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1. Uvod

Maisonneuveova zlomenina (MZ) je v traumatologii hlezna obecn€ zndmy pojem, piesto o ni
existuje fada nespravnych predstav, které mohou vést ke Spatné volbé 1écebného postupu.
A to i presto, Ze Maisonneuveova zlomenina tvoii okolo 5 % vSech luxa¢nich zlomenin hlezna
a postiZeni jsou vétSinou aktivni pacienti v paté nebo Sesté dekadé.

V Ceské republice je MZ vlivem historického vyvoje spojena s predstavou subkapitétni
zlomeniny fibuly, roztrZenim membrana interossea az do vySe zlomeniny na fibule a diky tomu
je povazovéna za velmi nestabilni poranéni (Bartonicek J., 2023).

Analyza literatury vénované MZ odhalila protichtidné ndzory jednotlivych autorti. Pfedevsim
recentni CT studie (Bartonicek J., 2019; He JQ., 2020) ukdzaly, Ze MZ je mnohem
komplexnéjsi a variabilnéjsi poranéni, nez jsme se domnivali. Navic pojem MZ zlomenina neni
vSemi autory chdpén stejné.

Plivodni Maisonneuveho popis hovofil o subkapitatni zlomeniné fibuly spojené s roztrzenim
lig. tibiofibulare anterius (Maisonneuve JG., 1840). N¢kteti autofi k MZ fadi i zlomeniny
proximdlni poloviny nebo dokonce stfedni tretiny fibuly (Obeid EMH., 1998; Pérez RL., 2009).

Jini hovoifi o “Maisonneuve-like fractures”, amysli tim piipady s intaktni fibulou,
tzv. distorze tibiofibularniho kloubu nebo luxace hlavice fibuly (Bissuel T., 2017; Hey HW.,
2013; Hirschmann MT., 2008; Kumar G., 2004; Levy BA., 2006; Liu GP., 2021).

Nicméné na zdkladé dosud publikovanych analyz 1ze Maisonneuveovu zlomeninu definovat
jako zlomeninu proximdlni Ctvrtiny fibuly spojenou minimalné s rupturou lig. tibiofibulare
anterius (LTFA) a lig. tibiofibulare interosseum (LTFI) (Bartonicek J., 2022).

Navic v 75 % piipadech dochézi ke zlomenin€ zadni hrany tibie coZ je velmi vyznamny fakt,

nebot’ repozice a fixace dislokované zlomeniny zadni hrany vyznamné napomahd anatomické



repozici fibuly do jeji tibidlni incisury a tim zlepSuje podminky pro zhojeni piedniho
i interosedlniho tibiofibularniho ligamenta.

Vysoka variabilita poranéni, rizné ndlezy na CT vySetieni, neuspokojivé vysledky zaviené
repozice fibuly a nekonstantni pribéh syndesmalnich Sroubli nds ptfimély se problematikou
Maisonneuveovy zlomeniny podrobné&ji zabyvat.

Hlavni ndplni mého studia byl popis jednotlivych 1€zi a forem v ramci Maisonneuveovy

zlomeniny a optimalizace zavedeni syndesmalnich Sroubi.



2. Soucasny stav i‘eSené problematiky

2.1. Historie

Subkapitatni zlomenina fibuly zplisobend zevné€ rotacnim mechanismem a spojend s poranénim
tibiofibularni syndesmézy byla poprvé popsana v r. 1840 francouzskym chirurgem Julesem
Germainem Francois Maisonneuvem (Obr. 1), ato na zdkladé¢ experimentll na mrtvoléach.

S klinickym piipadem se vSak autor nikdy nesetkal (Maisonneuve JG., 1840).

i,
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Obr. 1 Portrét JG Maisonneuva, schéma vzniku Maisonneuveho zlomeniny,

ptevzato z: Bonnin JG., 1950.

Eponym Maisonneuveova zlomenina se rozSifoval aZz ve 20. stoleti diky autorim jako
Ashhurst, Chaput nebo Destot (Ashhurst APC., 1922; Destot E., 1911; Chaput VAH., 1907).

Prvni podrobny popis MZ doprovédzeny Rtg snimky publikoval Tanton v r. 1916 (Tanton J.,
1916).

Bonin se v monografii zr. 1950 zabyval MZ velmi podrobné a hodnotil ji jako stabilni

poranéni, u kterého dochazi k ruptute lig. tibiofibulare anterius, ale medidln{ struktury zlstavaji
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intaktni (Bonnin JG., 1950). O 30 let pozdé&ji publikoval naopak Ammann rozsahlou studii
Citajici 37 operovanych piipadii (Ammann E., 1981).
V anglické literatufe je povaZzovana za prioritni studie Pankoviche z r. 1976 (Pankovich AM.,

1976). Na zéaklad¢ 17 ptipadi totiZ popsal celkem pét fazi vzniku MZ (Obr. 2):

1) Ruptura LTFA nebo avulzni zlomenina jeho tiponu s poranénim LTFI.

2) Zlomenina zadni hrany tibie nebo ruptura lig. tibiofibulare posterius (LTFP).

3) Ruptura anteromedidlni ¢4sti kloubniho pouzdra nebo avulzni zlomenina jeho uponu.
4) Zlomenina proximalni tfetiny fibuly.

5) Ruptura deltového vazu nebo zlomenina vnitfntho malleolu.

Obr. 2 Rtg hlezna a proximalni ¢asti bérce vpravo, MZ faze 5, prevzato z: Pankovich AM., 1976.

V cCeské literatuie se Maisonneuveove zlomeniné€ detailnéji vénovala pouze studie Kolmana

zr. 1999 (Kolman J., 1999).



2.2. Diagnostika a klasifikace poranéni v ramci MZ

Zékladnim ptedpokladem tspéSné diagnostiky Maisonneuveovy zlomeniny je pfedevSim
u kazdého poranéni hlezna na tuto entitu pomyslet.

Klinické vySetieni kazdého hlezna by mélo vzdy obsahovat palpaci celé délky fibuly,
kompresi fibuly proti tibii (“tibiofibular squeeze* test) a vySetfeni stability proximélniho
tibiofibuldrniho skloubeni.

z Rtg hlezna ve tfech projekcich (pfedozadni, projekci na vidlici a bo¢né) a Rtg bérce ve dvou
projekcich (predozadni, bocnd) (Obr. 3). Obé projekce bérce jsou dilezité, protoZe az Ctvrtina

zlomenin proximdlni fibuly v pfedozadni projekci neni viditelna (Bartonicek J., 2019).

Obr. 3 Rtg hlezna ve tfech projekcich (ptedozadni, projekci na vidlici a bo¢né) a Rtg bérce ve dvou
projekcich (pfedozadni, bo¢na).

Rtg bérce dopliiujeme i pii negativnim klinickém nélezu a nejasném nélezu na Rtg hlezna
(izolovand zlomenina vnitfntho kotniku, izolovand zlomenina zadni hrany tibie, rozSiteni

NP

syndesmoézy nebo rozsiteni tzv. “medial clear space”).



U kazdé MZ na nasem pracovisti indikujeme CT hlezna, nebot’ jen toto zobrazeni umozZni
piesnou predstavu o morfologii jednotlivych 1ézi a jejich dislokacich.

Zlomeniny zadni hrany tibie doprovazi 75 % ptipadii MZ. Jsou sice detekovatelné na Rtg, ale
jen CT umozni ziskat potiebné informace o morfologii, velikosti a dislokaci fragmentu/ti zadni
hrany (Rammelt S., 2018) (Obr. 4). Dulezita je i detekce interfragmentii zadni hrany, které

mohou byt dislokovany do lomné linie, volné do kloubu nebo do oblasti incisury.

Obr. 4 Bartonickova-Rammeltova klasifikace zlomenin zadni hrany tibie. a - typ 1 (extraincisuralni),
b - typ 2 (posterolateralni), ¢ - typ 3 (dvou-fragmentovd zlomenina s medidlni extenzi), d - typ 4
(velky trianguldrni). U vSech typd patrné interfagmenty v lomné linii. Pfevzato z: Bartonicek J.,
2015.

Postaveni distdlni fibuly v incisura fibularis tibiae je velmi variabilni a znalost této dislokace
je dulezitym faktorem pro planovani 1éCby, pfedev§im sméru a velikosti oteviené repozice.
Postaveni nejlépe zhodnotime na axidlnim fezu 3-5 mm nad drovni kloubni plochy hlezna
(Bartonicek J., 2015). Dislokace fibuly muze byt minimdlni (do 2 mm posunu nebo

do 15° rotace). Castgji je viak patrné dislokace ad latus, rotaéni posun, piedozadni translace



nebo kombinace vice smérl. V piipadech tzv. Bosworthovy 1éze muze byt fibula z incisury

luxovana dorzalné (Obr. 5).

Obr. 5 Variabilita postaveni distalni fibuly v incisura fibularis tibiae.

Zlomenina Tillaux-Chaputova hrbolku je kostnim ekvivalentem ruptury lig. tibiofibulare
anterius (Rammelt S., 2021). Na Rtg snimku miiZeme detekovat pouze velké a dislokované

fragmenty. Pfesnou predstavu o typu a posunu poskytne CT vySetieni (Obr. 4d, 6).

Obr. 6 Klasifikace zlomenin Tillaux-Chaputova hrbolku. 1 - extraincisuralni avulze, 2 - zlomeniny
zasahujici do incisury a laterdlni ¢asti kloubni plochy tibie, 3 - zlomeniny s impakci laterdlni ¢asti
kloubni plochy tibie. Rtg a CT zobrazeni hlezna pacienta se zlomeninou typu 3 (Cervené Sipky).
Prevzato z: Rammelt S., 2021.



2.3. Mechanismus vzniku Maisonneuveovy zlomeniny

Velkou variabilitu poranéni v rdmci MZ lIze vysvétlit i riznymi mechanismy jejiho vzniku.

Plivodni Pankovichovy fdze byly zpochybnény a recentni studie uzndvaji dva mechanismy

zaloZzené na Lauge-Hansenové klasifikace zlomenin hlezna (Lauge-Hansen N., 1950; Babis

GC., 2000; Sproule JA., 2004). V obou ptipadech vznikd zlomenina zevné rotaénim nésilim,

poloha nohy mtize byt v pronaci anebo supinaci (Tab. 1, Obr. 7).

Stadium Pronac¢né-everzni mechanismus Supinacné-everzni mechanismus
L zlomenina medidlniho malleolu / ruptura LTFA a LTFI + distéln{ ¢ast
ruptura deltového vazu membrana interossea
1L ruptura LTFA a LTFI + distdln{ ¢ast o . o
) spirdlni zlomenina proximdlni fibuly
membrana interossea
s . o ruptura lig. tibio-fibulare posterius /
II1. spirdlni zlomenina proximadlni fibul .
P P fibuly zlomenina zadniho malleolu
v ruptura lig. tibio-fibulare posterius / zlomenina medidlniho malleolu /
) zlomenina zadniho malleolu ruptura deltového vazu

Tab. 1 Mechanismy vzniku MZ podle Lauge-Hansenovy klasifikace zlomenin hlezna. LTFA - lig.
tibiofibulare anterius, LTFI - lig. tibiofibulare interosseum.

Obr. 7 Schéma fazi MZ podle Lauge-Hansenovy klasifikace zlomenin hlezna. PE - pronacné-
everzni, SE - supinacné-everzni. Upraveno podle: Browner BD., 1998.



Vétsina zlomenin vznika pronané-everznim mechanismem. Ten vSak neni schopen objasnit
piipady, kdy medidlni struktury zlstaly intaktni. To lze vysvétlit pouze piisobenim
supinacné-everzniho mechanismu.

Nedofesenym problémem zistava vysvétleni doprovodného poranéni fibuldrnich vazi u Casti
pacientll. Jednou z teorii je dvojity mechanismu poranéni. V prvni fazi dochazi supinaci
a addukci k poranéni fibuldrnich vazl a néasledné piechazi adduk¢ni nésili na zevné rotacni
s typickou sekvenci poranéni.

Podobné by bylo mozné vysvétlit i mechanismus tzv. dvojité MZ nebo dalSich atypickych

forem MZ.

2.4. Principy lécby

VétSina autortt povaZzuje Maisonneuveovu zlomeninu za nestabilni poranéni, které je nutné
operovat. Nejvice studii se proto vénovalo technice zavadéni syndesmdlnich Sroubil nebo jejich
alternativ (Heim U., 1983; Pang EQ., 2019; Tornetta P., 2019; Wu K., 2018).

OSetieni jednotlivych 1ézi v rdmci MZ je vSak stejné nebo velmi podobné jako u ostatnich
typt zZlomenin hlezna (Rammelt S., 2020).

Vzhledem k zaméfeni price se budeme zabyvat jen vztahem mezi pathoanatomii zlomeniny
a zpusobem 1é¢by. Vychdzime ztoho, Ze vysokd variabilita MZ vyzaduje sestaveni
individudlniho planu pro kazdého pacienta. VZdy je nutné uvazit které 1€ze a v jakém potadi
budeme oSetiovat.

Neméné dulezité je zhodnoceni naseho vysledku ¢asnou CT kontrolou, nebot’ Rtg zobrazeni
hlezna ani bérce neposkytuje jistou pfedstavu o vysledku repozic a umisténi osteosyntetického
materidlu. Kontrolni CT na na$i klinice provddime u vSech pacientli prvni pooperacni den,

abychom na ptipadnou malpozici mohli co nejdiive zareagovat.



Konzervativni 1ééba

V soucasné dobé¢ je konzervativni 1é¢ba u MZ indikovéana pouze u nedislokovanych stabilnich

zlomenin s intaktnimi medidlnimi strukturami (Bartonicek J., 2020; He JQ., 2020).

Merrill publikoval soubor 8 pacienti (6 lé¢enych kratkym sadrovym obvazem a 2 1écenych
dlouhym sadrovym obvazem). Kontrola v priméru 2 roky po urazu prokdzala vyborny vysledek
u 6 pacientti, a dobry u 2 pacienti (Merrill KD., 1993). Dietrich a kol. 1é¢ili konzervativné

uspesné 2 pacienty, piestoZe u nich doslo i k odlomeni zadni hrany tibie (Dietrich G., 2022).

Dle naSich zkuSenosti je mozné konzervativné 1écCit pfiblizné 10 % pacienti s MZ, u nichz
neni na drazovém CT vySetieni patrnd dislokace v hlezennim kloubu vétsi neZ 2 mm a
malrotace fibuly nepfesahuje 15°. Pfikladame podkolenni sddrovy obvaz na 6 tydnti s ¢4steCnou

Vv,

z4tézi po 4 tydnech. Funk¢ni i radiologické vysledky jsou vyborné (publikace je v pripravé).

Operacni lé¢ba

V minulosti byla standardnim oSetieni zaviena repozice a perkutdnni stabilizace tibiofibularni
syndesmdzy jednim ¢i dvéma syndesmdlnimi Srouby bez revize jeji predni ¢asti. Medidlni
struktury byly oSetfovany aZz v nésledné fazi a zlomeniny zadni hrany tibie byly ignorovany
anebo oseteny predo-zadné¢ zavedenym Sroubem (Obr. 8). Kontrolni CT vSak u tohoto pfistupu

prokdzalo az 50 % malpozic (Boszczyk A., 2019; Pelton K., 2010; Gardner M., 2006).

V soucasné dobé je jednoznacné preferovana oteviend repozice fibuly do incisury, ale
predevSim identifikace vSech 1ézi na zdkladé CT vySetfeni. Operacni technika je nédsledné
planovdna podle pfitomnych kostnich a vazivovych 1€ézi. U otevienych technik respektujicich
pathoanatomii zlomenin je po¢et malpozic do 10 % (Bartonicek J., 2022; McGoldrick NP.,

2016, Tornetta P., 2019).
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Obr. 8 Spatny vysledek zaviené repozice a stabilizace MZ, kontrolni CT bylo provedeno az
s odstupem 6 mesict pro Spatny funkéni vysledek. Patrné je neoSetfeni zlomeniny zadni hrany tibie
a artrotické zmény.

Zlomenina proximalni fibuly: Typickou dislokaci zlomeniny proximdlni fibuly je zevni
rotace, zkrdceni fibuly dosahuje maximdlné 2 mm aje zplsobeno laterdlnim posunem
a valgéznim sklonem kladky talu.

Zlomenina proximdlni fibuly uMZ neni indikovdna k osteosyntéze ztady divodi.
Jako hlavni je uddvéno riziko poranéni n. peroneus communis (Babis GC., 2000; Kirschner P.,

1999; Sproule JA., 2004).

Malpozice fibuly v incisura fibularis tibiae: Anatomickd repozice fibuly do incisury je
hlavni soucésti 1écby MZ a jednim z nejdulezitéjSich prediktorti funkéniho i radiologického
vysledku.

Zlatym standardem je stdle dvojice syndesmalnich Sroubti. Pro jejich sprdvnou pozici je nutna
oteviend anatomickd repozice fibuly i talu dle sméru dislokace (nejcastéji vnitini derotace a
komprese) a zvladnutd technika jejich zavedeni z anterolaterdlniho i z posterolaterdlniho
ptistupu (Rammelt S., 2020; Bartonicek J., 2022).

Stabilizace syndesmézy muze byt prvni fazi operace anebo ndsleduje po osteosyntéze

bimaleoldrni zlomeniny vnitiniho kotniku, zadni hrany tibie nebo Chaputova hrbolku (Obr. 9).
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Obr. 9 Vyborny vysledek oteviené repozice a stabilizace MZ podle peroperacnich Rtg (spravné
postaveni hlezeného kloubu i syndesmédlnich Sroubti, spravné postaveni zlomeniny proximalni
fibuly) i kontrolntho CT (spravny smér i misto zavedeni syndesmalnich Sroubtt).

Poranéni medialnich struktur: Dislokované zlomeniny pfedniho nebo obou kolikuli jsou
jednoznaéné indikovany k osteosyntéze.

Bikolikuldrni fragment nese kompletni tibidlni tipon deltového vazu a je ptes talus a fibularni
vazy propojen piimo s fibulou. To znamend, Ze pii jeho repozici je zlepSeno i postaveni talu
a distdlni fibuly. Proto by oSetfeni této zlomeniny mélo byt prvni fazi operace.

Zlomeniny ptfedniho kolikulu nesou pouze dpon ptedni (subtaldrni) ¢asti deltového vazu.
Jejich repozice postaveni talu neovlivni, a proto by oSetieni této zlomeniny mélo byt provadéno
az na konci operace.

