSi nez zlomenina
téla/ vznika nejCastéji pAdem na ruku, ve
které je sviran pfedmét, nikoli avulzi.
Hamulus ossis hamati je mistem Gponu
¢asti retinaculum flexorum a lig.
pisohamatum. V diagnostice je pfinosem
projekce na karpalni tunel. Cerstvé
zlomeniny fixujeme 6 tydnd, u pakloubd je
vhodné excize neprihojené Casti.

5. Avulzni zlomeniny prstd ruky
Zlomeninam prstl ruky nebyva v
traumatologickych ucebnicich vzdy
vénovana fadna pozornost, tim méné jejim
avulznim variantdm.Vzhledem k funkci
lidské ruky neprekvapuje vysoky vyskyt
téchto Grazd, pri naedekvatni terapii vyskyt
trvalych nasledkd. S ohledem na shodnou
anatomickou stavbu /s vyjimkou palce/ Ize
tato poranéni popisovat dle jednotného
schématu. Jedna se o avulze vzniklé tahem
kolateralnich vazl, vytrzeni Gponu
extenzoru €i hlubokého flexoru. Zvlastni
ohled je nutno brat na tato poranéni v
détském véku.

5.1. Poranéni |. metakarpofalagealniho
kloubu - ulnarniho kolaterdlniho vazu v
détském véku /gamekeeper’s thumb/
vznika pri nasilné abdukci v MP skloubeni
palce, O’ Brien rozeznava 4 typy poranéni:
a) pouhé natazeni vazu, b) ruptura vazu, c)
avulzni zlomenina typu Salter-Harris 111, d)
epifyzeolyza Salter-Harris | nebo |l

/pseudogamekeeper’sinjury/.
Avulzni zlomenina typu C je jedno z
nejCastéjSich poranéni, pri rotaci fragmentu
a jeho dislokaci vice nez 1,5 mm je
indikovana oteviena repozice. Operuje se z
dorzéalniho pfistupu, transfixace
Kirschnerovym dratem, pfipadné
odstranitelnym stehem vyvedenym
radialngé, fixace po dobu 4 tydn(, dalsi 2
tydny snimatelna dlaha.
5.2. Poranéni baze proximdlnich Elankd
prstl v détském véku
Poranéni baze proximalnich ¢lankd
ostatnich prstd ma problematiku
podobnou. Zlomeninu baze proximéalniho
¢lanku V. prstu vzniklou avulznim
mechanismem nazyva Rang "extra-octave
fracture". Vznika u déti hrajicich na klavir
pfi Sirokém hmatu prfes jednu oktavu,
tahem postranniho vazu. Nedislokované
zlomeniny fixujeme 3 tydny, pfi dislokaci
fragmentu s vice neZ tfetinou kloubni
plochy je indikovana repozice a fixace
Kirschnerovym dratem (22).
5.3. Avulzni zlomeniny baze distalnich
¢lankd prstd v détském véku

Jsou velmi Castym poranénim zejména
u star§ich déti a adolescent(.Vznikaji
hyperflek&nim mechanismem - narazem
extendovaného prstu na pfekazku, ¢asto pfi
micovych hrach - basketbalova
zlomenina.V anglosaské literatufe se
nazyvad "mallet deformity” /paliGkovita
deformace/. P¥i dislokaci vétsinez 1,5 mma
obsahuje-li fragment vétsi Cast kloubni

—e—

——

Sy, TR

Obr. 4. Dva typy "mallet deformity™ -
volné podle (46).
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plochy je indikovana otevfena repozice a
fixace, zpravidla Kirschnerovym dratem.
5.4. Avulzni zlomeniny Elankd prstd v
dospélosti
Patfi sem vytrzeni Uponu dlouhého flexoru
z baze distélniho ¢lanku, vytrzeni dorzalni
aponeurdzy a avulzni zlomeniny pfi
vytrzeni kolateralnich ligament. A)
odtrZzeni uponu m. flexor digitorum
profundus vznik4 pfi silném dchopu a
nasilném vytrZzeni drzeného pfedmétu
Ivytrzeni protihrace drzeného za dres pfi
raghy/. Postihuje v 75 % treti nebo Ctvrty
prst.Uznavana je klasifikace Leddyho a
Packera /1977/, rozeznavajici 3 typy.
Buscemi a Page (cit.sec.l9) pFidavaji typ
Ctvrty.

Typ | : nejzavaznéjsi, Gpon je dislokovan do
dlané do uUrovné m. lumbrikalis. Je
pferuSeno vinculum tendinum, Upon je bez
vyZivy, reinzerce je mozna jen do 7-10 dnd.
Typ II: nejcastéjsi, pferuSena jen vincula
brevia, fragment je ve vySi chiasma
tendinum, reinzerce je mozna do 3 mésicu.

Typ HI: vytrZeni vétSiho fragmentu, ktery
nem{Ze projit pres lig anulare dist. /poutko
Ad4/. Je nutna reinzerce, rekonstrukce DIP
kloubu.

Typ IV: odtrzeni fragmentu a soucasné i
odtrZzeni dponu - fragment je volny.

Nutnost reinzerce Slachy i fragmentu
samostatné. B) avulzni zlomeniny dorzalni
Casti baze distdlniho Clanku prstu - léze
dorzalni aponeurozy je Casté poranéni
vzniklé pfi nasilné extenzi a sou€asném
flekénim plsobeni pres $picku prstu. Dle
velikosti fragmentu postupujeme
konzervativné /volarni plastova ¢i kovova
dlaha v hyperextenzi DIP a 60 stupriové
flexi PIP, minimalng 6 tydnd/, pfi vétsim
fragmentu je doporucovéana transosalni
fixace Bunnelovym odstranitelnym stehem
vyvedenym v bFisku prstu.

Vzacné je odtrzeni stfedniho pruhu
dorzalni aponeurézy od Uponu na bazi
stfedniho ¢lanku. PIP kloub je ve flexia u
nelédenych pfipadl pfechazi do
hyperextenze. U Gerstvych pripadl 1éime
dlahou v extenzi PIP kloubu, u zastaralych
operatné jako pfi podobnych stavech
znamych z revmatochirurgie /deformita
typu knoflikové dirky/.

C) avulzni zlomeniny prstl ruky vzniklé
vytrzenim kolaterdlnich vazd maji
podobnou problematiku jako v détském
véku s tim rozdilem, ze jejich vyskyt je az
po zaniku fyzy. Zejména v oblasti palce
jsou Casto i pfi dislokaci fragmentu
oSetfovany konzervativngé, coZz vede k
nésledné chronické instabilité, bolestem a
otokdm. Proto je nyni spie doporucdovan
aktivnéjsi pfistup, dle velikosti fragmentu
reinzerce nebo jeho odstranéni pfi soucasné
reinzercivazu.

6. Avulzni zlomeniny panve

Typické avulzni zlomeniny panve fa-dime
zpravidla do skupiny zlomenin bez
poruSeni panevniho kruhu. Zvlastni
problematiku ma avulze ischiadické spiny
naopak pfi zlomeninach nestabilnich.

6.1. Avulzni zlomeniny v oblasti spina
iliaca anterior superior vznika u déti a
mladistvych ndhlym prudkym stahem m.
sartorius, nékdy dochazi i k odtrZeni vétsi
pfedni Casti ilické apofyzy. Byva Casto pfi
sportovnich aktivitach, pfi extenzi kycle a
flektovaném kolennim kloubu. Lécha je
zpravidla konzervativni, klid na IGzku s
flexi ky¢le do 2 tydn(, poté 2-4 tydny
odlehCovat o berlich.

6.2. Avulzni zlomeniny v oblasti spina
iliaca anterior inferior vznikaji rovnéz u
déti a mladistvych pfi sportovnich
aktivitach. Mechanismem je hyperextenze
kyCle a flexe kolenniho kloubu /atletika,
kopana/, kontrakci m. rectus femoris /pars
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recta, nebot’ pars reflexa zaCina v sulcus
supraacetabularis/. LéCba je rovnéz
konzervativni, stejnd jako v predchozim
pFipadé. P¥i vétsi dislokaci u starSich déti je
osteosyntéza Sroubem metodou volby.
Diferencialné diagnosticky je tfeba odlisit
o0s acetabuli persistens. Byva oboustranna,
klinicky néma.\Ve stadiu hojeni nutno
odlisit od pfipadného tumoru.

6.3. Avulze tuber ischiadicum vznika
stahem ischiokruralnich svall pfi
fixovaném a extendovaném kolennim
kloubu za souCasné fixace péanve
/kontrakce caput longum m. bicipitis
femoris, m. semimembranosus, m.
semitendinosus/ za stabilizacniho ucinku
lig. sacrotuberale. Casty je vyskyt zejména
u atletl. Martin a Pipkin /1957/ klasifikuji
poranéni v oblasti tuber ischiadicum na: a)
nedislokované apofyzeolyzy, b) akutni
avulzni zlomeniny, c) staré nezhojené
avulze.

LéCba je v pisemnictvi znacné
kontraverzni. PFi dislokaci fragmentu
nedochazi zpravidla k plnohodnotnému
kostnimu spojeni, ale jen spojeni
fibréznimu. Miller (39) popisuje iritaci n.
ischiadicus pfi dislokaci fragmentu. Pfi
zhojeni v dislokaci popisuje Wootton (58)
oslabeni ischiokruralniho svalstva, coz
vede zejména u vrcholovych sportovet i k
trvalému preruSeni sportovni aktivity.
Zhojeni v dislokaci Cini obtize i pfi sezeni
vzhledem k lokalizaci. Howard a Piha v
roce 1965 (cit. sec. 58) proto doporucuji
osteosyntézu u dislokaci vétSichnez 2 cm z
divodl vyse uvedenych. ToSovsky (55)
naopak Ié¢i konzervativné, i samotnd jizva
po operaci v oblasti hrbolu mlzZe Gdajné
Cinit potize pfi sezeni.Vzhledem k
lokalizaci osteosyntetického materialu je
diskutovano i o vhodnosti jeho ponechani
(58). Konzervativni terapie spociva v klidu

na lGzku s extendovanym kycelnim
kloubem po dobu 3 tydnd. Vzhledem k
mozZnosti vyskytu u pacientl aZz do véku 25
let poté samoziejmé jiz nehovofime a
apofyzarni avulzi. PFi nejisté anamnéze
mohou vznikat problémy diferencialné
diagnostické v oblasti onkologické (38).
Avulzni zlomeniny v ostatnich lokalizacich
/tuberculum pubicum/ jsou velmi vzécné.
6.4. Avulznizlomeniny ischiadické spiny
nebyvaji zpravidla jako izolované, ale
naopak jako projev nestabilni zlomeniny
panve /Schatzer, Tile, 1977/. Avulze vznika
v souvislosti s posunem sakra /ligg.
sacroiliaca, lig. sacrotuberale, lig.
sacrospinale/. Casto je doprovézeno i
avulzi pricnych vybézkl bedernich obratld
/m. psoas maior, lig. iliolumbale/. Samotna
avulze spiny necini terapeutické problémy,
hlavnim problémem je léCba nestabilni
zlomeniny panve se vSemi moznymi
komplikacemi vcetné poranéni okolnich
organd.

| kdyZ vySe uvedené zlomeniny je
mozno diagnostikovat na podkladé
standartnich RTG projekci, mohou nastat
diagnostické problémy pfi jen chrupavcité
avulzi, pfipadné u minimalnich dislokaci.
Pak je vhodné dle kliniky CT vySetfeni,
pfipadné jen tomografie.
7. Avulzni zlomeniny proximalniho
femuru
Lze je délit na zlomeniny v oblasti velkého
trochanteru, zlomeniny v oblasti malého
trochanteru a zvlastni skupinou jsou
avulzni zlomeniny v oblasti hlavice

souvisejici s uponem lig. capitis femoris.
Osifikace: pfi narozeni je cely proxi-malni femur
zpravidla chrupav€ity, tzv. chondroepifyza zahrnujici
chrupavéity model hlavice a velkého trochanteru.Ve
3.-6. mésici se objevuje osifikacni jadro v oblasti
hlavice, dochazi k diferenciaci na oblast budouci
hlavice a kréku a oblast trochanterickou. Mezi 3.-5.
rokem se objevuje osifikani jadro velkého
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trochanteru, mezi 13.-16. rokem jadro v oblasti malého
trochanteru, mezi 16.-19. rokem dochazi k uzavfeni

fyzy.

7.1. Avulzni zlomeniny velkého trochanteru
S ohledem na vySe uvedené zkracené
schéma osifikace proximalniho femuru
neprekvapuje Casty vyskyt ve véku pred
uzavérem fyzy v oblasti velkého
trochanteru, jedna se o apofyzarni separaci.
Zlomenina vznikd pfi prudkém
nekoordinovaném stahu abduktord a
zevnich rotatorl ky€le.Typické avulzni
zlomeniny u mladych jedincl je nutno
odliSovat od zlomenin velkého trochanteru
u dospélych, které zpravidla vznikaji
pfimym mechanismem, nikoli svalovou
kontrakci. Hlavni dlohu pfi avulzi a
pFipadné dislokaci fragmentu hraje Gpon m.
gluteus medius a minimus.

Lé¢ba pfi minimalni dislokaci mlze
byt konzervativni: klid na 1dzku, p¥ipadné
sadrova spika v abdukci po dobu 4-6 tydnd.
PFfi v&tSi dislokaci s ohledem na vék
pacienta a dobu pred zanikem fyzy je
doporu€ovana oteviena repozice z malého
laterdlniho pristupu, nejcastéji  fixace
tahovou cerklazi s néaslednou casnou
mobilizaci. Nutné jevCasné vyjmuti kov(
po zhojeni. Je tfeba varovat pred
odstranénim fragmentu, coZz mlZe byt
pficinou vzniku coxa valga a elongace
kréku. PFi zhojeni ve vétsi dislokaci mlze
byt pozitivni Trendelenburgliv pfiznak /z
insuficience m. gluteus medius et minmus/,
dité kulha.

7.2. Avulzni zlomeniny malého trochanteru
Apofyzéarni separace v této lokalizaci je
poranénim vzacnym.Vznika prudkym
stahem m. iliopsoas, zejména pfi plisobeni
proti nasili opacného sméru /skok do dalky,
nahlé zastaveni, srazka pf¥i béhu/.\Vzhledem
k vétsi ploSe Gponu i v oblasti distalnéjsi
nedochazi zpravidla k vyraznéjsi dislokaci.

Ve fyzikalnim vySetfeni je typicka palpacni
bolestivost v misté malého trochanteru,
bolesti pfi flexi kyCelniho kloubu proti
odporu a pozitivni Ludloffovo znameni
insuficience iliopsoatu - vsedé nemoZnost
zvednuti nohy od podlozky. P¥i zachovani
Casti vlaken inzerujicich distalné je vSak
Castecné flexe zachovana. Odtrzeni malého
trochanteru ma zasadni vyznam z hlediska
pfistupu k druhlm osteosyntézy
pertrochanterickych zlomenin /Evans/.
Zasadné je tfeba odliSovat pouhé odtrzeni
od odlomeni i s €asti Adamsova oblouku a
nemoznosti jeho rekonstrukce - nestabilni
pertrochanterické zlomeniny.

7.3. Barret (1) popisuje vzacny pripad
vytrzeni Gponu lig. capitis femoris vznikly
u pétileté pacientky pfi skoku ze schodl.
Pfipad vysvétluje dislokaci kycle a
spontanni repozici pfi laxité kloubni
Umérné véku. Po odstranéni fragmentu byla
pacientka bez obtizi. Dlraz je kladen na
CT vysetfeni. Zlomeniny hlavice femuru
[Pipkin 1957, Chapchal 1965/ nejsou na
rozdil od uvedeného pfipadu povazovany
zatypicky avulzni.

8. Avulzni zlomeniny v oblasti kolenniho
kloubu

U téchto zlomenin je velmi dobfe
propracovana diagnostika i 1éCha ve snaze
po minimalizaci pFipadného vzniku
nestability nebo deformity. Né&ktera
poranéni jsou typické pro détsky vék
/abrupce interkondylické eminence/, jina

maji problematiku spolecnou.

Osifikace: po narozeni je jiz patrné sekundarni
osifikacni jadro v oblasti distalni epifyzy femuru,
které je nejprve ovalné, poté se asymetricky rozdéluje
/3. rok/, nakonec zaujima rozsah celé epifyzy.
Proximalni epifyza tibie je po narozeni celd
chrupavcitd, jadro se objevuje okolo 3. mésice véku.
Pokratuje jeho rozsifovani, v 5.-6. roce se vytvari
vybéZzek interkondylické eminence, ktera je mezi 6.-7.
rokem tvorena jen jednim kosténym hrbolem. Mezi 7.-
9. rokem se objevuje osifikacni jadro v misté
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tuberositas tibiae, nejprve distalng, poté postupuje
osifikace ventralné a proximalné. Diferenciace v misté
eminence na tuberculum mediale a laterale nastava
okolo 10. roku. Tésné pred uzavérem celé fyzy /15.-17.
rok/ dochazi ke splynuti osifikacniho jadra tuberosity
aepifyzy. Patela je po narozeni cela chrupavcita, mezi
3.-5. rokem se objevuje nékolik /az 6/ osifikacnich
jader, které v centru splyvaji, dochazi k postupnému
rOstu na periferii, mezi 12.-15. rokem se objevi na
povrchu slabé kortikalis.

8.1. Avulze tuberositas tibiae

je pomérné vzacnym poranénim,
vyskytujicim se u chlapcl ve véku 14-16
let.Vznikd hlavné prudkou kontrakci m.
quadriceps femoris pfi fixované tibii.
Watson-Jones /1955/ rozeznava: I. typ:
avulze v rozsahu Uponu lig. patellae, 11. typ:
jako I, fragment proximalné vétsi,
nezasahuje v3ak do kloubu, I11. typ: avulze
od hrotu tuberosity aZz do proximalni
kloubni plochy.

Ogden /1980/ rozezndva skupinu A
/odpovida déleni dle Watsona-Jonese / a
skupinu B /fragment je rozlomen na vice
Casti/. LécCba je u typu I konzervativni -
fixace 4-6 tydnd, u Il. typu je sice
popisovana moznost zaviené repozice a
sadrové fixace (55), spiSe se vSak dava
prednost repozici oteviené.S ohledem na
vék se jednd o formu zlomeniny
pfechodného obdobi, proto je mozno
zavadét Sroub pres zanikajici Cast fyzy.
Ogden definuje Osgood-Schlatterovu
chorobu jako avulzi pfedniho povrchu
apofyzy, bez separace mezi osifikacnim
jadrem apofyzy a tibidlni metafyzou.
Centralni vlakna provedou lokalizovanou
avulzi, vlakna medialni a lateralni zistavaji
intaktni. Frankl (20) popisuje vzécnou
avulzi Ill. typu dle Watsona-Jonese a
soucasnou rupturu lig. patellae pfi jeho
Gponu. Pape (41) popisuje 2 pripady
compartment syndromu jako komplikaci
avulzni zlomeniny tuberosity tibie. Blick
/1986/ proto nabada pfi operacnim o3etfeni

jiz k preventivni fasciotomii.

8.2. Avulze interkondylické eminence
odpovida abrupci tibialniho Uponu
pfedniho zkfiZzeného vazu. PFi vytrZeni
Gponu /inzerce v misté area intercondylaris
anterior/ dochdzi i k uvolnéni fragmentu
eminence. Vznika Casto pfi padu z kola,
zfejmé hyperextenzi kloubu pFi soucasné
rotaci, nebo ventralnim posunem tibie pfi
flektovaném kloubu. VE&k vyskytu je
udavan 7-15 let.U mladsich jedincl, kdy
vytrzeny fragment je chrupavcity, se
zjistuje jen Kklinicky obraz hemartrosu,
RTG snimek je neprlkazny. Klasifikace
Mayersova-Mc Keeverova /1959/ je
zaloZena na posuzovani RTG snimku v
bocné projekei. | typ: minimalni dislokace
fragmentu, pouze jeho predni ¢asti, Il typ:
pfedni tfetina az polovina vy¢niva v podobé
kachniho zobaku, 111 typ: fragment je zcela
vytrzen.

Jako typ Il + se ozna€uje sou€asna rotace
fragmentu. LéCba typu | je konzervativni -
punkci, vyplachem kloubu, fixaci na dobu
6-8 tydnl. Typ Il je léen rovnéz
konzervativné. Po punkci kloubu v celkové
anestézii je doporucovan manévr dle
Robertse - coZ je pouha elevace koncetiny
pfi uchopeni za kotniky, kdy vahou
koncetiny v extenzi dojde k repozici
fragmentu. ToSovsky a Stryhal /1982/(55)
doporucovali fixaci ve 20-30 stupnich
flexe, pfi fixaci vSak byly vysledky
podobné /napéti vazu nevadi, kondyly
femuru domacknou fragment do l0zka/.
Typ 111 je indikovan k operaci. Pfedni rohy
meniskd mohou byt repoziéni prekazkou.
Techniky jsou rdizné.Weber /1978/ uZiva
tahového Sroubu z medialni strany
metafyzy tibie, Mayers a Mc Keever /1959/
suturu vstrebatelnym materialem, Zaricnyj
1972/ fixaci Kirschnerovymi draty. Hertel
/1990/(25) doporucuje artroskopicky
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vykon a transfixaci Kirschnerovymi dréty.
Je doporucovéna i fixace vstrevatelnymi
tyCinkami /PDS/(23). U zastaralych lézi
vzhledem ke zkréceni vazu jiZ repozice
neni mozna, proto je doporucovana excize
fragmentu. Je popsana znaCnd moznost
adaptace.

Klasifikace dle Zifka a Gaudernaka
1984/ rozeznava 2 skupiny:

Skupina A: izolovand avulze pfedniho
zkFiZzeneho vazu /odtrZeny kostni fragment
neobsahuje eminenci/.

Skupina B: zlomenina interkondylické
eminence /odtrzeny Glomek je tak velky, ze
obsahuje eminenci/.

Zlomeniny skupiny B je mozno feSit
konzervativné - repozici fragmentu pomoci
tlaku kondyld femuru. Zlomeniny skupiny
Atakto FeSit nelze, proto doporucuji suturu
vstiebatelnym materialem.

8.3. Avulzni zlomeniny pately

Grogan /1990/ rozezndva avulze baze
pately, avulze apexu pately /vztah k m.
Sinding-Larsen-Johansson/, medialni
avulze pfi akutni laterdIni dislokaci
pately,laterdlni avulze /nutné odliSeni
superolateralni porce od patella bipartita/ a
konecné tzv. sleeve fracture.

Avulze vznikaji jednak kontrakci m.
quadriceps femoris pfi flektovaném
kolennim kloubu, u mediélnich avulzi
dislokaci pately lateralng. Diagndza mlize
byt nékdy obtizna s ohledem na postup
osifikace a moznost vytrzeni jen
chrupavéitych fragmentd /apex, baze/,
stejné jako “sleeve fracture" /rukavova
zlomenina/. N4apomocnd mulzZe byt
magneticka rezonance.

