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1. Uvod

Zlomeniny lopatky patfily dfive mezi vzacnd poranéni, kterd stdla na okraji zajmu.
V poslednich dvou desetiletich se vSak situace vyrazné zmeénila, jednak se zvySujicim se poctem
zlomenin lopatky, jednak se zvétSujicim se védeckym zajmem a presnéjsi diagnostikou téchto
poranéni.

Zlomeniny lopatky mohou byt izolované, ale v 67-92 % jsou kombinované s poranénim
dalsich struktur, a to pfedevs§im u polytraumatizovanych pacientti (Tucek M., 2010). Zlomeniny
lopatky jsou nej¢astéji doprovazeny zlomeninami Zeber (15-78 %), z ramenniho pletence pak
zlomeninami kli¢ni kosti (12-39 %) a zlomeninami humeru (11-15 %).

Zlomeniny lopatky spojené s akromioklavikuldrni (AC) nebo sternoklavikularni (SC) luxaci
jsou vzacngjsi, udava se vyskyt u 3—6 % vsech zlomenin lopatky (Bartonicek J., 2021). Piestoze
presny vyskyt zlomenin lopatky u AC luxaci neni v literatuie pfesné zmapovan, mize ovlivnit
vybér operacni techniky, nebot’ klicek mizeme operacné fixovat Kirschnerovymi draty nebo
hakovitou dlahou k akromiu nebo tzv. ,,anatomic coracoclavicular reconstruction* technikami
¢1 Sroubem k proc. coracoideus. Zlomenina dané struktury samoziejm¢e provedeni ptislusné
techniky neumoziuje.

Prvni pfipad AC luxace spojené se zlomeninou lopatky, konkrétné¢ s odlomenim proc.
coracoideus, zminil jiz vr. 1864 Gurtl (Gurtl E., 1864). Prvni rozsahlejsi studii stejného
poranéni provedl Ehalt (Ehalt W., 1934) vr. 1934. Od t¢ doby bylo pfedev§im ve formé
kazuistik popsdno pfiblizné 20 piipadii AC luxace u zlomenin lopatky, z toho 15 bylo blize
specifikovano. Jednalo se zejména o zlomeniny proc. coracoideus (Allagui M. et al., 2013;
Bernard T.N. Jr. et al., 1983; Carr A.J. et al., 1989; Duan X. et al., 2010; Lasda N.A. et al.,
1978; Urist M.R., 1946), zlomeniny proc. coracoideus zasahujici do fossa glenoidalis (Asci M.

et al., 2016) a zlomeniny akromia (Kurdy N.M.G. et al., 1995).



Kombinace AC luxace a zlomeniny horni ¢asti lopatky jsou velmi ¢asto diskutovany v ramci
vicecetnych 1ézi osteofibrézniho prstence horniho zdvésného komplexu ramene anebo v rdmci
tzv. plovouciho ramene (Goss T.P. et al., 2017).

SC luxace jako takové jsou relativné vzacna poranéni, v kombinaci se zlomeninou lopatky se
vyskytuji raritné. Jedinou zminku o SC luxaci doprovazejici zlomeninu lopatky popsal
Armstrong (Armstrong C.P. et al., 1984) vr. 1984, ktery v souboru 64 zlomenin lopatky,
v tabulce pfidruzenych poranéni, zminuje 2 ptipady SC luxace. V praci bohuzel chybi blizsi
specifikace zlomeniny lopatky i typ SC luxace.

Proto jsme se rozhodli zabyvat se poranénim AC a SC kloubu u zlomenin lopatky, a to véetné
zlomenin proc. coracoideus, které mohou hrat pii vzniku jednotlivych typti AC luxace

vyznamnou roli.



2. Soucasny stav reSené problematiky

Diserta¢ni prace se tykd poranéni horniho zavésného komplexu ramenniho kloubu, ktery
zahrnuje jak struktury glenohumeralniho kloubu, tak i akromioklavikularniho kloubu, proc.

coracoideus a dalsi struktury, které jsou stru¢né popsany nize.

2.1. Definice horniho zavésného komplexu ramene

Lopatka je k axidlnimu skeletu zavéSena pfes lateralni ¢ast klicni kosti prostfednictvim
akromioklavikularniho kloubu a lig. coracoclaviculare. Jedna se o jediné osteoligament6zni
spojeni lopatky s axidlnim skeletem (obr. 2-1). Dalsi spojeni pfedstavuje jiz jen 18 svall

spojujici lopatku k patefi, zebrim a pazni kosti (Bartonicek J. et al., 2004).

Obr. 2-1 Zavésny ligament6zni komplex lopatky — pfedni pohled. AC — art. acromioclavicularis, Ac
—acromion, BT — caput longum m. bicipitis brachii, CA — lig. coracoacromiale, Cap — capsula articularis, CCc
— lig. coracoclaviculare — pars conoidea, CCt — lig. coracoclaviculare — pars trapezoidea, CH — lig.
coracohumerale, Cla — clavicula, Co — proc. coracoideus, Sub — m. subscapularis. (Pfevzato z: Bartonicek J,
Tucek M, Narika O. Zlomeniny lopatky. Praha: Maxdorf; 2021:45).



V kontextu zlomenin lopatky je tento osteofibrozni prstenec nazyvan jako horni zavésny
komplex ramene (SSSC) a tvoii jej glenoid, proc. coracoideus, lig. coracoclaviculare, lig.
acromioclaviculare, lateralni ¢ast kli¢ni kosti, akromioklavikularni kloub a akromion.

Z tohoto prstence vychazi dveé kostni vzpéry. Horni vzpéru tvofii stiedni tietina kli¢ni kosti;
dolni vzpéru laterdlni cast t¢la lopatky a medidlni ¢ast kr¢ku lopatky (obr. 2-2), (Goss T.P.,

1993).

Obr. 2-2 Horni zavésny komplex ramenniho kloubu (SSSC) podle Gosse. (Pfevzato z: Bartonicek J,
Tuéek M, Narika O. Zlomeniny lopatky. Praha: Maxdorf; 2021:47).

Cely komplex se podle Gosse (Goss TP., 1993), d¢€li na tii jednotky:
e Prvni jednotka je tvorena kli¢kem, akromioklavikularnim kloubem a akromiem.
e Druhou jednotku vytvari spojeni glenoidu, proc. coracoideus a akromia s télem lopatky.
e Tteti jednotku tvofi vazivové spojeni mezi klickem a proc. coracoideus tvorené lig.
coracoclaviculare.
Komplex udrzuje normalni stabilni vztah mezi lopatkou a axidlnim skeletem a soucasné
poskytuje misto pro pfipojeni fady svali a vazl. Pro diagnostiku a 1é¢bu jeho vicecetnych

poranéni je velmi dilezitd prostorova orientace v jeho jednotlivych strukturach.



2.2. Anatomie glenoidu a vybézkii lopatky

Glenoidalni jamka tvofi zakonceni na lateralnim thlu lopatky a nese kloubni plochu — cavitas
seu fossa glenoidalis ur¢enou pro hlavici humeru (obr. 2-3). Tvar obvodu kloubni plochy je
variabilni (ovalny, hruskovity, tvar padajici kapky) v zéavislosti na hloubce zéafezu v oblasti
pfedniho horniho okraje jamky. Tésné¢ nad hornim polem jamky se nachazi drsnatina,
tuberculum supraglenoidale, kde se upind Slacha caput longum m. bicipitis brachii. Na
obdobném hrbolku pfi dolnim pdlu, tuberculum infraglenoidale, za¢iné §lacha caput longum m.

tricipitis brachii.

ittt LSRR
Obr. 2-3 Cavitas glenoidalis — lateralni pohled. 1 — acromion, 2 — art. acromioclavicularis, 3 — kli¢ek, 4 — lig.
coracoacromiale, 5 — proc. coracoideus, 6 — cavitas glenoidalis, 7 — tuberculum infraglenoidale, 8 — labrum
articulare. (Pfevzato z.: Bartonicek J, Heft J. Zaklady klinické anatomie pohybového aparatu. Praha: Maxdorf;
2004:85).

Processus coracoideus je vybézek, ktery svou Sirokou prfedozadné zplostélou bazi odstupuje
od horni plochy krcku lopatky a sméfuje anterolateralné (obr. 2-4). Od horniho pélu glenoidu
je lateralni plocha baze oddélena mélkym zéfezem variabilni hloubky — sulcus

coracoglenoidalis (CGN). Medialni okraj baze vybézku tvofi laterdlni ohrani¢eni incisura



scapulac. Baze prechazi vyraznym ohbim do slabsi distalni c¢asti (zobaku) zakoncené
zaoblenym apexem. Na horni ploSe ohbi je drsnatina slouzici pro tpon vazu.

Na proc. coracoideus se upind nckolik vazii a svali. Z pfedni plochy apexu odstupuje
spolecna Slacha caput breve m. bicipitis brachii a m. coracobrachialis. Na medidlni plochu
distalni ¢asti se upind m. pectoralis minor (obr. 2-1). Cel4 laterdlni plocha je zesilena Sirokym
uponem lig. coracoacromiale (obr. 2-3). Na drsnatinu horni plochy se upind lig.
coracoclaviculare. Z oblasti korakoglenoidalniho Zlabku odstupuje lig. coracohumerale. Na

medidlnim okraji baze proc. coracoideus zacina lig. transversum scapulae superius.

Obr. 2-4 Lopatka — pohled do fossa supraspinata. AC — acromion, Co — proc. coracoideus, FN — foramen
nutricium, FSS — fossa supraspinata, G — cavitas glenoidalis, IS — incisura scapulae, SSG — sulcus spinoglenoidalis.
(Ptevzato z: Bartonicek J, Tucek M, Nanka O. Zlomeniny lopatky. Praha: Maxdorf; 2021:36).

Acromion je laterdlnim pokracovani spina scapulae, jejiz volna ¢ast se v oblasti zadniho
okraje glenoidu vyrazné¢ zplosti a rozsiii a sto¢i se o témét 90° ventralné a proximalné
(obr. 2-3). Medialni okraj akromia se ve své piedni poloving rozsifuje v ovalnou kloubni plosku
pro kli¢ek, facies articularis acromii.

Deltoideo-trapeziova manZeta tvori dulezity dynamicky stabilizdtor akromio-
klavikularniho skloubeni, zejména prvek horizontalni a rota¢ni stability. Tento svalovy plast’ je

tvofen pony m. trapezius a m. deltoideus na kranialni ploSe lateralniho klicku. Oba svalové



upony jsou na kranialni plose klicku propojeny vrstvou kolagenniho vaziva, kde do ni zasahuji
1 vlakna lig. acromioclaviculare superius, které maji synergicky efekt na stabilitu AC kloubu.
Na 11 fixovanych preparatech ramennich kloubll jsme naméftili délku manzety na kli¢ni kosti
pfiblizng 5,5 cm. Upony m. trapezius a m. deltoideus na kli¢ni kosti jsou ve vétsing piipadi
stejn¢ daleko a na pfedni a horni plose klicku v sebe jednotliva svalové vlakna prechéazeji skrz
vrstvu vaziva, tloustku této manzety jsme naméfili pramérné 0,8 cm (/1. klinicko-anatomické

symposium, 1.2.2020. Predndska: Trapezio-deltoideova manzeta AC kloubu. Prednasejici

MUDr. Tomas Strnad) (obr. 2-5).

Obr. 2-5 Deltoideo-trapeziova manzeta. AC — art. acromioclavicularis, T — m. trapezius, D — m. deltoideus,
C — kli¢ni kost.



2.3. Klasifikace poranéni horniho zavésného komplexu ramena

Nize jsou uvedeny klasifikace poranéni jednotlivych struktur, které jsou soucésti horniho

zavésného komplexu ramenniho kloubu.

2.3.1. Akromioklavikularni luxace

V soucasné dob¢ je nejvice pouzivana Sestistupiiova Rockwoodova klasifikace (Rockwood C.,
1984), (obr. 2-6), ktera popisuje poranéni nejen vlastniho akromioklavikularniho kloubu, ale i
poranéni mékkych tkani, tzn. lig. coracoclaviculare, m. deltoideus a m. trapezius, které hraji
roli ve sméru a velikosti dislokace lateralniho klicku vzhledem k akromiu (Tab. 1):

L. stupen — kontuze ¢i distorze AC skloubenti,

II. stupen — roztrzeni kloubniho pouzdra az subluxace AC kloubu,

II1. stupeni — roztrzeni lig. coracoclaviculare, manzeta dynamickych stabilizatori tvofena
vlakny m. deltoideus a m. trapezius je poranéna pouze ¢astecné. Na RTG je lateralni ¢ast kli¢ni
kosti luxovana proximaln¢ o §ifi kosti,

IV. stupen — klicek je luxovan dorzaln¢ do vldken m. trapezius, nestabilita je predev§im v
zadopfednim sméru,

V. stupenn — kompletni roztrZzeni dynamickych stabilizatorG a lateralni ¢ast kli¢ni kosti
prominuje pod kuzi,

VI. stupen — kli¢ek je dislokovan subakromidlné, o existenci subkorakoidalni luxace za

Slachy svald vétSina autorti pochybuje.

Rockwood lig. AC lig. CC Pouzdro M. deltoideus | M. trapezius
I Distenze Intaktni Intaktni Intaktni Intaktni
11 Ruptura Distenze Ruptura Intaktni Intaktni
111 Ruptura Ruptura Ruptura Céste¢né roztrzeni
trapezio-deltoideové manzety
I R R R ,
\4 uptura uptura uptura Uplné roztreni
\4 Ruptura Ruptura Ruptura . . . v
trapezio-deltoideové manzety
VI Ruptura Ruptura Ruptura

Tab. 1 Poranéni struktur AC kloubu u jednotlivych stupiiit AC luxace.




Obr. 2-6 Rockwoodova klasifikace AC luxaci. Cerna $ipka znazoriujici kaudalni dislokaci akromia.
Cervena Sipka znazorfiuje poruseni akromioklavikularniho a korakoklavikularniho ligamenta.
(Pfevzato z: Rockwood CA. Injuries to the acromioclavicular joint. In: Rockwood CA, Green DP
(eds). Fractures in adults. Volume 1. 2nd edition. Philadelphia, JB Lippinot 1984: 860-910).

Podle typu poranéni korakoklavikuldrniho spojeni se AC luxace u zlomenin lopatky
vyskytuje ve dvou zakladnich variantach:
e Prvni, castéjSi, tzv. Kostni varianta, je charakterizovana vznikem extra- ¢i
intraartikularni zlomeniny baze proc. coracoideus (zlomenina horniho glenoidu).
e Druhou, tzv. ligamentézni, variantu charakterizuje roztrzené lig. coracoclaviculare.

Proc. coracoideus ziistava intaktni (obr. 2-7).

L

Obr. 2-7 Vazivova instabilita AC kloubu u zlomeniny infraspinatni ¢asti téla lopatky.



2.3.2. Sternoklavikularni luxace

Sternoklavikuldrni luxace je nejcastéji klasifikovana podle Allmana zr. 1967 (Allman F.L.,
1967):

L. stupen — kontuze ¢i distorze SC skloubeni, které zlistava stabilni s minimalni bolestivosti,

I1. stupen — dochazi k roztrzeni kloubniho pouzdra SC kloubu, lig. costoclaviculare zlistava
intaktni, muze vSak dochazet k subluxaci v kloubu,

I11. stupeii — lig. costoclaviculare je roztrzeno a dochazi k luxaci, kterd miize byt bud’ predni,

nebo vzacnéji zadni (obr. 2-8).

Obr. 2-8 SC luxace vlevo na 3D CT rekonstrukcich. a — ptedni pohled, b — zadni pohled. Cervena Sipka
oznacuje poranény SC kloub.

2.3.3. Zlomeniny akromia a lateralni ¢asti spina scapulae
Ob¢ tato poranéni je nutné klasifikovat spole¢né, nebot’ se jedna o dvé ¢asti jedné anatomické
struktury. Konvenc¢ni hranici mezi nimi pfedstavuje angulus acromialis. Zlomeniny medialni
Casti spina scapulae fadime mezi zlomeniny téla lopatky. Podle prib&éhu lomné linie délime tyto
zlomeniny do tfi skupin (Bartonicek J. et al., 2021) (obr. 2-9):

1. Zlomeniny akromia — lomna linie probiha lateradln€¢ od akromialniho thlu.
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2. Zlomeniny v oblasti akromialniho thlu — tvoii pfechodnou skupinu mezi zlomeninami
lateralni spiny a akromia. Charakteristicka je pficné Sikma linie probihajici tésné pred ¢i za
akromidlnim thlem.

3. Zlomeniny lateralni ¢asti spina scapulae — prib¢h lomné linie byva variabilni. Bud’
probiha laterdlné a horizontadlné¢ a odd€luje necelou polovinu spina scapulae pftiléhajici
k akromiu, nebo prochdzi vertikalnéji orientovanou lomnou linii pfi bazi lateralniho ramena

spina scapulae a odd€luje témért celou lateralni spinu.