U 1ézi deltového vazu neni jasné doporuceni pro jeho revizi a suturu, pokud netvoii
interpozitum, které by branilo anatomické repozici fibuly do tibidlni incisury. Nekteti autofi

doporucuji revizi vazu pii trvajici pozitivité valgdzniho stress testu po stabilizaci fibuly, jini
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vnimaji suturu vazu jako zlepSeni podminek pro zhojeni vazli syndesmézy (Slullitel G., 2021;

Wiegerinck JII., 2021).

Zlomeniny zadni hrany tibie: Podle velikosti postiZeni kloubniho povrchu tibie a incisury
prispiva repozice a fixace fragmentu zadni hrany k obnoveni tibio-talirni kongruence a
stability, ale také napomdahd kongruenci a stabilit¢ fibularni incisury (Baumbach SF., 2019;
Miller AN., 2010; Rammelt S., 2020). Proto jsou k osteosyntéze indikovany vSechny velké
trianguldrni fragmenty (Bartoni¢ek-Rammelt typ 4) a dislokované posterolaterdlni fragmenty
s jejich eventudlni posteromedidlni extenzi (Bartonicek-Rammelt typ 2 a 3).

Jasnd hranice velikosti a dislokace fragmentu neni do soucasnosti u MZ stanovena. Vzhledem
k stabilizujici funkci fragmentu zadniho malleolu by jeho oSetfeni mélo byt prvni fazi operace
anebo ndsledovat osteosyntézu bikolikuldarni zlomeniny vnitiniho kotniku (Bartonicek J.,

2022).

Ruptura nebo avulze lig. tibiofibulare anterius: Toto poranéni je soucasti vSech MZ, piesto
neni v soucasnosti jednozna¢né doporuceni k sutufe tohoto vazu. Pokud dojde k odtrzeni
vétstho fragmentu predni hrany tibie (Tillaux-Chaputiiv hrbolek) je doporuc¢ena jeho repozice
a osteosyntéza pro zlepSeni konguence a stability tibiotalarn¢ i ve fibuldrni incisufe (Rammelt
S., 2021).

Podle velikosti a kvality fragmentu provadime jeho osteosyntézu pied nebo po stabilizaci

syndesmozy.
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3. Cile prace

Préce byla rozdélena do dvou hlavnich ¢4sti, a to anatomické (experimentélni) a klinické.
Experimentalni ¢ast byla zaloZena na studiu kosténych preparatl z tzv. Pachnerovy sbirky
(Pachner P., 1938).

Klinicka ¢ast vychazi ze souboru ¢itajictho 130 pacientii s riznymi typy Maisonneuveovy

zlomeniny, které prospektivné sbirdime od roku 2012.

Anatomicka ¢ast

Cilem bylo popsat vyskyt a tvar a prokdzat klinicky vyznam crista malleoli lateralis, ktera
se nachdzi na laterdlni stran¢ distdlni fibuly a kterou pfedchozi anatomické 1 klinické price
opomijely.

Tato problematika je zpracovdna v publikaci 7.1

Klinicka cast
Cilem byl pfesny popis pathoanatomie jednotlivych 1ézi v rdmci ,klasické* 1 méné Castych
forem Maisonneuveovy zlomeniny na zdkladé CT vySetfeni a peroperacnich nalezd.
Déle jsme chtéli vytvofit standardizovany radiodiagnosticky protokol, véetné pooperacniho
sledovani.

Tato problematika je zpracovdna v publikacich 7.2-4
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4. Zakladni material a metodika

Anatomicka studie crista malleoli lateralis

V anatomické 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 idaje o kazdém skeletu, tj. pohlavi a v€ku jedince v dob¢ umrti.

Ze studie jsme vytadili vSechny preparity patologicky zménéné, se zndmkami poskozeni a
neparové vzorky. Soubor poté tvotilo 352 fibul (176 pari). Méfeni ve studii bylo provadéno
posuvnym a ty¢ovym méfidlem s presnosti méfeni jedna setina milimetru pro posuvné méfidlo
a jeden milimetr u méfidla tyCového.

Namétena data byla dale zpracovdna pomoci tabulkového kalkulatoru Microsoft Excel Office
2016 s vypoctem maximalnich, minimdlnich, primérnych, stfednich hodnot a smérodatné
odchylky. Statistické zhodnoceni a porovnani parovych vzorkid probihalo pomoci Studentova

T-testu pfi 5 % hladin€ vyznamnosti.

Na kazdé fibule jsme sledovali vyskyt crista malleoli lateralis (CML) a jeji tvar na zevni ploSe
laterdlniho malleolu. Nasledn€ jsme méfili tyto parametry:
- délku fibuly: vzdalenost mezi apexem hlavice a nejdistadln¢jSim bodem laterdlniho
malleolu,
- celkovou délku CML: vzdalenost od jejtho odstupu z crista anaterior k apexu
lateralniho malleolu,
- délku prubéhu CML ve stiedni ¢asti fibuly nad kloubni fasetou,

- vysku trojihelnikové drsnatiny na medidlni stran¢ distdlni fibuly mezi odstupem

interosedlni membrany a hornim okrajem kloubni plochy.
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Klinické studie ,,klasické* a ,,dvojité** Maisonneuveovy zlomeniny

Klinické studie zpracovaly soubor 54 pacientt s ,,klasickou* Maisonneuveovou zlomeninou a
11 pacienti stzv. ,dvojitou Maisonneuveovou zlomeninou. Soubor ,klasické*
Maisonneuveovy zlomeniny byl nasledné¢ rozSiten na 70 pacientli a vysledky publikovany

v domdcim neimpaktovaném Casopise (pro prehlednost jsou ddle uvedena jen data pilotni

studie).

Do studie ,,klasické* Maisonneuveovy zlomeniny byly zahrnuti dospéli pacienti 1éCeni
na Klinice ortopedie 1. LF UK a UVN Praha v letech 2012-2018. MZ byla definovéna
jako luxacni zlomenina hlezna obsahujici zlomeninu proximalni ¢tvrtiny fibuly.

Exkludujicimi kritérii byly artr6za, piredchozi poranéni nebo intervence hlezna a nezralost
skeletu. Ze souboru byly vylouceni také pacienti s etdZovou zlomeninou fibuly.

U vSech pacientl byl zhotoven Rtg hlezna ve 3 projekcich (pfedozadni, bocnd a projekce
na vidlici) a Rtg celého bérce ve 2 projekcich (pfedozadni a bo¢nd). CT vySetfeni hlezna bylo

zhotoveno u 43 pacientil, u 34 z nich byly zhotoveny také 3D rekonstrukce.

Hodnotili jsme nésledujici parametry:
- veék pacientll a jejich distribuce v dekadéch,
- anatomie zlomeniny fibuly,
- poranéni medidlnich struktur (lig. deltoideum, malleolus medialis),
- pfitomnost a morfologie zlomenin zadni hrany tibie,
- poranéni tibio-fibularni syndesmézy, vCetné zlomeniny Tillaux-Chaputova hrbolku,
- postavent fibuly v tibidln{ incisufe v dobé Urazu,

- pfidruZena poranéni v oblasti hlezna.
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Ve studii ,,dvojité‘ Maisonneuveovy zlomeniny bylo zpracovano 11 pacientii s luxacni
kombinovanou zlomeninou laterdlniho malleolu a subkapititni zlomeniny fibuly, které byly
oSetfeny na nasi klinice v letech 2012-2020. Soubor tvofilo 5 muzl a 6 Zen pramérného véku
57 let.

U vsech pacientil bylo zhotoveno Rtg hlezna ve 3 projekcich, Rtg celého bérce a irazové CT

vysetieni véetné 3D CT rekonstrukci hlezna. Operacné 1éCeni byli vSichni pacienti.

Na zdklad¢ Rtg snimki, CT a peroperacnich nalezi jsme hodnotili ndsledujici parametry:
- anatomii zlomenin fibuly proximalnég a distalné,

- rozsah poranéni medidlnich struktur (lig. deltoideum, malleolus medialis),

- zlomeninu zadniho malleolu,

- poranéni tibiofibuldrni syndesmézy veetné Tillaux-Chaputova hrbolu.
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5. Zakladni vysledky

Anatomicka studie crista malleoli lateralis

Anatomie crista malleoli lateralis: Studovand hrana byla pozorovdna u vSech vzorki jako
konstantné se vyskytujici struktura bez sklonu k variabilitim. Ve své proximalni tfetin€ se staci
obloukovité dorzalné a poté sestupuje distalné ve sttedni ¢asti zevni plochy lateralniho malleolu
az k jeho apexu.

V proximélnich dvou tfetindch priibéhu je prominence hrany vyraznéjsi, v distdlni tfetiné
(ptedevsim pod drovni horniho okraje artikula¢ni plochy) je hrana plossi.

Metrika: Méfili jsme nize uvedené parametry.

Primérnd délka fibuly byla v celém souboru 346,5 mm, u muzi ¢inila 362,6 mm a u Zen

327,1 mm. T-test pro srovnani délky fibuly mezi muZzi a Zenami byl 0,00. Stranové srovnani
u muzu mélo hodnotu 0,31 u muzu a 1,00 u Zen.

Primérna délka CML c¢inila v celém souboru 85,4 mm, u muzi 89,1 mm a u Zzen 81,1 mm.

T-test pro srovnani délky CML mezi muZi a Zenami byl 0,00. Stranové srovnani u muzii mélo
hodnotu 0,31 u muzu a 0,64 u Zen.

Prumérna délka prubéhu CML ve stfedni &asti fibuly nad kloubni fasetou ¢&inila v celém

souboru 25,9 mm, u muzi 25,6 mm a u Zen 26,1 mm. T-test pro srovnani délky praibéhu CML
ve stfedni Casti fibuly nad kloubni fasetou mezi muzi a Zenami byl 0,76. Stranové srovnani
u muzu mélo hodnotu 0,22 u muzu a 0,01 u Zen.

Prumérnd vyska trojuhelnikové drsnatiny na medidlni strané distilni fibuly ¢inila v celém

souboru 34,9 mm, u muzi 36,0 mm a u Zen 33,6 mm. T-test pro srovnani vysky trojihelnikové
drsnatiny na medidlni stran¢ distdlni fibuly mezi muZi a Zenami byl 0,00. Stranové srovnédni

meélo hodnotu 0,69 u muza a 0,92 u Zen.
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Studie ,,klasické*“ Maisonneuveovy zlomeniny

Epidemiologie: Studie zahrnovala 33 muzii s primérnym vékem 46,5 let (rozmezi 19-78) a
21 zen prumérného véku 50,9 let (rozmezi 26—75). Primérny vék celého souboru byl 48,2 roku.
Vétsina pacientd byla v paté a Sesté dekdde. Ve vékové kategorii do 50 let dominovali muZzi
(21:8), nad 50 let byl pomér muzii a Zen byl téméf vyrovnany (12:13).

Prava strana byla postiZena ve 36 a leva strana v 18 ptipadech.

Zlomenina proximalni fibuly: Subkapititni zlomenina byla nalezena v 50 ptipadech
(jednoducha spirdlni linie u 42 pacientd, kominutivni zlomenina u 3 pacientl a nedislokovana
fisura v 5 pfipadech). Hlavicka fibuly byla rozlomena u zbyvajicich 4 pacientd. Ve 14 ptipadech
(25 %) nebyla zlomenina fibuly patrnd na predozadnim snimku bérce, ale pouze v bocné
projekci.

Poranéni medialnich struktur: Poranéni deltového vazu bylo zaznamenano ve 27 piipadech
(50 %). U 20 pacientli (37 %) byla nalezena zlomenina medidlniho kotniku. Ve zbyvajicich
7 ptipadech (13 %) byly medidlni struktury hodnoceny jako intaktni.

Zlomeniny medidlniho malleolu byly dile déleny na zlomeninu piedniho kolikulu
(2 ptipady), na zlomeninu zasahujici do interkolikularniho Zlabku (5 ptipadl) a na bikolikularni
zlomeninu (13 piipadit).

Zlomenina zadni hrany tibie: Zlomeninu zadni hrany tibie jsme nalezli u 43 pacient
(80 %). Morfologie zlomeniny byla dle CT zobrazeni ur¢ovana podle klasifikace Bartonicka a
Rammelta. Typ 1 (extraincisurdlni) byl zjistén v 5 piipadech, typ 2 (posterolaterdlni)
v 18 ptipadech, typ 3 (dvou-fragmentova zlomenina s medidlni extenzi) v 11 pfipadech a typ 4
(velky triangularni) ve 3 ptipadech.

Postaveni distalni fibuly v incisura fibularis tibiae: Postaveni distdlni fibuly v incisuie

jsme hodnotili na zdkladé CT vysetieni u 43 pacienttl.
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V 9 piipadech byl prostor mezi fibulou a incisurou rozsifen pouze minimdaln€ (do 2 mm
v centru incisury), v 11 piipadech bylo rozsiteni vétsi nez 2 mm a ve 20 piipadech bylo rozsiteni
spojeno se zevni rotaci fibuly. Ve 2 ptipadech Bosworthovy zlomeniny doslo k dorzélni luxaci
distalni fibuly z incisura fibularis tibiae. V 1 ptipad¢ vznikla kompletni diastdza tibio-fibularni
vidlice s vklinénim talu mezi ob¢ kosti.

Poranéni tibio-fibularni syndesmozy: Poranéni vazivovych struktur syndesmoézy bylo
hodnoceno u vSech 54 pacienti.

Na zdklad¢ CT zobrazeni bylo patrné rozsiteni tibio-fibularni distance nebo zevné-rotacni
uchylka fibuly v 33 piipadech. U 2 pacientl byla zjisténa dorzalni luxace fibuly.

Zlomenina zadni hrany tibie typu 2-4 byla zobrazena ve 43 pfipadech a avulze Chaputova
hrbolku u 9 pacientt.

Pridruzena poranéni: PridruZena poranéni byla identifikovana ve 3 ptipadech. Jednalo se
o jeden pfipad osteochondrdlni zlomeniny laterdlni c¢asti kladky talu, jeden piipad
osteochondrdlni zlomeniny posteromedidlni ¢asti kladky talu a jeden piipad kompresivni

s w2z

zlomeniny laterdlni ¢asti kloubni plochy tibie v oblasti incisura fibularis tibiae.

Studie ,,dvojité‘‘ Maisonneuveovy zlomeniny

Zlomenina fibuly: Proximdlné byla v 9 piipadech nalezena subkapititni Sikma spirdlni
zlomenina zasahujici metadiafyzarné. Ve 2 ptipadech byla zaznamendna vysoka, kratce Sikma
zlomenina zasahujici do hlavicky fibuly.

V 9 ptipadech byla zlomenina vyraznéji dislokovand, ve 2 piipadech minimdlnég, resp.
se jednalo o fisuru.
Distalni zlomenina fibuly byla v 1 pfipad¢ hodnocena jako typ Weber B a v 10 piipadech

jako typ Weber C. Z toho se v 7 piipadech se jednalo o nizky typ zlomeniny, ve 2 piipadech
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byla hlavni lomn4 linie 6-8 cm nad kloubni Stérbinou a v 1 piipad¢ byla zjisténa kominutivni
zlomenina distalni fibuly.

Poranéni medialnich struktur: Poranéni medidlnich struktur bylo diagnostikovano na Rtg
a CT vySetieni u vSech 11 pacientli a ndsledné potvrzeno i peroperacnim nalezem.

Poranéni deltového vazu (medial clear space vétsi nez 4 mm) jsme na Rtg zaznamenali
v 6 ptipadech, u kterych byl peroperacné pozitivni zevné rotacni test. U zbyvajicich 5 pacienta
byla nalezena bikolikuldrni zlomenina medidlniho malleolu.

Zlomeniny zadni hrany tibie: Zlomenina zadni hrany tibie se vyskytla u vSech 11 pacientt.
Podle CT klasifikace Bartonicka-Rammelta se v 8 piipadech jednalo o typ 1 (extraincisuralni)
a ve 3 ptipadech o typ 2 (posterolateralni).

Poranéni tibiofibularni syndesmézy a Tillaux-Chaputova hrbolku: Na Rtg jsme nalezli
rozsiteni ,.tibio-fibular clear space* vétsi nez 5 mm v 9 piipadech. Rozsifeni mensi nezZ 5 mm
jsme nalezli u jednoho pacienta s distdlni zlomeninou Weber B a u jednoho pacienta
s minimdlné dislokovanou nizkou zlomeninou Weber C.

Avulzi Chaputova hrbolku jsme nalezli ve 4 ptipadech, a u vSech byla soucasn¢ zjiSténa zevni
rotace distdlni fibuly. U zbyvajicich 7 pacientl jsme zevné rotacni postaveni distdlni fibuly
zaznamenali 4krat. Ve 2 ptipadech, kdy CT bylo provadéno az po stabilizaci hlezna zevni fixaci
nebo Kirschnerovymi dréty, byla zjisténa pfedni translace fibuly. V 1 ptipad¢ byla dislokace
minimélni.

Poranéni lig. tibiofibulare interosseum jsme potvrdili u 7 pacient na zaklad¢ hakového testu
v prub¢hu operace. Ve 2 piipadech (u pacienta se zlomeninou fibuly Weber B a u pacienta
s nizkou zlomeninou Weber C) byl vaz intaktni.

Za avulzni poranéni lig. tibiofibulare posterius jsme povazovali 2 ptipady s CT verifikovanou
zlomeninou zadni hrany tibie typu 2, u kterych byl pfi operacni revizi nalezen intaktni vaz

na fragmentu zadni hrany. V ostatnich piipadech nebyl vaz béhem operace revidovan.
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6. Diskuze

Anatomicka studie crista malleoli lateralis

Tato studie se podrobné zabyva anatomifi crista malleoli lateralis (CML). Hodnotili jsme parové
fibuly; vék a pohlavi darcii byly zndmé u vsSech naSich exempldii. Rozdily v namétenych
hodnotiach mezi muZi a Zenami jsou vétSinou statisticky vyznamné. Naproti tomu stranové
rozdily byly statisticky nevyznamné.

Anatomii CML stru¢né zminilo v literatufe jen nékolik autort. Testut uvadi: ,,Tenkd a ostrd
predni hrana fibuly se kauddlné rozdvojuje za vzniku trojithelnikovité plosky. Predni okraj této
plosky, nekdy velmi nevyrazny, sméruje k prednimu okraji zevniho malleolu, zadni okraj tvori
hranka predniho okraje Zlabku peronedlnich svali.* (Testut L., 1889)

V Hovelacqueové ucebnici je hrana pouze zobrazena a ob¢ plosky, které na zevni strané
vytvéii, jsou pojmenovany jako “versant antérieur triangulaire” and ‘“‘versant posterior”
(Hovelacque A., 1933). Rouviere naopak pouZil v textu termin “créte oblique” (crest oblique),
ale struktura nebyla zobrazena na obrazku (Rouviere H., 1943). V Toldtov¢é atlasu a
v Lanz-Wachsmuthové ucebnici je hrana velmi vérné zobrazena, ale bez jakéhokoli popisu
(Toldt K., 1928; von Lanz T., Wachsmuth W., 1938).

