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Abstrakt

Maisonneuveova zlomenina (MZ) je luxac¢ni zlomenina hlezna zptisobena zevné rota¢nim nasilim.
V tradi€nim pojeti obsahuje subkapitdlni zlomeninu fibuly, poranéni tibiofibularni syndesmozy
a membrana interossea a je povazovana za nestabilni poranéni.

Experimentalnim (anatomickym) cilem disertace bylo detailni studium incisura fibularis tibiae
(IFT), jeji maximalni hloubka a lokalizace vzhledem ke kloubni S$térbin€ hlezna. Druhym
experimentalnim cilem byl detailni popis laterdlni plochy distalni fibuly, kde se nachazi vyrazna,
ale dosud bezejmenna hrana, ktera dava distalni fibule na transverzalnim fezu typicky triangularni
tvar (pracovn¢ nazvand crista malleoli lateralis, CML). Ob¢ tyto struktury jsou nesmirn¢ dilezité
pti diagnostice i 1écbé zlomenin hlezna. Klinicka ¢ast prace zahrnovala piehled veskeré literatury
vénované MZ a dale analyzu naseho souboru pacientli s MZ se zaméfenim na zlomeninu malleolus
posterior (MP).

Anatomické studie byly provedeny na 352 suchych kosténych preparatech dospélych tibii a fibul.
Klinick studie byla provedena na souboru 100 pacientli s MZ u dospé€lych pacienti oSetfenych na
Klinice ortopedie 1.LF UK a UVN v Praze v letech 2012-2022.

V experimentalni ¢asti prace byly detailn€ popsany dvé anatomické struktury a to IFT a CML.
Bylo lokalizovano nejhlubsi misto IFT, které souvisi s hodnocenim polohy distalni fibuly v IFT
na CT skenech. CML jsme popsali viibec jako prvni. Jeji tvar a pribéh ma zasadni vyznam pro
operacni stabilizaci tibiofibularni vidlice syndesmalnimi Srouby a pii osteosyntéze zlomenin
zevniho kotniku.

Analyza vSech dostupnych studii vénovanych MZ v klinické ¢asti ukazuje, Ze MZ neni vSemi
autory vnimana stejné (rozdily ve stabilité¢ zlomeniny 1 vy¢tu poranénych struktur). Zasadni roli pii
diagnostice proto hraje CT, kter¢ je tfeba provadét pied i pooperacné.

Zlomenina MP se u MZ v nasi studii vyskytuje v 74 %. Jeji vyznam byl doposud podcenovan,
prestoze zasadnim zpisobem porusuje integritu [FT a destabilizuje tibiofibularni vidlici. Proto je

tieba pii operaci provést nejprve repozici a osteosyntézu MP, ¢imz se obnovi i integrita IFT.



Abstract

A Maisonneuve fracture (MF) is a fracture dislocation of the ankle caused by external rotational
force. In the traditional concept it includes a subcapital fracture of the fibula, an injury to the
tibiofibular syndesmosis and to the interosseous membrane, and it is considered as an unstable
injury. The experimental (anatomical) goal of the dissertation work was a detailed study of the
incisura fibularis tibiae (IFT), its maximum depth and its localization relative to the articular
surface of the ankle. The second experimental goal was a detailed description of the lateral surface
of the distal fibula, where there is a prominent but still nameless edge that gives the distal fibula its
typical triangular shape on a transverse section (workingly we called it lateral malleolar crest,
LMC). Both of these structures are extremely important in the diagnosis and treatment of ankle
fractures. The clinical part of the work included an overview of all the literature devoted to MF and
further analysis of our group of patients with MF with a focus on the posterior malleolus (PM)
fracture. Anatomical studies were performed on 352 dry bone specimens of adult tibiae and fibulae.
The clinical study was conducted on a group of 100 patients with MF in adult patients treated at
The Department of Orthopedics, 1st Faculty of Medicine, Charles University, The Central Military
Hospital, in the years 2012-2022. In the experimental part of the work, two anatomical structures
were described in detail, i.e. IFT and LMC. The deepest point of the IFT was located and related to
the assessment of the distal fibula position in the IFT on CT scans. We were the first to describe
LMC. Its shape and course are of fundamental importance for operative stabilization of the
tibiofibular fork with syndesmal screws and for plate osteosynthesis of external ankle fractures.

The analysis of all available studies devoted to MF in the clinical part shows that MF is not
perceived the same by all authors (differences in the stability of the fracture and the list of injured
structures). CT therefore plays a fundamental role in diagnosis, which must also be performed pre
and postoperatively. PM fracture occurs in 74% of MFs in our study. Its importance has so far been
underestimated, even though it fundamentally violates the integrity of the IFT and destabilizes the

tibiofibular fork.
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1. Uvod

Poranéni tibiofibuldrni syndesmézy patfi u luxacnich zlomenin hlezna k jedné
z nejdiskutovanéjSich problematik [110]. V poslednich letech je mimofddnd pozornost
vénovana postaveni distalni fibuly v incisura fibularis tibie (IFT), zejména CT diagnostice
vcetné metod méteni [108] a technice repozice [41, 65]. To se tyka predevsim tzv. zlomenin
typu Weber C, kde specificky problém piedstavuje Maisonneuveova zlomenina (MZ). Termin
MZ je vSeobecné velmi dobie znam. Recentni CT a MR studie vSak ukazaly, ze tomuto
poranéni byla v literatuie vénovana minimalni pozornost, a Ze stale prevladaji desitky let staré
predstavy o pathoanatomii této zlomeniny, které¢ se v fad¢ aspektl zcela rozchazeji s poznatky
novymi [8, 41, 65]. MZ tak predstavuje nedofesenou kapitolu luxacnich zlomenin hlezna, a

proto jsem si ji zvolil jako téma své disertacni prace.



2. Soucasny stav studované problematiky

Disertacni prace se zabyvd Maisonneuveovou zlomeninou (MZ, obr. 1). Poprvé byla popsana
r. 1840 Julesem Germainem Francoisem Maisonneuvem (1809-1897), francouzskym
chirurgem [81], na zdklad€ experimentt provadénych na kadaverech. Tradi¢né je chapana jako
subkapitalni zlomenina fibuly, ktera byla zpisobena zevné rotacnim nésilim. Nedilnou soucasti
je poranéni tibiofibularni syndesmozy a membrana interossea, diky ¢emuz je povazovana za
velmi nestabilni poranéni. MZ se podili na 3,5 az 7 % vSech luxacnich zlomenin hlezna [29,
61, 68, 120, 127]. Pomér muzil a Zen 1 jejich primérny vek se relativné 1isi dle jednotlivych
autor.

Komplexni rozbor literatury se vztahem k MZ byl tématem ¢lanku (Bartonicek J, Fojtik P,

Bunganicova E, Tucek M. Maisonneuveova zlomenina hlezna. Rozhl Chir. 2023;102:48-59),

Obr. 1 Zakladni typy MZ: a - nestabilni; prona¢né-everzni zlomenina; b - stabilni, supina¢né-everzni
zlomenina. Bila Sipka ukazuje zlomeniny na fibule, Cervenad Sipka oznacuje zlomeninu Tillaux-
Chaputova hrbolu. (Prevzato z: Bartonicek J, Fojtik P, Bunganicova E, Tucek M. Maisonneuveova
zlomenina hlezna. Rozhl Chir. 2023,;102:48-59).



2.1 Pathoanatomie

Na zéklad¢ dosud publikovanych studii 1ze MZ definovat jako luxacni zlomeninu hlezna
(v proximalni ¢tvrtin€ fibuly), ktera je spojend s poranénim tibiofibularni syndesmozy. Starsi
studie MZ vychazely pfedevS§im z rentgenovych a peroperacnich nalezii a zaméfovaly se
pfedev§im na poranéni vazl tibiofibularni vidlice, tj. lig. tibiofibulare anterius (LTFA), lig.
tibiofibulare interosseum (LTFI), lig. tibiofibulare posterius (LTFP) a membrana interossea
(MI). Recentni CT studie [8, 41, 65] vSak ukazuji, Ze MZ je mnohem komplexnéjsi poranéni,
a pod pojem MZ je tieba zaradit poranéni fady dalSich struktur (medialniho malleolu, zadni
hrany tibie, Tillaux-Chaputova hrbolu). Stabilita MZ rovnéz neni konstantni a osciluje
v Sirokém spektru, od zlomenin minimalné dislokovanych a stabilnich az po kompletné

dislokované a velmi nestabilni zlomeniny [8, 41, 65].

2.1.1. Poranéni fibuly
Typickym poranénim fibuly jsou zlomeniny v jeji proximalni ¢i subkapitalni oblasti nebo
v proximalni ¢tvrting, tyto faktury jsou obvykle spiralni. Nekteti autoti do kategorie MZ tadi i
vSechny zlomeniny stfedni tfetiny fibuly [96, 101, 134]. Jini zase hovofi o ,,Maisonneuve-like
fractures®, ¢imz mysli vzacnéjsi piipady s intaktni fibulou (tzv. distorze tibiofibularniho kloubu
nebo luxace hlavice fibuly) [16, 47, 49, 75, 77]. K atypickym typim zlomenin fibuly patii
taktka neznama dvojitd zlomenina, tj. ve dvou etazich, v proximalni i distalni ¢tvrtiné (doposud

v literatufe popsano pouze 15 ptipada [22, 46, 66, 116, 137].

2.1.2. Poranéni medialnich struktur
Do kategorie poranéni medidlnich struktur patfi fraktury medidlniho malleolu (MM), ruptury
lig. deltoideum (LD) nebo kombinace obou 1ézi (€astecné 1 kompletni). Vzacné mohou zistat

medialni struktury bez poranéni [8, 60, 111]. Zlomeniny MM mohou postihovat pouze



colliculus anterior (CA), Cast&ji se vSak vyskytuji bikolikularni zlomeniny vnitiniho kotniku
[65,41]. U zlomenin CA miize byt sou¢asn¢ poranéna i tibiotalarni (hluboka) ¢ast LD, a vznika

tak kombinované osteoligament6zni poranéni.

2.1.3. Poranéni zadni hrany distalni tibie
Zlomenina zadni hrany distalni tibie (malleolus posterior, MP) se u MZ vyskytuje podle
recentnich CT studii v 77 % az 83 % ptipadl [8, 41, 65]. To je mnohem vice, nez bylo obecné
u luxacnich zlomenin hlezna udavano [61, 127] a v piipadé, Ze zlomenina MP zasahuje az do

incisura fibularis (IFT), 1 velmi terapeuticky vyznamné (viz 2.3 Terapie).

2.1.4. Poranéni tibiofibularni syndesmézy
Poranéni vazl tibiofibuldrni syndesmozy a membrana interossea (MI) patii k poranénim
typickym pro MZ. Témét vSichni autofi mimo Bonina [18] se shoduji, Ze u MZ musi byt

poranéno LTFA a LTFI vzdy.

2.1.5. Poranéni membrana interossea
V oblasti poranéni MI nejsou autoii jednotni. Podle Weberovy monografie [132] a AO
literatury [45, 92] je ruptura MI az do vyse zlomeniny na fibule povazovana za konstantni
soucast MZ [69, 120]. Toto tvrzeni vSak zpochybnili na zakladé MR vySetieni autoii Moriis a
Manyi [41, 82, 88, 93], ktefi zaznamenali poranéni MI u pouze do vySe 6, resp. 11 cm nad

kloubni $térbinou hlezna.

2.1.6. Postaveni fibuly v incisura fibularis
Postaveni distalni fibuly v incisura fibularis tibiae (IFT) patii k zédkladnim problémim MZ.

Recentni CT studie MZ ukazaly znacnou variabilitu vztahu a vzdjemné polohy obou kosti



v oblasti incisura fibularis [8, 65]. Prostor mezi fibulou a IFT mlze byt rozsifen pouze
minimalné (do 2 mm pii méteni v centru IFT), nebo o vice neZ 2 mm s mirnou zevni rotaci
fibuly, anebo je rozsifeni tibiofibuldrni syndesmoézy spjato s vyraznou zevni rotaci fibuly.
Analyza KaSpera et al. [65] dokazuje, Ze s postupnym rozsifovanim tibiofibularni Stérbiny

postupné nariista zevni rotace fibuly.

2.2 Diagnostika

Diagnostika MZ se nijak neliSi od diagnostiky ostatnich trazli, vzdy za¢indme anamnézou.
Zajimame se o historii nemocného a ptedeslé urazy, velmi podstatné jsou zejména starsi
zlomeniny ¢i operace ve vysetiované oblasti. Zaznamendme kde a kdy se traz stal a zda byl
pracovni ¢i nepracovni. Ptdme se na prvotni oSetfeni a piinosem bude téz informace o pozici
nohy v okamziku tUrazu, MZ totiz vznikd pronacné-everznim ¢i supinaéné-everznim
mechanismem [74,109].

Pokracujeme klinickym vySetfenim, které by se nemélo liSit v ramci vSech poranéni hlezna.
Pohledem miZzeme vidét otok a hematom v oblasti kotnikli, dale exkoriace ¢i defiguraci
hlezenného kloubu. Velmi dilezita je palpace, kdy je nezbytné palpovat fibulu v celé jeji délce,
dale provést ,tibiofibular squeeze* test (komprese fibuly proti tibii) a vyzkouSet stabilitu
hlavice fibuly v tibiofibularnim kloubu. Bolest ¢i krepitace pfi téchto testech svéd¢i pro
poranéni tibiofibularniho kloubu nebo fibuly. Dtlezitd je i palpace v oblasti medidlniho a
lateralniho kotniku, ptipadna bolest zvySuje podezieni na poranéni piislusnych vazl. Pozitivni
zevné rotacni test je pfiznakem poranéni LTFA.

Radiologické vySetieni hlezna zahrnuje tfi projekce, pfedozadni projekcei, projekci na vidlici
a projekci boc¢nou. V ptipadé suspekce na MZ je tieba doplnit pfedozadni a bo¢ny snimek
celého bérce. Velmi dilezita je skutecnost, ze az ve 24 % piipadli nemusi byt zlomenina

proximalni fibuly v pfedozadni projekci viditelna [8].



Po nélezu MZ na RTG snimcich indikujeme CT [108], to poskytne dalsi zdsadni informace.
O postaveni distalni fibuly v IFT (nejsnaze se hodnoti na transverzalnich CT fezech v mistg,
kde je IFT nejhlubsi), anatomii a ptipadné dislokaci MP, ktery se u MZ vyskytuje az v 80 %
piipadi [8, 41, 65]. Z CT vysetfeni mizeme detekovat i zZlomeninu Tillaux-Chaputova hrbolku,
kterou lze snadno na RTG snimcich piehlédnout [106].

Dalsim vySetfenim, které poskytne u MZ tadu dilezitych informaci o poranéni vazi ¢i
chrupavek mtize byt MR [42, 82, 88, 93] ¢i artroskopie [60, 111, 139], tyto metody ale zatim

nepatii do bézné praxe.



2.3. Terapie

MZ je vétSinou autori povazovana za nestabilni poranéni a je zpravidla indikovdna k
opera¢nimu fesSeni [11]. Konzervativni 1é€bu doporucuje pouze né€kolik autort [18, 85, 26].
Tato se sestava z fixace sddrovym obvazem na 6-8 tydnl. V soucasné dobé¢ je konzervativni
terapie indikovana pouze u nedislokovanych (nutno verifikovat CT) a stabilnich MZ, které
vznikly supina¢né-everznim mechanismem, kde medialni struktury zistaly intaktni [11, 42,
65].

stabilizace. Ta v minulosti zahrnovala pfedevSim zaviené perkutanni techniky stabilizace
jednim ¢i dvéma syndesmalnimi Srouby, ale bez revize piedni ¢asti tibiofibuldrni syndesmozy
[9, 17, 45, 132]. Tato zaviend repozice a perkutanni stabilizace vSak vede k fad¢ malpozic
distalni fibuly v IFT, jak bylo zji§téno pomoci pooperacnich CT studii [37, 100].

U MZ je totiz typickou dislokaci distalni fibuly v IFT zevni rotace, zadopfedni subluxace a
roz$ifeni tibiofibularni Stérbiny, toto je dano 1ézi LTFA a zevné rotanim mechanismem
poranéni. Nedilnou soucdsti repozice proto musi byt derotace distalni fibuly. Pfi zaviené
repozici, ale neni mozné kontrolovat zrakem oblast tibiofibularni vidlice v oblasti LFTA a
vzéajemnou kongruenci obou kosti. Proto by repozice fibuly do IFT méla byt provadéna zasadné
oteviené, tj. za kontroly zraku.

Samotna repozice fibuly, ale byva n¢kdy obtizna, predev§im pokud je pfitomna zlomenina
MP (coz je dle recentnich studii az v 80 % [8, 41, 65], kterd nese v¢€tsi ¢ast incisury. Proto je
nezbytné provést nejprve repozici a osteosyntézu MP. Operacni 1éCeni zlomenin zadni hrany
tibie byla detailn€ diskutovana v recentni literatute [ 12, 13, 105]. Teprve nasledné 1ze ptistoupit
k repozici a stabilizaci MM a az posledni fazi operace je repozice distalni fibuly do IFT a jeji

stabilizace.



Zlomeniny MM se li8i velikosti fragmentu - mohou byt bikolikularni, kdy nese odlomeny
fragment kompletni tibidlni tipon LD, tedy vcetné jeho tibiotaldrni (hluboké) porce, ktera
spojuje MM s kladkou talu. Naopak u zlomeniny piedniho kolikulu fragment nese pouze tipon
piedni, subtalarni ¢asti LD. Zlomenina proximalni fibuly u MZ neni indikovéana k osteosyntéze,
zejména pro riziko poranéni n. peroneus communis.

Nejasnosti panuji 1 kolem stabilizace fibuly syndesmalnimi Srouby, jejich pocet, pramér
Sroubu, tri/ tetrakortikalni zavedeni a vySka jejich zavedeni [38,89]. Tyto drobné detaily vSak
nejsou rozhodujici, dilezitéjsi je spravnd technika, tj. vyska a misto jejich zavedeni [11,45].
Srouby musi prochazet stfedem fibuly a stiedem konkavity IFT. V piipadé zavedeni z
anterolateralni ¢i posterolateralni plochy distalni fibuly Srouby neprochézi stredem fibuly a
jejich trajektorie v tibii zdaleka neni idealni. V piipadé piili§ vysokého zavedeni riskujeme
sklouznuti vrtaku po konvexni hran¢ tibie (margo interosseus) anteriorné ¢i posteriorn¢. Takto
zavedeny Sroub pak snadno dislokuje fibulu v incisufe a vytvoii malpozici fibuly v IFT, ktera
predtim vibec nemusela byt pfitomna [45]. V pfipad¢ pfriliS nizkého zavedeni je fixace
tibiofibularni vidlice rigidné;si, toto neni zadouci a je zde vétsi tendence ke zlomeni Sroubti po
zahajeni zatéze. Velmi diilezité je provést Casné pooperacné kontrolni CT, které ukaze presnost
repozice fibuly i ostatnich zlomenin. VSechny tyto zasady 1écby MZ se teprve nyni pomalu
postupné dostavaji do SirSiho povédomi a jejich zavadéni na pracovistich mnohdy neni

jednoduché.



3. Cile prace

Prace byla rozdélena do dvou casti a to experimentdlni (anatomické) a klinické.
Experimentalni ¢ast je zalozena na studiu anatomickych preparatt tibii a fibul pochazejicich
z Pachnerovy sbirky [97] Anatomického ustavu 1. LF UK a Katedry antropologie a genetiky
Cloveéka Prirodovédecké fakulty UK v Praze.
Klinicka ¢ast vychazi z analyzy souboru pacient s MZ, kteti byli oSetieni na Klinice

Ortopedie 1.LF UK a UVN v letech 2012-2022.

3.1. Experimentalni ¢ast

Prvnim cilem experimentalni (anatomickeé) ¢asti disertace bylo studium anatomie IFT. Zajimala
nas predevsim jeji maximalni hloubka vcetné lokalizace vzhledem ke kloubni §térbin€ hlezna.
V tomto misté je totiZ nejvhodnéjsi hodnotit postaveni distalni fibuly v IFT na CT fezech.

Druhym cilem bylo detailné popsat anatomii distalni fibuly, zejména jeji zevni (laterdlni)
plochy. Zde se nachazi vyrazna, ale dosud bezejmenné hrana, kterd davéa zevni plose distalni
fibuly na CT axialnich skenech typicky triangularni tvar. Ten je vyznamny pro posuzovani
postaveni distalni fibuly v IFT. Tvar a priibéh hrany, kterou jsme pracovné nazvali crista
malleoli lateralis (CML), ma zasadni vyznam pro zavadéni syndesmalnich Sroubil a ptikladani
dlahy pfi osteosyntéze zlomenin zevniho kotniku.

Vysledky studia této problematiky jsou shrnuty v publikacich 5.1. a 5.2.



3.2. Klinicka ¢ast
V klinické ¢asti jsme provedli metaanalyzu veskeré nam dostupné literatury souvisejici s MZ
od roku 1840 az po soucasnost.

Vysledky studia této problematiky jsou shrnuty v publikaci 5.3.

Na zakladé¢ této analyzy jsme se zaméftili na problematiku zlomenin tzv. zadniho malleolu
(malleolus posterior, MP) u MZ. Zlomenina MP porusuje integritu IFT a destabilizuje
tibiofibularni vidlici, nebot’ odlomeny fragment nese tpon LTFP. Vzhledem k tomu, Ze
v dosavadnich studiich byly zlomeniny MP u MZ zminény pouze obecné, zamétili jsme se na
jeho pathoanatomii vcetné dislokace a rozsahu poskozeni IFT. Vychazeli jsme ptitom
z hypotézy, Ze v piipadé rozsahlejSiho poskozeni IFT je nutné nejdiive repozici a fixaci MP
obnovit jeji integritu, coZ vyznamné usnadni repozici distalni fibuly. Analyzovali jsme soubor
100 MZ, u kterych bylo provedeno pourazové CT vySetieni véetné 3D CT rekonstrukei. Takto
velky soubor nebyl dosud v literatuie publikovan.

Vysledky studia této problematiky jsou shrnuty v publikaci 5.4.
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4. Material a metodika

Tato ¢ast disertacni prace byla rozdé€lena na ¢ast experimentalni (anatomickou) a ¢ast klinickou.
Anatomicka ¢ast zahrnovala anatomickou studii distalni tibie a fibuly na suchych kostnich
preparatech, metriku sledovanych struktur a statistickou analyzu ziskanych dat.
Klinicka ¢ast vychazela z komplexni metaanalyzy dostupné literatury vénované MZ a dale
z analyzy rentgenovych snimkl hlezna i bérce a nasledného CT vySetfeni vcetné 3D

rekonstrukci.