Obr. 2-9 Klasifikace zlomenin akromia a lateralni ¢asti spina scapulae. Ac — zlomeniny akromia,
AA — zlomeniny akromialniho thlu, LS — zlomeniny lateralni ¢asti spina scapulae. (Pfevzato z: Bartonicek J,
Tucek M, Nanika O. Zlomeniny lopatky. Praha: Maxdorf; 2021:42).

2.3.4. Zlomeniny processus coracoideus

Zlomeniny proc. coracoideus klasifikujeme dle Bartonicka et al. (Bartonicek J. et al., 2021) na
Ctyfi zékladni typy (obr. 2-10):

1. Zlomeniny apexu — vétsinou se jedna o impakéni zlomeniny, vzacnéji je apex odlomen a
dislokovan.

2. Zlomeniny zobaku — jsou zlomeniny lokalizované distalné od uponu lig.

coracoclaviculare, typickd je distalni angulace fragmentu.

11



3. Zlomeniny baze — vyskytuji se nejcastéji. Pokud lomna linie probiha tésné pti bazi, pak je
odlomen pouze samotny proc. coracoideus. Pokud zasahuje do horni plochy krcku lopatky, pak
je soucasti fragmentu i variabilni ¢ast horniho okraje lopatky. Lig. coracoclaviculare a lig.
coracoacromiale zlistavaji vétSinou intaktni a brani vétsi dislokaci ulomku. VEtsi dislokace
vznika pouze v piipadé sdruzenych zlomenin akromia a lateralni ¢asti spina scapulae Ci pii AC
luxaci.

4. Kominuce proc. coracoideus — je vzacné poranéni. Cely vybézek je roztiistén na nékolik

Casti.

Typl Typ Il \ Typ il \ Typ IV

Obr. 2-10 Klasifikace zlomenin proc. coracoideus. Typ I — zlomenina apexu, Typ II — zlomenina zobaku,
Typ III — zlomenina baze, Typ IV — kominutivni zlomenina. (Pfevzato z: Bartonic¢ek J, Tucek M, Strnad T, Nanka
O. Fractures of the coracoid process - pathoanatomy and classification: based on thirty nine cases with three
dimensional computerised tomography reconstructions. Int Orthop 2021:1009-1015).

2.3.5. Zlomeniny glenoidu
Zlomeniny glenoidu jsou definovéany jako intraartikularni zlomeniny, pro jejichz klasifikaci je
zasadni, ktera ¢ast glenoidu je postiZzena a jaky je celkovy anatomicky tvar tlomku. Na zakladé
téchto kritérii je Bartonicek et al. (Bartonicek J., 2015) dé€li do péti zakladnich typli zlomenin

glenoidélni jamky (obr. 2-11):

12



1. Zlomeniny horniho glenoidu — horizontalni ¢i mirné Sikma lomna linie probiha spindlnim
pilitfem do fossa supraspinata. Fragment nese horni ¢ast kloubni plochy, proc. coracoideus nebo
1 ¢ast horniho okraje lopatky.

2. Zlomeniny predniho glenoidu — podle velikosti odlomené kloubni plochy lze tyto
zlomeniny rozdélit do tfi subtypl (obvodova zlomenina pifedniho okraje, zlomenina
anteroinferiorni ¢asti glenoidu, §t€épna zlomenina piedni casti glenoidu).

3. Zlomeniny zadniho glenoidu — dochazi k nim pfi zadni subluxaci ¢i luxaci hlavice
humeru, tedy nizkoenergetickym mechanismem. Zlomeniny postihuji obvod kloubni jamky
v rozsahu 6-10 (¢iselnik, prava strana). Odlomeny fragment miiZze byt solitdrni nebo rozlomen
na drobné kousky. Zlomeniny zadniho glenoidu jsou velmi vzacné.

4. Zlomeniny dolniho glenoidu — intraartikularni lomné linie probihajici variabilné:
horizontaln¢, Sikmo nebo ve tvaru obrdceného ,,V*, oddéluje distalni jednu az dvé tretiny
kloubni jamky. Lomnd linie mize pokracovat do infraspinatni ¢asti téla lopatky. Podle tvaru
glenoidalniho fragmentu a propagaci lomné linie je délime na izolovanou zlomeninu dolniho
glenoidu a zlomeniny dolniho glenoidu s variabilnim postizenim téla lopatky.

vewr

hlavice humeru na centrum glenoidélni jamky (obr. 2-12).
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Obr. 2-11 Zakladni typy zlomenin glenoidu. a — intaktni glenoid; b — zlomenina horniho glenoidu; ¢ — zlomenina

predniho glenoidu; d — zlomenina zadniho glenoidu; e — zlomenina dolniho glenoidu; f— zlomenina celého glenoidu.
(Pfevzato z: Bartoni¢ek J, Tucek M, Nanka O. Zlomeniny lopatky. Praha: Maxdorf; 2021:116).

Obr. 2-12 Zlomenina glenoidu spojena s AC luxaci. a — pourazovy RTG snimek, b — pooperacni RTG snimek.
(Ptevzato z: Bartonicek J, TuCek M, Narka O. Zlomeniny lopatky. Praha: Maxdorf; 2021:571).
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2.4. Diagnostika

Vysetieni do zna¢né miry zavisi na celkovém stavu pacienta. Vzdy vSak plati, ze pokud zjistime
jednu zlomeninu ramenniho pletence, napi. klicku, je nezbytné vyloucit i poranéni dalsi
(Bartonicek J., 2020).

Pti klinickém vySetfeni se nezaméfujeme jen na samotny ramenni pletenec, ale prohlizime i
hrudnik, axilu a periferii koncetiny. Aspekci mizeme zjistit defiguraci AC nebo SC kloubu,
otok ¢i exkoriace v oblasti pletence (obr. 2-14). Aktivni hybnost, ptedevSim elevace, je

alterovana pfi vétsin¢ poranéni.

Obr. 2-14 Pacient se zlomeninou akromia a pfedni subluxaci v SC skloubeni. a - viditelny otok v oblasti SC
kloubu a odbarvujici se hematom v oblasti ramenniho kloubu, b — pohled zezadu, odfeniny v oblasti spina
scapulae. (Pfevzato z: Bartoni¢ek J, Tucek M, Naika O. Zlomeniny lopatky. Praha: Maxdorf; 2021:75).

2.4.1. Zobrazovaci metody

Pro zjisténi zlomeniny lopatky, AC i1 SC luxace, urCeni typu poranéni a stanoveni
terapeutického postupu je zasadni radiologické vySetieni, zejména CT.

Pfi vysetfeni je nutné radiodiagnosticky algoritmus piizpiisobit stavu pacienta. U vétSiny
spolupracujicich pacientl, u kterych je poranéni ramenniho pletence dominantni, zacindme
RTG vySetfenim a na jeho =zakladé pak eventudlné¢ indikujeme CT vySetieni. U
polytraumatizovanych pacientli se jako primarni provadi celotélové CT, je vSak dulezité

kompletni zachyceni ramenniho pletence.
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Rentgenové vySetieni: Pfi podezieni na zlomeninu lopatky provadime tii zakladni projekce.
Jako prvni se provadi predozadni snimek celého ramenniho pletence a nasledné se doplni
piesny piedozadni (Neer I) a piesny boc¢ni snimek lopatky (Neer II neboli Y-projekce).

V piipadé viditelné AC luxace miizeme doplnit zatézovy snimek, eventudln¢ véetné srovnani
s neporanénou stranou.

Oblast SC kloubu je htife prehledna. Vhodné je srovnani postaveni medidlnich klicki na RTG
snimku hrudniku nebo cilené obou kli¢nich kosti.

Existuje fada dalSich projekei (Sikmé, axilarni), ale jejich provedeni je pro vétSinu pacientl
nepiijemné a nenahradi CT vySetfeni.

CT vySetfeni indikujeme u vSech zlomenin lopatky, SC luxaci a nejasnych RTG nélezt. U
vétSiny pacientd jsme schopni ¢asné vytvofit 3D CT rekonstrukce, na kterych bezpecné
odecteme typ zlomeniny lopatky, poranéni AC nebo SC kloubu a velikost dislokace

(obr. 2-15). CT fezy nebo 2D rekonstrukce pouzivame pouze pti detekci linii v oblasti glenoidu.

Obr. 2-15 Pacient s kombinovanou AC instabilitou zplGsobenou zlomeninou horniho glenoidu a rupturou lig.
coracoclaviculare. a — RTG snimek pravého ramene v AP projekci; b — 3D CT rekonstrukce. (Pfevzato z: Bartoni¢ek
J, Tucek M, Narka O. Zlomeniny lopatky. Praha: Maxdorf; 2021:248, 256).
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2.5. Terapie

Pti volb¢ terapeutického postupu u kombinovanych poranéni lopatky, AC a SC kloubu se
rozhodujeme podle typu jednotlivych poranéni a celkového stavu pacienta.

Konzervativni 1é¢ba je indikovdna u vSech nedislokovanych zlomenin lopatky.
Konzervativné postupujeme i u dislokovanych intra- nebo extraartikularnich zlomenin lopatky,
kde celkovy nebo lokalni stav pacienta nedovoluje operacni vykon.

Optimalni je postup navrzeny Colem (Cole P.A. et al., 2012), ktery spociva v tiSeni bolesti a
priblizn¢ dvoutydenni imobilizaci. Pak je mozno zahgjit pasivni cviceni pohybu s cilem
dosédhnout meésic od poranéni plného pasivniho rozsahu. Béhem druhého mésice by mélo byt
dosazeno plného aktivniho pohybu. Od tfetiho mésice je mozno zacit s posilovanim svalil
pletence a postupné zvySovat zatéz. Delsi dobu fixace, 5-6 tydnd, volime u luxacnich zlomenin
glenoidu, zlomenin akromia a spiny a pti SC luxacich.

Konzervativni postup volime u AC luxaci 1. a II. stupné Rockwoodovy klasifikace.
III. stupen AC luxace miize byt feSen konzervativné 1 operacné v zéavislosti na ptidruzenych
poranénich horniho zavésného komplexu ev. dle subjektivnich obtizi pacienta.

V ptipadé¢ SC luxace je indikovana konzervativni terapie u I. a II. stupné¢ Allmanovy
klasifikace.

Operaéni 1é¢ba je indikovana u dislokovanych zlomenin lopatky (tab. 2-2), AC luxace
III. - V. stupné podle Rockwooda a SC luxace III. stupné, pfedevSim dorzalni luxace, podle
Allmana. Dtlezité je 1 posouzeni osobnosti pacienta: velmi diilezitou roli hraje vek, celkovy
stav pacienta, dominance koncetiny, funk¢ni naroky pacienta a jeho ocekavani od navrhované
operace. Zejména u mladsich pacientt je tieba zvazit moznost v€asné rehabilitace po operaci a

tim Casny névrat funkce.
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Relativni radiologicka indikacni kritéria k operaci u dislokovanych zlomenin lopatky

Intraartikularni zlomenina
schodek ¢i rozestup fragmentd 4mm Rozsah postiZeni kloubni plochy 25 %

Extraartikularni zlomenina téla a kr¢ku lopatky

angulace fragmentd lateralniho angulace fragmenti lateralniho pilife
pilite v Y-projekci 40° v Neerové I projekci 30°
mediolateralni translace fragmentt prekryv fragmentt lateralniho pilife
lateralniho pilife v roviné téla v Neerové I nebo II projekci 25 mm
lopatky 20 mm

GPA v Neerové projekci < 20°, > 60°

Zlomeniny vybézku — poranéni SSSC
minimaln¢ dvojita 1éze, kazda s minimalni dislokaci 10 mm
baze proc. coracoideus + acromion/spina scapulae
proc. coracoideus + AC luxace

Tab.2-2 Indika¢ni kritéria operacni 1éCby. (Pfevzato z: Bartonicek J, Tucek M, Naiika O. Zlomeniny
lopatky. Praha: Maxdorf; 2021).
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3. Cile prace

Prace byla rozdé€lena do dvou ¢asti, a to experimentalni (anatomické) a klinické. Experimentalni
cast je zaloZena na studiu anatomickych preparati z tzv. Pachnerovy sbirky. Klinickd ¢ast

vychdzi ze souboru 519 pacienti 1é¢enych pro zlomeninu lopatky.

Experimentalni ¢ast

Cilem bylo popsat vyskyt a varianty sulcus coracoglenoidalis (CGN) a sulcus arteriae
circumflexae scapulae (SCF).

Sulcus coracoglenoidalis byl poprvé definovan Bartonickem (Bartonicek J., 2014), nicméné
detailni popis nebyl uveden.

Sulcus arteriae circumflexae scapulae je sice v literatufe zminén, ale podrobnéjsi
anatomicka studie chybi.

Tyto dv€ malo znamé struktury hraji vyznamnou roli pfi vzniku nékterych typl zlomenin
lopatky 1 pfi jejich operacni 1écbe.

Tato problematika je zpracovana v publikaci 6.1. a 6.2.

Klinicka cast
Kombinovana poranéni lopatky s AC a SC luxaci jsou vzacna. V literatuie neexistuje souhrnna
studie zamétena na soucasné poranéni AC nebo SC skloubeni se zlomeninou lopatky.
Proto jsme se rozhodli identifkovat a podrobné popsat tato kombinovana poranéni v naSem
souboru pacientl, a to véetné¢ podrobného popisu zlomenin proc. coracoideus.
Tato problematika je zpracovana v publikaci 6.3. a 6.4.

SC luxace a zpracované kazuistiky v kapitole 6.5.
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4. Zakladni material a metodika

Anatomické studie byly provedeny na 330 suchych kosténych preparatech dospélych lopatek
pochazejicich z Pachnerovy sbirky Anatomického ustavu 1. LF UK a Katedry antropologie a
genetiky ¢loveka Prirodovédecké fakulty UK v Praze (Pachner P., 1937).

Vzhledem k absenci ptesného popisu obou struktur (CGN a SCF) v literatufe jsme nejprve
v prvnim kole pozorovani preparatl stanovili zakladni metriku zlabkt a poté byl v druhém kole
soubor piesn¢ zmeten a vysledky vyhodnoceny.

Sulcus coracoglenoidalis jsme klasifikovali podle velikosti naméfeného offsetu mezi bazi
proc. coracoideus a hornim okrajem glenoidu — takto byly vytvofeny tii typy zlabku:
A — dobfe vytvofeny zlabek s offsetem >3 mm; B — naznaceny zldbek s offsetem < 3 mm
a > 1 mm; C — chybé&jici zatez s offsetem < 1 mm. Nélezy byly porovnany s radiologickou
dokumentaci nasich Sesti pacientl 1é¢enych pro zlomeninu anatomického krcku lopatky.

Sulcus arteriae circumflexae scapulae jsme klasifikovali podle hloubky vytvoteného zlabku
na dorzolateralni ploSe lopatky — takto byly vytvoteny tii typy zldbku: A — dobfe vytvoieny
zldbek s hloubkou zéatezu do kosti > 0,5 mm; B — naznaceny zlabek s hloubkou zafezu > 0 mm
a < 0,5 mm. Pokud Zlabek nebyl vytvoten, pak jsme ho hodnotili jako typ C. Hloubka Zlabku
byla méfena na dorzolateralni ploSe lateralniho pilife lopatky digitalnim posuvnym métitkem.
Déle byla métena vzdalenost SCF od dolniho okraje fossa glenoidalis.

Klinické studie byly provedeny na souboru 519 zlomenin lopatky u dospélych pacienti
vzniklém v obdobi 2002-2020.

Identifikovali jsme 19 ptipadii zlomenin lopatky spojenych s AC luxaci a 2 ptipady zlomenin
lopatky spojenych s SC luxaci. Zlomenina proc. coracoideus byla nalezena u 39 pacientd. U
vSech pacientl bylo k dispozici RTG 1 CT wvySetfeni, kter¢ umoZnilo pfesny popis

pathoanatomie jednotlivych 1ézi.
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5. Souhrn vysledki

Podrobné vysledky jsou popsany v jednotlivych publikacich, zde je uveden pouze jejich

strucny piehled.

5.1. Sulcus coracoglenoidalis a jeho klinicky vyznam

Na zéklad¢ analyzy 102 part lopatek jsme identifikovali tii typy CGN a oznacili je A, B a C:

Typ A: Piedstavuje dobie vytvofeny CGN. Byl pfitomen u 39 % muZskych a 25 % Zenskych
lopatek.

Typ B: Tento typ byl ptitomen u 45 % muzZskych a u 59 % Zenskych lopatek.

Typ C: CGN nebyl vytvoren a tato varianta byla zaznamenana v 16 % muzi i Zen.
Muzi vykazovali vyssi vyskyt typu A (39 % vs. 25 %), zatimco u Zen pievladal typ B
(45 % vs. 59 %); podil typu C byl v obou skupinach stejny (16 %).