Lécha je u dislokovanych zlomenin
operacni, s rekonstrukci kloubni plochy,
patelarnich retinakul a extenzniho aparéatu.
Zlomeniny apexu a baze lze feSit tahovou
cerklazi, "rukdvové" zlomeniny technikou

dle Brunnera - pfiSroubovanim kortikalnim
$roubem, fixaci 4-6 tydnl. U zlomenin
pately v détském veéku, tim méné u
avulznich variant, nepfichazi patelektomie
v (vahu.

Choroba Sinding-Larsen-Johansonova
(50) je vysvétlovana opakovanym tahem v
oblasti dolni Casti pately, ktery vede k
inkompletni avulzi vldken patelarniho
ligamenta a nasledné nekrdze a kalcifikaci.
Neni primérné osteochondrézou /v apexu
pately chybi osifikacni jadro/.

8.4. Segondovazlomenina

Zlomeninu popsal Paul Segond v roce
1879. Zndma je i jako tzv. lateralni
kapsularni znameni. Jde o odtrzeni
drobného fragmentu okraje kloubni plochy
laterdlniho kondylu tibie v misté Gponu
meniskotibidlni Casti pouzdra.Tato Cast
pouzdra patfi po boku iliotibialniho traktu a
laterdlniho kolateralniho vazu k lateralnim
stabilizatordm kolenniho kloubu. Segond
prokézal, ze pfi flexi mezi 10-90 stupni a
nasilné vnitfni rotaci tibie ¢asto dochazi k
vytrZzeni kostniho fragmentu laterélniho
okraje tibie.Nebyla to vSak zlomenina
tuberculum Gerdyi, ale ¢asti proximalnéjsi
a dorzalnéjsi v misté Gponu pouzdra. Hess
(26) popisuje statistickou korelaci mezi
vyskytem Segondovy zlomeniny a lezi
predniho zk¥izeného vazu.

Dnes je Segondova zlomenina
povazovana za znameni poSkozeni
predniho zkfizeného vazu. Samotna
zlomenina vzdy nevede k obrazu
anterolateralni instability. Je spiSe
diagnostickym pfiznakem, stejné i pro
moznost po8kozeni lateralnich
kapsularnich stabilizatord, proto pfi jejich
operacnim oSetfeni provadime i fixaci
vytrzeného fragmentu priSroubovanim.
8.5. Avulzni zlomeniny v oblasti
medialniho kolateralniho vazu v détském
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véku se mohou vyskytnout v oblasti
zaCatku i Uponu. Zacatek vazu je popisovan
tésné distalné od femoralni rdstové
Stérbiny, kam aZ mdze zasahovat pfipadné
vytrzeny fragment.Proto je nutna
anatomické repozice a fixace, zpravidla
Kirschnerovymi draty, pfipadné
periostalnimi stehy (50).

8.6. Avulzni zlomeniny v oblasti lateralniho
kolateralniho vazu v détském véku
Zacatek vazu ma podobny vztah k fyze jako
na medialni strané. Upon v oblasti hlavi¢ky
fibuly v pripadé vytrZzeni nezpUlsobuje
poruchu rdstové aktivity. MozZna je i avulze
pfi kontrakci m. biceps femoris, kterd ma
analogicky obraz.Vzdy je nutno vysetfit
funkci n. peroneus communis. Lécba avulzi
v misté zaCatku vazu je stejnd jako na
medialni strang, pfi vytrzeni fragmentu z
hlavicky fibuly pfi soucasné dislokaci je
metodou volby fixace Sroubem zEmalého
instumentaria.

8.7. Avulzni zlomeniny v oblasti pfedniho a
zadniho zkFiZzeného vazu u dospélych
mohou vznikat v misté zaCatku i Uponu.
Vzhledem ke sloZitosti problematiky nutno
podotknout alespon tolik, Ze tyto formy

ligamentozni 1éze, zejména jejich forma ve
stfedni Casti vazu. Neni to dano cévnim
zésobenim /do téchto vaz(li nevstupuji cévy
prostfednictvim spojeni s kosti, ale pomoci
synovialnich oball/, ale je to dano
charakterem hojeni zlomeniny /srovnani
hojivé schopnosti spongidzni kosti a vazu/.
V soucasné dobé je jednozna€na preference
anatomické rekonstrukce téchto vaz(.

8.8. Luxacni zlomeniny v oblasti
proximalnitibie

Tyto zlomeniny je nutno odliSovat od
prostych zlomenin tibidlniho plata.
Uzndvana je Moorova klasifikace, kde
predstavuji avulzni zlomeniny typ 3 /rim

avulsion/. Avulze okraje plata vznika
predevSim na lateralni strané /Segondova
zlomenina, Hugstonovo kapsularni
znameni/, coz jsou avulze kloubniho
pouzdra, nebo dochazi k avulzi Gponu
iliotibialniho traktu. V oblasti medialni
Casti plata byvaji avulze vzacnéjsi, zato
rozsahlejsi, mnohdy s rotaci Glomka.
Slozitosti tohoto typu zlomenin odpovida i
terapeuticky pfistup, ktery je operacni s
revizi ofekévanych poskozenych mékkych
struktur.
9.Avulzni zlomeniny v oblasti hlezna
Mohou se vyskytovat ve 3 lokalizacich: na
laterdlni strané , na medialni strané a v
oblasti tibiofibularni syndesmézy.
Vzhledem ke slozitosti anatomického
usporadani a mechanismu drazu se
poSkozeni ¢asto kombinuji

Zvlastni problematiku maji avulzni
zlomeniny v oblasti hlezna v détském véku.
Vyskyt epifyzeolyz distalni tibie i fibuly je
znaény, presto vsechny nem{zZeme
povazovat za vzniklé avulznim
mechanismem. Negkteré klasifikace
fyzarnich poranéni vznikly vlastné
popisem téchto poranéni v oblasti hlezna.
Jednotlivé typy téchto poranéni,
klasifikace i léCeni jsou v nasi literature
detailné popsany (17,18).

Osifikace: osifikacni jadro distalni epifyzy tibie se
objevuje v intervalu od 3 do 24 mésicd véku,
osifikacni jadro distalni epifyzy fibuly od 6-36 mésicl
véku. Fyzy zanikaji mezi 15. a 19. rokem véku.
Ddlezity je zplsob zaniku distalni fyzy tibie. Zanik
neprobiha obvyklym zpdsobem od centra periferng,
ale medialné a pak lateralné. Vlastni zanik zacina ve
véku od I5. do 19. let a trva az I8 mésicd. Z téchto
ddvod mohou vznikat tzv. zlomeniny prechodného
véku. Okolo 11. roku se miZe objevit v hrotu vngjsiho
i vnitfniho kotniku pfidatné jadro, které by nemélo byt
zaménovano za avulzni zlomeninu.Vyskyt téchto
jader neni vzdy symetricky. Osifikacni jadro talu je po
narozeni dobfe patrné, dale se zvétSuje a déli na

budouci trochleu, kréek a hlavici. V 6 letech je patrny
proc. lateralis, proc. posterior miZe perzistovat - os
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trigonum.

9.1. Avulzni zlomeniny lateralniho malleolu
v détském véku

vznikaji tahem vaz(O pfi addukcéné
supinacnim nasili. Zpravidla existuji jako
avulzni epifyzeolyzy, po vycerpéani
Urazového nasili se epifyza vrati do
pdvodniho postaveni. Pfi normalnim RTG
nalezu je poranéni Casto léCeno jako prosta
distorze. Je to zfejmé nejcastéjsi avulzni
zlomenina, typ Salter-Harris | nebo II.
Lécba je konzervativni, fixace po dobu 3
tydn(. Vzacnéji mize dojit k avulzi v misté
Gponu lig. fibulotalare anterius. Berg (8)
popisuje soucasny vyskyt avulznich
zlomenin a os subfibulare. ZdGraziuje, Ze
os subfibulare nemusi byt vzdy jen
normalni radiologicka varieta.U 4 pacientd
popisuje obraz symptomatické lateralni
nestability - avulzni zlomeniny v misté
Gponu lig. fibulotalare anterius pfi
souCasném vyskytu os subfibulare.
Analogickou situaci uvadi v oblasti
medialniho malleolu ve vztahu k os
subtibiale.

9.2. Avulzni zlomeniny medialniho
malleolu v détském véku

Skute€né avulze v oblasti zaGatku lig.
deltoideum popisuje Ogden a Lee (cit. sec.
8) tfikrét Castéji nez analogické Cisté avulze
v oblasti lateralniho malleolu.V jednom
pfipadé popisuji dokonce tzv .sleeve
fracture. Powell poukazuje na vyskyt os
subtibiale ve 20 procentech oproti vyskytu
os subfibulare. Ishii (27) popisuje pfipady
trak¢ni apofyzitidy medialniho malleolu u
sportujicich déti. Magnetickou rezonanci
prokazuje avulzni zlomeniny chrupavky a
fragmentaci akcesorniho j&dra. Nélez
vysvétluje opakujici se hyperpronaci,
trakci lig. deltoideum. PFi omezeni
sportovni aktivity po fazi osifikaniho
jadra obtize ustoupily.

9.3. Avulzni zlomeniny v oblasti
tibiofibularni syndesmozy v détském véku
S ohledem na uvedeny atypicky postup
zéniku distalni fyzi tibie mdze dojit
avulznim mechanismem pfi zevné
rotatnim nésili k wvytrZzeni Ctyrbokého
fragmentu z anterolateralni Casti epifyzy -
tzv.Kleigerova zlomenina /Kleiger,
Mankin 1964/, jindy nazyvana "juvenilni
Tillauxova zlomenina". Dle velikosti
fragmentu se rozeznavaji 2 typy: Typ I:
Ulomek do poloviny epifyzy tibie, Typ II:
jen maly anterolateralni fragment.
Zlomenina odpovida typu Salter-Harris I11.
S ohledem na tzv. pfechodné obdobi je
mozné zavedeni Sroubu pfFes zanikajici
rGstovou ploténku bez obav z nésledné
poruchy rlstu.
9.4. Avulzni zlomeniny v oblasti hlezna v
dospélosti
Lze je délit dle mista lokalizace stejné jako
v détském véku, vzajemné kombinace jsou
Casté. OSetfeni vazivového apardtu i
zlomenin spolu Uzce souvisi, stejné jako
nutnost oSetfeni pfipadné poSkozené
tibiofibularni syndesmozy.
Lig.tibiofibulare anterius je slozeno ze
3 pod sebou uloZenych porci. Stfedni,
nejmohutnéjsi Cast spojuje na tibii
tuberculum anterius /Chaputlv hrbol/ a
hrbolek na fibule / Le Fortlv/. Dalsi Cast
spojeni tvori lig. tibiofibulare posterius a
interosseum. Lig. tibiofibulare posterius se
na tibii upind na kostni vyvyseninu, ktera se
mUZe pfi luxagnich zlomeninach vytrhnout
- Earldv, nespravné nazyvany Volkmann(v
trojuhelnik. Lig. tibiofibulare anterius
midZe byt pfi luxaénich zlomeninach
vytrzeno z fibuly /zlomenina Le Fort-
Wagstaffova/ nebo z tibie /zlomenina
Tillaux-Chaputova/. Dle velikosti
fragmentu je snaha po jeho reinzerci.
a) zlomenina Le Fort-Wagstaffova,
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a

c

Obr. 5. Zlomeniny v oblasti tibiofibularni syndesmozy - volné podle (56).

b) roztrzeni uprostred délky vazu,

c) zlomenina Tillaux-Chaputova.

P¥i poranéni vazivového aparatu v oblasti
lateralni se souCasnym vytrzenim drobného
fragmentu se fragment odstrani a vaz se
transosalné reinzeruje (18). Avulzni
zlomeniny ostatnich typl Ize najit i v
jednotlivych klasifikacich luxaénich
zlomenin v oblasti hlezna.

Geneticka klasifikace Lauge-Hansena
1942/ (34) rozeznava plvodng IV, pozdéji
/1953/ V typl: supina¢né addukéni,
supinacné everzni, pronacné abdukéni,
pronacné everzni a pronacné dorziflekéni.
Avulzni zlomeniny vznikaji pfi
jednotlivych poranénich v oblasti medialni,
laterlnii syndesmozy.

V Denisové-Weberové klasifikaci u ty-
pu A mlzZe vzniknout avulzni zlomenina
zevniho kotniku, u typu B navic v oblasti
vnitfniho kotniku ¢i dojde k vytrzeni
fragmentu zadni hrany tibie. U typu C je
situace obdobna, navic pfFistupuje
problematika jednotlivych typl poskozeni

syndesmozy. Detailni popis téchto
klasifikaci vcetné oSetfeni jednotlivych
typl zlomenin uvadi v nasi literatufe Dungl
(18)

10. Avulzni zlomeniny nohy

calcanea, os naviculare a metatarz(.
Ostatni lokalizace Cisté avulznich zlomenin
jsou vzacné a klinicky ne pFili§ vyznamné.
Cast&jsi je sdruzeni avulzi s dalSimi
poranénimi /luxace Chopartova,
Lisfrankova kloubu/. Zvlastnosti je v
oblasti nohy vyskyt akcesornich kosti
/vyznam diferencialné diagnosticky/ a
vztah avulznich zlomenin k pfipadnym
Skodam nozni klenby pfi nespravném
zhojeni.

10.1. Avulzni zlomeniny talu

A: Zlomeniny processus posterior tali

Processus posterior tali se sklada ze dvou vybézkd, ve
Zl4bku mezi nimi je uloZena Slacha m. flexor hallucis
longus. Lateralni tuberkulum je vétsi, je mistem Gponu
lig. talofibulare posterius. Medialni tuberkulum je
mensi, je mistem Gponu zadni tfetiny lig. deltoideum.
VétSina vybézku vznika ze sekundarniho osifikacniho
centra, které splyva s télem talu ve véku asi 10 let.
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Akcesorni kost - os trigonum - miiZe perzistovat, ¢asto
symetricky. M ovalné okraje, trojuhelnikovity tvar a
variabilni velikost.

Zlomenina laterdIniho tuberkula proc.
posterior tali

je nékdy nespravné nazyvéana
Shephardovou zlomeninou. Ve
francouzské literatufe popsal zlomeninu
Cloquet jiz v roce 1844. Kromé avulze
miZe vzniknout i pfimou kompresi. P¥i
inverzi nohy dochazi k tahu lig. talofibulare

pfi plantiflexi o zadni hranu tibie. V
klinickém obraze kromé obvyklého nalezu
miZe byt bolestivost v misté proc. posterior
tali pfi aktivni flexi halluxu. RTG
vySetfeni: v bocné projekci je zpravidla
vybézek dostatecné patrny, vhodny je i
snimek druhé strany. Lécba nedislokované
nebo minimalné dislokované zlomeniny
spociva ve fixaci a odlehceni po dobu 4-6
tydnd. U dislokovanych zlomenin
vyZadujeme anatomickou repozici a fixaci
vzhledem k topograficko-anatomickym
vztahdm.

Zlomenina mediélniho tuberkula proc.
posterior tali je vzacnéjsi, vznika
plantiflekénim a hyperpronaénim nésilim.
Diagnostika i lé¢ba je podobnd jako u
zlomeniny lateralniho tuberkula. Jesté

tali, pri dislokaci je doporu¢ovana oteviena
repozice a osteosyntéza.

B: Zlomeniny processus lateralis tali

Pfes vzacny vyskyt je tfeba na tuto
zlomeninu myslet, nebot byva Casto
prehlédnuta a vedena jako distorze hlezna.
Poprvé zlomeninu popsal Dimon /1961/.
Lateralni vybézek je vétSi nez zadni
vybézek talu, superolateralné je kryt
kloubni chrupavkou a artikuluje s fibulou,
inferomedialné s kalkaneem. Na vrcholu
zaCina lig. talocalcaneare laterale. Pro

diagnostiku je pfinosna predozadni
projekce hlezna, v laterdlni projekci
dochézi k mozné sumaci s fibulou i patni
kosti. Zlomenina vznika pfi inverzi a
dorziflexi nohy.
Hawkins rozeznava 3 typy poranéni:
l.extraartikuladrni zlomenina vrcholu
vybézku, Il.velky fragment zasahujici
talofibularné i subtalarné, 111. kominutivni
zlomenina zasahujici do obou kloub.
Lécha je konzervativni, repozice tla-
kem na Ulomek v everzi nohy, fixace 6
tydn( v neutrdlnim postaveni. P¥i
nelspéchu zaviené repozice repozice
oteviena, u zastaralych pfipadl a pfi
nepfihojeném fragmentu jeho excize.
10.2. Avulzni zlomeniny patni kosti
S ohledem na anatomické poméry je v
popredi zajmu zadni hrana a tuber calcanei.
Primarni osifikacni jadro se objevuje v 7.
mésici nitrodélozniho vyvoje, sekundarni
osifikani jadro v misté hrbolu se
manifestuje v 10O letech a splyva okolo 16 let
véku. Avulzni zlomeniny patni kosti jsou
soucasti mnoha klasifikaci.
Bohler rozeznava v osmiskupinové
klasifikaci:
I a) odlomeni zadni horni hrany hrbolu
patni kosti nad uponem Achillovy Slachy,
tzv. zlomenina kachniho zobaku,
I b) odlomeni zadniho fragmentu z tuber
calcanei s uponem Achillovy Slachy,
I ¢) odlomeni horni zadni Casti tuber s
Uponem Achillovy Slachy, kdy fragment
neni odklopen, ale vytaZzen vzhiru a
kompletné uvolnén z patni kosti.
Ross (47) déli avulzni zlomeniny na
intraartikularni a extraartikularni.
Rowe /1963/ (48) rozeznava v pétistupriové
klasifikaci:
1a) zlomenina kachniho zobaku,
2 b) avulze horni hrany hrbolu s inzerci
Achillovy Slachy.
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Mc Reynolds déli zZlomeniny tuber calcanei
na: a) posteroinferiorni /B/, b)
posterosuperiorni: 1. zobakovité /C/, 2.
avulzni/Dl.

| pres relativné dlouhou existenci
apofyzy jsou avulzni zlomeniny patni kosti
v détském véku raritni. Je- li zlomenina
dislokovana a zasahuje-li do zadniho
talokalkane&rniho skloubeni, doporucuje
se oteviend repozice a osteosyntéza
Kirschnerovymi draty nebo spongiéznim
Sroubem. Lze se pokusit i o zavienou
repozici a naslednou fixaci pri 45 stupfiové
plantiflexi hlezna a 45 stupriové flexi
kolenniho kloubu, fixace 3 tydny,
nésledovano 20 stupiiovou plantiflexi a
fixaci pod koleno na dobu 4 tydnd.
Tachtdjian povazuje operacni Iéc€eni
zlomenin patni kosti v détském véku za
kontraindikované, k Iécbé dislokovanych
avulznich zlomenin se vSak blize
nevyjadfuje.

Intraartikularni zZlomeniny zasahujici
v lateralni Casti do oblasti zadniho
talokalkanearniho skloubeni vyzaduji
operacni feSeni nejen z dlivod( anatomické
rekonstrukce kloubni plochy, ale i z divodd
popisovanych trofickych zmén kdze pfi
dislokovaném fragmentu. Nelze zapominat
na pfipadné problémy s obuvi pfi zhojeni v
dislokaci, nehledé na vhodnost rekontrukce
i pdvodniho mista Gponu Achillovy Slachy.
K avulzni zlomeniné patni kosti dochazi
nékdy u starich Zen .Ddvodem je zfejmé
poroticky skelet. Biehl (9) popisuje tuto
zlomeninu u diabetik( jako neuropatickou,
pri operatnim TeSeni zddraziuje Casty
vyskyt komplikaci u diabetikli vieobecng
znamych.
10.3. Avulzni zlomeniny os naviculare
se vyskytuji jako avulze tuberosity a
kortikaIni abrupce v dorzalni €asti téla.
Watson -Jones klasifikuje zlomeniny os

naviculare:

I: avulzni zlomeniny tuberosity,

I1: abrupce dorzalni Easti téla,

I11: zlomeniny téla,

1V: stressové zlomeniny.

I. Avulzni zlomenina tuberositas o0ssis
navicularis vznika tahem Slachy m. tibialis
poste-rior a prednich vlaken lig.
deltoideum pfi valgéznim a dorziflekénim
nésili. Zpravidla nedochdzi k wvyrazné
dislokaci. Pfi RTG vysSetfeni je tfeba se
zaméfit na moznost vyskytu os tibiale
externum, moznost pfehlédnuti zlomeniny
zejména v bo€né projekci a mozny
soucasny vyskyt i dalSich zlomenin /os
cuboideum, metatarzy/.

Lécba zlomenin bez dislokace spociva
ve fixaci 4-6 tydnd.P¥i dislokaci je tfeba
brat v Gvahu Glohu m. tibialis posterior pfi
udrzovani klenby nozni. Dle velikosti
fragmentu u Cerstvych zlomenin
provedeme osteosyntézu, u zastaralych
avulzi excizi fragmentu areinzerci iponu .
2. Kortikalniavulze ossis navicularis

Vznikaji everznim mechanismem, €as-
t&ji u Zen. Ulohu hraje jednak pouzdro
talonavikularniho kloubu, jednak predni
porce deltového vazu. Lécba je zpravidla
fixaci 4-6 tydnd s moZznosti zatéze. PFi
dislokaci a obtiZich pfi noSeni obuvi je
mozné fragment odstranit.Velké fragmenty
zasahujici do talonavikularniho kloubu s
vice nez 25% povrchu kloubniho je Iépe
reponovat a fixovat Kirschnerovym dratem
nebo Sroubem z malého instrumentaria.
10.4. Avulzni zlomeniny baze V. metatarzu
jsou jednim z nejcastéjSich poranéni v
oblasti nohy. Tuberositas ossis metatarsalis
quinti je apofyza, kterd& nemusi vzdy
zaniknout. Déle je tfeba odliSit i pfitomnost
akcesorni klstky os Vesali /hladké okraje,
zpravidla pfitomna oboustranné/. U divek
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Obr. 6. Zény vyskytu jednotlivych
zlomenin baze V. metatarzu - volné podle
(44).

zanika apofyza v 11 letech, u chlapcd ve 14
letech. Castéjsi nez os Vesali je os
peroneum, kterd se vSak nachazi ve Slase
m. peroneus longus /v 15 %/.

I kdy? je zd@razriovan hlavni podil Gpo-
nu Slachy m. peroneus brevis, nékdy je
udavana i GcCast lateralni Casti plantarni
aponeurdzy, Upon m. peroneus tertius je
popisovan pro Uplnost. Mechanismem
Urazu je hlavné neocekavana inverze nohy.
Zlomenina byva nespravné nazyvéana
Jonesovou zlomeninou. Jonesova
zlomenina nevznikd avulznim
mechnismem, je to zlomenina baze V.

metatarzu v typické lokalizaci (18).

Sir Robert Jones publikoval popis této zlomeniny v
roce 1902, kdy referoval o 6 pacientech, z nichZ prvnim
byl on sam. Uraz utrp@l pfi tanci. Popisuje ji jako
zlomeninu "pfiblizné tfictvrté palce od baze V.
metatarzu”. Jednalo se rovnéZz o jednu z prvnich
publikaci zaloZenou na radiodiagnostice.