4.1. Experimentalni ¢ast

Experimentalni ¢ast disertacni prace zahrnovala anatomickou studii incisura fibularis tibiae a
distalni fibuly.
4.1.1. Anatomicka studie incisura fibularis tibiae
Material: Ve studii jsme zkoumali tibie dospélych muzii i Zen z Pachnerovy osteologické
sbirky [97] Anatomického ustavu 1. LF UK v Praze. Tato kolekce vznikla v letech 1934-1935
poskytuje zakladni udaje o kazdém skeletu, tj. pohlavi, véku jedince a jeho vySce v dobé umrti.
Vytazeny byly vSechny preparaty s patologickymi zménami a zndmkami poskozeni. Soubor
tak tvorilo 261 tibii, 190 muzskych a 71 zenskych. Pravostrannych tibii bylo 142, levostrannych
119. Primérny vék celého souboru €inil 51 rokd, primérny vék muza byl 52 rokd, primérny
vek zen Cinil 47 rokil. Primérna vyska muzii byla 168 cm, primérna vyska zen 156 cm.
Metoda: Na kazdé tibii jsme méfili nasledujici parametry:

- délku tibie (L), tj. vzdalenost tibiale-apex malleoli medialis,
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- vysku incisura fibularis tibiae (V), tj. vzdalenost od nejvysSiho mista facies articularis
inferior tibiae k vrcholu incisury, ve kterém se sbihaji incisurdlni hrany a pfechazeji
v margo interosseus tibiae,
facies articularis inferior tibiae,

- Sitku incisura fibularis tibiae 3 mm (B3) nad nejvysSim mistem facies articularis inferior,

- hloubku incisura fibularis tibiae 3 mm (D3) nad nejvy$Sim mistem facies articularis
inferior,

- Sitku incisura fibularis tibiae métenou jako spojnici incisuralnich hran 10 mm (B10) nad
nejvysSim mistem facies articularis inferior tibiae,

- hloubku IFT méfenou kolmo ke spojnici incisuralnich hran 10 mm (D10) nad nejvyssim
bodem facies articularis inferior tibiae,

- nejveétsi hloubku incisura fibularis tibiae métfenou v oblasti nejvétsi prominence
tuberculum anterius et posterius tibiae (DM) a jeji vzdalenost nejhlubSiho mista IFT od
nejvyssiho bodu facies articularis inferior tibiae (K).

Kazdé méfeni bylo provadéno kazdym z autorti dvakrat. Prvni méfeni slouzilo k osvojeni si

techniky, vysledky druhého méteni byly dale zpracovavany. Vlastni méfeni bylo provadéno

posuvnym méfidlem s pfesnosti na desetinu milimetru.
Hodnoceni: Naméfena data byla zpracovana pomoci tabulkového kalkulatoru Microsoft

Excel Office 2016 s vypoctem maximalnich, minimalnich, primérnych, stfednich hodnot a

smérodatné odchylky.
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4.1.2 Crista malleoli lateralis a jeji klinicky vyznam
Material: Ve studii jsme zkoumali fibuly dospélych muzi i Zen z Pachnerovy osteologické
sbirky Anatomického ustavu 1. LF UK v Praze. Tato kolekce, kterd vznikla v letech 1934-1935,
poskytuje zékladni udaje o kazdém skeletu, tj. pohlavi a véku jedince v dob¢ umrti.

Ze studie jsme vyradili vSechny preparaty patologicky zménéné, se znamkami poskozeni a
neparoveé vzorky. Soubor poté tvotilo 352 fibul (176 para), z toho 192 muzskych (96 part) a
160 zenskych (80 parti). Primérna vyska v celém souboru ¢inila 162,2 cm (139-183), primérna
vySka muza byla 168,6 cm (140-183), prumérna vyska zen 154,5 cm (139-172,5). Primérny

vek byl v celém souboru 52 let (18-86), u muzii 51 (22-81) a u zen 53 (18-86) rokd.

Metoda: Na kazdé fibule jsme sledovali vyskyt CML a jeji vliv na tvar zevni plochy zevniho
kotniku (LM). Nasledn¢ jsme méfili tyto parametry:
- (F) délku fibuly - vzdalenost mezi apexem hlavice a nejdistalnéjSim mistem zevniho
kotniku
- (LCM) celkovou délku CML - tj. vzdalenost od jejiho odstupu od crista anterior (AC)
k nejdistalnéjSimu mistu LM
- (A) délku od horniho okraje kloubni plochy LM do nejproximalnéjSiho mista, které je

jeste ve stredu fibuly

(B) délku medialni trojuhelnikovité drsné plosky ohraniené proximalné crista
interossea a distalné¢ hornim okrajem kloubni plochy LM (AFLM)
Na zékladé€ vyse uvedenych naméfenych hodnot byl dopoc¢ten pomér délky CML k celé fibule.
Meéfeni ve studii bylo provadéno posuvnym a ty¢ovym méfidlem s pesnosti méteni jedna setina
milimetru pro posuvné métidlo a jeden milimetr u métidla tyCového.

Hodnoceni: Naméiend data byla dale zpracovana pomoci tabulkového kalkulatoru Microsoft

Excel Office 2016 s vypoctem maximalnich, minimalnich, primérnych, stfednich hodnot a
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smérodatné odchylky. Statistické zhodnoceni a porovnani parovych vzorkl probihalo pomoci

Studentova T-testu pii 5 % hladiné vyznamnosti.

4.2. Klinicka ¢ast
Klinicka ¢ast disertacni prace zahrnovala analyzu literatury vénované MZ a dale hodnoceni

souboru pacineti s MZ ve vztahu ke zlomenin¢ MP.

4.2.1. Maisonneuveova zlomenina hlezna
Metaanalyza veskeré dostupné literatury souvisejici s MZ byla provedena pomoci webovych
vyhledédvaci PubMed a Ovid MEDLINE s pouzitim klicovych slov:,,Maisonneuve, fracture,
ankle®. Nejstar$i literarni pramen pochéazi z roku 1840, naopak nejrecentnéjsi studie vysly

teprve v roce vydani této prace.

4.2.2. Poranéni malleolus posterior u Maisonneuveovy zlomeniny

V obdobi od ledna 2012 do dubna 2022 jsme prospektiviné shromazdili a vyhodnotili 117
pacientll s MZ, které jsme 1éCili na nasi klinice. MZ byla definovana jako zlomenina hlezna
nebo luxacni zlomenina hlezna, kterd zahrnovala zlomeninu proximalni c¢tvrtiny fibuly.
Kompletni radiologickd dokumentace, tj. rentgenové snimky a pocitacova tomografie (CT),
byla provedena a dostupna u vSech pacientii. Ze studijniho souboru bylo vylouc¢eno 17 pacientti
s MZ z divodu nezralosti skeletu, pfedchozich Grazl a operaci, osteoartrozy hlezna a etazové
zlomeniny fibuly (,, dvojita Maisonneuveova zlomenina “) [65].

Konecny soubor tedy tvotilo 100 pacientl s primérnym vékem 51,2 let (26-84). Mezi nimi
bylo 67 muzt s prumérnym vékem 47,8 let (26-78) a 33 Zen s primérnym vékem 58,3 let (39-
84). Prava strana byla postiZena v 56 ptipadech, leva strana ve 44 ptipadech. Konzervativni

1écbu podstoupilo 16 pacientd a 84 pacientd bylo oSetfeno operativné, z toho 23 jedinct
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lécenych otevienou repozici s pfimou vnitini fixaci dislokovaného MP ze zadniho pfistupu
(posterolateralni ptistup v 17 ptipadech a posteromedialni pfistup u 6 pacienttt).

Metodika: VsSichni pacienti podstoupili kompletni radiologické vySetieni, tj.
anteroposteriorni (AP), projekci na vidlici, bo¢ni projekci hlezna, ap a lateralni projekci bérce.
CT skeny zahrnovaly axialni, koronarni, sagitalni fezy a 3D CT rekonstrukce.

Hodnoceni: Na zaklad¢ radiologické dokumentace byly posouzeny nasledujici parametry:

vyskyt a typ zlomenin MP podle Bartoni¢ckovi-Rammeltovi (B-R) klasifikace [10],

plocha prifezu fragmentu MP,

postizeni IFT na CT snimcich [8, 11, 108].

dislokaci fragmenti MP na axidlnich a sagitalnich skenech a 3D CT rekonstrukcich
(zlomeniny s dislokaci mensi nez 2 mm ve vSech Castech fragmentu byly klasifikovany jako
nedislokované)

- vyskyt, lokalizace a eventudlni dislokace interkalarnich fragmenti u jednotlivych typt
zlomenin MP [90].

- poranéni medialnich struktur (MS), tj. ruptura LD, zlomenina MM popf. kombinovana
(osteoligamentozni) 1éze

- zlomenina Tillaux-Chaputova hrbolku (TCT) klasifikovana podle Rammelta et al. [106].
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5. Vysledky ve formé publikaci

5.1. Fojtik P, Kostlivy K, Bartoni¢ek J, Naiika O. The fibular notch: an

anatomical study. Surg Rad Anat. 2020;42:1161-1166.

16



Surgical and Radiologic Anatomy
https://doi.org/ 10.1007/500276-020-02476-w

ORIGINAL ARTICLE f',

Check for
updates

The fibular notch: an anatomical study
Petr Fojtik @ . Karel Kostlivy?® . Jan Bartoni¢ek '3 . Ondrej Nanka'®

Received: 3 March 2020 / Accepted: 13 April 2020
@ Springer-Verlag France SAS, part of Springer Nature 2020

Abstract

Introduction Reduction of the distal fibula into the fibular notch (FN) poses a problem that has not been fully resolved, yet.
A number of methods have been developed for the assessment of the position of the fibula in the FN, but none of them is
ideal. A majority of authors assess the FN 1 cm above the tibiotalar joint space, without specifying the reason for the choice
of this distance. None of the previous studies has addressed at what level the FN is the deepest. Our findings show that it is
4-5 mm above the ankle joint space and verification of this hypothesis has been the aim of this study.

Materials and methods Dry adult tibial bone specimens from the Pachner’s collection of the Institute of Anatomy of 1st
Faculty of Medicine, Charles University, Prague were used in the study. Height of the FN at its widest point, 3 mm and
10 mm above the articular surface of the distal tibia were measured in each specimen, as well as the depth of the FN at the
deepest point, 3 mm and 10 mm above the articular surface of the distal tibia and the distance between the highest point of
this surface and the deepest point of the notch.

Results The mean length of the tibia was 350 mm; the mean height of the FN was 42.5 mm; the mean width of the FN at
its widest point was 23.6 mm, at 3 mm above the tibiotalar joint space 22 mm, 10 mm above this articular surface of distal
tibia (tibial plafond) 18.9 mm. The mean depth of the notch at 3 mm above the tibial plafond was 3.8 mm, at 10 mm above
this surface 4.1 mm. The maximum mean depth of the notch was 4.5 mm, the distance from this point to the highest point
of the tibial plafond was 5.3 mm.

Conclusion The deepest point of the FN lies 5 mm above the articular surface of the tibial plafond, with the mean value of
the depth being 4.5 mm. This region is, therefore, ideal for assessment of the position of the distal fibula in the FN.

Keywords Fibular notch - Incisura fibularis tibiae - Reduction of the distal fibula

Introduction 14, 15, 18, 23]. One of the reasons is the choice of the opti-

mal distance of the reference line from the ankle joint line.

Anatomical reduction of the distal fibula and its evaluation
on CT axial scans pose a serious problem in trauma surgery
of the ankle, that has not been resolved, yet [4, 5]. A number
of metric methods have been developed for the assessment of
the position of the distal fibula in the fibular notch (incisura
fibularis tibiae), however, none of which is ideal [3-5, 7, 9,
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A majority of methods use the reference line 1 em proximal
to the tibiotalar joint line, without explaining the reason for
such a choice [5, 7, 8, 10, 11, 14-16, 21-25].

Determination of the optimal level requires more detailed
data on the anatomy of the tibio-fibular contact and primar-
ily on the anatomy of the fibular notch (FN). These issues
were dealt with by a number of both anatomical [11, 14,
16,21,22], CT-based [5, 7, 8, 10, 15,23, 25] and MRI [20,
24] studies, using various methods and producing different
results (Table 1). None of these studies, however, addressed
at what level above the tibiotalar joint line the FN is the
deepest.

Based on our experience gained in our previous ana-
tomical [1] and CT-based |2, 3] studies, we have hypoth-
esized that the deepest point of FN is located 4-5 mm
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Table 1 Comparison of studies focused on the fibular notch

Author Year

N specimens

Material

Level of measure-

ment of FN depth
(mm)

EN depth (mm)

FN width (mm)} FN height (mm)

Yildirim [24] 2003
Sora [21] 2004
Taser [22] 2009
Elgafy [10] 2010
Kulkarni [14] 2012
Musa [16] 2014
Chen [7] 2015
Cherney [8] 2016

Tonogai [23] 2017

Boszezyk [5] 2017

Gupta [11] 2018
Liu [15] 2018
Yu [25] 2018
Park [18] 2019
Authors 2020

150 (75 individuals) MRI

20

35 (tbia+ fibula)

100

34

156

484

35 individuals (after

operative treat-
ment of injury to
the syndesmosis)

120

72 (comparison of
the intact side and

the side after a
high fracture)
37
775

184 (92 individu-

als—comparison

of the intact and
injured sides)

240 (120 individu-

als)

261

Plastination slices
Dry bone speci-

mens

CT

Dry bone speci-
mens

Dry bone speci-

mens
CT +X may

CT

Dry bone speci-
mens

CT

CT

CT

Dry bone speci-
mens

At the level of

incisural tubercles

At the level of

incisural tubercles

At the level of

incisural tubercles

9—12 mm proximal

to the tibial
plafond
At the level of

incisural tubercles

At the level of

incisural tubercles

At the level of
incisural tuber-
cles, 12 mm
(M) 7.8 mm (F)
proximal to the
tibial plafond

10 mm proximal to

the tibial plafond

10 mm proximal to

the tibial plafond
At the level of

ncisural tubercles

At the level of

incisural tubercles

At the level of

incisural bercles

Approx. 10 mm
proximal to the
tibial plafond
(9-11)

Approx. 10 mm
proximal to the
tibial plafond

3,53 and 100 mm

M—3.6
F—2.9
5.1

37
35%>4
6.1

Deep concave FN
in 88%

34

T5% <4

M—5.1

F—4.2

3.9

Shallow FN in 23%

4.1
64% >4

Noninjured side 4

Injured side 3.3

10.8

33

Shallow FN in 40%

Deep FN in 67%

M—4.4
F—4.1

4.5

above the highest 56.4% >4

point of the tibial

plafond

23.8

233

232

215

M—18.2
F—16.8

236

29.4

324

M—35.1
F—33.7

M—24.4
F—22.6

42.5

CT computed tomography, MRI magnetic resonance imaging, incisural tubercles anterior and posterior tibial tubercles, approx. approximately,
M male, F female, FN fibular notch

above the ankle joint line and that this level is the most

appropriate for assessment of the position of the distal

fibula in FN. The aim of the present study was to verify

this hypothesis on adult tibial bone specimens.

@ Springer
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Materials and methods

Both male and female adult tibial bone specimens from
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the Pachner’s osteological collection of the Institute of
Anatomy of 1st Faculty of Medicine, Charles Univer-
sity, Prague were used in the study. This collection of
1934-1935 provides the basic details about each skeleton,
i.e., the individual’s gender, age and height at the time of
death.

Excluded from the study were all specimens with patho-
logical changes and signs of damage. Thus the series com-
prised 261 tibiae, including 190 male and 71 female and
142 right and 119 left ones. The mean age of the donors was
51 years (range 18-87), the mean age of men 52 years (range
20-87), the mean age of women 47 years (range 18-82). The
mean height of men was 168 ¢m (range 152-183), that of
women 156 cm (range 140-173).

Methods

The following parameters were measured on each tibia
(Figs. 1,2):

— Height of the FN (FNH), i.e., distance from the high-
est point of the tibial plafond (facies articularis inferior
tibiae) to the highest point of the FN where incisural
borders converge to the interosseous crest,

Fig. 1 Measuring FN depth

a tibial plafond of right tibia,
inferior view: b schema, ¢ FN
of right distal tibia, superior
view. a—anterior tibial tubercle
(Chaput), b—posterior tibial
tubercle, c—anterior colliculus
of medial malleolus, D depth
of FN

Fig.2 Levels of measuring FN
depth on the lateral aspect of
right distal tibia. a, b sche-
mas, ¢ dry bone specimen: H
height of FN, a—anterior tibial
tubercle (Chaput); b—posterior
tibial tubercle, L—at the level
of tibial plafond, L3—3 mm
proximal to tibial plafond,
L10—10 mm proximal to tibial
plafond

- Width of the FN at the widest point (W, )—i.e.,
between the anterior and posterior borders of the FN,

—  Width of the FN at 3 mm (L3) above the highest point of
the tibial plafond,

— Depth of the FN at 3 mm (D3) above the highest point of
the tibial plafond,

- Width of the FN measured as the line connecting
incisurdlnich hran, at 10 mm (W 10) above the highest
point of the tibial plafond,

— Depth of the FN measured on a line perpendicular to the
line connecting the incisural borders, at 10 mm (D10)
above the highest point of the tibial plafond,

— The deepest point of the FN measured at the level of the
most marked prominence of the anterior and posterior
tibial tubercles (D, ) and its distance from the highest
point of the tibial plafond (D).

Each measurement was performed twice by each author
by means of a sliding gauge with (.1 mm accuracy. The
first of them served for mastering the technique and the
results of the second one were further processed.
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Evaluation

The data obtained were processed with the use of Microsoft
Excel Office 2016 spreadsheets, including calculation of
maximum, minimum, mean and median values and stand-
ard deviations.

Results

Overview of the results of all parameters measured is shown
in Table 2.

Height of FNs: The mean height in the whole series was
42.5+0.56 mm (range 27-61); of this in men 43+ 6 mm
(range 27-61) and in women 42 +4 mm (range 33-51). Only
4 individuals (1.5%) showed the FN height < 30 mm and 4
individuals (1.5% ) the FN height> 55 mm.

Width of FN at the level of the tibial plafond: The mean
value in the whole series was 23.6 +2.6 mm (range 17-32),
of this in men 24.6 +2.2 mm (range 20-32) and in women
21+ 1.6 mm (range 17-25).

Width of FN at 3 mm above rthe tibial plafond: The
value in the whole series was 22 +2.2 mm (range 17-29),
of this in men 22.7 +£2 mm (range 18-29) and in women
20.2 + 1.6 mm (range 17-27).

Depth of FN at 3 mm above the tibial plafond: The mean
value in the whole series was 3.8 + 1.2 mm (range 1.4-7.6),
of this in men 3.9 + 1.3 mm (range 1.4-7.6) and in women
34+ 1.1 mm (range 1.6-6 mm).

Width of FN ar 10 mm above the tibial plafond: The mean
value in the whole series was 18.9 +2.3 mm (range 14-26),
of this in men 19.6 2.1 mm (range 14-26) and in women
17.2+44 mm (range 14-22).

Depth of FN at 10 mm above the tibial plafond: The mean
value in the whole series was 4.1+ 1.2 mm (range 1.5-7),
of this in men 4.3 +1.2 mm (range 1.5-7) and in women
3.7+ 1.1 mm (range 2-6.5).

The maximum depth of FN and its level in relation to the
tibial plafond: The maximum depth of FN in the whole series
was 4.5+ 1.2 mm (range 2-8), of this in men 4.8 + 1.2 mm
(range 2-8) and in women 4+ 1 mm (range 2.5-6.5). A total
of 145 (56%) tibiae were more than 4 mm deep. The distance

Table 2 Measure ment of FIN

from the deepest point of FN to the highest point of the
tibial plafond was in the whole series 5.3+ 1 mm (range
3.8=8.5), of this in men 5.7 + 1 mm (4.1-8.5) and in women
5.1+0.9 mm (3.8-8.3).

Discussion

The FN shape and depth have been dealt with by a number
of studies, using bone specimens [11, 16, 22], plastination
slices [21], CT scans [5, 7, 8, 10, 15, 23, 25] and MRI scans
[20, 24]. But for a few exceptions [11], the results of the
studies differ by 1-2 mm. These differences may be caused
by ethnic or geographic influences [14, 16, 22], the age of
osteological collections (our series) of the method of meas-
uring (Table 1). Another significant factor is the level of
measuring. One group of authors [8, 10, 15, 23, 25] meas-
ured the FN depth at 1 em above the ankle joint space, while
another group of authors [5, 11, 14, 16, 21, 22, 24] did not
specify the distance from the FN depth measurement to the
ankle joint space or the rim of the tibial plafond. Only in our
study, we measured the FN depth at 3 mm, 10 mm proximal
to the articular surface of the distal tibia and the deepest
point of FN and its distance from the articular surface of
the distal tibia.

The highest FN depth value in the whole series averaged
4.5 mm which is approximately the median of values meas-
ured by other authors [5, 7, 21-23, 25]. It is by 0.8-1.0 mm
more than the value measured on bone specimens in the
studies by Musa et al. [16]—3.7 mm (Kenya population),
Kulkarni et al. [14] 3.5 mm (India population) and Taser
et al. [24] 3.3 mm (Turkey population) (Table 1). By con-
trast, Sora et al. [23] obtained the value of the depth 5.1 mm
on plastination slices (Central European population). All
these values significantly differ from those measured by
Gupta et al. [11] who recorded the maximum FN depth
on bone specimens, of 11 mm (India population). None of
these authors [5, 8, 10, 11, 14-16, 21, 22, 24, 25], however,
mentioned the level of measurement in relation to the tibial
plafond.

CT- and MRI-based studies present values in the range of
2.2-4.1 mm [5, 15, 18, 23, 24]. Chen et al. [7] recorded on

Age (y) BH (cm) FNH (mm) D, (mm) D3(mm) DI0(mm) WM(mm) W3(mm) WI0{mm) D (mm)
Male 51.7+149 168+068 429459 48+1.2 39+13 43+1.2 246+2.2 227420 169+2.1 57+10
Female 47.2+16.8 156.7+67 41.5+4.4 4.0+1.0 34+1.1 37+1.1 21.0+ 1.6 201 +1.4  17.2+1.5 5.1+0.9
Total 50.5+156 164.5+87 425456 45+1.2 3B+1.2 41+1.2 23.6+2.6 220+22 189+23 53+1.0

BH body height, FNH FN height between the tibial plafond and the point of convergence of incisural borders, DM FN depth at the deepest point,
D10 FN depth 10 mm above the tibial plafond, D3 FN depth 3 mm above the tibial plafond, WM FN width at the widest point, W3 FN width
3 mm above the tibial plafond, W10 FN width 10 mm above the tibial plafond, D distance from DM to the convexity of the tibial plafond
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3D CT reconstruction the mean FN depth of 5.1 mm in men
and 4.2 mm in women.