Ve studii nebyl nalezen Z4dny vyznamny rozdil v typech CGN mezi pohlavimi (T test;
T = 0,154), nebo mezi pravou a levou stranou u muzii nebo u Zen (parovy test: preny = 0,2445;
pmuwi = 0,23894; Pearsoniiv korelacni test: rzeny = 0,9700; rmuzi = 0,9864). Pfitom nebyl

zaznamenan rozdil v nélezech typu CGN mezi pravou a levou lopatkou u jednoho jedince.

5.2. Sulcus circumflexus a jeho klinicky vyznam

Vyskyt SCF: Na 55 (26,8 %) preparatech, tj. na 22 (10,7 %) muzskych a 33 (16,1 %) Zenskych
lopatkéach, arterialni Zlabek zcela chybél. Zlabek byl naznagen nebo dobfe vytvoien ve 151
(73,2 %) ptipadech, tzn. u 70 (33,9 %) muzskych a 81 (39,3 %) zenskych lopatek.

Anatomie SCF: Na zaklad¢ analyzy 103 pari lopatek jsme identifikovali tii typy SCF, které

byly oznaceny A, B a C:
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Dobie vytvoieny arterialni Zlabek jsme hodnotili jako typ A. Tento ty jsme nalezli celkem u
33 % lopatek, ptesnéji u 32 % muzskych a 34 % zenskych lopatek. V 5 pfipadech jsme nalezli
zdvojeny zZlabek, a to vzdy u zen. Rozdvojeny Zlabek jsme zaznamenali u 7 lopatek
(2 muzskych a 5 zenskych lopatek).

Naznaceny Zlabek jsme hodnotili jako typ B a vyskytoval se u 40 % lopatek, pfesnéji u
45 % muzskych a 37 % Zenskych lopatek. Ve 4 ptipadech byl zldbek zdvojen, a to vzdy u muzi.
Ve 3 ptipadech (1 muzska a 2 zenské lopatky) byl zlabek hodnocen jak rozdvojeny zlabek.

Rozdvojeny Zlabek jsme zaznamenali v 10 pfipadech. U 4 pari byl nalez shodny na obou
lopatkach (1 par muzsky z kategorie A, 2 pary zenské z kategorie A, 1 par Zensky z kategorie
B), u 2 parta byl nélez pouze jednostranny (1 lopatka muzska z kategorie B, 1 lopatka zenska z
kategorie A).

Dwojity zlabek jsme nalezli celkem v 9 ptipadech (5 u typu A a 4 u typu B). Na 3 parech (tzn.
na 6 lopatkach) byl nélez identicky na levé i1 pravé strané, to jsme nalezli u 1 paru muzskych a
2 part zenskych lopatek. U dalSich 3 pari byl ndlez pouze jednostranny, a to u
2 muzskych a 1 Zenské lopatky. VSechny dvojité zlabky z kategorie A byly zenského pohlavi,
vSechny muzské z kategorie B.

Vztah k foramen nutricium pfi bazi spina scapulae: Pokud bylo foramen nutricium
vytvofeno, pak arteridlni zZlabek probihal medio-kranidlnim smérem k foraminu.

Pribéh SCF vzhledem k dolnimu okraji glenoidu: Primérnad vzdalenost byla 3,3 cm
(2,5-5,4 cm) (6 = 0,541).

Celkova délka margo lateralis a pomérna vzdalenost SCF od dolniho okraje glenoidu:
Celkova délka margo lateralis méfena od tuberculum infraglenoidale k anglus inferior méfila v
praméru 13,2 cm (11,6-15,4 cm) (¢ = 0,76), primérna délka margo lateralis u muzi byla
13,7cm (12,5-15,4 cm) (6 =0,73)au zen 12,8 cm (11,6—13,8 cm) (¢ = 0,49). Vzdalenost SCF

od dolniho okraje glenoidu tvofila jednu Etvrtinu (24,1 %) celkové délky laterdlniho okraje

22



lopatky. U muzi byla tato hodnota nepatrné vyssi, tj. 26,1 % (21,1-35,1 %) neZ u Zen, tj.
23,0 % (19,3-30,4 %). Nebyl zaznamenan vyznamnéj$i rozdil mezi pravou a levou stranou u
jednoho jedince.

Statisticka analyza: Studie prokazala vysokou miru korelace ve vyskytu arterialniho zlabku
mezi pohlavimi a mezi pravou a levou stranou. Odpovidajici byly i ndlezy zlabku na pravé a

levé lopatce u jednoho individua.

5.3. Zlomeniny proc. coracoideus

Identifikovali jsme 24 zlomenin baze proc. coracoideus, 1 zlomeninu zobaku, 8 zlomenin apexu
a 6 tristivych zlomenin korakoidu.

Zlomeniny baze proc. coracoideus — ve 14 piipadech probihala medialni ¢ast lomné linie
skrz incisura scapulae, u 9 zlomenin zasahovala lomna linie az k hornimu okraji t¢la lopatky, u
kazdého ptipadu byl fragment naklonén distaln¢ a zrotovan medialné.

U zlomenin zobaku prochézela linie zlomeniny tésné pfed Uponem korakoklavikularniho
vazu a fragment byl dislokovan mirn¢ distalng.

Zlomeniny apexu byly variabilni. Ve 2 pfipadech jsme zjistili impakci apexu, ve
3 ptipadech byl vrchol podéln€ rozlomen na dvé ¢asti a ve 2 ptipadech byl oddélen jako pevny
fragment; v jednom ptipad¢ jsme zaznamenali pouze fissuru apexu. V jednom piipad¢ byla
zlomenina apexu kombinovana s glenohumeralni luxaci, v tomto ptipadé¢ doslo k dislokaci
fragmentu apexu do kloubni dutiny glenohumeralniho kloubu.

Kominutivni zlomeniny byly tvofeny miniméalné tfemi fragmenty korakoidu. Ve
2 ptipadech jsme zaznamenali kominuci v oblasti samotného zobaku a ve 4 piipadech byl
roztiistén cely korakoid.

Pti studiu zlomeniny proc. coracoideus jsme zjistili celkem 22 ptidruzenych poranéni lopatky,

z toho 7 zlomenin akromia v akromialnim thlu; 5 ptipada oddéleni ptedniho okraje glenoidu;
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3 zlomeniny horni tfetiny kloubni plochy glenoidu, z toho dva byly kombinovéany se
zlomeninou apexu proc. coracoideus a v jednom piipad¢ s tfiStivou zlomeninou zobaku;
1 zlomeninu dolniho glenoidu; 4 zlomeniny baze proc. coracoideus v kombinaci se zlomeninou
chirurgického krcku lopatky a 2 minimalné dislokované zlomeniny téla lopatky.

Identifkovali jsme i pfidruzena poranéni v oblasti ramenniho pletence — zaznamenali jsme 18
takovych zranéni: 8 pfipadt akromioklavikularni luxace (z toho 6 typu III, 1 typu IV a
1 typu V podle Rockwoodovy klasifikace); 5 zlomenin proximalniho humeru; déle 4 stabilni,
minimalné posunuté zlomeniny lateralni kli¢ni kosti; a 1 zlomenina téla kli¢ni kosti.

Pouze izolovana zlomenina proc. coracoideus se vyskytovala v 6 piipadech; 25 pacientli

vykazovalo kombinaci dvou poranéni a 8 pacientl kombinaci tii 1ézi.

5.4. Akromioklavikularni luxace u zlomenin lopatky

Typ poranéni lopatky: AC luxace byla zaznamenéana u zlomenin vybézk (proc. coracoideus,
acromion), téla lopatky, glenoidu a u komplexnich zlomenin.

V 15 ptipadech byla AC luxace spojena pouze s jednoduchou zlomeninou lopatky (7krat
zlomenina béaze proc. coracoideus, 4krat zlomenina akromia nebo lateralni spiny, 2krat
zlomenina téla lopatky, 1krat zlomenina horniho glenoidu a 1krat zlomenina dolniho glenoidu).
Ve 4 ptipadech se jednalo o kombinované nebo komplexni zlomeniny lopatky (1krat kombinace
zlomeniny proc. coracoideus a lateralni ¢asti spina scapulae, v 1 piipad¢ kombinace zlomeniny
horniho glenoidu a akromia, ve 2 pfipadech komplexni intraartikularni zlomenina).

Nejcastéji byla AC luxace spojena se zlomeninami vybézkl (14krat), zcela chybéla u
zlomenin krcku lopatky.

Typy AC luxace: Ve 12 piipadech se jednalo o typ III, v 5 pfipadech o typ IV, z toho v
1 ptipade doslo 1 k luxaci SC kloubu, ve 2 ptipadech o typ V podle Rockwoodovy klasifikace

(Rockwood C., 1984).
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Typ poranéni korakoklavikularni junkce: V 7 pfipadech bylo pietrzeno pouze lig.
coracoclaviculare. Jednalo se tak o ligamentozni instabilitu, a to spojenou se zlomeninou
akromia nebo lateralni spiny ve 4 ptipadech, se zlomeninou téla lopatky ve 2 ptipadech a se
zlomeninou dolniho glenoidu v 1 piipadé.

V 11 piipadech ziistalo lig. coracoclaviculare intaktni, ale doslo k odlomeni proc. coracoideus
nebo horniho glenoidu, tedy ke vzniku kestni instability. V 7 piipadech se jednalo o izolovanou
extraartikularni zlomeninu baze proc. coracoideus. V 1 piipadé slo o kominutivni zlomeninu
proc. coracoideus spojenou se zlomeninou lateralni spiny. V 1 piipad¢ doslo ke kombinaci
zlomeniny horniho glenoidu a akromia. U 2 komplexnich intraartikuldrnich zlomenin bylo
pticinou AC nestability odlomeni horniho glenoidu.

V 1 ptipadech vznikla kombinovanda osteo-ligamentozni instabilita. V 1 piipad¢ se jednalo
roztrzeni lig. coracoclaviculare a zlomeninu horniho glenoidu. K pfetrzeni lig.
coracoclaviculare tak doslo celkem 8krat, k odlomeni proc. coracoideus 8krat a ke zlomenin¢
horniho glenoidu 2krat.

Operacné jsme 1€c¢ili 11 ptipadt akromioklavikularni luxace. U 4 ptipadi kombinovanych se
zlomeninou proc. coracoideus byl oSetfen pouze AC kloub. V 7 piipadech byla kromé
AC kloubu oSetiena 1 poranéni lopatky, tj. 1krat komplexni intraartikularni zlomenina, 1krat
zlomenina horniho glenoidu, 1krat zlomenina dolniho glenoidu, 1krat infraspinatni zlomenina
téla, 1krat zlomenina baze proc. coracoideus, lkrat zlomenina akromia a lkrat zlomenina
lateralni spiny.

VSechna poranéni se zhojila bez komplikaci s velmi dobrym funkénim vysledkem.

5.5. Sternoklavikularni luxace u zlomenin lopatky

Sternoklavikularni luxace u zlomenin lopatky je raritni poranéni, které jsme v naSe souboru

zaznamenali pouze ve 2 ptipadech.
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Typ poranéni lopatky: SC luxace byla zaznamendna u zlomenin vybézki lopatky (acromion,
spina scapulae) a zlomeniny téla lopatky (inkompletni zlomenina spinalniho pilife lopatky).

Typy SC luxace: V prvnim piipadé doslo k subluxaci medialniho konce klicku distalné a
mirn¢ ventralné. To je atypicky zpusob dislokace, nebot’ piedni typ luxace je spojen

s proximalni dislokaci. Ve druhé piipad¢ se jednalo o piedni typ SC luxace.
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Abstract

Introduction The superior surface of the anatomical neck is presented in the classification of scapular fractures as a 2-cm-
long structure, which does not correspond to reality. This issue has not yet been adequately addressed in the literature. The
aim of the study was to assess the variability of a notch between the upper rim of the glenoid and the coracoid base, the
so-called coracoglenoid notch (CGN), and its clinical significance.

Materials and methods The study was based on the examination of 204 dry bone specimens of adult scapulae (92 male
and 112 femnale). We have determined quantitative criteria for the evaluation of the CGN type, measuring the offset of ana-
tomical neck using a digital caliper. The findings were compared with 3D CT reconstructions of fractures of the scapular
anatomical neck.

Results Three basic types of CGN have been identified: type A—a well-developed notch in 31%, type B—a shallow notch
in 53% and type C—an absent notch in 16%. No significant difference in CGN was found between the sexes, or between the
right and left sides. When compared with our six cases of the anatomical neck fracture of the scapula, two patients displayed
CGN type A and type B, respectively; but in four patients, it was impossible to distinguish between types A and B.
Condusion The study has documented a high variability of CGN. Its presentation in the classification schemes does not
correspond to anatomical reality. The presence of a deep, or shallow, notch may constitute an anatomical predisposition to
a fracture of the anatomical neck.

Keywords Scapular fractures - Anatomy of the scapula - Fractures of anatomical neck of scapula - Coracoglenoid notch

Introduction neck connecting the upper pole of the glenoid fossa (supra-
glenoid tubercle) with the coracoid base.
The anatomy of the scapula has recently become the focus The problem is that in terms of anatomy, the scapular

of numerous studies [1, 9, 10, 12-15, 18, 19,21, 27,29, 30,  neck is not an exactly defined structure [22, 23]. Although
35-43]. Their aim was to obtain more details for clinical  the literature distinguishes between the anatomical and
practice, to be used primarily in shoulder arthroplasty and  the surgical necks of the scapula, both of them are defined
the operative treatment of scapular fractures. These studies  according to the course of the fracture line and its relation-
have provided new findings in terms of the architecture of  ship with the coracoid base [4-8, 11, 16, 20, 22, 28, 38].
the scapula and its metrics, and have also defined new strue-  Classification schemes of scapular fractures show the supe-
tures. One important area of the scapula has, however, gone  rior surface of the scapular neck as a markedly elongated
unnoticed, namely the superior surface of the anatomical structure [11, 16,20, 24, 32, 33, 38]. In reality, it is reduced
to a mere groove that was called by Bartonidek et al. [6], in
2015, the “sulcus coracoglenoidalis” (SCG), i.e., the coraco-
glenoidal notch (CGIN). It is at this notch that the proximal

&l Ondfej Nafika part of anatomical neck fractures originate, and this site is
Ondrej. Nenka @}1.cuni.cz affected also by fractures of the coracoid base and certain

! 1st Faculty of Medicine, Institute of Anatomy, Charles fractures of the scapular body [2,40]. =
University, Prague, Czech Republic Due to the absence of relevant information in the literature

1 Department of Orthopedics, 15t Faculty of Medicine, Charles concerning the CGN anatomy and variability, the authors
University m.heccum]}:ﬁm}[mp,m: decided to conduct their own study and to analyze the results
Czech Republic
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in terms of the influence of the notch on the occurrence of
fractures of the anatomical neck of the scapula.

Materials and methods
Materials

The study was based on the examination of 330 dry bone
specimens of adult scapulae from the Pachner’s collection
of the Institute of Anatomy, 1st Faculty of Medicine and
Department of Anthropology, Faculty of Science, Charles
University, Prague. We excluded 28 specimens show-
ing pathological changes (e.g., healed scapular fractures,
advanced arthritic changes in the glenoid area, scapular
damage, etc.) and 98 unpaired specimens. We selected 102
pairs of scapulae from the same individual (46 pairs male
and 56 pairs female), i.e., a total of 204 specimens, including
92 of male and 112 of female origin. The mean age of the
donors was 51.6 years (range 18-84).

Methods

‘We have proposed in advance the criteria for the determina-
tion of individual types of CGN, with the resulting three

Flg.1 Scheme of measurement of the CGN

groups: A—a well-developed notch with an offset >3 mm;
B—shallow notch with an offset “3 mm and = 1 mm; C—
absent notch with an offset “ 1 mm.

The CGN presence and shape were inspected visually
from different views. Its shape could best be assessed from
the anterior (Fig. 1) and posterosuperior views. The CGN
offset was then measured with a digital caliper from the pos-
terosuperior view.

Finally, we calculated the T test between all male and
female scapulae, the paired test and Pearson's correlation
coefficient (r) between the right and left sides separately for
men and women. Finally, we used the Pearson's Chi-square
test (pgy) for the evaluation of quantitative categories (A,
B, C) between males and females. Additionally, we used a
scatter plot with a trend line and calculation of coefficient
of reliability for correlation between right and left values of
both sexes.

The findings were compared with radiographs and 3D CT
documentation of our series of six patients treated by the
senior author (JB) for an anatomical neck fracture, includ-
ing four men and two women, with a mean age of 47 years
(range 25-T1). In two cases, the fracture was undisplaced
and treated non-operatively. The presence of CGN in these
patients was evaluated only on 3D CT reconstruction. Four
fracture s were displaced and the patients were treated opera-
tively, which allowed evaluation of the presence of CGN
after an anatomical reduction both visually and by palpation.

Results
Morphological analysis of types of CGN

Based on an analysis of 102 pairs of scapula (204 speci-
mens), we have identified three CGN types and labeled them
A, B and C (Table 1).

Type A: Represented a well-developed CGN, with an
offset between the coracoid base and the upper rim of the
glenoid >3 mm. The superior surface of the anatomical
neck passed slightly obliquely in relation to the horizontal
(Fig. 2). This type of notch was readily palpable. It was pre-
sent in 39% of male and in 25% of female scapulae.

