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Spis rycin

Ryc 1. Okreslanie Center of rotation (COR) stawu biodrowego
Ryc 2. Pomiar femoral offset (FO)

Ryc 3. Pomiar acetabular offset (AO)

Ryc 4. Kat a — kat zawarty pomig¢dzy linig miedzykulszowg oraz linig przebiegajaca

stycznie do brzegéw panewki.
Ryc 5. Pomiar antewersji panewki stawu biodrowego
Ryc 6. Pomiar r6znicy dlugosci konczyn

Ryc 7. Przyktadowe pomiary wykonane na radiogramie miednicy w projekcji bocznej
(@) Spino Sacral Angle, Lumbar Lordosis and femoral Inclination (b) Sacral Slope,

Pelvic Incidence and Pelvic Tilt



Wykaz stosowanych skrotow

AA
Al
ALA
AO
COR
CT
DAA
FI
FO
LL
LLD
MRI
PFA
PI
PLA
PT
ROM
SS
SSA
THA

VAS
WOMAC

Antewersja panewki (ang. Acetabular Anteversion)

Inklinacji panewki (ang. Acetabular Inclination)

Dostep przednio-boczny (ang. Anterolateral Approach)

Offset panewkowy (ang. Acetabular Offset)

Centrum rotacji (ang. Center of Rotation)

Tomografia Komputerowa (ang. Computed Tomography)

Dostep bezposredni przedni (ang. Direct Anterior Approach)

Inklinacja ko$ci udowej (ang. Femoral Inclination)

Offset udowy (ang. Femoral Offset)

Lordoza lgdzwiowa (ang. Lumbar lordosis)

Réznica dtugosci konczyn dolnych (ang. Leg Length Discrepancy)
Badanie Rezonansu Magnetycznego (ang. Magnetic Resonance Imaging)
Kat miedniczno-udowy (ang. Pelvic Femoral Angle)

Kat padania miednicy (ang. Pelvic Incidence)

Dostep tylno-boczny (ang. Postero-lateral Approach)

Nachylenie miednicy (ang. Pelvic Tilt)

Zakres ruchu (ang. Range of motion)

Pochylenie odcinka krzyzowego kregostupa (ang. Sacral Slope)

Kat kregostupowo-krzyZzowy (Spino Sacral Angle)

Endoprotezoplastyka catkowita stawu biodrowego (ang. Total Hip
Arthroplasty)

Wizualna Skala Analogowa (ang. Visual Analogue Scale)

Indeks Choroby Zwyrodnieniowej Uniwersytetow Western Ontario i
McMaster (ang. The Western Ontario and McMaster Universities Arthritis
Index)



Streszczenie w jezyku polskim

Kliniczne, biomechaniczne i radiologiczne aspekty oceny funkcjonowania stawu

biodrowego po operacjach endoprotezoplastyki stawu biodrowego

Choroba zwyrodnieniowa stawu biodrowego jest jednym z najczgstszych problemow
dotykajacych rézne grupy spoteczne, z globalng liczba ponad 500 milionéw os6b, gtownie
po 55. roku zycia. Gléwng cecha choroby jest degradacja chrzastki stawowej oraz
otaczajacych ja tkanek miekkich, prowadzaca do sklerotyzacji warstwy podchrzestne;,
tworzenia naro$li kostnych (osteofitow), przerostu btony maziowej i ogolnej degeneracji
stawu. Pacjenci doswiadczaja bolu, ograniczenia ruchu stawu, skrécenia konczyny i
zaburzen chodu. Leczenie koksartrozy stanowi wyzwanie dla systemow ochrony zdrowia
na catym $wiecie, szczegdlnie gdy okoto 10% mezczyzn i 13% kobiet powyzej 60 roku
zycia cierpi na t¢ chorobe, a liczba ta wzrasta wraz z wiekiem. Prognozy wskazuja na
wzrost liczby chorych w krajach rozwinietych z powodu otylosci, braku aktywnosci
fizycznej 1 rosnacych oczekiwan pacjentdow. Poczatkowo leczenie jest zwykle
zachowawcze, obejmujac doustne leki przeciwbolowe, rehabilitacje 1 iniekcje stawowe. W
zaawansowanych przypadkach, gdzie dochodzi do catkowitej degeneracji chrzastki,
konieczna moze by¢ endoprotezoplastyka catkowita stawu biodrowego (THA), cho¢ mimo
rozwoju alternatywnych metod leczenia, THA pozostaje ztotym standardem.