Frazer zminuje v popisu k obrazku pouze obé plosky, piedni nazyva “subcutaneous surface”
a zadni “peroneal surface” (Frazer JES., 1946). Gray’s Anatomy uvadi: “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 retinaculum.” (Johnston TB.,
1958). AvSak posledni vydani Gray’s Anatomy CML zcela opomiji (Standring S., 2021).

Heim nazval CML “Lateraler Sporn” (“Lateral calcar”) a upozornil na nutnost modelace

dlahy pfii osteosyntéze zlomeniny laterdlniho malleolu (Heim U., 1972).
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Kelikian byl jediny, kdo popsal CML velmi podrobné: “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 surface: anteroinferior
and posterosuperior... and this must be taken into consideration during aplication of a plate...
subcutaneou surface.” (Kelikian AS., 2011).

Ve Whitové monografii je CML opakované zobrazena, ale bez jakékoli specifikace. Autor
strucné popisuje pouze “triangular subcutaneous area” (White TD., 2012).

Z ptehledu je patrné, Ze vSichni autofi se shoduji v zobrazeni a popisu hrany. Pouze nékolik
autort tuto hranku pojmenovalo (“Lateraler Sporn” nebo “créte oblique” / “oblique crest”).

Z Klinického pohledu vSak CML predstavuje vyznacny orientacni bod pii aplikaci
syndesmélnich $roubti (SS) nebo dlahy a v neposledni fadé pro hodnoceni postaveni distdln{
fibuly v incisura fibularis tibiae.

Optimdlni droven pro zavedeni syndesmalnich Sroub(1) je 1,5-3,5 cm nad kloubni Stérbinou,
protoZze vtomto intervalu sméfuje vrtdk proti konkavité¢ incisury a nemulZze sklouznout
po konvexni interosedlni hran¢ (Bartonicek J., 2003; Fojtik P., 2020; Heim U., 1972). Dtlezité
je, aby syndesmdlni Sroub prochdzel sttedem fibuly a stfedem incisura fibularis tibiae.
Pokud je SS zaveden z “triangular area*, neni jeho pribéh ani fixace ve fibule optimalni.

Nase vysledky prokézaly, e idedlni misto pro zavedeni SS je do 2,5 cm proximalné od linie
hlezenniho kloubu. Pokud je Sroub umistén proximéalné&ji, lezi vstupni bod 1 azZ 2 mm dorzéalné
od CML.

Pti piriklddani dlahy na zevni kotnik je nutno s CML pocitat a modelovat dlahu tak,
aby prochdzela stfedem distdlni fibuly, nikoli dominantné¢ pokryvala area triangularis.
V piipad¢ asymetrické polohy dlahy vzhledem k CML nelze pies ni zavést syndesmalni Sroub

v optimdlni trajektorii. V tomto kontextu je nutné poznamenat, Ze na posterolaterdlni povrch
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fibuly naléhaji peronedlni Slachy a jejich fascie se upind do CML. Proto musi byt pro spravné
umisténi dlahy tato fascie odpojena.

Crista malleoli lateralis je podstatnd pro piesné posouzeni pozice fibuly ve fibuldrni incisufe
na axidlnim CT (Rammelt S., 2018). Optimdlni Groven fezu je 4-5 mm proximdaln¢ k linii
hlezenniho kloubu (Bartonicek J., 2019). Pii anatomické centraci koresponduje anterolateralni
plocha fibuly (triangular area) s piedni plochou distdlni tibie a posterolaterdlni ploSka distalni

fibuly (peroneal area) se zadni plochou distéln{ tibie.

Studie ,,klasické*“ Maisonneuveovy zlomeniny

Maisonneuveova zlomenina je béZznou a zndmou variantou luxacnich zlomenin hlezna.
Presto se jen mélo studii detailné vénovalo pathoanatomii této entity. Jen tfi studie zahrnovaly
vice nez 20 pacientll a Zddnd nebyla zaloZena na CT vySetfeni (Ammann E., 1981; Kirschner
P., 1999; Babis GC., 2000). Proto jsme podrobn¢ analyzovali ndS soubor 54 pacientil
s kompletnim CT zobrazenim a peropera¢nimi nélezy.

Podle nasSich znalosti se jedna o nejvétsi dosud publikovany soubor, ktery analyzuje podrobné
pozici fibuly v incisufe, typologii zlomenin proximdlni fibuly i pathoanatomii zlomenin
zadniho a medidlniho malleolu.

N¢ekteii autofi zjistili niz$i praimérny vek pacientli s MZ ve srovnani s ostatnimi luxa¢nimi
zlomeninami hlezna. Na§ primérny vék 48 let je ve srovnani s ostatnimi studiemi nejvyssi,
a navic se shoduje s primérnym vékem nasi predchozi studie kterd zpracovala 1 325 zlomenin
hlezna (Bartonicek J., 2008).

Zékladnim znakem MZ je spirdlni subkapitatni zlomenina fibuly nebo zlomenina jeji
hlavicky, které jsou nasledkem rota¢niho poranéni hlezna. Nékteti autoii k MZ fadi i zZlomeniny
fibuly ve stedni Casti, coz je dle naseho ndzoru jiny typ zlomeniny (Pelton K., 2010; Pérez RL.,

2009).
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Popisy poranéni medidlnich struktur se v literatufe 1iSi. V naSem souboru byly medidlni
struktury intaktni v 7 ptipadech, coz je podobny podil jako v ostatnich studiich (Hirschmann
MT., 2008; Charopoulos 1., 2010). NaznaCuje to, Ze MZ muze byt zplisobena
nejen pronacné-everznim mechanismem, ale také supinacné-everznim mechanismem.

Zlomeniny ptedniho kolikulu, pfipadné zlomeniny zasahujici do interkoliklularniho Zlabku
se Casto vyskytuji se ve formé tzv. osteoligamentézniho poranéni, nebot’ jsou spojeny
s ¢astecnou nebo Uplnou rupturou hluboké porce deltového vazu.

Morris et al. ve své MR studii popsali rupturu povrchové casti deltového vazu u vsech
5 analyzovanych piipadt, iplnou rupturu hluboké ¢asti vazu ve 3 piipadech a ¢4stecnou rupturu
hluboké porce v 1 pfipad€. V jednom piipad¢ zlstala hlubokd porce deltového vazu intaktni
(Morris JR., 1996). To v souhrnu znamend, Ze medidlni struktury mohou byt poranény
kompletn¢ (bikolikuldrni zlomenina, kompletni 1éze deltového vazu nebo zlomenina pfedniho
kolikulu s kompletni 1€zi hluboké porce deltového vazu) nebo ¢aste¢né (izolovana ruptura
povrchové Casti deltového vazu nebo izolovand zlomenina predniho kolikulu).

Zlomeniny zadni hrany tibie jsme nalezli u 80 % pacientli. Podle Bartonickovy-Rammeltovy
klasifikace se nejCastéji jednalo o typy 2 a 3. Zlomeniny zadni hrany byly zminény i dalSimi
autory, incidence je rovnéZ podobna.

Ov¢éfteni poranéni jednotlivych vazil tibiofibuldrni syndesmézy vyzaduje komplexni pohled.
Rupturu piredniho tibiofibularniho ligamenta nebo ekvivaletni avulzi Tillaux-Chaputova
hrbolku jsme nalezli u vSech pacientli. Yoshimura et al. artroskopicky ovéfili poskozeni LTFA
ve vSech 4 zkoumanych piipadech (Yoshimura I., 2008). Jak Morris, tak Manyi nasli prasknuti
LTFA ve vsech jejich pfipadech a vZdy v kombinaci s 1€ézi interosedlniho tibiofibularniho
ligamenta (Morris JR., 1996; Manyi W., 2000).

Mezikostni membrana je podle klasického chdpani pathoanatomie MZ roztrzena vzdy

a az na uroven fibuldrni zlomeniny. Ve studii vyuzivajici MR Manyi zjistil, Ze MZ byla spojena
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s rupturou membrany u vSech 12 pacientli, ale pouze u jeji distdlni tfetiny, tzn. ne vice
nez 112 mm nad drovni hlezenniho kloubu (Manyi W., 2000). Morris pomoci MR detekoval
rupturu mezikostni membrany u Ctyf z péti vySetfenych pacientti (Morris JR., 1996).

Lézi zadniho tibiofibularniho ligamenta (LTFP) popsal Morris ve 3 piipadech jako kompletni,
v jednom piipad¢ jako parcidlni a v jednom piipad¢ bylo ligamentum intaktni (Morris JR.,
1996). V artroskopické studii Yoshimura a kol. hodnotili vSechna LTFP jako intaktni
(Yoshimura I., 2008).

Posuzovat korektné pozici distdlni fibuly v tibidlni incisufe je obtiZzné. Nam se osvédcily CT
axidlni fezy 4-5 mm nad trovni kloubni Stérbiny hlezna. V této drovni je incisura fibularis
nejhlubsi a tibie s fibulou jsou v tésném kontaktu a piedni a zadni kontury obou kosti na sebe
plynule navazuji (Bartonicek J., 2019). Dislokace distdlni fibuly je na CT velmi variabilni,
od minimélniho roz$ifeni nebo zevni rotace fibuly az po dorzdlni dislokaci fibuly z incisury —
typicky znak Bosworthovy zlomeniny.

Pfidruzené osteochondralni 1éze kladky talu byly popsdny na zdkladé artroskopického
vysetieni Yoshimurou, a ve vSech Ctyfech ptipadech lokalizovany posteromedidlné (Yoshimura
I., 2008). V nasi studii byla posteromedidlni osteochondrdlni zlomenina talu viditelnd pouze
na MR a ne na CT. NaS pfipad osteochondrilni zlomeniny laterdlni Casti kladky talu
a kompresivni zlomenina laterdlni ¢asti kloubni plochy tibie v oblasti incisura fibularis tibiae
nebyly diive dle naSich znalosti popsdny. Oba piipady ukazuji na prona¢ni mechanismus.

Pathomechanismus MZ byl diskutovin nékolika autory (Weber BG., 1966).
Podle Lauge-Hansena a dalSich autori se MZ vytvoii ve III. stadiu pronacné-everzni
zlomeniny, to vSak nevysvétluje piipady s intaktnimi medidlnimi strukturami. Proto musi byt
Cast pripadii vytvofena ve II. stadiu supinac¢né-everzni zlomeniny, coZ koresponduje

i se sekvencemi popsanymi Pankovichem (Lauge-Hansen N., 1950; Pankovich AM., 1976).

Supinacné-everzni mechanismus také vysvétluje poranéni piedniho fibulotalarniho
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a kalkaneofibuldrniho vazu, které bylo popsano Morrisem et al. (Morris JR., 1996). Tito autofi
zjistili poranéni predniho fibulotaldrniho vazu u vSech 5 pacienti, poranéni kalkaneofibuldrniho
vazu u 3 pacientll a poranéni zadniho fibulotalarniho vazu u 1 pacienta.

Nase studie prokazala dulezitost CT vySetieni pro kompletni diagnostiku rozsahu poranéni
v ramci MZ. Zlomeniny Tillaux-Chaputova hrbolku neni mozné na Rtg snimcich spolehlivé
detekovat, také zlomeniny zadni hrany tibie nelze podle Rtg snimka dostateCné posoudit.
Diilezité je CT i pro odhaleni pfidruZenych poranéni.

Véznost vazivovych poranéni by bylo nejlepsi hodnotit na zaklad¢ zat€Zovych snimkl hlezna
a MR vySetfeni, ale obtizné je ob¢ vySetfeni spravné a Casné provést. Mély by byt vSak

provedeny v piipadech které nejsou ziejmé dle CT vySetieni.

Studie ,,dvojité“ Maisonneuveovy zlomeniny

Zpracovali jsme soubor 11 pacientl s etdZovou zlomeninou fibuly (,,dvojité* Maisonneuveovy
zlomeniny). Tato forma MZ byla do té doby zpracovéana pouze ve 4 kazuistikach.

Slawski a West v r. 1995 jako prvni popsali dvojitou zlomeninu fibuly u 46leté Zeny. Obé
zlomeniny fibuly byly diagnostikovdny jiz pii prvnim vySetfeni. Distdlni zlomenina byla
klasifikovana jako typ Weber B. Ddle bylo zjiSténo poranéni deltového vazu, zlomenina
zadniho malleolu a nestabilita tibiofibuldrni syndesmézy (Slawski DP., 1995).

Hensel a Hapstrite zaznamenali luxacni zlomeninu levého hlezna u 29letého muZze, kterou si
zpusobil pii ultimate frisbee. Na Rtg byly patrné jednoduché transverzdlni zlomeniny
medidlniho a laterdlnitho malleolu a kominutivni zlomenina proximadlni ¢asti diafyzy fibuly,
cca 8 cm pod hlavickou fibuly (Hensel KS., 2002).

Colenbrander et al. diagnostikovali dvojitou zlomeninu fibuly u 56leté Zeny po uklouznuti
na schodech. Primdrn¢ byla na Rtg hlezna nalezena zlomenina distdlni fibuly typ Weber C

s roz$ifenim “medial clear space” svédCicim pro 1€zi deltového vazu. Po provedeni
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osteosyntézy distédlni fibuly vSak pietrvavaly bolesti v oblasti horniho konce fibuly. Kontrolni
Rtg snimek bérce tyden po operaci odhalil subkapitatni zlomeninu fibuly. Nasledné CT hlezna
prokdzalo témeét anatomické postaveni v hlezennim kloubu (Colenbrander R1J., 2005).

Wolfram et al. popsali trimalleoldarni zlomeninu u 63leté pacientky kterou si zpusobila
pii paddu na schodech. Diagnostikovdna byla zlomenina fibuly typu Weber B, zlomenina
medidlniho malleolu a zlomenina zadniho malleolu. Pro ptetrvavajici dyskomfort po provedené
osteosyntéze bylo tieti den po operaci doplnéno Rtg kolena a zjiSténa subkapitdtni zlomenina
fibuly (Wolfram D., 2007).

Z téchto kazuistik je patrné, Ze v poloviné piipadl byla subkapitidtni zlomenina fibuly
piehlédnuta. To je Casty problém i u ,jednoduché* MZ (Bartoni¢ek J., 2019). V naSich
11 ptipadech byly ob¢ zlomeniny fibuly diagnostikovany jiZ pfi prvnim oSetfeni, nebot’ vzdy
bylo kromé vySetfeni hlezna provedeno i palpacni vySetieni celé fibuly a na jeho zdklad¢
doplnéno Rtg vysetieni bérce. Klinické vysetieni bérce by mélo byt standardni soucdsti
vysetieni u vSech zlomenin hlezna. Bohuzel je vSak na fad¢ pracovist’ opomijeno.

Piinos CT vySetfeni u zlomenin hlezna, zejména u trimalleolarnich zlomenin a u zlomenin
fibuly typu Weber C s instabilitou syndesmozy, je v poslednich letech opakovan¢ zdliraziovan
(Rammelt S., 2018). U naSich 11 pacientli s dvojitou MZ ndm CT umoznilo jednoznacné
klasifikovat zlomeniny zadni hrany tibie, identifikovat avulze Tillaux-Chaputova hrbolu, které
nebyly patrné na Rtg snimcich a verifikovat postaveni fibuly v incisufe.

Zlomenina typu Weber C byla nalezena v 12 z 15 publikovanych piipadt, tedy v 80 %.
V naSich i literarnich pfipadech byly bikolikuldrni zlomeniny a ruptury lig. deltoideum
zastoupeny vzdy shodné v 50 %. V naSem souboru ani v literatuie nebyla zaznamendna
kombinovana osteoligamentézni 1éze. Zlomeninu zadniho malleolu jsme v nasem souboru

zaznamenali u vSech pacientl, v literatufe byla popsdna jen ve 2 ze 4 piipadii na bo¢ném
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Rtg snimku hlezna (Slawski DP., 1995; Wolfram D., 2007). Zlomenina Tillaux-Chaputova
hrbolku u dvojité MZ nebyla v literatufe popséna.

N&s soubor ,,dvojité“ MZ je pfiliS maly na srovnani se souborem ,jednoduché“ MZ
publikovany Bartoni€¢kem a spol. (Bartonicek J., 2019). Nicméné ndpadnd je skute€nost, Ze
jsme nezaznamenali Zddnou zlomeninu zadni hrany typu 3 nebo 4 podle klasifikace Bartonicka
a Rammelta (Bartonicek J., 2015). V naSem souboru ,,dvojité*“ MZ vSak dominovaly zlomeniny
zadniho malleolu typu 1. Naopak v souboru ,klasické MZ ptevazovaly zlomeniny typu 2 a 3.

Pfesny mechanismus vzniku dvoutdroviiové zlomeniny fibuly nelze z 15 ptipadt spolehlivé
objasnit. Nicméné¢ je z nésledujicich divoda pravdépodobné zevné-rotacni nésili: zlomeniny
typu Weber C, které jsou pro tento mechanismus typické, tvotily 80 % piipadl a zlomenina
zadni hrany tibie typu 1 nebo 2, kterd odpovidé avulzi zadni syndesmézy, byla v naSem souboru
zaznamenana u 100 % pacientl. Zustava nejasné, zda fibula praskne nejprve v proximalni
nebo distdlni casti. Podle Hensela et al. je dvojitd MZ zplisobena vysokoenergetickym
traumatem (Hensel KS., 2002). Nicmén¢ vSechny piipady dosud uvadéné byly zplisobeny
nizkoenergetickym traumatem.

Lze jen spekulovat, jak je mozné, Ze jsme sestavili soubor 11 pacientii s timto typem
zlomeniny, kdyZ byly v dostupné literatufe prezentovany jen 4 kazuistiky. Pravdépodobné bude
¢ast proximéalnich 1ézi prehlédnuta, protoZe neni proximalni ¢ast fibuly vySetfovana v ptipadech

zjisténé zlomeniny v jeji distalni Casti.

29



7. Publikace se vztahem k tématu prace

ORIGINAL ARTICLE m)

Clnscl by
G

Lateral malleolar crest and its clinical importance
Petr Fojtlk'2() . St&pan Kasper?(" . Jan Bartoniéek' 2 . Michal Tugek(" . Ondfe) Nafika'(

Recehved: 18 Novemnber 2022 f Accepted: & January 2023
@ The Author(s), under exclusive licence to Springer-Werlag France SAS, part of Springer Nature 2023

Abstract

Purpose During study of anatomy of a fractured posterior malleclus of the ankle on CT scans, the authors noticed a promi-
nent crest on the lateral malleclus, which they termed the lateral malleclar 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,

Materlals 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 [CI] 344-349), (LMC)
was 85.44 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 259+ 6.5 mm
(95% CI 24.8-26.8) in the whole group, (B) was 34.94+ 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 orfand the fibular plate.