Table1 Incidence of individual

types of the coracoglenoid notch Type Male (n of pairs) Female (n of pairs) All {n of pairs)
A:Well developed
Offset >3 mm 30%: (18) 25% (14) 31% (32)
B: Shallow
Offset= 1-3 mm 45% (21) 50% (33) 53% (54)
C: Absent
Mo offset, or < 1 mm 165 (T) 16% (9) 16% (16)
Total 46 pairs 56 pairs 102 pairs
& springer
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Flig.2 A well-developed COGN—type A (offsct>3 mm). Antcrior
aspect of the laeral angle of the right scapula

Type B: In these cases, the CGN was quite shallow,
with an offset between the coracoid base and the upper rim
of the glenoid of 3 and > | mm. The markedly reduced
superior surface of the anatomical neck ran steeply to the
coracoid base (Fig. 3). This type was present in 45% of
male and in 59% of female scapulae.

Type C: The CGN was absent and the lateral surface of
the coracoid base was directly continuous with the upper
pole of the glenoid fossa, with an offset * 1 mm (Fig. 4).
This variant was recorded in 16%.

Men showed a higher incidence of type A (39% vs.
25%), while type B predominated in women (45% vs.
59%) the share of type C was the same in both groups
(16%) (Table 1).

Fig.3 A shallow CGM—type B (offset> 1< 3 mm). Anterior aspect

30

Fig.4 An abecnt CON—iype C (offsct< | mm). Antcrior aspect of
the: lateral angle of the right scapula

Statistical analysis

In the next step, we calculated the T test between the
measured values of CGN in all male and female scapulae
(T'=0.154), showing no significant statistical difference
between the two groups.

The paired test (p) and Pearson’s correlation coeffi-
cient (r) between the right and left sides separately for
men (p=0.23804; r=0.986472) and women (p=0.2445;
r=0.97005331) show a high correlation rate.

Finally, the Pearson’s Chi-square test [34] (p4,;=0.2923)
has revealed that with a 71% probability, the distribution of
A, B, C categories between males and females is the same.

The scatter plots (Figs. 5, 6) show the distribution of
groups A, B, C and correlation between the right and left
sides for males and females (reliability value = coefficient of
reliability in men R?=0.973, in women R2=0.941).

In the study, no significant difference in types of CGN
was found between the sexes, or between the right and left
sides in men, or in women. At the same time, there was no
difference in the findings of the CGN type between the right
and left scapulae in one individual.

Analysis of the group of patients with a fracture
of the anatomical neck of the scapula

In two undisplaced fractures treated non-operatively, the
CGN could be well seen on 3D CT reconstructions. How-
ever, it was impossible to make the same measurements as
on bone specimens and determine whether it was type A or
typeB.

In four surgically treated patients, precoperative CT
scans and intraoperative visual and palpation examina-
tions, after anatomical reduction, revealed the presence of

@ Springer
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a CGN in all cases. As it could not be measured quantita-
tively, it was impossible to determine if it was of type A
or B (Figs. 7, 8, 9, 10). Nevertheless, in all six cases, we
observed a well-developed, or a partly developed CGN.
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Flg.7 CGN on CT mconsiruc-
tions of undisplaced fractures of
the anatomical scapular neck. 8
OGN type A; b OGN type B
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Discussion

Fractures of the anatomical neck of the scapula constitute
an important variety of scapular fractures that has not yet
been resolved. One of the reasons is the low incidence and
an insufficient aware ness of these fractures [4—6]. The aim
of our study may seem debatable, but, nevertheless, any

45

31



Surgical and Radlologlc Anatomy

Fig.8 3D CT reconstruction
of undisplaced fractures of
the anatomical scapular neck,
demaonstrating the course of
the fracture line. The OGN was
classified as type A

Fig.9 Radiograph of a typical fracture of the scapular anatomical
neck. Diespiic displacement, the soperior surface of the anatomical
neck (CGN) can be well seen

Fig. 10 CT 2D reconstmction of a displaced fracture of the anatomi-
cal scapular neck from Fig. 6. Despite displacement of the glenoid
frogmeant, the OGN can be well seen

32

information correlating fractures of the anatomical neck
of the scapula with scapular anatomy is potentially valu-
able. A similar topic has been dealt with recently by Liet al.
[29]. who studied the effect of anatomy of the coracoid on
the incidence of fractures of the anterior rim of the glenoid
fossa.

Whereas the method we used in this study was very sim-
ple, it fully met the aim, i.e., to assess the CGN's existence
and morphology. The results clearly show that the superior
surface of the anatomical neck of the scapula, if present, is
very short. This fact should be respected in the classification
schemes of scapular fractures. The method of presentation
hitherto, i.e., of a very long scapular neck, has contributed to
a distorted picture of the courses of fracture lines, as well as
of the shape of the glenoid fragment [11, 16,20, 24, 32, 33].

It is interesting that this study has confirmed symmetry
of development of the notch between the right and left sides,
both in men and women. This finding can be used in cases
when the fracture site is so damaged that the notch cannot
be identified, or its type determined. In such a case, the type
of CGN may be determined according to the contralateral
notch.

A different distribution of types A and B in men and
women may be explained by a potential involvement of the
pull of the bice ps brachii long head tendon in development
of the supraglenoid tubercle. We hypothesize that a greater
pull of the biceps in men may contribute to a higher inci-
dence of a type A notch in men. The share of type C is the
same in men and women.

The hypothesis that an anatomical neck fracture is associ-
ated with the existence of a CGN has been justified. In the
absence of a CGN, the fracture line would pass through the
coracoid base, or directly through the glenoid fossa, and the
typical glenoid fragment would not be separated [7]. Thus,
the frequent absence of the CGN may have an effect on the
incidence of fractures of the anatomical neck of the scapula.

) Springer
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Comparison with other authors is difficult as only seven
radiologically documented anatomical neck fractures can be
found in the literature [3, 22, 25, 26, 28, 31]. Hardeggeret al.
[22] described two cases documented by radiographs. Arts
and Louette [3] presented one case also documented solely
by a radiograph. Kelly and Roberts [28], Jeong and Zuck-
erman [26], Jaeger et al. [25] and Neuhaus et al. [31] each
published one case documented by 3D CT reconstructions.
As a result, our six cases, of which five were documented by
3D CT reconstructions, comprise the largest series hitherto
published.

Assessment of the CGN shape in undisplaced fractures
was difficult and required several 3D CT reconstructions
(Figs. 7, 8, 10). Similarly, it was highly demanding to iden-
tify the CGN in displaced fractures, due to displacement of
fragments, or presence of an intermediate fragment.

The main strength of this study is the fact that it is the first
to describe in detail the area of transition from the superior
pole of the glenoid into the coracoid base. In addition, it is
the only study that was based on the use of pairs of scapulae,
each pair coming from a single individual.

Owr study has also documented that de piction of the supe-
rior surface of the anatomical neck as a long structure, pre-
sented in a majority of classifications of scapular fractures,
does not correspond to reality [11, 16, 24, 25, 32, 33].

A relative weakness of the study may be considered the
age of our bone specimens. Nevertheless, we have verified,
based on other studies [17], that the use of these specimens
also is valid for addressing the current clinical issues.

Anocther aspect is the small number of fractures of the
anatomical neck. However, it should be taken into account
that these fractures are exceedingly rare, with only 13 cases,
including curs, being radiologically documented from the
beginning of twentieth century, of which a mere 10 fractures
were assessed by 3D CT reconstructions [6, 22, 25, 26, 28,
31]. The method of evaluation of the presence of CGN in
our 6 clinical cases may also seem problematic. But in two
undisplaced fractures, the CGN can be clearly seen on 3D
CT reconstructions. In the operatively treated patients, we
used both preoperative CT and intraoperative findings. In
this, we relied on our experience gained in our total series
of 519 scapular fractures, a majority of which were docu-
mented by 3D CT reconstructions and 153 of them were
treated operatively.

Conclusion

Our study has brought into focus the existence of the coraco-
glencid notch, and its considerable variability. Men showed
a higher incidence of type A, while type B predominated in
women; the share of type C was the same in both groups.

) springer
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We have proved side symmetry in the development of the
notch both in women and men.

A well-developed CGIN constitutes a predisposition for a
fracture of the anatomical neck of the scapula.

The CGN anatomy should be respected in the classifi-
cation schemes of scapular fractures, where it is currently
depicted highly inaccurately.
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Abstract

Introduction The circumflex scapular artery (CSA) has been described in detail in the literature, but the groove, ie., the
circumflex sulcus (CFS), formed by the artery on the lateral pillar of the scapula has been completely neglected. The aim of
the present study was to describe the variability and anatomy of the CFS.

Materials and methods The study was based on the examination of 103 pairs of dry bone specimens of adult scapulae, i.e.,
206 specimens, including 92 (46 pairs) male and 114 (57 pairs) female specimens. In the first step, quantitative criteria were
defined for assessment of the CFS presence and type. Subsequently, statistical analysis of the obtained data was performed.
Results The study evealed considerable variability of the arterial groove, which was well developed in 33% (type A), shal-
low in 40%; (type B), and absent in 27% (type C) of cases. The mean distance between CFS and the infraglenoid tubercle
was 3.3 cm CI g5 (3.1-3.3), which corresponds to the proximal third of the lateral border of the scapula.

Condusion The study has confirmed variability of the arterial groove (CFS) and its localization in relation to the inferior
glenoid rim. The findings are clinically important, particularly in relation to the Judet approach to scapular fractures (locali-
zation of the CSA course).

Keywords Anatomy of the scapula - Blood supply to the scapula - Circumflex sulcus - Judet approach

Introduction border, namely the sulcus of the circumflex scapular artery
[15, 18, 27, 31, 37], in short the circumflex sulcus (CES) [4].
Anatomy of the scapula has been at the forefront for quite Knowledge of the CSA course in relation to the glenoid

a long time [1, 2, 8-13, 16, 17, 2024, 2933, 36, 38], par-  rim is essential for dissection of the interval between the
ticularly due to the growing interest in operative treatment  teres minor and the infraspinatus in both the Judet and
of scapular fractures and shoulder arthroplasty. These stud-  Dupont-Evrard approaches [4, 7, 11-13], or for harvesting
ies have provided a number of new metric details of the  of a scapular osteccutaneous free flap [28].

scapula and have defined new structures [2, 5, 6, 14, 30, The course of the CSA was described in detail by Ebra-
34]. One of the studied structures is the circumflex scapular  heim et al. [13] and Shin et al. [28], although with partially
artery (CSA). This artery arises from the subscapular artery,  differing results. However, neither of these studies men-
curves backwards around the lateral border of the scapula  tioned CFS, even if details about the sulcus could specify
and passes to its posterior surface where it anastomoses with  the course of CSA in relation to the inferior glenoid rim.
the suprascapular artery. It leaves its imprint on the lateral The CFS has been mentioned very briefly in only a few
osteology textbooks [15, 37]. Standard anatomy textbooks
[18, 27, 31] do not describe it. Therefore, as we found no
information about CSA in the literature, we decided to con-

& Ondfcj Nadika

ondrej.nanka @1f1.cuni duct our own pilot study.
The aim of our study was to describe the incidence, mor-
! Instiute of Anatomy, First Faculty of Medicine, Charles phology, course, and localization of CFS on the posterior
University, Prague, Czech Republic surface of the scapula, to process the acquired data statisti-
! Department of Orthopedics, First Faculty of Medicine, cally [35] to find out whether distribution of the groove is
Charles University and the Central Military Hospital, Prague,
Czech Republic
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similar between men and women, and to compare the two
genders in terms of the side of its incidence.

Materials and methods
Materials

The initial group comprised 330 scapulae. After exclusion
of all unpaired scapulae and scapulae with pathological
changes (open physis, ostecarthritic changes on glenoid
fossa or acromion, posttraumatic deformity, damaged speci-
mens), the study group included 103 pairs, i.e., 206 dry bone
specimens of adult scapulae found in Pachner's collection
of the Institute of Anatomy of First Faculty of Medicine
of Charles University and Department of Anthropology
and Human Genetics of the Faculty of Science of Charles
University, Prague [26]. Sex and age were known in all the
subjects.

A total of 206 paired specimens, Le., 103 pairs, each pair
always from the same individual, included 92 (46 pairs)
male and 114 (57 pairs) female scapulae. The mean sub-
ject age of the whole group was 53 years: 52 years (range,
20-82) in men, and 53 years (range, 18-87) in women.

Method

The study focused on the CFS incidence, degree of its mani-
festation and the distance between CFS and the inferior gle-
noid rim.

CFSinddence

After the initial analysis, scapulae were divided into three
groups: with {group A and B} and without CFS (group C).
Scapulae with a more- or less-developed groove were exam-
ined for duplication of the sulcus, or its division into the
superior and inferior branches.

Anatomy of the sulcus

As the first step, criteria for the determination of individ-
ual types of CFS were set, with the resulting two groups:
A—a well-developed groove > 0.5 mm deep; B—a shallow
groove> 0 and £ 0.5 mm in depth. The depth of the groove
was measured on the posterolateral surface of the lateral
pillar of the scapula, using a digital caliper.

A divided sulcus was defined as a groove originating from
one “trunk” on the lateral border and dividing subsequently
on the posterior surface of the scapular body into the supe-
rior and inferior branches.

The finding of two grooves on the posterior surface of the
lateral border of the scapula was termed a duplicated groowe.

) springer
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Distance between CFS and the inferior glenoid im

This distance was measured using a digital caliper, similarly
the length of the lateral border of the scapula between the
inferior glenoid rim and the apex of the inferior angle. Sub-
sequently, standard deviation (&) was calculated for the two
measurements; and the ratio of the two distances was also
determined and expressed as percentage.

Evaluation and statistics

In addition to the sulcus incidence, manifestation and posi-
tion, side-to-side differences in each individual and dif-
ferences between men and women were also examined. T
test was used to compare CFS incidence between male and
female scapulae. Pearson correlation coefficient (r) was
applied to compare CFS incidence between the right and left
sides, separately in men and women. Pearson’s Chi-square
test (p4,) served to determine quantitative categories of CFS
incidence between men and women.

Results
The summary data are shown in Table 1.
CFS incidence

CFS was absent (group/type C) in 55 (26.8%) specimens;
22 (10.7%) male and 33 (16.1%) female scapulae. CFS was
more or less developed in 151 (73.2%) cases; 70 (33.9%)
male and 81 (39.3%) female scapulae (Fig. 1}.

CFS anatomy

A well-developed groove, Le., a clearly visible CSA imprint
on the lateral border of the scapula and its posterior sur-
face, was classified as type A. It passed mediocranially to
the nutrient foramen at the base of the scapular spine, close
to the spinoglenoid notch. The groove was> 0.5 mm deep
and could be well seen and easily palpable (Fig. 1). Type
A was found in 33% of all scapulae, more specifically in
33% of male and 34% of female scapulae. A duplicated sul-
cus was identified in five, all of them female, specimens. A
divided sulcus was recorded in seven cases (two male and
five female scapulae).

A shallow groove, difficult to distinguish and palpate, was
classified as type B, its course being similar to type A. Type
B depth ranged between> 0 and < 0.5 mm (Fig. 1). Type B
occurred in 40% of all scapulae, more specifically in 45%
of male and 37% female scapulae. A duplicated sulcus was
identified in four male specimens. A divided sulcus was
recorded in three cases (one male and two female scapulae).
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Table 1 Incidence of individual types of CFS

Type Male (n of scapulac Femak: (n of scapulac) Total (n of scapulac)

Total {n of scapulac) 92 scapulac 114 scapulac 206 scapulas

A—well developed
Diepth of the groove > 0.5 mm 33% (29 34% (39 33% (68)

B—shallow
Diepth of the groove >0 and 0.5 mm 45% (41) 3T% (42) 40% (B3}

C—absent

Depth=0 mm 22% (22) 20% (33) 271% (35)

Total kength of the lateral margin 13.7 em Cly gs (13.50-13.89)  12.8 cm Cly g5 (12.70-12.94)  13.2 em Cly o5 (13.00-13.36)

Distance between SCF and the inferior ghenoid 3.6 cm Clp g5 (341-3.68) 294 cm Clpgs (2.87-3.01) 3.3 cm Clggs (3.13-3.31)
rim

Relative position of the groove on the lateral 26.1% (range, 21.1-35.1%)  23.0% (range, 19.3-304%)  24.1% (range 193—35.1%)
margin

Diepth of the groove 0.44 mm Cl;, 35 (0.420-0.490) 0.46 mm Cly g5 ©.40-0.481) 045 mm Cl, o; (0.426-0.479)

Fig.1 Types of CFS. a Absent CFS (type C), b shallow CFS (type B), ¢ well-developed CFS (type A). The black arrow indicates the nuirient
foramen, the black and white ammow shows the CFS, the white arrow indicates the appearance of CFS on the lateral border of the scapula

Duplicated sulcus (Fig. 2A)

A duplicated sulcus was found in nine cases (five of type A
and four of type B). Identical such findings on the left and
right sides were observed in three pairs (six scapulae): one
pair of male and two pairs of female scapulae. In another
three pairs, the presence of a CFS was only unilateral, with
type A occurring in female and type B in male scapulae.

