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1. Wstęp 

 

Spośród wszystkich urazów kostnych około 3% stanowią złamania miednicy. Wiążą się one z 

wysoką zachorowalnością, śmiertelnością i wysokimi kosztami leczenia [1] . Złamania miednicy 

stanowią coraz większe wyzwanie kliniczne ze względu na intensywny rozwój transportu 

samochodowego i są trzecią najczęstszą przyczyną zgonów w wypadkach komunikacyjnych, w 

kolejności po urazach centralnego układu nerwowego i urazach klatki piersiowej [2,3]. 

Większość tych złamań jest wynikiem tępych urazów o dużej energii, takich jak: wypadki 

drogowe, upadki z wysokości. Złożone złamania pierścienia miednicy i panewki stawu 

biodrowego stanowią od 5% do 16% wszystkich złamań miednicy, a podawane w literaturze 

wskaźniki śmiertelności wynoszą od 1.5% do 13% [4,5]. Duże siły mogą prowadzić do 

rozerwania pierścienia miednicy, co obserwuje się w około 13-17% wszystkich przypadków 

obejmujących złamania miednicy i jest to stan potencjalnie zagrażający życiu [6–13]. Wśród 

pacjentów z urazami wielonarządowymi uważa się, że głównym czynnikiem prowadzącym do 

zwiększonego ryzyka śmiertelności jest możliwość krwawienia z uszkodzonych naczyń 

krwionośnych (głównie splotów żylnych), z powodu działania sił ścinających i możliwego 

uszkodzenia odłamami kostnymi [14,15]. Innymi czynnikami powodującymi wzrost 

śmiertelności u pacjentów są obecność wstrząsu, lub śpiączki pourazowej oraz towarzyszące 

urazy głowy i klatki piersiowej [16] . Szacuje się, że mediana kosztów leczenia urazów miednicy 

wynosi około 29 425 euro na pacjenta w krajach rozwiniętych [17]. W przypadku niestabilnych 

złamań miednicy, jedynie około 65% pacjentów odzyskuje zdolność do zachowania 

niezależności w codziennych czynnościach , ponadto około 58% pacjentów nie może powrócić 

do wcześniej wykonywanego zawodu [18]. Analiza poszczególnych czynników związanych z 

urazami miednicy ma kluczowe znaczenie dla określenia działań powodujących redukcję 

śmiertelności, zachorowalności oraz poprawę jakości życia pacjentów, którzy doświadczyli 

tego poważnego urazu.  
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2. Epidemiologia złamań miednicy 

 

Wysokoenergetyczne złamania są zazwyczaj spowodowane  urazami jak: wypadki 

samochodowe, wypadki przemysłowe i upadki z wysokości, zwłaszcza w młodszej populacji 

[16,19–21]. Z kolei w starszej populacji, są one spowodowane urazami o niskiej energii, takimi 

jak upadki jednopoziomowe i często są związane z zaawansowaną osteoporozą [22,23]. U 

nastolatków występują również urazy miednicy, lecz są to przeważnie urazy sportowe (np. 

złamania awulsyjne górnych lub dolnych kolców biodrowych, złamanie awulsyjne skrzydła 

kości biodrowej, złamanie awulsyjne guza kulszowego)[24,25]. Istnieją podobieństwa w grupie  

pacjentów pediatrycznych i dorosłych pod względem złamań miednicy doznanej w wyniku 

politraumy oraz częstości występowania towarzyszących urazów jamy brzusznej[26,27]. 

Współczynniki śmiertelności w tych grupach są podobne[26,27]. Dodatkowo, złamania 

miednicy stanowią coraz większe wyzwanie kliniczne ze względu na intensywny rozwój 

transportu drogowego i logistyki . 

W swoim badaniu Ferede i wsp. oceniając populację pacjentów w Etiopii wykazali, że 56.3% 

złamań miednicy jest spowodowanych wypadkami drogowymi, a 28% upadkami z 

wysokości[28] . Z kolei w Wielkiej Brytanii Giannoudis i wsp. zauważyli, że 62.9% przypadków 

złamań miednicy było spowodowanych wypadkami samochodowymi, a 30.6% upadkami z 

wysokości[29] . Dane z Tajwanu przedstawione przez Yang i wsp. pokazują, że złamania 

miednicy były spowodowane w 62% wypadkami komunikacyjnymi, a w 10% upadkami z 

wysokości[30] . Demetriades i wsp. wykazali najwyższą częstość występowania ciężkich 

złamań miednicy w grupie obrażeń motocyklowych (15.5%) w porównaniu z urazami 

samochodowymi (10.2%) i upadkami z wysokości (12.9%)[31] . Złamania miednicy stanowią 

od 3% do 8% wszystkich złamań, w zależności od literatury, lecz są najbardziej 

traumatyzującymi urazami w praktyce ortopedycznej, stwarzającymi realne zagrożenie dla 

życia pacjenta[20]. Współczynnik śmiertelności wewnątrzszpitalnej, w zależności od 

towarzyszących urazów, waha się od 4% do 28%[16,32,33]. Dodatkowo, może się różnić w 

zależności od wyspecjalizowania ośrodków i możliwości szybkiego oraz kompleksowego 

leczenia urazów . Istotny jest fakt, że współczynniki śmiertelności i liczba powikłań wzrasta 

wraz z występowaniem towarzyszących urazów[34]. Większość zgonów u pacjentów ze 
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złamaniami miednicy nie jest spowodowana samym złamaniem miednicy, lecz towarzyszącymi 

urazami[35] . 

3. Klasyfikacja złamań panewki stawu biodrowego i pierścienia miednicy 

 

Miednica jest elastycznym układem o kształcie pierścienia, który składa się ze stawów 

krzyżowo-biodrowych, spojenia łonowego i struktur kostnych, w tym kości biodrowych i kości 

krzyżowej. Ze względu na silne struktury więzadłowe, które utrzymują integralność pierścienia 

miednicy, jest to wysoce stabilny i odporny mechanicznie kompleks. Jedynie urazy o dużej 

energii są w stanie doprowadzić do jego przerwania . Wiele typów złamań miednicy może być 

leczona zachowawczo, natomiast kluczowe jest przeprowadzenie kompleksowego badania 

pacjenta. Skupienie się na towarzyszących urazach może pomóc w leczeniu pacjentów i ich 

powrotu do zdrowia, ale także zredukuje wskaźnik śmiertelności.  

Istnieją dwie główne klasyfikacje złamań pierścienia miednicy powszechnie stosowane w 

praktyce: Young-Burgess i AO/OTA (The AO Foundation/Orthopaedic Trauma 

Association)(Tab. 1). 

Tab. 1. Klasyfikacja złamań pierścienia miednicy wg Young- Burgess i AO/OTA. 

Klasyfikacja wg Young-Burgess Klasyfikacja AO/OTA 

Kierunek 
działania sił 

Opis Typ Opis 

Kompresja 
przód- tył 
(APC) 

Rozejście się 
spojenia lub 
złamanie kości 
łonowych: 

I – rozejście  
spojenia < 2.5 
cm 

 

II - rozejście 
spojenia > 2.5 
cm. Rozejście 
przedniego 
stawu 

Typ A Uszkodzenie 
częściowe  (lub 
nieprzemieszczone) 
łuku tylnego - 
stabilne 
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krzyżowo-
biodrowego 
(SI). Tylne 
więzadła 
krzyżowo-
biodrowe 
nienaruszone. 
Zerwanie 
więzadeł 
krzyżowo-
kolcowych i 
krzyżowo-
guzowych. 

 

III - Zerwanie 
przednich i 
tylnych 
więzadeł SI 
(zwichnięcie SI). 
Zerwanie 
więzadeł 
krzyżowo-
kolcowych i 
krzyżowo-
guzowych. 

Boczna 
kompresja 
(LC) 

Poprzeczne 
złamanie gałęzi 
kości łonowej, 
uraz po tej 
samej stronie 
lub po stronie 
przeciwnej do 
strony tylnej: 

I - Ukośne lub 
poprzeczne 
złamanie gałęzi 
kości łonowej i 
kompresyjne 
złamanie 
przedniej części 
skrzydła 
krzyżowego po 

Typ B Częściowe złamanie 
łuku tylnego – 
częściowo stabilne 

Podtypy: 

- B1 Jednostronne, 
częściowe 
uszkodzenie  łuku 
tylnego, rotacja 
zewnętrzna 

- B2 Jednostronne, 
częściowe 
uszkodzenie  łuku 
tylnego, rotacja 
wewnętrzna(B2.1 
Przednie złamanie 
kompresyjne kości 
krzyżowej, B2.2 
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tej samej 
stronie. 

 

II - Złamanie 
gałęzi kości 
łonowej i 
kompresyjne 
złamanie tylnej 
części kości 
biodrowej po 
tej samej 
stronie 
(złamanie 
półksiężycowat
e). 

III - 
Kompresyjne 
złamanie 
boczne po tej 
samej stronie + 
przeciwległe 
złamanie typu 
„otwarta 
księga” (APC III). 

Częściowe 
złamanie/podwichnię
cie stawu krzyżowo-
biodrowego, B2.3 
Niepełne złamanie 
kości biodrowej 
tylnej) 

 - B3 Obustronne,  
częściowe zerwanie 
łuku tylnego (B3.1 
Obustronne B1, B3.2 
B1 + B2, B3.3 
Obustronne B2) 

 

Rozcięcie  
pionowe 
(VS) 

 

Rozejście się 
spojenia 
łonowego lub 
przemieszczenie 
pionowe w 
kierunku 
przednim lub 
tylnym, zwykle 
przez staw 
krzyżowo-
biodrowy, ale 
czasami przez 
kość krzyżową 
lub skrzydło 
kości biodrowej 

Typ C Całkowite 
uszkodzenie łuku 
tylnego - niestabilne 
 

Złożony 
mechanizm  
(CM) 

 

Złożony wzór 
urazu, przy 
czym 
najczęstszym 
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jest połączenie 
typu  LC/VS 

 

 

 

 

Ponadto, wyróżniamy klasyfikacje złamań panewki stawu biodrowego, powszechnie 

stosowaną w praktyce: Judet i Letournel (Tab. 2). 

 

 

Tab. 2. Podział złamań panewki stawu biodrowego według Judet i Letournel. 

Podstawowe wzorce Powiązane wzorce 

Złamanie ściany tylnej Złamanie ściany i kolumny tylnej 

Złamanie kolumny 
tylnej 

Złamanie poprzeczne i ściany 
tylnej 

Złamanie ściany 
przedniej 

Złamanie typu T 

Złamanie kolumny 
przedniej 

Przednia ściana/ kolumna 

Złamanie poprzeczne Złamanie obu kolumn 

 

 

Szczegółowy opis klasyfikacji Judet i Letournel - podstawowe wzorce: 

 

1. Złamana ściana tylna: najczęstszy typ (25%) 
 

2. Złamana kolumna  tylna:  złamanie zaczyna się na szczycie wcięcia kulszowego 
większego, przechodzi przez powierzchnię stawową i powierzchnię czworoboczną, 
przecina dolną gałąź kości łonowej (częstość występowania 3 do 5%). Górny pęczek 
naczyniowo-nerwowy pośladka może zostać uwięźnięty w miejscu złamania.  
 

3. Złamana ściana przednia: złamanie zaczyna się poniżej AIIS i kończy się na wcięciu 
kulszowo-łonowym. 
 

4. Złamana kolumna przednia: to złamanie oddziela przednią granicę kości bezimiennej 
od nienaruszonej kości biodrowej.  
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5. Złamanie poprzeczne: złamanie zarówno przedniej, jak i tylnej kolumny.  
 