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

Introduction Dwuring analy sis of the pathoanatomy of posterior malleo-

lus fractures, Maisonneuve fractures (MF) [3] and assess-

Progress in diagnogis 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 anatony
of the fibular malleolus.
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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 characte ristic 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 anthors [7, 1012, 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), iz in our view highly
important in clinical terms [3, 19], and therefore we have
decided to focus in detail on its anatomy.

) Springer

30




Surgical and Radlologlc Anatonmy

Material and method
Material

The present study is based on examination of adult fibulae,
both male and female, from the Pachner’s osteclogical col-
lection of the Institute of Anatomy, 1st Faculty of Medi-
cine, Charles University, Prague. This collection, created in
19341935, provides basic data oneach 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
140183} 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 vears (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
malleclus (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 malleclus
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 articolar facet of the
lateral malleclus (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 0.01 mm and
1 mm, espectively.

Evaluation

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

) springer
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Fg. 1 Measured porameters. LM C lateral malleolar crest, A lkength of
the part of LMC from the superior border of the articular facet of the
lateral malleclus to its most proximal intersection with the medline of
the fituls (3—4), B beight of the medial triangular sorface (2—4), total
length of LMC (1-5)

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

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 twa,
anterolateral (triangular subcutaneous area) and posterolat-
eral {peroneal area) surfaces that were mutually slanted. A s
a result the profile of the distal fibula acquired its ty pical tri-
angular shape. The flat ante rolateral surface had a triangular
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Flg.2 Amnatomy of the laeml surface of the nght distal fibula. & Posterolateml view; b lateral view: ¢ anterolaeral view. I—anterolateral (trion-
gular subcutancous) area, 2—laterml malleolar crest, 3—posterolateral (peroneal) area, 4—anterior border of the fibula

Flg.3 Topography of the laterl aspect of the right distal fibula. 1—
anterolateral (triangular subcutancous) ama, 2—posterolateral (pero-
ncal) ara covered by peroncal muscles, black arrow—tendon of the
peroneus brevis leaving the peroncal 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 (.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 4+ 11.2 mm (95% C1 79.4-82.8)
in women. T test for comparison of the LMC length between
males and females was (.00, side-to-side difference was .31
in males and 0.64 in females.

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

@ Springer
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Table 1 Measured pammeters

Results F {mm) LMC {mm) LMC/F (%) A (mmm) B (mm)
and results

Malk: MV 362.6 89.1 25 25.6 36
CIo5% 360-366 87.6-90.6 24.6-25.4 24.2-27 35.1-36.9

Female MV i B1.1 25 26.1 3.6
CIos% 325-330 79.4-2.8 24.5-255 247-27.3 32.8-344

All MV 146.5 854 25 25.9 M9
CI95% 344 349 84.2-B6.6 24.7-253 24.8-26.8 34.3-3535

A—length of the pant of the examined crest from the superior border of the articolar facet of the laterl
malleolus (AFLM) to its most proximal intersection with the midline of the loteral aspect of the fibula, B—
height of the medial trisngular rough surface

MV mean value, C7 95% confidence interval 95%, F length of the fibula, LMC total length of LMC

Table2 Statistical analysis—

paircd fests Tiucay Fmm) LMC(mm) LMCF(%)  A(um) B (mm)
Male Leftright 031 031 0.2 0.22 0.69
Female Leferight 1.00 0.64 0.60 001* 0.02
Male—female 0.00* 000* 0.90 0.76 0.00*

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

F kngth of the fitala, LM C total kength of LMC

*Statistically significant difference

25% +3% (95% CI 24.6-25.4) in men and 25% + 3%
(@5% 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 (.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 25.9 +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 4+ 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 .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)
wag 349447 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
0.00, side-to-side difference was 0.69 in males and (.92
in females.

Discussion

The present study deals in detail with the LMC anatomy.
We evaluated paired fibulse: 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 cre st 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
obligue™ (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 surfsce™. Gray s Anatomy
[U1] states: “The anterior border of the fibula divides
inferiorly into two ridges which enclose berween them
& subcutaneouns triangular surface. .. The lower part of
the posterior margin of tnangular arca gives atischment
to the lateral extremity of the superior peroneal retingcuo-
lum.” But in the latest edition of the Gray’s Anatomy
[23], LMC 15 compleicly omutted. Heim et al. [9] called
LMC “Lateraler Sporn”™ { Lateral calcar) and pointed ot
the necessity bo shape the plate for internal fixaton of a
lateral malleolar fracture. Kelikian [ 12], as the only onc,
presenied a highly detailed description of LMC ... “the
anterior border (of the fibola) divides into two branchies,
anterior and posterior. . The posterior branch or ablique
crest is directed downward and posteriocly.. This obligue
crest delinzates two surfaces: antercinferior and postero-
superior... amd this must b2 taken into consideranon dor-
ing application of a plaie”. White ct al. [26] present mul-
tiple images of LMC in their textbook, bat without any
specification. They anly briefly describe “the trisngular
subcutancous arca’™.

The overview shows that all authors agree on the imagze
and description of the erest, although only few of them use a
specific ferm for them, namely “the lateml calcar™ [%] or “the
ablique crest™ [ 12] or crete obligue [18. 21]. The antercin-
ferior surface 14 identically called s msngular subcutaneous
surface and the posterosupenar surface a peroncal surface
[12).

LMC 15 an important reference point for application
of syndesmotic screws (55) and a plate, as well as for
assessmeent of the position of the distal fibola in the fiba-
lar notch

The optimal level for insertion of syodesmotic
screwis) is 2.0-3.5 cm ahowve the joint line {2. 6], a8 in
this interval the drill bit 15 directed toward the FN con-
cavity and cannot slip over the conves interossecus crest
[9]- It is important to insert 55 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 55 in
the fibula is optimal (Fig. 5). Owr resulis have revealed
that an ideal site for 55 insertion is within 2.5 cm prox-
imally from the ankle joint line. If the 55 is mserted
miore proximally, the entry point lies 1 1o 2 mm posterior
to LMC. According to messurements of samples from
the mentioned osteological collection, the height of the

Fig. 4 Latera]l malleolar crost on axis] CT scan 5 mum prosamal bo the

ankle pont line. l-—uniemlateral {Inangular subcutaneous) area. 2

lnieral malleclar crest, 3—posterolateral (peroneal) ares, AT Achilles
tendon

triangular rough space (B) corresponds with the height
of FiY [&].

LMC must be taken into socount during application of
the plate oo the lateral malleolus. The plate should respect
the midline of the lateral aspect of the distal fbula [ 10].
However, it usually covers the trisngulor area (Fig. 65 In
case of asymmetric placement of the plate relative to the
LMC. it is impossible to insert 55 through the crest along
an optimal rajectory (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 15 cssential for assessment of the position of the
distal fibule in FN on the axial CT scan [20]. The opti-
mal level iz 4-5 mm proximally to the ankle joint line
|3, 6]. Where the position of the fibula 15 anatomical,
its anterolateral aspect {iriangular area} corresponds on
the CT axial scan with the anterior sarface of the dis-
tal tibia and the posterolateral area of the distal fibula
{peroneal area) with the posterior surface of the distoal
tibia (Fig. ¥}.

& springer
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Fig.5 Placement of syndeamotic screws on CT axial scan and 3D CT reconstruction. 8 Proper entry points on the lateral malleolar crest (LMC);
b incormect eniry points on the anterolateral surface. White arrows—LMC

Conclusion

LMC is an important, constantly occurring, reference
structure on the lateral aspect of the fibular malleclus,
which divides the lateral aspect of the distal fibula into

the anterolateral (triangular subcutaneous area) and the
posterolateral (peroneal area) surfaces. The knowledge of
its course is essential for application of 88, fibular plate
placement and assessment of the distal fibula position in
FN.
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Fig.8 Assessment of the position of the distal fibula in the fibular
notch on axial CT scan 5 mm proximal to the ankle joint fine. Nor
mally, the anterolateral surface of the distal fibuly corresponds with
the anterior aspect of the distal tibia (dotied line), and the posterolat-
eral surface of the distal fibula corresponds with the posterior aspect
of the distal tibia (dotted line). *Medial condensation of cancellows
bone in the distal tibial metaphysis indicating the proper level of CT

BCAR

Fig.6 Placement of o fibular plae. a In the midline of the lateral sur
face: b on the anterolateral area

Flg.7 Efficct of anterolaternl placement of a fibular plate on the tra- axial CT scan 5 mm proximal to the ankle joint line showing malposi-
jectory of the syndesmofic screw. 8 ap mdiograph; b 3D CT moon- tion of the distal fibula in the fibular notch. Red arows—syndesmatic
struction,; € wmcial CT scan at the kevel of the syndesmotic scoew, d screws, yellow arrow—lateral malleclar crest (color figure online)

&) Springer
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Abstract

Introduction Although Maisonneuve fracture (MF) is a well-known type of ankle fracture—dislocation, there is still a lack
of information about the epidemiology and the extent of all associated injuries. The aim of study is to describe MF patho-
anatomy on the basis of radiographs, CT scans and intracperative findings.

Materials and methods The study comprised 54 adult patients. MF was defined as an ankle fracture—dislocation with a
fracture of the fibula in its proximal quarter. Ankle radiographs and lower leg radiographs were obtained in all patients.
Computed tomography (CT) examination was performed in 43 patients, of these in 34 patients in combination with 3D CT
reconstructions. A total of 51 patients were treated operatively, and in 38 of these an open procedure was performed.
Results The fibular fracture—fibular head was involved in four cases, and the subcapital region of the proximal quarter of
the fibula was affected in 50 cases. Fractures of the posterior malleolus were identified in 43 of 54 patients (80%). Injury
to the deltoid ligament was recorded in 27 cases (50%), a fracture of the medial malleolus in 20 cases (37%) and medial
structures were intact in 7 cases (13%). Position fibula in fibular notch—in 9 cases the pogition changed only minimally, in
11 cases the space between the tibia and the fibula was larger than 2 mm, in 20 cases widening of the tibiofibular space was
associated with external rotation of the fibula, in 2 cases fibula was trapped behind the posterior tibial tubercle and in 1 case
it was associated with a complete tibicfibular diastasis.

Condusion MF is a variable injury, always associated with rupture of the anterior and interosseous tibiofibular ligaments,
CT examination should be employed widely in MF, and MRI should be considered under special circumstances.

Keywords Ankle fracture - Maisonneuve fracture - Posterior malleolar fracture - Deltoid ligament injury

Introduction 1840 on the basis of experiments by the French surgeon
Maisonneuve [1]. The term Maisonneuve fracture (MF) was
A subeapital fracture of the fibula caused by external rota-  spread gradually, namely thanks to his fellow countrymen
tion mechanism and associated with an injury to the tibi- Cuenu [2], Chaput [3], and Destot [4]. The first to publish a
ofibular syndesmosis was described for the first time in  detailed description of this fracture, incloding radiographs,
was Tanton [5], in 1916, Ashhurst [6] introduced the term
Maisonneuve fracture into the English literature in 1923,

| Michal Tofek Bonin, in his study published in 1950 [7], dealt in detail
tuoc kmic @ gmail.com with MF and considered it to be a stable injury as, in his
i : ; s view, it was associated only with the injury to the ante-
gcw' les Unhflglj mﬂ! Mili 'FIE.I.::WI.W ﬁmm o rior tihioﬁhru.lar !igament and the mﬂdin} struc’mms‘cof the
Prague, U Vojenské Nemocaice 1200, 160 02 Prague 6, ankle remained intact. In the German literature this epo-
Czech Republic nym appeared as late as in the 1960s [8]. Unlike Bonin [7].
! University Center of Orthopedics and Traumatology, Weber [8] in 1966 defined MF as an unstable injury, with
University Hospital Carl Gustav Carus Diesden, the interosseous membrane torn up to the fracture level. In
Fetache rstrasse 74, 01307 Dresden, Germany 1976, Pankovich [9] published a study considered as a fun-
*  Department of Radiology, Military University Hospital damental work in this field until today, although it was based
Prague, U Vojenské Nemocnice 1200, 169 02 Prague 6, on only 12 cases.
Crech Republic
Published onling: 14 Decemnber 2018 & Springer
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Although MF is a well-known type of ankle fracture—dis-
location, there is still a lack of information about the epide-
miclogy and the extent of all associated injuries. It is sur-
prising that only a few studies have dealt with MF in detail
{Table 1), mostly in the form of case series [9-43]. The aim
of this study is to describe MF pathoanatonsy on the basis
of radiographs, CT scans and intracperative findings in a
sizeable number of patients.

Materials and methods

Patients treated for a Maisonneuve fracture (MF) in the
period from January 2012 until March 2018 were included in
the study cohort. The study comprised 54 adult patients (33
men, 21 women). MF was defined as an ankle fracture—dis-
location with a fracture of the fibula in its proximal quarter.
Exclusion criteria were ankle osteoarthritis, previous inju-
ries or interventions at the ankle, and skeletal immaturity.
Three cases of a double fibular fracture were also excluded.

Ankle radiographs in three projections {anteroposterior.
mortise and lateral views) and lower leg radiographs in two
projections (anteroposterior and lateral) were obtained in
all patients. Computed tomography (CT} examination was
performed in 43 patients, of these in 34 patients in combi-
nation with 3D CT reconstructions. Preoperative MBI was
performed in four patients to assess the syndesmotic liga-
ments, A total of 51 patients were treated operatively, in 38
of these an open procedure was performed.

The following parameters were evaluated on the basis of
radiographic, CT and intracperative findings:

* age of the patients and their distribution over the age
decades,

anatomy of the fibular fracture and its visibility on radio-
graphs,

injuries to the medial structures (deltoid ligament, medial
malleolus),

presence and morphology of any posterior malleolar frac-
ture,

injury to the syndesmotic ligaments, including fracture
of the tubercle of Tillaux—Chaput,

position of the fibula in the tibial incisura at the time of
injury,

associated injuries to the ankle.

In a first review, radiographs and CT scans were assessed
separately by each of the authors. In cases of disagreement
the images in question were discussed jointly in a second
EviEw.

Results
Epidemiology

The study cohort included 33 men with a mean age of
46.5 years (range 19-78) and 21 women with a mean age of
50.9 years (range 26-75). The mean age of the whole cohort
was 48.2 years. A majority of patients were in their fifth and
sixth decades (Fig. 1). The age category up to 50 years was
dominated by men (21:8). In patients older than 50 years, the
male—female ratio was almost equal (12:13). The right side
was affected in 36 and the left side in 18 cases.

Fibular fracture

Fibular fracture anatomy was assessed in 52 cases on the
basis of radiographs, and in 4 cases in combination with

Table 1 Luteratore overview

Author Year N P M/F Ag PM MS

of the pathoanatomy of

Maisannexrve fractures Pankevich 1976 i7 7 7 1742 15 MM 3, DL 1IN 13
Ammann 1081 17 a7 7314 16 13 MM 13, DL 20,IN 4
Sousa 1985 12 1 7 7 7 7
Mermil 1993 9 1 7 7 4 MM 1, DL &
Kolman 1999 19 1178 37 7 MM 9, DL 10
Kirschner 1999 12 12 257 7 9 MM?, D6
Manyi 2000 12 12 93 38 7 MM7.D 5
Babis 2000 26 26 16110 25 0 MM20,D 6
Sproule 2004 14 14 132 36 5 MM1,D 13
Pelton 2010 12 4 12 28 9 MM, D 3
Authoss 2018 54 51 KET| 48 41 MM 20,D 27,IN7
N pumber of patients, OF number of operated patients, M/F maleffemale, PM fractumes of the posterior
malleclus, M injuries to medial structures, MM medial mallelus, DL deltoid hgament, IV intact, 7 not
mentioned

£} Springer
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3D CT reconstructions. The fibular head was involved in
four cases, including two fractures and two fissures. The
subeapital region of the proximal quarter of the fibula was
affected in 50 cases, including 42 cases of a simple spiral
fracture with varying displacement, 3 cases of a comminuted
displaced fracture and 5 cases of a fissure without displace-
ment (Fig. 2). In 14 cases (25%), the fibular fracture was not
visible in the anteroposterior projection and was detected
only in the lateral view.

Injuries to the medial structures

Injuries to the medial side of the ankle were assessed on
the basis of radiographs in all 54 patients. CT scans in 43
patients, MRI scans in 4 patients and intracperative findings
in 51 patients. A lesion of the deltoid ligament was assumed
with a medial clear space (MCS) of more than 4 mm shown
on a radiograph or a CT scan. In case of an intact medial

malleclus and an MCS of less than 4 mm, a manual exter
nal rotation test was performed at the beginning of surgery.
Injury to the deltoid ligament (DL} was mecorded in 27 cases
(50%). A fracture of the medial malleclus (MM was present
in 20 cases (37%); medial structures were intact in 7 cases
(13%). Medial malleolar fractures were further classified
with the use of CT scans and intraoperative findings. In only
2 cases was the anterior colliculus separated (Type I}, in 5
cases the separated fragment carried the anterior colliculus
and the intercollicular groove (Type II) and in 13 cases both
colliculi were fractured (Type III) (Fig. 3).

Posterior malleolar fractures

Fractures of the posterior malleclus were identified with the
use of radiographs in 43 of 54 patients (B0%). The fragment
shape was classified in 37 cases based on CT scans, accord-
ing to the classification scheme developed by Bartonitek and
Rammelt [44]. Type | (extraincisural fracture ) was recorded
in 5, type 2 ( posterolateral) in 18, type 3 (two-part involving
the medial malleolus) in 11 and type 4 (large triangular} in
3 cases.

Position of the fibula in the fibular notch

The position of the fibula in the fibular notch of the tibia was
assessed in all 43 patients who underwent CT examination
with the use of axial (transverse) sections 3—4 mm abowve
the ankle joint space. A constant finding in this area was
a higher density of the subchondral cancellous bone at the
distal tibia close to the medial malleclus, due to the physi-
ological undulation of the articular surface of the distal tibia
(Fig. 4).