Divided sulcus (Fig. 2B)

The superior branch of CSA traveled to the nutrient fora-
men in the area of the spinoglencid notch, and the inferior
branch to the inferior pole of the scapula. Such a situa-
tion was observed in ten specimens. In four pairs, this
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finding was seen in both scapulae (one male pair of type
A, two female pairs of type A, one male pair of type B):
in two pairs, it was unilateral (one male scapula of type B,
one female scapula of type A). The imprint of the supe-
rior arterial branch was more distinct while that of the
descending (muscular) branch was less clear in all cases.

Relationship of CFS to the nutrient foramen
at the scapular spine base
This nutrient foramen was sought in all 206 specimens

and was identified in only 167 (81%) cases. In all these
167 cases, CFS extended to the foramen (Figs. 1 and 2).

@ Springer
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Fig.2 CFSvanability. a
Dhivided CFS; b duplicated
CFS. The black armow indicates
the muotrient foramen, the black
and white arrow shows the
CFS on the posterior surface
of the scapula, the white arrow
indicates the appearance: of the
CFS at the lateral border of the
scapula

CFS course in relation to the inferior glencid rim

The mean distance was 3.3 cm Cl; 55 (3.1-3.3) 3.6 cm Cly g5
(3.4-3.7) in men and 2.94 cm Cl g5 (2.9-3.0) in women.

The total length of the lateral border
and the proportional distance between CFS
and the lower glenoid rim

The mean total length of the lateral border measured between
the infraglenoid tubercle and the apex of the inferior angle
was 13.2 cm Cly g5 (13.1-13.4): 13.7 cm Cly g5 (13.5-13.9)
in men and 12.8 em Cly g5 (12.7-12.9) in women. The mean
distance between CFS and the lower glencid rim accounted
for one quarter (24.1%) of the total length of the lateral bor-
der of the scapula. This value was slightly higher in men,
ie., 26.1% (range, 21.1-35.1%) than in women, ie., 23.0%
(range, 19.3-30.4%). No significant differences were found
between the right and left sides in the same individual.

Statistical analysis

T test between the measured values of the distance of the
arterial groove from the infraglencid tubercle in men and
women (p=0.0018) shows a statistically significant differ
ence between sexes.

Evaluation of the incidence of the same sulcus type on
the right and left sides in the same individual was based on
the ¢ test (p) (for men p=10.27, for women p=10.27), and
Pearson correlation coefficient (r) was used to determine
whether the incidence of a given sulcus type is similar on
the right and left sides in both sexes (for men r=0.8106,
for women r=0.9529). The side-to-side incidence showed
a high correlation rate.

) springer
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The Pearson Chi-square test (py,=0.0246) confirmed,
with a 98% probability, that the distribution in A, B, C
groups (types) between males and females was the same.

The scatter plots show distribution across A, B, C groups
and the correlation between right and left sides (coefficient
of reliability &?; in men: R*=0.93; in women R?=0.91)
(Figs. 3, 4).

Statistical analysis showed a high rate of correlation
in the incidence of the same CFS type between sexes and
between the right and left sides, similarly as in the existence
of the same CFS ty pe on the right and left sides in the same
individual. A significant difference between men and women
was recorded only in the distance of the groove from the
inferior glenoid rim, which may be explained by the different
size of the male and female scapulae.

Discussion

The CFS develops as a CSA imprint, which has been con-
firmed by 3D CT reconstructions in scapular fractures
(Fig. 5). The CSA is a branch of the subscapular artery,
traversing the triangular space between the subscapularis
above, the teres major below and the long head of the triceps
laterally. The artery passes through the teres minor, then
bisects and enters the infraspinous fossa over lateral border
of the scapula. Here, it divides into two branches.

The proximal, ascending branch travels to the nutrient
foramen at the scapular spina base and then to the spino-
glenoid notch where it anastomoses with the suprascapular
artery [13, 28]. During ossification, this nutrient foramen is
located in the growth center [25] and its presence is almost
constant [10, 21]. Our finding of 81% is comparable to that
reported by Kalny [21], who recorded it in 82% of the group
of 100 scapulae and to Donders’ finding [10] of 87% in a
group of 30 specimens.
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The distribution of types of 5CF and correlation between the right and left side by males
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Flg.3 Scatter plot of distribution of the CFS between the right and left sides in males

The variable distal, descending branch of CSA continues
along the lateral border of the scapula between the teres
major and minor, and dorsally to the inferior angle, where it
anastomoses with an ascending branch of the deep brachial
artery [13, 28].

Owur data about the distance between the CFS and the
lower glenoid rim, ie., 3.3 cm, is similar to those presented
by Ebraheim et al. [13] in his study of 16 specimens. These
authors described a so-called “risk area”, located on average
2.9 cm (2.4-3.4 cm) distal to the lower glenoid rim. Shin
et al. [28] examined 57 specimens and found this distance
longerby 1 cm, ie., 4.3 cm.

Exact knowledge of the CSA course over the lateral bor-
der of the scapula is essential for surgical practice. In the
Judet [7] or Dupont-Evrard [11] approach, dissection in the
interval between the infraspinatus and teres minor requires
ligation of the artery and its veins (Fig. 6). This fact was
pointed out for the first time by Idrac [19] as early as in
1935, Identification of the CSA is an important step in the
harvesting of a scapular osteocutaneous free flap from the
lateral border of the scapula [28].

The CFS is an area of a high concentration of fracture
lines in scapular body or neck fractures (Fig. 7), as proved
by Armitage et al. [3] and Bartonigek et al. [5, 6]. The study
by Tuéek et al. [33] has suggested that one of the reasons
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for concentration of fracture lines in the upper half of the
lateral pillar of the scapula may be the fact that it is weaker
in the area of the CFS.

Owr study has demonstrated a high symmetry in the inci-
dence of the arterial groove between the right and left sides
of different pairs of scapulae, as well as between the two
sides of the same individual. As a result, the incidence and
type of CFS are obviously not influenced either by the right/
left dominance of the upper extremity or by the asymme-
try of the muscle mass on the dominant and non-dominant
extremity.

This study deals with this issue in detail. Another of its
assets is the fact that we evaluated paired scapulae and age
and gender were known in all our specimens. A limitation
is the age of our osteological collection, i.e., 90 years. The
smaller mean body height of the population of that time
might, although minimally, influence cur quantitative meas-
urements scapular parameters.

Conclusion
This study of 206 dry specimens of the scapula provided

a basis for description of the incidence, variability, and
clinical importance of the CFS. This groove, formed by the

) Springer
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The distribution of types of SCF and correlation between the right and left side by females
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Flg.4 Scatter plot of distribution of the CFS between the right and left sides in females

Fig.5 The course of the CSA
an 3D CT mconstructions of
the scapula. @8 The course of
the ascending branch (black
and white arrow ) of the CSA;

b division of the CSA imto the
ascending branch (black and
white arrow) and descending
(muscular) branch (white arrow )

imprint of the CSA's superior branch was found in 73% of  spina base, close to the spinoglenoid notch. Knowledge of
cases. It was located, on average, 3.3 cmCIuss (3.1-3.3) dis- CFS location is important for the Judet, or Dupont-Evrard,
tal to the lower glenoid rim and had a typical course medi-  approach to scapular fractures and for harvesting of scapular
ally and proximally to the nutrient foramen at the scapular  osteocutaneous free flaps.
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Fig.6 Passage of the CSA over
the lateral border of the scapular
body and its ligation in the
Judet approach. IS infraspinatus,
ACS circumflex scapular artery,
LP lateral pillar {border) of the
scapula, TMi teres minor

Flg.7 Concentration of fracture
limes in the area of CFS in
scapular fractores on 3D CT
reconstructions. Black and
white arrows indicate the course
of the CSA (@) or the CFS (b)
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Abstract

Purpose Until now, classifications of coracoid fractures have been based on plain radiographs, without use of 3D CT recon-
structions. Therefore, the aim of the present study has been to describe the pathoanatomy of these fractures and their associated
injuries to the shoulder girdle, on the basis of 3D CT reconstructions,

Methods The cohortcomprised 39 patients, who each sustained a coracoid fractureinvestigated with 3D CT reconstructions. The
patients were assessed in terms of age, gender, pathoanatomy of the coracoid fracture, fractures of other paris of the scapula, and
associated injuries to the shoulder girdle.

Results We identified 24 fractures of the base, one fracture of the beak body, eight fiactures of the apex, and six comminuted fractures
of the coracoid process. A total of 22 associated injuries were found (7 fractures of the acromion, 5 fractures of the anterior glenoid rim,
3 fractures of the superior glenoid, 1 fracture of the inferior glenoid, 4 fractures of the surgical neck, 2 fiactures of the scapular body)
and 18 other associated injuries to the shoulder girdle (8 AC dislocations, 5 proximal humeral fractures, and 5 clavicular fractures).
Conclusion On the basis of 3D CT reconstructions, four basic coracoid fracture patterns were identified. The authors” findings
and literature review have shown that a considerable number of coracoid fractures are combined with injuries to other parts of
scapula and shoulder girdle. These associated injuries must be taken into account and targeted when taking the patient’s history,
and during clinical and primarily radiological examinations.

Keywords Scapular fractures - Coracoid process fractures - Pathoanatomy - Classification

Introduction fractures have hitherto been based on plain radiographs, with-

out use of 3D CT reconstructions [22, 25, 26]. Coracoid frac-
The interest in scapular fractures has considerably increased in ~ tures are quite frequently associated with injuries to other sur-
the last 15 years, mainly focused on those of the glenoid, the  rounding structures, primarily the acromioclavicular (AC)
neck, and the body of the scapula [1]. In this context, coracoid  joint, the lateral clavicle, the proximal humerus, and the
fractures have been somewhat neglected. A majority of pub-  glenohumeral joint (dislocation). These injuries are discussed
lications dealing with coracoid fractures are based merely on in greater detail, especially in case reports [2- 18], and there is
case reports [2-19], and only a few studies include any signif-  no study based on a larger series of patients undergoing CT
icant mumbers of cases [20-25]. Classifications of coracoid  examination. Our aim was to use 3D CT reconstructions to
describe in detail the pathoanatomy of coracoid fractures and
associated injuries to the shoulder girdle, and to discuss the
current radiographic classifications in the light of our findings.

% Jan Bartonitek
bartonicek. jan @ seznam.cz

' Do of Onthopaedics, First Faculty of Medicine, Charles Material and methods

University and Military University Hospital Prague, U Vojenské

nemocnice 1200, 169 02 Prague 6, Crech Republic Material The study group comprised 39 patients treated, or
?  Institute of Anatomy, First Faculty of Medicine, Charks University ~ consulted, at our institation for a coracoid fracture, between
Prague, Prague, Czech Republic January 2011 and January 2020. Two polytranma patients
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Fig.1 Anatomy of the comeoid process, right side. The red line indicates
the base, the yellow line the beak, and the green line the apex of the
coracoid process. The coracoclavicular ligament is attached to the
comooid tubemaity behind to yellow line. The comeoacromial ligament
inserts on the lateral aspect of the comcoid beak. The pectomlis minor
tendon is attached to the beak between the yellow and green lines, the
conjoined endon of the biceps and the comecobrachialis mzerts on the
apex, i.e., distal to the green line

each also had a scapular body fracture on the contralateral
side. A prerequisite for inclusion in the stady was CT exam-
nation, inclhuding 3D CT reconstructions, and skeletal matu-
rity of the patient, Excluded were all patients with previous
injuries to the shoulder joint, patients with advanced degener-
ative diseases, as well as patients with an intra-articular frac-
ture of the coracoid base, i.e., a fracture of the superior glenoid
[27].

Method In all patients with an adequate general condition,
radiography of the shoulder, including Y-view, was obtained
and CT examination indicated. Eight polytrauma patients
underwent CT examination as the initial treatment. 3D CT
reconstructions, inchiding subtraction of the sumrounding
bones, were performed in all cases, allowing a detailed assess-
ment of the scapular fracture and other injuries to the shoulder
girdle. A total of 14 patients were treated operatively.

Evaluation Patients were evahuated in terms of age, inchiding age
decade distribution, gender, side distribution, pathoanatomy of
the coracoid fracture, fractures of other parts of the scapula, and
associated injuries to the shoulder girdle, ie., to the AC joint,
clavicle, proximal himerus, or the glenohumeral joint. Coracoid
fractures were assessed according to whether they involved its
base (extra-articular), beak, and/or apex (Fig. 1). Evaluation was
performed by each author separately, and then in the next round
by all authors jomntly.

Results

Basic data The cohort included 29 men and ten women, with a
mean age of 43 years (range; 21-77). The mean age of men
was 41 years and that of women 49 years. The highest number
of patients was accunmlated in the fourth decade (13) and in
the fifth decade (9). A total of 28 patients, of whom only four
were women, were less than 50 yvears old, and 11 patients, of
whom six were women, were older than 50 years. The right
side was involved in 11 and the left in 28 cases.

Pathoanatomy of coracoid fractures We identified 24 frac-
tures of the base, one fracture ofthe beak body, eight fractures
of the apex and six comminuted fractures (Fig. 2).

In 14 fractures of the coracoid base, the medial part of the
fracture line involved the scapular notch, in nine fractures, the
fracture line extended as far as the superior border of the
scapular body, and the entire fragment in each of these was
slightly tilted distally and rotated medially (Fig. 3).

In fractures of the beak body, the fracture line passed close-
Iy anterior to the msertion of the coracoclavicular ligament
and the fragment was angulated slightly distally (Fig. 2).

Fractures of the apex were variable (Fig. 4). In two cases,
we found comminution {impression) of the apex; in three
cases, the apex was split longitudinally into two parts; in
two cases, it was separated as a solid fragment; and one case
showed only a fissure. In one case, combined with
glenohumeral dislocation, a solid fragment of the coracoid
apex was displaced into the articular cavity.

2

.2 T of fractures of the comcoid pro
Fig.2 Types P
fractune

‘Typc
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Fig.3 Typical displacement of a
fracthure of the coracoid base. The
comacoid beak is mtated medially
and angulated distally (varus
position). Mote the variahle
extension of the fracture line into
the superior border of scapular
body

Comminuted fractures involved minimally three fragments of
the comcoid. Two cases showed comminution of the beak alone
and four cases commimition of the entire coracoid (Fig. 5).

Associated injuries to other parts of the scapula We found a
total of 22 injuries to the scapula: seven fractures of the
acromion at the acromial angle (Fig. 5); five cases of separa-
tion of the anterior rim of the glenoid; three fractures of the
superior third of the articular surface of the glenoid, of which
two were combined with a fracture of the apex of the coracoid
and in one case with commimution of the beak ; one fracture of
the inferior glenoid; four fractures of the coracoid base in
combination with a fractre of the surgical neck of the scapu-
la; and two minimally displaced fractures of the scapular
body.

Associated injuries to the shoulder girdle We recorded 18 such
imjuries: eight cases of AC dislocation, of which six were of type
IIl, one of type IV, and one of type V, according to the
Rockwood classification; five fractures of the proximal humerus
in two men and three women, with 2 mean age of 61 vears, of
which one was a fracture dislocation; four stable, minimally
displaced fractures of the lateral clavicle; and one fracture of
the clavicular shaft.

Fig. 4 Typesof factures of apex.
a impaction (yellow armow), b
split (white amow), eseparation of
solid fragment (red amow)

48

Combined injuries [solated fracture of the comcoid occurred onlby
in six cases; 25 patients showed a combination of two injuries and
eight patients a combination of three injuries. Associated injuries
depending on the coracoid fracture patterns are presented in
Table 1 and combinations of three injuries in Table 2.

Discussion

Probably the oldest reported fracture of the coracoid was pub-
lished by Badouin [28] in 1909, It was a scapula of an indi-
vidual from a neolithic grmve, who had sustained a fracture of
the surgical neck combined with a coracoid fracture.

During the nineteenth century, coracoid fractures were ad-
dressed with in a mmmber of publications, primarily case stdies
[1, 29-31]. Tanton [32], in 1915, was the first to present a de-
tailed description of coracoid fractures and divided them into
coracoid base and beak fractures (facnres du bec). The curent-
by used classifications were developed between 1995 and1997
[22,25, 26], and all of them were based on plain mdiographs.

Eyres et al. [25], in 1995, classified coracoid fractures on the
basis of analysis of a series of 12 patients, eight men and four
women, with a mean age of 34 vears: they divided them into five

@ Springer
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Fig. 5 Variants of comminuied
fracture of the comonid process. a
comminution of the coreoid
beak, b comminution ofthe entine
comcoid process, Note the
associated fractures—an
acromion facture in the acromial
angle (yellow armow) and a
fracture of the anterior glenoid
rim {red amow)

pattems, as shown in Fig. 6. None of the patients was teated
operatively.