 

Szczegółowy opis klasyfikacji Judet i Letournel - powiązane wzorce: 

 

1. Złamanie ściany i kolumny tylnej: głowa kości udowej często zwichnięta poza staw 
biodrowy. Przerwanie linii biodrowo-piszczelowej, tylnej granicy kości bezimiennej i 
ściany tylnej. 
 

2. Złamanie poprzeczne i ściany tylnej: stanowi około 20% złamań panewki stawu 
biodrowego.  
 

3. Złamanie typu T: Złamanie poprzeczne plus dolna pionowa linia złamania (trzon T). 
Może być związane ze złamaniem tylnej ściany, które ma najgorsze rokowanie ze 
wszystkich podgrup.  
 

4. Przednia ściana/ kolumna: złamanie kolumny jest częstsze niż ściany. Pierwotna linia 
złamania jest przednia, podczas gdy linia złamania wtórnego przechodzi przez 
powierzchnię stawową do tylnej granicy. Objaw mewy widoczny jest na zdjęciu 
rentgenowskim. 
 

5. Złamanie obu kolumn: jest to najczęściej kojarzony typ. Oznacza złamaną panewkę 
stawową, która całkowicie odłączyła się od szkieletu osiowego.  

4. Urazy towarzyszące złamaniom panewki stawu biodrowego i pierścienia miednicy 

 

Ze względu na złożoność urazów, pacjenci, którzy doznali złamania miednicy, pozostają w 

sferze zainteresowania nie tylko ortopedy, ale także interdyscyplinarnego zespołu 

specjalistów. Poole i wsp. zaprezentowali w swojej pracy grupę 348 pacjentów przyjętych do 

szpitala z powodu złamań miednicy, w której tylko 32 pacjentów (9%) miało izolowane 

złamanie miednicy[36] . Złamania miednicy często występują z innymi towarzyszącymi 

urazami, a w szczególności: urazami tkanek miękkich okołomiednicznych, urazami brzucha, 

złamaniami w obrębie kończyn górnych i dolnych, urazami klatki piersiowej, centralnego 

układu nerwowego [19,30,31,37]. Oprócz urazów w obrębie pierścienia miednicy, tzw. trauma 

team musi stawić czoła m.in. urazom w obrębie dużych naczyń krwionośnych, narządów jamy 

brzusznej, nerwów, pęcherza moczowego i innych struktur. 

Prognozy dotyczące przeżycia ofiary wypadku są niejasne i zależą głównie od towarzyszących 

urazów. Co więcej, początkowy stan pacjenta scharakteryzowany na podstawie skali GCS 
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(Glasgow coma scale), pojemności sercowo-oddechowej (wartość ciśnienia skurczowego > 90 

mmHg), wieku pacjenta i typu złamania, determinują rodzaj leczenia i możliwe interwencje 

chirurgiczne. Wysoka śmiertelność jest głównie przypisywana wysokiej niestabilności 

hemodynamicznej, z powodu przerwania naczyń żylnych i tętniczych okolicy złamania, złamań 

otwartych, urazów centralnego układu nerwowego, klatki piersiowej, okolicy moczowo-

płciowej i niewydolności wielonarządowej[11,2,14]. Porównując złamania miednicy 

występujące równolegle z towarzyszącymi urazami w różnych krajach, jedną z najmłodszych 

populacji zaobserwowano w Etiopii ze średnią wieku 31 lat (zakres 15-35 lat) i przewagą 

mężczyzn (87.5[28]%)[28]. Z drugiej strony Buller i wsp. podali, że badana populacja osób ze 

złamaniami w obrębie miednicy w Miami, Stany Zjednoczone, miała średni wiek 64 lat ± 25 lat, 

z czego 69.7% stanowiły kobiety[38] . Demetraides i wsp. w swoim badaniu populacji miasta 

Los Angeles, Stany Zjednoczone, w grupie ponad 1500 pacjentów ze złamaniami miednic, 

odnotowali stosunek 60.6% mężczyzn do 39.4% kobiet[31] . W badaniu populacji Etiopii, 

Ferede i wsp., zaobserwowali następujące dodatkowe urazy towarzyszące złamaniom 

miednic: obrażenia kończyn dolnych 35.9%, kończyn górnych 18.8%, obrażenia jamy brzusznej 

25%, obrażenia klatki piersiowej 17.2%, obrażenia pęcherza moczowego 3.1%, obrażenia 

cewki moczowej 20.3%, urazy kręgosłupa 9.4%, urazy głowy 18.8% i urazy centralnego układu 

nerwowego 9.4%[28] . Autorzy podali, że u 56.3% pacjentów ze złamaniami miednicy 

stwierdzono złamania typu Tile A, u 31.3% typu Tile B, a u 12.5% typu Tile C [28]. 

Złamania miednicy stanowią coraz większe wyzwanie kliniczne i wymagają podejścia 

multidyscyplinarnego. Biorąc pod uwagę złożoną naturę urazów o dużej energii, pacjenci 

którzy doznali złamania miednicy, pozostają w sferze zainteresowania nie tylko ortopedy, ale 

także interdyscyplinarnego zespołu specjalistów. Interdyscyplinarny zespół: chirurgów 

urazowych, chirurgów ogólnych, radiologów (interwencyjnych), anestezjologów i lekarzy 

intensywnej terapii, powinien być zaangażowany w protokół diagnostyczny i leczniczy złamań 

miednicy z urazami współistniejącymi. Epidemiologia złamań miednic jasno wskazuje, że 

obecność dodatkowych urazów wiąże się z obniżonymi wskaźnikami przeżycia. 
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5. Wpływ pandemii COVID-19 na epidemiologię złamań miednic. 

 

Na początku 2020 roku rozpoczęła się globalna pandemia koronawirusa, później znanego jako 

COVID-19. Według danych Światowej Organizacji Zdrowia prawie 800 000 000 pacjentów 

cierpiało na tę chorobę, a do kwietnia 2024 roku odnotowano łącznie ponad 7 000 000 zgonów 

na świecie [39]. Wiele szpitali zostało zmuszonych do wprowadzenia nowych planów działania 

i zmierzenia się z ogromnymi zmianami dotyczącymi personelu oraz ograniczeniami w 

dostępności leków, sprzętu medycznego.  

W zakresie traumatologii ukazało się jedynie kilka publikacji dotyczących wpływu pandemii 

COVID-19 na złamania bliższego końca kości udowej. W swojej pracy Anusitviwat i wsp. nie 

stwierdzili istotnych różnic w czasie trwania operacji zespolenia  bliższego końca kości udowej 

pomiędzy grupą  w okresie pandemii oraz przed jej wystąpieniem[40]. Ponadto, w dwóch 

pracach oryginalnych, Anusitviwat i wsp. oraz Amzallag i wsp. zgodnie stwierdzili, że pacjenci 

operowani z powodu złamań bliższej części kości udowej w czasie pandemii   odbywali krótsze 

pobyty w szpitalu, w porównaniu z danymi sprzed pandemii . Uzasadnili to krótszym okresem 

rehabilitacji pooperacyjnej, ze względu na ograniczenia epidemiologiczne, a także 

zmniejszeniem obciążenia pracą personelu, w związku z odwołaniem zabiegów 

planowych[40,41] .  

Nieliczne publikacje dotyczące epidemiologii złamań miednic pokazały, że wystąpiły pewne 

różnice w mechanizmie urazów, natomiast częstości ich występowania, profil pacjentów, 

profil urazów dodatkowych wydają się być spójne w trakcie okresu pandemii jak i sprzed 

pandemii. Autorzy jednej z prac wskazują, że liczba i odsetek osób wymagających leczenia 

operacyjnego w złamaniach miednicy w Irlandii pozostały stabilne[42]. Runtz i wsp. 

zaobserwowali zmniejszenie liczby złamań kończyn i miednicy u pacjentów w wieku 65 lat i 

starszych podczas okresu pandemii[43] .  

Dziedzina transfuzjologia również zmieniła charakterystykę w trakcie pandemii. Redukcję 

przetoczeń krwi można wyjaśnić bardziej restrykcyjnymi przepisami dotyczącymi transfuzji 

krwi, ze względu na masowy wzrost liczby transfuzji krwi u ciężko chorych pacjentów z COVID-

19[44] . 
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6.  Cel pracy 

 

Celem pracy jest analiza złamań miednicy w grupie pacjentów leczonych operacyjnie poprzez 

otwartą repozycję i stabilizację wewnętrzną złamań, ze szczególnym uwzględnieniem okresu 

pandemii COVID-19. 

 

Szczegółowe cele: 

 

1. Ocena wpływu różnych czynników (wartość wskaźnika BMI, liczba dni hospitalizacji, 

przetoczenie krwi, czas trwania operacji) na leczenie pacjentów, którzy doznali 

złamania pierścienia miednicy w wyniku urazu izolowanego lub politraumy.  

2. Ocena wpływu pandemii COVID-19 na epidemiologię urazów miednicy i panewki 

stawu biodrowego leczonych operacyjnie. 

7. Streszczenie artykułów oryginalnych 

 

Artykuł oryginalny I 

 

“The Association between BMI, Days Spent in Hospital, Blood Loss, Surgery Time and 

Polytrauma Pelvic Fracture—A Retrospective Analysis of 76 Patients” 

 

 

Cel: Ocena wpływu różnych czynników (wartość wskaźnika BMI, liczba dni hospitalizacji, 

przetoczenie krwi, czas trwania operacji) na leczenie pacjentów, którzy doznali złamania 

pierścienia miednicy w wyniku urazu izolowanego lub politraumy. 

 

Materiał i metody: Do badania włączono 76 kolejnych pacjentów przyjętych do kliniki w latach 

2017–2022 celem operacji złamania pierścienia miednicy. Kryteriami włączenia były: złamania 

miednicy i wskazania do leczenia operacyjnego (typy złamań: LCII i III, APC II i III oraz VS). 

Kryteriami wykluczenia były: leczenie nieoperacyjne złamań pierścienia miednicy, złamań 
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panewki stawu biodrowego i złamania wymagające pierwotnej całkowitej 

endoprotezoplastyki stawu biodrowego (THA) oraz złamania okołoprotezowe panewki stawu 

biodrowego. Zgromadzono dane demograficzne, w tym: wiek, płeć, rodzaj złamania według 

klasyfikacji Young-Burgess, data urazu i operacji, dostęp chirurgiczny i metoda stabilizacji 

operacyjnej, mechanizm urazu, współistniejące urazy, wskaźnik masy ciała (BMI), przetoczenia 

krwi, liczbę dni hospitalizacji i czas trwania operacji. 

Wyniki: Analiza statystyczna wykazała istotne różnice między populacją mężczyzn i kobiet w 

zakresie wskaźnika BMI (p=0.01223), natomiast nie stwierdzono statycznie istotnych różnic w 

zakresie czasu trwania operacji (p=0.8104), przetoczeń krwi (p=0.8066) i długości hospitalizacji 

(p=0.5628). U pacjentów z wyższym wskaźnikiem BMI  częściej występowały złamania o typie 

APC II i APC III (p = 0.012). Z drugiej strony, nie stwierdzono istotnych różnic w długości operacji 

(p=0.06), długości hospitalizacji (p=0.12) i przetoczeniach krwi (p=0.75) w grupie 

poszczególnych typów morfologicznych złamań pierścienia miednicy. W badanej grupie aż 47 

pacjentów miało współistniejące urazy i zostało zakwalifikowanych jako pacjenci z urazem 

wielonarządowym, tzw. politrauma. Pacjenci, którzy doznali urazu pierścienia miednicy w 

mechanizmie politraumy, charakteryzowali się większą, statystycznie istotną, liczbą 

przetoczonych jednostek krwi (1.02 jednostki w porównaniu do 0.55 jednostki). Czas 

hospitalizacji był również dłuższy w porównaniu do grupy z izolowanymi urazami (5.84 dnia w 

porównaniu do 3.58 dnia), (odpowiednio p = 0.01 i p = 0.001). 