W niniejszym cyklu publikacji wchodzacym w sklad pracy doktorskiej omowiono
czynniki radiologiczne, biomechaniczne 1 kliniczne wptywajace na wynik leczenia
operacyjnego. Przedstawiono wplyw zastosowania matoinwazyjnych dostgpow
operacyjnych na wynik radiologiczny osadzenia elementow endoprotezy. Ponadto
przeanalizowano wptyw ustawienia kregostupa i miednicy na techniki ustawienia panewki
stawu biodrowego. Wykazano réznice biomechanike chodu pomiedzy pacjentami, u
ktorych zastosowano odmienne rozmiary gtow endoprotezy. Oszacowano ryzyko upadkow
u osoéb, u ktorych rozwingty si¢ skostnienia pozaszkieletowe oraz oceniono mozliwos¢
odtworzenia prawidlowych uwarunkowa¢ biomechanicznych u o0s6b poddawanych
endoprotezoplastyce potowiczej stawu biodrowego z zastosowaniem standardowych
implantow.

W badaniu "The Direct Anterior Approach to Primary Total Hip Replacement:
Radiological Analysis in Comparison to Other Approaches", ktére jest czgscig pracy

doktorskiej, autorzy dokonali przegladu publikacji analizujacych parametry osadzenia



implantéw endoprotezy w zaleznosci od zastosowanego dostepu operacyjnego, takiego jak
DAA, PLA oraz ALA. Analiza koncentrowata si¢ na wptywie dostepu operacyjnego na
potozenie panewki stawu biodrowego, osiowo$¢ osadzenia trzpienia endoprotezy oraz
roéznice dhugosci konczyn. Wiaczono do analizy 9 prac, a wyniki wskazuja na roznice
pomiedzy dostepem DAA a innymi dostgpami w zakresie parametrOw osadzenia
implantéw endoprotezy. Osiem prac wykazalo réznice w osadzeniu trzpienia endoprotezy,
cho¢ nie wszystkie byly statystycznie istotne. W przypadku inklinacji panewki, analiza 9
prac wykazala istotng réznice migdzy DAA a ALA, jednakze nie wszystkie badania
wykazaly istotne statystycznie roznice. Antewersja panewki rowniez roznila si¢ istotnie
pomiedzy DAA a innymi dostgpami, wskazujac na potencjalny wptyw zastosowanego
dostepu operacyjnego na wynik zabiegu. Jednakze réznica w dhugosci konczyn nie byta
istotna statystycznie w analizie trzech prac. Podsumowujac, zastosowanie dostepu DAA
moze wplywac na osadzenie elementéw endoprotezy, zwlaszcza w kontek$cie parametrow
takich jak antewersja i inklinacja panewki. Chirurdzy powinni mie¢ na uwadze potencjalne

réznice w osadzeniu implantdow w zaleznosci od wybranego dostepu operacyjnego.

W pracy "Spinopelvic Alignment and Its Use in Total Hip Replacement
Preoperative Planning—Decision Making Guide and Literature Review", cz¢$ci rozprawy
doktorskiej, autorzy przeprowadzili pierwszy na Swiecie systematyczny przeglad literatury
oraz opracowali wytyczne dotyczace umiejscawiania endoprotezy w zaleznosci od
sztywnos$ci odcinka L-S kregostupa oraz wtornych ustawien miednicy. Aby doktadnie
okresli¢ wiasciwe umiejscowienie endoprotezy, konieczne jest ocenienie ruchomosci
miednicy poprzez kilka parametrow mierzonych na bocznym radiogramie miednicy z
uwzglednieniem potowy trzonu kosci udowej oraz odcinka L-S. Obejmuje to m.in. Pomiar
nachylenia krzyza (SS), nachylenie miednicy (PT), nachylenie miednicy do miednicy (PI),
kat migdzy kos$cig krzyzowa a kosciag udowa (PFA), lordoze ledzwiowa (LL), nachylenie
kosci udowej (FI) oraz kat miedzy blaszka graniczng S1 a linia prostopadia do podtoza
(SSA).