Klasifikace téchto zlomenin:

I: avulze tuberosity,

I1: Jonesovazlomenina,

I11; diafyzarni stressové zlomeniny: A. Torg
I - Cerstvé, B. Torg Il - prodlouzené hojeni,
C. Torg Il - nezhojeno, paklouby.
Samotné avulze jsou jednak
extraartikularni /nejcastéji, moznost
soucasného vyskytu i zlomeniny

laterdlniho malleolu/,
intraartikularni /vzacné/.
LéCba u zlomenin bez vyraznégjsi
dislokace je fixaci pfipadné jen
naplastovou, odleh&eni o berlich 2-3 tydny.
PFi intraartikul&rni dislokované zlomeniné
je vhodna oteviena repozice a fixace s
cilem obnoveni kloubni kongruence.U
zastaralych zlomenin s klinickou
symptomatologii se doporucujeexcize
fragmentu a reinzerce Slachy m. peroneus
brevis. Bylo popsano i uskfinuti vétve n.
suralis do oblasti zlomeniny s obrazem
pozitivniho Tinelova pfiznaku.
Poranéni Slachy m. peroneus longus -

avulzni zlomenina v misté os peroneum.

Os peroneum je sezamské kost asi z 20 % tvorena
kosti, uloZena v pribéhu $lachy m. peroneus longus, v
misté asi 3 cm proximalné pred jejim Gponem na bazi
I. metatarzu a os cuneiforme mediale. MizZe byt
vazivové spojena s m. flexor digiti minimi a s os
cuboideum.

Zlomenina vznikd C€asto v ramci
sportovniho traumatu. PF¥i retrakci
proximalni Casti kosti je pfinosem RTG
vySetfeni. Pfi malém kosténém dlomku
probihd pod obrazem ruptury Slachy m.
peroneus longus, Casto nepoznana.Pfi
klinické symptomatologii je doporu¢ovana
sutura nevstrebatelnym materidlem v misté
avulze os peroneum, 3 tydny rigidni fixace
a 3 tydny ortéza se zvétSujicim se rozsahem
pohybu hlezna (49). Avulzni zlomeniny v
ostatnich, distaln&jsSich Castech nohy,
nemaji zvlastni problematiku. S ohledem
na funkci nohy a mensi vyznam prstd ve
srovnani s rukou /s vyjimkou halluxu/
nevyZzaduji odliSnou Iécbu.

11. Avulzni zlomeniny patere

Tvofi znacné heterogenni skupinu z
hlediska lokalizace i vyznamnosti
jednotlivych typd. Délime je dle lokalizace
na zlomeniny v oblasti kréni /obecné a
zvlaSt v oblasti horni kréni patefe/ a

jednak
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zlomeniny v oblasti thorakolumbalni. Je
tfeba odliSovat izolované avulze od avulzi
sdruzenych v ramci zlomenin v téchto
lokalizacich obvyklych.Vzhledem k
existenci ligamentézniho systému a
znaénému mnoZstvi zacatkd a Gpond svall
je vyskyt avulznich zlomenin patefe
relativné Casty.Hlavnim kritériem Iéchy je
stabilitazlomeniny (4).

11.1. Avulzni zlomeniny horni kréni patere.
A. Zlomeniny kondyl{ tyIni kosti
Rozeznavame 4 typy poranéni (6):

I. zlomenina kondyld v rdmci zlomeniny
baze lebni,

Il. cirkulari vylomeni okrajii foramen
magnum,

111. izolovand kompesivni zlomenina,

IV. stfiZzn& ¢i avulzni zlomenina - vznikla
tahem ligg. alaria.

U typu IV dochazi k dislokaci fragmentu
medialné. PFi€inou je rotace, uklon nebo
jejich vzajemna kombinace. Zlomenina je
potencialné nestabilni. PFi vzniku
atlantookcipitalni dislokace je indikovana
k dorzélni spondylodéze v rozsahu CO - C2
(6).

B. Zlomeniny atlasu

Délime dle Gehweilerovy klasifikace do 5
typd:

I. zlomenina pFedniho oblouku atlasu,
avulzni,

I1. zlomenina zadniho oblouku,

I11. Jeffersonova zlomenina - kombinace
zlomeniny predniho a zadniho oblouku,
Ctyf, tfi a dvoufragmentova,

IV. izolovand zlomenina massa lateralis
atlantis,

V. zlomenina proc. transversus.

Typ | - zlomenina predniho oblouku.
Vznika hyperextenénim mechanismem,
tahem m. longus colli. Jakim (28) popisuje
izolovanou avulzni zlomeninu tuberculum
anterius  atlantis u dvou pacientd jako

zlomeninu raritni. OdtrZzeni samotného
tuberculum anterius je povazovano za
zlomeninu stabilni, urcenou ke
konzervativni terapii. Imobilizace limcem
6-8 tydnl je dostate¢nou léCbou stejné i v
pfipadé izolované zlomeniny predniho
oblouku. P¥i vyraznéjsi kominuci predniho
oblouku /avulze lig. transversum atlantis/ je
poranéni nestabilni, vyzaduje
spondylodézu CI - C2. Metodou volby je
seSroubovani dle Magerla, technika dle
Gallieho nebo Brookse (6).

C. Zlomeniny epistrofeu

Uznavana je klasifikace Andersona a
D" Alonza:

Typl: Zlomeninaapexu dentu,

Typ Il: Zlomeninadentu nad bazi,

Typ l1l: Zlomeninabaze dentu.

Za avulzni je povazovan typ I /ligg. alaria/.
Zpravidla jde o stabilni zlomeninu uréenou
ke konzervativni terapii. Fixace limcem po
dobu 8 tydnl, pfi atlantookcipitalni
dislokaci spiSe minervou nebo halo-
korzetem po stejnou dobu. V ostatnich
Usecich patefe se mohou avulzni zlomeniny
vyskytovat izolované nebo v kombinaci s
dalSimi typy zlomenin pfi mechanismu
vzniku obecné axialni kompresi, axialni
distrakci, axialni rotaci a stfihem.

11.2. Klasifikace zlomenin Th - L pétefe
/Holdsworth, Whitesides, Denis, Mc Affee,
Magerl/ je prehledné popsana v nasi
literatufe Bartonickem (4). Cisté avulzni
zlomeniny se tykaji proc. spinosus, proc.
transversus. Podle tfisloupcové teorie jsou
to zlomeniny stabilni, urCené ke
konzervativni terapii - imobilizace dle
lokalizace vyskytu. Mohou vznikat aktivni
svalovou kontrakci ¢i pfi Urazech
elektrickym proudem /svalovy systém
spinospinalni, spinotransverzalni,
transverzospinalni/. Vyznamny je i systém
ligamentozni /ligg. interspinalia,i
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ntertransversalia, interarcualia - flava/.
11.3. Vyznamné postaveni mezi avulznimi
zlomeninami Th-L pétefe zaujimé
Chanceho zlomenina. Klasickd forma
prochadzi horizontalné obratlem. Vznika
flekEnim mechanismem, vSechny tfi
sloupce jsou poranény distrakci. Po
repozici je stabilni v kompresi. Zlomenina
vznika Casto pfi autonehodéch, byva
doprovazena abdomindlnim poranénim.
Nékteré tyto zlomeniny maji i
diagnostickou hodnotu - zlomeniny
priénych vybézkd L patefe pfi nestabilnich
zlomeninach panve vzniklych vertikalnim
nasilim /lig. iliolumbale, m.
iliopsoas/.

ZAver

Avulzni zlomeniny maji i pres relativné
vzacny vyskyt v traumatologii své
postaveni, at uz se jedna o vlastni
diagnostiku a Ié¢bu, nebo problematiku
diferencidlné diagnostickou /variety,
nédorova onemocnénil/.

Uvedeny prehled avulznich poranéni
pohybového aparatu by mél blize poukazat
na tuto problematiku, mnohdy v
traumatologickych ucebnicich ne pfFilis
zdlirazfiovanou, a prispét tim ke zlepSeni
informovanosti nejen v oblasti teoretické,
ale nasledné i pfi oSetfovani pacientli s
témito poranénimi.
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SOUBORNY REFERAT *

REVIEW

MYSTERIUM SESTIPRSTYCH

B. Ales

Ma-li ¢lovék pét nebo Sest prstd, zej-
ména na ruce, fidi se podle toho cela jeho
pocetni soustava - desitkovd nebo
dvanictkova. Na svété se stdle rodi
mutanti, kromé jiného téz se Sesti prsty na
rukou nebo na nohou. V tomto pfipadé je
nutno vzit v Uvahu, Ze pravé Sestiprsti
mohli byt v pradavnych dobach zakladateli
lidské civilizace, alespofi pokud se tyka
matematiky a pisma. Zbytky dvanactkové
soustavy se dodnes projevuji v po€itani na
tucty, veletucty /grosy/, pfipadné i tucty
gros(i /masy/.

Zalistujme v knize profesora matematiky
Arnosta Kolmana "Dgjiny matematiky ve
starovéku"'(3). M.j. piSe o poCetni soustavé
ve staré Mezopotamii: Sumérové pocitali v
Sedesatkové soustavé /po nich to prevzali
Babylonané/, ale v nékterych pFipadech
uzivali i soustavy desitkové. Vznik Cisla
Sedesat jako zakladu Ciselné soustavy se
musi hledat v pocitani na prstech /3/. Zde
jsem u kofene véci: Pan profesor tvrdi:
"Nékdy po vycerpani viech prstd levé ruky
byla zapoctena i celd ruka - tak mohla
vzniknout i Sestkovd /u obou rukou
dvanactkova/ soustava". Tato teorie se ndm
zda ponékud nasilna. Prof. Arnost Kolman
zfejmé necCetl Bibli - Stary z&kon, byl to
védec a v letech padesétych naseho stoleti
se mohl odvolavat pouze na Marxe, Lenina
a hlavné Stalina, jehoZ kult pretrvaval jesté
dlouho po jeho smrti /5. bfezna 1953/. V
téchto dobach nikdo z uznavanych védcd u
nas nemohl vefejné zminovat ndboZenské a
jeSté ktomu Zidovsé spisy.

Pfesto A. Kolman piSe: Desitkova
soustava ustupovala soustavé dvanact-
kové, protoZe toto Cislo je délitelno 3 i 4.
Lehce se v ni provadéji operace, které se
Casto vyskytuji pfi déleni kruznice a Casu.
Déale uvadi, ze dvanactkovou soustavu
nachazime u nékterych kmend ve stfedni
Africe. K tomu tfeba dodat, Ze byl natoCen
film o Sestiprstém cernoSském kmenu, ale
ani nazev nebo néjaké bliZsi podrobnosti se
dosud nepodafilo zjistit. Ani opakované
dotazy na Internetu nepfinesly potfebnou
odpovéd. Bude nutno patrat dale. Jesté si
poloZme otézku pro¢ se den déli na 24 a
nikoliv 20 hodin, minut je 60, stupid v
kruhu 360 a podobné dalsi pFipady.

Kdyby lidstvo zavedlo znovu
dvanactkovou soustavu, veSkeré pocCty by
byly snadnéjSi a wvyrobci hardware i
software by si opét po zésluze vydélali dalsi
miliardy, nez by to vSechno predélali.

Cili uzndme-li za nejvySe potfebnou
genetickou Upravu Homo sapiens, mélo by
se lidstvo vratit k Sesti prstim. Bih stvofil
¢lovéka k obrazu svému. Kdo to byl Bih ?
Sahnéme po Bibli - Starém zakonu. | ateisté
mohou v bibli listovat a slovo BUh, Jehova,
Jahve a pod. si nahradit vyrazy osud, Stésti,
ndhoda apod. Hitler uZival slova
"prozfetelnost” aby si s Bohem nezadal.
Bible je bezesporu nejdokonalejsi,
nejpodrobnéjsi a nejzachovalejsi historické
svédectvi o praplivodu lidstva.

Ale pozor: vyhledejme si v I. knize
MojziSové kapitolu 6 vers 4: "V téch dnech
byli na zemi obfi /Nefilim/, a také potom,
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kdyz synové pravého Boha mivali pomér s
lidskymi dcerami a ty jim rodili syny, byli
to ti silni, ktefi byli odedavna véhlasni
muzi". Po precteni tohoto verSe z(stava
rozum stat. Jak je mozné, medle, Ze Bih
mél vice neZ jednoho syna, o kterém je
prakticky cely Novy zakon, a tento syn byl
asketa, zadné Zeny se nedotkl, smilstvo
neprovozoval? | byla tato otazka polozena
jednomu duchovnimu. Reverende, co
soudite o téch synech /pravého/ Boha a kdo
to je ten /pravy/ Blh ? Reverend se trochu
zasmusil, rozhlédl se opatrné kolem sebe,
pak pohlédl vzhiru, jestli snad Nejvyssi
nenasloucha, a pravil Septem: "Vite, ja si
osobné myslim, zda ta véc neméla co do
¢inéni s Ufony". Rozhodné toto vysvétleni
by bylo nejpfijatelnéjsi.

A tim se dostavdme k Roswellu -
mensimu méstu ve staté New Mexico v
USA, majicimu t.¢. necelych 50 000
obyvatel. Misto celkem nezndmé, az do
podivné udalosti, ktera se udala na pfelomu
roku 1947, ktery byl vyznavadi Ufond
prfezvan na " rok Roswell". V blizkosti
zminéného mésta byl dne 7.7.1947
pozorovan pad neznamého télesa , které
bylo mnohymi oznaceno jako létajici taliF.
Zastupce arméady npr. W. Haut oznamil den
na to zastupcim médii, Ze 7.7.47
zpravodajsky utvar 509 ziskal nezvykly
objekt, ktery byl umistén v kasarnach. Jiz o
nékolik hodin pozdéji byla tato informace
oficialné dementovéna, Slo pry jen o
normalni meteorologicky balon.

K tomu ovSem nutno dodat: jakékoliv
informace o pfipadném kontaktu s
mimozemskymi bytostmi nebo pfedméty
jimi vyrobenymi jsou nejpfisnéjSim
vojenskym tajemstvim, v USA maji napr.
prioritu pred sestrojenim vodikové pumy.
Podobné si pocinaji mnohé staty - prosté
vojaci zabavi vzdy a vSude veSkeré

informace, které by mohly pomoci
vojenské situaci nebo tuto ohrozit.

Avsak GCelem naSich Gvah nejsou
ufologové a jejich pozorovani, nybrz
Sestiprsti. Dokumentarista Ray Santili mél
pfitele Jamese Barnetta, kameramana
amerického vojenského letectva, ktery pry
natacel pitvu mimozems$tanky,
provadénou v cervenci 1947 americkymi
vojenskymi lékafi na letecké zakladné
Forth Worth v Texasu. Nas na této pitvé
zajima predevsim 6 prstl na kazdé ruce,
které kamera zblizka jasné zabira. To mlze
veést k zavéru, pokud film nebyl zfalSovan,
Ze Ufoni méli po 6 prstech, a to alespori na
rukou. Jesté kratk& poznadmka k Roswellu:
Lezi asi 100 mil vychodné od obfi pokusné
americkeé raketové zakladny, kde 16.7.1945
vybuchla prvni atomovd puma na svété
vlbec. A Ufoni si jaderné energie velmi
v8imaji, jak se uvadi v mnoha zpravach
ufologd.

Jesté jednou bible, 2. kniha MojZiSova,

34:29: akdyZ Mojzis sestoupil z hory Sinaj,
stalo se, Ze v MojziSové ruce byly 2 tabulky
Svédectvi, kdyZ sestoupil z hory a MojZi$
nevédél, Ze klZe jeho oblieje vyzatuje
paprsky, protoze mluvil s nim.
34:30: Kdyz Aron a vSichni izraelsti
synové uvidéli Mojzise, tu pohledme, kiiZze
jeho obliceje vyzafovala paprsky, a je
zachvacoval strach priblizit se k nému.
34:33: /Vzidyl/, kdyZz s nimi Mojzi$
domluvil, daval si pres obliej z&voj.
34:35: A izraelsti vidéli Mojzisdv oblicej,
Ze klZe Moijzisova obliGeje vyzafovala
paprsky, a Mojzi$ si dal opét na obliCej
zavoj, dokud nevesel, aby s nim mluvil.

Co k tomu dodat ? I lidé z Cernobylu
z&fili, pravé tak jako v HiroSimé a
Nagasaki. Podobnost je vice nez podezrela.

JeSté nam je tfeba vzpomenout Ericha
von Daenikena, jehoz prvni kniha
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"Vzpominky na budoucnost”" vzbudila
zaslouzenou pozornost - piSe v ni, Ze
Izraelitim bylo bojovati se Sestiprstymi
obry. Co stoji doslova ve 2. knize
Samuelové, 21:20?: A valka vypukla jesté
jednou u Gatu, kdyZz tam byl muZ
mimoradné velikosti se Sesti prsty na kazdé
ruce a Sesti prsty na kazdé noze, celkem
CtyFiadvaceti a také on se narodil Refaim.

Slavny Daeniken byl upozornén
reverendem C. Scarbouroughem z
Kapského Mésta, ktery byl misionafem na
ostrové Kiribati v Tichém oceanu, ktery je
samostatnym statem od r. 1977, Ze jsou tam
dobfe udrzované, asi 5 m velké hroby dvou
obr(, ktefi se dle taméjsich poveésti snesli z
nebe. Kousek dal je kruhové misto, kde nic
neroste - zde pry bohoveé pristali. | vypravil
se tam velmi brzy na3 dobry a bezesporu
nedinavny a moudry pan Daeniken a po
urcitych obtizich vyfotografoval m.j. téZ za
dédinou Banreaba otisky nohou, z nichz
vétdina méla 6 prstl, byly normalni i
obrovské, tj. obfi. Tyto fotografie jsou v
pfiloze jeho dalSi knihy "Cesta za
tajemstvim"(2).

Prosluld kniha Luise Pauwelse a
Jacquese Bergiera "Jitro kouzelnikd"(1),
ktera se kratce po svém vydani v r. 1969 a
okamzitém rozebrani prodavala na cerném
trhu aZ za dvacetinasobek normalni své
ceny se v zAavéru zmifiuje o Zeramu
Colburnovi - vynikajicim pocCtafi: Jevil
znak degenerace, ale prst navic na kazdém
Gdu.

Kdokoliv si mlZe zajit do obrazarny
Prazskeého hradu a vyhledat tam I. sal s
obrazy Rudolfinskych sbirek a v levém
zadnim rohu uvidi vertikalni velky obraz
sv. Katefiny alexandrijské od slavného
malife - predstavitele manyrismu -
Bartholomaea Sprangera, ktery pusobil
pfes 30 let na dvore mystika Rudolfa II.

Svétice m& UmysIné vysunutou pravou
bosou nohu z habiu abatySe, na které si
mUZe kazdy napoditat 6 prstil. Sv. Katefina
byla dle legendy mucena a stata poCatkem
4. stoleti. O této krasné panné a trpitelce se
vypravéji mnohé legendy, ale nas nyni
zajima spiSe jedno. Jak mohl autor obrazu
védét, Ze sv. Katefina Alexandrijska méla 6
prstd - vZzdyt on sam pracoval na prazském
hradé okolo roku 1600 a sv. Katefina Zila a
zemfrela pred vice nez 1300 lety? Legendy
o ni patrné byly uchovavany v tzv. libri
prohibiti - knihach zakazanych, které po
mnoha staleti peclivé opatrovala a
schovévala vSemocna cirkev. Tyto knihy
byly pod zdmkem, klice k nému méli jen ti
nejpovolangjsi a nejspolehjlivéjsi. Dodnes
mnohé z téchto knih i jinde, nap¥. v Tibetu v
Indii a Cetnych dalSich zemich jsou skryty
o¢im nepovolanych. Lidé by méli usilovat
o jejich odtajnéni.

Pljdete-li Nerudovou ulici vzhlru ku
hradu, na jejim zacatku vlevo uvidite
rumunské velvyslanectvi. Pfed vrcholem
jsou dva Atlanti /dle povésti obyvatelé
Atlantidy byli Sestiprsti, ale misto kde tato
bajna zemé leZi, nebylo dosud jednoznacné
uréeno/. Podivejte se na pravou nohu
levého obra - ma Sest prstd, i kdyZ malitek
jetrochu zakrsly.

Autor si dal inzerat do jednoho velkého
prazského deniku: Sestiprsté ruce, nohy,
osobni zku3enosti, literatura, hleddm.
Upozornéni odménim. DoSlo nékolik
odpovédi, vesmés o lidech se 6 prsty, které
autor znal. Je pravdépodobné, ze kdyby
inzeraty byly vyraznéjSi a cCastéji
opakované, pfislo by odpovédi mnohem
vice.

MozZno téZ uvaZzovat o vyzvé v televizia
rozhlase, pfip. o zaloZeni klubu €i nadace.
Nemaly podil na odhalovani historie a
soudasnosti Sestiprstych mize mit
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samoziejme Internet - v této dobé nejvétsi a
nejrozsahlejsi medium svéta. VSem
patnacti vedoucim spolecnostem, které
odpovidaji na Internetu a maji k dispozici
jiz pres dvé a pdl miliardy informaci,
jejichz pocet stale stoupd, byly poloZeny
otazky, tykajici se Sestiprstych. Pocet
nabidek se rdznil od nékolika set do
nékolika tisic. Podrobné zpracovani vsech
poskytnutych informaci si vyzada mnoho
mésicd, ne-li let, ale snad pfispgje k
vysvétleni tajemstvi Sestiprstych v historii
existence lidstva.
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POVODNI PRACE *

ORIGINAL PAPER

IDENTIFIKACNI HODNOTA PODOGRAMU BOSE NOHY

J. STRAUS

Katedra kriminalistika, Policejni akademie CR, Praha

Uvod

Analyza stop bosého chodidla se
objevuje v kriminalistické literature zatim
jen okrajové a pro identifikacni Gcely v
oblasti trasologické identifikace se vyuziva
jen pro ur€eni skupinové prislusnosti podle
rozmér( stopy chodidla (4). Trasologické
stopy chodidla vznikaji v ddsledku
vzajemné interakce osoby s hmotnym
okolim. Touto mechanickou interakci
vznikaji urcité zmény, jez nesou informaci
0 subjektu, ktery stopu vytvofil. Do
skupiny trasologickych stop miiZeme
zahrnout i stopy bosych chodidel, které se
odrazeji bud v materidlu podkladu
(linoleum, zemina €i jina pevna podlozka),
nebo se odrézeji ve vlastnostech a
naSlapané Casti obuvi. Bosa noha se odrazi
ve stélce obuvi a mlize v ném zanechat
vyhodnotitelné stopy, které mohou
pfipadné podavat informaci o deformacich
¢i jinych anomaliich nohy.

Je proto nutné se alespon ve strucnosti
zminit o anatomické stavbé a normalni
funkci lidské nohy. Aby téleso bylo stabilni,
musi byt podepreno ve tfech bodech opory
a primét tézisté musi spadat mezi tyto
body, do plochy opory. Normalni noha méa
tedy t¥i body opory, které lezi v kontaktnich
plochach: a) kosti patni, b) hla-vice prvého
metatarsu (palce), c) hlavice patého
matatarsu (maliku).