 

Wnioski: Pacjenci z urazami wielonarządowymi, tzw. politrauma, którzy doznali urazu 

pierścienia miednicy, są narażeni na ryzyko większej liczby przetoczeń krwi w okresie 

okołooperacyjnym i dłuższego czasu hospitalizacji. Ponadto wskaźnik BMI koreluje z morfologią 

złamania pierścienia miednicy w klasyfikacji Young-Burgess.  
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Artykuł oryginalny II 

 

“Impact of COVID-19 pandemic outbreak on pelvic trauma surgical management” 

 

Cel: Ocena wpływu pandemii COVID-19 na epidemiologię złamań miednicy i panewki stawu 

biodrowego leczonych operacyjnie.  

 

Materiał i metody: Do badania włączono 132 kolejnych pacjentów przyjętych celem leczenia 

operacyjnego złamania miednicy w latach 2019-2022, selekcjonując grupę sprzed wybuchu 

pandemii COVID-19 (2019-2020) i z okresu pandemii COVID-19 (w Polsce w latach 2020-2022). 

Kryteriami włączenia były: złamania miednicy i wskazania do leczenia operacyjnego (LC II i III, 

APC II i III, VS), złamania panewki stawu biodrowego z przemieszczeniem większym niż 2 mm, 

niestabilne typy złamań (np. złamanie tylnej ściany obejmujące ponad 40–50%). Kryteriami 

wykluczenia były: nieoperacyjne leczenie złamań miednicy, złamania wymagające pierwotnej 

całkowitej endoprotezoplastyki stawu biodrowego (THA) oraz okołoprotezowe złamania 

panewki stawu biodrowego. Zgromadzono retrospektywnie dane demograficzne, dotyczące 

rodzaju złamania według klasyfikacji Younga-Burgess, AO i Letournel-Judet, daty urazu i 

operacji, dostępu operacyjnego i metod stabilizacji, mechanizmu urazu, urazów 

współistniejących, wskaźnika masy ciała (BMI), transfuzji krwi, liczby dni spędzonych w 

szpitalu i czasu trwania operacji. 

 

Wyniki: Analizowana grupa w okresie pandemii COVID-19 składała się z 91 pacjentów, 50 

pacjentów wymagających stabilizacji operacyjnej panewki stawu biodrowego i 41 pacjentów 

wymagających stabilizacji pierścienia miednicy. Wartości BMI nie wykazały istotnych różnic w 

podgrupach złamań panewki i pierścienia miednicy (p=0.9510). Pacjenci ze złamaniami 

panewki wymagali transfuzji większej liczby jednostek krwi (p<0.0001) w porównaniu ze 

złamaniami pierścienia miednicy. Ponadto, leczenie operacyjne złamań panewki trwało dłużej 

(p<0.0001) w porównaniu ze złamaniami pierścienia miednicy. Dłużej trwały również pobyty 

pacjentów w szpitalu w grupie złamań panewki stawu biodrowego (p=0.042). Grupę  pre-

COVID-19 stanowiło 41 pacjentów, 17 pacjentów operowanych z powodu złamania panewki 
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stawu biodrowego i 24 z powodu złamania w obrębie pierścienia miednicy. Analizując 

złamania pierścienia miednicy, wartości BMI nie wykazały istotnych różnic w podgrupach pre-

COVID i COVID (p=0.7384), podobnie jak czas trwania operacji (p=0.2012). Pacjenci leczeni 

operacyjnie w okresie pandemii COVID spędzali mniej dni  w szpitalu w okresie 

okołooperacyjnym (p<0.0001) i wymagali mniejszej ilości transfuzji krwi (p=0.0401). 

 

Wnioski: Pandemia COVID-19 miała wpływ na epidemiologię złamań miednicy i panewki stawu 

biodrowego u pacjentów leczonych operacyjnie. W okresie COVID-19 pacjenci ze złamaniami 

panewki stawu biodrowego wymagali większej liczby transfuzji jednostek krwi w porównaniu 

ze złamaniami pierścienia miednicy, a ponadto, czas trwania zespoleń złamań panewki stawu 

biodrowego był dłuższy, podobnie jak okres hospitalizacji. Porównując okres COVID-19 z 

czasem sprzed wybuchu pandemii, pacjenci w okresie pandemii  pozostawali w szpitalu przez 

mniejszą ilość dni i otrzymywali mniejszą ilość przetoczeń krwi.  

8. Wnioski 

 

1. Pacjenci z politraumą, którzy doznali urazu pierścienia miednicy, są narażeni na ryzyko 

większej liczby przetoczeń krwi w okresie okołooperacyjnym i dłuższy czas 

hospitalizacji.  

2. Wskaźnik BMI koreluje z morfologią złamania pierścienia miednicy w klasyfikacji Young-

Burgess – osoby otyłe mają większą predyspozycję do złamań typu APC II i APC III. 

3. Pandemia COVID-19 miała wpływ na epidemiologię złamań miednicy i panewki stawu 

biodrowego u pacjentów leczonych operacyjnie. 

4. W okresie COVID-19 pacjenci ze złamaniami panewki stawu biodrowego wymagali 

większej liczby transfuzji jednostek krwi, wydłużony był czas operacji złamań panewki 

stawu biodrowego, podobnie jak okres hospitalizacji. 

5. Pacjenci w okresie pandemii COVID-19 pozostawali w szpitalu przez mniejszą ilość dni 

i otrzymywali mniejszą ilość przetoczeń krwi.  
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9. Streszczenie 

 

Spośród wszystkich urazów kostnych około 3% stanowią złamania miednicy. Wiążą się one z 

wysoką śmiertelnością i wysokimi kosztami opieki zdrowotnej. Na początku 2020 roku 

rozpoczęła się pandemia COVID-19. Wiele szpitali zostało zmuszonych do wprowadzenia 

nowych planów działania i zmierzenia się z ogromnymi zmianami dotyczącymi personelu oraz 

dostępu do leków, sprzętu medycznego. Z perspektywy ortopedycznej, ukazały się nieliczne 

prace dotyczące w wpływu pandemii COVID-19 na epidemiologię złamań miednicy. 

Grupę badaną stanowili pacjenci zakwalifikowani do leczenia operacyjnego złamań pierścienia 

miednicy i panewki stawu biodrowego wg kryteriów AO. Badana grupa była leczona 

operacyjnie w jednym ośrodku - centrum urazowym. Osoby włączone do badania poddane 

zostały diagnostyce obrazowej z użyciem zdjęć rentgenowskich i tomografii komputerowe 

miednicy. Kryteriami wykluczenia były nieoperacyjne leczenie złamań miednicy, złamania 

wymagające pierwotnej całkowitej endoprotezoplastyki stawu biodrowego (THA) oraz 

okołoprotezowe złamania panewki stawu biodrowego. Zgromadzone zostały dane 

demograficzne dotyczące badanej grupy pacjentów. Klasyfikacja złamań została wykonana w 

oparciu o podział w zależności od rodzaju złamania wg Judet-Letournel, Young-Burgess, 

AO/OTA. 

W pracy oryginalnej I analiza statystyczna wykazała istotne różnice między populacją mężczyzn 

i kobiet w zakresie wskaźnika BMI (p=0.01223). U pacjentów z wyższym wskaźnikiem BMI  

częściej występowały złamania o typie APC II i APC III (p = 0.012). W badanej grupie aż 47 

pacjentów miało współistniejące urazy i zostało zakwalifikowanych jako pacjenci z urazem 

wielonarządowym, tzw. politrauma. Pacjenci, którzy doznali urazu pierścienia miednicy w 

mechanizmie politraumy, charakteryzowali się większą, statystycznie istotną, liczbą 

przetoczonych jednostek krwi (1.02 jednostki w porównaniu do 0.55 jednostki), a czas 

hospitalizacji był również dłuższy w porównaniu do izolowanych urazów (5.84 dnia w 

porównaniu do 3.58 dnia), (odpowiednio p = 0.01 i p = 0.001). W pracy oryginalnej II 

analizowana grupa w okresie pandemii COVID-19 składała się z 91 pacjentów, 50 pacjentów 

wymagających stabilizacji operacyjnej panewki stawu biodrowego i 41 pacjentów 

wymagających stabilizacji pierścienia miednicy. Pacjenci ze złamaniami panewki wymagali 
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transfuzji większej liczby jednostek krwi (p<0.0001) w porównaniu ze złamaniami pierścienia 

miednicy. Ponadto, leczenie operacyjne złamań panewki było bardziej czasochłonne 

(p<0.0001) w porównaniu ze złamaniami pierścienia miednicy, a także wydłużały pobytu 

pacjenta w szpitalu (p=0.042). Pacjenci leczeni operacyjnie w okresie pandemii COVID mniej 

dni spędzali w szpitalu w okresie okołooperacyjnym (p<0.0001) i wymagali mniejszej ilości 

transfuzji krwi (p=0.0401). 

Pacjenci z urazami wielonarządowymi, tzw. politrauma, którzy doznali urazu pierścienia 

miednicy, wymagali większej liczby przetoczeń krwi w okresie okołooperacyjnym i dłuższego 

czasu hospitalizacji. Wskaźnik BMI koreluje z morfologią złamania pierścienia miednicy w 

klasyfikacji Young-Burgess. Pandemia COVID-19 miała wpływ na epidemiologię złamań 

miednicy i panewki stawu biodrowego u pacjentów leczonych operacyjnie. W okresie COVID-

19 pacjenci ze złamaniami panewki stawu biodrowego wymagali większej ilości transfuzji 

jednostek krwi w porównaniu ze złamaniami pierścienia miednicy, a ponadto, czas trwania 

zespoleń złamań panewki stawu biodrowego był dłuższy, podobnie jak okres hospitalizacji. 

Pacjenci w okresie pandemii  pozostawali w szpitalu przez mniejszą ilość dni i otrzymywali 

mniejszą ilość przetoczeń krwi. 

 

 

10. Summary  

 

Of all bone fractures, approximately 3% are pelvic fractures. They are associated with high 

mortality and high healthcare costs. The COVID-19 pandemic began at the beginning of 2020. 

Many hospitals were forced to introduce new action plans and face huge changes in staff and 

access to medicines and medical equipment. From an orthopedic perspective, few studies 

have been published in the field of the impact of COVID-19 pandemic on the epidemiology of 

pelvic fractures.  

The studied group consisted of patients qualified for surgical treatment of pelvic ring and 

acetabulum fractures according to the AO criteria. The study group was treated surgically in 

one center - a trauma center. The people included in the study underwent diagnostic imaging 

using X-rays and computed tomography of the pelvis. The exclusion criteria were non-surgical 
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treatment of pelvic fractures, fractures requiring primary total hip arthroplasty (THA) and 

periprosthetic acetabular fractures. Demographic data were collected. The fracture 

classification was based on the Judet-Letournel, Young-Burgess, AO/OTA systems.  

In the original paper I, statistical analysis showed significant differences between the male and 

female population in terms of BMI (p=0.01223). In the group of patients with a higher BMI, 

the APC II and the APC III fractures were more common (p=0.012). In the studied group, as 

many as 47 patients had concomitant injuries and were classified as patients with multiple 

injuries, the so-called polytrauma. Patients with pelvic ring injuries in the polytrauma 

mechanism, were characterized by a statistically significant higher number of transfused 

blood units (1.02 units vs. 0.55 units), and the hospitalization time was also extended when 

compared to isolated injuries (5.84 days vs. 3.58 days), (p = 0.01 and p = 0.001, respectively). 