The reference line 1 cm proximal to the articular surface
of the distal tibia was used by Tonogai et al. [23], Liuet al.
[15], Yu et al. and Cherney et al. [8] when measuring the
FN depth on CT scans.

Chen et al. [7] used 3D CT reconstructions to measure
the FN depth 12 mm and 8 mm from the articular surface
of the distal tibia in men and women, respectively, without
specifying the reason for such a choice.

The highest possible value of the FN depth without speci-
fication of the distance from the articular surface of the dis-
tal tibia was obtained by Gupta et al. [11], Taser et al. [24],
Musaet al. [16] and Kulkarni et al. [ 14] on bone specimens,
Soraetal. [21] on plastination slices, Boszczyk et al. [5] and
Park et al. [18] on CT and Yildirim et al. [24] on MRI scans.

In our study, the width measured at the FN widest point
was 23.6 mm which corresponds to the results from previous
studies, specifically by Musa et al. [16]—21.5 mm, Taser
et al. [22]—23.3 mm, Gupta et al, [11]—23.3 mm, Sora
et al. [21]—23.8 mm and Kulkarni et al. [14]—23.2 mm.

According to the data in the literature, the FN depth and
width increase in the proximodistal direction [12]. This has
been confirmed also by our results showing that the FN
deepest point lies 5 mm, and not 10 mm, from the articular
surface of the distal tibia. Based on our results there is no
rationale for the “‘conventional™ distance of 1 cm used by
many authors [8, 15, 23, 25].

The mean FN height in our study was 42.5 mm which is
significantly more than the value presented by Taser et al.
[22]—29.3 mm and Musa et al. [16]—32.4 mm. The men-
tioned comparisons show that in our study the FN width
was approximately the same as in studies by Taser et al.
[22] and Musa et al. [16], but the FN height was signifi-
cantly greater. The value closest to our measurement was
presented by Chen et al. [7]—35 mm, while Gupta et al.
[11] and Kulkarniet al. [14] did not measure the FN height.

All the above-mentioned studies [5, 10, 11, 14, 15, 21-23,
25], as well as a number of others [7, 8] show that there
exists marked variability in the FN shape and depth on axial
CT and MR scans. Based on these findings it is a question
how these studies may improve the methods of evaluation
of the anatomical position of the distal fibula in FN. In our
view, their significance is for several reasons highly limited.

Anatomy of the tibiofibular syndesmosis is much more
complicated and changes markedly in the proximodistal
direction. The FN shape, more specifically its concavity, is
completed by a constant narrow cartilaginous facet 1-2 mm
thick, which articulates with the opposite facet on the distal
fibula [1]. However, this tibial cartilaginous facet is absent
in bone specimens and cannot be displayed by CT scans,
either. In the posterior part of the tibiofibular space, the two
bones are separated by a constant synovial fold [1, 17]. As

a result, the contact between the distal tibia and the distal
fibula in the area of FN is minimal, because the syndesmotic
structures are stressed primarily by distraction, rather than
compression, forces.

Similarly, the shape of the distal fibula also significantly
changes in the proximodistal direction on axial CT scans.
In the proximal direction, it loses its triangular shape on the
cross-section and becomes round. This again complicates the
evaluation of the normal tibiofibular relationship.

For the se reasons, we believe that it is optimal toevaluate
the tibiofibular relationship in the area of FN on CT scans
obtained 5 mm above the level of the articular surface of the
distal tibia where the tibiofibular space has a typical shape,
consisting of three parts [1]. A small triangular incongru-
ence can be seen anteriorly, actually filled with a triangu-
lar meniscoid. In the middle part, the tibia and fibula are
in direct contact and contact facets are covered by hyaline
cartilage. In the largest, posterior crescent-shaped part, a
constant synovial fold fills the space between the tibia and
the fibula (Fig. 3). The anterolateral surface of the distal
fibula obviously corresponds to the anterior aspect of distal
tibia and the posterolateral surface of the distal fibula to the
posterior aspect of the distal tibia [1]. The proper level of CT
axial scan can be assessed according to the condensation of
cancellous bone close to the medial malleolus [3].

The advantage of our study is the fact that the FN depth
and width were measured at three levels. Another benefit is
its number of tibiae analyzed, significantly exceeding their
number in most of the studies published to date (Table 1).1n
addition, age and gender were known in all our specimens.
A disadvantage is the age of our osteological collection, ie.,
90 years. The smaller mean body height of the population
of that time might, although minimally, influence our meas-
urements of FN parameters [6]. This advantage, however,
is relative as the height of the investigated individuals is
also today influenced by their ethnic origin. The above-cited

Fig. 3 Anatomy of the distal tibiofibular contact. a transverse CT
scan, b anatomic specimen of the right tibiofibular mortise, inferior
view. Blue arrow—triangular meniscoid, yellow arrow—direct con-
tact of distal tibia and fibula, red arrow—tibiofibular synovial fold,
*subchondral condensation of cancellous bone (color figure online)
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studies were performed in various ethnic groups which differ
in terms of body proportions [11, 14, 16, 18, 22, 23]. For
instance, Park et al. [ 18] present in the contemporary Korean
population the mean height of the investigated individuals,
both men and women, only by 3 cm more than is the value
in our study. Therefore, Musa et al. [16] compared the FN
depth in various ethnic groups and found out that the values
measured on dry bone specimens (by direct measurement
on the bones) do not differ much and range between 3.4 and
3.7 mm.

Conclusion

The deepest FN point is approximately 5 mm above the
articular surface of the distal tibia and its value averages
4.5 mm. At the level of 1 cm above the articular surface of
the distal tibia, FN is shallower and narrower. Therefore, this
level is not suitable for the assessment of the position of the
distal fibula in FN.
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Abstract

Purpose During study of anatomy of a fractured posterior malleolus of the ankle on CT scans, the authors noticed a promi-
nent crest on the lateral malleolus, which they termed the lateral malleolar crest (LMC). As, in their view, LMC is a clini-
cally important structure which was only briefly mentioned by a few authors without an official term, they focused on the
anatomy of this structure.

Materials and methods A total of 352 dry fibulae were analyzed and the following parameters recorded: (F) length of the
fibula, (LMC) total length of LMC, (A) length of the part of the examined crest from the superior border of the articular facet
of the lateral malleolus (AFLM) to its most proximal intersection with the midline of the fibula, (B) height of the medial
triangular rough surface, and (A/F) A/F ratio.

Results The crest was observed in all specimens. (F) was 346.5 +26 mm (95% confidence interval [Cl] 344-349), (LMC)
was 85.4+11.6 mm (95% CI 84.2-86.6), (A/F) was 25% +3% (95% CI 24.7-25.3) in the whole group. (A) was 25.9 +6.5 mm
(95% CI 24.8-26.8) in the whole group, (B) was 34.9+ 4.7 mm (95% CI 34.3-35.5) in the whole group, 36 +6.1 mm (95%
CI 35.1-36.9).

Conclusion LMC is an important structure on the lateral malleolus. The knowledge of its anatomy is essential for placement
of syndesmotic screws or/and the fibular plate.

Keywords Anatomy - Lateral malleolus - Distal fibula - Fibular notch - Ankle fracture - Syndesmotic screw

Introduction

Progress in diagnosis and treatment of ankle fracture—dis-
locations has been considerably influenced by anatomical
studies that have brought many new findings, particularly
as concerns the tibiofibular syndesmosis, fibular ligaments
and the deltoid ligament [1, 2, 5, 6, 13, 16]. Somewhat dis-
regarded in this context has been, for a long time, the distal
fibula, although it is a very important structure, essential for
the function of the ankle. An exception are only a few studies
[4. 8. 15, 22], which, however, did not deal with the anatomy
of the fibular malleolus.
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During analysis of the pathoanatomy of posterior malleo-
lus fractures, Maisonneuve fractures (MF) [3] and assess-
ment of the position of the distal fibula in the fibular notch,
we have noticed on 3D CT reconstructions a prominent
curved ridge on the lateral surface of the distal fibula, giv-
ing the characteristic shape to the lateral aspect of the fibular
malleolus. Even if this crest is well known from CT axial
sections of the ankle, nobody has focused on it yet. Some
anatomical textbooks and atlases present its image [14, 25],
but without an official term. This structure was very briefly
described only by a few authors [7, 10-12, 18, 21, 24, 26].
Only two authors mentioned also its clinical importance [9,
12]. This crest, which we have termed crista malleoli later-
alis (lateral malleolar crest—LMC), is in our view highly
important in clinical terms [3, 19], and therefore we have
decided to focus in detail on its anatomy.
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Material and method
Material

The present study is based on examination of adult fibulae,
both male and female, from the Pachner’s osteological col-
lection of the Institute of Anatomy, lst Faculty of Medi-
cine, Charles University, Prague. This collection, created in
1934-1935, provides basic data on each skeleton, including
the individual s gender and age at the time of death [17].
Excluded from the study were all specimens with patho-
logical changes, signs of damage and unpaired specimens.
The resulting study group comprised 352 fibulae (176 pairs),
of these 192 male (96 pairs) and 160 female (80 pairs)
samples. The mean height of donors was 168.6 cm (range
140-183) in men, 154.5 cm (range 139-172.5) in women
and 162.2 cm (range 139-183) in the whole group. Their
mean age was, 51 years (range 22-81) in men, 54 years
(23-86) in women and 52 years (range 23-86) in the whole

group.

Method

Each fibula was assessed in terms of incidence of LMC and
its influence on the shape of the lateral surface of the lateral
malleolus (LM ). The measured parameters included (Fig. 1):

— (F) length of the fibula—the distance between the apex
of the fibular head and the most distal point of LM,

— (LMC) total length of LMC—the distance between its
origin at the anterior crest (AC) and the most distal point
of LM,

— (A)length of the part of LMC from the level of the supe-
rior border of the articular facet of the lateral malleolus
to its most proximal intersection with the midline of the
fibula,

— (B) height of the medial triangular rough surface of distal
fibulae defined proximally by the interosseous crest and
distally by the superior border of the articular facet of the
lateral malleolus (AFLM).

Based on the above-mentioned parameters we determined
the ratio of LMC length to the length of the entire fibula.

Measurements were made by a sliding gauge and a meas-
uring rod, with the measurement accuracy of .01 mm and
1 mm, respectively.

Evaluation

The recorded data were processed by the Microsoft Excel
Office 2016 table calculator, including calculation of the

&) Springer

Fig. 1 Measured parameters. LMC lateral malleolar crest, A length of
the part of LMC from the superior border of the articular facet of the
lateral malleolus to its most proximal intersection with the midline of
the fibula (3—4), B height of the medial triangular surface (2-4), total
length of LMC (1-5)

maximum, minimum, mean and median values and standard
deviation. Statistical evaluation and comparison of paired
samples were based on Student ¢ test with a 5% significance
level.

Results
Anatomy of LMC

The crest was observed in all specimens as a constantly pre-
sent structure with no tendency to variables. It was always
created by division of anterior border of the fibula into two,
anterior and posterior, branches. The posterior branch, LMC,
arched in its proximal third posteriorly and then descended
distally in midline of lateral aspect of the LM to its apex.
In its distal third, more specifically from the level of the
superior border of AFLM up to the apex of LM, LMC was
slightly flattened and was not so prominent as in its two
proximal thirds (Fig. 2).

LMC split the outer aspect of the distal fibula into two,
anterolateral (triangular subcutaneous area) and posterolat-
eral (peroneal area) surfaces that were mutually slanted. As
a result the profile of the distal fibula acquired its typical tri-
angular shape. The flat anterolateral surface had a triangular
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Fig. 2 Anatomy of the lateral surface of the right distal fibula. a Posterolateral view ; b lateral view; ¢ anterolateral view. l—anterolateral (trian-
gular subcutaneous) area, 2—Ilateral malleolar crest, 3—posterolateral (peroneal) area, 4—anterior border of the fibula

Fig. 3 Topography of the lateral aspect of the right distal fibula. 1—
anterolateral (triangular subcutaneous) area, 2—posterolateral (pero-
neal) area covered by peroneal muscles, black arrow—tendon of the
peroneus brevis leaving the peroneal groove

shape. The concave posterolateral surface became distally
deeper to create the peroneal groove and LMC formed its
anterior margin (Fig. 3).

Metrics

The mean length of the fibula (F) was 346.5+26 mm
(95% confidence interval [CI] 344-349) in the whole
group, 362.6 +21.4 mm (95% CI 360-366) in men and
327.1 £ 15.7 mm (95% CI 325-330) in women (Table 1). T
test for comparison of the length of the fibula between males
and females was 0.00, side-to-side difference was 0.31 in
males and 1.00 in females (Table 2).

The mean LMC length was 85.4+11.6 mm (95% CI
84.2-86.6) in the whole group, 89.1 +£10.6 mm (95% CI
87.6-90.6) in men and 81.1 £11.2 mm (95% CI 79.4-82.8)
in women. 7 test for comparison of the LMC length between
males and females was 000, side-to-side difference was(0.31
in males and 0.64 in females.

The ratio of the LMC length to the fibula length
was 25% +3% (95% CI 24.7-25.3) in the whole group,

@ Springer



Surgical and Radiologic Anatomy

Table 1 Measured parameters

Results F {mm) LMC (mm} LMC/FE (%) A (mm) B (mm)
and results
Male MV 3626 89.1 25 256 36
CI 95% 360-366 87.6-90.6 24.6-25.4 24.2-27 35.1-36.9
Female MV 327.1 81.1 25 26.1 336
CI 95% 325-330 79.4-2.8 24.5-25.5 24.7-27.3 32.8-34.4
All MV 346.5 854 25 259 349
CI95% 344-349 84.2-86.6 24.7-25.3 24.8-26.8 34.3-35.5

A—length of the part of the examined crest from the superior border of the articular facet of the lateral
malleolus (AFLM) to its most proximal intersection with the midline of the lateral aspect of the fibula, B—
height of the medial triangular rough surface

MYV mean value, Cf 95% confidence interval 95%, F length of the fibula, LM C total length of LMC

Table 2 Statistical analysis—

o T tests F (mm) LMC (mm) LMC/F (%) A (mm) B (mm)
paired tests
Male Left—right 0.31 0.31 0.20 0.22 0.69
Female Le ft—right 1.00 0.64 0.69 0.01* 0.92
Male—female 0.00# 0.00% (.90 0.76 0.00#

A—length of the part of the examined crest from the superior border of the articular facet of the lateral
malleolus (AFLM) to its most proximal intersection with the midline of the lateral aspect of the fibula, B—
height of the medial riangular rough surface

F length of the fibula, LMC total length of LMC

#*Statistically significant difference

25% + 3% (95% CI 24.6-25.4) in men and 25% +3%
(95% CI 24.5-25.5) in women. T test for comparison of
the ratio of the LMC length to the fibula length between
males and females was 0.90, side-to-side difference was
0.2 in males and 0.69 in females.

The length of the examined crest from level of the supe-
rior border of the articular surface of LM to its most proxi-
mal intersection with the midline of the lateral aspect of the
distal fibula (A) was 259+ 6.5 mm (95% CI 24.8-26.8) in
the whole group, 25.6 + 5.4 mm (95% CI 24.2-27) in men
and 26.1 £ 6.9 mm (95% CI 24.7-27.3) in women. T test
for comparison of the (A) between males and females was
0.76, side-to-side difference was 0.22 in males and 0.01
in females.

The height of the medial triangular rough sur-
face defined proximally by the fibular interosseous
crest and distally by the superior border of AFLM (B)
was 34.9+4.7 mm (95% CI 34.3-35.5) in the whole
group, 36 +6.1 mm (95% CI 35.1-36.9) in men and
33.6+4.9 mm (95% CI 32.8-34.4) in women. T test for
comparison of the (B) between males and females was
(.00, side-to-side difference was (.69 in males and 0.92
in females.

@ Springer

Discussion

The present study deals in detail with the LMC anatomy.
We evaluated paired fibulae; donors” age and gender were
known in all our specimens. A limitation is the age of our
osteological collection, i.e., 90 years. Differences in the
measured values between men and women are mostly sta-
tistically significant, primarily with a higher mean height
of men than of women. The generally smaller mean body
height of the population of that time might, although mini-
mally, influence our quantitative measurements of fibular
parameters.

LMC was briefly mentioned by only a few authors [10,
14, 24, 25]. Testut [24] states that: “A thin and sharp ante-
rior ridge of the fibula splits caudally, to form a triangular
facet. The anterior margin of this facet, sometimes quite
insignificant, extends toward the anterior rim of the lat-
eral malleolus, while the posterior margin is formed by
the ridge of the anterior rim of the groove of peroneal
muscles.” Hovelacque [11] in his textbook only shows
the erest and terms the two facets, created by the crest on
the LM outer surface, “versant antérieur triangulaire™ and
“versant posterior”. Rouviere [21] used the term “créte
oblique™ (crest oblique) in the text, but without the leg-
end in figures. Toldt’s atlas [25] and Lanz-Wachsmuth
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textbook [14] present a faithful image of the crest, but
without any description. Frazer [7] mentions in the leg-
end to a figure showing the crest, only the two facets,
calling the anterior one “the subcutaneous surface “ and
the posterior one “the peroneal surface”. Gray’s Anatomy
[11] states: “The anterior border of the fibula divides
inferiorly into two ridges which enclose between them
a subcutaneous triangular surface. ... The lower part of
the posterior margin of triangular area gives attachment
to the lateral extremity of the superior peroneal retinacu-
lum.” But in the latest edition of the Gray’s Anatomy
[23], LMC is completely omitted. Heim et al. [9] called
LMC “Lateraler Sporn” (Lateral calcar) and pointed out
the necessity to shape the plate for internal fixation of a
lateral malleolar fracture. Kelikian [12], as the only one,
presented a highly detailed description of LMC ... “the
anterior border (of the fibula) divides into two branches,
anterior and posterior... The posterior branch or oblique
crest is directed downward and posteriorly ... This oblique
crest delineates two surfaces: anteroinferior and postero-
superior... and this must be taken into consideration dur-
ing application of a plate”. White et al. [26] present mul-
tiple images of LMC in their textbook, but without any
specification. They only briefly describe “the triangular
subcutaneous area”,

The overview shows that all authors agree on the image
and description of the crest, although only few of themuse a
specific term for them, namely “the lateral calcar’” [9] or “the
oblique crest™ [12] or crete oblique [18, 21]. The anteroin-
ferior surface is identically called a triangular subcutaneous
surface and the posterosuperior surface a peroneal surface
[12].

LMC is an important reference point for application
of syndesmotic screws (S5) and a plate, as well as for
assessment of the position of the distal fibula in the fibu-
lar notch.

The optimal level for insertion of syndesmotic
screw(s) is 2.0-3.5 ¢cm above the joint line [2, 6], as in
this interval the drill bit is directed toward the FN con-
cavity and cannot slip over the convex interosseous crest
[9]. It is important to insert S§ through the center of the
distal fibula and FN (Fig. 4). If it is inserted from the
triangular area, neither the course nor fixation of 8§ in
the fibula is optimal (Fig. 5). Our results have revealed
that an ideal site for SS insertion is within 2.5 cm prox-
imally from the ankle joint line. If the SS is inserted
more proximally, the entry point lies 1 to 2 mm posterior
to LMC. According to measurements of samples from
the mentioned osteological collection, the height of the

Fig. 4 Lateral malleolar crest on axial CT scan 5 mm proximal to the
ankle joint line. 1—anterolateral (triangular subcutaneous) area, 2—
lateral malleolar crest, 3—posterolateral (peroneal) area, AT Achilles
tendon

triangular rough space (B) corresponds with the height
of FN [6].

LMC must be taken into account during application of
the plate on the lateral malleolus. The plate should respect
the midline of the lateral aspect of the distal fibula [10].
However, it usually covers the triangular area (Fig. 6). In
case of asymmetric placement of the plate relative to the
LMC, it is impossible to insert SS through the crest along
an optimal trajectory (Fig. 7). It should be noted in this
respect that the posterolateral peroneal surface is covered
by peroneal muscles and their fascia is attached to the LMC.
For correct plate placement must be this fascia detached
from the LMC.

LMC is essential for assessment of the position of the
distal fibula in FN on the axial CT scan [20]. The opti-
mal level is 4—5 mm proximally to the ankle joint line
[3. 6]. Where the position of the fibula is anatomical,
its anterolateral aspect (triangular area) corresponds on
the CT axial scan with the anterior surface of the dis-
tal tibia and the posterolateral area of the distal fibula
(peroneal area) with the posterior surface of the distal
tibia (Fig. 8).
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Fig.5 Placement of syndesmotic screws on CT axial scan and 3D CT reconstruction. a Proper entry points on the lateral malleolar crest (LMC);
b incorrect entry points on the anterolateral surface. White arrows—LNMC

Conclusion the anterolateral (triangular subcutaneous area) and the
posterolateral (peroneal area) surfaces. The knowledge of

LMC is an important, constantly occurring, reference its course is essential for application of §§, fibular plate
structure on the lateral aspect of the fibular malleolus,  placement and assessment of the distal fibula position in
which divides the lateral aspect of the distal fibula into ~ FN.
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Fig. B Assessment of the position of the distal fibula in the fibular
notch on axial CT scan 5 mm proximal to the ankle joint line. Nor-
mally, the anterolateral surface of the distal fibula corresponds with
the anterior aspect of the distal tibia (dotted line), and the posterolat-
eral surface of the distal fibula corresponds with the posterior aspect
of the distal tbia (dotted line). *Medial condensation of cancellous
bone in the distal tibial metaphysis indicating the proper level of CT
scan

Fig. 6 Placement of a fibular plate. a In the midline of the lateral sur-
face; b on the anterolateral area

Fig. 7 Effect of anterolateral placement of a fibular plate on the tra- axial CT scan 5 mm proximal to the ankle joint line showing malposi-
jectory of the syndesmotic screw. a ap radiograph: b 3D CT recon- tion of the distal fibula in the fibular notch. Red arrows—syndesmotic
struction,; ¢ axial CT scan at the level of the syndesmotic screw; d screws, yellow arrow—Ilateral malleolar crest (color figure online)
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Souhrn

Maisonneuveova zlomenina (MZ) je definovana jako luxacni zlomenina hlezna, kde doslo vidy ke zlomening proximalni Etvrtiny fibuly a roztrzeni
lig. tibiofibulare anterius a lig. tibicfibulare interosseum. Dal$i poranéni jsou variabilni. Recentni CT studie ukazaly, ze MZ je mnohem komplexnéjsi
poranéni, nez se pfedpokladalo. Proto je tieba zésadnim zplsobem zménit pohled na tuto problematiku. MZ je spojena pfiblizné v 80 %
pfipadd se zlomeninou malleclus posterior a déle s malpozici distalni fibuly v incisura fibularis tibiae (IFT). Pfesné zhodnoceni téchto poranéni
vyzaduje Grazové CT, které by mélo byt u MZ v dneini dobé standardem. Hlavnim cilem osetfeni je anatomicka repozice distalni fibuly do IFT.
To vyzaduje v pfipadé odlomeni vétSiho fragmentu malleclus posterior provést nejdrive jeho repozic a fixac z posterolateralniho pristupu. Tim
dojde k obnoveni integrity IFT. Zavfena repozice distalni fibuly je spojena s mal pozici az v 50 % pfipadt. Proto se dava pfednost oteviené repozici
z kratkého anterolateralniho pfistupu Pfesnost repozice je nutné vidy ovéfit pooperaénim CT.