In 9 cases the position of the fibula changed only mini-
mally, with the tibiofibular space measured at the center

Flg.2 Type of proximal fibular mctures. & Fractume of fibular head, b upper level of subcapital fractom, © lower kvel of subcapital fracture, d

comminuied subcapital fractun:

&) Springer
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Fig.3 Types of medial malleolar fractures. 8 Fractore of anterior collicubuz (Type I), b fractures of anterior colliculus and intercollicular groove
{Type II), ¢ small bicollicular fragment, d large bicollicular fragment, e extra large bicollicular fragment. c—e Present Type I

Flig.4 Authors’ method of evaluation of the position of the distal fib-
ula within the tibial incisura (fibular notch). & Level of measurement,
b concave imcisum, ¢ flat mcisura, *area of higher density of the
subchondral concellous bone. The anterior aspect of the distal fibula
must be in contimpation with the anferior aspect of the distal tibia and
the posicrior aspect of the distal fibula must be in continuation with
the posicrior aspect of the distal tibia

of the incisura widened by less than 2 mm (Fig. 5a),in 11
cases the space between the tibia and the fibula was larger
than 2 mm (Fig. 5b, c) and in 20 cases widening of the
tibiofibular space was associated with external rotation
of the fibula (Fig. 5d.e). In two cases of a Bosworth frac-
ture—dislocation, the distal fibula was trapped behind the
posterior tibial tubercle (Fig. 5f). One case was associated
with a complete tibiofibular diastasis due to wedging of
the talus between the distal tibia and fibula,

£} Springer

Syndesmoticinjury

Injury to the syndesmotic ligaments was assessed in all 54
patients, based on radiographs, CT scans and intraoperative
findings (visualization and hook test). On anteroposterior
radiographs, rupture of the syndesmotic ligaments was indi-
cated by a tibiofibular clear space of more than 4 mm in
30 cases (Fig. 6). On CT imaging, syndesmotic injury was
documented by avulsion of the tubercle of Tillaux—Chaput
in 9 cases, widening of the tibiofibular distance and external
rotation of the distal fibula in 33 cases, dislocation of the
distal fibula behind the posterior tubercle of distal tibia in 2
cases, and fractures of the posterior malleolus in 43 cases.
Intraoperatively, rupture of the anterior tibiofibular ligament
was found on direct inspection in all 38 cases of open reduc-
tion of the distal fibula.

Associated injuries

Associated injuries to the ankle joint were recorded in thiee
cases, including one case of osteochondral fracture of the
lateral part of the talar dome (Fig. 7). one case of osteochon-
dral fracture of the posteromedial part of the talar dome and
one case of compression of the lateral tibial plafond with
involvement of the fibular notch of the tibia (Fig. 8).

Discussion

Maisonneuve fractures (MF) are a common variant of ankle
fractures. Despite that fact, only few studies have provided
a detailed analysis of the pathoanatomical features (Table 1)
and, except for three [10, 19, 21], the cohorts under study
were small with less than 20 cases. CT examination to iden-
tify individual lesions was used in none of them and MRI
was used only in two studies, comprising 5 [17] and 12
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Flg.5 Position of distal fibula within the incisura. &, B Minimal wid- rotation of the distal fibuls, displacement of the distal fibula behind
ening of the tibiofibular space. € widening of mor than 2 mm, d the posterior malleolos (B osworth lesion)
widening and external rotation of the distal fibula, @ marced external

Fig.6 Relationship of the distal
tibia and fibule. 8 “Mormal™
position, bwidening of the
tibiofibular clear space. ¢
complete rupture of tbiofibular
synde smosis, d displacement of
distal fibulas behind posterior
malleolus (Boeworth kesion), @
total tibiofibular diastasis

patients [22], respectively. We therefore analysed the patho- Some authors found a lower mean age of patients with
anatomy of Maiscnneuve injuries with radiographs, CT, and ~ MF. as compared to cohorts including all types of ankle
intraoperative findings in 54 patients. To our knowledge, this  fracture—dislocations (Table 1). By contrast, the mean age
represents the largest cohort of MF investigated so far and ~ of 48 years of our 54 patients with MF equalled that of the
the first to systematically analyse the position of the distal  group of 1325 patients with ankle fractures [45]. In a previ-
fibula in the fibular notch, the proximal fibular fracture, and ous study, MF accounted for 3.5% (8 of 232) of all ankle
posterior and medial malleclar fracture, if present. fractures [46].

) Springer
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The basic feature of MF is a torsional subcapital frac-
ture of the fibula, or a fracture of the fibular head, resulting
from a rotational injury to the ankle. Some authors define
MF a= a fracture of the fibula in its middle third [33-35,
42]. which is in our view a different fracture type. We did
not encounter anterior dislocation of the fibular head, as
has been described as an MF equivalent [24, 30, 31]. The
issue of the so-called “distortion” of the tibiofibular joint
has not yet been fully clarified. Pankovich [9] recorded
5 such cases without a fibular fracture in a group of 17
patients.

Very infrequently, subcapital fracture of the fibula may
be associated with a fracture of the distal fibula (Weber B
type or low Weber C type) [13, 23, 27, 29]. In terms of
radiographic diagnosis, it should be noted that the fibular
fracture was not visible in the anteroposterior view in 25%
of our cases, but in lateral view, and in three cases it showed
as a barely visible fissure that could easily be overlooked.
Dwe to a combination of fractures in the distal and proxi-
mal parts of the fibula, the subcapital fracture is initially
overlooked in most such cases [23, 27). For this reason, it
is always necessary to palpate the entire fibula, preferably
prior to radiographic examination, and to check it for such
a double lesion.

) springer

The presentation of injuries to the medial structures var-
#es in the literature, as shown in Table 1. In our series, the
medial structures were intact in seven cases, which is similar
to the observations in other studies [31, 36]. This suggests
that MF may be caused not only by a pronation-external
rotation, but also by supination-external rotation mechanism,
as discussed in detail below. Fractures of the anterior col-
liculus (Type I), or the anterior colliculus and intercollico-
lar groove (Type II) of the medial malleolns (MM), may
occur in the form of a combined osseoligamentous injury,
associated with a partial, or complete, lesion of the deep
{tibiotalar) portion of the deltoid ligament (DL). In a study
employing MRI on acute MF, Morris et al. [17] detected
rupture of the superficial part of the DL in all five analy sed
cases, complete rupture of the deep portion in three cases
and partial deep rupture in cne case. In one case, the deep
portion of the DL remained intact. In summary, injuries to
the medial structures may be complete, as in a bicollicular
MM fracture, complete rupture of DL, fracture of the ante-
rior colliculus with complete rupture of the deep portion of
the DL: or partial. as in rupture of superficial part of DL, or
fracture of the anterior colliculus of the MM.

Fractures of the posterior malleclus (PM) were present
in 80% of the cases. CT classification was performed in 37
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fibula. By contrast, complete dislocation of the distal fibula
posteriorly is a typical feature of a Bosworth fracture—dis-
location [16, 50, 51].

Associated osteochondral lesions of the talar dome have
been described, based on arthroscopic examination by
Yoshimura [30], located posteromedially in all four cases.
In our study, posteromedial osteochondral fracture of the
talus was visible only on MRI and not on CT scans. Both the
osteochondral fracture of the lateral part of the talar dome
and compression of the subchondral bone in the lateral tibial
plafond are novel findings that to the best of our knowledge
have not been e ported before in association with MF. Both
findings point to a pronation mechanism. Arthroscopy is a
valuable diagnostic tool for any syndesmotic injury includ-
ing MF with associated chondral or osteochondral lesions.
The amount of syndesmotic stability can be visualized with
high sensitivity and specificity [30, 52, 53].

The pathomechanism of MF has been discussed by sev-
eral authors [1-3, 8]. According to Lauge Hansen [50] and
other authors, MF occurs in stage IIT of pronation-external
rotation injuries. Stage I represents injury to the medial
structures (medial malleolus or DL}, stage 11 rapture of the
ATFL and interosseous membrane, and stage 11 rupture of
the PTFL or fracture of the posterior malleclus. This mecha-
nism, however, does notexplain cases with the medial struc-
tures left intact.

In contrast, Pankovich [9] describes the following five

stages:
1. Rupture of the anterior tibiofibular ligament or avulsion
fracture of one of its bone insertions, either one being
associated with rupture of the interossecus ligament.

2. Fracture of the posterior tubercle or rupture of the pos-
terior tibiofibular ligament.

3. Rupture of the anteromedial joint capsule or avulsion
fracture of one of its bone insertions.

4. Fracture of the proximal part of the fibulae.

5. Rupture of the deltoid ligament or fracture of the medial

malleolus.

This sequence corresponds to the supination-external
rotation mechanism as proposed by Lauge-Hansen [50]
and would explain cases of MF with the medial structures
intact because they occur last in the sequence of injuries.
The importance of the anteromedial part of the joint capsule
remains unclear, both in terms of the sequence of injuries
and its importance for stabilization, as it has no mechanical
strength. It has probably been confused with the anterior
portion of the DL which spreads from the anterior colliculus
into the spring ligament and the navicular bone (tibjonavicu-
lar part of DL).

A supination-external rotation mechanism would also
explain injury to the anterior talofibular and calcaneofibular

) springer

ligaments as described by Morris et al. [17]. These anthors
found, in all five patients with MF whom they examined,
injury to the anterior talofibular ligament, injury to the cal-
caneofibular ligament in three patients and injury to the pos-
terior talofibular ligament in one patient.

Our study has shown the importance of CT examination
for diagnosing the full extent of bony injuries in MF, par-
ticularly fractures of the Tillaux—Chaput tubercle, as none
of those could be delineated clearly on plain radiographs.
The same applies for fractures of the posterior malleolus
that cannot be assessed reliably with plain radiographs with
respect to size, fibular notch involvement and intercalary
fragments [44, 54]. The ligamentous injury pattern is best
assessed with the help of stress examination and MRI [52].
These allow assessment of the DL, the syndesmotic liga-
ments, including the interosseous membrane, and the fibu-
lar ligaments. MRI may also reveal occult lesions such as
compression of the distal tibia in the fibular notch and osteo-
chondral fracture of talus, as in this present series. With the
present knowledge, we advocate the use of MRI in cases
with an unclear mechanism of injury or when the latter does
not match observed fracture pattern. It is furthe ruseful when
accompanying injuries to the cartilage or tendons are sus-
pected [52., 53].

Summary

The present study and literature review confirm that MF is
a variable and often-complicated injury. It is alway s associ-
ated with mapture of the anterior and interosseous tibiofibular
ligaments. The interosseous membrane iz also almost always
torn, but only in its distal third and not necessarily up to
the level of the fibular fracture. The posterior tibiofibular
ligament is not necessarily injured, but a fracture of the pos-
terior malleolus occurs in 80% of cases. The incidence and
extent of injury to the medial structures is highly variable.
It may be absent, partial or complete. and display combina-
tions of bony and ligamentous injuries. MF may be asso-
ciated with injury to the lateral collateral ankle ligaments,
osteochondral fracture of the talus or partial impression of
the lateral tibial pilon. Because the amount of anterior and
posterior bony avulsions cannot be determined reliably on
plain radiographs, CT examination should be employed
widely in MF, and MRI should be considered under special
circumstances. The pattern of injury found in a substantial
number of patients suggests that MF may be caused and not
only by pronation-external rotation mechanizm, but also by
a supination-external rotation mechanism.
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Abstract

Purpose The aim of this study was to describe pathoanatomy and to raise awareness of a fracture of the lateral malleolus
combined with a high subcapital fracture of the fibula caused by a dislocation mechanism.

Methods The study comprised 11 patients, 5 men and 6 women, with the mean age of 57 years (range, 21-87), with a
“Double Maisonneuve fracture™. Individual lesions of ankle structures were described on the basis of radiographs, CT, and
intracperative findings.

Results The distal fibular fracture was classified as Weber type B in 1 case and Weber type C in 10 cases. The proximal
fibular fracture was described as a subcapital oblique spiral fracture with metadiaphyseal involvement in nine cases and a
high short oblique fracture with fibular head involvement in two cases. Injury to the deltoid ligament was revealed in six
cases; 4 bicollicular fracture of the medial malleolus was found in five patients. Posterior malleolar fractures were classified
as type | in eight cases and type 2 in three cases. Avulsion of the Chaput tubercle was detected in four cases. Injury to the
interosseous tibiofibular ligament was assessed in nine patients.

Condusion Double Maisonneuve fracture is a rare but probably underre ported injury that must be taken into consideration
during examination, as it may be easily overlooked. The essential part of diagnosis is a careful clinical examination and
radiological assessment of the lower leg with additional CT examination of the ankle.

Keywords Maisonneuve fracture - Ankle fractures - Posterior mallechus - Anterior malleolus - Trimalleolar fractures -
Tibiofibular syndesmosis

Introduction on the pathoanatomy of these fractures, based on computed

tomography and intraoperative findings in a series of 54
Maisonneuve fracture (MF) was for the first time described  patients, was published by Bartonitek et al. [13] as late as
in 1840 as a subcapital fracture of the fibula caused by exter  in 2018. MF was defined as an ankle fracture—dislocation
nal rotational mechanism and associated with an injury to  with a fracture of the fibula in its proximal quarter associ-
the tibiofibular syndesmosis [1]. This rather infrequent  ated at least with rupture of the anterior tibicfibular liga-
injury to the ankle was later reported also by other authors,  ment and the interossecus tibiofibular ligament. The authors
primarily in the form of case reports or small series and,  documented that MF pathoanatomy is highly variable with
but for a few exceptions, on the basis of radiographs alone  respect to injuries to the syndesmotic ligaments, medial
[2-12]. However, their opinions on the pathoanatonty and structures of the ankle (medial malleolus, deltoid ligament),
particularly stability of MF varied. The first detailed report  posterior malleolus fractures and the fibula itself. Their find-

ings were confirmed by Kafper et al. study [14] of a cohort

7 Michal Tadek of 70 patients. Neither study, however, included cases of
tuce kmic @gmail.com MF with a double fibular fracture involving both the proxi-
. o N mal and distal parts of the fibula (“Double Maisonneuve
Depcmmn nf(?nhupa:ﬂ.n.s,l:ml:’acnl.ly uchc.lciucl-.. fracture™).
Em E?:;inﬁm ?ﬁﬁgﬂ};ﬁﬁe& Double MF is a very rare mjury, with only four cases
Czech Republic reported in the literature to date since 1995 [15-18]. The pit-
! University Center for On dics, Trauma and Plastic fall in the diagnosis of this injury is the fact that after identi-

Surgery, University Hospital Card Gustav Carus at TU fication of a distal fracture of the fibula, a potential fracture
Diresden, Fetschersimasse 74, 01307 Die sden, Germany
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in its proximal part is usually not considered because a dou-
ble MF iz a widely unknown fracture pattern.

The aim of this study was to raise awareness of this injury
and describe its basic pathoanatomy in a first series of 11
patients.

Materials and methods
Materials

Between October 2012 and NMovember 2020, the authors
treated 1267 ankle fracture-dislocations of Weber types B
and C in skeletally mawred patients. A total of 57 patients
with previous injuries, surgery, stress fractures, and degen-
erative or other pathological changes to the ankle were not
included in the study. Patients with internal and neurclogi-
cal diseases, or mental disorders (2.g., diabetes mellitus or
dementia) were not excluded.

In 519 (41%) patients, a fracture of the posterior malleo-
lus was detected. Fractures of Weber type B were identified
in 906 patients. Fractures of Weber type C were found in 361
patients, of which 86 cases were classified as MF. Based on
these cases a consecutive series of 11 patients was formed,
with a combined fracture of the lateral malleclus and a high
subeapital fracture of the fibula (Double MF), caused by a
dislocation mechanism.

The identified patient cohort comprised five men with
the mean age of 49 years (21-81) and six women with the
mean age of 64 years (43-87). The mean age of the whole
cohort was 57 years (21-8T). The right side was involved in
seven and the left in four cases. The basic characteristics of
the study group are summarized in Table 1.

Methods

Ankle radiographs in three projections (anteroposterior, lat-
eral, and mortise views) and lower leg radiographs in two
projections {anteroposterior and lateral) were obtained in
all patients. Post-injury CT examination, including 3D CT
reconstructions of the ankle was also performed in all the 11
patients, of these in 5 patients in combination with lower leg
CT scans. Three patients underwent CT examination only
after stabilization of the ankle by external fixation or trans-
fixation with E-wires (Pts no. 6, 10, 11).

All patients were treated operatively. Open reduction and
internal fixation was performed in 10 of 11 cases, ie., a
standard internal fixation of the fibula, the medial or poste-
rior malleolus, and stabilization of the syndesmosis with a
transsyndesmotic screw according to the AO/ASIF guide-
lines [19]. External fixation with transfixation of the ankle
with K-wires in one female patient (Pt no. 4} due to her
critical Jocal soft tissue status and poor general condition.

) springer

Table 1 Basic data of the study group

oT

AM Distal fibula

Type of fibula MS PM

distal Fx

Type of fibula
proximal Fx
Ohblique

Fituls proximal
Fxin AP view

Injury mechanizm

Age Side

Pt

position in FN

Fx type Fx type

injury

ORIF

minimal DS, ER

BR1

DL
DL
DL

Weber C

Fall on skatchoard Yes

B
L
R

21

BR1

Weber C
Weber C
Weber C
Weber C

Weber C

Yes

Fall down the stears

Obligue
Oblique

High

BR1
MM-BC BR 1

Yes

Fall from chair

Slipping on ice

A E

Slipping in bathmom No Oblicue MMBC BR 2
Oblique

Stumbling

43

AT*

R1

MM-BC BR 1

Yes

B

ﬁ’

MM-BC BR2 R1
DL

Yes Weber C

53
61

W, ER
W, ER
W, ER
AT*

Oblique

Enocled down by dog

Slipping on ice
Fall at home

R2

BR1

Weber C

Yes

i3

MM-BC BR1 R1
DL

Weber B
Weber C
Weber C

Yes

21
39

Oblique

BR1

Oblique
Oblique

Yes

Fall from bicycle

10*
11*

W, ER*

BR 2

DL

Yes

Slipping ¢n balcony
AM amterior malleolus (Chaput tubercle) fmeture type sccording Rammelt clasisification [20], AT amterior tmnslation, D, deltoid ligament ruptue, ER ecternal motation, MMW-BC bicollicul ar

fracture of medial malleolus, MS medial stroctumes lesion, RIF open reduction and internol fixation, T operative thernpy, PM posterior mal leolus fracture type according to Bort

melt clussificotion [19]; Pt patient, W widening, Fx fmctue

*CT cxamination was performed aficr mmporary siabilization of the ankke by exemal fixation (EF ) or transfix ation with Kirschne rwires (KW )
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Evaluation

The following parameters were evaluated with the use of
radiographs, CT and intracperative findings [19-21]:

Pathoanatomy of fractures involving both the proximal
and distal fibula,

Extent of injuries to the medial structures (deltoid liga-
ment, medial malleolus),

The presence and pathoanatomy of a posterior malleclus
(PM) fracture,

Injury to the tibiofibular syndesmosis, including fractures
or avulsions of the Chaput tubercle.