Goss [26], in 1996, divided coracoid fractures into three
basic types, although without specifying the number of ana-
lyzed cases. Type | was defined as an avulsion fracture of the
apex caused by the pull of the conjoined tendom of the
coracobrachialis and the short head of the biceps. The fracture
line passed distal to the insertion of the coracoclavicular liga-
ment. Type 2 was a fracture situated between insertion of the
coracoclavicular and the coracoacromial ligaments onto the
coracoid. Type 3 included coracoid base fractures, and was
the most common of all types. A special variant of type 3 was
an intra-articular fracture of the coracoid base.

Ogawa etal. [22], in 1997, analyzed 67 coracoid fractures.
The study group comprised 55 men and 12 women, with a
mean age of 37 vears (range, 14-72). Fractures were divided
into two types, based on the course of the fracture line with
regard to the imsertion of the coracoclavicular ligament
(Fig. 7). In type L, the fracture line ran posterior to the insertion
of the ligament in 53 cases, but in 17 cases of them, it was an
intra-articular fracture (superior glenoid fracture). In type II,
the fracture line passed anterior to the insertion ofthe ligament
in 11 cases. In three cases, the fracture pattemn could not be
reliably determined. Operative treatment was used in 31 type I
and in only three type I1 fractures. This classification replaced
the author’s initial 4-type classification of 1990 [21].

The basic problem of all the three above-mentioned classi-
fications is that the diagnosis of fractures has not been speci-
fied by any of the authors [22, 25, 26]. Our classification is
different in that it has been developed on the basis of 3D CT
reconstructions, the only method allowing a real appreciation
of the detailed fracture anatomy (Fig. &). Of great importance
is also the number of patients smdied. Only Ogawa et al. [22]
and ourselves have collected an adequate series of 67 and 39
patients, respectively. However, a part of the Ogawa’s cohort
was |7 intra-articular fractures of the coracoid base. This frac-
ture pattern was also included in the series published by other
authors reporting the outcomes of treatment of coracoid frac-
tures [23, 24]. We believe that intm-articular fractures should
be classified as fractures ofthe glenoid, and therefore, we have
not included them in our study group [27].

If we compare individual classifications, we can see that
although they are similar in a number of respects, they differin
the number of described types (Fig. 6-8). In our view, a de-
tailed classification according to the extent of involvement of
the superior border of the scapula (Eyers types IIl and IV) has
no relevance in therapeutic or prognostic terms. On the other
hand, inclusion of beak and apex fractures into one type in the
classification developed by Ogawa et al. [22] is suitable only
in cases where the fractures were classified on the basis of
radiographs alone. Where 3D CT reconstructions are avail-
able, beak and apex fractures should be preferably classified

Table 1 Types of comeoid process fractures and distribution of associated mjuries

Type N M F Age AG SG G Ac SN B AC Cla PH Sum
1 B 4 4 61 3 2 0 0 0 1 0 2 4 12
| 1 1 0 36 1 0 0 0 0 0 0 0 0 1
m 24 21 3 40 0 0 0 5 -+ 0 7 2 0 18
w & 3 3 42 1 1 1 2 0 1 1 1 1 9
Sum 19 b 10 43 5 3 1 7 -+ 2 ] 5 5 40

M males, Ffemales, AG mterior glenoid im fractures, Ac acromion fractures, AC acromioclavicular dislocation, Cla clavicle fracture, PH proximal
humerus fracture, G superior glenoid fracture, G inferior glenoid fracture, SN surgical neck fracture, Sum all associated injuries in sum
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Table 2 The recorded
triple combinations of

Combination

=

Co+Ac+AC
Co+Ac+AG
Co+Ac+PH
Co+8G+FH
Co+LaC+PH
Co+LaC+B
Co+ AG + LaC

— e e e B

Co coracoid process fracture, Ac acmomion
fracture, ACacomioclavicular dislocation,
PH proximal humems fracture, AG aieri-
or glenoid rim fracture, §G superior
glenoid fracture, B scapular body fracture,
La(” lateral clavicle fracture

as separate groups, as presented by Eyers et al. [25] and Goss
[26].

3D CT reconstructions provide detailed mformation
about the fracture anatomy and allow an accurate differ-
entiation between fractures of the beak and of the apex.
Among other things, it has shown that apex fractures
occwr in three variants (Fig. 4). Separation of the entire
beak, is a rare type, but, in ouwr view, its existence is
justified as these cases can be well-treated by intemal
fixation with a lag screw. In apex fractures, the internal
fixation is more diffiult and is suitable only in case of
a solitary fragment.

The mean age of patients with apex fractures was much
higher in our series (61 years), which probably contributed
to the high number of associated fractures of the proximal
humerus. Our 3D CT findings have also changed the
established concept of the transverse fracture lines plotied on
the diagrams in individual classifications [22, 25, 26]. These
lines should be considered a border between individual parts
of the coracoid (Fig. 1).

The comminuted type has been described for the first time
in our study, becanse comminution is difficult to diagnose on
radiographs alene, and requires CT scans. This fracture

KRR
R R A

Fig. 7 Ogawa classification. Type I, fracture line passes posterior o
insertion of the comcoclavicular ligament; Type II, fracture line passes
anterior to insertion of the comcoclavicular ligament. Adapted afier [22]

pattern has to be taken into account also because it is associ-
ated with a high number of injuries to the shoulder girdle
(Table 2).

Coracoid fractures are often combined with other injuries
to the scapula, or the shoulder girdle. In the itial smdies
[22-26], these injuries were presented merely in summary,
and a more detailed description can be found only in individ-
ual case reports [3-31].

Eyers el al. [25] recorded in their 12 cases three patients
with AC dislocation, one patient with glenohumeral disloca-
tion, one patient with a lateral clavicular fracture, and one
patient with a proximal humeral facture.

Ogawa et al. [22] found, in their series of 67 patients, 60
cases of an associated injury to the shoulder girdle, mchiding
39 cases of AC dislocation; 14 clavicular fractures, of which
12 were fractures of the lateral clavicle; 13 fractures of the
acromion; five fractures of the scapular spine; three cases of
damage to the rotator cuff, three cases of anterior dislocation
of the glenohumeral joint; two fractures of the anterior rim of
the glenoid; two fractures of the proximal humerus; and two
cases of lesion of the rotator cuff. The authors also recorded 24
fractures of the superior border of the scapular body.

N
A

Fig. 6 Eyers' classification. Type 1 fracture of apex; Type I, fractures of beak; Type 11, fracture of hase; Type IV, fracture of base with extension inio

superior border; Type V, mtm-articular base fractures, Adapied after [25]
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F\\?ﬁﬂ

=1

Fig. 8 Author's classification. Type I, fracture of apex; Type I, fracture of beak; Type I, fracture of base; Type, IV comminuted fracture

We found a total of 40.associated injuries to the scapulaand
the shoulder girdle in 33 of the 39 patients in our series
(Table 1). Compared with Ogawa et al. [22], our incidence
of acromial fractures and AC dislocation was much lower. On
the contrary, Ogawa et al. [22] did not record any fracture of
the surgical neck. In nine cases, we found fractures of the
superior border of the scapular body, which we consider to
be part of the coracoid base fracture. The difference can be
found also in laterality, with the right/left side ratio 35:32 in
the series of Ogawa etal. [22], and 11:28 in our cohort.

The most frequently reported combination is that of a cor-
acoid fracture and AC dislocation [3, 4, 7, 22-25]. In some
cases also mpture of the coracoclavicular ligament [3] and
lateral clavicle fractures [6, 7] were observed.

A specific group of rare injuries is represented by a combina-
tion of fractures of the surgical neck and the coracoid base [33].

A severe injury is a fracture of both processes when the
impact of the humeral head breaks simultaneously the cora-
coid base and the acromion in the acromial angle (Fig. 5).
These fractures are typically sustaimed by men and result, as
a rule, from a high-energy trmuma during traffic accidents, or
falls from a height. They are often associated with AC dislo-
cation, a fracture of the lateral clavicle, or a fracture of the
proximal humerus [6, 13, 15-18]. Ogawa et al. [22] recorded
these fractures in 39 out of 67 cases, while we found it in
seven of 39 cases, including four cases of a combination of
all three injuries (Table 2).

Combined fractures of the processes are classified by some
authors as a double, triple, or guadruple injury to the S88C
[9-12, 26]. All these injuries are reported in the literature as
variants of the floating shoulder [33]. However, the reality is
different. The floating shoulder occurs only in case of a com-
bination of fractures ofthe coracoid base and the surgical neck
of the scapula [33, 34].

Typical combinations are those of injuries associated
with anterior dislocation of the glenohumeral joint
[15-18]. Cottias et al. [15] reported on a bilateral anterior
shoulder dislocation combined with fractures of the cora-
coid and the greater tnberosity. Te Slaaet al. [17] described
one case of a riple combination of a fracture of the cora-
coid process, the greater tuberosity and anterior glenoid
after an acute first-time anterior shoulder dislocation.
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Plachel et al. [18] found six such cases and called this
injury a “triple dislocation fracture.” We recorded a total
of five coracoid fractures combined with an anterior
glenoid rim fracture.

These findings confirm the fact that anterior dislocation of
the humeral head is associated with a number of various inju-
ries, i.e., not only a coracoid fracture but also separation of the
anterior rim of the glenoid, avulsion of the greater tuberosity,
Hill-Sachs defect of the humeral head and, in older patients, a
fracture of the proximal humerus.

The extent of soft tissue lesions in coracoid fractures asso-
ciated with anterior dislocation has not been fully realized.
Only Ogawa et al. [22] pointed out rupture of the rotator cuff.
Highly instructive in this respect are autopsy findings pub-
lished in mid-nineteenth century [29-31]. They describe in
great detail not only coracoid fractures, e.g., longitndinal split
of its apex, but also lesions of the surrounding ligaments and
muscles, i.e., the coracoacromial ligament, the conjoined ten-
don, the pectoralis minor tendon, the articular capsule, the
articular labrum, the supraspinatus, the infraspinatus and the
teres minor tendon, tendon of the long head of the biceps, as
well as the articular cartilage of the humeral head.

All these injuries should be taken into account, diagnosed
and, if necessary, treated, particulady in cases of associated
glenohumeral dislocation.

Condusion

On the basis of 3D CT reconstructions, we have identified
four basic coracoid fracture pattemns, i.e., fractures ofthe apex,
the beak, the base, and comminuted fractures. In agreement
with the literary data, we have found that a considerable num-
ber of coracoid fractures are combined with injuries to other
parts of the scapula and the shoulder girdle, including soft-
tissue injuries. These associated injuries must be taken into
account when taking the patient's history and during the clin-
ical and primarily radiological examinations.
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Acromioclavicular dislocation associated with
scapular fractures — pathoanatomy of the injury
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Summary

Introduction: No detailed study dealing with an injury to the AC jointin combination with scapular fractures has been published to date The aim of
this study is to describe pathoanatormy of these injuries.

Methods: In a series of 519 scapular fractures in adult patients from the period of 2002-2020 we identified a total of 20 (3.9%) cases assodated
with AC dislocation. The group comprised 17 men and 3 women with the mean age of 49 years (range, 21-78). Radiographs of the shoulder joirt
followed by CT examination, including 3D reconstructions, were performed in all patients. This documentation allowed assessment of the scapular
fracture pattern and type of injury to the AL joint

Results: AC dislocation was associated with a simple scapular fracturein 15 cases (7 fractures of the coracoid base, 4 fractures of the acromion or the
lateral spine, 2 fractures of the scapular body, 1fracture of the superior and 1 fracture of the inferior glencid). In 5 cases AC dislocation accompanied
multiple or complex scapular frRctures (once a combination of a coracoid fracture and a fracture of the lateral scapular spine, once a combination
of a fracture of the superior glencid and of the acromion, 2 cases of a complex intraarticular fracture and 1 cse of s@pulothoeracic dissodation).
Conclusion: AC dislocation is relatively infrequent injury accompanying scapular fractures. It is most commeonly assodated with fractures of cora-
coid, acromion/lateral spine or superior glenoid. Mo case of AC dislocation was recorded in a fracture of the scapular neck

Key Words: scapular, fracture, acromiodavicular dislocation, pathoanatomy

Souhm

Phivodni prace

Akromikoklavikularni luxace u zlomenin lopatky - pathoanatomie poranéni
T. Stmad, J. Bartonic¢ek, M. Tucek

Klinika ortopedie 1. 1&kafské fakuity Univerzity Karlovy a Ustfedni vojenska nemocnice Praha

Uivad': Poranénim AC kioubu u zlemenin lopaticy se detailné dosud nikde nezabyval. Jlem této studie je proto popsat pathoanatomii téchte pomnéni,
Metody:V soubaru 519 zlomenin lapatky u dospéljch pacientd vzniklém v obdaobl 2002-2020 jsme identifikovali cellkern 20 (3 9 %) pfipadd spojerjch
sACIuxacl Jedralo se o 17 mudl a3 Zeny primémého wiku 49 roki (21-78). U viech padenti byl proveden rtg snimek ramennibo Houbu a nasledné
CTwyetfenivietné 30 rekonstrukel. Tato obrazova dokumentace umenila hodnoceni typu domeniny lopatky a typu poranénf AC kloubu.
Vysteaky:V 15 plipadech byla AC luxace spojena pouze s jedneduchou zlomeninou lopatky (7x zlomenina baze prec. coracoideus, 4% zlomenina
akromia nebo laterdini spiny, 2krat zlomenina téla lopatky, 1% zlomenina horniho glenoidu a 1% zlomenina delniho glencidu). V¥ 5 piipadech se
jedralo o viceZetné nebo kom plexni zlomeniny lopatky (1% kombinace zlomeniny proc. coracoideus a laterdini &sti spina scapulag, v 1 pfipadé
kembinace zlomeniny horniho glenoidu a akromia, ve 2 plipadech komplexniintraartikuldmizlomenina av 1 plipadé skapulotorakiini disodace).
Zdvér: AC luxace je méné Eastym poranénim doprovazejicim zlomeniny lopatky. Mejdastéji se vyskytuje u domenin proc. coracoideus, akromia /
laterIni spiny nebo homiho glenoidu. Nebyla zaznamendna u zlomenin kriku lopatky.

Kiifowd slowa: lopatka, domenina, akromikoklavikuldrni lwace, pathoanatomie

Rozhi Chir 2022;101:272-276
doi:10.33699/P(5.2022.101.6.272-276

INTRODUCTION lar fracture patterns, have been described in the form of

case reports [6-20]. However, no detailed study dealing

The incidence of acromioclavicular (AC) dislocation with an injury to the AC joint in combination with scapu-

associated with scapular fractures is reported to be be- lar fractures has been published to date. The aim of this
tween 3% and 6% [1-3]. Probably the first case of AC dis- study is to describe pathoanatomy of these injuries.

location cormbined with a scapular fracture, more specifi-

cally with separation of the coracoid, was discussed by

Gurtl [4]in 1864, A more detailed study of this issue was METHODS

published by Ehalt [5]in 1934. Since then, numerous cas-

es of AC dislocation combined with scapular fractures, Material: In a series of 519 scapular fractures in adult
mainly those of the coracoid, but also with other scapu- patients from the period of 2002-2020 we identified
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a total of 20 (3.9%) cases associated with AC disloca-
tion. The group comprised 17 men and 3 women with
the mean age of 49 years (range, 21-78). The mean age
of men was 48 years, that of women &1 years. The right
side was involved in 8 cases, the left side in 12 cases. All
the patients in the group were skeletally mature, with
an acute injury to the AC joint and an acute scapular
fracture.

Method: Radiographs of the shoulder joint followed
by CT examination, including 3D reconstructions, were
performed in all the patients. This documentation al-
lowed assessment of the scapular fracture pattern and
the type of injury to the AC joint.

Evaluation: The following parameters were exam-
ined:

- the scapular fracture pattern classified according to

Bartonicek et al.[21],

- incidence rate of AC dislocation of the given type of
the scapular injury,
- type of AC dislecation according to the Rockwood

classification [22],

- the type of injury to the coracodlavicular junction.

RESULTS

Type of injury to the scapula: AC dislocation was re-
corded in fractures of the processes (coracoid, acromi-
on), scapular body, glenoid, in complex fractures and
scapulothoracic dissociation (STD).

AC dislocation was associated with a simple scapu-
lar fracture in 15 cases, i.e. 7 fractures of the coracoid

Flg. 1: A simple fracture of the scapula (coracold fracture)
assoclated with AC dislocation
Radicgraph a) and 3D CT reconstruction b).

Fig. 2: A complex Intraarticular fracture of the scapula
assoclated with AC dislocation
Radicgraph a) and 3D CT reconstruction b).

Rozhladyv chirurgii 2022, o 101,£.6
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base, 4 fractures of the acromion or the lateral spine, 2
fractures of the scapular bedy, 1 fracture of the superior
and 1 fracture of the inferior glenoid (Fig. 1).

In 5 cases AC dislocation accompanied multiple or
complex scapular fractures, i.e. once a combination
of a coracoid fracture and a fracture of the lateral
scapular spine, once a combination of a fracture of
the superior glenoid and of the acromion, 2 cases of
a complex intraarticular fracture (Fig. 2) and 1 case
of 5TD.