Kicovd slova: Maisonneuveova zlomenina, luxaéni zlomeniny hlezna, zlomeniny malleclus posterior

Summary

Review

Maisonneuve ankle fracture

J. Bartonicek!, P. Fojtik", E. Bunganicova?, M. Tucek’

'Department of Orthopedy, 1 Faculty of Medicine, Charles University and Central Military Hospital — University Hospital Prague
Department of Radiology, Central Military Hospital — University Hospital Prague

Maisonneuve fracture (MF) is defined as an ankle fracture-dislocation associated always with a fracture of the proximal quarter of the fibula and
rupture of the anterior and interosseous tibiofibular ligaments. Other injuries are variable. Recent CT studies have demonstrated that MF is a far
more complex injury than initially supposed. Therefore it is necessary to change substantially the current concepts related to this issue. MF is
combined in about 80% of cases with a fracture of the posterior malleolus and also with malposition of the distal fibula in the fibular notch. An
exact assessment of these injuries requires post-injury CT examination which should be used as a standard in MFs. The main goal of treatment is
anatomical reduction of the distal fibula into the fibular notch. In case of avulsion of a larger fragment of the posterior malleclus, it is necessary to
perform as the first step its reduction and fixation from the posterolateral approach and thus restore integrity of the notch. Closed reduction of the
distal fibula is associated with malpasition in up to 50% of cases and therefore open reduction from a short anterolateral approach is preferred.
Accuracy of reduction should be always checked by postoperative CT scan.

Key words: Maisonneuve fracture, ankle fracture-dislocations, posterior malleolus fractures
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uvoD

Maisonneuveova zlomenina (MZ) je v traumatologii
hlezna obecné znama entita, pfesto o ni existuje fada
nespravnych piedstav. V Ceské republice je MZ vlivem
historického vyvoje spojena s predstavou subkapitalni
zlomeniny fibuly, roztrzenim membrana interossea (MI)
az do vyse zlomeniny na fibule a diky tomu je povaZo-
vana za velmi nestabilni poranéni. Analyza literatury
vénované MZ [1] odhalila pratichldné nazory jednot-

livych autord i nutnost daliho studia. Recentni CT
studie [2-4] ukazaly, Ze MZ je mnohem komplexnéjsi
poranéni, nez jsme se domnivali, a Ze je treba zasadnim
zplsobem zménit pohled na tuto problematiku.

Historie

Subkapitalni zlomenina fibuly zplsobena zevné ro-
ta¢nim mechanismem a spojena s poranénim tibiofibu-
larni syndesmozy byla poprvé popsana v r. 1840 fran-
couzskym chirurgem Julesem Germainem Francoisem
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Maisonneuvem (1809-1897) [5], a to na zakladé experi-
mentd na mrtvolach. Eponym Maisonneuveova zlome-
nina se postupné rozsifil na zacatku 20. stoleti diky jeho
krajantm, kterymi byli pfedevsim Quenu [6], Chaput [7]
a Destot [8]. Prvni podrobny popis MZ doprovazeny rtg
snimky publikoval Tanton [9] v r. 1916, Ashhurst [10] za-
vedl eponym ,Maisonneuve fracture” do anglické litera-
turyvr.1923. Bonin [11] se vmonografii zr. 1950 zabyval
MZ velmi podrobné a hodnotil ji jako stabilni poranéni,
u kterého dochazi k rupture lig. tibiofibulare anterius, ale
medialni struktury zlstavaji intaktni. V némecké litera-
ture se o MZ v pribéhu 60. let 20, stoleti strucné zminil
B. G. Weber [12]. V anglické literature je povazovana za
prioritni studie Pankoviche [13] z r. 1976. Ammann [14]
publikoval v r. 1981 rozsahlou, bohuzel v literature témér
nemamou studii MZ citajid 37 operovanych pripad.
V ramci AO/ASIF se MZ vénoval predevsim U. Heim [15].
Postupné piibyvaly popisy dalsich piipadd, vétsinou ka-
zuistické, pocetnéjsich souborl bylo publikovano pouze
nékolik [16-42]. Recentni pathoanatomické studie zalo-
zené na 3D CT vysetfeni zasadné zménily pohled na MZ
[2-4].V ceské literature prvni studii detailnéji se zabyva-
jici MZ publikoval Kolman [43] v r. 1999 a druhou Kasper,
etal. [3] vr.2020.

Definice MZ

Pojem MZ zlomenina neni viemi autory chapan
stejné. Plvodni Maisonneuveho popis hovofil o sub-
kapitalni Zlomeniné fibuly spojené s roztrzenim lig. ti-
biofibulare anterius [5]. Néktefi autofi sem fadi vsechny
zlomeniny stiedni tietiny nebo proximalni poloviny fi-
buly [23,40,44]. Jini hovofi o, Maisonneuve-like fractu-
res’, a mysli tim pfipady s intaktni fibulou (tzv. distor-
ze tibiofibularniho kloubu nebo luxace hlavice fibuly)
[45-50]. Naopak, Kasper, et al. [51] popsali dvojitou MZ
(Obr. 1), ktera byla do té doby v literatuie témef nezna-
ma [52-55]. Na zaklade dosud publikovanych analyz
Ize MZ definovat jako zlomeninu proximalni ctvrtiny
fibuly spojenou minimalné s rupturou lig. tibiofibulare
anterius (LTFA) a lig. tibiofibulare interosseum (LTFI).

Epidemiologie

MZ tvori 3,5 az 7 % viech luxacnich zlomenin hlezna
[16,20,24,56,57]. Bilateralni vyskyt je velmivzacny [37].
Zastoupeni muzi a zen a primérny vék pacientii se
lisi podle jednotlivych autord (Tab. 1). Kasper, et al. [3]
zaznamenali v souboru 70 pacientl 47 muzd primeér-
ného véku 46 let (19-78) a 23 zen primérného véku
52 let (23-75). Pramérny vék celého souboru cinil 48
let. Maximum vyskytu MZ v celém souboru a u muzi
bylo v 5. dekadé, u zen v 6, dekadé, Ve skupiné do 50 let
previadali muzi (30:8). Ve skupiné nad 50 let byl pomér
témer vyrovnany (17:15). Prava strana byla postizena ve
44 pripadech a leva v 26 pfipadech.

Diagnostika

MZ zlomenina byva ¢asto piehlédnuta [17-19,34].
Napriklad Merrill [19] zaznamenal v souboru 9 pacien-
tl s MZ 4 primarné prehlédnuté pripady. Pricinou vidy
bylo nedodrzeni standardniho vysetifovaciho postupu.

Rozhledy v chirurgii 2023, ro€. 102, £.2

Obr. 1: Zakladni typy MZ

(a — pronacné-everzni zlomenina, b - supinacné-everzni zlo-
menina, ¢ — dvojita zlomenina. Bila dipka ukazuje zlomeniny
na fibule, cervena Sipka oznacuje zlomeninu Tillaux-Chapu-
tova hrbolu.)

Fig. 1: Basic types of Maisonneuve fracture

(a — pronation-eversion fracture, b - supination-eversion
fracture, ¢ — double fractures. The white arrow shows fractu-
res of the fibula, the red arrow indicates a fracture of the
Tillaux-Chaput tubercle.)

Klinické vysetieni: Provadime ho stejnym zplisobem
jako u viech poranéni hlezna. Velmi dlezité je palpac-
ni vysetieni. Je nutné prohmatat fibulu v celé jeji délce,
provest  tibiofibular squeeze” test (komprese fibuly proti
tibii) a vyzkousdet stabilitu hlavice fibuly v tibiofibular-
nim kloubu. Bolest ¢i krepitus svéddi o poranéni fibuly
nebo tibiofibularniho kloubu. Velmi dlezita je palpace
i v oblasti medialniho a lateralniho kotniku, kdy pfipad-
na bolest signalizuje poranéni pfisludnych vaza. Pozitivni
zevneé rotacni test je pfiznakem poranéni LTFA.

Radiologie: Zakladni RTG vysetieni hlezna zahrnuje
tii projekce, tj. predozadni projekci, projekci na vidlici
a bocnou projekci. V piipadé podezieni na MZ je tieba
doplnit snimky celého bérce ve dvou projekcich (pre-
dozadni, bocna). Bartonicek, et al. [2] zjistili, Ze ve 24 %
pripad( nebyla zlomenina proximalni fibuly v predo-
zadni projekci viditelna!

Pokud na rtg diagnostikujeme MZ, je indikovano CT
[58], které poskytne zasadni informace o postaveni
distalni fibuly v incisura fibularis tibiae, anatomii a di-
slokaci odlomeného zadniho fragmentu distalni tibie
(malleolus posterior), ktery se u MZ vyskytuje v 80 %
pripad( [2-4]. CT vysetieni je dllezité i pro detekdi zlo-
meniny Tillaux-Chaputova hrbolku, kterou casto nelze
na rtg snimcich identifikovat [59]. Totéz plati o kompre-
si lateralni ¢asti pilonu tibie v oblasti incisura fibularis
tibiae a o osteochondralnich zlomeninach talu [2].
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Tab. 1: Zakladni publikace o Maisonneuveho zlomeniné
Tab. 1: Basic dates concerning Maisonneuve fracture

[Aor | Rk | N | op | Mz | wvek | mp

1976 12* 6 NS 17-42 10 MM-3, DL-1, IN-8
| Ammann ~ [RETY 37 37 23/14 36 13 MM-13, DL-20, IN-4
| Merrill  [ERETE 9 1 NS NS 4 MM-1, DL-8
(Kolman  JERTCY 19 11/8 37 NS MM-9,DL-10

| Kirschner ~ [ERTT) EY) 32 2577 NS 12 MM-NS, D-8

[ manyi BN 12 5 9/3 38 8 MM.-7, DL-5

| Babis SIS 2% 26 16/10 25 20 MM-20, DL-6

| sproue BT 14 14 1212 36 MM-1,DL-13
peiton ~ [EBNIL 12 4 12/2 28 MM-9, D-3
2019 54 51 33/21 48 41 MM-20, DL-27, IN-7
| Kazper BTN 70 67 47/43 48 54 MM-27, DL-36, IN-7
(He = [BIEN 41 40 32/9 38 34 MM-30, DL-10, IN-1

Vysvétlivky: N - pacet pacientty, Op — pocet operovanych pacienti, M/Z - muzi/zeny, MP - zlomeniny malleolus pos terior, MS — poranéni
medidlnich struktur, MM - Zlormenina malleolus medialis, DL - ruptura deltového vazu, IN - intaktni M5, NS — nespecifikovdno, * - pouze

pacienti se zlomeninou fibuly, ** - neni presné uvedeno.

Notes: N - number of patients, OP - number of operated patinents, M/Z - males/fmeales, MP - fractures of the posterior malleolus, MS -
injury of medial stractures, MM — fracture of the medial malleolus, DL - rupture of the deltoid ligament, IN - intact MS, NS - not specified,
* - only patients with fibular fracture, ** - not accurately specified, vék — age. rok - age of publication.

MR poskytuje dileZité informace o rozsahu vazi-
vovych poranéni, nikoli viak o stabilité zlomeniny
[22,26,60,61]. Proto neni bézné pouzivana pfi vysetfeni
MZ, ale mize byt pfinosem v pripadé nejasnych pora-
néni a odhalit poranéni kloubni chrupavky.

Artroskopie umoznuje pfesné posouzeni poranéni
vaz( tibiofibulami vidlice a kloubni chrupavky, ale je tfe-
ba si uvedomit jejiriziko u akutni zlomeniny [29,32,42].

Pathoanatomie

Starsi studie MZ vychazejici predeviim z rtg a per-
operacnich nalezli se soustiedily pfedevsim na po-
ranéni vaz( tibiofibularni syndesmdzy a membrana
interossea (MI). Recentni CT studie viak ukazuji, ze pa-
thoanatomie MZ je mnohem komplexngjsi [2-4] a ze
spektrum této Zlomeniny z hlediska stability je velmi
siroké, od minimalné dislokovanych az po kompletné
nestabilni zlomeniny [2-4].

Poranéni proximalni fibuly: Typické jsou zlomeni-
ny v subkapitalni oblasti ¢i v proximalni ctvrtiné fibuly,
které jsou obvykle spiralni, jen vyjimecné kominutivni.
Vzacné jsou zlomeniny hlavice fibuly [2,3].

Atypické zlomeniny fibuly: Téméi neznama je dvo-
jité zlomenina fibuly, tj. nejen v proximaini, ale i distalni
ctvrtiné, Dosud jich bylo vliteratufe popsano pouze 15
[51-55]. Ve 13 pfipadech byla distalni zlomenina fibuly
klasifikovana jako typ Weber C, ve 2 pfipadech jako typ
Weber B.

Poranéni medialnich struktur: V této oblasti vzni-
kaji zZlomeniny medialniho malleolu (MM), ruptury lig.
deltoideum (LD) nebo kombinace obou lézi. Vzacné
zlistanou medialni struktury (MS) intaktni [2,34,42].
Zastoupeni jednotlivych poranéni je udavano riizné
(Tab. 1). Ka3per, et al. [3] nalezli u 70 pacient( poranéni

LD v 51 %, zZlomeninu MM v 39 % a v 10 % pfipad( byly
MS neporanény. Intaktni MS u MZ zaznamenali Mad-
husudhan, et al. [31], Choropoulos, et al. [34] a van We-
ssem, et al. [40], kazdy po 1 pfipadu, Dietrich, et al. [41]
ve 2 piipadech. Morris, et al. [22] zjistili na MR rupturu
povrchové ¢asti LD u viech 5 vysetfovanych pacient,
intaktni hlubokou ¢ast LD u 1 pacienta, parcialni rup-
turu hlubokeé ¢asti LD rovnéz u 1 pacienta a kompletni
rupturu LD u 3 pacientd.

Zlomeniny MM postihovaly v nékterych pfipadech
pouze colliculus anterior (CA), vétsinou se viak vysky-
tovaly bikolikularni zlomeniny vnitiniho kotniku [3,4].
U zlomenin CA mlZe byt soucasné poranéna i tibio-
talarni (hluboka) ¢ast LD a vznika tak kombinované,
osteoligamentézni poranéni.

Zlomeniny zadniho malleolu: Zlomenina malleolus
posterior (MP) se u MZ vyskytuje podle recentnich CT
studii v 77 % az 83 % pripadd [2-4]. To je mnohem vice,
nez je udavano u luxacnich zlomenin hlezna obecné
[56,57]. Napr. Jehlicka, et al. [56] zaznamenali zlomeni-
nu MP u 46 % vsech zlomenin typu Weber B a C. Kasper,
et al. [3] hodnotili i typ zlomeniny MP podle CT klasifi-
kace Bartonicka-Rammelta (B-R) [62,63]. Typ 1 (extrain-
cisuralni) nasli v 15 %, typ 2 (posterolateralni) v 50 %,
typ 3 (dvoufragmentovy s postizenim medialniho kot-
niku) v 29 % a typ 4 (velky triangularni fragment) v6 %
pripad(. Tato distribuce priblizné odpovida vyskytu
zlomenin MP u viech trimalleolarnich zlomenin [62].

Poranéni vazi tibiofibularni syndesmozy a mem-
brana interossea: Viichni autofi s vyjimkou Bonina
[11] se shoduji, Ze u MZ je vidy poranéno LTFA a LTFL.
Kostnim ekvivalentem poranéni LTFA mizZe byt avulze
Tillaux-Chaputova hrbolu [3,31]. Kasper, et al. [3] ji za-
mamenali v 9 (13 %) ze 70 pripadd.
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Nazory na poranéni lig. tibiofibulare posterius (LTFP)
a Ml se rlizni. Ruptura Ml az do vyse zlomeniny na fibule
byla pod vlivem Weberovy ucebnice [12] a AO literatury
[64,65] povazovana za konstantni soucast MZ [16,43].
Toto tvrzeni zpochybnili néktefi autofi [4,22,26,60].
Morris, et al. [22] zaznamenali na MR poranéni Ml u 4
z 5 pacientd, a to pouze do vyse 6 cm nad kloubni stér-
binou hlezna. Proximalnéji uz MR skeny nezasahova-
ly. Manyi, et al. [26] v MR studii zahrnujici 12 pacient(
s MZ nalezli roztrzeni MI vidy, ale pouze v jeji distélni
treting, pfesnéji maximalné do vyse 11 cm nad kloub-
ni plochou hlezna. Nielson, et al. [60] v r. 2004 vysetfili
73 zlomenin hlezna MR a zjistili, Ze ,The level of fibular
fracture does not correlate reliably with the integrity or ex-
tent of the interosseous membrane tearsidentified on MRI
in operative ankle fractures”. He, et al. [4] vysetfili MR 33
pacientt s MZ. Své nalezy viak neprezentovali jedno-
znacné, U vétsiny pacientd byla Ml roztrzena v distalni
casti v délce 6 az 9 cm. Autofi mimo jiné uvadéli, ze,,...
the rupture of the IOM was also present near the fibular
fracture with intact IOM between the proximal and distal
ruptures in some patients”, Recentné He, et al. [61] vy-
setiili 15 pacientd s MZ pomoci MR. Zjistili, ze v oblasti
hlezna byla Ml roztrzena v useku 8 cm (4-12 cm), pak
az v oblasti zlomeniny fibuly, a to v rozsahu 7 cm (4-9
cm). Ve své stiedni casti byla Ml vzdy intaktni. Obdob-
nou zkusenost jsme ucinili u 2 nasich pacientd s MZ.
Vsechny zminéné studie uvadéji, ze hodnotit poranéni
Ml na MR neni zcela jednoduché a vyZaduje zacnou
zkusenost,

Poranéni LTFP nebylo v artroskopické studii Yoshi-
mury, et al. [29] zaznamenano u zadného ze 4 opero-
vanych pacient(, autofi se viak nezminili o poranéni
MP. Naopak Morris, et al. [22] prezentovali v souboru 5
pacientti 3 pfipady s intaktnim LTFP, 1 pfipad s parcialni
rupturou a 1 pfipad s kompletni rupturou vazu. Avsak
ani tito autofi nediskutovali pfipadné poranéni MP.
Hinds, et al. [38] popsali na MR intaktni LTFP, ale vzdy
byla pfitomna zlomenina MP. Tento pripad ukazuje na
fakt, ze pravé zlomenina MP je kostnim ekvivalentem
ruptury LTFP. Kombinace ruptury LTFP a zlomeniny MP
nebyla dosud v literatufe popsana.

Postaveni distalni fibuly v incisura fibularis ti-
biae: Recentni CT studie prokazaly vyraznou variabilitu
vzajemného vztahu obou kosti v ablasti incisury [2,3],
(Obr. 2). Kasper, et al. [3] studovali postaveni distalni
fibuly v incisufe tibie na axialnich CT skenech u 59 pa-
cient( 3-4 mm nad kloubni plochou distalni tibie, kde
je incisura fibularis tibiae nejhlubsi [66].V 15 pripadech
byl prostor mezi fibulou a incisurou rozsifen pouze
minimalné, a to do 2 mm (méfeno v centru incisury),
v 15 pfipadech o vice nez 2 mm s mirnou zevni rotaci
fibuly, ve 25 pripadech bylo rozsireni spojeno s vyraz-
nou zevni rotaci fibuly. Ve 2 pripadech Bosworthovy
zlomeniny doslo k dorzalni dislokaci distalniho frag-
mentu fibuly z incisury a jeho zachyceni na dorzalni
plose distalni tibie. Ve 2 pfipadech vznikla kompletni
diastaza tibiofibularni vidlice s vklinénim talu mezi obé
kosti (logsplitter injury). Obdobny pfipad tibiofibularni
diastazy popsali Downey, et al. [39]. Analyza Kaspera, et
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Obr. 2: MZ na CT

Rozsifeni tibiofibularni vidlice (Cervena sipka) a zevni rotace
distalni fibuly svédci o rupture lig. tibiofibulare anterius a lig.
tibiofibulare interosseum, rozsireni ,medial clear space” (bila
dipka) je znamkou ruptury hluboké porce lig. deltoideum, fi-
bulotalarni artikulace je intaktni. a - frontalni sken, b - trans-
verzalni sken 5 mm nad kloubni $térbinou ukazuje odlome-
ni MP typ 2 B-R klasifikace, ¢ - transverzalni sken 5 mm pod
kloubni dtérbinou ukazuje roziifeni ,medial clear space”.
Fig.2: MFon CT

Widening of the tibiofibular mortise (red arrow) and external
rotation of the distal fibula indicate rupture of the anterior
tibiofibular and the interosseous tibiofibular ligaments; wide-
ning of the “medial clear space” (white arrow) is a sign of rup-
ture of the deep part of the deltoid ligament; fibulo-talar ar-
ticulation is intact. a - frontal scan, b - axial scan 5 mm above
the joint line shows avulsion of MP of type 2 of B-R classifica-
tion, ¢ — axial scan 5 mm below the joint line shows widening
of the "medial clear space”.

al.[3] ukazala, ze s postupnym rozsifenim tibiofibularni
stérbiny nartsta zevni rotace fibuly.