Flg.1 Atypical form of a
Maisonnewve: fracture with an
associated fracture of the distal
fitala: 84 b lower keg radio-
gmphs; ¢ 30 CT reconstroction.
A fracture line is not visible in
the AP view &

Fig.2 Proximal fibular fractioe
paticras in 30 CT econstruc-
tions: 8-C oblique fracture with
metadiaphyseal involve ment;
d—e high short oblique fractume:
with fibular head involvwement

Results
Fibular fractures

Fracture anatomy was assessed both proximally and distally.
In two cases, the subcapital fractume of the fibula was visible
in the lateral view only (Fig. la).

Proximally, a subcapital oblique spiral fracture with meta-
diaphyseal involvement (Figs. 1b, 2a—c) was noted in nine
cases and a high short oblique fracture with fibular head
involvement (Figs. lc, 2d—-e) in two cases. In nine cases, the
fracture was more markedly displaced and in two cases the
displacement was minimal (< | mm).
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found in two cases, when CT examination was performed
after stabilization of the ankle by external fixation (Pt no.
10 or K-wires (Pt no. 6). In one case the displacement was
minimal (Pt no. 1). In five patients, intraoperative explora-
tion confirmed rupture in the middle part of the anterior
tibiofibular ligament.

Injury to the interosseous tibiofibular ligament was
assessed in nine patients with the hook test following ORIF.
The ligament was intact in two patients, with a Weber type B
fibular fracture (Pt no. 9) and with a Weber type C low fibu-
lar fracture (Pt no. 1), respectively. In the remaining seven

Fig.5 CT scan of ankle lesions
n patient no.8 (Table 1). Yellow
arrow— fracture of the anterior
mallechuz (Chapat tobecle) of
Eammelt type 2, red arrow—
PM fracture of Bartonidele
Rammelt type 1

patients, the hook test was positive, indicating rupture of
the ligament.

Discussion

We mport a first series of 11 cases of a two-level fracture
of the fibula (*Double Maisonneuve fracture™). To our best
knowledge, this particular form of the Maisonneuve frac-
ture (MF) was described previously in four case reports only
{Table 2} [15-18].

Fig.6 CT scan of ankle lesions
in paticnt no.6 (Table 1). Yellow
arrow—fraciure of the anterior
mallechs (Chaput wherle) of
Rammelt type 1, ed arrow—
PM fracture of Bartonitelk-
Rammel type 1

Table 2 Basic data of the published case eparts

Anthor Year Sex Age Site Injury mechanizm CT Fibula Fibula M5 PM Comeet
proximal Fx distal Fx  injury Fx diagnosis
Slawski 1995 F 46 L Fall on pavenent - Oblique WeberB DL + Immediately
Hensel 2002 M 20 L Jump while playing Frishee — Commimmted WeberC MM — Immediate by
Colenbrander 2005 F 56 R Fall down the stairs 4+  Oblique WeberC DL - Late—7 days
Wolfram M6 F 63 R Fall down the stairs - NM WeberB MM - Late—3 days

DL deltoid ligament mpture, MM medial malleolus fracture, MS medial structures, NM not mentioned, PM posterior malleolus, Fr fractore
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Slawski and West [17], in 1995, were the first to describe
a double MF in a 46-year-old woman. Both fibular frac-
tures were diagnosed already during the initial examination.
The distal fracture was classified as Weber type B. Asso-
ciated injuries included deltoid ligament rupture, posterior
malleolus fracture, as well as instability of the tibiofibular
syndesmosis.

Hensel and Hapstrite [16] recorded an ankle fracture-
diglocation in 2 29-yvear-old man, which he sustained while
playing ultimate Frisbee. Radiographs revealed simple
transverse fractures of both the medial and lateral mallecli
and a comminuted fracture of the prowimal fibular diaphysis
approximately 8 cm distal to the fibular head.

Colenbrander et al. [15] diagnosed a double MF in a
56-year-old woman after a slip on the stairs, The post-injury
radiograph of the ankle showed a fracture of the distal fibula
of Weber type C and widening of the medial clear space
indicating rupture of the deltoid ligament. After ORIF of
the distal fibula, the patient had persisting pain in the region
of the proximal fibula, A follow-up radiograph of the lower
leg performed 1 week postoperatively revealed an additional
subcapital fracture of the fibula. Subsequent CT examina-
tion proved an almost anatomical position in the ankle joint.

Wolfram et al. [18] described a trimalleclar fracture in a
63-year-old female patient, caused by falling down a flight
of stairs. The diagnosis included a fibular fracture of Weber
type B, and fractures of the medial and posterior malleoli.
Due to persisting discomfort, a radiograph of the knee was
additionally performed on the third postoperative day that
revealed an additional subcapital fracture of the fibula.

In summary, the subcapital fibular fracture was missed
in half of the hitherto reported caszes. This is a frequent
problem alszo in “simple’™ MFs [13]. In all 11 cases of our
series, both fibular fractures were diagnosed during the ini-
tial examination that included palpation of the whole lower
leg and, when painful, its radiclogical examination. Clini-
cal examination of the lower leg should be a standard part
of assessment of all ankle fractures which is not always the
case in daily practice.

The importance of CT imaging in ankle fractures, par-
ticularly trimalleclar fractures and Weber type C fibular
fractures with syndesmotic instability, has been increasingly
emphasized in recent studies [19-21]. In all our 11 cases
with a double MF, CT scanning allowed an exact classifica-
tion of PM fractures, identification of avulsion fractures of
the Chaput tubercle (“anterior mallecolus" [20]) not visible
on plain radiographs, and verification of the position of the
distal fibula in the fibular notch.

A Webertype C fracture was prezent in 12 of the 15 cases
reported so far which corresponds to 80%. Both In our series
and the previous case reports, a bicollicular medial malleolar
fracture and rupture of the deltoid ligament were present
in about half of the cases. No combined osteoligamentous
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lesion, i.e., fracture of anterior colliculus and rupture of
the tibiotalar part of the deltoid ligament, was recorded on
the medial side. A fracture of the posterior malleolus (PM)
was found in all patients in our cohort. Previously, it was
described in only two of the four cases based on a lateral
radiograph of the ankle [17, 18]. It can be concluded from
the present data, that a PM fracture is highly likely in the
presence of a double MF. A fracture of the Chaput tubercle
has not been reported in the previous literature, probably due
to a lack of CT imaging.

In contrast to the series of “simple™ MF by Bartonifek
et al. [13] no fracture of PM types 3 and 4 of the Bartoniel-
Rammelt clazssification was encountered [19]. Fractures of
PM type 1 dominated in the present study group, while in
the “classical” MF studies the majority of PM fractures were
types 2 and 3.

The exact mechanism of a two-level fibular fracture can-
not be deducted from 15 cases reported so far. However, it
is likely caused by external rotational mechanism, for the
following reasons. Weber type C, which represents a pro-
nation-external rotation injury fracture, was present in 80%
of all 15 analysed cases. A type 1 or 2 PM fracture, which
corresponds to an avulsion of the posterior syndesmosis,
was recorded in 100% (11 patients) in our series. It remains
unclear, whether the fibula fractures first at its the proxi-
mal or distal part. According to Hensel et al. [16], a double
MF results from a high-energy trauma. However, all cases
reported so far were caused by low energy trauma [15-18].

It can only be speculated why we encountered a series
of 11 cases of an injury that has been described in just four
single case reports previously. This particular lesion is likely
underreported because the proximal fibula will frequently
not be examined thoroughly in case of a confirmed distal
fibular fracture.

Conclusion

Double MF is a rare but likely underreported injury that
must be taken into consideration during examination, as it
may be easily overlooked. The essential part of diagnosis
is a careful clinical examination, including palpation of the
entire fibula. Radiological examination of the lower leg, if
necessary, should be performed in two planes. In case of
detection of double MF, CT examination of the ankle should
be performed because there is a high likelihood of a PM
and anterior tibial tubercle fracture. With the low number
of cases, definite conclusions on the mechanizsm of injury
and possible consequences cannot be drawn. The results of
treatment are currently being evaluated in a follow-up study.
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Maisonneuveova zlomenina
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Souhm

(hvod: Maisonneuveova domenina (MZ) je v traumatologii hlezna vieobeé zndmd entita. Detailnich infarmacl o tomto typu poranéni je viak
v literatufe minimum. Z t&chio ddwodd jsme se rozhodli provést epidemiclogickou a patoanatomickou studii MZ.

Metody: Soubar twofilo 70 pacientd (47 mudl, 23 Jen) primémého wiku 48 rolad s lwcadni zlomeninouw hlezna, u kterych byla fibula poranéna ve
sve prosimalni Etvrting. U viech padenti bylo provedenc rtg hlezna ve tfech projekdch a bérce ve dvou projekdch. L 59 pacientii bylo provedeno
CT vyletieni ve thech mowinach, u 49z nichi 30 CT rekonstrukece. MR byli vigetienl 4 pacienti. Operovano bylo 67 pacient(, z toho u 54 z nich byla
provedera otevfend repozice distalni fibuly do incisura fibularis tibiae.

Visledky: MejvyEiivyskyt MZ jsme zaznamenali v 5. dekddg, a to v celém souborn i u muid. U zen byl maximalnivyskyt v 6. dekidé. Po 50. roku véku
se zastoupeni Zen vyrazné zvydilo. Zlomenina fibuly byla v &4 pfipadech lokalizovéna subkapitding v & plipadech byla postizena hlavice fibuly.
Ve 24 % pfipad( byla zlomenina fibuly viditelnd pouze na boing projekd bére. Ve 40 plipadech bylo na rtg nalezeno rozifeni tibiofibularniho
prostoru. Zadni luxaci fibuly (Bosworthova zlomenina) jsme zaznamenali ve 2 pfipadedh, tibiofibulami diastizu rovnék ve 2 piipadech. Poranéni
lig. tibiofibulare anterius et posterius jsme nalezli uviech 54 pacientt), kde byla provedena oteviena repozice distalni fibuly. Zlomenina medialniho
mallealu byla ZjiFténa v 27 piipadech (39 %), kompletni léze lig. deltoideumn ve 36 pHipadech (51 %) a v 7 piipadech (10 %) byly medidlnl struktury
intaktni. Zlomenira malleolus posterior se vyskytla u 54 (77 %) padentd. U 2 pacient jsme diagnestikovali osteochondrilni zlomeninu kladky talu
au 1 padenta kompresi Houbni plochy distiini tibie v oblasti incisury,

Zdvér: Maisonneuveova zlomenina zahrnuje Siroké spektrum poranéni kostnich | vazivowych struktur hlezra. CT vySetfeni je proto nezbytnou
soudasti vyietfeni této domeniny.

Kligowd slowa: Maisonneuveova zlomenina - zlomeniny hlezna - tibiofibuldrni syndesmdeza - zlomenina malleclus posterior

Summary
Maisonneuve fracture
5. Kasper', ). Bartonicek®, K. Kostlivy®, J. Malik?, M. Tucek'

'Department of Orthopaedics, 1# Faculty of Medicine, Charles University in Prague and the Military University Hospital Prague
‘Department od Surgery, 1% Faculty of Medicine, Charles University in Prague and Thomayer Hospital, Prague
IDepartment of Radiodiagnostics, Charles University in Prague and the Military University Hospital Prague

Introdirction: Maisonneuve fracture (MF) is a generally known entity in ankle trauma. However, details abourt this type of injury can be found anly
rarely inthe literature. For these reasans we have dedded to perform a study on MF epidemiology and pathoaratonmy.

Methods: The group comprised 70 patients (47 men, 23 women), with the mean age of 48 years, who sustained an ankle fracture-dislocation
involving the proximal quarter of the fibula, Anlde radiographs in three views and lower leg radiographs in two views were performed in all pa-
tients. A total of 59 patients underwent CT examination in three views, including 30 CT reconstruction in 49 of these patients. MRl was performed
in 4 patients. Operative treatment was used in 67 patients; open reduction of the distal fibula into the fibular notch was opted for in 54 of ther.
Resuits: The highest MF incidence rate was recorded in the 5 decade in the whobz group and in men, while in wornen the peak incidence was
in the 6th decade. After the age of 50, the share of women significantly increased. In 64 cases, the fibular fracture was subcapital, and in & cases
itimvohved the fibular head. In 24% of the patients, the fibular fracture was seen only in the lateral radiograph of the lower leg. Widening of the
tibiofibular dear space was shown by radicgraphs in 40 cases. Posterior dislocation of the fibula (Bosworth fracture] and tibicfibular diastasis
were recorded in 2 cases each. An injury to the anterior and posterior tibiofibular ligaments was found in all 54 patierts with open reduction
of the distal fibula. A fracture of the medial malleolus was identified in 27 cases (3%%) and a complete lesion of the deltoid ligament in 36 cases
(51%6); in 7 cases (10%) the medial structures were intact. A fracture of the posterdor malleolus oocurred in 54 (77%) patients. Osteochondral
fracture of the talar dome was diagnosed in 2 patients and compression of the articular surface of the distal tibia in the region of the fibular
notdhin 1 patient.

Conchision: Maisonneuve fracture includes a wide range of injuries both to bore and ligamentous structures of the ankle. Therefore, CT examina-
tion is an indispensable part of assessmentof this type of fracture,

Key words: Maisonneuve fracture - ankle fractures - tibiofibular syndesmosis - posterior mallealus fracture
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Subkapitdini Zlomenina fibuly zpisobena zevné ro-
tactnim mechanismem a spojena s poranénim tibiefibu-
larni syndesmézy byla poprvé popsana v r. 1840 fran-
couzskym chirurgem Julesem Germainem Frangoisem
Maisonneuvem (1809-1897) [1]. 5 Kinickym pripadem
se viak autor nikdy nesetkal. Eponym Maisonneuveova
zlomenina se postupné rozsifil diky jehe krajandm, kte-
rymi byl predeviim Quenu [2], Chaput [3] a Destot [4].

Prvni podrobny popis Maisonneuveovy zlomeniny
(MZ) doprovazeny rtg snimky publikeval Tanton [5] v r.
1916. Ashhurst [8] zavedl eponym MZ do anglicke lite-
ratury v . 1923. Bonin [7] se v ucebnici vydané v r. 1950
zabyval MZ velmi podrobné a hodnotil ji jake stabilni
poranéni, u kterého dochazi k rupture lig. tibiofibulare
anterius, ale medialni struktury zhstavaji intaktni.V né-
mecké fiteratuie se pojem MZ objevil v pribehu 60. let
20.stoleti, a to predeviim diky B. G. Weberovi [8]. Ten na
rozdil od Bonina povazoval MZ za poranéni nestabilni
a uvadél, 7= membrana interossea je roztrzena aZ do
vyse zlomeniny na fibule a vady jsou poranény | medi-
alni struktury (Obr. 1), Pankeovich [9] v r. 1976 publikoval
detailni studii MZ zaloZzenou na souboru pouhych 12
pacientd, ktera je ale dodnes povaZovana v literatufe
za zakladni.

Adkoli pojemn Maisonneuveova zlomenina je vieo-
becné znam, studii, které se ji zabyvaly, neni mnoho.
Malé jsou i soubory analyzovanych pacientl (Tab. 1),
vetSinou se jedna o kazuistiky [2-43].V Seské literatufe
se problematikou MZ podrobnéji zabyvali pouze Kol-
man etal. [20] vr. 1995,

Z uvedenych divedd jsme v r. 2019 publikovali epi-
demiclogickou a patoanatomickou studi zaloZenou na
soubory 54 padentd [44]. Tento soubor jsme nasledné
roziifili o daliich 16 pfipadd. Jeho analyza je predmé-
tem tohoto danku.

Tab. 1. Pfeh led studli Malson neuveovy zlomeniny
Tab. 1. nwvllwufhlalnnnaunlnr.mn studlu

Pankovich 1976 17 7

Ammann 1981 ar ET
Sousa 1985 12 n
Merril 1993 o 1
Kolman 1999 19 19
Kirschner 1909 32 iz
Manyl 2000 12 12
Babls 2000 26 25
Sproule 2004 14 14
Pelton 2010 12 4
Bartoniek 2019 54 51
Autof 2020 70 &7

Wigswitliviy: N - pofet padientrl, OF — operovdne, M — muf, 27— Feny, M — 2

Obr.1.Malsonneuveova zlomenina na 2D CT rekonstrukel
- Je dobfe patrmmd typkckd subkapitdini zlomenina fibuly,
roziiteni medidini kioubni $t&rbiny a tiblofibul&rni vidlice
Fig. 1. 2D CT reconstruction of the Malsonneuve fracture,
showing a typical subcapital fracture of the fibula and wi-
dening of the medial joint space and tiblofibular mortise

15 MM 3, DLT,IN 13
13 MM 13, DL20,IN 4
1 1 7 7
1 Fé 4 MM 1, DL
11/8 37 1 MM 9. DL10
257 1 9 MM 7, D6
9/3 38 1 MM 7, DLS
16/10 25 20 MM 20,DL6
1212 36 5 MM 1,DL13
1272 28 9 MMO, DL3
3 48 41 MM 20,027, IN7
47/23 48 54 MM 27, DL3G, IN 7
matieals posterior, M5- p Enf mediciiniho strektur hlezng,

MM — rlomening malleols medialis, DL - ruptur lig. deltoideumn, W - intaktnd strukivry, 7 - d‘d@nmv&ien

Mates: N — numberof patients, OF — apengiive treatment, M — men, £ — women, PM — postenior mallecdus frocture, M5 — injury to tie medial structures of
tfre anke, MM — medial malfeolus frociure, DL - ruptue of the deltoid ligament, IN- intoa stuctures, 7 —not specified.
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METODY

Soubor
Do souboru vznikleho v obdobi leden 2012 az zan
2019 byli zafazeni pouze dospéli padenti s luxacni
zlomeninou hlezna, kde fibula byla zlomena pouze ve
své proximalni £tvrting, Vylouceni byli vSichni pacienti
5 predchozimi poranénimi d operacemi hlezna a dege-
nerativnimi nebe jinymi patologidagmi zménami. Vy-
fazeno bylo | & padentd s dvejitou zlomeninou fibuly.
Cely soubor tak tvoiilo 70 padientd, 47 mual a 23 Zen.
Metoda
U viech pacientd byl zhotoven rtg hlezna ve 3 pro-
jekcich (piedozadni, boéna a projekee na vidlid) a rtg
celého bérce ve 2 projekeich (pfedozadni a boéna). CT
vysetieni hlezna bylo zhotoveno u 59 padentd, u 49
z nich byly zhotoveny také 3D rekonstrukee. Piedope-
racni MR vysietfeni bylo provedeno u 4 pacientd {viich-
ni 4 méli jiz CT) ke zhodnoceni vazivovych poranéni.
Operovano bylo 67 pacientd, z toho oteviené byla dis-
talni fibula reponovana u 54 z nich, u 13 pacienti byla
repozice distalni fibuly provedena zaviené.
Hodnoceni
Ma zakladé rtg smirmbad, CT, MR a peroperacnich nale-
z jsme hodnetli nasledujici parametry:
- vék pacient( a jejich distribuce v dekadach,
- anatomie zlomeniny fibuly,
- poranéni medialnich struktur (lig. deltoideum,
malleolus medialis),
- Zemeninu zadni hrany tibie a jeji typ (klasifikace
podle Bartonicka-Rammelta [45,46]),
- rozsah vazivovych poranéni (lig. tibiofibulare anterius
a lig. tibiofibulare interosseum),
- vztah distalni fibuly kincisufe tibie,
- pfitomnost dalfich poranéni v oblasti hlezna.