W badaniu "Analysis of biomechanical gait parameters in patients after total hip
replacement operated via anterolateral approach depending on size of the femoral head
implant: retrospective matched-cohort study", bedacym czes$cig rozprawy doktorskiej,
autorzy przeprowadzili analiz¢ parametréw chodu pomiedzy dwoma grupami pacjentow

operowanych w Kilinice Ortopedii i Rehabilitacji Warszawskiego Uniwersytetu



Medycznego a grupa kontrolng zdrowych ochotnikow. Jedna grupa pacjentow miata
endoprotezy z gtowg o $rednicy 36mm, a druga - o $rednicy 28 lub 32mm, dobrana pod
wzgledem wieku, plci i operowanej strony. Kazdy uczestnik byt poddany analizie
radiologicznej stawow biodrowych, ocenie wyniku funkcjonalnego w skali WOMAC oraz
VAS, oraz analizie parametrow chodu. Wykazano, ze pacjenci z matymi glowami
implantéw mieli dtuzszy czas podparcia i opadanie miednicy w porownaniu ze zdrowymi,
oraz krétszy czas przenoszenia, mniejsza dtugos¢ kroku, nizsza predkos¢ kroku i kadencje.
Natomiast pacjenci z duzymi glowami mieli parametry chodu bardziej zblizone do
zdrowych, jednakze nadal wystepowatly réznice, cho¢ zmniejszone dolegliwosci bolowe i
wysokie zadowolenie pacjentdéw. Wybor odpowiedniego implantu zdaje si¢ by¢ kluczowa
decyzja na etapie planowania przedoperacyjnego, a wyniki pracy moga wplynaé na
postepowanie rehabilitacyjne po THA, zwracajac uwage na wypracowanie prawidtowego

modelu chodu.

W badaniu "Posture stability and risk of fall test in the objective assessment of
balance in patients with ectopic bone tissue after total hip replacement", cz¢sci rozprawy
doktorskiej, zidentyfikowano heterotopowe skostnienia u 46 z 312 pacjentéw po catkowitej
aloplastyce stawu biodrowego. Dopasowano grup¢ kontrolng ztozong z 39 pacjentdw,
ktorzy nie mieli skostnien pozaszkieletowych. Pacjenci przeszli ocen¢ radiologiczng 1
biomechaniczng, a takze wypehili kwestionariusze WOMAC 1 Oxford, stuzace do oceny

funkcji biodra.

W badaniu "Hip hemiprosthesis due to femoral neck fracture in the elderly
population - are we doing it right?", czesci tej rozprawy doktorskiej, autorzy analizowali
skuteczno$¢ odtworzenia parametrow z uzyciem standardowych trzpieni endoprotez w
zalezno$ci od kata szyjkowo-trzonowego. Analiza obejmowata 100 kolejnych pacjentow
poddanych endoprotezoplastyce potowiczej stawu biodrowego z powodu ztamania szyjki
kosci udowej. Wykazano zwigzek miedzy katem szyjkowo-trzonowym a zmiang FO oraz
istotng réznic¢ w zmianie tego kata a zmiang FO. Stosowanie standardowych trzpieni
endoprotezy, zaprojektowanych do odtworzenia kata szyjkowo-trzonowego okoto 130
stopni, moze prowadzi¢ do niepoprawnego odtworzenia FO, co wymaga przemyslanej

decyzji przed zabiegiem.



Streszczenie w jezyku angielskim

Clinical, biomechanical and radiological aspects of assessing the functioning of the
hip joint after total hip replacement surgery

Degenerative hip joint disease is one of the most common problems affecting
various social groups, with a global count of over 500 million people, mainly over the age
of 55. The main feature of the disease is the degradation of the joint cartilage and
surrounding soft tissues, leading to sclerosis of the subchondral layer, formation of bone
spurs (osteophytes), synovial membrane hypertrophy, and overall joint degeneration.
Patients experience pain, joint movement restriction, limb shortening, and gait
disturbances. Managing hip osteoarthritis poses a challenge for healthcare systems
worldwide, especially when about 10% of men and 13% of women over the age of 60 suffer
from this condition, and the numbers increase with age. Projections indicate a rise in the
number of cases in developed countries due to obesity, lack of physical activity, and rising
patient expectations. Initially, treatment is usually conservative, including oral analgesics,
rehabilitation, and joint injections. In advanced cases, where complete cartilage
degeneration occurs, total hip arthroplasty (THA) may be necessary, although despite the

development of alternative treatment methods, THA remains the gold standard.