Mezi témito body je klenuti nohy.

Klenba se sklada z péti podélnych paprska.
Vpredu jsou pomérné volné a mnoho-
nasobné rozclenéné, a tak umoziuji co
nejdokonalejsi pFizplsobeni tvaru nohy
podlozce. Vzadu maji pohyblivost
nepatrnou a jsou masivné stavény, aby
unesly velkeé zatizeni (1). Mezi uvedenymi
tfemi body je klenba nozni. Svisla téZnice
neprochazi osou hlezenniho kloubu, ale
pred ni, asi uprostfed délky nohy.

U normalniho zdravého chodidla
prenasi polovinu zatizeni okoli zadniho
opérného bodu, kde je vnitfni medialni a
vnejsi lateralni vybéZek patni kosti. TFetinu
zatizeni prenasi okoli predniho vnitfniho
opérného bodu, kde je hlavicka prvni
metatarzalni kosti. Sestinu zatiZeni pak
prenasi okoli vnéjsiho lateralniho opérného
bodu, kde je hlavicka paté metatarzalni
kosti (3).

Pohyby nohy probihaji kombinovang,
jednak v hornim, jednak v dolnim
hlezennim kloubu. Za zakladni polohu
nohy pfi chlizi se povaZzuje abdukce 7,5°(1).

Mechanismus vzniku stopy chodidla
bosé nohy v klidovych podminkéch
odpovida mechanismu vzniku podogramu.
Ten spociva v dokonalém otisku chodidla
bosé nohy na podlozku. PFi klidném stoji se
noha opirda o podloZzku bFisky prstd,
hlavickami nartnich kosti, zevnim okrajem
chodidla a hrbolem kosti patni. Cast plochy
chodidla a témér cely vnitfni okraj jsou
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vyklenuty nad podlozku.

Individuélni identifikace ¢lovéka podle
stop bosych nohou nebo otisku jednoho
chodidla je sloZzitym teoretickym i
praktickym problémem a dosud nebyl
uspokojivé vyfeSen postup, jak toto
identifikacni zkoumani dovrSit. V nasi
kriminalistické literatufe byly stanoveny
zakladni parametry stopy chodidla bosé
nohy (2). Urcité moZnosti ke stanoveni
identifikace osoby lze spatfovat ve
vymezeni Uhlu palce, Uhlu stopy a stupné
plochosti chodidla. Tento postup ovsem
nepovazuji za nejvhodnéjsi a zda se velmi
diskutabilni pro zavrSeni identifikacniho
zkoumani zjisténim jen téchto t¥i Gdajd o
stopé. Navic pouZiti tohoto zplisobu nebylo
prakticky ovéfeno naSirokém vzorku osob.

Material ametody

Z téchto ddvod(l jsme pristoupili k
bliz8imu objasnéni naznacenych problém{i
a provedli jsme vlastni analyzu 225
podograml vzorku muzl a Zen nasi
populace s cilem stanovit identifikacni
faktory podogramu bosé nohy a nalézt ve
stopé néktere dalsi informace, jez by
zuzovaly urceni skupinové pFislusnosti
osoby, ktera stopu vytvorila.

Celkem jsme ziskali 225 podogram(i od
120 muzll a 105 Zen nasi populace ve véku
18 az 52 let. Vzorek osob odpovidal bézné
populaci. Do souboru byla zafazena i
skupina 23 aktivnich sportovcd
(zapasnik(), ¢lend SVS ve véku 18 az 32
let. U této skupiny sportovcl jsme
predpokladali dlouhodobou zatéZ dolnich
konéetin v dlsledku pravidelného
posilovani s c¢inkami. Dale bylo tuto
skupinu mozné podrobit jednorazové
zatézi jak posilovanim tak béhem na 10 km.
Otisky podogramd byly pofizovany ihned
po skonceni béhu Ci serie posilovani s

Cinkami.

Zpocatku jsme u kazdého podogramu
zjistovali 12 rozmérd, ale po orientacnim
zpracovani asi 30% celkového poctu
podogram( jsme tento pocet redukovali na
8. Vyfazené parametry nevykazovaly
statistickou stabilitu a byly vyrazné
ovlivnény vnéjsimi podminkami.

Podogramy byly zisk&vany tak, Ze bylo
chodidlo pokusné osoby natfeno Cernou
anilinovou barvou a poté si osoba stoupla
na Cisty papir formatu A4, polozeny na
rovném povrchu. Jako podklad bylo
zvoleno linoleum a kovralovy koberec
tlusty 5 mm. 65% podogramdl bylo ziskano
na papirech poloZenych na linoleu a 35%
podogram( na podlkladu kovralu.

Sledovanych osm parametri je
vyznateno na obr.1. Na ziskanych
plantogramech jsme dale zjiStovali
hodnoty a variabilitu indexd I,azZ 1.

Vysledky a zavéry

PFi kontaktu bosé nohy s podloZkou se
vzdy otiskly ty €asti chodidla, kde dochazi
k nejvétsimu zatiZeni chodidla pfi chlzi, a
tedy nejvétSimu tlaku plosky nohy na
podlozku. Vzdy se ndm velmi zfetelné, s
Citelnymi konturami otiskla Cast paty a
oblast prvniho a pateho metatarsu. PfFi
analyze celého souboru podogrami se
ukézalo, Ze otisky istmu chodidla vykazuji
znacnou variabilitu. Napfiklad u Fady
mefeni na normalné klenuté noze byl
istmus v Sifce 5 - 10 mm, po zatizeni téze
nohy desetikilometrovym béhem nebyl
otisk této Casti chodidla zaregistrovan.
PFitom by bylo logické pfedpokladat, Ze po
zatéZi bude klenba nohy nepatrné zborcena
a istmus chodidla bude vykazovat vétsi
Sifku ve svém podogramu.

PFi vyhodnocovani podogramd jsme se
zaméfili pouze na geometrii otisku bosého
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Obr. 1. Sledované parametry ziskané z
podogramu

chodidlas témito pozadavky:

a) somatometrické body chodidla musi byt
uréovany jednoznacné presngé, aby pfi
opakovanych méfenich nedochazelo k
relativnim chybam mérenych parametrd,

b) zvolené body na podogramu je tfeba
stanovit tak, aby je bylo moZné rychle urcit
a vyhodnotit bez zvlaStnich znalosti
anatomie stavby chodidla,

c) jednotlivé body se musi odrazet na vSech
mérenych podogramech bosé nohy,

d) je nutno vyhodnotit geometrii otiskd
bosé nohy a stanovit ty parametry, jeZ jsouu
kazdého jedince stabilni, méni se jen v
nepatrnych odchylkéch a nejsou zavislé na
mechanismu vzniku stopy bosé nohy,

e) je tfeba sledovat vliv dlouhodobého i
kratkodobého zatizeni na zménu parametrd
plantogramu a pfipadné i na zmény v
priibéhu dne a doby jednoho mésice.

Z vlastniho pofizovani podogramd a z
jejich méFeni a analyzy vyplynulo nékolik
podstatnych zaveér(:

1/ Zvolené méFené body (oznacené na
obr.1 jako body A, B, C, D, E, F) byly na
vSech otiscich bosych nohou jednoznacné
Citelné a bylo mozné méfit rozméry AB,
AC, AD, AE, AF, CD, CB s pfesnosti 1 mm
a Uhel "alfa" s presnosti na 1°. Pokud byla
meérend osoba vystavena veétsi zatézi (at
jednorazové nebo dlouhodobé), nemély
zvolené parametry od primérné hodnoty
rozdil vétsi neZ byla hodnota smérodatné
odchylky. Geometrie chodidla se mohla
CasteCné deformovat, aniz se vyrazné
zvétSily ¢i zmenSily uvedené parametry.

Téchto osm parametr(i je mozné na
zdkladé vyzkumu povazZovat za
identifikacni faktory otisku bosé nohy,
které nepodléhaji podstathym zménam
vlivem zatiZeni nebo vlivem ¢asu do doby
jednoho mésice. MdZeme vyslovit realny
pfedpoklad, Ze geometricka stabilita by
jisté byla delSi nez jeden meésic. Nebyly
zjiStény rozdily mezi otiskem levé a pravé
bosé nohy.

V tabulce €. 1. jsou pro nazornost
uvedeny hodnoty zjisténych parametrd u
jedné vybrané osoby, u niz byly vyuzity
vSechny druhy zatéze a podogram byl
analyzovan po dobu étyf tydn(. Z tabulky
je patrna skutecnost, Ze zvolené parametry
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AB CD AE AD AF CB AC alfa
Bez zatizeni 14,7 12,0 75 9,7 4,8 5,0 16,7 58°
Bez zatizeni 14,3 11,5 7.3 9,5 4,3 5,2 16,2 58°
Posilovani 14,8 11,4 1,7 9,9 4,9 52 16,1 58°
Béh 10 km 14,5 11,6 75 9,7 4.9 51 16,4 57°
Béh 10 km 14,7 11,5 7,6 9,9 4,7 50 16,3 58°
Bez zatizeni 14,5 11,4 7,6 9,9 4,9 54 16,4 57°
Po 1 tydnu 14,7 11,2 7,6 9,9 46 5,2 16,1 58°
Po 2 tydnech 14,5 12,0 7,7 9,9 4,9 5,0 16,6 57°
Po 3 tydnech 14,5 12,0 7,5 9,8 46 52 16,3 58°
Po 4 tydnech 14,5 11,7 7,8 9,8 47 5,2 16,3 58°

Tabulka 1. Hodnoty méFenych parametrt u jedné osoby (uvedeno v cm).

Muzi Zeny

Min. Max. Min. Max.
I 2,2 29,5 2,8 28,4
1, 32,4 42,4 31,5 42,3
1 46,3 73,2 46,5 69,6
l, 55,5 82,6 57,1 82,3
I 52,2 105,8 49,9 85,0
I 22,2 38,1 22,7 35,9

Tabulka 2. Tabulka indexd.

jsou pro kazdého jedince stabilni, neméni
se vlivem zatizeni a mohou ve svém
souhrnu slouzit jako identifikacni faktory
pfi ur€ovani individualni identifikace
osoby podle stop bosych nohou.

2/ P¥i méfeni nebyly zjistény statisticky
vyznamné rozdily v geometrii podogramd
po jednorazové Ci dlouhodobé zatézi (viz
tabulka €. 1). Dale nebyly zjistény rozdily
pfi méfeni s odstupem Ctyf tydn(i u jedné a
téZe osoby. Zatizeni bylo vystaveno celkem
27 osob, z nichz u 14 byl analyzovan

podogram po jednorazovém zatizeni pfi
posilovani s Cinkami a u 13 osob byl
podogram analyzovan po béhu na 10 km. U
15 probandl byla provadéna analyza
podogramu bosé nohy béhem &tyF tydn,
podle realnych moZnosti pokusnych osob.
Je nutné pfipomenout, Ze bylo nasi
snahou nalézt co nejvice geometrickych
rozmérd v otisku bosé nohy. Pokud jsme ale
velké mnozstvi rozmérl statisticky
zpracovavali, museli jsme Fadu z nich
vyloucit, nebot jejich variabilitaa rozptyl
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Obr. 2. Rozméry pro vypocet indexd.

se pohybovaly mimo pfipustnou toleranci
smérodatné odchylky a nebylo by pak
mozné vyslovit relevantni zavéry k
identifikacnim faktordm. Stanovena
kriteria splfiovalo jen vy3e uvedenych osm
parametr(l.

3/ Na podogramech jsme dale zjistovali
indexy
chodidla I, az I, které jsme si definovali

takto:

I,=cla I,=bl/a I,=bl/g

I,=g/f I,=e/d I,.=e/b
kde je a - délka nohy, b - Sifka nohy, ¢ - Sitka
istmu, d - délka palce, e - Sitka palce, f -
délka paty, g - Sitka paty. Rozméry jsou
vyznaceny naobr. 2.

Po zméfeni a vyhodnoceni viech
podogramid jsme ziskali prehled o
hodnotach indexd a jejich variabilité u
souboru muzd a Zen. Hodnoty jsou uvedeny
vtabulcec.2.

Statisticky vyznamné rozdily mezi
muzskou a Zenskou populaci byly zjistény
v indexech I, (primér pro muze €ini 13,15 a
pro zeny 12,16), I, (primér pro muZe je
58,41 a pro Zeny 61,82), I, (primér pro
muZe je 67,93 a pro Zeny 63,85) a v indexu
I, (primér pro muze je 30,34 a pro zeny
27,68). Vyznamné rozdily nebyly zjistény
u indext 1,a I,. Z plantogram( je mozné
zjistit rychle a pfesné poZzadované
parametry, zjistit indexy I, ,I, I, a I, a
kombinovanym vySetfenim ziskat
pravdépodobnou informaci, zda stopu bosé
nohy vytvofil muz €i Zena.

4/ Z hlediska kriminalistické identifikace
jsme ziskali zajimavy poznatek, tykajici se
otisku pfedni ¢asti chodidla v oblasti
prvniho az patého metatarsu. Tato oblast
chodidla vykazovala témér u vSech osob
(99 %) vyrazna zakFiveni v linii stopy. Tato
zakfiveni jsme si oznacili jako "hrboly".

U jednotlived byl zjistén rlizny podet
hrbol(l v rozsahu 0 aZz 5, mohou zcela
chybét (velmi vzacné), nebo jejich pocet
mzZe byt 5 (také ojedinéle). Zjistili jsme, Ze
nejcastéji se vyskytuji u otisku jedné nohy
1, 2 nebo 3 hrboly. Pocet hrboll na pravém
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Poget Muzi Zeny

hrboli prava leva prava leva
1 28,6 27,3 30,6 38,0
2 31,6 27,1 23,0 22,6
3 32,6 38,0 39,5 34,0
4 59 6,3 6,0 4,2
5 0,5 1,3 0,3 0,6
0 0,8 0,0 0,6 0,0

Tabulka 3. Pocet hrbolli v plantogramu (vyjadieno v %).

a levém chodidle téZe osoby nemusi byt
stejny. Vysledky jsou uvedeny v tabulce 3.
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SALTER'S INNOMINATE OSTEOTOMY WITH FEMORAL
SHORTENING IN THE TREATMENT
OF LEGG-CALVE-PERTHES' DISEASE
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Sumary

Authors have presented their
modification of Salter's innominate
osteotomy for the treatment of Legg-Calvé-
Perthes' disease. To the disinsertion of the
hip according to Campbell, tenotomy of
iliopsoas and eventual tenotomy of femoral
adductors they added a femoral shortening
in order to achieve: unloading of the hip
joint, muscular relaxation, greater pelvic
dislocation and improved acetabular
reorientation, revascularization, faster
rehabilitation and better final functional
result, and to avoid extremity elongation
usually associated with Salter's innominate
osteotomy. Their principal objective was to
improve conditions for the sanation of
epiphyseal defect and patients functional
status, to postpone the occurrence of
coxarthrosis and to encourage child's active
treatment as well as to shorten its absence
from its natural social environment as much
as possible, and thus to decrease the
frequency of psychosocial disturbances in
both patients and their parents which
should result in a reduction of total
treatment expenses. They conducted a large
retrospective and prospective study which
covered 176 patients treated surgically by
Salter's innominate osteotomy with or

without abbreviational osteotomy of the
femur. The control group consisted of 181
patients of which 24 were untreated, 30
were treated conservatively and 127 by
other surgical methods. The results were
assessed according to the final C.E. angle,
Catterall, Mose, Harrison and Stulbert.
Final functional status and follow-up
period were also estimated. In their
conclusion, the authors have recommended
the above mentioned modification as a
method of choice for the treatment of Legg-
Calvé-Perthes' disease, precisely defining
its indications and contraindications.

Introduction

Legg-Calvé-Perthes' disease is characte-
rized by femoral head osteonecrosis in a
growing child and osteonecrosis of both
epiphyseal growth plate and metaphysis
causing secondary acetabular changes (7,
8,9, 10, 13, 34). The etiology of the disease
i.e. etiology of avascular femoral head
changes is still unknown. Hypothesis
which most frequently have occurred in the
latest literature is that it most probably was
a systemic disorder with local
manifestations on the femoral head.
Avascular necrosis induced a temporary
breakage of the growth of epiphyseal bone
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center while the cartilage which lived from
the synovial fluid grew on. This explains
first x-ray manifestations of avascular
femoral head necrosis in a growing child.
Revascularization of the cartilaginous
femoral head model and establishment of
enchondral ossification starts from the
edges and proceeds towards the center.
Deposition of immature bone (primary
cancerous) into a cartilaginous and dead
trabeculae in the necrotic bone reflects in a
greater radiological density of the bone
nucleons, described by Bobechko and
Harris, i.e. the so called "head in head"
phenomenon described by Salter (1,25, 26,
27). The disorder is clinically stable till this
point, the child is asymptomatic and has a
potential Legg-Calvé-Perthes' disease.
With reosification of the cartilaginous
femoral head the new immature bone
formed subchondrally is vulnerable to the
occurrence of pathological subchondral
fracture, which, being painful, in fact is a
clinical beginning of the Legg-Calvé-
Perthes' disease. The bone, which
underneath the fracture is getting gradually
reabsorbed and replaced by vascular
fibrous tissue, which, on the other hand, is
being replaced by primary cancerous bone
characterized, as Salter claims, by
"biological plasticity" and may gradually
be turned into a normal or abnormal shape
depending on influencing forces. Salter
remarked that a resorbtion takes place only
in the epiphysis underlying subchondral
fracture, and that this fact may be used in
establishing the prognosis of the disease.
That means that Legg-Calvé-Perthes'
disease is not a simple avascular necrosis
per se, but rather a complication of
avascular necrosis, and a subchondral
fracture is a factor that gets a bone
resorbtion off. During the resorbtion and

necrotic bone tissue replacement phases of
a real Legg-Calvé-Perthes' disease, one or
more synovial reacts episodes may occur. It
may be followed by muscle spasm and
contracture (especially of abductors and
iliopsoas), producing anterolateral
subluxation of the femoral head and loss of
hip motion. Strong forces may induce
flattening of the femoral head, and even its
saddle shape. The anterolateral subluxation
this way becomes worse. As the vascular
supply for the proximal femoral growth
plate enters from the epiphyseal side, the
persistent ischaemia of the epiphysis may
cause avascular necrosis of the growth
plate, its premature closing and cessation of
the longitudinal growth (3, 4, 5, 22, 23, 27).
The femoral neck doesn't grow any more,
while a great trochanter continues to grow
from its own apophyseal growth plate. The
neck remains short (coxa brevis) while the
great trochanter grows over the femoral
head. The C.D. angle is unchanged and the
true coxa vara doesnt occur, the highly
placed great trochanter causes the so-called
"functional” coxa vara. Its combination
with short femoral neck produces
undesirable biomechanical state for
abductors, causing waddling gait and
positive Trendelenburg's sign. The short
femoral neck may also produce shortening
of the affected leg (15, 16, 29). The
development of "functional” coxa vara is a
consequence of a natural history of a more
serious Legg-Calvé-Perthes' disease
(which makes damage to more than a half
femoral head), and is not result of the
treatment. The most serious sequel of
Legg-Calvé-Perthes' disease is hip
arthrosis, developed on the basis of
deformed femoral head. The decreased
height of the femoral epiphysis, coxa
magna and "functional” coxa vara are not
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important to the development of
coxarthrosis (26). It is now recognized that
the residual deformity of a femoral head
may be prevented by appropriate treatment.
The great number of authors agree that the
best way of treatment is: establishing of a
full range of hip motion, prevention or
correction of the femoral head subluxation,
i.e. loss of containment, and finally
permission of weight-bearing. This can
help in femoral head remodeling in
unchanged acetabulum (19, 26, 31, 33, 34,
35). Being aware of the importance and
seriousness of Legg-Calvé-Perthes'
disease, and not content with the results of
conservative treatment, revascularisational
operations, and centering varisational
osteotomies, i.e. shortening of the affected
leg as a result of varisation, and positive
Trendelenburg's sign, we started to use
Salter's innominate osteotomy in the
treatment of Legg-Calvé-Perthes' disease
in 1976. Beside that, we have performed the
Campbell's hip disinsertion, iliopsoas
tenotomy, and eventually adductors
tenotomy. In the beginning the operation
has been performed alone and we became
aware of ceratin problems doing this
procedure. We noticed rather a small
possibility of pelvic dislocation and
containment of subluxated and highly
deformed femoral heads, and 1-2 cm
elongation of the affected leg. Due to the
fact that by the acetabular preorientation,
we made an excessive pressure onto the
previously damaged femoral head
epiphysis, we have started with the Salter's
innominate osteotomy associated to a
femoral shortening (abbreviation of 0,5-
1,5 cm). Introducing the method of Salter's
innominate osteotomy associated with
femoral shortening and soft tissue release in

the treatment of Legg-Calvé-Perthes'
disease, we would like to achieve: a better
pelvic dislocation and a better femoral head
containment (due to a better acetabular
preorientation), avoidance of extremity
elongation which sometimes takes place
after isolated Salter's innominate osteo-
tomy, hip decompression, revascularisation
of the hip and a better functional result. In
the beginning of our work, we made some
corrections of femoral head and neck
anteversion, but many of the patients
afterwards walked with the legs externally
rotated and we were obliged to make
rerotational osteotomies. After that we
abandoned derotational osteotomies, but
nevertheless we always used to achieve a
good containment. We have achieved the
improvement of hip motion and additional
hip decompression by already mentioned
Campbell's hip disinsertion, iliopsoas
tenotomy, and eventually adductors
tenotomy. We succeeded to make contained
seriously subluxated and deformed femoral
heads on the more anatomical and
physiological way than it could abed
achieved by excessive varisational
osteotomies, Chiari's pelvic osteotomy and
Garceau femoral head modelation. Thus
the indications for Salter's innominate
osteotomy became enlarged and they
included the patients with preoperatively
poor range of hip motion, and those with
extensive extrusion of femoral head. All
patients were immobilized during six
weeks, and the weightbearing was
permitted after twelve weeks. By this
treatment we wanted to provide conditions
for epiphyseal recovery (urging it), to
improve patients function, to shorten the
time of the active treatment and the child's
absence from its natural and social
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environment, and in this way to decrease
any appearance of psycho-sociological
disturbances of both children and their
parents, and to make the treatment less
expensive, of course.

Material and methods

We analyzed 357 patients with Legg-
Calvé-Perthes' disease treated from 1963 to
1987 in Special Orthopedic Hospital
"Banjica" in Belgrade. The investigation
was prospective-retrospective and included
all our patients with complete
documentation and follow-up after the end
of the treatment more than five years. Most
of them were follow-up at least by the end
of bone growth. Complete documentation
consisted of: a detailed history, functional
status at the beginning, the end of treatment
and the last check-up, as well as radiograms
in AP and Lauenstein (“frog") position at
the beginning, the end of treatment and at
the last check-up. The five years follow-up
was enough, because we noticed the
establishment of the subchondral
epiphyseal bone continuity on AP and
lateral radiograms in all the patients. The
indications changed during the
investigation period, sometimes according
to surgeon's affinity. The analyzed group
of patients was formed from 176 patients
treated by Salter's innominate osteotomy,
with of without femoral shortening. The
control group consisted of 181 patients (24
untreated, 30 conservatively treated and
127 surgically treated by other means). The
analysis included distribution of patients
according to the sex, affected side,
including eventual bilateral cases, and age
at the beginning of the disease, severity of
the disease, treatment and assessment of
final results. Assessment of the initial hip
defects was made on the basis of determing:

initial C.E. angle, advanced stage of the
disease, femoral head containment,
Catterall's group and functional state of the
hip. Assessment of the treatment results
was made by measuring the final C.E. angle
and determing by Catterall's (6), Mose's
(20,21,24), Harrison's (4,14), and
Stulberg's (30,32) method and functional
state at the end of treatment.