Poranéni fibularnich postrannich vazi: Morris, et
al. [22] nalezli na MR rupturu lig. fibulotalare anterius
u viech 5 vySetiovanych pacientl, rupturu lig. fibu-
localcaneare u 3 z 5 pacienti a rupturu lig. fibulotalare
posterius u 1 z 5 pfipadi. Charopoulos, et al. [34] po-
psali na zakladé MR parcidlni rupturu lig. fibulotalare
anterius u pacienta s MZ, kdy doslo i ke zZlomeniné MP,
ale medialni struktury zhstaly intaktni. Hinds, et al. [38]
zaznamenali obdobny pfipad, pouze ruptura lig. fibu-
lotalare anterius diagnostikovana MR byla kompletni.
My jsme v jednom pripadé zjistili poranéni tohoto vazu
peroperacné,

Fibulo-talarni vztah: Proximalni posun (zkraceni)
fibuly a poruseni tzv. Weberova kruhu (Obr. 3) je po-
vaZzovano za jeden z priznak( zlomenin typu Weber C
vcetné MZ [67]. Tento fakt je vsak diskutabilni. Vzajem-
ny vztah kloubni plochy fibularniho malleolu a lateralni
kloubni plochy kladky talu (tzv. lateral gutter) je zabez-
pecen systémem tfi fibularnich vazd. Az na vyse uvede-
né vyjimky jsou tyto vazy u MZ intaktni a udrzuji nor-
malni vztah mezi distalni fibulou a zevni plochou klad-
ky talu. Talus a distalni fragment fibuly tak tvofi jeden
celek, kdy je zachovana kongruence obou kloubnich
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Obr. 3: Fibulo-talarni vztah (lateral gutter)

(a — tradi¢ni Weberovo schéma demonstrujici proximalni posun fibuly (Sipka), b - nestabilni pronacné-everzni MZ
s lateralnim posunem talu, rupturou lig. deltoideum a roziifenim tibio-fibularni vidlice, ¢ - stabilni supinaéné-ever-
zni MZ se zlomeninou colliculus anterior, hluboka porce lig. deltoideum je ziejmé intaktni, talus zlstava v anatomic-
ke pozici vzhledem k distalni tibii. U obou zlomenin je zachovan normalni fibulo-talarni vztah.)

Fig. 3:Fibulo-talar relationship (lateral gutter)

(a - traditional Weber scheme demonstrating the proximal shift of the fibula (arrow), b - an unstable pronation-
-eversion Maisonneuve fracture with lateral shift of the talus, rupture or the deltoid ligament and widening of the
tibiofibular mortise, ¢ - a stable supination-eversion MF with a fracture of the anterior colliculus; the deep portion
of the deltoid ligament is obviously intact, the talus remains in the anatomical position in relation to the distal tibia.
Both fractures show a preserved normal fibula-talar relationship.)

ploch, a to i v pfipadé Bosworthovy zlomeniny nebo
tibiofibularni diastazy. Pokud horni plocha kladky talu
artikuluje s kloubni plochou distalni tibie v anatomic-
kém postaveni, nemuzZe dojit k proximalnimu posunu
fibuly. To je mozné pouze tehdy, dojde-li k laterdlnimu
posunu a valgoznimu sklonu kladky talu. Tato disloka-
ce vznika predeviim v pripadé kompletni ruptury LD.
Bikolikularni zlomeniny MM kladky talu jsou u MZ vét-
sinou dislokované minimalné [2].

Dalsi pridruzena p oranéni: Osteochondralni fraktura
kladky talu byla popsana nékolika autory [3,4,29,32,42].
V 6 pfipadech byla |éze lokalizovana medialné, v 1 pfipa-
dé lateralné [3,4,29,32]. Tyto léze byly diagnostikovany
pomoci CT [4], MR nebo artroskopicky [29,32]. Rofrano,
et al. [42] nalezi osteochondralni poranéni u 11 ze 13
pripad( MF, v 9 pripadech pouze na talu, ve 2 pripadech
soucasné na talu i na tibii. Smith, et al. [28] popsali in-
terpozici osteochondralniho fragmentu v tibiofibularni
vidlici, zfejmé z lateralni ¢asti pilonu. Kompresi lateralni
casti kloubni plochy tibie v oblasti incisura fibularis tibiae
popsali Bartonicek, et al. [2].

Mechanismus poranéni
Jako prvni se timto problémem zabyval Pankovich
[13] a popsal celkemn pét fazi vaniku MZ:
1) Ruptura LTFA nebo avulzni zlomenina jeho dponu
s poranénim LTFI.
2) Zlomenina zadni hrany tibie nebo ruptura LTFP.
3) Ruptura anteromedialni ¢asti kloubniho pouzdra
nebo avulzni zlomenina jeho Uponu.
4) Zlomenina proximalni tretiny fibuly,
5) Ruptura deltového vazu nebo zlomenina vnitini-
ho malleolu.

Vyznam anteromedialni casti kloubniho pouzdra
pro stabilitu zGstava nejasny. Autor ho mohl zaménit
s predni, tibionavikularni ¢asti LD.

Recentni studie uznavaji na zakladé Lauge-Hanseno-
vy klasifikace [68] dva mechanismy vzniku MZ. Kazdy
z nich ma celkem ctyfi stadia [69].

Pronacné-everzni (zevné rotacni) mechanismus:

I. stadium - poranéni MS (MM, LD),

Il.stadium - ruptura LTFA, LTFI a distalni ¢ast MI,

lll. stadium - spiralni zlomenina proximalni fibuly,

IV. stadium - ruptura LTFP nebo zlomenina MP.

Supinacné-everzni (zevné rotacni) mechanismus:

I stadium — ruptura LTFA, LTFl a distalni ¢ast M,

Il. stadium - spirdIni zlomenina proximalni fibuly,

lll. stadium - ruptura LTFP nebo zlomenina MP,

IV, stadium - poranéni MS (medialni malleolus,

deltovy vaz).

Vétsina autord se domniva, ze MZ vznika pronacné-
-everznim (P-E) mechanismem. Ten viak neni schopen
objasnit pripady, kdy medialni struktury zistaly intakt-
ni. To Ize vysvétlit pouze plGsobenim supinacné-everz-
niho (5-E) mechanismu.

KMZ dochazijiz ve ll. stadiu S-E mechanismu nebo ve
lll. stadiu P-E mechanismu. Oba tyto mechanismy dob-
re koresponduiji s vyse uvedenym popisem pathoana-
tomickych zmén vcetné osteochondralnich zlomenin
kladky talu a komprese lateralni ¢asti pilonu tibie.
Ruptura Ml az do vy3e zlomeniny na fibule neni nutna.
Merrill [19] to vysvétlil nasledovné: ... the IOM is a fas-
dial structure connecting tibia and fibula in one plane...
also, because of its liner insertion IOM affords little rota-
tional control to the fibula, and can remain intact while
fibula rotates." Sekvence stadii S-E mechanismu vysvét-
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luje, proc v nékterych piipadech MZ zlstavaji medialni
struktury intaktni,

Problém predstavuje poranéni fibularnich vazi po-
psané predevsim Morrisem, et al. [22] a nékterymi dal-
simi autory [34,38]. Tyto léze by Slo vysvétlit dvajitym
mechanismem, kdy supinaci a addukci dochazi nejdri-
ve k poranéni fibularnich vazii a nasledné pfechazi ad-
dukcni nasilina zevné rotacni s typickou sekvenci pora-
néni. V kazdém pripadé vyzaduje poranéni fibularnich
vazil u MZ dalsi studium. Obtizné je vysvétlit i mecha-
nismus dvojité MZ. Svoji roli v drazovém mechanismu
muze hrat i kvalita (elasticita) kosti. Poranéni hlezna
bez zlomeniny fibuly jsou totiz typicka predeviim pro
mladsi pacienty, vétéinou do 30 let [70].

Principy lécby

Vétdina autor( povazuje MZ za nestabilni poranéni,
které je nutné operovat [1]. Pouze Bonin [11], Merrill
[19] a Dietrich, et al. [41] doporudili konzervativni léc-
bu. Merrill [19] osetioval 9 pacient(, z toho u 8 apliko-
val kratky (6 pacientd) nebo dlouhy (2 pacienti) sadrovy
obvaz po dobu 4 az 6 tydnti. Pouze 1 pacient byl ope-
rovan. Kontrola v priiméru 2 roky po Grazu prokazala
vyborny vysledek u 6 pacient(, dobry u 2 a uspokojivy
u 1 pacienta. V soucasné dobé je konzervativni lécba
u MZ indikovana pouze u nedislokovanych stabilnich
zlomenin vzniklych S-E mechanismem, kdy medialni
struktury zistaly intaktni [1,3,4]. Dietrich, et al. [41] lé-
Cili uspésné takovéto 2 pacienty, pfestoze u nich doslo
k odlomeni MP.

V pripadé operacni [écby byl kladen hlavni diraz na
perkutanni stabilizaci tibiofibularni vidlice jednim (i
dvéma syndesmalnimi Srouby bez revize predni casti
tibiofibularni syndesmozy [12,63,64,71]. V soucasné
dobé je nejdileZitéjsi otazka pfesné repozice distal-
ni fibuly do tibidlni incisury, nejlépe za kontroly zraku
[24,72,73]. Komplexni nahled na osetieni viech lézi, ze-
jména rekonstrukci incisury, pokud byla vyraznéji po-
skozena odlomenim vétsiho fragmentu MP, viak chybi
[1]. MZ zahrnuje fadu poranéni, ktera je nutno identi-
fikovat (nejlépe pomoci CT) a nasledné zvazit zplsob
jejich osetfeni:

- Zlomenina fibuly a jeji malpozice v incisura fibularis,

- zlomenina MM,

= ruptura LD,

—zlomenina MP,

- poranéni LTFA,

— poranéni LTFP.

U jednotlivych zlomenin je treba zhodnotit stuperi
dislokace a velikost fragmentu, resp. kloubni plochy,
kterou nese.

Zlomenina fibuly a jeji malpozice v incisura fibu-
laris: Typickou dislokaci zlomeniny proximalni fibuly
u MZ je zevni rotace, coz je dano mechanismem pora-
néni. Tolik diskutované zkraceni fibuly dosahuje maxi-
malné 1 az 2 mm a je zplsobeno laterdInim posunem
a valgoznim sklonem kladky talu. Zlomenina fibuly
u MZ neni indikovana k osteosyntéze z rady dlvod.
Jako hlavni je udavano riziko poranéni n. peroneus
communis. Klicovym krokem v lé¢bé je anatomicka re-
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pozice fibuly do incisury. Tato repozice viak byva obtiz-
na, zvlasté je-li odlomen MP nesouci vétsi cast incisu-
ry. Tibiofibularni itérbina v oblasti incisury je u MZ na
CT transverzalnich rezech rozsitena, zejména v predni
casti, co? je dano zevni rotaci distalni fibuly. Proto musi
byt soucasti repozice distalni fibuly jeji derotace do ne-
utralniho postaveni.

Zlomenina MM: Dislokované zlomeniny je nutno
reponovat a fixovat. Tyto zlomeniny se viak lisi velikos-
ti fragmentu. V pfipadé bikolikularni zlomeniny nese
odlomeny fragment kompletni tibialni Gdpon LD, tedy
véetné jeho tibiotalarni (hluboké) porce, ktera spojuje
MM s kladkou talu. Ta je na zevni strané spojena fibular-
nimi vazy s distalni fibulou. To znamena, Ze pfi repozici
afixaci bikolikularniho fragmentu MM dochazii k repo-
zici kladky talu vzhledem ke kloubni plose distalni tibie.
Prostfednictvim kladky talu je ovlivnéno i postaveni
distalni fibuly, ktera je ke kladce fixovana fibularnimi
vazy (Qbr. 4).

Zcela jina je situace u zlomeniny predniho kolikulu,
Odlomeny fragment nese pouze Upon piedni (sub-
talarni) ¢asti LD. Tato Cast vazu, nékdy povazovana za
anteromedialni ¢ast pouzdra [13], viak nema zadné
spojeni s talem. Proto repozice a fixace CA postaveni
talu neovlivni. Zlomenina CA mze byt izolovana nebo
spojena s rupturou zadni, tibiotalarni (hluboké) casti
LD. V tomto pripadé vznika kombinované osteoliga-
mentozni poranéni MS.

Ruptura LD: Kompletni ruptura LD se obvykle pro-
jevi rozsirenim ,medial clear space” (tzv. medial gutter)
na vice nez 4 mm (viz Obr. 2). Nazory na osetfeni kom-
pletni ruptury LD se riizni [74]. Vétéinou prevlada nazor,
Ze otevfena revize a sutura vazu neni nutna, pokud je
po osetieni fibuly ,medial clear space” normalni. Pokud
interpozice vazu piedstavuje repozi¢ni pfekazku, je in-
dikovana jeho oteviena revize.

V nékterych pfipadech MZ mohou vznikat i parcial-
ni léze LD, kdy je pfitomna ruptura pouze jeho pfedni
subtalarni casti (anteromedial capsule), zadni tibiota-
larni porce viak zlstane intaktni a stabilizuje talus vici
MM. Naopak pfi zlomeniné CA je predni ¢ast LD intakt-
ni, ale m{ze byt poranéna jeho zadni, tibotalarni cast.

Zlomenina MP: Toto poranéni se vyskytuje pribliz-
né v 80 % pfipadd a ma vyznamny vliv na stabilitu MZ
i jeji odetfeni. Fragment MP nese az na nékteré vyjimky
(typ | B-R klasifikace) cely nebo téméf cely tibialni Gipon
LTFP. Velikost fragmentu MP je variabilni a zavisi na ni
velikost odlomené kloubni plachy distalni tibie (pilo-
nu) a soucasné, coz je velmi dilezité, i incisura fibularis.
Repozici a fixaci MP Ize obnovit nejen tibiotalarni kon-
gruenci a stabilitu, ale castecné stabilitu tibiofibularni
vidlice a integritu incisury (Obr. 5), [75,76]. Proto ma
zasadni vyznam piedoperacni CT k posouzeni velikosti
adislokace fragmentu MP.

Ruptura LTFP: Toto poranéni destabilizujici tibiofi-
bularni vidlici se viak nevyskytuje pfilis casto, nebot
v 80 % MZ dochazi misto néj k odlomeni MP. Ve zbyva-
jicich 20 % nemusi k poranéni LTFP vzdy dojit. Intakt-
ni vaz plsobi pfi zevné rotacni dislokaci distalni fibuly
vincisure jako pant (hinge). Kombinace Zlomeniny MP
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a LTFP nebyla dosud zaznamenana [77]. Pokud k rup-
tufe vazu dojde, neni to indikace k jeho revizi a suture,

Ruptura LTFA: Toto poranéni je standardni soucas-
ti MZ a umoznuje zevni rotaci fibuly a rozsireni predni
casti tibiofibularni vidlice. Na jeho osetieni jsou riizné
nazory. Pokud je provadéna zaviena repozice distalni
fibuly do incisury a perkutanni stabilizace syndesmal-

nim sroubem, nelze vaz revidovat a osetiit. U oteviené

repozice je doporucovana sutura vazu. Ta je viak pouze
adaptacni a takto odetfeny vaz nemiize tahnout zevné
rotovanou distalni fibulu do anatomického postaveni
nebo toto postaveni udrzet. To je mozné pouze v pii-
padé odlomeni Tillaux-Chaputova hrbolu (typ 2 a 3
Rammeltovy klasifikace [59]), kdy intaktni LTFA je vytr-
Zeno z tibie s dostatecné velkym kostnim fragmentem
umomujicim jeho fixaci Sroubem.

Obr. 4: Vyznam repozice a fixace bikolikularni zlomeniny vnitiniho kotniku pro repozici talu ,pod” distalni
tibii

(a - MZ s lateralni subluxaci talu, fragment vnitiniho kotniku z(stava ve spojeni s kladkou talu diky intaktni hluboké
porci lig. deltoideum, b - po repozici a fixaci vnitiniho kotniku je obnoven normalni tibiotalarni vztah, c - po repo-
zici distalni fibuly je obnovena kongruence ve viech ¢astech kloubni stérbiny.)

Fig. 4: Importance of reduction and fixation of a bicollicular fracture of the medial malleolus for reduction
of the talus "below"” the distal tibia

(a - Maisonneuve fracture with lateral subluxation of the talus, fragment of the medial malleclus preserves its co-
nnection with the talar dome thanks to the intact deep part of the deltoid ligament, b - reduction and fixation of
the medial malleolus restore a normal tibiotalar relationship, c - reduction of the distal fibula restores congruence
in all parts of the joint line.)

Obr. 5:Vyznam rekonstrukce incisura fibularis tibiae pro tispésnou repozici distalni fibuly

(a - CT transverzalni frez ukazuje odlomeni malleolus posterior nesouciho zadni tretinu incisury, b - repozici fibuly
predchazela repozice a fixace malleolus posterior z posterolateralniho pfistupu, nasledné provedena anatomicka
repozice distalni fibuly.)

Fig. 5:Importance of reconstruction of the fibular notch for a successful reduction of the distal fibula

(a - CT axial scan shows avulsion of the posterior malleolus carrying the posterior third of the notch, b - reduction
of the fibula was preceded by reduction and fixation of the posterior malleolus from the posterolateral approach,
and followed by anatomical reduction of the distal fibula.)
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Operacnitechnika

Zakladni principy operacni techniky u MZ jsou stej-
né jako u viech luxacnich zlomenin hlezna. Nejdfive je
tieba identifikovat vsechna potencidlni poranéni, urcit
poranéni indikovana k operalnimu osetfeni, stanovit
sekvence jednotlivych fazi oSetreni a zvolit vhodny
operacni pfistup(y), coz ovliviiuje polohu pacienta.

Identifikace lézi: Kostni |éze jsou patrné jiz na rig
snimcich, jejich presnou anatomii ukaze CT. Vazivové
léze jsou diagnostikovany nepfimo podle vzajemného
vztahu jednatlivych kosti na rtg snimcich ¢i na CT (me-
dial clear space, tibio-fibular clear space), popfipadé je
zjistime peroperacné (zevné-rotacni test na LD a hako-
vy test stability tibiofibularni vidlice).

Nutnost operacniho osetieni jednotlivych lézi:
Repozici a stabilizaci fibuly provadime vzdy, totéz pla-
ti pro dislokované zlomeniny medialniho malleolu.
U zlomenin MP zalezi na typu a jeho dislokaci. Typ 1
B-R klasifikace nerevidujeme. U typu B-R 2 predstavuje
hlavni profit ¢astecné obnoveni stability tibiofibularni
vidlice a u vétdich fragment(l i obnoveni integrity inci-
sury. U vetsiny zlomenin typu B-R 3 a viech zlomenin
typu B-R 4 to je rekonstrukce incisury, kloubni plochy
distalni tibie a tibiotalami kongruence a stability. Revize
asutura LD je numa jen v pfipadé, ze vaz tvoii repozicni
prekazku. Revize a sutura LTFP neni nutna. LFTA a LTFI
bychom méli revidovat vzdy, kdyz provadime otevre-
nou repozici distalni fibuly do fibularni incisury. Nékdy
Ize nalézt v prostoru incisury drobny osteochondralni
fragment, vétdinou vylomeny z MP. Ten je tieba odstra-
nit. U poranéni LTFA mizeme provést adaptacni suturu,
pokud je mozna. Repozice a fixace Chaputova hrbolu je
indikovana vzdy, kdyz to dovoli velikost fragmentu [78].

Sekvence jednotlivych fazi: Témér vsichni autofi
zacinaji repozici a fixaci fibuly [24,73]. To nema logické
divody. Fibulu je nutno reponovat do ,intaktni” incisu-
ry. Zvlasté u dislokovanych zlomenin MP typu 3 a 4 B-R
klasifikace byva odlomena az dorzalni polovina incisu-
ry. Prato je nutné obnovit nejdrive jeji integritu. Repo-
zici distalni fibuly by méla rovnéz predchazet repozice
a fixace bikolikularnich zlomenin MM. Reponovany MM
tahne prostiednictvim LD kladku talu do anatomické-
ho postaveni vzhledem k distalni tibii. Distalni fibula
diky integrité fibularnich vaz{ nasleduje talus smérem
medialnim a dochézi tak k jeji ¢astecné repozici do in-
cisury. V pfipadé zlomeniny pouze CA tato vyhoda od-
pada a poranéni je lépe osetiit aZ po repozdi a fixaci
fibuly.

V piipadé soucasné zlomeniny MP a bikolikularni
zlomeniny MM vznika otazka, co osetiit drive. To zalezi
na pathoanatomii obou poranéni a volbé operacnich
pristupl. Zlomeniny MP typu 2 je nutné oSetiit z pos-
terolateralniho pristupu, rovnéz typ 4 se lépe osetiuje
z posterolateralniho pfistupu. Zlomeniny typu B-R 3
zasahujici do colliculus posterior MM je nékdy nutné
revidovat z obou pristupt. Zde jsou vyhodné 3D CT re-
konstrukce davajici jasnou predstavu o anatomii obou
zlomenin a jejich vzajemném vztahu. Z posteromedial-
niho piistupu lze fixovat nejen frakturu MM, ale i né-
které zlomeniny MP typu 3 a 4, i kdyz je to nékdy velmi
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Obr. 6: Vysledek zavrené repozice distalni fibuly do incisu-
ry s piilis vysoko zavedenymi syndesmalnimi srouby

(@a— urazovy rtg snimek, b- rtg po operaci, c- CT transverzal-
ni skeny ukazujici malpozici fibuly v incisure.)

Fig. 6: Result of closed reduction of the distal fibula into
the fibular notch with syndesmotic screws inserted too
high

{a — post-injury radiograph, b — postoperative radiograph,
c — CT axial scans showing malposition of the fibula in the
notch.)

obtizné. Na tyto situace neexistuje jednotny pfistup,
vzdy zdlezi na zkusenosti chirurga.

Pristupy a poloha pacienta: Revize predni casti sy-
ndesmozy a oteviend repozice vyzaduji anterolateralni
pristup (poloha na zadech), revize MP pifedevsim typu
2 a 4 B-R klasifikace posterolateralni pfistup v semi-pro-
nacni ¢i pronacni (poloha na bfise) pozici. Osetieni MM
nebo LD provadime z medialniho ¢i posteromedialniho
pristupu. Oba pfistupy jdou provést v poloze na zadech
¢i méné pohodiné poloze na bfise.

Jednotlivé techniky: Bez ohledu na poradi je treba,
aby osetfeni kazdého z poranéni bylo technicky sprav-
né provedeno. Zasady osteosyntézy zZlomenin MM jsou
vseobecné znamy [64,65]. Operacni lé¢ba zlomenin MP
byla velmi detailné diskutovana v recentni literature
[75,76,79]. Paradoxné nejvice mylnych predstav je spo-
jeno s repozici distalni fibuly do incisury a jeji stabili-
zaci.

Repozice distalni fibuly vyzaduje intaktni incisuru.
Proto je nutné provést repozici a osteosyntézu MP, po-
kud tento fragment nese vice nez jednu tfetinu incisu-
ry. Teprve pak je mozno pristoupit k repozici distalni
fibuly. Predstava, ze fibula byva vyrazné zkracena, je
mylna. Pokud eliminujeme lateralni posun a valgozni
sklon talu, je zkraceni minimalni, nebot fibulo-talarni
artikulace (lateral gutter) je diky intaktnim fibularnim
vaz(m kongruentni. Hlavni problém predstavuje rotac-
ni dislokace predni fibuly obvykle spojena s jeji zado-
predni translaci.