In the original paper II, the analyzed group during the COVID-19 pandemic consisted of 91 

patients, 50 patients requiring surgical stabilization of the acetabulum and 41 patients 

requiring stabilization of the pelvic ring. Patients with acetabular fractures required a higher 

number of blood units transfusion (p < 0.0001) compared to pelvic ring fractures. In addition, 

surgical treatment of acetabular fractures was more time-consuming (p<0.0001) compared to 

pelvic ring fractures, and also prolonged the patient's hospital stay (p=0.042). Patients treated 

surgically during the COVID pandemic spent fewer days in the hospital in the perioperative 

period (p<0.0001) and required fewer blood transfusions (p=0.0401). 

Patients with polytrauma, who suffered pelvic ring injuries, required more blood transfusions 

in the perioperative period and extended period of hospitalization. Moreover, the BMI 

correlated with the morphology of pelvic ring fractures in the Young-Burgess classification. 

The COVID-19 pandemic has had an impact on the epidemiology of pelvic and acetabular 

fractures in patients treated surgically. During the COVID-19 period, patients with acetabular 

fractures required more blood units transfusions when compared with pelvic ring fractures, 

and the duration of acetabular fracture fixation was longer, as was the hospital stay. Patients 

during the pandemic stayed in the hospital for fewer days and received fewer blood 

transfusions. 
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Abstract: Objective: The objective of this study was to investigate the association between BMI, days spent in hospital, blood 

loss, and surgery time in patients who suffered from isolated pelvic fractures and pelvic fractures with concomitant injuries 

(polytrauma patients). Methods: This study included 76 consecutive patients who were admitted for pelvic ring fracture 

surgery between 2017 and 2022. The inclusion criteria were pelvic fractures and indications for operative treatment (LC II 

and III, APC II and III, and VS). The exclusion criteria were non-operative treatment for pelvic ring fractures, acetabular 

fractures and fractures requiring primary total hip arthroplasty (THA), and periprosthetic acetabular fractures. Demographic 

data were collected, including age (in years), sex, type of fracture according to Young–Burgess, date of injury and surgery, 

surgical approach and stabilization methods, mechanism of trauma, concomitant trauma in other regions, body mass index 

(BMI), blood transfusions, number of days spent in the hospital, and surgery duration. Results: Patients who suffered from a 

pelvic ring injury with concomitant injuries had a significantly greater amount of blood units transferred (1.02 units vs. 0.55 

units), and the length of hospital stay was also longer compared to the mean results (5.84 days vs. 3.58 days), p = 0.01 and p 

= 0.001, respectively. Moreover, patients with a higher BMI had more frequent APC II and APC III fractures (p = 0.012). 

Conclusions: This study demonstrates that polytrauma patients who suffered from pelvic ring injury are, indeed, at risk of 

blood transfusion in terms of greater units of blood and a longer duration of hospital stay. Moreover, BMI has an impact on 

pelvic ring fracture morphology. However, there is no doubt that there is an absolute need for further studies and 

investigations to provide better overall management of polytrauma patients with pelvic fractures. 

Keywords: pelvic fracture; pelvis; BMI; transfusion; Young–Burgess; trauma; polytrauma 

 

1. Introduction  
In recent years, an undoubtedly profound improvement has been observed in 

the diagnostics of patients who have suffered from traumatic injuries due to the 

accessibility of crucial diagnostic tools such as a computer tomography (CT) scan, 

for instance [1,2]. Nonetheless, traumatic pelvic fractures remain one of the 

most life-threatening injuries given their characteristics and the concomitant in-

juries that frequently occur [3,4]. Despite 

the fact that pelvic fractures account for only about 3–8% of all skeletal 

fractures, mortality rates in specific studies were shown to be as high as 

15% [5–7]. Many recent publications that concern pelvic fractures are, in 

fact, focused on blood loss, survival, and initial management [8–16]. 

There is no doubt that those studies are important and needed, 

especially since almost 50% to 60% of deaths in pelvic trauma patients 

are caused by hypovolemic shock caused by hemorrhage that originates 

from the pelvis [17,18]. However, a broader perspective on other specific 

factors would also be beneficial in order to provide better treatment for 

patients who have suffered pelvic fractures. During our investigation, our 

research team encountered rather a small number of studies that 

focused on the characteristics of individuals who had suffered from 

pelvic fractures, such as BMI, age, or sex. Since we believe it is 

detrimental to explore these factors, we decided to study our population 

who had suffered from pelvic ring fracture and investigate whether there 

were any significant correlations with the type of fracture, blood loss, or 

length of hospital stay. In order to obtain a better understanding of how 

specific factors may influence the management of patients with pelvic 

fractures, our research team decided to analyze the issues mentioned 

https://doi.org/10.3390/app131810546
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above. The aim of this study was to investigate the association between 

body mass index (BMI), days spent in hospital, blood loss, and surgery 

time in patients who suffered from isolated pelvic fractures and pelvic 

fractures with concomitant injuries (polytrauma patients). 

2. Material and Methods 

2.1. General Characteristics 

This study included 76 consecutive patients who were admitted for pelvic 

ring fracture surgery between 2017 and 2022. The data were collected 

prospectively at a single trauma center. All patients underwent operative 

treatment using De Puy Synthes implants for pelvic fixation. Pelvic 

fractures were classified according to the Young–Burgess system (LC—

lateral compression, APC—anterior–posterior compression, VS—vertical 

shear). The inclusion criteria were pelvic fractures and indications for 

operative treatment (LC II and III, APC II and III, VS). The exclusion criteria 

were non-operative treatment for pelvic ring fractures, acetabular 

fractures and fractures requiring primary total hip arthroplasty (THA), 

and periprosthetic acetabular fractures. Upon admission, all patients 

underwent evaluation using X-ray and computed tomography scans of 

the pelvis. Demographic data were collected, including age (in years), 

sex, type of fracture according to Young–Burgess, date of injury and 

surgery, surgical approach and stabilization methods, mechanism of 

trauma, concomitant trauma in other regions, BMI, blood transfusions, 

number of days spent in the hospital, and surgery duration. The surgical 

approaches used for pelvic fractures were the ilio-inguinal and Kocher–

Langenbeck approaches. The mechanism of trauma was categorized 

according to typical pattern of injury, such as: fall from height (injury to 

a person that occurs after landing on the ground after falling from a 

higher place, higher than the human body, very-high-energy trauma), 

industrial trauma (caused by an accident at work, usually with machines, 

high-energy trauma), normal fall (suddenly falling down onto the ground 

or toward the ground without intending to or by accident, from the level 

of human body, low-energy trauma), pedestrian injury (injury to 

pedestrians who were struck by motor vehicles, high-energy trauma), 

traffic accident (an accident involving at least one vehicle on a road open 

to public traffic in which at least one person is injured, usually a very-

high-energy trauma), and unknown mechanism of trauma. 

The Young–Burgess classification system is most commonly used for 

evaluating pelvic ring injuries [19]. In 1986, Young et al. described 142 

patients with pelvic ring injuries and classified their injuries based on the 

direction and location of applied force [20]. 

Antero–posterior compression (APC) injuries are caused by anterior to 

posteriordirected force, resulting in a predictable pattern based on the 

disruption of anterior and posterior pelvic structures, including the 
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symphysis pubis and sacroiliac joints [19]. APC I injuries are characterized 

by less than 2.5 cm of symphyseal widening and have no posterior 

instability, either clinically or radiographically. APC II injuries show 

symphysis pubis widening and instability of the posterior pelvis resulting 

from disruption of the anterior sacroiliac complex. APC III injuries are 

associated with complete posterior ligamentous disruption and have the 

highest rate of mortality, blood loss, and need for transfusion of all pelvic 

ring injuries. 

Lateral compression (LC) injuries result when a laterally based force 

directed medially is applied to the pelvis. LC I injuries result from a lateral 

force delivered over the posterior aspect of the pelvis and represent a 

spectrum of injuries [19]. LC II injuries result from a more anteriorly 

directed force, causing internal rotation of the anterior hemipelvis with 

possible external rotation of the posterior hemipelvis, with the anterior 

sacroiliac joint serving as a fulcrum. The resulting posterior pelvic injury 

in LC II patterns may be a sacral fracture, sacroiliac ligament and joint 

disruption, or crescent fracture–dislocation of the ilium. LC III injuries 

result from greater force. The rotation of the ipsilateral hemipelvis 

causes the injury to the contralateral hemipelvis, resulting in LC III. 

Vertical shear (VS) injuries result from an axially loaded force 

delivered over one or both hemipelves lateral to the midline. The sacrum 

is driven down relative to the iliac wing, resulting in complete 

ligamentous injury and disruption of the sacrospinous, sacrotuberous, 

anterior, and posterior sacroiliac ligaments on the injured side [19]. 

Complex injury patterns are a combination of any three primary patterns 

(APC, LC, or VS), usually resulting from LC injuries mixed with AP or VS 

trauma. 

2.2. Ethics 

The study was conducted in accordance with the Declaration of Helsinki 

guidelines for human experiments. Prior to the study, permission was 

obtained from the local Bioethics Committee (approval number KB 

645/2022). Written informed consent was obtained from all patients or 

their relatives upon admission to the hospital to include them in scientific 

studies. 

2.3. Statistical Analysis 

All group comparisons and statistical analyses were conducted by two 

independent investigators using Prism software (GraphPad 8). A p-value 

of less than 0.05 was considered statistically significant. Nominal 

variables were described by the number of observations and their 

distribution. Normality of variables was assessed using the Shapiro–Wilk 

test. Relationships between the studied parameters were evaluated 

using the Spearman’s rank correlation coefficient. Non-parametric tests, 
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such as the Mann–Whitney U test and analysis of variance, were used to 

compare the data. 

3. Results 
A total of 76 patients who underwent operative treatment for pelvic ring 

fractures between 2017 and 2022 met the inclusion criteria and were 

included in the study (Chart 1). The inclusion criteria required patients to 

have a pelvic fracture demanding surgery, either with or without 

concomitant injury. 

The studied cohort had a mean BMI of 26.4 (ranging from 17.8 to 44.8). 

The mean duration of surgery was 102.4 min, ranging from 35 to 270 min. 

The average number of blood transfusions received was 0.8 units, in a 

range of 0 to 5 units. The mean length of hospital stay was 4.9 days, 

ranging from 1 to 36 days. In total, 23 patients (%) were female and 53 

patients (%) were male. Statistical analysis showed significant differences 

between male and female populations in terms of BMI (p = 0.01223), 

(Figure 1A) but none in duration of surgery (p = 0.8104), blood 

transfusion (p = 0.8066), and length of hospital stay (p = 0.5628) (Figure 

1B–D). 

In the female subgroup, the mean BMI was 24.36 (ranging from 17.85 to 

33.33), while in the male subgroup, it was 27.25 (ranging from 17.9 to 

44.87). The average surgery duration for females was 95.91 min (ranging 

from 25 to 240 min), and for males, it was 105.1 min (ranging from 35 to 

260 min). The mean length of hospital stay for females was 4.1 days 

(ranging from 2 to 23 days), whereas for males, it was 5.34 days (ranging 

from 1 to 36 days). 

Additionally, the mean amount of blood transfused for females was 0.73 

units (ranging from 0 to 5 units), while for males, it was 0.88 units 

(ranging from 0 to 4 units). 
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Chart 1. A flow diagram of patients included in the study and interventions. 

  
Figure 1. (A) Comparison of BMI between male and female subgroups. (B) Comparison of surgery duration between male 

and female subgroups. (C) Comparison of blood transfusion between male and female subgroups. (D) Comparison of length 

of hospital stay between male and female subgroups. * p-value < 0.005. 

 

When analyzing the population according to the Young and Burgees classification 

(Table 1), statistically significant differences were observed in BMI (p = 0.01) distribution among the 

subgroups with certain types of fracture (Figure 2A). Patients with a higher BMI had more frequent 

APC II and APC III fractures. On the other hand, there were no significant differences in the time of 
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surgery (p = 0.06), length of hospital stay (p = 0.12), or blood transfusion (p = 0.75) within certain 

subgroups (Figure 2B–D). 