Results and discussion

As it is well recognized, Legg-Calvé-
Perthes' disease occurs predominantly in
males (2,6,17,18,29). In our group of
patients, the above mentioned relation has
been confirmed (4,75:1). The disease has
occurred equally in both sides (51 % on the
right and 49 % on the left side). We found
changes in the both hips in 75 patients (21
%). Most frequently the Legg-Calvé-
Perthes' disease has started at the age of
four, five, six and seven in both sexes. The
average C.E. angle at the beginning of the
disease was 19-23 degrees in the group of
surgically treated patients, and 17-23
degrees in the group of conservatively
treated patients. It could be understood if
we knew that surgically treated were those
patients with more severe forms of the
disease (i.e. with extrusion of the femoral
head, where the C.E. angle was normally
lower). Surgical treatment has been
initiated mostly in the fragmentation phase
(200 patients - 66 %), while the
conservative one mostly in condensation
phase (14 patients - 46,7 %). It could be
explained by the fact that most precise
diagnosis could be established not before
the fragmentation phase. Thence, the start
of the surgical treatment in the
condensation phase frequently would be
unsuitable. Only in a few cases the
treatment has started in the reparation
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phase. The great influence onto the chosen
type of treatment had the containment of
the femoral head. Those with contained
femoral heads were conservatively treated
in 24 cases (80 % of all the patients
conservatively treated), and those with
subluxated and crushed femoral heads were
treated surgically in 193 cases (63,7 % of all
patients surgically treated). That was the
consequence of fewer possibilities for
femoral head containing by conservative
procedures than by surgical methods
(especially by varisational centering
femoral osteotomies and Salter's
innominate osteotomies with or without a
femoral shortening). In the group of
surgically treated patients, Salter's
innominate osteotomy with femoral
shortening was done in 70 % of patients. It
has become clear that revascularisatinal
procedures couldn't have produced better
containment, and that the best containment
possible could be done only by acetabular
preorientation in Salter's innominate
osteotomy with iliopsoas tenotomy,
Campbell's hip disinsertion and frequently
femoral shortening. The treatment has
shown a distribution similar to the scheme
made by Catterall's grouping and evidence
of risk factors. The conservative treatment
used to be done mostly in Catterall groups |
and Il (23 patients - 83,3 % of all
conservatively treated patients), and
surgical treatment on Catterall groups IlI
and IV (184 patients - 60,7 % of all
surgically treated patients). The most
frequently used surgical procedures in
Catterall groups IIl and 1V were Salter's
innominate osteotomies (21 patients - 63,7
%) and Salter's innominate osteotomies
with femoral shortening (92 patients - 64,4
%). Other surgical procedures were most
frequently used in the Catterall groups I and

Il. The above mentioned facts have
correlated with a bad prognosis of the
Catterall groups Il and IV and Salter's (26,
27) advice that innominate osteotomy had
to be done only in patients with more than
50 % of the femoral head involvement. The
same situation was found when the femoral
head risk factors were considered. The
surgical treatment was most frequently
used in the patients with some of femoral
head risk factors (195 patients - 64,4 %).
Before their treatment almost all patients
(more than 90 %) have a limp. The hip
motion was limited in 27 (90 %)
conservatively and 282 (93,1 %) surgically
treated patients. The conservative
treatment had been applied in 30 patients
(bed rest in 4-13,3 %, traction in 4-13,3 %,
abduction plasters in 6-20 %, and abduction
orthoses in 16-53,3 %). The treatment
lasted from 11,87 months (traction to 21,78
months (abduction orthoses). The surgical
treatment had been conducted in 303
patients (revascularisational operations 29
- 9,6 %, varisational centering femoral
osteotomies 96 - 31,7 %, Salter's
innominate osteotomies 33 - 10,9 %,
Salter's innominate osteotomies with
femoral shortening 143 - 47,2 %, and
Garceaus's femoral head modelation 2 - 0,7
%). The average shortening of the femur
was 0,9-1,9 cm. All surgically treated
patients were postoperatively immobilized
(1,85 months in Salter's innominate
osteotomies, 1,75 months in Salter's
innominate osteotomies with femoral
shortening, 8,64 months in
revascularisational operations, and 11,89
months in varisational centering femoral
osteotomies). Those differences are
statistically significant. The lasting of
immobilization in revascularisational
operations could be easily explained by the
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fact that these patients actually followed
only their natural history of the disease (bed
rest without femoral head containment).
The long lasting of immobilization in
varisational centering femoral osteotomies
could hardly be understood having in mind
that the surgically achieved containment of
femoral head and bone healing of femoral
osteotomy used to by reached in only 2,5 to
3 months. It may be caused by the surgeons
fear and hope that the result would be better
with a bed longer rest. Physical treatment
has been done in all surgically treated
patients (the average duration was 1,3
months). Walk as well as weight-bearing
used to be allowed earlier in surgically
treated patients (7 months) than in
conservatively treated ones (18 months). In
cases with Salter's innominate osteotomies,
alone or with femoral shortening, the
weight-bearing was allowed in 3,1 months,
in revascularisational operations in 9,48
months, and in varisational centering
femoral osteotomies in 13,25 months, in
average. The early weight-bearing in
patients treated by Salter's innominate
osteotomy has correlated with the modern
concept of treatment (restoration of full
range of motion in the affected hip, femoral
head containment, and early physical
treatment and weight-bearing). In order to
assess the anatomical results we used
measurement of the final C.E. angle and
criterias according to Catterall, Mose,
Harrison and Stulberg. The final C.E.
angle has been the best indicator of femoral
head containment. It was statistically the
greatest in the group of surgically treated
patients (28,34 degrees), while in the group
of nontreated patients, it was 23,83 degrees,
and 25,67 degrees in the group of
conservatively treated patients. The
relatively good final C.E. angle in the group

of nontreated and conservatively treated
patients could be explained by the fact that
nontreated were the patients with mild
forms of the disease, and conservatively
were treated those patients without femoral
head extrusion (i.e. with good C.E. angle at
the beginning.). In the group of surgically
treated patients, the differences have been
more expressed and statistically
significant. The lowest final C.E. angle was
in the group of patients who undergone
revascularisational operations (17,96
degrees). It was in fact natural history of the
disease (Figure 1). In varisational centering
femoral osteotomies the final C.E. angle
was 21,34 degrees in average (Figure 2), in
Salter's innominate osteotomies 32,79
degrees (Figure 3), and the biggest one was
in Salter's innominate osteotomies with
femoral shortening 34,27 degrees (Figure
4). It was confirmed that the best
containment has been achieved with
acetabular preorientation, especially when
associated with femoral shortening. The
relations between the final C.E. angle that
at the beginning manifested very similar
statistically significant differences. The
differences were: in Salter's innominate
osteotomies 14,12 degrees, in Salter's
innominate osteotomies with femoral
shortening 14,98 degrees, while in
revascularisational procedures - 1,96
degrees, and in varisational centering
femoral osteotomies 1,99 degrees. It is
clear that Salter's innominate osteotomy,
alone or with a femoral shortening gave the
best conditions for femoral head recovery
and its sphericity. At the same time, the
relations of the final C.E. angle with the
presence of femoral head risk factors were
highly statistically different. In cases with
some of the femoral head risk factors - the
final C.E. angle was 26,34 degrees, and in
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Fig. 1a, b, c. Boy, eight years, fragmentation
of the subluxated femoral head, C.E. angle at
the beginning 20 degrees. Revascularisation
of the left hip has been performed.
Functional result - femoral shortening (2,5
cm), final C.E. angle 8 degrees, Catterall's
result poor. Follow-up eight years.

cases with mentioned factors the final C.E.
angle was 29,94 degrees in average. It is
expectable, because those factors in reality
determine femoral head subluxation (i.e.
low C.E. angle at the beginning). Having
assessed the results of treatment by the
Catterall's method, we found that the
good results were more frequent in the
group of conservatively treated patients (21
patients - 70 %) than in the group of
surgically treated patients (118 patients -
38,9 %). The fair results have shown
different distribution (8 patients - 26,7 % of
conservatively treated and 145 patients -
47,9 % of surgically treated). The above
mentioned difference was the result of the
fact that conservatively were treated less

serious cases. In the group of surgically
treated patients the greatest percent of good
and fair results was in the group of patients
with varisational centering femoral
osteotomies (87 patients - 90,6 %), Salter's
innominate osteotomies (32 patients - 96,9
%), and in the group with Salters
innominate osteotomies with femoral
shortening (129 patients - 90,2 %). It is
important to stress the great percent of good
results in the group of patients treated by
varisational centering femoral osteotomies.
That is why the mentioned method has been
performed for a long time, in spite of very
poor functional results. Results were very
bad in those patients of more than 10 years
of age. The same distribution of the results
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Fig. 2a, b, c. Boy, seven years, fragmen-
tation of the crushed femoral head, C.E.
angle at the beginning 25 degrees.
Varisational centering femoral osteotomy
of the left hip has been performed.
Functional result - waddling, final C.E.
angle 31 degrees, Catterall's good. Follow-

up tenyears.

we can find in Catterall's (6) and Salter's
(28) investigations. At the same time we
found the great percent of good and fair
results in those patients where the treatment
was initiated in the condensation and
fragmentation phases, as in works of
Bowen (4), Catterall (6) and Chung (7,8). It
is known that in the reparation phase we
can't do anything more for the final shape of
femoral head and articular configuration.
The treatment of Legg-Calvé-Perthes'
disease with contained femoral head ended
more often with good results, as had been
noted also by Catterall (6), Klisic (18) and
others. The final results have shown the
same correlation with the involvement of

the femoral head according to Catterall's
grouping system and risk factors. The
better results were in the Catterall groups |
and Il, especially when associated with risk
factors. There is a similarity between our
findings and those of other authors (6, 18,
25, 26, 27, 28). It confirms the prognostical
value of Catterall's classification. It has to
be emphasized that we had also the great
percent of good results in the Catteral group
111 where the patients were treated by
varisational centering femoral osteotomies
or Salter's innominate osteotomies with or
without femoral shortening. This finding
confirms the correct concept of good and
long lasting containment of the femoral
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Fig. 3a, b. Boy, seven years, fragmentation of the contained femoral head, C.E. angle
at the beginning 19 degrees. Salter's innominate osteotomy with iliopsoas tenotomy of
the right hip has been performed. Functional result - excellent, final C.E. angle 42
degrees, Catterall's result good. Follow-up 13 years.

head as a matter of a crucial importance for
the achieving good anatomical results. The
similar findings were obtained by using the
methods for the assessment of the final
results of treatment according to Mose,
Harrison and Stulberg. It was found that
all mentioned methods were correct
enough to assess the results of the treatment
of Legg-Calvé-Perthes' disease.
Nevertheless, the Catterall's method was
the most complete because it gave us the
elements of femoral head shape, its
containment, adaptive acetabular changes,

state of joint space, and even the functional
state of the hip. The only disadvantage is its
severity. The functional results have been
determined by the presence of limping,
waddling and limited motion of the affected
hip. The average femoral shortening was
biggest in the group of patients treated by
varisational centering femoral osteotomies
(0,8 cm), then in patients where
revascularisational operations were done
(0,5 cm), and at least in patients treated by
Salter's innominate osteotomies, with (0,2
cm), or without femoral shortening (0,1
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Fig. 4a, b. Boy, six years, fragmentation of the subluxated femoral head, C.E. angle at
the beginning 9 degrees. Salter's innominate osteotomy of the left hip with femoral
shortening (1 cm) and iliopsoas tenotomy has been performed. Functional result -
excellent, final C.E. angle 40 degrees, Catterall's result good. Follow-up five years.

cm). It is known from literature that
shortening can be more extensive, Shapiro
1,2-1,3 cm (29) and Harrison 1,3-4,5 cm
(12). In the group of nontreated patients -
the shortening of the leg belongs to
damaged epiphyseal growth plate and
muscular contracture. In the group of
conservatively treated patients, femoral
shortening is the result of damaged
epiphyseal growth plate and non weight-
bearing, and in the group of surgically
treated, the shortening is most frequently
due to the varisation of the femur. The great
number of patients has shown neither

limping (301 patients - 84,3 %) nor
waddling (336 patients - 94,1 %) at the
check up. The limping was noticed only in
the groups of patients treated by
revascularisational operations (7 patients -
24,1 %) and by varisational centering
femoral osteotomies (22 patients - 22,9 %).
The same situation was with waddling i.e.
positive Trendelenburg's sign (in
revascularisational operations 4 patients -
13,8 %, and in varisational centering
femoral osteotomies 9 patients - 9,4 %).
The waddling in the group of patients
treated by revascularisational operations
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was the result of pain, leg sparing and a
weakness of pelvitrochanteric muscles, and
in group of patients treated by femoral
centering varisational osteotomies it was
the result of the femoral varisation and high
placed great trochanter i.e. consequently
weakness of pelvitrochanteric muscles.
The hip motion was improved in the
majority of cases.

Conclusion

Final C.E. angle proved to be the best
indicator of the femoral head containment,
and the best containment is achieved by
Salter's innominate osteotomy associated
with femoral shortening (final C.E. angle
34,27 degrees in average). According to
Catterall's classification, most of the results
obtained by Salter's innominate osteotomy
alone and particularly associated with
femoral shortening were good of
satisfactory. Only 6 % of patients had poor
results and these were mainly: patients over
ten years of age, patients where treatment
was initiated in the reparation phase,
patients with subluxated of crushed
femoral heads, and patients with femoral
head defects classified into Catterall group
IV usually with some of the femoral head
risk factors. Mose's method of
classification showed that in patients
treated by Salter's innominate osteotomy,
particularly if associated with
abbreviational femoral osteotomy, no poor
results were found. The same situation in
with the results assessed by Harrison's and
Stulberg's method. So, we recommend
Salters innominate osteotomy with femoral
shortening, iliopsoas tenotomy, pelvic
disinsertion and eventual adductors
tenotomy as a method which provides best
anatomical and functional results
regardless of the age, stage of development,

containment and Catterall's group. It
proved to able the best in all these cases.
Evenin children above the age of ten where
epiphysis is already in the reparation phase,
no other method can provide more or give
better results. The only exception would be
children bellow the age of four with
minimum defects (up to 25 % - Catterall's
group I) where no treatment is suggested, as
well as in children bellow six years of age
with defects of up to 50 % (Catterall's group
I1) with no femoral head risk factors where
isolated Salter's innominate osteotomy can
provide satisfactory results. In older
children, above the age of ten, where
extrusion and crush are so extensive,
making containment of the femoral head
impossible in abduction, Chiari's pelvic
osteotomy should be taken into
consideration. We suggest that varisational
centering femoral osteotomies, which
mainly provide poor functional results and
are fully non-physiological, should be
abandoned. We also do not see the point in
using expensive, painstaking and long-
term treatment by different devices,
particularly in our still undeveloped society
where no good cooperation may be
expected either from the children or their
parents. Since it is very difficult to decide
precisely when the process of femoral head
remodeling is completed in cases of Legg-
Calvé-Perthes' disease, as well as when the
treatment should exactly be terminated, we
point out, once again, that the best thing is
to start the treatment in all cases where
remodeling may last forever providing
unlimited improvement by permanent
containment. This can be achieved only by
the suggested method of treatment. At the
same time we remind that one should not
strictly observe the prescribed indications
and recommendations of various authors
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that treatment should be started when
extrusion takes place, i.e. subluxation of the
femoral head, its fragmentation or the
appearance of other factors of its
imperilment. The suggested operation
should be regarded as a preventive one,
since with it we may prevent both
subluxation and crush of the femoral
epiphysis and thus avoid more serious
defects of the femoral head and provide
better immediate treatment results and
certainly better shape of the femoral head
and better joint relations, which is the most
important condition in the prevention of
early secondary hip arthrosis.
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Summary

The aim of the preliminary study is the
comparison of correction attained by the
classical spinal Cheneau-brace and new
developed dynamic corrective spinal brace
(DCSB) according to Cerny. The paper
contains the analyses of the conditions and
effects of application of both orthoses. The
patients of the age 6 to 16 years have been
divided into two groups. In the 1st group,
131 patients (114 girls and 17 boys) have
been included which were treated by the
Cheneau-brace. In the 2nd group, 74
patients (68 girls and 6 boys) are introduced
which were treated by the DCSB according
to Cerny. The average effectivity of the
Cheneau-brace and DCSB according to
Cerny are approximately the same for both
groups of patients. Further comparative
study will follow.

Key words: spinal braces, correction of
scolioses, spinal curves according to King,
curvatures according to Cobb, Cheneau-
brace, DCSB according to Cerny.

Introduction

The milestone in conservative therapy of
scoliosis is due to Dr. Jacques Cheneau
with his collaborators who has tasked from

the year 1970 to fabricate an active brace
with hyper corrective effects. These effects
are attained by the deep forming and
increased expansion rooms (Fig. 1). The
active behavior of brace is due to the effect
of breathing, all movements in the brace
and due to growth. The increase of range of
corrective movements in brace has been
attained due to the shortening of the brace
shell and increase in expansion rooms (1).
On the basis of five-years experiences with
forming of Cheneau-brace (type 1), the
dynamic corrective spinal brace (DCSB)
according to Cerny (Czech patent 281 800)
has been developed in the year 1995 with
the aim to attain a more pronounced
dynamics and more intensive effect on
spine remodelation and a better comfort for
the patients (Fig. 2). The shell of DCSB
according to Cerny consists of two moving
parts which are at the back connected by a
joint which enables the inclination of 20 -
30 degrees (Fig. 3). Due to the elasticity of
joint, the anteflection till 10 degrees in
thoracolumbar region (3) is possible.

Material and Methods
The patients of the age 6 to 16 years have
been divided into two groups. In the 1st
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Fig. 1. Cheneau-brace (our modification).

group, 131 patients (114 girls an 17 boys)
have been included which were treated by
the Cheneau-brace. In the 2nd group 74
patients (68 girls and 6 boys) are introduced
which were treated by the DCSB according
to Cerny. This brace is applied since the
begining of the year 1996.

The diagnosis of scoliosis was determined
on the basis of the clinical and radiological
examinations. The curves are classified
according to King (2), the degree of
curvature is measured according to Cobb
(4). With respect to the generally known

indication for treatment by spinal brace of
patients with curves till 50 degrees
according to Cobb, we can divide our group
into four subgroups: 1st subgroup till 19
degrees, 2nd subgroup 20 to 29 degrees, 3rd
subgroup 30 to 39 degrees, 4th subgroup up
40 degrees. The corrective effect of brace
on the principal curve is indicated in
percents, i.e. by how many percents the
principal curve has been corrected by spinal
brace. The X-ray examination is carried out
in standing position on the films 80 x 30 cm
before application of brace and then in the
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Fig. 2. Dynamic corrective spinal brace according to Cerny.

brace after the period of adaptation (1 to 3
months). In the most cases before X-ray
control in brace, the modification of brace
is carried out by pads.

For 24 patients treated originally by
Cheneau-brace, the dynamic corrective
spinal brace according to Cerny has been
applied. In these cases, the patients are
included into both groups. The effectivity
of the brace according to Cerny is then
estimated from the X-ray without brace at
the end of treatment by Cheneau-brace and
by X-ray of patient with DCSB according
to Cerny.

Results

The results are listed in two identical
tables. In each table, the scolioses are
classified in the columns according to King
and in the rows with respect to the degree of
curvature according to Cobb. In the right-
hand lower corner of each field, the number
of estimated patients without respect to the
sex and age is introduced. In the row bellow
the table, the correction in percents for the
type King | to V is introduced without
respect to the degree of curve according to
Cobb. In the right-hand column, there are
the percentual corrections for the 1st to 4th
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Fig. 3. The possibility of outstanding inclinations in DCSB according to Cerny.

group without respect to the form of curve
classified according to King (see Material
and Methods). In the field in the right-hand
lower corner of both tables, the average
value of percentual correction attained by
Cheneau-brace or that according to Cerny
is introduced without respect to the degree
of curvature and form of the curve.

Conclusions

1. The average effectivity of the Cheneau-
brace and DCSB according to Cerny are
approximately the same for both groups of
patients.

2. The effectivity of Cheneau-brace is
considerably greater for the curves of King
type | and King type IV. Dynamic
corrective spinal brace according to Cerny
has involved considerably a higher
correction for the curves King type Il and

King type V. Both orthoses had
approximately the same effect for the
curves of Kingtype Il.

3. From comparison of the effect of
Cheneau and Cerny-braces in individual
groups (1st - 4th group according to the
Cobb angle), we can see considerably
greater effectivity of the Cheneau-brace in
2nd group (about 23 %) and higher
effectivity in the 1st group (about 6 %).
DCSB according to Cerny has exhibited a
higher effectivity in the 4th group (about 8
%). In the 3rd group, the effectivity of both
braces is approximately the same.

4. From the estimation of the effectivity of
both spinal braces according to the types of
curves (King type | to type V) as well as
according to the magnitude of curvature
(according to the Cobb angle), one can
observe considerably greater effectivity of
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type of curves _ |
IneasorNI<IndD | king 1 KingIl . |Kinglll : |KingIV ; |KingV King 1 -V
of curves [°] s e Gl i R
0°- 19° 51 60 83 141 --- 60
20 1 1 2 0) 24
20°- 29° 85 51 53 63 20 67
16 4 13 1 1 35
30°- 39° 52 43 34 - - 44
15 5 12 0 0] 32
40°and more | 41 34 31 46 53 37
10 14 10 4] 40!
all measures 58 40 41 76 42 51
of curves [ °] 61 24 36 7 3 131

Table 1. The correction of the main curve in percents due to the Cheneau-brace.

pe of curves
measorasNLKingl | King I King I1 King 111 King IV | KingV King I -V
of curves [ ° e i Ao Eyid (ot
0°- 19° 56 --- 53 38 50 54
16 0 5 2 1] 24
20°- 29° 43 21 49 --- --- 44
8 2 12 0 0 22]
30°- 39° 22 49 50 --- - 46
2 4 9 0 0 15)
40°and more | 43 36 49 44 -— 45
3 6 2 2 0 lg
all measures 47 37 54 41 50 48
of curves [ °] 29 1 28 . i 5

Table 2. The correction of the main curve due to the brace according to Cerny.

the Cheneau-brace in the case of curves
with a lesser curvature and considerably
higher effectivity of the DCSB according to
Cerny for the greater curvatures of the
curves of King type 1l .