VYSLEDKY

Vék a pohlavi pacientd: Ve studii bylo 47 muzd
priméarmého véku 46 let (19-78) a 23 2en primérnsho
veku 52 let (23—75). Primérny vék celého souboru éinil
48 let. Maximum vyskytu Maisonneuveovy zlomeniny
v celém souboru a u muzi bylo v 5. dekadé (Tab. 2).
U zen to bylo 6. dekadé. Ve skupiné do 50 let previadali
muZi (30:8). Ve skupiné nad 50 let byl pomér vyrovna-
ny (17:15). Prava strana byla postizena v 44 pripadech
aleva v 26 pripadech (Graf 1).

Zlomenina proximalni fibuly: V 70 pfipadech byla
hodnocena anatomie zlomeniny proximalni fibuly na

Tab. 2: Zastou peni paclentl v jednotlivich vikovych dekédach

Tab. 2: Patlent proportions In Individual age decades

.

0 2 1 5
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Graf 1. Zastoupeni pacientd v Jednotlivich vékowych
dekiddch
Graph 1. Patlent proportions In Individual age decades

zakladé rentgenovych snimkd a v 7 pfipadech bylo do-
plnéno i CT vySetieni (Obr. 2). Zlomenina hlavice fibuly
byla nalezena v 6 pfipadech. V ostatnich 64 pfipadech
se jednale o zlomeniny v subkapitalni cblasti & v prowd-
malni Etvrtiné fibuly, z toho 5 zlomenin bylo tiistivych,
ostatni byly jednoduché Sikmé & spiralni. V 17 pfipa-
dech (24 %) nebyla zlomenina zfetelnd na predozad-
nim rtg snimku bérce, ale pouze v boéné projekd (Obr.
3.

Poranéni medialnich struktur: Poranéni medialnich
struktur bylo hodnoceno na rtg u viech 70 pacient(, na
CT u 592 pacientd, na MR u 4 pacienti. Peroperatni na-
lez byl k dispozid u 67 padentd.

Poranéni deltového vazu byle na rtg aCT hodnoceno
na zakladé rozdifeni prostoru mez medidlnim malleo-
lem a talem (tzv. medial dear space - MCS). Za kritickou
hednotu jsme povazevali rozSifeni =4 mm. Pokud byla
na rtg naméfena hednota de 4 mm, byl pied kazdou
operaci zhotoven za kontroly rig zesilovade zevné-ro-
tacni test. Poranéni deltového vazu jsme nalezli v 36
pripadech (51 %). K poranéni medialniho malleclu do-
gle v 27 plipadech (39 %).V 7 pfipadech (10 %) zhstaly
medialni strultury intaktni.

Zlomenina medidlnihoe malleclu byla hodnocena na
zakladé CT a peroperaéniho nalezu. Zlomeninu pfedni-
ho kolikulu {typ 1) jsme zaznamenali v 5 pripadech, v 7
pfipadech nesl fragment pfedni kolikulus a interkeolilku-
larni zlakek (typ 2) a v 15 piipadech se jednalo o bikeli-
kularni fragment (typ 3) (Obr. 4).

mmmmmm--m

B 7 2 0 47
2 5 1 0 23

Wiyswittivky: M — mu, £ - Zeny, Vék - age Soubor - file, M-male, F— female, Celiem — total
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Zlomeniny zadni hrany tibie: Zlomeninu zadni hra-
ny tibie jsme nalezli u 54 pacientl (77 %). Zhodnoceni
typu zlomeniny bylo provedeno u 48 pacienth na za-
kladé CT klasifikace Bartonicka-Rammelta [4546]. Typ
1 (extraincisurdlni] jsme nasli u 7 padientd, typ 2 (po-
sterolateralni) u 24 padentd, typ 3 (dvoufragmentowy
s postizenim medidlnihe kotniku) u 14 pacientd a typ 4
{welky triangulami fragment) u 2 pacientd (Obr. 5).

Postaveni distalni fibuly v incisura fibularis tibiae:
Postaveni distalni fibuly v incisufe tibie jsme hodnoti-
li na zakladé CT vySetieni u 59 padentd. Analyza byla
provedena v axidlnich (transverzalnich) fezech cca 34
mm nad kloubni plochou distalni tibie, kde je indisu-
ra fibularis tibiae nefhlubsi. V 15 pripadech byl prostor
mezi fibulou a incisurou rozéifen pouze minimalné,
a to do 2 mm (mé&feno v centru indsury), v 15 piipa-
dech o vice nez 2 mm a ve 25 piipadech bylo rozSifeni
spojenc se zevni rotaci fibuly (Obr. 6). Ve 2 pfipadech
Bosworthovy zZlomeniny doslo k dorzalni luxad distalni
fibuly z incisurta fibularis tibiae (Obr. 7). Ve 2 plipadech
vrnikla kompletni diastaza tibofibularni vidlice s vikli-
nénirn talu mezi obé kosti (Obr. 8).

Obr. 3. Malsonneuveova zlomenina na
snimku bérce

V pfedozadni projekci neni viditelnd. Patr-
né je viak rozEifend medidinf Koubnl St
biny a tibiofibularni vidlice.

Flg. 3. Malsonnauve fracture in a radio-
graph of the lower leg

The anteroposterior view does not show
the fracture; however, it does reveal wide-
ning of the medial clear space and of the
tibiofibular clear space.

Poranéni tibiofibulérni syndesmazy: Poranéni vazi-
wenrych struktur syndesmézy bylo hodnoceno u viech 70
pacientt, a to na podkladé rtg, CT a MR vySetfeni i peri-
operacné (vizualizace vazivowych struktur a hakovy test)
{Obr. 8, 9). Prizhotoveni presné rtg projekes na tibiofibu-
larni vidlici jsme nalezli rozSifeni  tibiofibular clear space”
(TFCS) nad 4 mim ve 40 pripadech. Na CT vySetfeni jsme
za piiznak poranéni vazl syndesmozy povazovali avul-
a Chaputova hrbolu - 9 padentl, Zlomeninu zadniho
malealu 2, 3 a 4 typu — 47 padent(, rozsifeni prostoru
mez distalni fibulou a incisura fibularis tibiae a zevni ro-
tad distalni fibuly — 40 pacientl, dorzélni luxad fibuly - 2
pacienti a diastézu tibiofibularmi vidlice — 2 padenti. Pe-
roperacné bylo poranéni lig. tibiofibulare anterius a lig.
tibiofibulare interosseum nalezeno u viach 54 pacienti,
u nich jsme provedli otevrenou repozid distalni fibuly.

Pridruzena poranéni: Byla identifikovana ve 3 pfipa-
dech. Ve 2 z nich se jednalo o osteochondralni frakiuru
kladky talu lokalizovanou 1x laterélné a 1x posterome-
didlng (Obr. 10).V 1 pfipadé jsme na CT identifikovali
kompresi laterdini Easti kloubni plochy tibie v oblasti
incisura fibularis tibiae (Obr. 11).

Obr. 2. Typlckd zlomenina fibuly u Maisonneuveovy zlomeniny na 3D CT
rekonstrukcich

& - pfedni pohled, b - laterdinl pohled, c - zadni pohled, d — mediaini pohled,
Fig. 2. 3D CT reconstructions of a typical fibular fracture assoclated with
Malsonneuve fracture:

@ — anterior view: b - lateral view; c — posterior view; d - medial view.

0br. 4. Klasifikace zlomenin mediéiniho kotniku na 3D CT rekonstrukcich

a-typ 1, zlomenina colliculus anterior, b - typ 2, Zlomenina colliculus anterior
@ subcus intercollicularis, ¢ — typ 3, Zlomenina obou kol

Fig. 4. Classification of medial malleolus fractures based on 3D CT recon-
structions:
a - type 1, fracture of the anterior colliculus; b - type 2, fracture of the anterior
colliculus and intercollicular groove; © - type 3, fracture of both colliculi.
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Obr. 5. Klastfikace zlomenin malleolus posterior podle Bartoniéka-
-Rammalta

Homi Fidek - pohled doindsura fibularis tiblae po subtrakcl distdinl fibu-
Iy, stfedni fadek - pohled z dorzdini stramy, dolnl fadek - pohled do tibiofi-
butdami vidlice po subtrake talu. Typ 1 - extraincisurdinl, Typ 2 - postercla-
terdlnl, Typ 3 - dvoufragmentovy;, zasahujicl do medidiniho kobniku; Typ 4
- welky triangulidmi, nesoucl dorzainl polovinu incisura fibularis tibiae.
Fg. 5. Claszification of posterior malleolus fractures according to Bar-
toniek and Rammalt

Top lina - view of the fibular notch after subtraction of the distal fibula;
middle ine - posterior view,; bottom line — view into the tibiofibular morti-
se after subtraction of the talus. Type 1 - extraincisural; Type 2 — posterola-
teral; Type 3 - @ two-part fragment involving the medial malleclus; Type 4
- a large triangular fragment bearing the posterior half of the fibular notch.

Obr. 5. Postaven| fibuly v Incisura fibularis tiblae na transverzilnich
CT fezech provedenych 5 mm nad kloubni $térbinou hlezna

a - normalni pestavenl, b — roziifeni tibio-fibuldmi St&rbiny, c - zevn( ro-
tace fibuly a roziifeni Stérbiny, d — virazna disiokace fbuly z incisung
Flg. 6. Position of the fibula In the fibular notch Intransversa CT sca-
ns 5 mm above the joint line of the ankle

a - mormal position; b - widening of the fibular notch; ¢ - extemal ro-
tation of the fibula and widening of the tibiofibular space; d — marked
displacement of the fibula from the fibular notch.
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Obr. 7. Dislokace distdin( fibuly na madni plo-
chu distéini tible u Bosworthovy zlomeniny
Typiclky pfiznak Boesworthovy ziomeniny na diou-
hém rig snimbwy, kdy koleno e v pledozadnd pro-
Jjekci a noha v bofné projekd.
Fg.7.Displacement of the distal fibula behind
the posterior aspect of the distal tibia In the
Bosworth fracture

Atypical sign of the Bosworth fracture in a lower
leg radiograph, with the knee in the anteroposte-
rior view and the foot in the lateral view.
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Obr. 8. Roziifen i tiblofibuldmi vidlice

a+b+c - nanlstajicl hodnota tibiofibular clear space”; d — diastaza tibiofibuldrnd vidiice a vidingn( kladky talu mezi obd kosti.

Flg. 8. Widening of the tiblofibular mortise

a+b4e - increasing tibiofbular chear space; d — diastasis of the tibiofibuwlar mortise and wedging of the talus between tibia and

fibula.

Obr. 9. Poranéni tiblofibulérni syndesmdézy na 3D CT rekonstrukcich
a+bcid - postupné rozdlfeni tibiofibulE@rnd vidlice,
Fig. 9.3D CT reconstructions of an Injury to the tiblofibular syndesmosis
a+b+c+d - gradual widening of the tibiofibular maortise.

DISKUZE

Maisonneuveova zlomenina je jednou z variant lu-
xadnich zlomenin hlezna, kterych se tvoii 3,5 aZ 5 %
[20,47]. Navzdery tomu jen velmi malo studii pfinasi
detailni informace o patoanatomii MZ a navic jsou zis-
kané na malych souborech pacientd [9-43]. V 2adné
studii s vifjfimkou nadi pfedchozi studie nebylo ke zhod-
noceni jednotlivich poranéni pouzito CT vyietfeni.
Pouze ve 2 studiich bylo pouzito MR k vySetfeni 5 [17],
resp. 12 [22] pacentd V této studii jsme rozSifili nas
pivedni soubor o dalgich 16 pacientd. Predstavujeme
tak zatim nejvétSi publikevany soubor pacientd s MZ.
Na rozdil od jimych studii [5—43] systematicky analyzu-

je jednotlivé léze (Zlomeninu proximalni fibuly, pozic
distalni fibuly v tibidlni incisure, Zlemeniny medidlniho
malleclu a zadni hrany tikie).

Zakdadnim atributern MZ je subkapitalni zZlomenina
fibuly nebe zlomenina hlavice fibuly, obeoji vzniklé ro-
tacnim poranénim hlezna, Neéktefi autoni hodnoti jako
MZ i zlomeninu fibuly v jeji stfedni tieting [33-3542].
Podle naSeho nazoru se viak jedna o jiny typ Zlomeniny.
5 luxad hlavice fibuly, ktera je povaZovana za ekvivalent
MZ, jsme se nesethali [24,30,31]. Za daldi diskutovanou
variantu MZ je povazovane poranéni tibiohbularmi syn-
desmozy bez zlomeniny proximalni fibuly, tzv. distorze
tibiofibuldrniho Moubu. DetailnéjSi informace k tomuto
poranéni viak stale nejsou k dispozici Pankovich [9] ve
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0Obr. 10. Osteochondrilni zlomenina laterdlni £4s-
ti kladky tals na 3D CT rekonstrukcl po subtrakcl
distélni fibuly

Fig. 10. 3D CT reconstruction of an osteochondral
fracture of the lateral part of the talar dome after
subtraction of the distal fibula

svém seuboru prezentoval 5 plipadd MZ bez zlomeniny
fibuly v souboru 17 pacient s MZ. Velice zfidka se obje-
vuje dvajita zlomenina fibuly, kdy soucasné se zlomeni-
nou distalnd ibuly (typ Weber B &l Weber C) dochaz i ke
zlormeniné v jeji subkapitalni cast [13,23,27,29]. Nagich
& pfipadd jsme z tohoto souboru vyfadili.

Pro rtg diagnostiku je dilezité zjisténi, Ze ve 24 %
nasich pfipadd nebyla zlomenina proximalni fibu-
ly patrna v predozadni projeke rtg snimbku bérce, ale
pouze v projekd bodné. Tento fakt podtrhuje nutnost
obou rtg projekei celého bérce. U dvojitych zlomenin
e pak riziko pfehlédnuti proximalni fraktury jesté vatsi.
Palpacni vyietfeni celé fibuly u kazdé zlomeniny hlezna
a pii nejasnostech zhotoveni rtg celého béree ve dvou
projekcich by proto mélo byt standardem.

Poranéni vazivevého apardtu u MZ je tfeba hodneo-
tit komplexng. Ve viach nasich pripadech jsme nalezli
rupturu lig. tibiofibulare anterius nebo avulzi jeho tibi-
alniho dponu (Chaputiy hrbol) a rupturu lig. tibiofibu-
lare interosseum. £ téchto divodl povaiujeme pora-
néni lig. tikiofibulare anterius et interosseum za jednu
ze zakladnich charakteristik MZ. To je v souladu i se z3-
very ostatnich studii [17,22].

Ruptura interosealni membrany je rovng&z kenstantni
soucasti MZ. Ve starsich studiich se uvadi, ze poskozeni
rmembrany dosahuje aZ ke zlomeniné proxirnalni fibuly
[8].Tato predstava pfetrvava pod viivem Weberowy mo-
nografie [8]1unas [20]. Manyi et al. [22] v MR studiiu 12
pacientd s MZ nalezli roztrzeni membrana interossea
vzdy, ale pouze v jeji distalni tfeting, piesnéji maximal-
né do vyse 112 mm nad kloubni plochou hlezna. Morris
et al. [17] zaznamenali na MR poranéni membrana inte-
rossea ud z 5 pacienti.
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Obr. 11. Komprese subchondraini kostl v oblasti inclsura fibula-
ris tiblae doprovizend zlomeninou Chaputova hrbolu a zadniho
malleolutypu 2

Fig. 11. Compression of the subchondral bone in the region of
the fibular notch, assoclated with a fracture of the Chaput tu-
bercle and of the posterior malleolus, type 2

Poranéni zadnich struktur hlezna je u Maisonneuveo-
vy Zlomeniny velice Easté. Zlomeninu zadni hrany tibie
jsme nash v 77 % piipadd. To je mnohem vice nez 46 %,
ktera zjistili Jehlicka et al. [47] u zlomenin typu Weber
B a C. Pro hodnoceni typu domeniny zadnihe malleo-
lu jsme pouzili CT klasifikaci Bartonicka a Rammelta
[45,46]. Distribuce jednotlivych typd zadni hrany tibie
u MZ svou variabilitou odpovidala jejich distribud u tri-
mallecldrnich zlomenin [45]. Dominovaly predeviim
typy 2 a 3. Poranéni lig. tibiofibulare posterius nebylo
v artroskopicke studii Yoshimury et al. [30] zazname-
nang. Naopak Morris et al. [17] prezentovali 3 pripady
s kompletni rupturou a 1 pripad s parcialni rupturou
Vazu.

Presny vztah fibuly a tibie je velmi obtiZzné hodnotit.
Polohu fibuly vincisufe tibie jsme hodnetili na transver-
zalnich CT fezech cca 3—4 mm nad kloubni plechouw.
V téchto mistech je incisura nejhlubsi a fibula s tikii za
normalnich okolnosti v nejblizéim postaveni. U anato-
micky normalniho hlezna koresponduje anterolateralni
plecha distalni fibuly s prednim okrajem distalni tibie
a posterolaterdlni plocha distalni fibuly se zadni plo-
chou distalni tibie [45]. Nami zjisténa dislokace distalni
fibuly v incisura fibularis tibiae byla znaéné variabilni,
od mirného roziireni tibiofibularniho prostoru po kom-
pletni dislokaci fibuly z incisury. Zadni luxace fibuly za
tuberculum posterius tibiae je zndma jake Boswortho-
va Zlomenina [48].