Table 1. Comparison of mean blood transfusion, BMI, surgery time, and length of hospital stay in patients with pelvic 

fracture according to the Young and Burgess classification. 

YB (Type) APC II APC III LC II LC III VS 

Mean Blood transfusion (units) 0.76 1.12 0.73 1.5 0.71 

Mean BMI (kg/m2) 28.94 29.31 25.38 23.87 26.34 

Mean Time of surgery (min) 109.60 130.70 91.07 154.20 84.29 

Mean Length of hospital stay (days) 3.07 9.37 4.31 8.83 4.01 

 

Figure 2. (A) Comparison of BMI according to Y–B subdivisions. (B) Comparison of surgery duration according to Y–B 

subdivisions. (C) Comparison of length of hospital stay according to Y–B subdivisions. (D) Comparison of blood transfusion 

according to Y–B subdivisions. * p-value < 0.005. 

The Spearman’s rho correlation analysis between BMI and surgery duration (p = 0.44), blood 

transfusion (p = 0.84), and length of hospital stay (p = 0.12) did not reveal a statistically significant 

relationship (Figure 3A–C). 
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Figure 3. (A) Correlation between surgery duration and BMI. (B) Correlation between blood transfusion and BMI. (C) 

Correlation between length of hospital stay and BMI. 

The mechanism of injury exhibited a diverse range, including the 

following categories: 27 patients experienced falls from height, 2 patients 

were involved in industrial accidents, 5 patients experienced falls from 

standing height, 6 patients had pedestrian injuries, 29 patients were 

involved in traffic accidents, and 7 patients had an unknown mechanism 

of injury (Table 2). 
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Table 2. Comparison of mean blood transfusion, BMI, surgery time, and length of hospital stay in patients with pelvic 

fracture in regard to the injury pattern. 

Injury Pattern Fall from Height Industrial Normal Pedestrian Car Unknown 

Blood transfusion 

(units) 0.81 1.5 0.4 0.83 0.75 1.42 

Mean BMI 
(kg/m2) 26.83 28.76 23.94 23.77 26.38 27.84 

Mean Time of sur-

gery (min) 96.67 172.5 85 130.8 98.93 106.4 

Length of hospital stay 

(days) 4.11 5.02 2.05 3.66 7.03 2.85 

 

Classification based on the mechanism of injury did not reveal any 

statistically significant differences when analyzing BMI (p = 0.33), length 

of hospital stay (p = 0.055), surgery duration (p = 0.30), and blood 

transfusion (p = 0.71) (Figure 4A–D). 

 

Figure 4. (A) Comparison of BMI in various mechanism of injury subgroups. (B) Comparison of length of hospital stay in 

various mechanism of injury subgroups. (C) Comparison of surgery duration in various mechanism of injury subgroups. (D) 

Comparison of blood transfusion in various mechanism of injury subgroups. 
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Within the studied cohort, 47 patients had concomitant injuries and were 

classified as polytrauma patients. When analyzing the relationship 

between pelvic fractures and additional injuries involving the spine, 

head, chest, abdomen, and upper/lower limbs, no significant differences 

were found in terms of BMI (p = 0.43) and surgery duration (p = 0.68) 

(Figure 5A,D). Contrary to this, the blood transfusion (p = 0.01) and length 

of hospital stay (p = 0.001) were significantly increased in polytrauma 

patients (Figure 5B,C). 

 

Figure 5. (A) Comparison of BMI in pelvic fractures with or without polytrauma. (B) Comparison of length of hospital stay in 

pelvic fractures with or without polytrauma. (C) Comparison of blood transfusion in pelvic fractures with or without 

polytrauma. (D) Comparison of surgery duration in pelvic fractures with or without polytrauma. * p-value < 0.005. 
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4. Discussion 
The results of our study demonstrate that patients who suffered a 

pelvic ring injury with concomitant injuries had significantly greater 

amounts of blood units transferred, and the length of their hospital stay 

was also longer compared to the mean results. Both of the provided 

outcomes were found to be statistically significant. Moreover, the study 

showed that BMI has an impact on pelvic ring fracture morphology. 

In our study, we showed that 70% of patients who suffered from 

pelvic injury were male and 30% were female; these results were in line 

with many current studies concerning traumatic pelvic injuries. 

Abdelrahman et al. showed that 76.5% of the studied population that 

suffered from traumatic pelvic injury were males [21]. Coleman et al., in 

their 2020 study on pelvic ring injuries and their association with the 

Young–Burgess classification, also presented similar conclusions as far as 

the sex of the patients was concerned. In total, 61% percent of the 

studied population were male [22]. Another study with a male sample 

dominance was Veith et al.’s 2016 study, where 60% of patients who 

suffered from pelvic fractures were male. Ghosh et al. and Cuthbert et al. 

provided similar results concerning the prevalence of pelvic fractures 

with regard to sex. Males accounted for 75% and 72% of the studied 

population with pelvic fractures, respectively [23,24]. 

Regarding blood transfusions, Magnussen et al. statistically proved, in 

their study, that patients who suffered from pelvic ring fractures required 

the highest amount of blood compared to other pelvic fractures [25]. 

Surprisingly, comparing our results to Magnussen et al., the mean value 

of blood units transferred was 1.0 in our facility, whereas in Magnussen 

et al., the value was 5.03 [25]. The difference is large, undoubtedly. 

However, we suspect this may be connected to the regional 

requirements and standards in blood transfusions. In Magnussen et al.’s 

study, there is no description of transfusion criteria. In our study, patients 

with a hemoglobin level < 7.0 mg/dL or with anemia symptoms qualified 

to receive a blood transfusion. 

Another finding concerning our study is that APC III fractures were 

found to have a 23% higher amount of blood units transferred compared 

to APC II-type fractures (0.8 units vs. 1.1 units). Additionally, LC III 

fractures were shown to require over 105% of blood units transferred 

(0.7 units vs. 1.5 units) compared to LC II fractures. Veith et al. presented, 

in their study, that the level of free blood volume found during the CT 

scan increases with the level of instability of the pelvic ring fracture in 

the AO/OTA C-types [26]. Not only does this support our findings, but it 

also indicates the importance of a thorough initial examination in order 

to establish the injury and associated injuries. Having said that, it is 

essential to acknowledge that the greater the displacement of the pelvic 

ring fracture, the higher the chance of severe bleeding and associated 

abdominal injuries [22,27]. The severity of the bleeding increasing with 
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the instability of the pelvis is believed to be associated with the 

disruption of the sacral venous plexus and arterial branches of iliac 

vessels and the high amount of cancellous bone [26,27]. The presented 

results are in line with current knowledge that pelvic ring fractures can 

be mortal injuries that may require rapid intervention [14,28–30]. 

The findings regarding the Young and Burgess classification and its 

correlation to BMI are as follows: patients who suffered from an APC III 

injury had a higher mean BMI than the APC II injury patients (28.9 vs. 

29.3). This finding correlates with Waseem et al.’s study, where BMI was 

investigated in regard to pelvic fractures and their outcomes. They 

demonstrated that the highest number of APC type III injuries were 

found in the most obese patients [31]. Interestingly, these findings did 

not correlate to the lateral compression injuries in our study. In fact, we 

demonstrated that the LC II injury patients had a higher mean BMI than 

the LC III injury patients (25.4 vs. 23.9). Therefore, it is presented that 

only in an APC-type pelvic injury does an increasing BMI correlate with 

the severity of the trauma. Regarding the time of surgery, despite there 

being no statistically significant differences between Young and Burgess 

type and degrees of fractures, it should be noted that the LC II-type injury 

had the lowest mean time in surgery. The data from this study suggest 

that this was near the statistically significant cut-off (p = 0.0620). Thus, it 

should be noted that patients with APC III- and LC III-type fractures 

demand more time spent in the operation theater. 

At this point, it is essential to remember that our study and the studies 

presented above concern only traumatic pelvic injury, and male 

predominance seems to correlate only to high-energy trauma. In 2016, 

Buller et al. presented a study on the analysis of pelvic ring fractures in a 

US population. The studied group comprised almost 15,000,000 cases 

registered between 1990 and 2007 [32]. Their results showed that almost 

70% of the registered pelvic ring fractures concerned females [32]. This 

study included every type of pelvic ring fracture, including low-energy 

fractures that, in many cases, concern patients with osteoporosis [33,34]. 

However, only 7.7% of patients in the studied population were diagnosed 

and treated with osteoporosis [32]. As Salari et al. presented in their 2021 

worldwide meta-analysis comprising 86 studies, the global female 

prevalence for osteoporosis is 23.1% [35]. Therefore, we suspect that 

many of the females who suffered from low-energy pelvic ring fractures 

had already been suffering from undiagnosed or untreated osteoporosis. 

Only about 10% of the studied cases involved any operative treatment 

[32]. Since the majority of high-energy pelvic fractures are treated 

operatively, we suspect that the vast majority of those fractures in the 

US population were low-energy fractures. Unfortunately, this study does 

not include the mechanism of injury; however, we strongly suspect that 

the leading cause was low-energy falls, since over 50% of all registered 

cases concerned patients older than 75 years [32]. 
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A similar result to the current study was obtained by our research team 

with regard to the mechanism of injury and pelvic fracture. Cuthbert et 

al., in 2022, investigated pelvic fractures that were treated in their 

trauma center and also managed to present the mechanism of injury 

associated with a specific type of pelvic fracture. They presented that 

43% of all pelvic ring fractures in the studied population occurred due to 

a fall from height, and this was found to be the leading cause of pelvic 

ring fractures [23]. In our study, we discovered that falls from heights 

were the second leading cause of pelvic ring fractures at 36%. The most 

common type of mechanism that resulted in pelvic ring injury was 

observed to be car accidents at 38.6%. Interestingly, Cuthbert et al. 

demonstrated that car accidents are responsible for only 13% [23]. 

Abdelrahman et al. came to a similar conclusion concerning the 

frequency of the mechanism of injury. In total, 33.6% of the studied 

population that suffered a pelvic fracture sustained it due to a fall from 

height. Therefore, our leading cause of pelvic ring fractures appears to 

correlate with the recent literature. 

As stated initially in the discussion, our study proved that, within our 

studied group, patients with polytraumatic injuries received a greater 

amount of blood units and had longer hospital stays compared to the 

non-polytrauma patients. These results were proven to be statistically 

significant, with p = 0.01 and p = 0.001 for blood transfusion units and 

days spent in hospital, respectively. The polytrauma patients received 

almost 60% more blood units compared to patients who sustained 

isolated pelvic ring fractures (mean value 1.0 vs. 0.6 units of blood). There 

is no doubt that these findings were to be expected due to the nature of 

polytrauma injuries involving pelvic fractures, which, in many cases, are 

characterized by massive blood loss and an urgent need for blood 

transfusions [22,36–38]. In our study, a total of 62% of patients were 

found to suffer additional injuries with a pelvic ring fracture. Our findings 

agree with a recent study by Coleman et al. They discovered that 69% of 

the patients who sustained a pelvic ring injury also had concomitant 

injuries [22]. Magnussen et al. investigated isolated pelvic and isolated 

acetabular fractures. They demonstrated that 38% of pelvic ring fractures 

are not associated with concomitant injuries, regardless of the 

mechanism of injury [25]. Interestingly, the percentage of isolated pelvic 

ring fractures in our studied population is exactly the same, equal to 38% 

of all pelvic ring fractures. 