5. In contradistinction of the Cheneau-
brace, the DCSB according to Cerny does
not involve any outstanding
decompensation of the upper thoracic

spine. This effect has been observed almost
at all patients with the curves of King type
I1, 1 and 1V and in the 3rd and 4th groups
(curvature above 30 degrees according to
Cobb).

6. From the biomechanical properties of
the DCSB according to Cerny, a more
physiological orthotic effect on the
pathological curvatures before all

60 LOCOMOTOR SYSTEM 1997, 4, No. 3 + 4



thoracolumbar spine can be observed. This
effect causes the better conditions for an
intensive remodelation of the axial skeleton
(5) in comparison with the Cheneau-brace.
7. In some fields of Tables 1 and 2, the
zero or statistically non-important number
of estimated patients is introduced.
Therefore, the estimation of both braces in
agreater group of patients will be needed.
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Souhrn

Z vyzkumu torakolumbalni pétefe
provedeného kolumnometrem u 101
Geskych Zen ve véku 18-25 roki vstoje a
vsede bylo zjisténo:
1. Primérnad hodnota délky zkoumaného
Gseku patefe (vzdalenost
antropometrickych bodd C-Lu) je vetsi
vstoje (444,76 mm) neZ vsedé (429,82
mm). Rozdil ¢ini v prdméru 15 mm a je
vysoce statisticky vyznamny (tab. 2).
2.V souvislosti se zkracenim celkové délky
torakolumbarni patefe vsedé, dochazi v této
poloze pfi srovnani s polohou vstoje ke
kranidlnimu posunu vSech ostatnich
zkoumanych bodd na patefi (vrchol hrudni
kyfézy = bod T, vrchol bederni lordézy =
bod L, prhsecik frontalni roviny ve stfedu
projektivni vzdalenosti bodd T a L s
krivkou spojujici hroty processus spinosus
viech Tha L obratll = bod x). Rozdily proti
jejich umisténi vstoje jsou opét ve vSech
pfipadech statisticky vyznamné (tab. 2, 3).
3. Vice kranialné se vsedé posunuje vrchol
lumbalni lorddzy (L) nez torakalni kyfozy
(T). Lze proto soudit, Ze vsedé se vySkoveé
zkracuje vice dolni hrudni a horni bederni
patef, nez horni €ast hrudni a dolni Cast
bederni patere (tab. 3).
4. Prdmérna sumarni hloubka obou
zkoumanych patefnich zakfiveni
(projektivni vzdalenost bodli T a L) vstoje

je 36,56 mm (8,22 % délky C-Lu), v sedé
vSak pouze 17,15 mm (3,99 % z délky C -
Lu). Zakfiveni patefe vsedé je tedy vyrazné
mensi neZ vstoje. Rozdil prdmérnych
hodnot v obou polohdch (19,4 mm) je
vysoce statisticky vyznamny (tab. 4).

5. Mensi prohloubeni hrudni kyfézy i
bederni lordézy v poloze vsedé nez vstoje
potvrzuje i procentualni podil odchylek
bodl T a L od frontalni (vertikalnf) roviny v
bodu X, vztazeny k délce pfislusného
oblouku (C-xax-Lu) (tab.5).

6. VSechny zkoumané metrické znaky jevi
zfetelné vyssi variabilitu v poloze vsedé
nez vstoje.

7. Zjisténé rozdily zkoumanych znakd v
poloze vstoje a vsedé jsou zplisobeny
odliSnou zAatéZi atrobnich organd
zavéSenych na pétef v téchto polohéach a
ponékud jinym systémem zapojeni
svalstva.

8. Primérné hodnoty zékladnich télesnych
znaktll zkoumaného souboru, které mohou
ovlivnit délku i velikost a tvar zakFiveni
patere, tj. télesné vysky a hmotnosti, jsou
uvedeny v tab. 1 (168,1 cm; 61,09 kg). Z
nich vypocitana primérna hodnota BMI je
21,59.

Kli¢ovéa slova: torakolumbalni patef vstoje
avsedé, rozdily rozmérd
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Summary

The metrical research of thoracolumbal
spine in standing and sitting position (use
columnometre) in 101 Czech women aged
18-25 years was carry out. From the results
follows:
1. The average value of investigated section
of spine length (distance of anthropometric
points C-Lu) is greater standing (444.76
mm) as sitting (429.82 mm). The mean
difference amount to 15 mm; it is high
statistically significant (tab. 2).
2. Shortening of total thoracolumbal spine
in sitting position is connected with more
cranial position of all other investigated
points (peak of thorax kyphosis =T, peak of
lumbal lordosis = L, intersection of frontal
level in middle projective distance of points
T and L with the curve junctions the apices
of processus spinosus all Th and L
vertebrae = point x) in comparison with the
standing position of the body. The
differences of points location between the
both positions of spine are in all cases
statistically significant (tab. 2, 3).
3. The peak of lumbal lordosis (L) is more
cranial shifts sitting than the peak of thorax
kyphosis (T). Therefore is possible gather,
that in sitting position exists more
shortening of the lower thorax and the
upper lumbal spine than the upper thorax
and the lower part of lumbal spine (tab. 3).
4. The average of total antero-posterior
depth of research spine curves standing
(projective distance) of points T and L) is
36.56 mm (8.22 % of the length C-Lu),
sitting but only 17.15 mm (3.99 % from the
length C-Lu). Curvatures of the spine in
sitting are then expressive smaller than in
standing position. Difference of mean
values in both positions (19.4 mm) is again
statistically significant (tab. 4).
5. Smaller depression of thorax kyphosis

and lumbal lordosis in sitting than in
standing position verifies procentual part of
deviations of points T and L from frontal
(vertical) level in the point x, related to the
length of appurtenant arch of spine (C-x
and x-Lu) (tab. 5).

6. All investigated metrical characteristics
manifest clear higher variability in sitting
position than standing one.

7. Ascertained differences of examinated
characteristics in standing and sitting
position of body are occasioned owing to
different load of vital organs hang on the
spine in these positions and slightly other
system of muscles function.

8. Mean values of basic body
characteristics of investigated group,
which can influence the length of spine and
the extent and shape of curvatures of the
spine, e.g. body weight and stature are in
the table 1 (168.1 cm; 61.09 kg). Computed
mean value of body mass index is 21.59.

Key words: Thoracolumbal spine in
standing and sitting positions, difference of
distances

Uvod

Patef kvadrupedalnich savcl ma na
rozdil od ¢lovéka pouze jedno predozadni
zakfiveni, a to smérem dorzélnim. Toto
prohnuti je odrazem funkéni zatéze,
protoze columna vertebralis zde slouzi
pouze pro fixaci Zeber a sterna ve smyslu
vzniku hrudniho koSe a pro zavés ttrobnich
organl hrudniku a dutiny bfisni. Nenf tedy
osovym organem pohybového Ustroji jako
je tomu pfi bipedii u ¢lovéka. Kyfoticky
tvar patefniho oblouku se v dUsledku
fylogenetické ndvaznosti u ¢lovéka nachazi
jesté u kojencll. Pozdéji se zde objevujici
dvojesovité predozadni zakfiveni je
vysledkem ortoskelie a funkcniho zatizeni
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patefe vstoje, pfi pohybu i vsedé.

Velikost péatefnich zakfiveni se pod
vlivem rdiznych faktor( zatéze méni béhem
ontogenetického vyvoje. Tak nap¥. Willner
a Johnson (14) udavaji, Ze nejmensi
vyznaéeni hrudni kyfézy nalezli pfi
vyzkumu 1101 zdravych, 8-16letych déti
mezi 10.-12. rokem. Pozdgji v puberté se
vsak toto prohloubeni statisticky priikazné
rychle zvétSuje. Na rozdil od toho v pfipadé
lumbalni lordézy dochézi podle citovanych
autord k nesignifikantnimu, pozvolnému,
ale soustavnému zvétSovani béhem celé
détské ontogeneze.

Dvojesovité zakfiveni patefe Clovéka je
tedy vysledkem adaptace na vzpfimenou
polohu téla. Vzniklo jako fyziologicky
vyhodny Gtvar a pfi jeho optimalnim
vytvoreni dochdzi proto na patefi za
pohybu i v klidu k relativné malému
svalovému napéti. Svaly pfi ném pracuji
znacné ekonomicky a pohyby jsou
provadény s minimalni ndmahou. Zmény a
poruchy zakFiveni patefe vyrazné ovlivriuji
kromé dal$tho i napéti svald udrZujicich
télo ve vzpfimeném postoji (5, 10).

V moderni dobé ovsem trdvi mnoho
jedincl v primyslové vyspélych
civilizacich nejen obdobi relaxace, ale i
dobu Skolni vyuky a pracovni doby vsedg.
Tato poloha je sice povaZovana za méné
Unavnou nezZ poloha vstoje, ale z hlediska
biomechaniky midZe podminit jinou
hloubku a rozsah péatefnich zakfiveni. Ve
svych ddsledcich mdZe proto mit i
negativni dlisledky ve smyslu nezadoucich
zmén drZeni téla a vzniku bolestivych
vertebrogennich syndrom{ (viz napf. 2, 4,
5,7,9,11,124j.).

Z uvedenych divodd povaZujeme za
Ucelné proto prezentovat i naSe vysledky
zjisténé pfi vyzkumu torakolumbalni
patefe vstoje a vsede.

Material ametoda

Cilem predloZené studie je prispét k
objektivizaci popisu délky a
fyziologického zakFiveni patefe
torakolumbalni oblasti v rlznych
polohach. Proto byla naSe vySetfeni na
rozdil od subjektivnich odhad(l ¢asto
pouzivanych v klinické praxi provedena
metricky, ve dvou zé&kladnich polohach, a
to vstoje a vsedé. Vyzkum byl proveden u
101 vysokoskolskych posluchacek, tedy u
mladych dospélych Zen ve véku 18-25
rokd.

Méfeno bylo pomoci zafizeni, které
zkonstruovala v dfivéjSim Institutu
hygieny a epidemiologie (dnes Statni
zdravotni Ustav) v Praze zesnula Dr.
Tihelkova. OznaCili jsme jej jako
kolumnometr, (obr. 1, 2). Je tvoren
kovovym ramem, ktery je umistén v
pevném trojramenném stojanu. V rdmu je
umisténo 47 anteroposteriorné
pohyblivych mérnych jehel, z nichz kazda
je opatfena 17 cm dlouhou Ciselnou Skalou,
délenou po 5 mm. Jehly jsou 1 cm Siroké a
jejich stfedy jsou umistény na vertikalni ose
ve 2cm vzdalenostech. Nad prvni horni
jehlou je paralelné ve vodorovné poloze
umisténo pfedozadni rameno, na némz je
vzadu zavéSena olovnice. Jeji pomoci lze
kontrolovat spravnost vertikalni polohy
rdmu kolumnometru.

Meé¥eni vstoje bylo provadéno na rovné
laboratorni podlaze, (obr. 1). K méreni
vsedé bylo pouzito kruhové Zidle s rovnou
sedaci deskou bez opéradla, a pro tento Ucel
vyrobené drevéné podloZky o rozmérech
40x 42 x 19 cm, (obr. 2). PodloZku o vysce
19 cm bylo nutno pouzit proto, ze jehly
kolumnometru jsou pro méfeni
torakolumbalniho Useku patefe vsedé
umistény prilis vysoko. Aparéat stal po dobu
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Obr. 1. MéFeni kolumnometrem vstoje.

celého vyzkumu na konstantnim misté.
Mezi dvéma prednimi rameny stojanu byly
vyznaCeny stopy pro presné postaveni
probanda.

Délka i zakFiveni patefe byla méfena
mezi antropometrickymi body Cervicale
(C) a Lumbale (Lu) (6, 8). Bod Cervicale
lezi v medianni roviné na hrotu processus
spinosus C,, bod Lumbale je lokalizovan na
vrcholu processus spinosus L.

Mimoto byla u kazdého probanda
antropometrem zjisténa télesna vyska a na
naslapné elektronické vaze jeho hmotnost.

Pro zdznam zakfiveni patefe vstoje se
proband postavil vzpfimené zady ke
kolumnometru tak, aby se patami dotykal
urCené hranice pfed apardtem. Osa

Obr. 2. Méreni kolumnometrem vsedé.

kolumnometru byla za probandem, v
medianni roviné patefe, hlava vysetfované
osoby ve frankfurtské horizontale.
Predozadnim posunem jehel mezi body C a
Lu na zadni konturu spinalnich vybézka
hrudnich a bedernich obratld byl ve
skute€nosti vymodelovan tvar zakfiveni na
tomto Useku péatefe, (obr. 1 a 2). Do
zédznamniho archu jsme zanesli viechny na
jehlach kolumnometru odectené Ciselné
hodnoty.

Pro zaznam zakfiveni patefe vsedé jsme
rovnobézné s hrani¢ni Carou méfeni
postavili zminénou dfevénou podlozku na
niz byla umisténa zidle tak, Ze jeji zadni
okraj lezel nad hrani¢ni carou. Poté se
proband posadil ve vzpfimeném sedu zady
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Obr. 3. Délka torakolumbalni patefe
(C - Lu) a umisténi bodd T, L, x.

orientovana ve frankfurtské horizontale.
DalSi postup méfeni byl stejny jako pfi
vySetfeni vstoje.

Délka zkoumaného Useku patefe bylav
obou polohach zjisténa v centimetrech jako
dvojnéasobek poCtu jehel mezibody CaLu.
Vyhodou pouZzité metody je pFi srovnani s
radiologickymi zplsoby vySetfeni
patefnich zakFiveni (1) jeji neinvazivnost,
objektivita a vétsi pfesnost. Nevyhodou je
VEtSi pracnost.

Ukolem provedené studie bylo zjistit
rozdily a pravdépodobnostni rozlozeni
vybranych polohovych bodl a délkovych
rozmérl na patefi vstoje a vsedé a
primérnou relativni hloubku zakfiveni
torakolumbalni patefe v obou téchto

polohach.

Pro posouzeni hrudniho a bederniho
zakfiveni byly na torakolumbdlni pétefi
vytypovany tfi zékladni body, a to bod T
(uloZeny na vrcholu torakélni kyfézy), bod
L (lezici ve vrcholu lumbalni lordézy) abod
X, ktery je na prlseciku kFivky spojujici
hroty processus spinosi véech obratll a
frontalni roviny umisténé v poloviné
projektivni vzdalenosti bodl T a L (obr. 3).

| kdyz hloubka patefnich zakfiveni
zjisténa v absolutnim méfitku (mm) je
dllezitd a nesporné charakteristicka pro
vék, pohlavi, profesni skupinu, vadu patefe
a dalsi faktory, povazujeme za funkéné
vyznamnéjsi jeji pomérné vyjadreni k délce
meéfené Casti patefe. Proto je poloha vSech
tfi uvedenych bodl (T, L, x) v dalsim
vyjadfena také v procentech vzdalenosti
obou osteometrickych bod(, vymezujicich
zkoumany Usek patefe (C-Lu).

Pro vypocty velikosti ventrodorzalnich
odchylek bylo provedeno posunuti
vertikalni osy kolumnometru do bodu x, a
to odectenim hodnoty odchylky v tomto
bodé od jednotlivych odchylek ve vSech
mistech méreni.

Hodnoceni naméfenych dat bylo
provadéno za pomoci bé&znych
statistickych charakteristik (X, s, s,); kromé
nich v tabulkach dale uvadime median (X),
ktery je vlastné 50. percentilem hodnoty,
25. a 75. percentil. Déle je uveden 95%
interval spolehlivosti pro odhad stfedni
hodnoty (C.1.). Z charakteristik variability
byl kromé uvedenych vypocitan jesté
variacni koeficient

1665
V=
X

Pro posouzeni typu distribuce
naméfenych hodnot byla pocitana také jeji
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Sikmost a Spicatost, které jsou pouzivany
pro testovani normality rozdéleni prisludné
veli€iny. Pokud upravené hodnoty Sikmosti
a Spicatosti lezi v rozmezi (-2; +2), nelze
vyloucit, Ze se zkoumany znak Fidi
normalnim rozdélenim.

1 s .

n & (x-X)
Sikmost (A3) = g?

1.5 —

0 % . (X-X)
Spicatost (A4) = gt -3

Télesnd hmotnost, vySka a Body Mass
Index

Hmotnost i vysku téla je nutno povaZovat
za dilezité somatické znaky, které mohou
ovlivnit jak celkovou délku pétefe, tak
délku jejiho torakolumbélniho Gseku a také
hloubku jeho zakfiveni. Obé tyto
charakteristiky by u zdravého, normalniho
jedince mély byt ve vysoké zavislosti, a
proto byvaji zpravidla posuzovany
spole¢né formou rlznych indexi. V
soucasnosti je v tomto smyslu v
antropologii nej¢ast&ji pouZivan tzv. Body
Mass Index (BMI), zavedeny do vztahu
vySka-hmotnost téla jiz v r. 1869
Queteletem (tzv. Queteletilv index - 13).

Prlimérné hodnoty a ostatni vypocitané
statistické charakteristiky vySky, hmotnosti
a BMI jsou proto jako nejzakladnéjsi
fyzické znaky kaZzdé populace pouze pro
Uplnost obrazu o zkoumané skupiné
probandek uvedeny v tabulce 1. Jako
grafické znazornéni velikosti znakl je
pouzito box grafdl 1-3. V obdélniku je vZdy
zakreslena poloha medianu, 25. a 75.

kvantilu. V "boxu" tedy lezi stfednich 50 %
vybéru.

Porovnanim vypocitané priimérné
hmotnosti a vysky téla zkoumanych
probandek s &eskymi celostatnimi
hodnotami 20-25letych Zen (3) je patrna asi
0 1,5 cm vétSi vyska, ale priblizné 0 1,4 kg
mensi hmotnost téla. Zjisténé Gdaje souvisi
se skutecnosti, Ze jde o skupinu
vysoko3kolacek, u nichZ se srovnanim s
ostatni populaci pravidelné nachazi vyssi
hodnoty télesné vySky a nizSi hmotnost
téla. V dlsledku uvedeného je zde proti
celostatnimu  prliméru pfiblizné o 0,9
takZe jde o probandy zfetelné stihlejsi.
Vztahu hmotnosti i vy3ky téla a BMI k
zakfivenim a délce torakolumbalni patere
bude vénovéna samostatnd studie v
budoucnu.

Délka torakolumbalni patefe a jeji
oblouky

Vypocitana primérna délka
torakolumbalni patefe zkoumanych 18-
25letych probandek vstoje i vsedé je patrna
z tabulky 2. W3si prdimérna hodnota byla
zjisténa vstoje neZ vsedé, coZz mize
souviset se zménami svalového napéti mm.
dorsi a rliznym stupném zatizeni disci
intervertebrales v obou téchto polohéach.
Rozdil délky mezi obéma polohami €ini v
priméru 15 mm a je vysoce statisticky
vyznamny pfi P=0,001 (t,,=44,01).

Umisténi bodu x na kFivce patefe ma
mezi obéma polohami v priiméru jesté vetsi
rozdil (tabulka 2). Cini 20,51 mm a jeho t,,,
= 48,99 > P, . Z hlediska celkové délky
zkoumaného Useku je bod x v poloze vstoje
umistén asi v 59 % méfené vzdalenosti (C-
Lu) od bodu C (tabulka 3, histogram a box-
graf 1). S 95% pravdépodobnosti se stfedni
hodnota jeho umisténi pohybuje v intervalu
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57-60 % délky torakolumbalni patefe,
variabilita tvoff asi 9 % prlmérné hodnoty.
Nejmensi vzdalenost bodu x od bodu C je
42 % z celkové délky C-Lu, nejvyssi 76 %.
50 % probandek ma bod x uloZen mezi 55-
62 % této vzdalenosti. Podle histogramu 1
Ize usuzovat na normalni rozdéleni polohy
tohoto bodu na patefi. Tomuto pfedpokladu
neodporuje ani test normality zalozeny na
Sikmosti a Spicatosti, diagram normality a
vysledek Shapiro-Wilkova testu (S-W test,
tabulka 3).

V poloze vsedé se bod x nachazi s
ohledem na celkovou délku torakolumbalni
patefe (C-Lu) nepatrné vySe nez vstoje (v
priméru pouze 56 % od bodu C), coZ
souvisi s celkovym zkracenim tohoto Useku
proti poloze vstoje. Variabilita ulozeni je
zde ovdem Veétsi neZ vstoje (tabulka 3,
histogram a box graf 6).

Také vrchol nejvétsiho prohloubeni
lumbalni lorddzy (bod L) je vsedé relativné
vyse (75,5 % z délky C-Lu) nez pfi poloze
vstoje (85 % od bodu C). | zde vSak
nachdzime v poloze vsedé zfetelné vyssi
variabilitu, neZ vstoje (tabulka 2, histogram
a box graf 3). Na rozdil od relativné
kranialnéjSiho umisténi bodu x a vrcholu
lumbalni lordozy (L) vsedé nez vstoje, je z
tab. 3 pro vrchol hrudni kyfézy (T) patrny
opak. Relativné vyse je umisténo na patefi
nejvice prohloubené misto torakalni
kyfézy (bod T) pfi stoji nez vsedé. Rozdil
¢ini 4,67 % z délky C-Lu, a jeho hodnota
t/99/: 4164 > PO,OOl'

V tabulce 2 jsou uvedeny také vSechny
zkoumané statistické charakteristiky
lokalizaceboduTal.

Provedené srovnani délky torakolumbalni
patefe mezi antropometrickymi body C a
Lu, mezi polohou vrchold obou zakfiveni
tohoto Useku patefe (T, L) i prdseciku
frontalni roviny v polovingé projektivni

vzdalenosti bodd T a L s kFivkou spojujici
hroty obratlovych processus spinosi (bod
X) prokazuje, Ze:

a) v poloze vsedé dochazi ke zkraceni
hrudni a bederni patefe o vice nez 3 % této
délky vstoje,

b) vétSi zkraceni pfi poloze vsedé
pravdépodobné nastava v dolni €asti regio
thoracica a v horni ¢asti regio lumbalis nez
na hornim Useku hrudni a dolnim segmentu
bederni patefe.

Hloubka péatefnich zakFiveni
(projektivni vzdalenost vrcholu hrudni
kyfézy abedernilorddzy)

Velikost antero-posteriorniho esovitého
zakfiveni torakolumbdalni péatefe v
mediadnni roviné je déana projektivni
vzdélenosti vrcholu hrudni kyfézy a
bederni lordézy (body T a L). Jak prokazuji
vypocitané primérné hodnoty
zkoumaného souboru mladych dospélych
Zen v tabulce 4 a v histogramech a box-
grafech 4, 5 a 9-10, je proti oCekavani
sumarni hloubka obou zakFiveni vstoje vice
nez dvojnasobnd nez v poloze vsedé. Jak
absolutni, tak procentové rozdily
primérnych hodnot zakfiveni jsou vysoce
statisticky priikazné (t.,,) pro milimetrovou
vzdéalenost bodd T a L = 11,84, pro
procentovou vzdalenost z délky C-Lu =
4,35. Zjisténd skute€nost ponékud
prekvapuje a jeji vysvétleni jisté neni
jednoduché. Lze se ale domnivat, Ze mensi
primérnd hloubka bederni lordézy a
zejména hrudni kyfozy vsedé neZz vstoje
snad miZe souviset s ¢astetné zmensenou
antero-posteriorni zatézi patere vsedé. Tah
na patef zavéSenych dtrobnich organi
hrudni i bfiSni dutiny je pravdépodobné
vsedé odlehCen. Jejich hmotnost je vsedé
rovnomeérnéji rozkladana,m prenasena na
nize umisténé télni organy, a je nesena
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pfedevsim panvi.

| utohoto znaku, jak je patrno ze zminéné
tabulky 4, existuje vyrazné vyssi variabilita
v poloze vsedé neZ vstoje, stejné jako u
délky torakolumbalni patefe a pfi vySkové
lokalizaci bodli T, xalL.