V minulosti byla standardnim postupem zavienarepo-
zice a perkutanni fixace distalni fibuly jednim & dvema
syndesmalnimi srouby. CT studie viak zjistily vysoké pro-
cento malpozice fibuly v incisufe, kdy na CT transverzal-
nich rezech vétsinou perzistovala subluxace a malrotace
fibuly (Obr. 6), [33,72]. Proto je dnes davana piednost
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Obr. 7: Oteviena repozice distalni fibuly do incisura fibularis tibiae
{a - anterolateralni pristup (Fi - projekce zevniho kotniku), b - anatomicky preparat, anterolateralni oblast pravého
hlezna, ¢ - oblast tii roh, tj. Tillaux-Chaputova hrbolku, Wagstaffova hrbolkua lateralni hrany kladky talu. Fi - fibula,

Ti - tibie, Ta - talus.)

Fig. 7: Open reduction of the distal fibula into the fibular notch
(a — anterolateral approach (Fi - lateral malleolus projection), b - anatomical specimen, anterolateral region of
the right ankle, c - "three corners” area, i.e., Tillaux-Chaput tubercle, Wagstaff tubercle and lateral crest of the talar

dome, Fi - fibula, Ti - tibia, Ta - talus.)

oteviené repozici z kratkého anterolateralniho fezu. Diky
roztrzenému LTFA mizeme kontrolovat oblast, tii roh’
tj. Tillaux-Chaputiiv hrbolek, Wagstaffiv hrbolek a late-
ralni hrana kladky talu (Obr. 7). Tyto tii kioubni plochy
museji byt kongruentni. Repozici lze provadét riznym
zplsobem, tj. pomodi klesti, kostniho haku, K-dratem
nebo kombinaci téchto nastrojh, vzdy viak za kontroly
rtg zesilovace. Komprese tibiofibularni vidlice kleStémi
sama o sobé neni schopna eliminovat zevni rotaci fibu-
ly. To je mozné provést pomoci K-dratu zavedeného do
fibuly jako joystick. Doporucuje se provést i vnitini ro-
taci nohy. Dilezité je i postaveni v hleznu. Pii dorziflexi
roztlacuje predni Siroka cast kladky talu tibiofibularni
vidlici a tla¢i distalni fibulu do zevni rotace. Naopak pfi
plantiflexi siroka predni ¢ast kladky talu vystupuje z vid-
lice, soucasné se napina lig. fibulotalare anterius a tahne
fibulu do vnitini rotace. Pokud se domnivame, ze jsme
dosahli anatomické repozice, fixujeme fibulu K-dratem
k tibii. Nasleduje kontrola symetrie kloubni stérbiny mezi
tibiofibulami vidlici a kladkou talu. Jakakoli asymetrie
svedci o nepresné repozici. Dllezité je pfitom provadét
kontrolu v presné projekci na vidlici. Piinosna je kontrola
zlomeniny proximalnifibuly v obou projekcich. Pokud je
pritomna vyraznéjsi dislokace, je to opét znamka malpo-
zice distalni fibuly v incisufe.V posledni dobé se zacalo
vyuZivat peroperacni CT. Pokud je vie v poradku, zave-
deme dva syndesmalni srouby a pak odstranime K-drat,
Velmi diskutovanym problémem je stabilizace fibu-
ly syndesmalnim Sroubemly), tj. jejich pocet, primér
Sroubu, tri- ¢i tetrakortikalni zavedeni a vyska zavede-
ni [80,81]. V soucasné dobé jsou doporucovany dva
3,5mm tetrakortikalné zavedené Srouby, tyto detaily
vsak nemaji zasadni vyznam. Mnohem dulezitajsi je
korektni technika jejich zavedeni, jak bylo jiz popsano
vyse. S tim souvisi i vyse a misto jejich zavedeni [1,64].
Srouby by mély prochézet stfedem fibuly a stfedem
konkavity distalni tibie, tedy stredem incisury (Obr. 8).

V pripadé vysokého zavedeni, tj. 4 cm a vice nad kloub-
ni Stérbinou, sméfuje vrtak proti konvexni hrané tibie
(margo interosseus) a jeho Spicka mize snadno sklouz-
nout anteriorné ¢i posteriorné, Nasledné zavedeny
sroub pak miize zplsobit malopozici distalni fibuly
v incisufe (Obr. 9), [64]. V pfipadé nizkého zavedeni,
tj. 1,5 cm a nize nad kloubni stérbinou, prochazi syn-
desmalni Sroub pres recessus superior kloubni dutiny
hlezna. Soucasné je treba si uvédomit, Ze ¢im je synde-
smalni sroub situovan nize, tim je stabilizace tibiofibu-
larni vidlice rigidnéjsi. Za optimalni povazujeme z ana-
tomickeho hlediska zavedeni obou Sroubd v intervalu
2 az 4 cm nad kloubni stérbinou hlezna (Obr. 10). Dis-
talni $roub by se mél vidy zavadét jako prvni. Srouby
by mély prochazet stredem fibuly, tj. distalni sroub pies
crista malleoli lateralis, proximalni srouby 2 mm dor-
zalné od ni [82]. Pokud je syndesmalni sroub zaveden
z anterolaterdlni ¢i posterolaterdlni plochy distalni fibu-
ly, tj. pied crista malleoli latearalis ¢i za ni, neprochazi
stredem fibuly a jeho trajektorie v tibii neni optimalni
(viz Qbr. 9).

Po operaci pfikladame podkolenni sadrovou fixaci
nebo pevnou ortézu na 6-8 tydn( s postupnou zatézi,
Velmi dlilezité je Casné pooperacni CT, které ukaze pres-
nost repozice nejen fibuly, ale i ostatnich zlomenin. V pii-
padé malpozice distalni fibuly v incisuie je tieba zvazit
reoperaci. Na odstranéni syndesmalnich Sroubl (S5)
neni jednotny nazor. Odstranovat by se mély nejdiive
za 8-10 tydn(, kdy je zhojena zlomenina fibuly a vazy
tibiofibulami vidlice. Néktefi autoii doporucuji odstranit
55 pouze v pfipadé potizi. Na strané druhé, pacienti se
zlomenymi Srouby ¢i osteolyzou kolem nich vykazovali
Klinicky lepsi vysledek [83]. Song, et al. [84] zjistili v pro-
spektivni studii, Ze u 8 z 9 pacient( s malpozici distalni fi-
buly zjisténé na pooperacnim CT doslo po odstranéni 55
a plné zatézi behem 1 mésice ke spontanni repozici. Zda
se tedy, ze je lepsi SS odstranit, nejlépe po 3 mésicich [1].
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Obr. 8: Spravné zavedeni syndesmalnich iroubtina CT skenech
(@ - proximalni $roub je zaveden 4 cm nad kloubni stérbinou, dis-
talni droub 2,5 cm, b - transverzalni sken v Grovni proximalniho
sroubu ukazuje jeho spravnou trajektorii stiedem fibuly i stfedem
incisury, ¢ — transverzalni sken v urovni distalniho sroubu demon-
struje totéz.)

Fig. 8: Correct insertion of syndesmotic screws on CT scans

(a — the proximal screw is inserted 4 cm and the distal screw 2.5 cm
above the joint line, b - axial scan on the level of the proximal screw
shows its correct trajectory through the center of the fibula as well
as the center of the fibular notch, ¢ - axial scan on the level of the
distal screw demonstrates the same.)

Obr. 10: Vyskazavedeni syndesmalnich sroubt

Obr. 9:Vysledek zaviené repozice a perkutanni sta-
bilizace distalni fibuly

(a — pooperacni rtg snimek ukazuje pfilis vysoko za-
vedené Srouby, b - na transverzalnich CT skenech je
patma vyrazna malpozice distélni ibuly a zavedeni dis-
talniho sroubu z posterolateralni plochy distalni fibuly,
¢ervena sipka - crista malleoli lateralis.)

Fig. 9: Result of closed reduction and percutaneous
stabilization of the distal fibula

(a — postoperative radiograph shows screws inserted
too high, b - axial CT scans document a marked malpo-
sition of the distal fibula and insertion of the distal
screw from the posterolateral surface of the distal fibu-
la, red arrow - lateral malleolar crest.)

(@ - proximalni sroub v idedlni pozici, distalni sroub v prijatelné poloze, i kdyz je prilis nizko a prochazi horni vychlipkou kloubni
dutiny hlezna, z hlediska tibiofibularni vidlice je tato fixace vice rigidni, b - idealni fixace tibiofibularni vidlice, c - oba Srouby jsou
piilis vysoko, repozice fibuly neni ziejmé zcela anatomicka, jak ukazuje kontura kloubni stérbiny.)

Fig. 10:The level of insertion of syndesmotic screws

(@ - the proximal screw is placed in an ideal position, the distal screw in an acceptable position, although it is too low an passes
through the superior recess of the ankle joint cavity, from the viewpoint of the tibiofibular mortise, this fixation is more rigid, b -
ideal fixation of the tibiofibular mortise, ¢ - both screws are too high, reduction of the fibula is obviously not quite anatomical as
shown by the contour of the joint line))

Vysledky operacnilécby
Studii zabyvajicich se operacni lé¢bou MZ s vétsim
poctem pacientll nez 10 neni piilis mnoho (Tab. 2),

rada pripad( byla publikovana jako kazuistiky. Navic
mnozi autofi nezmifuji dileZité udaje, jako je zplisob
repozice fibuly (zaviena/oteviena), zplisob osetreni
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Tab. 2: Vysledky operacnilécby
Tab. 2: Results of operative treatment

1981

rizikove faktory:
zkraceni fibuly, zlomeniny MP

Osetieni Sledovéni
m“n REPBECEﬁbUIY m

(81 13}

y 55 80 % velmi dobry nebo dobry
1999 20 oteviené NS (6-144) 20% neuspokofin
26 88 % vybomy/dobry
2000 26 otevieng 20/0 (24-144) 8 % uspokojivy
4 % Spatny
i 25 86 %
|k SRS ¥ e (12-72) 14% neuspokojivy

Vysvétlivky: N - podet operovanych pacientti, MP — osteosyntéza MR NS — nespecifikovdno.

Notes: N - number of operated patients, Osetfeni MFP - internal fixation of the posterior malleolus, N5 - not specified. Repozice fibuly -
reduction of distal fibula {oteviené — open, zaviené closed), Sledovdni - follow-up {month), Vysledek - result.

zlomeniny MP, zpisob hodnoceni vysledkd atd. V zad-
né z uvedenych studii [14,24,25,27] nebylo provedeno
predoperacni, natoz pooperacni CT. | kdyz uvadéné
vysledky jsou prezentovany jako vyborné ¢i dobré
v 80-88 %, je otazkou, zda tomu tak skutecné bylo, ne-
bot autofi nepouzili k hodnoceni standardni skérovaci
systémy.

ZAVER

Maisonneuveova zlomenina predstavuje stale ne-
dofesenou kapitolu zlomenin hlezna, o které panuje
fada nespravnych predstav. Pathoanatomicky se jedna
o variabilni poranéni, jehoz spektrum se pohybuje od
stabilnich az po vysoce nestabilni zlomeniny. Vzhle-

dem k vysokému vyskytu zlomenin MP a posouzeni

postaveni fibuly v incisura fibularis tibiae je nezbytné
predoperacni CT. U lécby a jejich vysledk( byl dosud
znacné podcenovan vyznam zlomeniny MP. V soucas-

né dobé je davana prednost oteviené repozici distalni
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Purpose The aim of this study was to describe the incidence and a complex
pathoanatomy of posterior malleolus fractures in a Maisonneuve fracture.

Methods The study included 100 prospectively collected patients with a complete
clinical and radiological documentation of an ankle fracture or fracture-dislocation
including a fracture of the proximal quarier of the fibula.

Results A posterior malleolus fracture was identified in 74 patients, and in 27% of
these cases it carried more than one quarter of the fibular notch. Displacement of the
posterior fragment by more than 2 mm was shown by scans in 72 % cases. Small
intercalary fragments were identified in 43 % cases. Fractures of the Tillaux-Chaput
tubercle were identified in 20 patients.

Conclusion Our study has proved a high rate of posterior malleolus fractures
associated with a Maisonneuve fracture, and documented their considerable variability
in terms of involvement of the fibular notch, tibictalar contact area, direction of
displacement and frequency of intercalary fragments. Of no less importance is a
combination of Tillaux-Chaput fractures with a Maisonneuve fracture.
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mean age of 47.8 years (range, 26-78) and 33 women with the mean age of 58.3 years
(range, 39-84). The right side was involved in 56 and the left side in 44 cases. Non-
operative treatment was employed in 186 patients, and 84 patients were treated
operatively, including 23 individuals treated with open reduction and direct internal
fixation of a displaced PM from a posterior approach (posterolateral approach in 17
and posteromedial approach in 6 patients)." ahould be in the Results section.

Answer: They are the basic characteristics of the study group, rather than results of the
study. That's why they are included in the Material and Method section.

Response: None — due to the fact that the previous 3 reviewers did not require the
transfer. In Material and Method section, i do not understand why patients with ankle
osteoarthitis or previous injuries are excludes. This is a potential bias of patient
selection. Answer: In our view, these are standard exclusion criteria, the aim of which
is to “clear” the cohort so that the overall results are not influenced by other variables.
Namely ostecarthritic changes may modify the results of measuring.

Response: None — due to the fact that the previous 3 reviewers had no objections
related to the criteria.

In Results section there is a pure description of the findings. No statistics has been
used. Answer: We agree but itis a descriptive study which should demonstrate
variability of Maisonneuve fracture (MF) with a focus on fractures of the posterior
malleolus (PM). Statistical analysis would not, in our view, produce any substantial
data and would limit the space for a detailed description of individual lesions.
Response: None — also in view of absence of this comment in the previous 3
reviewers. Did the fracture morphology had any influence on the (surgical)
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Answer: The primary goal of the study is description of MF pathoanatomy, with a focus
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review, a paragraph about the basic clinical impact. A detailed presentation of
treatment of individual MF subtypes and its results will be the subject of separate
studies that will discuss also the importance of MF pathoanatomy for the practical
treatment.
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Personally, | do not agree with a CT examination in all patients with a Maisonneuve
injury. If the posterior malleolar fracture cannot be seen on X-rays then a CT will not
change the treatment plan.

Answer: Here, we beg to differ for several reasons:

1) We perform CT examination in MF not only because of fractures of the posterior
malleolus (PM), but also because of the position of the distal fibula in the fibular notch
{nonoperative versus operative treatment). In addition, CT reveals a number of lesions
that cannot be seen on radiographs, e.g., avulsion of the Tillaux-Chaput fragment, or
small intraarticular fragment. This has been demonstrated by multiple recent studies.
2) These studies have also shown that CT has quite often significantly influenced the
operative treatment plan both in MF and PM fractures.

3) Literature has proved on a long-term basis, that postoperative CT scans have
shown a number of malpositions that were not revealed by radiographs.

4) Qur analysis of the MF series has so far demonstrated that pre- and postoperative
CT examinations have fundamentally changed our procedures and improved the
results of MF treatment.

5) Last but not least, we cannot imagine that an IF journal would accept for publication
a PM or MF study which would notinclude CT examination.
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Abstract

Purpose The aim of this study was to describe the incidence and a complex pathoanatomy of posterior malleolus
Fractures in a Maisonneuve [racture.

Methods The study included 100 prospectively collected patients with a complete clinical and radiological
documentation of an ankle fracture or fracture-dislocation including a fracture of the proximal quarter ofthe fibula.
Resalts A posterior malleolus fracture was identified in 74 patients. and in 27% of these cases it carried more than
one quarter of the fibular notch. Displacement of the posterior fragment by more than 2 mm was shown by scans
in 72% of cases. Small intercalary fragments were identified in 43 % of cases. Fractures of the Tillaux-Chaput
tubercle were identified in 20 patients.

Conclusion Our study has proved a high rate of posterior malleolus fractures associated with a Maisonneuve
fracture, and documented their considerable variability in terms of involvement of the fibular notch, tibiotalar
contact area, direction of displacement and frequency of intercalary fragments. Of no less importance is a

combination of Tillaux-Chaput fractures with a Maisonneuve fracture.

Key words

Maisonneuve fracture. Posterior malleolus, Fibular notch. Tillaux-Chaput tubercle
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Introduction
Maisonneuve fracture (MF) is a generally known, although not very frequent type of ankle fracture-dislocation [1-
4]. Recent studies have shown that it is an injury with a highly variable pathoanatomy, associated in about 80% of
cases with a fracture of the posterior malleolus (PM) [2,3.5.6]. This fact is very important as reduction and fixation
of a displaced PM may considerably facilitate anatomical reduction of the distal fibula into the fibular notch (FN).
The few existing studies on that topic [2.5] have mentioned PM injury in MF only briefly. therefore we have

decided to focus on this issue on a large patient cohort and in greater detail.

Material and methods
Between January 2012 and April 2022 we collected prospectively and evaluated 117 patients with MF treated at
our institution. MF was delined as an ankle fracture or fracture-dislocation, including a fracture of the proximal
quarter of the fibula. Full radiological documentation, i.e., radiographs and computed tomography (CT) scans, was
available for all patients. Excluded from the study group were 17 patients with MF, due to skeletal immaturity.
with previous injuries or interventions at the ankle, ankle osteoarthritis or a two-level fibular fracture (“double
Maisonneuve fracture”™) |7].

The final study group thus comprised 100 patients with the mean age of 51.2 years (range. 26-84). Among these
were 67 men with the mean age of 47,8 years (range, 26-78) and 33 women with the mean age of 58.3 years (range.
39-84). The right side was involved in 56 and the left side in 44 cases. Non-operative treatment was employed in
16 patients, and 84 patients were treated operatively, including 23 individuals treated with open reduction and
direct internal fixation of a displaced PM from a posterior approach (posterolateral approach in 17 and
posteromedial approach in 6 patients).

Methods: All the patients underwent complete radiological examination, i.e., anteroposterior (ap ), mortise and
lateral views of the ankle, ap and lateral views of the lower leg and CT scanning, including axial, coronal, sagittal
scans and 3D CT reconstructions, Radiological evaluation was performed alwayvs by the first two authors, in case
of different opinions. the respective case was discussed by all authors in order to reach agreement.

Assessment: The following parameters were assessed on the basis of radiological documentation:

- PM fracture incidence and type according to the Bartoni¢ek-Rammelt (B-R) classification | 8],

- cross-sectional area of the PM fragment:

- involvement of the fibular notch (FN) on CT scans [2.3.9]:
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- PM fragment displacement on axial and sagittal scans, and 3D CT reconstructions (fractures with a
displacement of'less than 2 mm in all parts of the fragment were classified as nondisplaced);

- incidence, location and displacement of intercalary fragiments in individual types of PM fractures [10]:

- injuries to the medial structures (MS). i.e. rupture of the deltoid ligament, fracture of the medial malleolus or a
combined (osteoligamentous) lesion:

- fracture of the Tillaux-Chaput tubercle (TCT) classified after Rammelt et al. [11].

Resulis
Incidence and type of PM fractures: A PM fracture was identified in 74 patients (74%) with a MF. In 70 cases,
it was detected on plain radiographs. In 4 cases it could be seen only on CT scans, all of those were non-displaced
fractures of type 1 (1 case) and type 2 (3 cases) of the B-R classification.

Individual types of the B-R classification [®] were represented in 74 patients as follows: type 1 oceurred in 12
cases (16%), type 2 in 44 cases (60%), type 3 in 15 patients (20%) and type 4 in 3 cases (4%).

The exact size of the PM fragment could be assessed on CT scans in 73 of 74 patients, only in 1 case of type 1
the bone was completely crushed. The size of the cross-sectional area of the PM fragment and involvement of the
fibular notch by individual types are shown in Table 1.

Displacement of the fractured PM: Displacement of the PM fragment by more than 2 mm was recorded on
CT scans in 53 cases (72%). We identified three basic directions of displacement: lateral (Fig. 1). proximal and
fracture line opening laterally, with a medial hinge (Fig. 2).

In 22 patients, displacement by more than 2 mm was measurable in one of the basic directions only. In 31 cases,
the fragment was displaced in 2 to 3 basic directions. In these cases, the resulting displacement of the PM fragment
was always a combination of a shifi or rotation in several directions: lateral displacement. proximal displacement,
posterior displacement, rotation in the axial plane around a medial hinge.

Overall. proximal displacement was detected in 25 cases, lateral displacement in 13 cases. posterior displacement
in 27 cases and fracture line opening laterally with a medial hinge in 20 patients. In one patient with a B-R type 3
fracture, the PM fragment was displaced proximally, posteriorly and medially (Fig. 3).

Involvement of FN: The posterior malleolar fragment carried more than one quarter of FN in 20 patients (27%
of all PM fractures) (Fig. 4) and more than one third of FN in 10 patients (14% of all PM fractures) (Table 1).
Reduction and fixation of' a displaced PM via a posterior approach was performed in 23 patients. Of these, a total

of 15 patients showed involvement of FN = 25% and 8 patients = 25%.
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Incidence of intercalary fragments: Small intercalary fragments (ICF) were identified on CT scans in 32 of 74
cases (43%) of PM fractures. Of these, 24 (75%) were displaced (Fig. 5). Intercalary fragments were most often
found in B-R type 2 fractures: 24 of 44 cases (55%). followed by type 3 in 7 of 15 cases (47%) and type 4 in 1 of
3 cases (33%). In 27 of 32 cases (84%), the fragments were located in zone 7 or 8 [10]. In another ¥ cases small
bone fragments were displaced into the fibular notch or tibio-talar articulation (Fig. 5).

Injuries to medial structures: Injury to the deltoid ligament (DL) or fracture of the medial malleolus (MM)
were diagnosed in 82 cases (82%). A DL rupture, defined as a medial clear space of more than 4 mm on ap
radiograph or CT coronal scan. or a positive external rotation test at the beginning of operation, was found in 39
patients (39%). A bicollicular MM fracture was recorded in 24 cases (24%). An osteoligamentous lesion of the
MS, i.e.. fracture of the anterior colliculus and rupture of the tibiotalar part of the DL (as evidenced by medial
clear space between the intact posterior colliculus of the MM and talar dome of more than 4 mm) was observed in
19 cases (19%). The types of injuries to MS in individual PM fracture patterns are shown in Table 2.