What also may not come as a surprise is that the patients who sustained 

concomitant injuries with pelvic ring fractures had an over 62% longer 

stay in the hospital compared to the patients who suffered an isolated 

pelvic ring fracture (mean 5.8 days vs. 3.6 days). The reason for this is 

obviously the overall worse initial condition of the patients with 

additional injuries, greater blood loss, and the further need for eventual 
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surgeries concerning other injuries, such as fractures of the long bones, 

thoracic or abdominal organs, spine or head trauma [39,40]. Our results 

also seem to be coherent with the 2012 study of Holstein et al. They 

presented a study on the predictors of mortality in traumatic pelvic 

fractures. They discovered that patients who did not survive were 

characterized by severe multiple trauma, massive blood loss, and being 

of the male gender [39]. All of the above-mentioned categories 

characterize our dominant group of traumatic pelvic injuries. Therefore, 

it seems rational to suggest that males who sustained pelvic ring 

fractures and concomitant injuries should be carefully and thoroughly 

examined since they have the highest statistical chance of death. 

Nonetheless, it is important to point out the limitations of our study. One 

of the limitations is the sample size, primarily consisting of a local 

population, represented by a single trauma center. As a retrospective 

study, there may be biases that could influence our results and attitudes 

towards the outcomes. Another issue concerns the operative team, 

which only consisted of two main operators. Not only did they perform 

all of the procedures but they also assisted each other during their 

surgeries. We believe that a greater number of operators would provide 

less biased results and could provide a broader perspective on the issue 

of pelvic fractures and their associated issues. 

 

5. Conclusions 
Specific types of pelvic fracture, according to the Young and Burgess 

classification, have not been linked to blood loss, duration of hospital 

stay, or concomitant injuries. This study demonstrates that polytrauma 

patients who have suffered a pelvic ring injury are, indeed, at risk of a 

greater amount of blood units needed during a transfusion and a longer 

duration of hospital stay. A higher BMI was more frequently associated 

with APC III- and APC II-type fractures in the Young and Burgess 

classification. There is an absolute need for further studies and 

investigations in this area to provide better overall management of 

polytrauma patients with pelvic fractures. 
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Publikacja II 

 

OPEN Impact of COVID-19 pandemic 
outbreak on pelvic trauma surgical 
management 

Tomasz Pielak2, Maria Zabrzyńska2, Rafał Wójcicki1, Jakub Erdmann2, Piotr Walus1, 

Bartłomiej Małkowski3, Jakub Ohla2, Adam Jabłoński1, Mahircan Demir4, Michał 

Wiciński5 & Jan Zabrzyński1,2 

The aim of this study was to investigate the impact of the COVID-19 pandemic on pelvic 
trauma surgery in Poland. This study comprises 132 consecutive patients admitted for pelvic 
fracture surgery from 2019 to 2022, separating them into 2 groups; pre-COVID (1 year before 
the outbreak of pandemic − 2019) and COVID period (in Poland 2020–2022). The data was 
collected respectively in a single trauma center. Demographic data was collected, 
additionally, the type of fracture according to Young-Burgess and Letournel-Judet 
classification system, date of the injury and surgery, the surgical approach and stabilization 
methods, mechanism of trauma, concomitant injuries, body mass index (BMI), blood 
transfusions, number of days spent in the hospital, and surgery duration. Patients during 
the pandemic had statistically significantly shorter duration of hospital stay, and lesser 
amount of blood units transfused comparing to the non- pandemic group, 4.50 days vs. 6.90 
days (p < 0.001) and 1.20 units vs. 1.40 units (p = 0.0401) respectively. Patients with 
acetabulum fractures required more blood transfusion units (p < 0.0001), comparing to those 
with pelvic ring injuries. Moreover, the acetabulum fractures were more time demanding 
comparing to pelvic ring injury (151 min vs. 128 min, respectively) (p < 0.0001) as well as 
length of hospital stay was longer (5.18 days, 3.85 days (respectively) (p = 0.042). During the 
COVID-19 period, comparing patients with acetabulum fractures to those with pelvic ring 
injuries, they required more blood transfusion units, the acetabulum fractures were more 
time demanding with increased days of hospitalization. Additionally, patients during the 
COVID-19 period remained hospitalized for a shorter period of time and received lesser 
amount of blood transfusions with pelvic ring injuries. 
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Introduction 
 

Among all skeletal injuries, approximately 3% is composed of pelvic fractures. They are 

associated with high morbidity, mortality and healthcare cost1. Most of these injuries 

result from high-energy blunt trauma incidents, such as traffic accidents or falls from a 

height. Combined pelvic ring and acetabular fractures ranges from 5 to 16% of all pelvic 

and acetabular injuries with reported mortality rates of 1.5–13%2,3. However, isolated 

acetabular fractures tend to have a lower fatality rate, as they seldom affect the patient’s 

hemodynamic stability4. Higher forces may lead to the pelvic ring disruption typically 

observed in approximately 13–17% of all cases involving pelvic fractures and is 

recognized as a potentially life-threatening condition5. Among polytrauma patients, it is 

considered that the main factor leading to increased mortality risk is the possibility of 

hemorrhaging from disrupted vessels (mainly veins) due to shear forces and bony 

fragments6,7. The other factors causing an increase in mortality are the presence of shock 

or coma, and concomitant head and chest injuries8. 

It is estimated that the direct and indirect median treatment cost is 29 425 Euros per 

patient9. Furthermore, after unstable pelvic fractures, approximately 65% of the patients 

restore their ability to maintain their independence in the activities of daily living10, while 

a total of 58% individuals can not resume their previous employment11. Therefore, the 

analysis of several factors associated with pelvic injuries is crucial in finding ways to 

reduce mortality, morbidity and improve quality of life among patients who experienced 

such a devastating trauma. As a logical consequence of the above, in this study, patients 

who suffered pelvic fractures was divided into pelvic ring injury and acetabular fracture 

subgroups to characterize clinical differences between them, if they exist. 

At the beginning of 2020 a global pandemic of the Coronavirus, later known as Covid-

19, had begun. According to World Health Organization data, almost 800 000 0000 

patients suffered from this disease and over 7 000 000 related deaths has been recorded 

by April 202412. Those staggering numbers somehow reflect the scale of global issues 

that had to be challenged. Many hospitals were obliged to introduce new laws, to 

relocate and to deal with massive change involving staff and the access to the drugs and 

medical equipment. Those changes also affected trauma surgery to some extent. 

However, pelvic fractures during the pandemic could not be neglected by any chance 

due to the life threatening nature of those injuries, commonly associated with other 

critical injuries, such as head trauma, abdominal and thoracic hemorrhage13–15. 

The aim of this study was to assess the impact of the COVID-19 pandemic on the 

epidemiology of pelvic and acetabular trauma treated operatively, specifically 

investigating body mass index (BMI), duration of surgery, length of hospital stay, number 

of blood transfusions, mechanism of injury and concomitant injuries in these patients. 

Secondly, to compare the epidemiologic data of the COVID period with patients treated 

1 year before the outbreak of the COVID pandemic in Poland. 



 

str. 43 
 

Matherials and 
methods 

General characteristics 

This study comprises 132 consecutive patients admitted for pelvic fracture surgery in 

2019–2022, separating them into 2 groups: pre-COVID (1 year before the outbreak of 

pandemic— 2019) and COVID period (in Poland 2020–2022). The data was collected 

respectively in a single trauma center and patients were treated operatively due to 

acetabulum fracture or pelvic ring injury, using De Puy Synthes implants for pelvic 

fixation. The inclusion criteria were pelvic fractures and indications for operative 

treatment (Lateral Compression (LC) II and III, Anterior Posterior Compression (APC) II 

and III, Vertical Sheer (VS), acetabulum fractures with displacement more than 2 mm, 

unstable fracture pattern. The exclusion criteria were non-operative treatment for pelvic 

fractures, fractures requiring primary total hip arthroplasty (THA), and periprosthetic 

acetabular fractures. Upon admission, all patients underwent evaluation using X-ray and 

computed tomography (CT) scans of the pelvis. 

Demographic data was collected, moreover, type of fracture according to Young-

Burgess and Letournel-Judet classification system, date of injury and surgery, the surgical 

approach and stabilization methods, mechanism of trauma, concomitant injuries, body 

mass index (BMI), blood transfusions, number of days spent in the hospital, and surgery 

duration. Pelvic fractures were classified according to the Young-Burgess system (LC—

lateral compression, APC—anterior-posterior compression, VS—vertical shear). 

Acetabulum fractures were classified according to the Letournel and Judet system (A + 

T—anterior column with posterior hemi-transverse fracture, AC—anterior column, BC—

both column, PC—posterior column, PC + W—posterior column + posterior wall, PW—

posterior wall, T—transverse, T + P—transverse with posterior wall fracture), while 

pelvic ring fractures were classified according to the Young and Burgess system (LC—

lateral compression, APC—anteriorposterior compression, VS—vertical shear). 

Additionally, Arbeitsgemeinschaft für Osteosynthesefragen (OA) classification also 

categorizes acetabular fractures as follows: Type A: partial articular isolated wall or 

column fracture A1: posterior wall fracture with or without marginal impaction. A2: 

posterior column fracture possible marginal impaction. A3: anterior wall or column 

fracture with or without marginal impaction. type B: partial articular transverse type 

fracture B1: transverse fracture ± posterior wall fracture ± marginal impaction. B2: T-

fracture ± posterior wall fracture ± marginal impaction. B3: posterior hemitransverse 

and anterior wall or column fracture. Type C: simple or multifragmentary complete 

articular both column fracture. 

The surgical approaches used for pelvic fractures were the ilio-inguinal and Kocher-

Langenbeck approaches. The ilioinguinal approach was chosen for cases involving 

anterior wall and anterior column fractures, both column fractures and the posterior 

hemi-transverse fractures. The Kocher-Langenbeck approach was preferred in the 

posterior wall and posterior column fractures and in most of the T-shaped transverse 
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fractures. None of those patients had been operated on in two-stage procedure with 

initial external fixation. 

Ethics 
The study was conducted in accordance with the Declaration of Helsinki guidelines for 

human experiments. Prior to the study, permission for the study and approval of the 

experimental protocol was obtained from the Bioethics Committee of the Nicolaus 

Copernicus University in Torun (approval number KB 645/2022). Written informed 

consent was obtained from all patients or their legal guardians upon admission to the 

hospital to include them in scientific studies. Statistical analysis 

All group comparisons and statistical analyses were conducted by two independent 

investigators using Prism software (GraphPad). Relationships between the studied 

parameters were evaluated using the Spearman’s rank correlation coefficient. Nominal 

variables were characterized with number of observations and their structure. Their 

comparison between the two groups was run with Pearson’s chi-square test with or 

without Yates continuity correction, depending on expected values for adequate 

contingency tables. 

Numerical variables were described using basic statistics i.e., mean and standard 

deviation in the case of normal distribution and median plus range for an abnormal 

distribution. Their distributions were verified with Shapiro-Wilk test. Comparisons of the 

variables between groups were executed with Welch t test for independent groups and 

Mann-Whitney U test, depending on normality of their distribution. A p-value of less 

than 0.05 was considered statistically significant. 

Results 
The analyzed group consisted totally of 91 patients after surgery, 50 acetabulum fixation 

and 41 pelvic ring fixations. Out of the total group, 21 were females 70 were males. There 

were 13 females and 37 males in the acetabulum treated subgroup and 8 females and 

33 males in pelvic ring subgroup. There were no statistically significant differences in sex 

structure between groups (p = 0.4649). 

The studied cohort had a mean body mass index (BMI) of 26.48 (SD = 4.15; range 

17.85–44.87). In the acetabulum fracture subgroup, the mean BMI was 26.26 (SD = 2.77; 

range 20.89–31.70) and in the pelvic ring injury it was 26.74 (SD = 5.40; range 17.85–

44.87), Fig. 1A., Tables 1, 2 and 3. 