Tabulka 5 udavad jednak zkoumané
statistické charakteristiky a jednak
procentové rozlozeni velikosti odchylek
vrcholli obou zakFiveni (T, L) od vertikaly v
bodé x. Velikost hloubky hrudni kyfézy je
udana v procentech délky hrudni patefe (C-
X), bederni lordézy v procentech dolni
zkoumané casti (x-Lu). Také zde, stejné
jako pfi posouzeni hloubky obou zakFiveni
vzhledem k celkové délce torakolumbalni
patere (C-Lu) v pfedchozim, se potvrzuje
mensi predozadni vychyleni bodd T i L
vsedé nez vstoje. V této poloze téla vSak
také opét existuje VEtsi variabilita obou
znakd neZ vstoje.

Zaver
MéfFeni délky torakolumbalni péatefe
mezi antropometrickymi body C a Lu a
posouzeni rozdild ve vertikalnim i
ventrodorzalnim umisténi vrcholl hrudni
kyfdzy i bederni lordézy (body T a L) v
zavislosti na poloze (stoj-sed), prokazalo
nékteré rozdily.
Torakolumbalni patef zkoumané skupi-
ny mladych Zen je vstoje v prdméru o 15
mm delSi nez vsedé a celkova hloubka
(projektivni predozadni vzdalenost vrchold
T a L) obou zakFiveni je vstoje v priméru o
19,4 mm vétsi nez vsedé. Poloha vsedé méa
tedy za nasledek jednak zkraceni a jednak
oploSténi péatefe. Vede vSak také ke
kranialnimu posunu jak vrcholu hrudni
kyfézy i bederni lord6zy, tak
vykonstruovaného bodu x, leziciho na
prise¢iku frontalni roviny ve stfedu
projektivni vzdalenosti vrcholl obou

zakriveni a krivky prochazejici nejvice
dorzalné umisténymi body processus
spinosus v3ech hrudnich a bedernich
obratl(l. Zjisténé rozdily jsou patrné z
tabulek, histogramil a box-grafd. Jak je
uvedeno jiz v predchozim, pfFic¢inou
zkréceni torakolumbalni patefe a oplosténi
obou jejich zakfiveni vsedé oproti poloze
vstoje jsou odlisné biomechanické vlivy
pdsobici na pater jako celek v obou téchto
polohéach.

Zkraceni i oploSténi patefe vsedé
zplsobuje zifejmé zvyseny tah hmotnosti
organli hrudni a bfisni dutiny na patef
zavéSenych; mimoto vSak snad i odlisné
napéti patefnich svall a zatizeni
meziobratlovych diskd.

Vsechny zkoumané metrické znaky
torakolumbalni péatefe vykazuji zfetelné
vySSi variabilitu vsedé nez vstoje. Toto
zjisténi mlze byt dlkazem méné
vyrovnanych biomechanickych pomérd
lidské patefe vsedg nez pfi stoji.
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Poloha T - vrchol torakalni kyfézy vstoje
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Poloha L - vrchol lumbalni lordézy vstoje
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Odchylka v T+ v L ~ hloubka zakFiveni vstoje
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Odchylka v T+ v L ~ hloubka zakFiveni v %
méreneho Useku (C - Lu) patere vstoje
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Poloha x vsedé
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Poloha T - vrchol torakalni kyfézy vsedé
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Poloha L - vrchol lumbalni lordézy vsedé

histogram 8
2B
Zh
T
22
. w0 D
fl ] M
g % A A N \Q;&
£ 5 \ \ 14 45
§ w d T, _-\ %‘?‘: .
Lo - e L
1 N
0o 405 : St \\
' J % 297 \ \\ SRS
LhE EEORNNOE
525 mnL 625 K75 23 (AT 1
poloha L
% C - Lu
bov-mrat 8
o
B2 -
Wl :
a ;
. |
%7 ST
O e RN
-
S
% -
24
22 _
20
I3
15
1 -|
poloha L
80 LOCOMOTOR SYSTEM 1997, 4, No. 3 +4




Odchylka v T+ v L ~ hloubka zakFiveni vsedé
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Odchylka v T+ v L ~ hloubka zakFiveni v %
meéreného useku (C - Lu) patere vsedé
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RECENZE *

NEW BOOKS

CRANIOFACIAL ANTHROPOMETRY, PRACTICAL
MEASUREMENT OF THE HEAD AND FACE

FOR CLINICAL, SURGICAL AND RESEARCH USE
Ch. C. Thomas Publ. LTD. Springfield, Illinois. USA. 1997. 334 stran.

J. C. Kolar, E. M. Salter

DalSi antropometrickd pfirucka v
americké literatufe, kterd navazuje na
opakované vydani Farkasovy
"Anthropometry of the Head and Face"
(1981, 1994) a na monografii
"Anthropometric Facial Proportions in
Medicine" (Farkas, Munro 1987).

"Craniofacial Anthropometry"” je
metodickou pfFiruckou nejen pro
kefalometricky vyzkum normalni
populace. Byla vypracovana na klinickém
pracovisti a proto zahrnuje pfedevsim fadu
metrickych znak( pouZitelnych pfi
hodnoceni v antropometrické laboratofi u
pacientli s vrozenymi vadami obliceje i
neurokrania. Cilem pfedoperacniho
antropometrického Setfeni postizenych
Casti je vyhodnotit jejich odchylky od
platné normy pFislusné populace. V
pfipadé, Ze jde o parovy organ, postihnout
rozdil vzhledem ke zdravé strané a
poskytnout chirurgovi voditko pfi
planovani operace.

Kniha je uvedena kratkou pfedmluvou
chirurga a antropologa. Obsah je rozdélen
do tfi €asti. Prvni, zahrnujici kapitoly 1 - 3,
obsahuje pfedbézné informace pro zalozeni
kefalometrického vyzkumu v klinickém
programu (kratka historie vyvoje
antropometrie, specialné kefalometrie,
organizaCné-technické a pfistrojové
vybaveni antropometrické laboratofe,
kefalometrické body uzivané v textu). Tato

Cast je vybavena ndzornym zobrazenim a
popisem 44 kefalometrickych bodd.

Druha cast dila (kapitoly 4 - 10)
prezentuje soustavu kefalometrickych
znakll v soucasnosti pouZivanych v
antropometrické laboratofi
kraniofacialniho centra dallaské
nemocnice v Texasu. Jednotlivé kapitoly
jsou vénovany méfeni na obliceji a
mozkovné, v oblasti o€ni Stérbiny, nosu,
orolabialni oblasti a udniho boltce. Kazda z
kapitol za€ina diskusi k pouzivané baterii
dimenzi prislusného hlavového regionu.
VSechny pouzivané metrické znaky jsou
popsany a obrazové dokumentovany jako
ukdzky méfeni s pfisludSnym
antropometrickym nastrojem.

Desata kapitola obsahuje ndvod pro
méfeni nékterych speciadlnich znakd
obliceje, jako je jeho profilovy Uhel, Sitka
nosniho kofene, za pomoci odlisné
techniky a néastroje nez uvadi Martin
(Martin - Saller 1957) i nadusni vysky
mozkovny, aj. ZvIaStni pozornost je zde s
ohledem na kraniofacialni vady vénovana
asymetriim. V této Casti je dale upozornéno
na obtize a vyhody doprovazejici
antropologické vyzkumy jednak v
laboratofi a jednak v terénu.

Treti ¢ast knihy je vénovéana analyze
antropometrickych dat. Jsou zde
diskutovany problémy  vypracovani
rGstové normy antropometrickych znakd
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populaci Spojenych statl
severoamerickych, protoze jde o skupiny
etnicky smiSené. Dale je pozornost
vénovana otdzkam a rozdildim priifezovych
a longitudidlnich antropometrickych studii
i kombinovanych studii longitudialnich a
prifezovych. Autofi spravné zdlrazriuji, Ze
prakticky vSechny antropometrické znaky
se vyvijeji allometricky a v prehledu
vypocitavaji statistické metody pouzivané
pro vyhodnoceni antropometrickych dat.

Ve 12. kapitole (Klinické studie) jsou
provedeny ukazky praktického vyuZiti
antropometrie pfi hodnoceni
kraniofacialnich zmén nékterych
syndrom( (Crouzondv syndrom, Down(v
syndrom, Treacher(iv-CollinsCiv syndrom).
Ddraz je poloZzen na planovani chirurgické
lecby kraniofacidlnich vad s pomoci
antropometrickych (daji. Ukazky jsou
provedeny pro kraniosynostézy,
rekonstrukci arcus zygomaticus, OpitzQv
syndrom s hypertelorismem, Apertdv
syndrom s turricephalii, roz§tép nosu a Cela
a arhinii s mikroopthalmii. Za zajimavou
Ize povaZzovat Uvahu o problematice
atraktivnosti obliCeje, kterd byla ovsem
feSena také jiz dfive (Farkas, Kolar 1987,
Farkasetal. 1987).

Posledni kapitola knihy ukazuje moz-
nosti pocitacového méreni lebky, pripadné
lebky s mékkymi tkanémi. Trojdimen-
zionélni kraniometrie, zaloZena na
souCasné predozadni a lateralni RTG
projekci Broadbentovym-Boltonovym
kefalometrem, skytd moznost vcelku
presné rekonstrukce vSech struktur a tim za
pomoci kraniometrickych bodd i méfeni.
Méné presné hodnoty lze ziskat pomoci
trojdimenzionalniho scanovaciho laseru.
Jako doplnék je uZivadna pro
antropometrické planovani chirurgického

vykonu na lebce, a to i pfes znacnou
nédkladnost, po€itaova tomografie (CT
scan) a trojdimenzionalni pocitacova
tomografie.

Nejnovéjsi potencidlni metodou pro
vyuziti v kraniofacialni antropometrii je
metoda magnetické rezonance, ktera
poskytuje velmi detailni zobrazeni
mékkych tkani, ale bohuzel nezobrazuje
skelet.

Text spravné zdlraziiuje nutnost
maximalni péce pfi vyznaCovani
antropometrickych bod( pro scanové
zobrazeni, protoZe nepresné znaCeni vede
ke vzniku velkych metrickych chyb.

Luxusné dokumentacné vybavena
prirucka na kfidovém papife je jednou z
mala metodik specialni kraniofacialni
antropometrie ve svétovém pisemnictvi. Je
cennym pfinosem do knihovny vSech
pracovnikd, ktefi se zabyvaji antropometrif
a nebo ktefi mohou z jejich vysledkl
profesionalné tézit. Jevi se téZ jako vhodna
pomlcka pro studenty antropologie,
stomatologie, kraniofacialni a
maocilofacialni chirurgie.

K. Hajnis
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KONFERENCE

*

CONFERENCES

SELECTED ABSTRACTS FROM THE THIRD PAN PACIFIC
CONNECTIVE TISSUE SOCIETIES SYMPOSIUM
Hilton Waikoloa Village, Kohala Coast, Hawaii,
November 30 - December 5, 1996

About 180 scientists mainly from USA
and Japan, but also from Europe attended
the Third Pan Pacific Connective Tissue
Societies Symposium and presented orally
or as posters, topics of many of them were
molecular structure and metabolic
pathways of bone and cartilage under
physiological and pathological conditions.

"Bone metabolism is reflected by
biochemical markers"'
Adam M, HulejovaH
Clinic of Rheumatology, Postgraduate
Medical School, Institute of
Rheumatology, Prague, Czechia.
Telopeptides as well as propeptides of
collagen type | serum levels may be
influenced by other pathological processes
like liver cirrhosis, pulmonary fibrosis etc.
Further markers of osteoblasts activity are
serum alkaline phosphates and serum
osteocalcin (OC) also entitled GLAprotein.
It specifically binds both calcium and
hydroxyapatite. Whereas control group of
adult persons had urinary pyridinoline
(UPD) in average 41.6_+10.6 nmol/mmol
creat. and urinary deoxypyridinoline
(UDPD) 8.1+2.8, the main value of 94
postmenopausal osteoporotic patients was
109.6_+61.7 for DPD and 22.8_+14.2 for
UDPD. Calcitonin treatment caused mostly
normalization of both these markers which
reflex intensified bone catabolism. In OA
increased UPD and UDPD signalize

destructuve process in subchondral bone
(43.6 UPD for the 1st or 2nd stage OA
versus 68.8 for the 3rd stage). Rather high
UPD values were found in patients with
myeloma multiplex (107.56). In this
disease UPD values reached over 400.0
nmol/mmol. Determination of UDPD is
unnecessary as correlation coefficient
between UPD and UDPD in our patients is
0.97. Because we use HPLC for
determination of both the substances their
urine concentrations are available in one
run. Average of OC serum levels in OP was
13.65 ug/L, whereas in OA it was in early
stages 9.8 and in the 3rd stage 8.6. Patients
with myeloma multiplex before treatment
showed OC value in average 14.75 ug/L,
after intensive therapy it decreased to 9.6.
Serum bone alkaline phosphatase was
increased up to 42.23 in OA patients
(normal 22.0), in OP patients after collagen
hydrolysate consumption increased up to
67.87.

"The Effects of Intraarticular
Hyaluronan on Patellar Cartilage of an
Ovine Model of Osteoarthritis"
Appleyard R, Little L, Ghosh P, Smith S,
and Swain M*

Raymond Purves Bone & Joint Res. Labs,
Universitv of Sydney, NSW, Australia, and
*Division of Applied Physics, CSIRO, and
Dept. of Mechanical Engineering,
University of Sydney, NSW, Australia.
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Intraarticular (i.a.) hyaluronan (HY) is
now widely used for the treatment of
osteoarthritis (OA) but the ability of this
therapy to support cartilage metabolism
and repair remains controversial. We have
developed an ovine model of OA induced
by lateral meniscectomy which produces
histochemical and biochemical changes in
joint tissue after 6 months which are
analogous to those reported for early
human OA. In the present study, we used
this model to evaluate the effects of two HY
preparations on the biomechanical and
histological changes which occur in
patellar cartilage 6 months following
meniscectomy. Fifteen adult Merino
wethers were used. Ten were subjected to
bilaterallateral meniscectomy, the
remaining 5 were used as nonoperated
controls (NOC).

Meniscectomized animals were
randomly divided into 2 groups after 16
weeks. Group Awere given 2.5Eml of HYA
(MW ~0.9x 10°Da) i.a. for 5 weeks. Group
B received 2.5m HYB (MW ~ 1.9 x 10° Da)
and NOC received 2.5Eml PBS for the
same period. All animals were sacrificed 5
weeks later. Patellar cartilages were
subjected to I5 indentations over their entire
surface using a UMIS2000 microindenter.
From the data generated, the instantaneous
elastic modulus (stiffness) and effective
viscosity were calculated using a
3parameter solid viscoelastic model. On
completion of indentation studies, coronal
osteochondral histoloaieal Esections were
prepared and stained with Toluidine blue
(TB), Picro Sirius red (PSR) or with the
monoclonal antibody (Mab) 3B3(). The
data showed that patellar cartilage from
nonHY treated meniscectomized joints
exhibited an overall increase in stiffness

(71 %) and effective viscosity ( 16 %)
relative to NOC cartilage (p <0.05). The
most marked difference occurred on the
lateral aspect. Intraarticular injections of
HYB into meniscectomized joints failed to
reduce these biomechanical parameters but
HYA reduced stiffness to NOC levels. TB
failed to show difference between groups
but PSR and Mab 3B3() showed matrix
changes in theEsuperficial zone of
meniscectomized joints. These results
suggest that HYA is more effective than
HYB at providing protection to cartilage.
Other studies indicate this effect is
probably mediated via an improvement in
the rheological properties of synovial fluid.

"Crosslinked Telopeptides of Collagen
Types I, Il and Il as Urinary
Degradation Markers of Bone, Cartilage
and Nonskeletal Tissues"*
Eyre DR, Shao P, VosbergSmith K,
Norlund L, Shafferl K*, and Yoshihara P.*
Orthopaedic Research Labs., University of
Washington; * Hybrilogic Division/Ostex
International, Inc., Seattle, Washington.
Crosslinking amino acids (pyridinoli-
nes) and type | collagen telopeptides
containing them, are proving useful as
urinary markers of bone resorption. !n the
present study, crosslinked telopeptides
originating from collagen types Il and IlI,
in addition to type I. were identified in
human urine. The collagenl type specific
sequences provided the basis for preparing
monoclonal or polyclonal antibodies that
would work in ELISA format for
quantitative urine analysis. Both Nand
Ctelopeptide sequences from type Il
collagen were identified in the <2kDa
peptide pool from urin, previously shown
to include collagen type I crosslinked Nand
Ctelopeptides from bone resorption. In
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contrast to a Pyr (HP) to Dpy (LP) ratio of
about 4:1 for the collagen type | pool, the
purified type 11 collagen peptides revealed
only HP, consistent with their origins in
bone and cartilage respectiveiy. A
monoclonal antibody (2B4) with high
affinity for the crosslinked core al
(I Ctelopeptide sequence in urine was
used to develop a competitive inhibition
ELISA. Excretion levels in children were
shown to be 1050fold higher than in adults.
This assay is currently being explored as a
monitor of human skeletal growth and
remodeling and in animal models of
arthritis. By asimilar approach, crosslinked
Ntelopeptides originating in type Il
collagen were shown to present in the
urinary peptide pool, and to be measurable
by immunoassay using antibodies specitic
to the crosslinked peptide sequence. The
potential to compare relative rates of
degradation of collagen types I, Il and 1l
during growth in adulthood, and in various
disease conditions is being explored.

"Marfan syndrome and related
connective tissue disorders: Expression
of FBN1 mutations at the mRNA,
protein and phenotype levels"

Francke U, Liu W, Faraco J, Brenn T,
Schriver I, and Furthmayr H,

Howard Hughes Medical Institute and
Stanford University Medical Center,
Stanford, CA.

Marfan syndrome (MFS), a dominantly
inherited multisystem connective tissue
disorder can be difficult to diagnose
because of pronounced variability in
manifestations. Mutations in the gene for
fibrillin1 (FBN 1), the major component of
the elastinassociated microfibrils, have
been found in MFS patients as well as in
others with partial manifestations not

meeting established diagnostic criteria. To
understand the pathogenetic basis for the
phenotypic variation we have carried out
extensive phenotyping of connective tissue
manifestations, screening of the entire
FBN1 coding region and splice junctions
for mutations, quantitation of allelespecific
MRNAs and studies of fibrillin protein
synthesis, secretion and matrix deposition.
The 36 unique FBN1 mutations identified
in our laboratory span the gene from exon 3
to exon 58 and the phenotype from
prenatally diagnosed de novo MFS with
neonatal lethality to nonMFS having only
ectopia lentis, tall stature or aortic
aneurysm. All mutations leading to
premature termination codons were
associated with reduced synthesis of
fulllength fibrillin protein and reduced
deposition on newly synthesized fibrillin in
the extracellular matrix. Mutant mRNA
levels were reduced in most of the cases. In
gnomic deletions or mutations that lead to
inframe skippinEof one, two, or three
exons, mutant mRNA and/or protein
svnthesis are rarely reduced. The majority
of missense mutations substituted a
cysteine residue in either a 6cysteine or
8cysteine domain. Of two missense
mutations associated with ascending aortic
aneurysm, one is likelv to be a
polymorphism, present in populations of
Asian descent. Correlations with clinical
findings suggest that severity and
proEnosis are dependent on the presence,
amount and nature of mutant proteins that
interfere with microfibril formation.
Reduced mutant mRNA synthesis or
stability leads to a milder phenotype,
cysteine substitutions cause more
generalized MFS manifestations than other
amino acid substitutions, but structural
disruptions in the central region are
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associated with the most severe clinical
presentations. In all types of mutations, the
number and progression of cardiovascular
complication is related to the level of
fibrillin deposition in the extracellular
matrix. Therefore, quantitative assavs of
FBN1 deposition will have the greatest
diagnostic and prognostic value. We also
evaluated the possible contributions of
sequence variation in microfibrilassociated
protein genes (AMP, MAGP1 and
MAGP2) with no definitive conclusions at
this time.

"Inhibition of Skeletal Growth by
FGFs".
S. Garofalo, J. Cooke, M.Machado, G.P.
Lunstrum, A. Yayon* and W.A. Horton,
Shriners Hospital Research Unit Oregon
Health Sciences University School of
Medicine, Portland, Oregon and
*Weizmann Institute, Rehovot, Israel

FGFs are a family of nine polypeptides
that can activate four different tyrosine
kinase receptors (FGFR14). They have
important functions in development,
vascularization and wound healing.
Mutations in three FGFRs (FGFR1,2 and 3)
have been identified in several human
osteochondrodysplasias. These mutations
generate constitutively activated receptors.
FGF9 (also known as Glial Activating
Factor), originally identified as a trophic
growth factor for primary rat glial cells, has
the ability to bind and activate mainly
FGFR3. To understand the role of FGFs in
cartilage and bone development we have
generated gain of function transgenic mice
overexpressing FGF9 in chondrocytes.
This was accomplished by joining the
chondrocytesspecific cisregulatory
elements of al (Il) procollagen gene to
mouse FGF9 cDNA. Three transgenic mice

exibit a phenotype characterized by growth
deficiency of postnatal onset resulting in
short limb, spine and snout. The tail was
kinky and the axial skeleton deformed.
These mice died before weaning age. Two
founder mice had less severe skeletal
defects that allow them to reproduce. The
phenotype of these strains was
characterized by small size and kinky tail.
Histological analysis of cartilages shows a
generalized disorganization of the growth
plate with very few hypertrophic
chondrocytes. The findings closely
resemble those of human diseases due to
constitutive activation of FGFR3. To
understand the role FGFR3 in cartilage and
bone development we have also generated
gain of function transgenic mice
overexpressing mutant FGFR3 in
chondrocytes by the same promoter. The
mutations were: a) the deletion of the
intracellular tyrosine kinase domain; b) the
glycine 380 to arginine substitution
identified in most patients with
achondroplasia; c) the arginine 248 to
cysteine substitution identified in
thanatophoric dysplasia (TD) type |I.
Transgenic mice harboring all three
mutations have been generated. Transgenic
mice with truncated FGFR3 do not show
any distinct phenotype and we concluded
that the loss of kinase activity is not
important in skeletal formation and growth.
Transgenic mice with Gly380Arg
mutation exhibit a phenotype characterized
by growth deficiency of postnatal onset
resulting in short limbs, spine and snout.
Several mice develop neurologic
dysfunction of the hind limbs at about 3
weeks of age. It is not clear if the
neurological dysfunction is due to the
thoracic kyphoscoliosis or the spinal
stenosis due to shortening of vertebral
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pedicles as occurs in human
achondroplasia. Hystological analysis of
limbs shows a generalized disorganization
of the growth plate with very few
hypertrophic chondrocytes. Transgenic
mice carrying the Arg248Cys mutation
have been not yet analyzed. These mice
should serve as experimental animal
models of human FGFR3 diseases.