In this series of publications included in the doctoral dissertation, radiological,
biomechanical, and clinical factors influencing the outcome of surgical treatment are
discussed. The impact of using minimally invasive surgical approaches on the radiological
result of components placement is presented. Additionally, the influence of spinal and
pelvic alignment on hip acetabulum positioning techniques is analyzed. Differences in gait
biomechanics between patients with different prosthetic head sizes are demonstrated. The
risk of falls in individuals who developed heterotopic ossification is estimated, and the
possibility of restoring normal biomechanical conditions in individuals undergoing

hemiarthroplasty of the hip joint using standard implants is assessed.

In the study "The Direct Anterior Approach to Primary Total Hip Replacement:
Radiological Analysis in Comparison to Other Approaches,” which is part of the doctoral
thesis, the authors reviewed publications analyzing the parameters of implant fixation

depending on the surgical approach used, such as DAA, PLA, and ALA. The analysis
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focused on the influence of the surgical approach on the position of the acetabular cup, the
axiality of the stem implant, and limb length discrepancy. Nine studies were included in
the analysis, and the results indicate differences between the DAA approach and other
approaches regarding implant fixation parameters. Eight studies showed differences in
stem implantation, although not all were statistically significant. Regarding acetabular
inclination, the analysis of 9 studies showed a significant difference between DAA and
ALA, although not all studies demonstrated statistically significant differences. Acetabular
anteversion also differed significantly between DAA and other approaches, indicating a
potential impact of the surgical approach on surgical outcomes. However, limb length
discrepancy was not statistically significant in the analysis of three studies. In summary,
the use of the DAA approach may affect the fixation of implant components, especially
concerning parameters such as anteversion and inclination of the acetabular cup. Surgeons
should be aware of potential differences in implant fixation depending on the chosen

surgical approach.

In the work "Spinopelvic Alignment and Its Use in Total Hip Replacement
Preoperative Planning—Decision Making Guide and Literature Review," a part of the
doctoral dissertation, the authors conducted the world's first systematic literature review
and developed guidelines for placing hip implants depending on the stiffness of the lumbar-
sacral spine segment and secondary pelvic settings. To precisely determine the proper
implant placement, it is necessary to assess pelvic mobility through several parameters
measured on lateral pelvic radiographs, considering half of the femoral shaft and the
lumbar-sacral segment. This includes measuring sacral slope (SS), pelvic tilt (PT), pelvic
incidence (P1), pelvic femoral angle (PFA), lumbar lordosis (LL), femoral inclination (FI),

and angle between the S1 endplate and a line perpendicular to the ground (SSA).

The authors of the work "Spinopelvic Alignment and Its Use in Total Hip
Replacement Preoperative Planning—Decision Making Guide and Literature Review"
proposed guidelines based on available literature regarding the appropriate placement of
the acetabular cup during THR depending on the above classification. To properly assess
spinal mobility, the above-described angle values should be measured on radiographs in
standing and sitting positions with 90 degrees of hip flexion.
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In the study "Analysis of biomechanical gait parameters in patients after total hip
replacement operated via anterolateral approach depending on size of the femoral head
implant: retrospective matched-cohort study,” which is part of the doctoral thesis, the
authors analyzed gait parameters between two groups of patients operated on at the
Orthopedics and Rehabilitation Clinic of the Medical University of Warsaw and a control
group of healthy volunteers. One group of patients had implants with a 36mm head
diameter, and the other had a 28 or 32mm diameter, matched by age, sex, and operated
side. Each participant underwent radiological analysis of hip joints, functional assessment
using WOMAC and VAS scales, and gait parameter analysis. It was shown that patients
with small head implants had longer stance time and pelvic drop compared to healthy
individuals, and shorter swing time, shorter step length, slower walking speed, and cadence.
However, patients with large heads had gait parameters more similar to healthy individuals,
albeit with reduced pain and high patient satisfaction. Choosing the appropriate implant
seems to be a crucial decision in the preoperative planning stage, and the results of the

study may influence post-THA rehabilitation, focusing on developing a proper gait model.