The mean duration of surgery was 128.5 min, (SD = 63.66), ranging from 25 to 270 

min. In the acetabulum fracture subgroup, the mean duration of surgery was 151.2 min 

(SD = 59.3), ranging from 60 to 270 min and in the pelvic ring injury subgroup a mean 

value of 100.9 min, (SD = 58.16) ranging from 25 to 260 min; Fig. 1B; Tables 1, 2, 3, 4, 5, 

6, 7 and 8. 

The mean length of hospital stay was 4.54 days (SD = 6.09), (range 1 to 34 days). 

Specifically, in the acetabulum fracture subgroup it was a mean of 5.18 days (SD = 7.01), 
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(range 2 to 34 days) and in the pelvic ring injury subgroup it was a mean of 3.76 days (SD 

= 4.71), (range 1–31 days); C, Tables 1, 2, 3, 4, 5, 6, 7 and 8. 

The average number of blood transfusions received was 1.09 units, (SD = 1.27), with 

a range of 0 to 5 units. In the acetabulum fracture subgroup, mean was 1.58 units, (SD = 

1.34), ranging from 0 to 5 units, and in the pelvic ring injury subgroup it was a mean of 

0.51 units, (SD = 0.87), ranging from 0 to 3 units (Fig. 1D), Tables 1, 2, 3, 5 and 6. 

The BMI values showed no significant differences in the acetabulum and pelvic ring 

injury subgroups (p = 0.9510). On the other hand, patients with acetabulum fractures 

demanded more blood transfusions units (p < 0.0001) comparing to pelvic ring fractures. 

Moreover, the acetabulum fractures were more time demanding (p < 0.0001) when 

compared to pelvic ring injury, as well as length of hospital stay (p = 0.042). Comparison 

between the mentioned details was presented in Fig. 1A–D; Tables 1, 2, 3, 5 and 6. 

The mechanism of injury in the studied cohort was differentiated, but there were no 

statistically significant differences between the specific trauma types (p = 0.1428) (Fig. 

2). Traffic accidents were the most common type of trauma, 29 patients. The pedestrian 

and industrial injuries were the rarest types of trauma– 4 patients in the studied cohort 

and 5 patients, respectively. 

Additional injuries in polytrauma patients were documented in 53 patients (20 

patients in acetabulum injury and 33 patients in pelvic ring injuries). Definition of 

polytrauma according to Veterans Affairs (VA) is: “two or more injuries to physical 

regions or organ systems, one of which may be life threatening, resulting in physical, 

cognitive, psychological, or psychosocial impairments and functional disability”16. 

Following that definition Fig. 2 is presented. However, there was no statistically 

significant difference between additional trauma types (p = 0.6281) (Fig. 3). In the pelvic 

ring injury subgroup, the most common concomitant injuries were: tibial fractures, 

lumbar spine fractures and femur fractures. Among individuals with acetabulum 

fractures the most prevalent associated injuries were femur and lumbar fractures (Fig. 

3). 

Furthermore, we compared the studied cohort of pelvic fractures treated operatively 

during the COVID-19 with patients treated operatively in 2019 due to pelvic fractures, 1 

year before the outbreak of the pandemic. The pre-COVID group consisted of 41 patients 

after surgery, 17 acetabulum fixation and 24 pelvic ring fixations. Out of the total group, 

there were 8 females and 33 males. There were 2 females and 15 males in acetabulum 

treated subgroup and were 6 females and 18 males in pelvic ring subgroup. There were 

no statistically significant differences in sex structure between the groups (p = 0.6471) 

(Fig. 4). 

Analyzing the pelvic ring injury, the BMI values showed no significant differences in 

the pre-COVID and COVID subgroups (p = 0.7384), and time of surgery (p = 0.2012). In 

contrast, patients treated operatively during the COVID period had significantly shorter 

stay in the hospital (p < 0.0001) and less units of blood transfusions (p = 0.0401). 

Comparison between the mentioned details was presented in Fig. 4. 
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When compared acetabulum fractures, the BMI values showed no significant 

differences in the pre-COVID and COVID subgroups (p = 0.7185), time of surgery (p = 

0.6347), length of the hospital stay (p = 0.4488) and blood transfusion units (p = 0.8152). 

Comparison between mentioned details was presented in Fig. 5. 

Discussion 
The findings of this study indicate that patients who suffered from acetabular fractures 

required a notably greater number of blood units transferred and the duration of surgery 

was longer compared to pelvic ring injuries subgroup. Both results were statistically 

significant (p = 0.0002 and p < 0.0001 respectively). Furthermore, in the acetabular 

fracture group the most concomitant injuries were femur fracture, pneumothorax, skull 

fracture, while in the pelvic ring ijuries subgroup were pneumothorax, lumbar spine 

fracture, femur fracture but they did not reach statistical significance (p = 0.3417). 

In regard to the COVID-19 pandemic’s impact on the gathered data, we found that 

patients during pandemic had statistically significantly shorter duration of hospital stay 

and lesser amount of blood units transferred comparing to the non- pandemic group, 4.5 

days vs. 6.9 days (Fig. 4C) and 1.2 units vs. 1.4 units (Fig. 4D), respectively. 

Gender 

This study presented that 70% of patients who experienced pelvic ring injury were male 

and 30% were female, while 78% of individuals who suffered from acetabular fracture 

were male and 22% female. There was not significant difference in sex structure 

between subgroups. The findings about acetabular fracture were consistent with result 

of investigation of Melhem et al. who studied data of 32 614 patients in France. They 

presented that there was male predominance in acetabular fractures (61% males, 39% 

females). Likewise, Boudissa et al.17 and Maia et al.18 provided male sample dominance 

in acetabular fractures. Males accounted for 74% and 85.5% of the studied population, 

respectively. However, the literature hows contradictory data on the sex structure and 

pelvic ring injuries. For instance, among 164 694 patients who suffered from pelvic ring 

injury, 72% were female19. Similar results were presented by Buller et al. who 

investigated 1 464 458 subjects, and 69.7% of them were female20. Balogh et al. showed 

two distinct demographic groups with pelvic ring injuries what may explain discrepancy 

between studies. They distinguished high-energy pelvic ring injuries represented mainly 

by young men (64% male; mean age 41) and low-energy osteoporotic pelvic ring injuries 

that affects old women (61% female; mean age 83)21. However, this study did not 

investigate the age of the patients, but the main cause of the injuries was traffic accident 

that belongs to high-energy mechanisms what may potentially explain the male 

predominance. The pandemic had no impact on the male/ female ratio in the studied 

population. Mohan et al. and Usman et al. presented similar results in male/ female 

ratio, where males accounted for 68% of all pelvic fractures during the COVID-19 

Pandemic22,23. 
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Fig. 1. (A) Comparison of BMI in injury subgroups during COVID. (B) Comparison of 
operative time in injury subgroups during COVID. (C) Comparison of days spent in 
hospital between injury subgroups during COVID. (D) Comparison of blood transfusion 
units in injury subgroups during COVID. f-fracture. 
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 Pre-COVID-

19 
COVID-

19 

AO classification   

 B1 1patient 8 patients 
 B2 13 patients 15 patients 
 B3 2 patients 3 patients 
 C1 4 patients 10 patients 
 C2 – – 
 C3 4 patients 5 patients 
Young-Burgess classification   

 LCII 13 patients 18 patients 
 LCIII 2 patients 4 patients 
 APCII 4 patients 9 patients 
 APCIII 3 patients 5patients 
 VS 2 patients 5patients 
Mean time of surgery (min) 117.3 100.9 
Mean BMI (kg/cm2) 26.62 26.74 
Mean days in hospital (days) 8.21 3.75 
Mean blood transfusion 

(units) 
1.26 0.51 

Table 1. Pelvic ring injuries group categorized according to AO and young and Burgess 
classification. Pre COVID- 19 and COVID-19 patients compared in regards to mean time 
of surgery, BMI, days spent in hospital and blood units transfused. 

 

 Pre-COVID-

19 
COVID-

19 

Judet- Letournel classification 
 A + T 1 patient 2 patients 
 AC 5 patients 9 patients 
 BC 4 patients 7 patients 
 PC 1 patient 9 patients 
 PW 3 patients 3  patients 
 PC + W – 4 patients 
 T 1 patient 9 patients 
 T + P 2 patients 7 patients 
Mean time of surgery (min) 158.8 151.2 
Mean BMI (kg/cm2) 26.47 26.26 
Mean days in hospital (days) 5.47 5.18 
Mean blood transfusion 

(units) 
1.58 1.58 

Table 2. Acetabular fractures group categorized according to Judet and Letournel 
classification. Pre COVID-19 and COVID-19 patients compared in regards to mean time 
of surgery, BMI, days spent in hospital and blood units transfused. 
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 AO 

B1 
AO 

B2 
AO 

B3 
AO 

C1 
AO 

C2 
AO 

C3 
P value 

Mean BMI (kg/cm2) 25.81 25.55 28.41 28.10 – 27.87 p = 

0.3469 
Mean days in hospital (days) 3 7.84 4 15.25 – 4.25 p = 

0.1208 
Mean blood transfusion 

(units) 
– 1.30 2 1 – 1.75 p = 

0.6967 
Mean time of surgery (min) 90 112.31 90 115 – 156.25 p = 

0.5743 
Table 3. Pre COVID- 19 patients with pelvic ring injuries compared in regards to mean 

time of surgery, BMI, days spent in hospital and blood units transfused. Categorized 

according to AO classification. 

 

 APC 

II 
APC 

III 
LC II LC 

III 
VS P value 

Mean BMI (kg/cm2) 27.51 28.35 25.55 28.41 27.34 p = 

0.4878 
Mean days in hospital (days) 4.00 18.00 7.84 4.00 5.50 p = 

0.1773 
Mean blood transfusion 

(units) 
1.25 1.33 1.30 2.00 1.00 p = 

0.9924 
Mean time of surgery (min) 143.75 133.33 112.31 90.00 100.00 p = 

0.8332 
Table 4. Pre COVID- 19 patients with pelvic ring injuries compared in regards to mean 

time of surgery, BMI, days spent in hospital and blood units transfused. Categorized 

according to Young–Burgess Classification. 

 

 A + T AC BC PC PW PC + 

W 
T T + P P value 

Mean BMI (kg/cm2) 24.22 25.98 25.85 21.64 29.75 – 24.69 28.41 p = 

0.7707 
Mean days in hospital (days) 3.00 4.00 3.25 31.00 2.66 – 3.00 7.50 p = 

0.1396 
Mean blood transfusion 

(units) 
3.00 1.80 2.50 0.00 0.66 – 0.00 1.50 p = 

0.2101 
Mean time of surgery (min) 180.00 144.00 181.25 190.00 101.67 – 200.00 190.00 p = 

0.1579 
Table 5. Pre COVID- 19 patients with acetabular fractures compared in regards to mean 

time of surgery, BMI, days spent in hospital and blood units transfused. Categorized 

according to Young- Burgess Classification. 

 AO 

B1 
AO 

B2 
AO 

B3 
AO 

C1 
AO 

C2 
AO 

C3 
P value 

Mean BMI (kg/cm2) 30.82 25.73 20.18 27.75 – 26.36 p = 

0.0259 
Mean days in hospital (days) 2.75 2.66 12.33 3.80 – 3.40 p = 

0.2328 
Mean blood transfusion 

(units) 
0.50 0.26 1.00 0.60 – 0.80 p = 

0.5777 
Mean time of surgery (min) 77.50 97.00 81.66 135.50 – 92.00 p = 

0.6422 
Table 6. COVID-19 patients with pelvic ring injuries compared in regards to mean time 

of surgery, BMI, days spent in hospital and blood units transfused. Categorized 

according to Young- Burgess Classification. 
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 APC 

II 
APC 

III 
LC 

II 
LC 

III 
VS P value 

Mean BMI (kg/cm2) 29.44 29.58 25.87 22.08 25.92 p = 

0.0380 
Mean days in hospital (days) 2.66 4.20 2.61 11.25 3.40 p = 

0.0823 
Mean blood transfusion 

(units) 
0.44 0.00 0.44 0.75 1.20 p = 

0.2589 
Mean time of surgery (min) 72.77 88.00 99.44 83.75 183.00 p = 

0.1549 
Table 7. COVID-19 patients with pelvic ring injuries compared in regards to mean time 

of surgery, BMI, days spent in hospital and blood units transfused. Categorized 

according to Young- Burgess Classification. 