Fracture of the Tillaux-Chaput tubercle (anterior malleolus, AM): This injury was identified in 20 patients
(20%). The AM fractures were detected on plain radiographs in 3 cases (one case of type | and two cases of type
2 of the Rammelt classification [11]); 17 cases were revealed only by CT. Overall, 15 cases were classified as
Rammelt type 1 and 5 cases as type 2. No Rammelt type 3 fracture (impaction of the lateral plafond) was seen, In
17 cases this injury was associated with a PM fracture, including 13 cases of type 2, 3 cases of type 1 and 1 case

of type 4 according to the B-R classification

Discussion
In a CT-based analysis of 100 patients with Maisonneuve fractures (MF) we found associated posterior malleolus
(PM) fractures in almost three quarters of cases (74%). The incidence of PM fractures in MF has been mentioned
in several previous studies with considerable variations. Some of them presented low incidence rates in a range of
35-37% [12-14], while others published substantially higher incidences in the range of 77-83% [2.5.15-17]. Only
4 fractures (5%) in our study group were not detected on plain radiographs, all of them being small fragments of
type 1 or 2 of the B-R classification. In contrast. He et al. [5] presented 17% of PM fractures seen only on CT
scans. Good quality radiographs with exact projections are a prerequisite for detecting PM fractures. These may
be difficult to obtain in the setting of an acute fracture with a painful ankle that is immobilized in a splint or cast.

The indication to CT scanning should therefore be made generously if a PM fracture is suspected [3].
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The share of PM fractures in individual patterns of ankle fracture-dislocations varies considerably. Jedli¢ka et
al. [1]. in a radiographic study of 232 patients with ankle fracture-dislocations, found a PM fracture in 4% of
Weber type A and in 46% of Weber type B and C fractures. Kostlivy et al. [18] identified a PM fracture in 70%
of 110 cases of Bosworth fracture-dislocation (BF). These findings point to a higher severity of MF and BF as
compared to other types of ankle fracture-dislocations.

Comparison of individual types of PM fractures with previous studies [2.5] showed certain differences. Bartonicek
et al. |6] when analyzing 141 consecutive cases of a PM fractures found a ratio of types 1 and 2 (milder types
resulting merely from rotation) to types 3 and 4 (more severe types with a compression component) of 1.6:1, while
in the present series of MF it was 3.2:1 (Table 3). Similar to our results, the most frequent PM fragment
morphology was type 2 of the B-R classification.

Besides the size of PM fragment. in terms of involvement of the articular surface, involvement of FN and the
presence and dislocation of ICFs as a criterion for operative treatment has been introduced only recently [3.10].

As the percentage of the articular surface carried by the PM fragment increases from medial to lateral on the
sagittal scans, measurements have to be standardized (Fig. 6). The same applies to assessment of FN involvement
which is based on axial scans, because the values increase from proximal to distal direction [6,9]. Based on the
anatomical study by Fojtik et al. [19]. we measured the values 5 mm proximal to the tibio-talar joint line. where
FN is the deepest. The best way to measure the size of PM fragment including involvement of FN are 3D CT
reconstruction views of FN with subtraction of the fibula (Fig. 4) and in mortise view with subtraction of the talus
(Fig. 1).

In our series, = 33% of FN was involved in 14% of all PM fractures and 25% to 33% of FN in 27% of all PM
fractures. Reduction and fixation of a displaced PM from the posterior approach were performed in 15 patients
with = 25% and in & patients with <25% of FN involvement.

Displacement of the PM fragment is an indication criterion for direct internal lixation from the posterior
approach [3.4.6,20-25]. However, the direction of displacement has not yet been described in the literature. In a
majority of cases (58%). fragments showed complex displacement in several directions.

The most important from the clinical viewpaoint is, in our view. proximal or lateral displacement. A proximally
displaced fragment as seen in 47% of cases in the present study reduces the size of the tibiotalar articular surface.
A laterally displaced fragment found in 25% of cases leads to additional malalignment in FN and, as a result,

prevents reduction of the distal fibula resulting in an incongruent ankle mortise.
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We recorded solid intraarticular ICF in 43% of cases, similarly as Mueller et al. [10] who found ICF in 41% of
PM fractures in tri- and quadrimalleolar fractures, most frequently in types 2 and 3 of the B-R classification. These
ragments were most often observed in the region ol the fracture line, in zones 7 and 8. In another 8 cases we found
minor bone chips extruded into FN or the tibio-talar joint space. where, similarly as ICF. they may act as a
mechanical obstacle.

The Tillaux-Chaput tubercle which carries the anterior syndesmosis shares many features with the posterior
malleolus and may be considered a 4" or anterior malleolus [11]. In the present study, 17 of 100 MF had a
concomitant anterior and posterior malleolar fracture which would be considered a quadrimalleolar fracture or
pronation external rotation stage 4 according to the Lauge-Hansen classification. Taken together with the more
severe types of PM fractures, this shows the relatively high energy producing a MF,

Our results point to a high variability of the shape, size and displacement of PM fragments associated with MF,
as well asto their clinical importance from the viewpoint of impairment of FN integrity. Restoration of FN integrity
is one of the basic prerequisites of anatomical reduction of the distal fibula into FN. Such reduction is also one of
the basic factors influencing clinical and radiological results of MF treatment,

For this reason, all MFs should be examined by CT which will show pathoanatomy of a PM fragment, that is
essential for the choice of treatment method, and may also reveal additional injuries not detected by radiographs
[3]. Further research evaluating individual MF subtypes is required to establish clear criteria for operative
treatment of individual lesions within MF.

One of the benefits of our study is the high number of prospectively included patients and their standardized CT
evaluation, while a relative disadvantage may be absence of MRI examination providing important details about

injuries to ligamentous structures.

Conclusion
Our study has proved a high rate of PM fractures (74%) associated with MF, and documented their considerable
variability in terms of involvement of FN, tibiotalar contact area and direction of displacement. Most of them were
of type 2 of the B-R classification. The rate of more severe PM fractures (types 3 and 4) was twice as high asin a
comparable study looking at all types of malleolar fractures. A high incidence and displacement of ICF and AM

fractures should be taken into account during preoperative planning.
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CT scans in axial, sagittal and coronal planes should be a standard part of radiological examination in MF as
they allow, among other things, also to determine the type. size and displacement of the PM fragment. i.e.. details

essential for planning of the operative treatment.
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Legend:

Fig. 1 Lateral displacement of PM fragment together with the distal fibula.

Fig. 2 Proximal and posterior displacement of PM (a, b) and lateral opening of fracture line with a medial hinge
(c).

Fig. 3 Medial shift of PM fragment.

Fig. 4 Increasing involvement of fibular notch by fracture of PM on 2D and 3D CT (lateral view with fibula
subtraction) reconstructions.

Fig, 5 Distributions of intercalary fragments. a, b — in fracture line of PM (yellow arrows), ¢ — in joint cavity (red
arrows).

Fig, 6 The size of PM fragment and its articular surface depending on location sagittal CT scans. a — 3D CT
posterior view: b —axial CT scans: ¢ — medial (blue line) sagittal CT scan; d — central (yellow line) sagittal scan;

e — lateral (red line) sagittal scan.
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Table

CSA FNI NFNI=25% | NFNI=33%
Typel | 11.2% (8-18 %) - : -

Type2 | 18.2% (13-30%) | 19.3 % (9-44 %)
Tvpe3 | 26.1 % (14-43 %) | 28.2 % (15-45 %) 10
Typed | 32.7 % (24-47 %) | 38.7 % (19-50 %)

Fd | |

Table 1 Fragment size in mdividual types of PM fractures according to B-R classification.

CS5.4 - Cross-sectional area. FNT - Fibular notch mvolvement, V - number of cases.

Table

PMO PM 1 PM 2 PM 3 PM 4 Cohort
Intact 12 1 3 1 1 18
DL 7 ] 18 4 2 39
BC 4 1 15 4 0 24
Osseo-Lig 3 2 B ] 0 19
Total 26 12 44 15 3 100

Table 2 Injuries to medial structures in individual tvpes of PM fractures according to the
B-R classification. DL - deltoid ligament. BC - bicollicular fracture of medial malleolus,
Osseo-Lig - Osseoligamentous lesion, 1.e.. fracture of antenior colliculus and rupture of

tibiotalar part of deltoid ligament.
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Table

B-K Bar 2015 Authors
Tvpe 141 trimall fxs (%) 100 AMF
Type 1 8 16
Type 2 52 60
Type 3 28 20
Tiype 4 9 4
Type 3 3 ]

Table 3 Comparison of shares of individual types of PM fractures between the series of 141

trimalleolar fractures [8] and the series of 100 Maisonneuve fractures.
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6. Souhrn vysledki

Podrobné vysledky véetné prehledovych tabulek jsou popsany v jednotlivych publikacich, zde

je uveden pouze jejich stru¢ny piehled.

6.1. Anatomicka studie incisura fibularis tibiae

Zjisténé vysledky tykajici se vSech sledovanych rozmért jsou uvedeny v piehledu v tabulce
v kapitole 5.1.

Primérnéa délka tibie: Byla v celém souboru 350,0 + 25 mm. Primérné délka tibie u muzi
byla 360 + 20 mm, u zen 324 + 16 mm.

Primérna vySka IFT: Byla v celém souboru 42,5 + 0,56 mm. VySka IFT u muzt byla 43 + 6
mm, u zen v pruméru 42 + 4 mm. Pouze u 4 jedinct (1,5 %) byla vyska IFT mensi nebo rovna
30 mm a rovnéz u 4 individui (1,5 %) byla vyska IFT vétsi ¢i rovna 55 mm.

Pomér délky tibie a vy§ky IFT: Byl v celém souboru 0,12 £+ 0,02, u muza 0,12 = 0,02 au
7zen 0,13 +0,01.

Siika IFT v irovni facies articularis inferior tibiae: Byla v celém souboru 23,6 + 2,6 mm,
umuzi 24,6 £ 2,2 mm, u Zzen 21 + 1,6 mm.

Siika IFT 3 mm nad facies articularis inferior tibiae: Byla v celém souboru 22 + 2,2 mm,
umuzi 22,7 £ 2 mm, u zen 20,2 £ 1,6 mm.

Hloubka IFT 3 mm nad facies articularis inferior tibiae: Cinila v celém souboru 3,8 £ 1,2
mm, u muza 3,9+ 1,3 mm, u zen 3,4 + 1,1 mm.

Siika IFT 10 mm nad facies articularis inferior tibiae: Byla v celém souboru 18,9 + 2.3
mm, u muzd 19,6 £ 2,1 mm, u zen 17,2 + 4,4 mm.

Hloubka IFT 10 mm nad facies articularis inferior tibiae: Byla v celém souboru 4,1 £ 1,2

mm, u muzd 4,3 + 1,2 mm, u zen 3,7 + 1,1 mm.
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Nejvétsi hloubka IFT a jeji uroven vzhledem Kk facies articularis inferior tibiae: Byla v
celém souboru 4,5 = 1,2 mm, u muzt 4,8 + 1,2 mm, u zen 4 = 1 mm. Pocet tibii s IFT hlubsi
nez 4 mm byl 145 (56 %). Vzdalenost nejhlubSiho mista IFT od nejvysSiho mista facies
articularis inferior tibiae Cinila v celém souboru 5,3 + 1 mm, u muza 5,7 £ I mm, u Zen 5,1 +

0,9 mm.

6.2. Crista malleoli lateralis a jeji klinicky vyznam

Zjisténé vysledky tykajici se vSech sledovanych rozmért jsou prehledné uvedeny v tabulce
v kapitole 5.2.

Anatomie: Studovand hrana byla pozorovana u vSech vzorkl jako konstantné se vyskytujici
struktura beze sklonu k variabilitim. Vznikla vzdy rozdélenim ptedni hrany fibuly (crista
anterior) na predni a zadni raménko. Mén¢ vyrazné predni raménko tvotilo distalni pokratovani
crista anterior. Zadni raménko, které formovalo CML, se ve své proximalni tfetin¢ stacelo
obloukovité dorzaln¢ a distalné az do stiedu zevni plochy zevniho kotniku a poté sestupovalo
v této linii dale aZ k nejdistalngj§imu mistu LM. Uroveii horniho okraje kloubni plochy LM
délila CML na dvé nestejné ¢asti. Proximalné byla CML vyraznéjsi nez distaln¢ pod trovni
horniho okraje artikulacni plochy distalni tibie. CML délila svym prabéhem zevni plochu
distalni fibuly na dvé¢ plosky - anterolaterdlni a posterolateralni, které nebyly ve stejné roving.
Distalni fibula tak nabyvala na praiezu sviij charakteristicky trianguldrni tvar. Anterolateralni
plocha méla triangularni tvar. Posterolateralni plocha se distalné¢ prohlubovala do sulcus
peronealis a CML tak tvoftila jeho ptfedni okraj.

Metrika: Délka fibuly: Byla v celém souboru 346,5 + 26 mm. Priimérna délka fibuly u muzi
byla 362,6 £ 21,4 mm u Zen byla 327,1 &+ 15,7 mm. T-test pro délku fibuly mezi muzi a Zenami

byl 0,00, pti porovnani pravé a levé strany u muzi 0,39, u Zen 0,89.
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Délka CML: Byla v celém souboru 85,4 = 11,6 mm, u muza 89,1 £ 10,6 mm a u Zen v
praméru 81,1 + 11,2 mm. T-test pro délku CML byl mezi muzi a Zenami 0,00, pfi porovnani
pravé a levé strany u muzii 0,24, u Zen 0,59.

Pomér délky CML a délky fibuly: Byl v celém souboru 25 % =+ 3 %, u muzi 25 % £ 3 %
auzen v 25% + 3 %. T-test pro pomér délky fibularni hrany k délce fibuly byl pfi porovnéni
muzi a zen 0,9, mezi muzi 0,2, mezi zenami pak 0,69.

Délka CML od crista anterior k hornimu okraji facies articularis malleoli lateralis: Byla
v celém souboru 62,3 £ 10,9 mm, u muzi 63,9 £ 10,5 mm a u Zen 60,4 = 11,1 mm. Hodnota
T-testu mezi muzi a zenami byla 0,00, pii porovnani pravé a levé strany u muzi 0,03, u Zen
0,88.

Délka CML od horniho okraje facies articularis malleoli lateralis k nejdistalnéjSimu
mistu LM: Byla v celém souboru 23,1 £ 4 mm, u muzt 25,2 + 3,5 mm au zen 20,6 + 2,9 mm.
Hodnota T-testu mezi muzi a zenami byla 0,00, pfi porovnani pravé a levé strany u muzt 0,12
u zen 0,14. Tato ¢ast hrany, tedy useku pod kloubni trovni hlezna, tvotila 27 % celkové délky

CML.

6.3. Maisonneuveova zlomenina hlezna

Vysledky piehledového clanku Maisonneuveova zlomenina hlezna byly pouzity v tvodu

disertacni prace a jsou obsahem publikace 5.3.

6.4. Poranéni malleolus posterior u Maisonneuveovy zlomeniny
Incidence a typ zlomenin MP: Zlomenina MP byla identifikovana u 74 pacientt (74 %) s MZ.
V 70 ptipadech byla detekovéna jiz na prostém rentgenovém snimku. Ve 4 ptipadech byla
viditelnd pouze na CT, zde se ve vSech ptipadech jednalo o nedislokované zlomeniny MP typu

1 (1 ptipad) a typu 2 (3 ptipady) dle klasifikace B-R.
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Klasifikace MP: Hodnoceno podle B-R klasifikace [10] a zastoupeni jednotlivych typii u 74
pacientll vypadalo nasledovné - /. fyp se vyskytl u 12 ptipadi (16 %), typ 2 ve 44 ptipadech
(60 %), typ 3 u 15 pacientl (20 %) a typ 4 ve 3 ptipadech (4 %).

Velikost fragmentu MP: Presnou velikost fragmentu MP bylo mozné posoudit na CT
snimcich u 73 ze 74 pacientt, pouze u 1 ptipadu /. typu zlomeniny MP, kde byla fraktura natolik
tfistiva, ze to nebylo mozné.

Dislokace zlomeniny MP: Dislokace fragmentu MP o vice nez 2 mm bylo zaznamenano dle
CT vySetieni v 53 ptipadech (72 %). Identifikovali jsme tfi zakladni sméry dislokace: laterdlni,
proximalni a s rozevienim linie lomu lateralné (osa rotace je medialn¢). U 22 pacientli byla
dislokace o vice nez 2 mm méfitelna pouze v jednom ze zékladnich smért. Ve 31 ptipadech
byl fragment posunut ve 2 az 3 zakladnich smérech. V téchto ptipadech byl vysledny posun
fragmentu MP vzdy kombinaci posunu nebo rotace v nékolika smérech: lateralni posun,
proximalni posun, dorzalni posun, rotace v axialni rovin¢ kolem medialni osy. Celkov¢ byla
proximalni dislokace detekovana ve 25 piipadech, lateralni ve 13 ptipadech, dorzalni dislokace
ve 27 ptipadech a rozevieni lomné linie lateralné¢ u 20 pacientd. U jednoho pacienta se
zlomeninou MP #pu 3 B-R klasifikace byl fragment MP posunut proximalné¢, posteriorné a
medialné.

Rozsah postiZzeni IFT: Zadni malleolarni fragment nesl vice nez jednu ¢tvrtinu IFT u 20
pacienti (27 % vSech zlomenin MP) a vice nez tfetinu IFT u 10 pacientl
(14 % vsech zlomenin MP). Repozice a fixace dislokovaného MP ze zadniho pfistupu byla
provedena u 23 pacientl. Z toho celkem 15 pacientii vykazovalo postizeni IFT > 25 % a 8
pacientll <25 %.

Vyskyt interkalarnich fragmentii: Malé interkalarni fragmenty (ICF) byly identifikovany
na CT skenech u 32 ze 74 ptipadi (43 %) zlomenin MP. Z nich bylo 24 (75 %) dislokovéano.

Interkalarni fragmenty se vyskytovaly nejcastéji u zlomenin #ypu 2 B-R: 24 ze 44 ptipadil
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(55 %), nasleduje typ 3 v 7 z 15 piipadt (47 %) a typ 4 v jednom ze tii piipadt (33 %). Ve 27
z 32 ptipadi (84 %) byly fragmenty lokalizovany v zon¢ 7 nebo 8 [90]. V dalSich 8 ptipadech
byly malé kostni fragmenty dislokovany do IFT nebo tibio-talarniho kloubu.

Poranéni medialnich struktur: Poranéni LD nebo zlomenina MM byly diagnostikovany v
82 pripadech (82 %). Ruptura LD, definovana jako rozsiteni ,, medial clear space “ na vice nez
4 mm v AP projekci na rentgenovém snimku, CT koronarnim fezu nebo pozitivni zevné rotacni
test na zacatku operace, byl nalezen u 39 pacientl (39 %). Bikolikularni zlomenina MM byla
zaznamenana ve 24 piipadech (24 9%). Osteoligamentozni 1éze medidlnich struktur, tj.
zlomenina colliculus anterior a ruptura tibiotalarni ¢asti LD (ukazujici se jako rozsiteni ,, medial
clear space* mezi intaktnim colliculus posterior MM a okrajem talu na vice nez 4 mm) v 19
ptipadech (19 %).

Zlomenina Tillaux-Chaputova hrbolu (AM): Toto poranéni jsme zaznamenali u 20
pacientit (20 %). Zlomeniny AM byly detekovany na prostém rentgenovém snimku ve 3
piipadech (jeden piipad typu I a 2 ptipady typu 2 Rammeltovy klasifikace [106] a 17 ptipada
odhalilo pouze CT. Celkem bylo klasifikovano 15 ptipadu jako #py Rammelt / a 5 piipadi
jako typ 2. Nebyla zjisténa zaddna zlomenina #ypu Rammelt 3 (impakce lateralni kloubni
plochy). V 17 ptipadech bylo toto poranéni spojeno se zlomeninou MP, z toho 13 piipadi 2.

typu, tii ptipady /. a jeden ptipad #ypu 4 podle klasifikace B-R.
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7. Diskuse

Podrobné¢ jsou diskuse uvedeny v jednotlivych publikacich, zde je uveden pouze jejich strucny

prehled.

7.1. Anatomicka studie incisura fibularis tibiae

Tvarem a hloubkou IFT se zabyvala cela fada studii, a to na kostnich preparatech [39,91,138],
plastinovanych preparatech [119], CT fezech [20,31,56,59,78,140] a MR ftezech [115,138].
Vysledky jednotlivych studii se az na vyjimky [39] li§i o 1 az 2 mm. Tyto odchylky mohou byt
zpisobeny etnickymi, resp. geografickymi vlivy [71,91,138], stafim kostnich sbirek (nas
soubor) ¢i metodou méfeni. Vyznamnd je uroven meéfeni. Jedna skupina autorti
[31,59,78,129,140] métila hloubku IFT 1 cm nad trovni kloubni §térbiny hlezna. Druha skupina
autort [20,39,71,91,129,138] méfila nejveétsi hloubku IFT, aniz by uvedla vzdalenost od
kloubni $térbiny hlezna, resp. od okraje kloubni plochy facies articularis inferior tibiae. Pouze
v nasi studii byla nejdiive urena maximalni hloubka IFT a poté zjiSt€na jeji lokalizace
vzhledem ke kloubni ploSe distalni tibie. Dale jsme méfili hloubku IFT 3 a 10 mm nad Grovni
kloubni plochy distélni tibie.

Némi zjisténa primérna nejveétsi hloubka IFT €inila v celém souboru 4,5 mm, coz predstavuje
priblizné stiedni hodnotu ve srovnani s vysledky ostatnich autorii [20,56,129,138,140]. Jeto o
0,8 az 1,0 mm vice nez hodnota zji$téna na kostnich preparatech ve studiich Musay et al. [91]
3,7 mm (keiiska populace), Kulkarniho et al. [71] 3,5 mm (indické populace) a Tasera et al.
[125] 3,3 mm (tureckd populace). Naopak Sora et al. [119] naméfili na plastinovanych
preparatech hloubku 5.1 mm (stfedoevropska populace). Vsechny tyto hodnoty se vyznamné

1i81 od vysledkid Guptay et al. [39], ktefi zaznamenali na kostnich preparatech nejvétsi hloubku
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IFT 11 mm (indickd populace). Zédny z téchto autoru [20,31,39,59,71,78,91,129,138] vsak
nezminil rovent méteni vzhledem k facies articularis inferior tibiae.

CT a MR studie uvadéji hodnoty od 2,2 mm do 4,1 mm [20,78,99,129,138]. Chen et al. [56]
zaznamenali na 3D CT rekonstrukcich primérnou hloubku IFT u muzt 5,1 mm a 4,2 mm u
zen.

Referencni linii 1 cm proximalné od kloubni plochy distalni tibie pouzili Tonogai et al. [129],
Liuetal. [77], Yu et al. a Cherney et al. [59] pfi méfeni na CT skenech. Chen et al. [56] na 3D
CT rekonstrukcich namétili hloubku IFT u muzt 12 mm a u Zen 8 mm od kloubni plochy
distalni tibie. Dlivody vSak nevysvétlili.