AC dislocation was most frequently combined with
fractures of the processes (14 cases), no case of AC dis-
location was recorded in fractures of the scapular neck
(Tab. 1).

Relative incidence of AC dislocation in individual
types and subtypes of scapular fractures is shown in
Tab. 2 and 3.

40 48 61 &12 7 12 1

Legend: M — males; F - females, At —meaan age of the whole co-
hort Am —mean age of man; Af — meaan age of women; B-right
side; L - left side; CC - rupture ofthe coracoclavicwlar ligament;
Co —fracture of the coracoid; CC+Co — rupture of the coracocla-
vicwar ligament associated with a fracture of the coracoid

Tab. 2: Incidence of AC dislocation in Individual scapular
fracture patterns

o [0 | LA

Legend: N — number of cases, ACL — acromiociavicular diskoca-
tion.

Tab. 3: Incidence of AC dislocation in individual fracture

subtypeas
s | 0 ||
S I

Legend: N — number of cases, ACL — acromioclavicular diskoca-
tiomn.
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Fig. 3: Various types of AC dislocation on 3D CT reconstructions
a) type Il associated with a coracoid fracture; b) type IV associated with an acromion fracture; c) type V associated with
a fracture of the superior glenoid.

Types of AC dislocation: Rockwood type Il was re-
corded in 12 cases, type IV in 5 cases, including 1 case
combined also with dislocation of the 5C joint, type
Vin 2 cases (Fig. 3); and in 1 case of 5TD there occurred
only distraction of the AC joint (Fig. 4).

Type lll was associated with a fracture of the coracoid
base in 5 cases, with a scapular body fracture in 2 cases,
a complex intraarticular fracture in 2 cases, a commi-
nuted fracture of the coracoid and the lateral spine in
1 case, a fracture of the inferior glenoid in 1 case and
a fracture of the superior glenoid and acromion in 1
case. Type IV was recorded in 4 cases in combination
with a fracture of the acromion or the lateral spine and
in 1 case in association with a fracture of the coracoid
base. Type V was identified in 1 case in a fracture of the
coracoid base and in 1 case in a fracture of the superior
glenoid with a concomitant rupture of the coracocla-
vicular igament.

Type ofinjury to the coracoclavicular junction: Rup-
ture of the coracoclavicular ligament was identified
in 7 cases, causing ligamentous instability, combined
with a fracture of the acromion or the lateral spine
in 4 cases, a fracture of the scapular body in 2 cases
[Fig. 5) and a fracture of the inferior glenoid in 1 case
{Fig. ).

Flg. 4: Distraction of the AC joint assoclated with 5C dis-
location In scapulothoracic dissoclation on 2D CT recon-
structions

56

In 11 cases the coracoclavicular ligament remained
intact; however, separation of the coracoid or the su-
perior glenoid resulted in osseous instability (Fig. 1):
7 cases were an isolated extraarticular fracture of the
coracoid base, 1 case a comminuted fracture of the
coracoid associated with a fracture of the lateral spine,
1 case a combination of a fracture of the superior gle-
noid and the acromion. In 2 complex intraarticular
fractures AC instability was caused by separation of the
superior glenoid.

Fig. 5: Ligamentous Instability of the coracoclavicular
Junction In a fracture of the Infraspinous part of the scap-
ular body on radiograph

Rozhledy v chirurgii 2022, ro&. 101, &6



Flg. 6: Ligamentous Instability of the coracoclavicular
Junction In a fracture of the inferior glenoid on radio-

graph

In 2 cases there occurred combined osseous-liga-
mentous instability, including 1 case of rupture of the
coracoclavicular ligament and fracture of the superior
glenoid (Fig. 7) and 1 case rupture of the coracoclavic-
ular ligament and fracture of the coracoid base as part
of STD.

Overall, rupture of the coracoclavicular ligament oc-
curred in 9 cases, separation of the coracoid in 9 cases
and fracture of the superior glenoid in 4 cases.

DISCUSSION

To date, injuries to the AC joint have been men-
tioned only marginally in larger studies of scapular
fractures [1-3,16,17,19]; more details can be found
only in individual case reports [6-15,18,20]. Thus our
study is the first to deal with this issue in detail. Ana-
lysis has shown that AC dislocation is a relatively infre-
quent complication of scapular fractures, with the in-
cidence of less than 4%. AC dislocation accompanies
most often fractures of the processes of the scapula
[coracoid, acromion or the lateral scapular sping) or
fractures of the superior glenoid, either isolated or oc-
curring as part of complex intraarticular fractures of
the scapula.

Fractures of the coracoid and the superior glenoid
disrupt integrity of the coracoclavicular junction and
are a direct cause of AC dislocation. This finding is in
case of a fracture of the coracoid base important also
from the viewpoint of treatment, because reduction
and internal fixation of the coracoid stabilizes also AC
dislocation. And, vice versa, reduction and stabilization
of AC dislocation may lead to indirect reduction and
healing of the coracoid fracture. Fractures of the supe-

Rozhledy v chirurgii 2022, m& 101, &6
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Fig. 7: A combined ossecusligamentous Instability of
the coracoclavicular junction in a fracture of the superior
glenold assoclated with rupture of the coracoclavicular
ligament

rior glenoid should be assessed in terms of displace-
ment and on this basis preferable treatment, i.e., open
reduction and internal fixation or a mere reduction and
stabilization of the AC joint, should be used.

An interesting finding in our cohort was combined
osseous-ligamentous instability resulting from dis-
ruption of the coracoclavicular junction at two levels.
Such a lesion has not been reported in the literature,
yet.

CONCLUSION

AC dislocation is a relatively infrequent injury ac-
companying scapular fractures. It is most commonly
associated with fractures of the coracoid, acromion/
lateral spine or superior glenoid. Mo case of AC dislo-
cation was recorded in fractures of the scapular nechk.
The coracoclavicular junction is more often affected by
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osseous instability caused by fracture of the coracoid
base or the superior glenoid than by ligamentous in-
stability resulting from rupture of the coraceclavicular
ligament. Combined ossecus-ligamentous instability is
rare.
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6.5. Sternoklavikularni luxace u zlomenin lopatky

SC luxace byla v celém souboru zjisténa pouze ve 2 ptipadech, které se lisily typem SC luxace
i typem zlomeniny lopatky. Proto jsou oba ptipady popsany kazuisticky a zjisténa fakta nebyla

povazovana za dostatené silna k samostatné publikaci.

Piipad 1
Muz, 56 let, upadl na pravé rameno pfi jizde na kole. Pfi vySetfeni na urgentnim ptijmu udaval
bolesti pravého ramene. Vizualné byla patrnd defigurace pravého SC skloubeni s luxaci
medidlni ¢asti klicku ventraln€, dorzaln€ na rameni byly nalezeny ¢etné exkoriace. Na RTG a
CT vysSetieni pravého ramene jsme zjistili ventralni luxaci SC kloubu, vice tlomkovou frakturu
akromia vpravo a abrupci z akromidlniho konce klicku a zadni luxaci v AC skloubeni (obr. 6-
1, 6-2). 6. den od trazu byla provedena oteviena repozice a osteosyntéza zlomeniny akromia
tremi Srouby a provedena stabilizace AC skloubeni dvéma K-draty a stabilizace SC luxace
transosealnimi stehy (obr. 6-3). Za 6 tydni po osteosyntéze jsme extrahovali vSechny kovy
z akromia a AC kloubu. Posledni kontrola probéhla 1 rok od operace. Pacient je bez obtizi,

spokojen.

Obr. 6-1 Zlomenina akromia vpravo spojena s AC luxaci (modré Sipky) a SC luxaci vpravo (Cervené Sipky).
(Prevzato z: Bartonicek J, Tucek M, Narika O. Zlomeniny lopatky. Praha: Maxdorf; 2021:317).
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Obr. 6-2 Zlomenina akromia vpravo spojena s AC a SC luxaci vpravo. a — SC luxace patrna v CT horizontalnim fezu,
b — zlomenina akromidlniho ihlu a zadni AC luxace (typ IV) patrnd v CT horizontalnim fezu, ¢ — 3D CT rekonstrukce
zlomeniny akromialniho ihlu, zadni AC luxace a SC luxace, d — 3D CT rekonstrukce zlomeniny akromialniho thlu a
zadni AC luxace. (Pfevzato z: Bartonicek J, Tuc¢ek M, Naiitka O. Zlomeniny lopatky. Praha: Maxdorf; 2021:317).

Obr. 6-3 Zlomenina akromia vpravo spojena s AC luxaci a SC luxaci. a + b — RTG snimky po osteosyntéze
zlomeniny akromia a stabilizaci AC luxace, ¢ — RTG snimek stejného ramene po extrakci kovd.

Pripad 2
Muz, 25 let, utrpél pti dopravni nehod€ poranéni pravého predlokti a levého ramene. Pfi
primarnim oSetfeni byla patrnd defigurace pravého predlokti, drobné ranky na hlavé a pacient

udaval bolesti levého ramene.
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V ramci trauma CT screeningu byla zjiSténa dislokovanéd zlomenina diafyzy ulny, abrupce
okcipitalniho kondylu vlevo bez hrubsi dislokace a fraktura piicného vybézku L3 vlevo. Na
ramennim pletenci byla diagnostikovana fraktura téla levé lopatky bez dislokace (inkompletni
zlomenina spinalniho pilife) a SC luxace s kaudalni dislokaci medidlni ¢asti klicku

TentyZ den byla provedena osteosyntéza zlomeniny diafyzy ulny vpravo. Zlomenina lopatky
byla indikovéna ke konzervativni 1é¢b€. Osmy den po trazu byla indikovédna oteviena revize a
stabilizace SC luxace vlevo. Perioperacné byla nalezena jasna kaudalni luxace kli¢ni kosti, jejiz
medialni ¢ast byla zbavena periostu, dorzalné bylo odtrZzené kloubni pouzdro s drobnymi
ulomky. Byla provedena repozice, transfixace K-dratem a pfipraveny otvory na medialnim
klicku a sternu, kterymi byl provlecen osmickovy steh, po jeho dotazeni byl vytazen K-drat, SC
kloub byl stabilni (obr. 6-4). Pooperacné byla nalozena fixace ramenni ortézou Gilchristova

typu na 6 tydnt. Posledni kontrola prob&hala 18 mésicii od trazu, pacient je zcela bez obtizi.

b — CT po stabilizaci SC luxace, ¢ — 3D CT rekonstrukce po stabilizaci SC luxace. (Pfevzato z:
Bartonicek J, Tu¢ek M, Nanka O. Zlomeniny lopatky. Praha: Maxdorf; 2021:319).

61



7. Diskuse

Podrobné jsou diskuse uvedeny u jednotlivych publikaci, zde je uveden pouze jejich strucny

prehled.

7.1. Sulcus coracoglenoidalis a jeho klinicky vyznam

Zlomeniny anatomického krcku lopatky tvoti dulezitou skupinu zlomenin lopatky, kterd byva
nékdy opomijend. Jednim z dlivodi je nizky pocet téchto zlomenin a nedostatecné povédomi o
nich (Bartonicek J. et al., 2013). Metodika nasi studie se mtze zdat jednoduch4, ale zcela splnila
svij ucel, tedy posoudit existenci CGN a jeho morfologii.

Vysledky jasné ukazuji, Ze horni plocha anatomického kréku lopatky, je-li vytvoten, je velmi
kratka. Tato skutecnost by méla byt respektovdna v klasifikaénich schématech zlomenin
lopatky. Zplsob prezentace anatomického krcku lopatky, tedy dlouhého kréku, vede ke
zkresleni v prib&éhu lomnych linii a tvaru glenoidalniho fragmentu.

Tato studie zaroven potvrdila symetrii Zlabku mezi pravou a levou stranou, jak u muZzd, tak u
zen. Tento nalez lze pouzit v pfipadech, kdy je misto zlomeniny natolik poSkozené, Ze zatez
nemuze byt identifikovan nebo urcen jeho typ. V takovém piipadé lze typ CGN urcit podle
kontralateralniho Zzlabku. Rozdilnd distribuce typi A a B u muzi a Zen lze vysvétlit
potencidlnim zapojenim tahu Slachy dlouhé hlavy m. biceps brachii ve vyvoji
supraglenoidalniho tuberkula. Pfedpokladame, Ze vétsi tah bicepsu u muzii mize pfispét k
vysSimu vyskytu zarezu typu A u muzt. Podil typu C je stejny u muzi a zen.

Hypotéza, Zze anatomické zlomenina krcku je spojena s existenci CGN, byla opravnéna. Pii
absenci CGN by linie lomu prochézela skrz bazi proc. caracoideus nebo piimo pres glenoidalni
fossu a typicky glenoidalni fragment by nebyl oddé€len. Tim padem mize mit Casta absence

CGN vliv na nizky vyskyt zlomenin anatomického krcku lopatky. Srovnani s ostatnimi autory
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je obtizné, protoze v literatute je prezentovano pouze sedm radiologicky dolozenych zlomenin
anatomického krcku lopatky.

Posouzeni tvaru CGN u nedislokovanych zlomenin bylo obtizné a vyzadovalo nékolik 3D CT
rekonstrukci. Podobn¢ bylo velmi naro¢né identifikovat typ CGN u dislokovanych zlomenin v
dasledku dislokace fragmentli nebo pritomnost vmezefeného fragmentu.

Hlavni piednosti nasi studie je fakt, ze jako prvni podrobné popisuje oblast piechodu horniho
polu glenoidu do baze proc. caracoideus. Navic jako jedind studie byla zaloZena na pozorovani
pari lopatek, kde kazdy par pochéazel od jednoho jedince. Nase studie také dokazuje, ze
zobrazeni horniho okraje anatomického krcku jako dlouhé struktury, které se vyskytuje ve
vétSiné klasifikaénich schémat zlomenin lopatky, neodpovida skutecnosti.

Zarelativni slabinu studie 1ze povaZovat stafi naSich kostnich preparatt. Pfesto jsme si ovéfili,
na zakladé jinych studii, ze pouziti téchto preparati je mozné také pro feSeni aktudlnich
klinickych problémd.

DalS8im aspektem je maly pocet zlomenin anatomického kr¢ku. Je vSak tfeba vzit v iivahu, ze
tyto zlomeniny jsou mimofadné vzacné. Od pocatku 20. stoleti je pouze 13 piipadi, véetné
nasSich, radiologicky zdokumentovano, z toho pouhych 10 zlomenin bylo hodnoceno pomoci
3D CT rekonstrukci. Metoda hodnoceni pfitomnosti CGN v naSich 6 pfipadech se také mulze
zdat problematickd. Ale u dvou nedislokovanych zlomenin je CGN jasn¢ vidét na 3D CT
rekonstrukcich. U operacné lécenych zlomenin jsme pouzili jak ptedopera¢ni CT, tak
peroperaéni nalezy pro hodnoceni CGN. V tomto jsme vychazeli ze zkuSenosti ziskanych v nasi
celkové sérii 519 zlomenin lopatky, z nichz vétSina byla zdokumentovdana 3D CT

rekonstrukcemi a 153 z nich bylo 1é¢eno operacné.
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7.2. Sulcus circumflexus a jeho klinicky vyznam

SCF je zminén velmi stru¢né pouze v n€kolika ucebnicich osteologie. Standardni anatomické
ucebnice zlabek neznaji. Totéz plati o klinickych studiich zabyvajicich se artérii circumflexou
scapulae (ACS). SCF vznika jako otisk ACS. To velmi dobie potvrzuji 3D CT rekonstrukce u
zlomenin lopatky.

Nami zjistény prabeéh SCF vzhledem k dolnimu okraji glenoidu, tj. 3,3 cm, je téméft v souladu
se studii Ebraheima et al. (Ebraheim N.A. et al., 2010) provedené na 16 preparatech. Tito autofi
popsali tzv. ,.risk area” nachazejici se 2,9 cm (2,4-3,4 cm) distalné od dolniho pdlu glenoidu.
Shin el al. (Shin K.J. et al., 2016) zjistili na 57 preparatech tuto vzdalenost o 1 cm delsi,
tj. 4,3 cm.

Ptesna znalost pribéhu ACS pres laterdlni okraj lopatky je dulezita pro klinickou praxi.
U Judetova (Bartonicek J. et al., 2008) ¢i Dupont-Evrardova (Dupont R., Evrard H., 1932)
pfistupu je pii preparaci v intervalu mezi m. infraspinatus a m. teres minor nutné artérii s
doprovazejicimi zilami podvazat. Na to poprve, jiz v r. 1935, upozornil Idrac (Indrac M., 1935).
Vyhledani ACS je dillezity krok pii odbéru tzv. ,,osteocutaneous free flap* z lateralniho okraje
lopatky (Shin K.J. et al., 2016). SCF je 1 oblasti, kde dochazi ke koncentraci lomnych linii u
zlomenin téla a kr¢ku lopatky, jak prokdzali Armitage et al. (Armitage B.M. et al., 2009) a
Bartonicek et al. (Bartonicek J. et al., 2011). Studie Tucka et al. (Tucek M. et al., 2011)
naznacila, ze jednim z divodi koncentrace lomnych linii v horni poloviné lateralniho pilite
lopatky mize byt jeho oslabeni v oblasti SCF.