Velmi variabilni u MZ je poranéni medialnich strukrur.
Mize byt kompletni, nebo éastedné. Kompletni porané-
ni predstavuje bikolikularni Zomenina vnitfniho kotni-
ku (kostni 18ze), kompletni ruptura deltového vazu (va-
zivova léze) nebo zlormenina predniho kolikulu spojena
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5 kompletmni rupturou hluboké porce deltového vazu
(kombinovana ostecligamentézni léze). Parciaini léze
zahmuji izolovanou zZlomeninu predniho kolikulu nebo
poranéni povrchoveé Casti deltového vazuw V' 7 pripa-
dech jsme nezaznamenali 2adné medialni poranéni, co2
e v souladu s jinymi studiemi [31,36]. To svedd o tom,
Ze nékdy dochaz ke vzniku MZ supinacné everznim
mechanismem, nikoli pouze pronacné everanim, jak se
b&zné uvadi. Zlomeniny prednihe kolikulu a interkoli-
kulamihe zidbku medidiniho malleclu byvaji vEtSinou
spojeny s parcialni & kompletni rupturou hluboke (ti-
biotalami) porce deltového vazu Ve studii Morrise etal.
[17] bylo MR diagnostikovano poranéni povrchowve casti
deltového vazu ve viech 5 phipadech, kompletni rup-
tura hluboké porce ve 3 pripadech a parcialni ruptura
hluboké porce v 1 pripadé. U 1 pacienta zbstala hlubo-
ka porce deltového vazu nepodkozena. PridruZené os-
teochondralni defekty kladky talu popsali ve své artro-
skopické studii Yoshimura et al. [30], viechny 4 defekty
se nachazely posteromedidlné. V nasem souberu jsme
identifikovali osteochondralni defekt kladky talu pouze
naCTa MR. Rtg vySetreni defekty nezobrazilo. Kompres-
ni Zlomenina subchondralni kosti tibie patfi mez nové
zjisténé |eze, které mohou doprovazet MZ.

Primé&rny vék padentd s MZ zjistény v pfedchozich
studiich byl nizsi nez nami zjisténych 48 rokd. Tento vék
viak je stejny jako v nami provedenych pfedchozich
epidemiolegickych studiich zlomenin hlezna [47,49].

Mechanismus vzniku MZ je diskutovan fadou autord
[9,12,21]. Podle Lauge-Hansenovy klasifikace docha-
zi ke vzniku zlomeniny proximakni fibuly ve (Il stadiu
pronacné everzniho zplsobu poranéni [50]. V . stadiu
dochaz k poikozeni medidlnich struktur (medidlni
mallecius, deltovy vaz), ve Il. stadiu dochazi k rupture
lig. tibiofibulare anterius a interosealni membrany a ve
Il stadiu se ebjevuje ruptura lig. tibiofibulare posterius
& Zlomenina zadni hrany tibie.

Napreti tornu Pankovich [2] popisuje tBchto 5 stadii:
1)Ruptura lig. tibiofibulare anterius nebo avulzni zlo-

menina jeho tpenu s poranénim lig. tibiofibulare in-

terossaum.

2)Zlomenina zadni hrany tibie nebo ruptura lig. tibiofi-
bulare posterius.

3)Ruptura anteromedialni éasti Koubniho pouzdra
nebe avulzni zlomenina jeho dponu.

A) Zlornenina proximalnd tretiny fibuly.

5)Ruptura deltového vazu nebo zZlomenina vnitiniho
malleolu.

Tato selovence odpovida supinacné everznimu vzniku
poranéni, coZ vysvétluje, prog v nékterych pripadech
MZ zistavaji medialni struktury intakini. Pankovichem
[9] uvadény vyznam antero-medialni £asti kloubniho

LITERATURA

1. Maisonnewve JG. Recherches sur la
fracture du peroné Amh Gen Med
1840:7:165-87 433473, EN

2, Quenu E. Fracture de Maisonneuve (frac-

ture dite par diastase). Bull 5oc Chir. (Par-
is) 1906;32:943-45,
Chaput VAH. Lesfractures malléolaires du

cou-de-pied et les accidents du travail. 5.

pouzdra pro stabilitu z0stava nejasny. Autor ho mohl
zaménit s predni, tibiosubtalarni porci deltového vazu.
Supinadné everzni mechanismus drazu by také vysvét-
loval poranéni lig. fibulotalare anterius a lig. fibulocal-
caneare, ktera popsal Morris et al. [17].

Mase studie podtrhuje ddlezitost CT vySetieni u MZ.
Kostmi kEze typu abrupce Chaputova hrbolu & Zlo-
menina zadni hrany tibie nejsou na standardnich rtg.
snimcich casto patrné, a pokud jsou, tak bez CT nelze
zhodnetit jejich rozsah. Transverzalni CT fezy jsou kru-
dialni ke zhodnoceni postaveni distalni fibuly v incisura
fibularis tibize. MR zlstava jedinou moZnosti, jak urit
rozsah poranéni interosealni membrany a velmi dd-
ledita je i pro diagnostiku osteochondralnich lézi talu,
subchondrdinich Zlomenin tibie a rozsahu poranéni
deltového vazu.

ZAVER

Nase studie i literarni Gdaje potvrzuji, 22 Maisonne-
uveowa zlomenina je co do rozsahu a zavaZznosti va-
riabilni poranéni. Jeho spektrum se pohybuje od Zlo-
menin stabilnich az po zlomeniny vysoce nestabilni.
Soudasti MZ je vidy ruptura lig. tibiofibulare anterius
a lig. tibicfibulare interosseum. Membrana interossea
bywva roztrzena ve vEtiing pfipadd, ale pouze ve své
distélni tieting, nikoli aZ do vyse zlomeniny na fibule,
jak se b&zné uvadi. Lig. tibiofibulare posterius nemusi
byt poranéno vidy. Za ekvivalent jeho léze ze povaio-
vat adlomeni malleclus posterior, které jsme naili ve
trech &étvrtinach nasich pripadd. Vyskyt a rozsah pora-
néni medidlnich struktur hlezna (malleolus medialis,
lig. deltoideum) je znaéné variabilni. Mohou chybét,
rmohou byt parcalni a mohou byt kompletnd. Pormyglet
je nutne i na osteachondrdlni Zlomeniny kladky talu &
kompresi lateralni &ast kloubni plochy tibie. V literatu-
fe ojedinéle uvadané poranéni fibuldmich vazi (zevni
katnik) jsme nezaznamenali. Zde je treba dalsich studii.
Vzhledem k tomu, Ze fada poranéni doprovazejicich
MZ neni patrnd na prostych rtg. snimeich, je nutné vady
doplnit CT.

Cldnek venikl v rimei feseni projektu AZV CR 16-284584;
Trimaleoldmi zlomeniny hlezna - CT diagnostika zlome-
nin zadni hrany tibie, jejich CT klasifikace, operaéni lécba
alPZROMO 1012,

Konffikt zdjmid

Autofi ddnku prohlasufi Ze nefou v souvislosti se vami-
kem tohoto ldnku ve stfetu zdimi a Z tento ddnek nebyl
publikovdn v Zddném jiném casopise, s vyjimkou kongre-
sovych abstrakt a doporudenych postupid

Masson, Paris 1907,
4.  Destot E Traumatisme du pied et rayons
X. Masson, Paris 1911,
Tanton 1. Fractures en général: Fractures

Rozhledy v chirungii 2020, rod 99, £ 2

60




.

1.

12.

13.

T

15.

16

17

18

19,

20,

2%

des membres inferiéurs. 18 Bailliere, Paris
1916,

Ashburst APC, Bromer RS Classification
and mechanism of fractures of the leg
bones immolving the ankle. Arch Surg.
1922:4:51-129.

Bonnin &, Injuries to the ankle. Heine-
mann, London 1950,

Weber BG. Die Verletzungen des obemen
Sprunggelenkes. Huber, Bam 1966
Pankovich AM. Maisonneuve fracture of
the fibula. JBone Joint Sung Am. 1976;58-
AG3T-342.

Amman E Die Maisonneuve-Fraktur Re-
sultate von 37 behandelten Fllen in der
Jahren 1971-1981. Inauguraldissers-
tion, Universitt Basal 1981,

Heim L. Malleolarfraicturen.  Uinfallbei-
Funde 1983:86:248-258.

de Souza L, Gustilo RB, Meyer TL. Results
of operative treatment of displaced ex-
termal retation-abduction fractures of
thie ankle. J Bone Joint Surg Am. 198567
A066-1074,

Merill KD, The Maisonnevve frac-
ture of the fibula. Clin Orthop Rel Res
1993:287:218-23.

Slawski DP, West C. Maisonnewve fracture
with an associated distal fibular fracture,
Clin Orthop Rel Res, 1995:317:193-108.
Duchesneau 5, Fallat LM, The Mai
sonneuve fracture. | Foot Ankle Surg.
1995:34:432- 478,

Chan D, Jones D. Ireducible syndes-
maosis due to an entrapped posterior
fragment. Injury 1995,26:569-572. doi:
10,101 6/0020-1383(95)00087-p

Momis JR, Lee | Thordarson 0O, et
al. Magnetic resonance imaging of
aute Maisonneuwve fractures. Foot
AnMe Imt.  199617.259-263, dok
10117771071 10079601 00504,

Ctbeid EMH, Amr M, Hirst P, et al. Percu-
taneous fiation of Masonneuve and
Maisonneuve-type fractures a minimally
invasive approach, fnjury 1998,29(81:619-
622, doi: 10.1016/50020-1383(28)00749-
1.

Kirschner F, Briinmer M. Dlie Operation der
Maisonnewve-Fraktur Oper Orthop Trau-
matol. 1388:11:11-18.

Kolman ) Maisonneuveova zlomeni-
ma. Acta Chir Orthop Traumatol Cedn.
1908:66:41-45.

Bahis GC, Papagelopoulos PJ, Tsarouchas
1, et al. Dperative reatmernt for Maison-
newve fracture of the proximal fibula, Or-
thopedics 2000:23(7).687-650.

Maryi W, Guowei R, Shengsong Y, et al
A sample of Chinese literature MR diag-
naosis of interosseous membrane injury
in Maisonneuve fractures of the fibula.
Injury 2000:31:5-C107-110. doi) 01016/
s0020-1383(00)80058-8.

Hensel K5, Harpstrite JK. Maisonneuve
fracture associated with a bimalleolar
ankle fracture-dislocatiors A case me-
part. | O Trauma 2002:16:525-528.
doi: 101097 /00005131-200208000-

Rozhiledy v chirungii 2020, . 99 £.2

24,

25,

26.

7.

20,

N

Er3

33.

34,

35,

36,

00014,

Sproule 1A, Khalid M, O Sulfivan M, et al.
Outcome after sungery for Maisonneuve
fracture of the fibula. Injury 2004,35:791-
798, doi:10.1016/50020-1383(03)001 55
4

Kurnar G, Sankar B, Anand 5, et al. Superi-
ortibicfibular joint disneption as a varant
of Maisonneuve injury. Foot Ankle Sur-
gery 2004104143, doi10.1016/51 268
TT31(03)007 04-8,

Smith MG, Ferguson E, Kurdy NM. Fer
sistent diastasis im & Maisonneuve frac-
twre-imterposition of a tibial osteochon-
dral fragment: A case report. J Foot Ankle
Sumg. 200544M5-237.  doil0.1053/).
jfas.2005.02.004.

Colenbrander RJ, Struijs PAA, Ultes JM.
Bimalleolar ankle fracture with proodmal
fibular fracture. Arch Orthop Trauma
Surg. 2005125571-574. doi:10.10077
s00402-005-0035-z

Lewy BA, Vogt KJ, Herrera DA, et al. Mai-
sannauve fracture equivalent with prod-
imal tibiofibular dislocation. J Bone Joint
Surg Am. 2006;B6-A:1111-6. doi:1021067
JBISEDD954.

Wolfrarm D, Lottersberger C, Blauth M,
et al. Migliche Nerververd etzungen bei
Sprunggelenk hnationsveretzungen
trimalleclire Fraktur mit Beteiligung
der prowimalen Fibula. Unfallchirurg
2007010:70-44.  dok10.1007/s00713-
006-1183-5.

Yoshimura |, Naito M, Kanazawa K, et al
Arthroscopic findings in Maisonnewwe
fractures. ] Orthop Sd. 2008;13:3-6
doit] 0.10077 5007 76-007-1192-4.
Hirschimann M, Mauch Ch, Mueller C,
et al. Lateral ankle facture with mised
proximal  tibiofibular joint  instability
[Maisonneuve injury). Knee Sung Sports
Traumatol Arthrosc, 2008:16:952-956.
doit10.1007/500167-008-0597-8.
Madhusudhan TR, Dhana 5RM, Smith
IC. Report of the case of 3 mre pattern
of Maisonnewe fracture. | Foot Ankle
Surgery 2008A7:160-162 dok10.1053/)
Jfas. 200712001,

Imade 51, Takao M, Miyamoto W, et al. Leq
anterior compartment syndmome follow-
ing ankle arthroscopy after Maisonneuwve:
fracture.  Arthmo! 2008;25:215-8.
doi] 0.101 &fj.arthro.2007.08.027.

Pérez AL, Costa 1G. Atypical pattem of
Maisonneuve’s fracture-dislocation. Eur
1 Orthop Surg Traumatol. 2009:19:281-
295, doi:10.1007/s00530-008-0415-5.
Pelton K, Thomarson DB, Barmwell L
Open versus dosed treatment of the
fibula in Maisonneuve injuries. Foot An-
ke Int. 20010;31:604-608. deoi:lD3113F
FALZ0T 00604,

Charopouwlos |, Kokoroghiannis C, Hra-
giannis 5, et al. Maisonneuve fracture
without deltoid ligament  disruption:
A rare pattem of injury. J Foot Ankle
Surg. 2010:49:86e11-17. doil 0.1053/j.
Jfas2008.10.001.

3rn

3a.

39,

41.

42,

43,

47.

50.

Kalyani BS, Roberts (5, Giannoudis PV,
The Maisonnneuve injury: a comprehen-
sive review. Orthopedics 2010:33:180-
197, doi103628/01477447-20100307-
04
Stufkens S5A, van den Belerom MFI,
Doomberg M. et al Evidence-based
treatment of Maisonneuve fractures.
1 Foot Ankle 2011506267,
doi: 1010534 fas 200 0BT,
Dienstkmecht T, Homst K, Pape H-Ch
A T2-year-old patient with bilateral Mai-
sonneuve fractures. inics and Prac-
tice 20122272 (180-181). doi10.4081/
cp 22672,
Hinds R, Tran WH, Lorich DG. Mason-
neuve-hyperplantarflexion variant ankle
fracture. Orthopedics 2014:37:E140-144.
doi: 103928/ 0147 7447- 2014102392,
Downiey MW, Feming L, Elgamil B, et
al. Syndesmosis injury with concomitant
deltoid disruption in trimalleclar equiv-
alent ankle fracture: A case. Ann Sports
Med Res, 20052:1049(1-7).
van Wessem KJP, Leenen LPH. A rare
type of anke fracture: Syndesmotic
rupture combined with a high fbular
fracture without medial injury. Injury
2016;47:766-755. doi:1 0.1 01 &/ inju-
ry2016.01.003.
Bissual T, Gailard F, Dagneaux L, et al. Mai-
sonneuve equivalent injury with pros-
imal tibicfibular joint disloction: Case
report and literature reviews | Foot Ankle
Surg. 201756404407, doi10.1053/].
jfas. 2610003,
Bartoni&ek J, Rammelt 5, Kaiper 5, et al
Pathoanatomy of Maisonneuve fracture
based on radiclogic and CT examination.
Arch Orthop Trauma Surg. 2019;135:457-
506. doi:10.1007/s00402-018-3099-2,
Bartoniek J, Rammelt 5, Kostlivy K, et al
and classification of the posteri-
ortibial fragment in ankle fractures. Arch
Orthop Trauma Swmg. 2015;135:506-516.
doi 101007 <00402-015-2171-4.
Bartonitek J, Rammelt5, Klika D et al. Hla-
sifilace zlomenin zadnd hrany tibie u do-
menin u zZlomenin hlezna. Rozhl Chir
2018975259,
Jehlicka D, Bartonifek J, Svatof F, et al
Luaéni zlomeniny hlezna u desp8ych,
. f&st: Epidemiologické zhodnocenl
rodntho soubormu. Acta Chir Orthop Tram-
atol Cech. 2002:69:243-247,
Bartonfiek 1, Rammelt 5, Kostlivy K. Bo-
sworth fracture: A report of two atyp-
ical cases and literature review of 108
cases, Fuss Sprung. 2017;15:126-137.
doi 1010165 fuspru 201 7.02.002.
Bartonitek ), Daupa V, Fri€ V, et al. Epi-
demiologie a ekonomie domenin pros-
imidlniho fernur, proximalniho humery,
distdintho radia a luweaénich domenin
hilezna. Rozhl Chir. 2008;87:213-219.
Lauge-Hansen M. Fractures of the ankle
. Combined experimental-surgical and
experimental-roentgenalogic investiga-
tiors Arch Sung. 1950:60:957-985

doc. MUDr. Michet Tulek
Klinika or topedie

1L LFUK g U¥N - Vojenskd fokufini nemocice
Proha

U'Vojenské nemocice 1200
169 02 Praha &
e~ tucekmic@grooil. com

61




8. Zavéry

Popsali jsme vyskyt a tvar crista malleoli lateralis, struktury, kterd byla v diivéjSich
anatomickych i klinickych pracich opomijena. Za zéklad€ CT vySetieni i klinickych zkuSenosti
jsme prokdzali vyznam této struktury jako zdkladniho orientaéniho bodu pfi zavadéni

syndesmadlnich Sroubi.

Na velkém souboru pacientl s kompletni radiodiagnostikou a opera¢nimi nalezy jsme ukazali
velkou variabilitu pathoanatomie Maisonneuveovy zlomeniny. A to jak z hlediska kombinace

jednotlivych poranéni, tak stability zlomeniny.

Dokazali jsme nutnost CT vySetieni u kazdého pacienta s Maisonneuveovou zlomeninou.
Pouze na zdklad¢é CT zobrazeni je mozna piesna detekce vSech poranéni a spravny plan 1écby.
U operacné léCenych pacientd byla rovnéz prokazana nutnost Casného kontrolniho CT

vySetteni.

Publikovali jsme studii ,,dvojité* Maisonneuveovy zlomeniny, ve které jsme upozornili
pfedevSim na jeji mozny vyskyt a diagnostickou opatrnost pii vySetfovani zlomenin Weber B
a C. Zhodnoceny byly i radiologické a klinické vysledky naSich 11 pacientd. Tato studie je

ve svétové literatute prioritni.
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