Nejvétsi moznou hloubku IFT bez udani vzdélenosti od kloubni plochy distalni tibie métili
Gupta et al. [39], Taser et al. [125], Musa et al. [91] a Kulkarni et al. [71] na kostnich
preparatech, Sora et al. [119] na plastinovanych fezech, Boszczyk et al. [20] a Park et al. [99]
na CT a Yildirim et al. [138] na MR skenech.

s vysledky ptedchozich studii, konkrétné Musa et al. [91] - 21,5 mm, Taser et al. [125] - 23,3
mm, Gupta et al. [39] - 23,3 mm, Sora et al. [119] - 23,8 mm a Kulkarni et al. [71] - 23,2 mm.

Literarni udaje uvadé;ji, ze hloubka a sitka IFT se zvétSuji v proximodistalnim sméru [43]. To
potvrzuji 1 naSe vysledky ukazujici, ze IFT je nejhlub$i v tirovni vzdalené 5 mm od kloubni
plochy distalni tibie, nikoli 10 mm od ni. ,,Konven¢ni* vzdalenost 1 cm pouzivana fadou autort
[59,78,129,140] nema na zaklad¢ naSich vysledki raciondlni zdivodnéni.

Primérné vyska IFT v nasi studii byla 42,5 mm, coz je vyznamné vice nez u Tasera et al.
[125] - 29,3 mm a Musay et al. [91] - 32,4 mm. Uvedend srovnani ukazuji, Ze v nasi studii byla
Sitka IFT sice ptiblizné stejna, jako ve studiich Tasera et al. [125] a Musay et al. [91], ale vyska

IFT byla v nasi studii vyznamné vyssi. Nejvice se nami naméfené vySce piibliZili Chen et al.
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[55], kteti uvadéji 35 mm, zatimco ve studiich Guptay et al. [39] a Kulkarniho et al. [71] nebyla
vyska IFT méfena.

Vsechny vyse zminéné studie[20,31,39,71,78,129,138,140] i fada dalsich [55,59] ukazuji, Ze
existuje vyrazna variabilita ve tvaru a hloubce IFT na axidlnich CT 1 MR fezech. Je tedy
otazkou: jak mohou tyto studie zlepsit metody hodnoceni normalni pozice distalni fibuly v IFT?
Domnivame se, Ze jejich vyznam je zna¢n¢ omezeny, a to z né¢kolika divoda.

Anatomie tibiofibularni syndesmozy je mnohem komplikovanéj$si a vyrazné se meéni
v proximodistalnim sméru. Tvar IFT, ptesnéji jeji konkavitu, dotvaii konstantni uzka
chrupavcita ploska o tloust’ce 1-2 mm, kterd artikuluje s protilehlou ploskou na distalni fibule
[5]. Tato tibialni chrupavcita ploska vsak na kostnich preparatech chybi a nelze ji zachytit ani
na CT fezech. V dorzalni ¢asti tibiofibularni Stérbiny jsou obé kosti odd€leny konstantni
synovialni fasou [5,95]. Kontakt distalni tibie a distalni fibuly v oblasti IFT je tak minimalni,
protoze struktury syndemozy jsou namahany piedevsim distrakénimi, nikoli kompresnimi
silami.

V proximodistalnim sméru se vyrazné¢ méni na axialnich CT fezech 1 tvar distalni fibuly. Ta
smeérem proximalnim ztraci svij trojuhelnikovity prifez a zakulacuje se. To opét ztézuje
hodnoceni normalniho tibiofibularniho vztahu.

Z téchto duivodi se domnivame, Ze optimalni je hodnotit tibiofibuldrni vztah v oblasti IFT na
CT fezech provedenych 5 mm nad trovni kloubni plochy distalni tibie. Zde ma tibiofibularni
Stérbina svij charakteristicky tvar. Vpfedu je patrnd mald trojihelnikovitd inkongruence
vyplnéna ve skutecnosti trianguldrnim meniskoidem. Ve stiedni ¢asti se obé kosti dotykaji
prostfednictvim chrupavcitych facet. V nejvetsi, dorzalni, srpkovité ¢asti se mezi tibii a fibulu
vsouva konstantni synovidlni fasa. Pfitom je patrné, ze anterolateralni plocha distalni fibuly

koresponduje s Tillaux-Chaputovym hrbolkem a posterolaterdlni plocha distalni fibuly
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s tuberculum posterius tibiae [5]. Spravnou urovenn CT axidlniho skenu lze posoudit podle
kondenzace spongidzy pobliZ medialniho malleolu [8].

Vyhodou nasi studie je, ze hloubka 1 Sitka IFT byla méfena ve tfech Grovnich. Dalsi plus
predstavuje pocet analyzovanych tibii, ktery vyznamné pievysSuje pocty ve vétsing studii
dosavadnich, a u kazdého jedince byl znam vék a pohlavi. Nevyhodou je staii nasi kostni sbirky,
a to 90 let. Primérna mensi télesna vyska tehdejsi populace mohla ovlivnit, byt minimalné¢,
nami naméiené hodnoty tykajici se rozméra IFT [21]. Tato nevyhoda je vSak relativni, nebot’ i
v soucasné dob¢ je vyska zkoumanych jedincti ovlivnéna etnickym pavodem. Vyse citované
studie byly provadény na ruznych etnickych skupinach, které se od sebe lisi télesnymi
proporcemi [39,71,91,138,99,140]. Napt. Park et al. [99] uvadéji u soucasné korejské populace
prumérnou vysku zkoumanych jedincii pouze o 3 cm vétsi, nez byla v naSem souboru, a to jak
umuzl i u Zzen. Musa et al. [91] proto provedli srovnani hloubky IFT u rtiznych etnik a zjistili,
ze hodnoty ziskané méfenim suchych kostnich preparata se prilis nelisi a pohybuji se od 3,4 do
3,7 mm. Prace jiz byla citovana v souhlasném duchu autory Chen et al. [55], Cheung et al. [57]

aLietal. [76].

7.2. Crista malleoli lateralis a jeji klinicky vyznam

Tato studie se podrobné zabyvala anatomii CML. Hodnotili jsme parové fibuly dospélych
jedinct, jejichz vék a pohlavi bylo zndmé u vSech vzorkii. Limitem studie je stafi sbirky, tj. 90
let. Rozdily v métenych parametrech mezi muzi a Zenami byly vétSinou statisticky vyznamné,
coz je dano piedevsim vyssi primérnou vyskou muzii nez zen. Obecné mensi primérna vyska
populace z doby vzniku sbirky mohla, le¢ minimalnég, ovlivnit naméfend data.

CML byla kratce popsana pouze n€kolika autory [51,73,126,128]. Testut [126] uvadi, Ze ...
»lenkd a ostrd predni hrana fibuly se kaudalné rozdvojuje za vzniku trojuhelnikovité plosky.

Predni okraj této plosky, nékdy velmi nevyrazny, sméruje k prednimu okraji zevniho malleolu,
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zadni okraj tvori hranka predniho okraje Zlabku peronedlnich svali.* Hovelacque [51] ve své
ucebnici hranu pouze zobrazuje s popisem okolnich dvou ploSek na vnéjsi ploSe lateralniho
malleolu, které hrana oddé€luje, ,,versant antérieur triangulaire a ,,versant posterior.
Rouviere [112] pouzil termin , crete obligue” (Sikma hrana) v textu, ale bez legendy
v obrazcich. Toldtiv atlas [128] a Lanz-Wachsmuthova ucebnice [73] piedkladaji vérny obraz
hranky, ale bez jakéhokoliv popisu. Frazer [34] uvadi v popisu k obrazku pouze dvé¢ fasety,
piedni, kterou nazyva ,,subcutanous surface a zadni ,, peroneal surface“. Grayova anatomie
[62] uvadi: ,,Predni hrana fibuly se distalné deli na dvé raménka, mezi kterymi se nachdzi
trojuhelnikovita podkozni plocha®. V nejnovéjsim vydani Gray's Anatomy [122] je ale CML je
zcela vynechana. Heim a kol. [45] oznacili CML jako ,,Lateraler Sporn“ (Laterélni calcar) a
poukdzali na nutnost tvarovani dlahy pro vnitini fixaci zlomeniny lateralniho malleolu.
Kelikian [67], jako jediny, publikoval velmi podrobny popis CML ... ,, predni hrana (fibuly) se
deli na dve vétve, predni a zadni... Zadni vétev nebo Sikma hrana smeruje dolit a dozadu... Tato
Sikma hrana vymezuje dva povrchy: anteroinferiorni a posterosuperiorni a to je treba vzit v
uvahu pri aplikaci dlahy*. White a kol. [135] publikovali n€¢kolik obrazkit CML ve své
ucebnici, ale taktéz bez jakéhokoliv popisu. Pouze stru¢né€ popisuji ,, trojuhelnikovita podkozni
oblast*.

Z ptehledu vyplyva, Ze se na obrazku a popisu shoduji vSichni autofi, i kdyz jen malo z nich
pouziva pro hranu specificky termin, konkrétné ,, lateral calcar* [45] nebo ,, the oblique crest
[67] nebo ,crete oblique” [102,112]. Anteroinferiorni povrch se shodné nazyva
trojuhelnikovitd podkozni ploska a posterosuperiorni jakozto ploska peronedlni [67]. CML je
dilezitym referenénim bodem pro aplikaci syndesmdlnich Sroubil (SS) i dlahy, jakoz i pro
posouzeni polohy distalni fibuly v IFT.

Optimdlni uroven pro zavadéni syndesmalnich Sroub(l1) je 2,0-3,5 cm nad kloubni plochou

[5,33], v tomto intervalu je vrtdk sméfovan do konkavity IFT a nemiize sklouznout ptes
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konvexni hranu margo interosseus [45]. Je velmi dulezité zavést syndesmalni Sroub sttedem
distalni fibuly a stfedem incisury. Pokud je zaveden z trojuhelnikovité plochy, ani prubéh, ani
fixace SS ve fibule neni optimalni. NaSe vysledky odhalily, Ze idealni misto pro zavedeni SS je
2,5 cm proximaln¢€ od linie hlezenné¢ho kloubu. Pokud je vlozen SS vice proximalné, lezi
vstupni bod 1 az 2 mm posteriorné¢ do CML. Podle méteni vzorkli ze zminéné osteologické
kolekce odpovida vyska trojuhelnikové drsné plochy (B) vysce IFT [5].

Na CML je tteba pamatovat zejména pii osteosyntéze zevniho kotniku dlahou. Dlaha by méla
pokryvat stfedni c¢aru laterdlni plochy distdlni fibuly [51]. Obvykle vSak pokryva
trojihelnikovou oblast. V pfipad¢ asymetrického umisténi dlahy vzhledem k CML neni mozné
zavést SS pres hranu optimalni trajektorii. V tomto ohledu je tieba poznamenat, ze
posterolateralni plocha je kryta peronealnimi svaly s jejich fasciemi, které se upinaji na CML.
Pro spravné umisténi dlahy musi byt tato fascie od CML uvolnéna.

CML je zasadni strukturou pro posouzeni pozice distalni fibuly v IFT na axialnim CT [108].
Optimalni troven je 4-5 mm proximalné od linie hlezenného kloubu [8,33]. Kde je poloha
fibuly anatomicka, anterolateralni plocha (trojihelnikova oblast) koresponduje na CT axidlnich
fezech s ptedni plochou distalni tibie a posterolateralni oblast distalni fibuly (peronealni oblast)

zase se zadni plochou distalni tibie.

7.3. Maisonneuveova zlomenina hlezna

MZ ptedstavuje stale nedofeSenou kapitolu zlomenin hlezna, o které panuje fada nespravnych
piedstav. Pivodni popis JGF Maisonneuvea [81], ktery zahrnuje subkapitalni zlomeninu fibuly
s poranénim tibiofibuldrni syndesmozy a membrana interossea, byl jiz v fad€ ohledt prekonan
[8,41,65].

Pathoanatomicky se jedné o velmi variabilni poranéni, do kterého kromé poranéni medialnich

struktur (MM, LD), LTFA, LTFP a membrana interossea patii dle recentnich CT studii
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[8,41,65] 1 poranéni fady struktur dalSich (MM, MP, AM). Poranéni LTFA a LTFI patii pod
pojem MZ stabilné a autoii mimo Bonina [18] se na ném shoduji. Kostnim ekvivalentem 1éze
LTFA mize byt avulze TCT [65,80]. KaSper et al. [65] ji zaznamenali v 9 (13 %) ze 70 ptipadi.
Hinds et al. [48] pozorovali ve své MR studii, ze u MZ, u kterych bylo intaktni LTFP, byla
zaroven vzdy piitomna zlomenina MP. Toto mlze ukazovat na fakt, ze zlomenina MP je
kostnim ekvivalentem 1éze LTFP. Kombinace ruptury LTFP a zlomeniny MP totiz nebyla
doposud v literatufe popsana.

V oblasti poranéni MI nejsou autoti jednotni. Dle Weberovy monografie [132] a AO literatury
[45,92] je ruptura MI az do vySe zlomeniny na fibule povaZzovéna za konstantni soucast MZ
[69,120]. Toto tvrzeni vSak zpochybnili na zakladé MR vysSetfeni autoii Moriis a Manyi
[41,83,88,93], kteti zaznamenali poranéni MI u pouze do vysSe 6, resp. 11 cm nad kloubni
Stérbinou hlezna.

Zlomenina MP se u MZ vyskytuje podle recentnich CT studii v 77 % az 83 % [8,41,65], coz
je mnohem vice, nez bylo obecné¢ udavano u luxacnich zlomenin hlezna [61,127]. Napf.
Jehlicka, et al. [61] zaznamenali zlomeninu MP u 46 % vSech zlomenin typu Weber B a C.
Kasper, et al. [65] hodnotili typ zlomeniny MP podle B-R [9,10] klasifikace na CT a zjistili, ze
distribuce zlomenin MP piiblizn¢ odpovida vyskytu zlomenin MP u vSech trimalleolarnich
zlomenin [10].

Vzhledem k vysokému vyskytu zlomenin MP a posouzeni postaveni fibuly v IFT je nezbytné
IFT [37,50] a jeji stabilizace.

Samotna repozice fibuly, ale byva n¢kdy obtizna, predev§im pokud je pfitomna zlomenina
MP, ktera nese veétsi ¢ast IFT. Operacni 1é¢eni zlomenin zadni hrany tibie neni problémem, bylo

jiz detailné diskutovéno v recentni literatuie [12,13,105].
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7.4. Poranéni malleolus posterior u Maisonneuveovy zlomeniny

V nasi CT analyze 100 pacientd s MZ jsme zaznamenali zlomeninu MP v 74 %. To je vyrazny
rozdil oproti vyskytu zlomeniny MP u trimalleolarnich zlomenin hlezna [61]. Vyskyt zlomenin
MP u MZ byl jiz okrajové zminén v nékolika pfedchozich studiich a to se zna¢nymi odchylkami
[1,4,8,41,68,98,100,121]. Nekteré z nich udavaly vyskyt zlomenin MP v rozmezi 35-37 %
[1,68,121], zatimco jiné zjistily podstatné vyssi vyskyt v rozmezi 77-83 % [4,8,42,98,100,123].
Pouze 4 (5 %) zlomeniny MP v naSem souboru nebyly detekovany na prostém RTG snimku.
Vzdy se jednalo o malé fragmenty #ypu I nebo 2 klasifikace B-R. Naproti tomu He et al. [41]
pozorovali 17 % zlomenin MP pouze na CT skenech. Pfedpokladem detekce zlomenin MP jsou
kvalitni rentgenové snimky v pfesnych projekcich. Toto mize byt problémem v piipadé akutni
zlomeniny z fady subjektivnich i objektivnich divodii. Indikace k CT vySetfeni u zlomeniny
hlezna by proto neméla byt odkladana, zv1asté pokud existuje dlivodné podezieni na zlomeninu
MP [11].

Podil zlomenin MP u jednotlivych typt luxacnich zlomenin hlezna se zna¢né 1isi. Jehlicka et
al. [61] nalezli v radiografické studii zahrnujici 232 pacientl s luxacni zlomeninou hlezna
zlomeninu MP u 4 % pacientl se zlomeninou fibuly typu Weber A, u 46 % typu Weber B a C.
Kostlivy a spol. [70] identifikovali zZlomeninu MP v 70 % ze 110 ptipadti Bosworthovy luxaéni
zlomeniny hlezna (BZ). Tato zji§téni poukazuji na vyssi zdvaznost MZ a BZ ve srovnani s
jinymi typy luxaénich zlomenin hlezna.

Pfi porovnani jednotlivych typi zlomenin MP s ptedchozimi studiemi [8,41] se objevily urcité
rozdily. Bartonicek a spol. [13] v analyze 141 ptipadi trimalleoldrnich zlomenin zjistili pomér
zlomenin MP typu 1 a 2k typum 3 a4 1,6:1, zatimco v soucasné sérii MZ to bylo 3,2:1. V obou
studiich se nejcastéji vyskytoval #yp 2 B-R klasifikace. Krom¢ velikosti fragmentu MP,

postizeni kloubniho povrchu, postizeni IFT, jsou pro indikaci operacni 1éCby dilezité i
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ptitomnost a dislokace interkalarnich fragmentti. Toto kritérium operacni 1écby bylo zavedeno
teprve nedavno [11,90].

Protoze velikost kloubniho povrchu neseného fragmentem MP se v sagitalnich CT fezech
zvySuje mediolateralnim smérem, musi byt métfeni standardizovano. Obdobné to plati pro
hodnoceni postizeni IFT a distalni fibuly, kde je hodnoceni zalozeno na fezech axialnich a
hodnoty se zvySuji proximodistalnim smérem [12,108]. V naSi anatomické studii [33] byla
namétfena nejvetsi hloubka IFT 5 mm nad linii tibiotalarniho kloubu. NejlepSim zptisobem
meéieni velikosti fragmentu MP a jeho pozice vzhledem k IFT jsou 3D CT rekonstrukce se
subtrakci distalni fibuly a v 3D CT pohledu do tibiofibularni vidlice se subtrakci talu.

V nasi sérii byla vice jak tetina IFT odlomena u 14 zlomenin MP a jedna Ctvrtina az jedna
ttetina IFT u 27 zlomenin MP. Repozice a fixace dislokovaného MP ze zadniho pfistupu byla
provedena u 15 pacient s odlomenim vice jak jedné ¢tvrtiny IFT. Naopak u 8 operovanych
pacientl byla odlomena ¢ast IFT mensi.

Dislokace fragmentu MP je indika¢nim kritériem pro otevienou repozici a piimou vnitini
fixaci ze zadniho ptistupu [11,13,14,28,36,40,86,87,123]. Smér dislokace vSak dosud nebyl v
literatufe popsan. Ve vétSiné naSich ptipadd (58 %) fragmenty MP vykazovaly komplexni
lateralni posun fragmentu. Proximalni dislokaci jsme zaznamenali nejcastéji, a to u 47 %
pfipadd, lateralni u 25 % ptipadi. Pti obou typech dislokace dochazi ke snizeni kontaktni
tibiotalarni kloubni plochy. Lateralni dislokace navic brani repozici distalni fibuly do IFT.

VEtsi intraartikularni interkaldrni fragmenty (ICF) jsme zaznamenali ve 43 % pftipadd,
podobné jako Mueller et al. [90] kteti nasli ICF u 41 % zlomenin MP, nejcastéji u typu 2 a 3
B-R klasifikace. V dalsich 8 ptipadech jsme nasli drobné kostni lomky extrudované do IFT
nebo $térbiny tibiotalarniho kloubu, kde obdobné jako ICF mohou plisobit jako mechanicka

piekazka.
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8. Zavér

V anatomické ¢asti disertacni prace jsme se detailné zabyvali dvéma strukturami a tyto studie
jsou v fad¢ aspektl prioritni.

Crista malleoli lateralis jako anatomickou strukturu jsme detailné popsali jako viibec prvni.
Nase studie prokazala jeji minimalni anatomickou variabilitu. Z tohoto diivodu je velmi vhodna
pro orientaci v oblasti zevniho kotniku. Znalost jejiho priibéhu je esencidlni pii zavadéni
syndesmalnich stabilizacnich Sroubli a déale pro korektni pfilozeni dlahy pii osteosyntéze
zevniho kotniku.

Incisura fibularis tibiae je struktura, kterou se zabyvala jiz fada autort pfed ndmi. My jsme
vSak prokazali, Ze vurovni 1 cm nad kloubni plochou distalni tibie, ktera je k metrice v
literatufe standardné pouZzivana, je IFT mé&l¢i a uzsi nez je tomu distalnéji. Proto tato Groven
neni vhodna k hodnoceni pozice distalni fibuly v IFT. Pro hodnoceni kvality repozice distalni
fibuly je dulezita uroven jeji maximalni hloubky. Ta lezi pfiblizné¢ 5 mm nad kloubni plochou
distalni tibie, coz je nutné respektovat pti hodnoceni axialnich CT skentl.

V klinické ¢asti jsme nejdiive provedli analyzu veskeré dostupné literatury vénované MZ a
nasledné jsme se zaméfili na poranéni MP u MZ.

Maisonneuveova zlomenina hlezna - analyza literatury. NaSe studie byla v Ceské literature
prioritni. Ukazala, ze MZ je jednotlivymi autory vnimana riizné, a to jak rozsahem poranénych
struktur, tak z hlediska stability zlomeniny. V Ceské literatuie byla MZ prezentovdna jako
subkapitalni zlomenina fibuly s poranénim tibiofibuldrni syndesmézy a membrana interossea
az do vySe zlomeniny na fibule. Podle recentnich CT studii se vSak jednd o poranéni velmi
variabilni s riznym stupném stability, které zahrnuje 1 postizeni fady dal$ich struktur (MM, LD,
MP). Vzhledem k vysokému vyskytu zlomenin MP u MZ a nutnosti posouzeni postaveni

distalni fibuly v IFT je nezbytné provést predoperacni i pooperacni CT. Stabilni nedislokované
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MZ lze 1é¢it konzervativng, dislokované nestabilni zlomeniny jsou indikovany k osteosyntéze.
V soucasné dob¢ je davéana piednost oteviené repozici distalni fibuly do IFT. Dosdhnout
anatomického postaveni ale neni jednoduché. Studie zalozené na pied- a pooperacnim CT v
literatuie dosud chybi.

Zlomenina malleolus posterior se u MZ v nasi klinické studii vyskytuje v 74 %, cozZ je
podstatné vice, nez bylo v minulosti uvddéno. Vyznam zlomeniny MP u MZ byl dosud znacné
podcenovan. To je tfeba pifehodnotit, nebot’ fragment MP nese ve 20 % ptipadl vice nez jednu
¢tvrtinu IFT. Z tohoto diivodu je nutné pied repozici distalni fibuly nejprve obnovit integritu

IFT, tedy provést repozici a fixaci odlomeného MP.
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