Nase studie, ktera je prvni svého druhu, prokézala vysokou symetrii ve vyskytu arteridlniho
zlabku nejen mezi pravou a levou stranou, ale 1 mezi obéma stranami u jednoho individua.
Vyskyt a typ SCF tedy ziejmé& neni ovlivnén pravo-levou dominanci horni koncetiny ani

asymetrii svalové hmoty na dominantni a nedominantni koncetin¢.
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7.3 Zlomeniny proc. coracoideus

Tanton v r. 1915 (Tanton J., 1915) jako prvni podal podrobny popis zlomenin proc. coracoideus

a rozd¢lil je na zlomeniny spodiny korakoideu a zobédku (fractures du bec).

Eyres v roce 1995 (Eyres K.S. et al., 1995) roztfidil zlomeniny proc. coracoideus do péti
typt:
Typ 1 — zlomenina apexu (tip of epiphyseal fracture),
Typ 2 — zlomenina zobaku (mid-processus fracture),
Typ 3 — bazélni zlomenina (basal fracture),
Typ 4 — zlomenina zasahujici do horni ¢asti téla (superior body of scapula involved),

Typ 5 — intraartikularni zlomenina baze (extension into glenoid fossa).

Goss v r. 1996 (Goss T.P., 1996) rozdélil zlomeniny korakoidi na tii zakladni typy:
Typ 1 — avulzni zlomenina apexu,
Typ 2 — zlomenina umisténd mezi inzerci korakoklavikularnich a korakoakromidlnich
vazi na proc. coracoideus,
Typ 3 — zlomeniny korakoidni béaze. Specialni varianta typu 3 byla intraartikularni

zlomenina baze proc. coracoideus.

Ogawa v r. 1997 (Ogawa K. et al., 1997) rozd¢lil zlomeniny na dva typy, na zaklad¢ prib¢hu
linie lomu s ohledem na tGpon korakoklavikuldrniho vazu. U typu I probihala linie zlomeniny
za Guponem vazu, ale v 17 ptipadech se jednalo o intraartikularni zlomeninu (zlomenina horniho
glenoidu). U #pu II linie lomu prochazela pfed Uponem vazu. Ve

3 ptipadech nemohla byt linie lomu spolehlivé urcena. Operacné bylo feSeno 31 zlomenin typu
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I a pouze u 3 zlomenin typu II. Tato klasifikace nahradila autorovu ptavodni klasifikaci z r.
1990, ktera obsahovala jen 4 typy zlomenin (Pires R.E. et al., 2021).

Zakladnim problémem vsech tii vySe uvedenych klasifikaci je, ze zlomenina nebyla Zzadnym
z autortl blize specifikovana. NaSe klasifikace se lisi tim, ze byla vyvinuta na zaklad¢ 3D CT
rekonstrukci — jediné metody umoznujici skute¢né zhodnoceni podrobné anatomie zlomeniny.
Velky vyznam ma také pocet studovanych pacient. Pouze Ogawa (Ogawa K. et al., 1997) a
my jsme shromazdili adekvatni sérii 106 pacientii. Nicmén¢ Ogawa do svého souboru zahrnul
1 17 intraartikuldrnich zlomenin baze proc. coracoideus. Tento typ zlomeniny byl také zahrnut
do soubort publikovanych jinymi autory, ktefi uvadéeji vysledky 1é¢by korakoidnich zlomenin.
Domnivame se, Ze nitrokloubni zlomeniny by mély byt klasifikovan jako zlomeniny horniho
glenoidu, a proto jsme tyto zlomeniny do ndmi sledované skupiny nezahrnovali.

Pouziti 3D CT rekonstrukci poskytuje podrobné informace o anatomii zlomeniny a umoZiiuje
ptesné rozliSeni mezi zlomeninami zobaku a apexu. Mimo jiné bylo zjisténo, ze zlomeniny
apexu existuji ve tfech variantdch. Odlomeni celého zobéak je velmi vzacné, ale podle naseho
nazoru je jeho existence odivodnéna, tyto piipady lze dobfe oSetfit tahovym Sroubem. U
Nase 3D CT nalezy také zménily zavedeny koncept vyobrazenych pti¢nych lomnych linii na
schématech jednotlivych autort. Tyto linie by mély byt povaZovany za hranice mezi
jednotlivymi ¢astmi korakoidu.

Pokud porovname jednotlivé klasifikace, vidime, Ze ackoli jsou si v fadé ohledti podobné, 1isi
se v nich pocet popsanych typl. Podle naseho nazoru podrobna klasifikace zahrnujici poranéni
horniho okraje lopatky (Eyersiv typ III a IV) nema z terapeutického a prognostického hlediska
zadny vyznam. Na druhé stran¢ zahrnout zlomeninu zobédku a apexu korakoidu do jednoho typu
jako je uvedeno v Ogawové klasifikaci je vhodné pouze v ptipadech, kdy byly zlomeniny

klasifikovany na zdkladé samotnych rentgenovych snimka. Pokud jsou k dispozici 3D CT
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rekonstrukce, mély by byt separatné klasifikovany zlomeniny zobaku a apexu jak prezentoval
Eyers et al. (Eyers K.S. et al., 1995) a Goss (Goss T.P., 1996).

V nasi studii byla poprvé popsana kominutivni zlomenina, nebot’ tfiStivou zlomeninu je
obtizné diagnostikovat pouze na zakladé RTG snimkd, tyto zlomeniny vyzaduji CT vySetfeni.
Tento typ zlomeniny je tieba vzit do tivahy, nebot’ je spojen s vysokym poctem ptidruzenych
poranéni v oblasti ramenniho pletence.

Zlomeniny korakoidu se ¢asto kombinuji s jinymi zranénimi na lopatce nebo na ramennim
pletenci. V naSem souboru jsme u 33 z 39 pacientl nalezli celkem 40 ptidruzenych poranéni
lopatky a ramenniho pletence. Ve srovnani s Ogawou (Ogawa K. et al., 1997) nas vyskyt
akromialnich zlomenin a AC luxaci byl mnohem niz$i. Naopak, Ogawa et al. nezaznamenali
zadnou zlomeninu chirurgického krcku. V 9 ptipadech jsme nasli zlomeninu horniho okraje
téla lopatky, ktery povazujeme za soucast zlomeniny béaze proc. coracoideus. Rozdil nachdzime
zaroven v poranénych stranach s pomérem pravé a levé strany 35:32 v Ogawaové souboru a
11:28 v naSem souboru.

Nejcastéji uvadénou kombinaci je fraktura korakoidu a AC luxace. V nékterych kazuistikach
také ruptura korakoklavikuldrniho vazu a byly pozorovéany i zlomeniny lateralniho kli¢ku.

Specifickou skupinu vzacnych poranéni ptedstavuje kombinace zlomenin chirurgického
kr¢ku a baze korakoidu.

Tezké poranéni piedstavuje zlomenina obou vybezki, tedy proc. coracoideus a akromia, kdy
naraz hlavice humeru zlomi sou¢asné bazi korakoidu a akromion v akromialnim uhlu. Casto
jsou spojeny s AC luxaci, zlomeninou laterdlniho klicku nebo zlomeninou proximalniho
humeru. Ogawa zaznamenal tyto zlomeniny ve 39 z 67 piipadil, zatimco my jsme ji v naSem
souboru nasli v 7 z 39 ptipadu, véetné 4 ptipadi kombinace vSech tfech zranéni.

Kombinované zlomeniny vybézki jsou nékterymi autory klasifikovany jako dvojité, trojité

nebo ¢tyinasobné poranéni SSSC. VSechna tato zranéni jsou v literatufe uvadéna jako varianty

67



plovouciho ramene. Redlné se vSak plovouci rameno vyskytuje pouze v piipadé kombinace
zlomenin baze korakoidu a chirurgického krcku lopatky.

Typickymi kombinacemi jsou ty souvisejici s pfedni luxaci glenohumeralniho kloubu.
Zaznamenali jsme celkem 5 zlomenin korakoidu kombinovanou se zlomeninou piedniho okraje
glenoidu. Tyto nalezy potvrzuji skutecnost, ze predni luxace hlavice humeru je spojena s fadou
ruznych poranéni, tedy nejen zlomeninou korakoidu, ale i zlomeninou pfedniho okraje
glenoidu, avulze velkého hrbolu humeru, Hill-Sachsovym defektem hlavice humeru a u starsich
pacientil se zlomeninou proximalniho humeru. Rozsah poranéni mékkych tkédni u zlomenin
korakoidu spojenych s ptedni luxaci prox. humeru nebyl plné studovan.

Na vSechna tato zranéni by mélo byt pamatovéno, méla by byt spravné diagnostikovana a v

ptipadé potieby i l1écena.

7.4. Akromioklavikularni luxace u zlomenin lopatky

Prvni pfipad AC luxace spojené se zlomeninou lopatky, konkrétné¢ s odlomenim proc.
coracoideus diskutoval ziejmé& jako prvni Gurtl v r. 1864 (Gurtl E., 1864). Podrobnéji se jim
zabyval Ehalt vr. 1934 (Ehalt W., 1934). Od té doby byla pfedev§im ve formé kazuistik
popséna fada ptipadi AC luxace u zlomenin lopatky.

Zlomeniny proc. coracoideus a horniho glenoidu porusuji integritu korakoklavikuldrni junkce
a jsou tak pfimou pfi¢inou AC luxace. Toto zjisténi je v pfipad¢ zlomeniny baze proc.
coracoideus vyznamné i pro zpiisob oSetfeni, nebot’ repozice a osteosyntéza proc. coracoideus
stabilizuje 1 AC luxaci. Naopak repozice a stabilizace AC luxace miZe vést k nepfimé repozici
1 zhojeni zlomeniny proc. coracoideus. U zlomenin horniho glenoidu je nutno zvazit stupen
dislokace a podle toho dat ptfednost bud’ pfimé repozici a fixaci, nebo vystacit s repozici a

stabilizaci AC kloubu.
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Analyza ukdzala, ze AC luxace predstavuje Castou komplikaci zlomenin lopatky, a to v
necelych 4 %. AC luxace nejcastcji doprovazi zlomeniny vybézki lopatky (proc. coracoideus,
akromion nebo lateralni Cast spina scapulae) nebo zlomeninu horniho glenoidu, at’ jiz
izolovanou nebo jako soucdst komplexnich intraartikuldrnich zlomenin lopatky. Zlomeniny
akromia a lateralni spiny casto doprovazely AC luxaci IV. stupné¢ Rockwoodovy klasifikace,
coz souviselo s rozvojem horizontalni nestability AC skloubeni, zatimco zlomeniny proc.
coracoideus se nejcastéji vyskytovaly u III. stupné¢ AC luxace. Vliv na rozvoj dan¢ho typu
nestability (horizontalni/vertikalni) mé smér ptsobiciho nésili v dob¢ trazu.

Zajimavym ndlezem v nasem souboru byla kombinované osteoligamentdzni instabilita, kdy
doslo k pieruSeni korakoklavikuldrni junkce na dvou urovnich. Tato léze nebyla dosud v
literatuie popsana.

Akromioklavikularni luxace typu IV a V Rockwoodovy Kklasifikace jsou indikovéany
k operacni 1écbé (Allman F.L., 1967; Li X. et al., 2014). U AC luxace typu III se ndzory rizni
(Rockwood C.A., 1984), ale obvykle je Iépe operovat, vzhledem k pfitomnosti zlomeniny
lopatky. Operacni technika zavisi na typu poranéni AC kloubu a na typu ptidruZenych zlomenin
lopatky.

U kombinovanych poranéni akromioklavikularniho kloubu a baze proc. coracoideus nebo
horniho glenoidu existuji dvé moznosti. Prvni je oSetfeni pouze AC kloubu, druhou je oSetfeni
obou poranéni. Repozici a stabilizaci AC kloubu obvykle docilime piijatelné nepiimé repozice
a fixace proc. coracoideus nebo horniho glenoidu. Jejich pfimé repozice a osteosyntéza pak
neni nutna.

V ptipadé kombinované ligamentdzni a kostni 1éze korakoklavikularniho spojeni je 1épe
stabilizovat nejen AC kloub, ale i zlomeninu bdze proc. coracoideus respektive horniho

glenoidu.
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U ostatnich poranéni lopatky kombinovanych s ligamentdzni AC luxaci neovlivni repozice a
stabilizace AC kloubu postaveni tlomka lopatky. Z hlediska 1é¢by je proto nutné posuzovat
tato poranéni lopatky a poranéni AC kloubu jako dva separatni problémy.

Operacné jsme lécili 11 ptipadt akromioklavikularni luxace doprovazejici zlomeninu
lopatky. U 4 piipadii kombinovanych se zlomeninou proc. coracoideus byl osetfen pouze AC
kloub. V 7 ptipadech byla kromé AC kloubu oSetfena i poranéni lopatky, tj. 1krat komplexni
intraartikuldrni zlomenina, lkrat zlomenina horniho glenoidu, lkrat zlomenina dolniho
glenoidu, 1lkrat infraspinatni zlomenina téla, 1krit zlomenina baze proc. coracoideus,
lkrat zlomenina akromia a lkrat zlomenina laterdlni spiny. U vSech 11 pacientli doSlo ke

zhojeni s velmi dobrym funkénim vysledkem.

7.5. Sternoklavikularni luxace u zlomenin lopatky

Jedinou zminku o SC luxaci doprovazejici zlomeninu lopatky podal Armstrong (Armstrong
C.P. et al., 1984) v roce 1984, ktery v souboru 64 zlomenin lopatky, v tabulce ptidruzenych
poranéni, zminuje 2 piipady SC luxace. V praci bohuzel chybi blizsi specifikace zlomeniny
lopatky 1 typ SC luxace.

Dalsi informace spojujici poranéni SC skloubeni a lopatky je nékolik piipadd tzv.
skapulothorakalni disociace u kterych bylo popsdno distrakéni poranéni SC kloubu
(Armstrong et al., 1984; Ebraheim N.A. et al., 1987; Goldstein L.J. et al., 2000; Stepanovic Z.L.
et al., 2015). I vnaSem souboru jsme zaznamenali jeden pifipad SC luxace doprovazené
skapulothorakalni disociaci, ale protoZe se jedna o zcela odliSny typ poranéni, nebyl tento
ptipad zahrnut do naseho souboru uvedeného v této praci.

Na naSem pracovisti jsme zaznamenali 2 piipady SC luxace spojené zlomeninou lopatky. Oba
piipady byly zdokumentovany i na 3D CT rekonstrukcich. V literatuie jsme jiné podrobnéji

popsané¢ piipady (v€etn¢€ 3D CT rekonstrukci) nenasli.
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V jedné z naSich kazuistik jsme zaznamenali 1 subluxaci medialniho konce klicku distalné a
mirn¢ ventralné, coz je atypické — ventralni typ luxace je spojen s proximalni dislokaci
medialniho konce klicku. Tento typ SC luxace se vyskytoval u infraspindtni zlomeniny téla

lopatky.
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8. Zavér

P4

V anatomické ¢asti disertacni prace byly poprvé popsany dvé anatomické struktury, které
v literatuie byly dosud zminény pouze okrajove, a to sulcus coracoglenoidalis a sulcus
arteriae circumflexae scapulae. Nase studie poukazaly na znacnou variabilitu ve vyskytu i
mife vytvofeni obou téchto zlabkli a upozornily na jejich klinicky vyznam zejména u
zlomenin anatomického krcku a téla lopatky.

V klinické ¢asti diserta¢ni prace jsme analyzovali na§ soubor pacientd se zlomeninami
proc. coracoideus —u viech téchto pacientl bylo na rozdil od pfedchozich autori provedeno
CT vysetieni, diky ¢emuz jsme identifikovali novou kategorii, tzn. kominutivni zlomeninu
proc. coracoideus, ktera nemiize byt na bézném RTG snimku diagnostikovana.

Akromioklavikuldarni luxace se nejcastéji vyskytuje u zlomenin proc. coracoideus,
akromia ¢i lateralni spiny nebo horniho glenoidu. Nebyla zaznamenana u zlomenin kréku
lopatky. Akromioklavikularni luxace spojena se zlomeninami lopatky miize vést ke vzniku
kostni ¢i vazivové instability. Vzacnéji se mohou léze kombinovat. NaSe studie je jedina,
ktera podrobné&ji popisuje soubor zlomenin lopatky kombinované s AC luxaci.

Sternoklavikularni luxace spojenéd se zlomeninou lopatky je raritni. V naSem souboru
jsme zaznamenali pouze 2 ptipady SC luxace, které byly spojené se zlomeninou akromia a
zlomeninou téla lopatky. Zéarovei jsou to jediné dva ptipady v literatufe s kompletni CT

dokumentaci.
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