 

 A + T AC BC PC PW PC + 

W 
T T + P P value 

Mean BMI (kg/cm2) 27.29 26.72 24.77 25.14 29.32 24.91 26.65 27.20 p = 

0.2551 
Mean days in hospital 

(days) 
4.50 6.55 4.28 9.44 3.00 3.25 3.77 2.85 p = 

0.5499 
Mean blood transfusion 

(units) 
2.00 1.00 2.28 1.22 0.00 1.75 1.88 2.14 p = 

0.1677 
Mean time of surgery (min) 127.50 168.33 185.00 111.67 108.33 126.25 185.00 142.14 p = 

0.0848 
Table 8. COVID-19 patients with acetabular fractures compared in regards to mean 

time of surgery, BMI, days spent in hospital and blood units transfused. Categorized 

according to Young- Burgess Classification. 
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Fig. 2. Comparison of mechanism of injury between acetabulum fracture group and 

pelvic ring injuries group during COVID. a-accident, f- fracture, no.- number. 

 

 

BMI 
The studied cohort had a mean BMI of 26.34 (ranging from 17.8 to 44.8) and no 

statistically important differences was found in COVID and pre- COVID patients in regards 

to BMI (Fig. 4A). In the acetabulum fracture subgroup, the mean BMI was 26.31 (ranging 

from 18.1 to 39.1), while in the pelvic ring injury it was 26.37 (ranging from 17.8 to 44.8). 

A similar result to the current study was obtained by Henstenburg et al. who presented 

that average BMI of 131 patients was 28.7 ± 6.8724. In another publication, which 

included 39 individuals who suffered from acetabulum fracture, the authors provided 

the mean BMI of 23.025. However, none of the mentioned investigations compared BMI 

between acetabulum fracture and pelvic ring injury groups. Furthermore, in the available 

literature, information on BMI among subjects with pelvic fracture is limited. 
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Duration of surgery 
 

Regarding the operative time, acetabulum fractures required more time spent in the 

operation theater. Thus, it may be assumed that these injuries were more challenging 

compared to pelvic ring injuey. There have been no statistically important differences 

found in the covid and pre- covid duration of pelvic surgeries (Fig. 4B). It may be 

explained with no reasonable causes that could affect the procedure itself, since all the 

procedures had been performed in the same manner, with the same tools and 

equipment explained in “materials and methods” section. Furthermore, there has been 

no literature concerning the impact of the covid pandemic on the duration of pelvic 

fixation surgeries. Nonetheless, several publications have been presented within last 

year concerning the impact of COVID-19 Pandemic on proximal femoral fractures. For 

instance, Anusitviwat et al. did not found any significant differences in duration of 

proximal femoral fixation surgeries between pandemic and non-pandemic group26. In 

the acetabulum fracture the mean time of surgery was 153 min (ranging from 60 to 270 

min), while in the pelvic ring injury it was 102 min (ranging from 25 to 260 min). To our 

knowledge, there are only 2 investigations describing the time of surgery in acetabulum 

fractures and there is a lack of any studies on pelvic ring injury. Application of Kocher-

Langenbeck approach in posterior wall fractures was examined by Dailey et al. who 

noticed similar result to our mean operative time of 153.5 min. They also presented that 

using anterior intrapelvic approach in both column fractures or anterior column 

posterior hemi-transverse fractures, time required was 270 min27. 
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Fig. 3. Comparison of concomitant injuries between acetabulum fracture group and 

pelvic ring injury group during COVID. No.- number, f- fracture. 
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Length of hospital stay 
The results of days spent in hospital among patients with acetabulum and pelvic ring 

injuries were proven to be statistically insignificant (5.1 and 4.9 days respectively). The 

mean length of hospital stay was 5.1 days. Similar result was obtained by Malik et al. 

who found that 79.2% of patients with acetabulum or pelvic fracture spent in the 

hospital from 0 to 9 days28. What is more, we found that patients who were operated on 

during pandemic experienced a statistically significant shorter duration of hospital stay 

comparing to the non-pandemic group (4.5 days vs. 6.9 days; Fig. 4C). Likewise, 

Anusitviwat et al. and Amzallag et al. found that patients admitted for proximal femoral 

fixation during Pandemic had shorter length of hospital stay 11.1 ± 5.6 and 9.6 ± 4.1 days 

and 10.0 vs. 12.0 days, respectively26,29. Both results were proven to be statistically 

significant26,29. It can be explained mainly due to the shorter period of postoperative 

rehabilitation within the clinic due to the epidemiologic restrictions and also by the 

reduction of workload due to the cancellation of elective surgeries29. 

However, most studies indicate longer period spent in the hospital. For instance, 

Prieto-Alhambra et al. presented that the mean length of stay was 9 days30. Other 

researchers reported longer hospital stay that was 15 days31,32. Interestingly, Marrinan 

et al. found association between age and length of hospital among patients who suffered 

from osteoporotic pelvic fracture. They showed that the median length of hospital stay 

was 30 days for females (averagely 85 years) and 39 days for males (averagely 79 years)33. 

The current study presented relatively short time spent in hospital. The discrepancy may 

be because patients with acetabulum or pelvic ring injuries are operatively managed only 

in our trauma center in the region. Therefore, some individuals were transported to our 

hospital after prior stabilization of their general condition in another medical center and 

did not require additional procedures before surgery. The number of days spent in other 

hospitals was not counted. 
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Fig. 4. (A) Comparison of BMI in pelvic ring injury subgroups before and during COVID. 
(B) Comparison of operative time in pelvic ring injury subgroups before and during 
COVID. (C) Comparison of days spent in hospital in pelvic ring injury subgroups before 
and during COVID. (D) Comparison of blood transfusion units in pelvic ring injury 
subgroups before and during COVID years. Hosp.- hospital. Trans.- transfusion. 
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Fig. 5. (A) Comparison of BMI in acetabulum injury subgroups before COVID. (B) 
Comparison of operative time in acetabulum injury subgroups before COVID. (C) 
Comparison of days spent in hospital in acetabulum injury subgroups before COVID. (D) 
Comparison of blood transfusion units in acetabulum injury subgroups before COVID. 
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Blood transfusion units 
Patients with acetabulum fractures demanded more blood transfusion units comparing 

to pelvic ring injuries (averagely 1.5 unit vs. 0.8 units respectively; p = 0.0002). 

Interestingly, we also found a statistically significant difference in reduction of blood 

transfusion in patients hospitalized during pandemic (1.2 vs. 1.4 mean blood units; Fig. 

4D). We suspect that this reduction could be explained by more restrictive regulations 

concerning qualification for blood transfusion due to the massive growth of blood 

transfusion in severely ill covid patients34. 

However, our findings do not align with the outcomes of other investigations and 

results differ between trauma centers. For instance, Magnussen et al. found that patient 

with isolated acetabular fractures required the same number of blood units as those with 

isolated pelvic ring injuries. Furthermore, they statistically proved, that mean blood 

transfusion unit was 4.8135. Likewise, Abdelrahman et al. analyzed 1814 patients who 

suffered pelvic fractured and noticed higher demand for blood transfusion. In their 

study, mean number of transferred blood units was 631. Furthermore, in the study of 

Palmcrantz et al., they noted that average value of blood units transferred was 2.336. It 

is suspected that the difference between our facility and mentioned studies may result 

from the percentage of hemodynamically unstable patients. For example, 44% of 

patients included in Abdelrahman et al. investigations, were hemodynamically instable 

during admission31. Hence, we suspect that due to small sample size in our study, the 

percentage of hemodynamically instable patients may have been lower, resulting in a 

decreased demand for blood transfusion. 

Mechanism of injury 
In the current study, the main cause of pelvic injury was traffic accidents, and this agrees 

with many studies. For instance, road traffic crashes in the United Kingdom accounted 

for 62.9% of all accidents32. Likewise, in the Netherlands it was 64.9%5 and in Turkey 

66.8%37. In India, the percentage of traffic accidents in pelvic injuries was higher and 

reached 77.3%38, while in Bangladesh it was 48%39. However, some research indicate 

that in the near future pelvic ring injuries may be more frequently linked to falls rather 

than vehicle accidents due to subsequent advancements in vehicle (i.e. speed limiters) 

and road safety40. Mohan et al. presented that fall from height was the main cause of 

pelvic fractures during COVID pandemic, however, they also did not observe any 

significant differences in patterns of injury due to the pandemic22. Similarly, we did not 

find any statistically significant changes of the main causes of pelvic trauma due to the 

pandemic (Fig. 2). 

Associated injuries 
Within the group of patients with pelvic ring injuires group the most common associated 

injuries were pneumothorax, lumbar spine fractures and femur fractures, while in 

acetabulum fracture group femur fractures, pneumothorax and skull fractures. The 

results of current study seem to be coherent to Lunsjo et al.’s investigation. They did not 

distinguished pelvic ring and acetabulum fracture group, but provided that chest injuries 

(pneumothorax, hemothorax, rib fractures), skull fractures and spine fractures were the 

most often additional damages41. Although the main cause of pelvic injury is traffic 
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accident, the most common associated injuries between studies vary. For instance, 

Ferede et al. presented that lower extremity (35.9%), abdominal (25%) and chest (17.2%) 

were the most affected areas of the body in pelvic injuries42. An investigation by Ghosh 

et al. showed that the most common additional injuries were lower extremity injury 

(mainly femur fracture), blunt abdominal trauma, urogenital injury and head injury38. 

Additionally, a study by Schmal et al. found that most frequent associated injuries were 

bladder and urethra laceration (29%), retroperitoneal hematoma (27%) and the 

lumbosacral plexus lesion (27%)43. The discrepancies in the presented studies may result 

from a few reasons. Firstly, small or moderate sample size and number of investigations 

seem to be limiting. Secondly, the broad definition of a traffic accident that can involve 

pedestrians and users of cars, motorcycles, bicycles and other vehicles. What is more, 

other factors like speed during the crash, vehicle safety systems, the direction of the 

applied force to mention a few, may lead to a wide spectrum of concomitant injuries in 

pelvic fractures. 

Limitations 

It is crucial to point out some limitations to this study. Firstly, the sample size was 

moderate and consisted of a local population admitted to a single trauma center. 

Secondly, this was a retrospective study, so some biases could appear and influence the 

results. Thirdly, all patients were operated by the same operative team what could 

impact investigated factors, especially duration of surgery, number of blood units 

transfused, and length of hospital stay. In addition, only a few papers available so far as 

compared the concerning epidemiology of pelvic and proximal humerus fractures before 

and post the COVID pandemic22,23,26,29,44,45. In our study we did not assess the patients 

with Injury Severity Score (ISS) nor New Injury Severity Score (NISS). Especially NISS has 

been proven to facilitate good assessment of the injuries in order to provide accurate 

treatment46,47. Lack of trauma severity scoring may have an impact on obtained results. 

Conclusions 
During the COVID-19 period patients with acetabulum fractures required more blood 

transfusion units, comparing to pelvic ring injury and moreover, the acetabulum 

fractures were more time demanding with increased days of hospitalization. Comparing 

the COVID-19 period with 1 year before the pandemic outbreak, patients during the 

COVID-19 period remained hospitalized for a shorter period and received lesser amount 

of blood transfusions with pelvic ring injuries. 

Data availability 
Data is provided within the manuscript file or its supplementary file. 
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