"Changes in the Molecular and
Rheological Properties of Hyaluronan in
Synovial Fluid from Osteoarthritic
Joints™.
Ghosh P, Adam N, Swain M*, Rasaratnam |
and RyanP
Raymond Purves Bone & Joint Res. Labs,
University of Sydney, NSW, *Division of
Applied Physics, CSIRO, and Dept. of
Mechanical Engineering, University of
Sydney, NSW, and *Department of
Medicine, Monash Medical Centre, Alfred
Hospital, Prahram, Vic., Australia

The rheological properties of joint
synovial fluid (SF) can be attributed to the
presence within this medium of high
concentrations (~ 3mg/mi) of hyaluronan
(HY), a linear glycosaminoglycan
synthesised by synoviocytes of the joint
lining. In osteoarthritis (OA) and
rheumatoid arthritis (RA) the concentration
and molecular weight (MW) of HY in SF
are reduced (1) because of plasma fluid
infiltration, abnormal biosynthesis by
synoviocytes and/or depolymerisation by
oxygenderived free radicals. These events
can resultin a diminution in the viscosity of
SF and a reduction in its ability to protect
and lubricate cartilage and periarticular
structures. In a previous study using
synoviocytes cultured from joints of OA
and RA patients, we showed that the new
antiarthritic drug, xylopyranose

polysulphate (XPS) at low (< 5pg/ml) in
vitro concentrations stimulated the
synthesis of high MW hyaluronan (2). In
the present study we examined the changes
in the rheological properties and MW of
HY in SF from patients with OA (n = 23)
before, and after 4 weekly intraarticuiar
injections of NaXPS (50mg/ml) or Ringer's
solution. The viscosity (z') and elastic
stiffness (G") of SF were determined as a
function of angular frequency (w) using a
unique microFourier rheometer specially
developed for the purpose. The MW of HY
was determined by multiangle laserlight
scattering photometry (MALLS): At w =
IOHz (simulating walking) it was found
that the mean % change +SEM from
baseline of SF rheological indices for the
NaXPStreated group (n = 13) was 58.4
+19.2%. The corresponding
Ringer'streated group (n = 10) afforded a
mean of 12.1 +9.3 %. The difference
between the groups was statistically
significant (p = 0.044). Hyaluronan MW
was also increased in the NaXPStreated
group relative to the Ringer's group (p <
0.05). Since patients treated with NaXPS
also showed improvement in symptoms,
we suggest that changes in SF rheological
properties reflect a druginduced
modification of disease activity in OA.
References: (1) Dahl LB, et al: Ann.
Rheum. Dis. 44: 817822, 1985.

(2) Hutadilok N, et a/: Curr. Therap. Res.
44845860, 1988.

"Immunohistochemical
characterization of Iliac Crest Growth
Cartilage from a Child with Schmid
Metapthyseal Chondrodysplasia*
Gibson GJ, Cole WG, and LinDL

Bone and Joint Center, Henry Ford
Hospital, Detroit, Michigan
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Although mutations within the gene
encoding type X collagen have been shown
to result in Schmid metaphyseal
chondrodysplasia (SMCD), the reason for
the associated growth deficiency remains
unclear. We have examined the
morphology of growth cartilage from the
iliac crest of an SMCD child with a
characterized mutation in the NC1 domain
of type X collagen using antibodies to
cartilage matrix components. lliac crest
growth cartilage from children without
growth defects contained a small
hypertrophic region two to five cells deep.
Type X collagen was localized around
hypertrophic chondrocytes close to the
interface with underlying vasculature and,
as described previously, in close
association with the native 7D4
glycosaminoglycan epitope in longitudinal
septa that extended into the area of cell
division and the reserve zone. In the SMCD
child the region of growth cartilage
containing hypertrophic chondrocytes was
5 to 10 times thicker. The pericellular
capsule surrounding hypertrophic
chondrocytes stained intensely for type X
collagen and the 7D4 glycosaminoglycan
epitope, but in contrast to cartilage from the
children without growth defects
longitudinal septa were not clearly defined,
appeared diffusely fibrous and stained
weakly for type X collagen and the 7D4
glycosaminogiycan epitope.
Immunolocalization of other matrix
components, including aggrecan, type Il
collagen and COMP showed the same
distribution in growth cartilages of SMCD
and children without growth defects.
Trabecular bone adjacent to the growth
cartilage of children without growth
defects contained the typical cartilage
remnants that resembled longitudinal septa

of the growth cartilage and stained strongly
for type X collagen. Trabecular bone
adjacent to the growth cartilage of the
SMCD child did not contain prominent
cartilage remnants and those present
resembled hypertrophic chondrocyte
pericellular capsules in morphology and
immune staining.

""Tissue expression and calcium binding
studies of human COMP"'
Hecht JT , Hou J , Yuan XH , Chen H¥*,
Putkey J, Lawler J*
Univ of Texas Medical School and
*Harvard Medical School

Cartilage oligomeric matrix protein
(COMP) is found in the territorial matrix
surrounding chondrocytes. COMP, a 550
kDal homopentamer, is a member of the
thrombospondin (TSP) gene family and
demonstrates marked homology to TSP3
and 4. The five subunits have an amino
terminal globular, a domain that
participates in pentamer formation, four
type 2 or EGFlike repeats, seven type 3
calcium binding repeats and a
COOHterminal globular domain. Although
its function is not yet known, mutations in
the COMP gene cause the dwarfing
conditon, pseudoachondroplasia
(PSACH). The majority of the PSACH
mutations are localized to the type 3
repeats. This study was undertaken to: a)
determine the tissue distribution and
processing of COMP; and b) compare the
calcium binding properties of type 3 repeats
from normal and mutant proteins. By
Northern analysis, COMP is expressed by
both uncultured and cultured cartilage,
tendon and ligament cells. Pulse chase
experiments were performed and the
protein was IPed and reduced to the
monomeric unit. The 110 kDa COMP is
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present in the media by 30 minutes and
completely secreted from cartilage cells by
one hour. However, the 110 kDa COMP
produced by tendon and ligament cells is
always associated with a 130 kDa protein
band that we have identified as TSP4. We
have confirmed that COMP and TSP4
proteins made by tendon and ligament cells
are composed of a mixed population of
homoand heteropentameters. These results
indicate that mutations in COMP will affect
both COMP and TSP4 proteins and
provides an explanation for the extreme
joint laxity observed in PSACH. The
proteins of type 3 Ca2+ binding domains of
the wild type and 3 PSACH mutants were
expressed in E. coli and purified. CD
spectra of the wildtype domains showed
changes upon binding Ca2+ to a low
affinity site(s) in the presence but not the
absence of DTT. The mutant domains
showed no Ca2+ dependent circular
dichronism (CD) changes in the presence or
absence of DTT. These preliminary results
suggest that the PSACH mutations
interfere with the cooperative calcium
binding which may impair protein folding.

"Postnatal Changes in Articular
Cartilage Structure: Internal
Reorganization of Tissue or Resorption
and New Growth?"
Geiss Jana, Kapfinger Eva, Hunziker
Ernest
B.M.E. Mueller Institute for
Biomechanics, University of Berne,
Switzerland

During postnatal growth, articular
cartilage fulfills a function over and above
the biomechanical ones which are so
characteristic of a mature organism,
namely, it regulates growth of the
epiphysis, thereby assuming the role of

asuperficial growth plate. During this
postnatal activity phase, articular cartilage
undergoes a fundamental change insomuch
as it adopts an anisotropic rather than an
isotropic architecture, with a oxganization
into vertical cell columns and distinct
horizontal strata. The aim of this study was
to establish the time at which such
structural changes occur, and to ascertain
whether these are attributable to internal
reorganization of tissue components or to
resorption followed by deposition of new
cartilage material. Using the New Zealand
White Rabbit as our animal model, we
investigated postnatal growth in knee joint
articular cartilage (femoral condyle) from
one month after birth up to skeletal maturity
(eight months). Fluorochrome labelling
was employed to estimate the daily growth
rate at the end of each month, and
stereological methods investigated to
quantify cell structural and Kinetic
parameters. Daily growth rate and articular
cartilage height were dramatically reduced
during the dirst four postnatal months but
remained constant thereafter. The
fundamental changes in articular cartilage
structure were found to take place during
the second and third postnatal months, and
are elicited by enchondral growth rather
than by internal reorganization. The
"growth platelike" tissue evolves from the
stem and proliferating cell layer of the
existing articular cartilage, the
hypertrophic zone of which is resorbed and
replaced by bone tissue. It is therefore a
neoformation process of cartilage that
reorganizes tissue structure and at the same
time elicits an expansion of the bone end.
Moreover, it was found that throughout the
entire postnatal maturation period, the
articular cartilage growth rate is regulated
primarily by changes in proliferative cell
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activities and only secondarily by
modulation of the degree of cell
hypertrophy.

""Metaphyseal Factors in the Control of
Mineralisation during Bone Growth"'
Johnstone EW, Foster BK, *Hopwood JJ,
*ByersS
Departments of Orthopaedic Surgery and
*Chemical Pathology, Women's and
Children's Hospital, North Adelaide, SA,
Australia

Interruption of the blood supply on the
resting side of the bone growth plate (BGP)
results in death of the plate. However
interruption on the blood supply on the
metaphyseal side of the BGP results in a
BGP that can still synthesise cartilage but
can not mineralise the matrix. Our
Hypothesis is that BGP chondrocytes
require factors from cells present in the
metaphyseal region to undergo
physiological mineralisation. METHOD:
As the proposed factor may arise from the
metaphyseal region and or the blood
vessels , chondrocytes were cocultured
with either vascular endothelial cells or
crude cell isolations from the metaphyseal
region. Chondrocytes from the
proliferative region of the ovine BGP were
isolated from fetal lambs by
microdissection and collagenase digestion.
The metaphyseal region was harvested and
placed in culture. The media was harvested
at 24 or 48 hours and was termed
metaphyseal conditioned media (MCM).
Fetal sheep umbilical cord endothelial cells
were also collected. The chondrocytes were
cocultured with the either the endothelial
cells or the metaphyseal cells.
Chondrocytes were also cultured in the
presence of MCM. MCM was either
exposed to 21 C (24hr), 4 C (24hr), 90 C

(30min), dialysed against media or filtered
at 0.2um prior to use. Mineralisation was
assayed by 45calcium incorporation.
RESULTS: Endothelial cells failed to
induce matrix calcification. Only coculture
of crude cell isolations of the metaphysis
with chondrocytes were observed to induce
a significant increase (12 fold) in the
quantity of “calcium incorporated (ie
mineralisation) over the sum of the
controls. MCM was also observed to
induce a significant increase (3.2 fold) in
mineralisation. The factor is only expressed
in the first 24 hours of the metaphyseal
culture and is lost in the subsequent 24
hours of culture. The factor is titratable and
heat stable at all of the temperatures tested.
It does not pass through dialysis membrane.
The 45calcium incorporation is not Erotein
associated as treatment of samples in triton
X100 (1 %) and SDS (0.1 %) at 90 C did not
solublise the calcium. DISCUSSION: It
appears that the metaphyseal region
produces at least one factor that may
promote chondrocyte matrix
mineralisation. It has a molecular weight of
greater than 14,000 dal (dialysis cutoff). It
is titratable and is heat stable being able to
withstand 90 C for 30 minutes.

"Interactions between Chondroitin
Sulfate and Hyaluronan™
Kato Y, Nishimura M, Yan W, Mukudai Y,
Nakamura S, and Hamada T
Department of Biochemistry and Prosthetic
Dentistry, School of Dentistry, Hiroshima
University, Hiroshima, Japan

We examined the interactions between
hyaluronan and other glycosaminoglycans
using Ubbelohde and coneonplate
viscometers. Chondroitin sulfate increased
the viscosity of hyaluronan solutions at a
wide range of glycosaminoglycan
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concentration and hyaluronan mass
(501900 kDa) at 37 C. Furthermore, at
fourtofivefold higher concentrations,
aggrecan monomer. The viscosity of
chondroitin sulfate (5 mg/ml)hyaluronan
(0.5 mg/ml) mixture was about 40% of that
of an aggrecan (5 mg/ml)hyaluronan (0.5
mg/ml) mixture. Of several
glycosaminoglycans tested, chondroitin
sulfateC showed the greatest effect on the
viscosity of hyaluronan solutions.
Chondroitin sulfateA had less effect than
chondroitin sulfateC. Chondroitin
sulfateD, B (dermatan sulfate) and
unsulfated chondroitin minimally affected
the viscosity of hyaluronan solutions,
whereas heparin, dextran, dextran sulfate
or bovine serum albumin had no effect.
Hyaluronan itself also increased the
viscosity of hyaluronan solutions.
However, intramolecular interaction
among large hyaluronan molecules was
abolished at a fast shear flow (>1000%). In
contrast, chondroitin sulfate interacted
with hyaluronan at all shear rates (31500
s'). The hyaluronanchondroitin sulfate
interaction may modulate some biological
actions of hyaluronan and the viscoelastic
properties of tissues and body fluids. In
addition, it may participate in the
organization/stabilization of the
extracellular matrix in many tissues.

"'Surface modification of biomaterials
with various extracellular marix
molecules for reduction of their tumor
promoting activity"
Nakaoka R, Tsuchiya T, and Nakamura A
Division of Medical Devices, National
Institute of Health Sciences, Tokyo, Japan.
It has been reported that subcutaneous
implantation of biomaterials in rodents
often induces tumor formation around

them. We have proposed a hypothesis that
their activities of inhibition of the
gapjunctional intercellular communication
plays an important role in tumor promaotion
step (1). This study deals with the tumor
promotion activity of polyethylene (PE)
and its reduction by surface modification
with extracellular matrices. Tumor
promotion activity of PE film was
estimated in terms of inhibitory activity of
the cellcell communication using
metabolic cooperation (MC) assay by
seeding V79 cells on the material. The
communication was inhibited on virgin PE
film containing no additives. This suggests
that a cellmaterial interaction on the surface
of the PE film caused inhibition of
intercellular communication. Collagen
immobilization on the surface of the PE
film markedly reduced the inhibitory
activity. Similarly, fibronectin or gelatin
immobilization on the PE film also reduced
the inhibitory activity. These indicate that
surface modification of PE film with
proteins which constitute extracellular
matrix may reduce tumor promoting
activity of PE film. In fact, Kinoshita et al.
reported that the tumor incidence after
subcutaneous implantation of PE sponge in
rats was markedly reduced by collagen
immobilization (2). On the other hand,
surface modification of the PE film with
RGDS peptide, which is well known as the
cell attachment sequence in fibronectin, did
not reduce the inhibitory activity. These
findings indicate that only the
improvement of cell attachment activity on
the surface of PE film via the RGDS
sequence is not sufficient, but some cellcell
recognition via extracellular matrix
molecule is essential to reduce inhibitory
activity onthe communication.

Reference: (1) Tsuchiya, T. et al., J.
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Biomed. Mater. Res., 29, 1 131 19 (1995).
(2) Kinoshita, Y. et al., Biomaterials, 14,
546550 (1993).

"Old Articular Cartilage Chondrocytes
Can Divides and Become Hypertrophic
and May Contribute to Osteoarthritis™
TR Oegema, LB Deloria, J Vanneli
Dept of Orthop Surg, Univ of MN, Mpls,
MN

Before maturity, the deeper region of
articular cartilage contains a secondary
growth plate that progresses through the
normal phases of cell proliferation, matrix
production, and hypertrophy and
mineralization. When a primary growth
plate closes, the last stem cells or
committed chondrocytes die, but in
articular cartilage, precursor cells and
hypertrophic chondrocytes may still
remain and contribute to osteoarthritis. We
demonstrate that a population of
chondrocyte cells in older cartilage can
give rise to cells with a hypertrophic
phenotype after dividing. Methods: Fetlock
articular chondrocytes from 1218 mo or 58
yr old cows were cultured in suspension in
5% bovine fetal serum and DMEM +/T3,
an inducer of the hypertrophic phenotype.
Total alkaline phosphatase (AKP), as a
marker of the hypertrophic phenotype, was
assayed and percent of AKP positive cells
was determined by specific staining.
Cultures labeled with BUdR were
doublestained for AKP and BUdR.
Statistical significance was tested by a
student's t test where p<0.05 vs. T3.
Results/Discussion: T3 dependent AKP
expression was maximal at 7 d and was T3
specific. The process required a matrix and
was inhibited by aminoproprionitrile. It
was prevented by TGFB or 1, 25
dihydroxyvitamin D3. In both groups,

hydroxyurea decreased both total AKP and
% positive cells from 13.2 +/0.8% to 10.3
+/1 .6% for the young and 10.9 +/1 .3% to
7.1 +/0.9% for the old. T3 did not change
the number of cells that divided. However,
with T3 treatment, increasiég numbers of
cells from both young and old were
doublelabeled, thus, they had divided
before they became hypertrophic. So even
in old bovine articular cartilage,
hypertrophic precursors persist and there is
a population of chondrocytes that must
divide before becoming hypotrophic. This
is an important step in quantitating how
mineralization contributes to osteoarthritis.
*Supported by NIH grants AR07555 and
AR41975.

"Changes in Levels of Chondroitin
Sulphate Variants in Disorders of the
Human Intervertebral Disc™

Roberts S., Bayliss, M.T.*, Evans, E.H.,
Flannelly, J.* and Eisenstein, S.M.

Centre for Spinal Studies, RJAH
Orthopaedic Hospital, Oswestry,
Shropshire and *Kennedy Institute,
Hammersmith, London, UK.

Changes in the biochemistry of the
intervertebral disc in spinal pathologies
such as scoliosis and degenerative disc
disease are well known. The mechanisms
of these changes, however, remain
unknown. In degenerative diseases of other
cartilaginous tissues, such as osteoarthritis
in articular cartilage, an anabolic phase has
been demonstrated when the chondcocytes
produce chondroitin sulphate (CS) chains
with a sulphation pattern similar to those
found in growth and development. These
can be identified with the monoclonal
antibodies, 3B3 and 7D4. We have
investigated these CS variants in
intervertebral discs from 32 patients with
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degenerative disc disease (n=22) and
scoliosis (n=10) both quantitatively and
qualitatively by immunohistochemistry
and ELISA, respectively. Prior to analysis
the discs were graded for macroscopic
degeneration and dissected into annulus,
nucleus and endplate. Within the group of
low back pain patients higher levels of 7D4
were present in the annulus of more
degenerate discs than in those ascribed a
lower grade. This difference was not seenin
the cartilage endplate nor in the nucleus but
specimen numbers for these regions remain
small to date. Levels of 3B3() were lower
than 7D4 and no significant trends were
seen. These preliminary results suggest that
7D4 is expressed to a greater degree in
degenerate intervertebral disc than tissue of
more normal appearance, indicating there
to be an anabolic phase in degenerative disc
disease as in degenerative diseases of some
other cartilaginous tissues. There was a
bimodal distribution of epitope levels with
age, with the younger scoliotic discs having
a wider range of levels of both epitopes,
7D4 and 3B3(), than those of low back pain
patients. This may be a reflection of the
different ages of the two patient groups
since expression of these epitopes occurs
during growth and development, in
addition to some arthritic diseases.
However, in 6 scoliotic discs, tissue was
analysed from opposite sides of the same
disc ie towards (i) the concave and (ii) the
convex sides of the curve. There were lower
levels of 7D4 in all, and of 3B3() in 4 of the
6 discs, towards the convexity than towards
the concavity. This suggests that loading
within the spine may have an effect on the
expression of these epitopes.

""A Composite of Conventional & Novel
Synovial Fluid Markers for the

Diagnosis of Osteoarthritis'
Ole W. Wiebkin, Steve E. Graves, Roger
Paterson
Depts. of Medicine (RAH) & of Orthopaed.
Surg. & Trauma, University of Adelaide
and SPORTSMED SA. South Australia
Diagnostic assays of synovial fluids
rely on population statistics to show the
generalized elevation of cartilage
degradation products in osteoarthritic (OA)
patients. Typically, they also focus on
single biochemical markers, eg. type Il
collagen Cpropeptide, keratan sulphate
(KS), chondroitin sulphate (ChS) peptides,
etc. Outrider values, which overlap the
control populations' values, deny an
unequivocal diagnostic for any individual
eg. chronically eroded joints do not yield
the predicted highest levels of cartilage
degradation products. Here, we propose an
index derived from a composite of such
values, to indicate more precisely the status
of the individual patient's disease. Two
distinct pathological processes characterise
OA: (a) cartilage degradation and (b)
inflammatory episodes. Indicators,
axiomatic of these processes, have been
independently scored. They are (a)
conventional cartilage ChS and KSrich
degradation products and (b) products
resulting from respiratory bursts of active
inflammation (oxyradical fluxes) and
inflammatory proteases (collagenase).
Oxyradicals are implanted in the
depolymerisation of synovial hyaluronan
(HA), this being reflected in a reduced ave.
Mol. Wt. In OA joints. OH preferentially
cleaves synovial HA between the
glucuronic acid and hexosamine sugars
providing a glucuronic acid marker at the
reducing ends of shortened HA chains. We
have also identified some modified intra
chain uronic acid intermediates created by
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free radical reactions at the CEand the
carboxyl. The ratio of specific
reducingsugar ends, resulting from
exposure to oxyradicals, as well as
concomitant collagenase levels are
significantly increased in inflamed joints.
In addition, synovial fluids from a series of
patients ranked for cartilage fibrillation
contain elevated KS values. They also,
systematically affect proteoglycan
synthesis by cultured chondrocytes. Where
both synovitis and cartilage catabolism is
clinically active, synovial ChS peptides are
reduced in hydrodynamic size. Acomposite
of these independentlyderived values, from
a selected cohort of >40 patients who
presented with painful knees following an

initiating trauma, reveals that individual
patients can be assessed for their current
pathological status with differentials aimed
at (a) cartilage involvement, (b) synovitis
or (c) both. With the protracted emergence
of viscoelastic supplementation and
chondroprotection as putative adjuncts to
NSAID strategies, we believe that this
approach provides for more rational
selection of patients for specific treatment.

Prof. MUDr. Milan Adam, DrSc.
Revmatologicky Ustav
NaSlupi 4
Praha 2

' cerny - ortopedicka protetika

Uginné nocni polohovaci dlahy pro korekci valgozity ( varozity )
kolennich kloub( - obr. 1, pro korekci pFednozi, nebo pro koreci
zakFiveni dlouhych kosti kongetin - obr. 2 (podle MUDr. Mafika).
Moznost postupného zvétSovani korekce jednoduse pomoci Sroubového teleskopu.
Ortézy jsou vyrabény individualné na zakladé poukazu PZT, vystavenym
oSetfujicim lékarem. (kod: 05 00949)

Provozovna: Truhlarska 8, 110 00 Praha 1, tel.: (02) 231 4760
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