In the study "Posture stability and risk of fall test in the objective assessment of
balance in patients with ectopic bone tissue after total hip replacement,” part of the doctoral
dissertation, heterotopic ossifications were identified in 46 out of 312 patients after total
hip arthroplasty. A control group of 39 patients without extra-skeletal ossifications was
matched. Patients underwent radiological and biomechanical evaluation and completed

WOMAC and Oxford questionnaires for hip function assessment.

In the study "Hip hemiprosthesis due to femoral neck fracture in the elderly
population - are we doing it right?" a part of this doctoral thesis, the authors analyzed the
effectiveness of reproducing parameters using standard stem prostheses depending on the
neck-shaft angle. The analysis included 100 consecutive patients undergoing
hemiarthroplasty due to femoral neck fracture. A correlation was demonstrated between
the neck-shaft angle and change in FO, and a significant difference in the change in this
angle and change in FO. The use of standard stem implants, designed to replicate a neck-
shaft angle of about 130 degrees, may lead to incorrect FO reproduction, requiring

thoughtful decision-making before surgery.
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Pierwotna endoprotezoplastyka stawu biodrowego

Choroba zwyrodnieniowa stawu biodrowego jest jedng z najczestszych dysfunkcji
dotykajacych wszystkie grupy spoteczne. Szacuje si¢, ze dotyczy globalnie ponad 500
milionéw ludzi, a najwickszg reprezentacjg sg osoby w grupie wiekowej po 55 roku zycia.
(1,2) Istota choroby jest degeneracja chrzastki stawowej oraz okalajacych staw tkanek
migkkich. W wyniku procesu zapalnego dochodzi do sklerotyzacji warstwy podchrzestnej,
wytworzenia naro$li kostnych (osteofitow), przerostu blony maziowej i uogélnionej
degeneracji stawu. Pacjenci skarzg si¢ na dolegliwo$ci bolowe, ograniczenie zakresu ruchu
w stawie (ang. ,,Range of motion” — ROM), skrdcenie dlugos$ci konczyny, zaburzony model
chodu. (3)

Leczenie koksartrozy stanowi wielkie wyzwanie dla systemow ochrony zdrowia na
catym §wiecie. Szacuje si¢, ze okoto 10% me¢zczyzn oraz 13% kobiet po 60 r.z cierpi na
objawowa chorobe zwyrodnieniowa stawu biodrowego, a liczba ta zwigksza si¢ wraz z
wiekiem. Przewiduje si¢, ze w Stanach Zjednoczonych Ameryki oraz krajach Europy liczba
chorych wymagajacych leczenia koksartrozy bedzie rosta ze wzgledu na epidemie otytosci,

siedzacy tryb zycia 1 coraz wigksze wymagania pacjentow. (4,5)

Poczatkowo chorzy leczeni sg zachowawczo. Do mozliwych terapii nalezy leczenie

doustne lekami przeciwbolowymi, rehabilitacjg oraz iniekcjami dostawowymi.

Mimo rozwoju sposoboéw leczenia nieoperacyjnego ztotym standardem w
zaawansowanych zmianach zwyrodnieniowych, gdzie dochodzi do catkowitej degeneracji
chrzastki, a co za tym idzie pelnej ekspozycji tkanki kostnej i jej bolowych zakonczen
nerwowych, pozostaje endoprotezoplastyka catkowita stawu biodrowego (ang. ,,Total Hip
Arthroplasty” — THA).

Zabieg endoprotezoplastyki catkowitej stawu biodrowego polega na chirurgicznym
wycieciu uszkodzonych chorobowo fragmentow kostnych i chrzestnych i zastgpieniu ich
implantami. Do rekonstrukcji stawu biodrowego standardowo stosowane s3 implanty
sktadajace si¢ z 4 czesci — panewki, wktadki, glowy oraz trzpienia endoprotezy. Podczas
zabiegu niezwykle istotne jest odwzorowanie anatomicznych uwarunkowan
biomechanicznych indywidualnych dla kazdego chorego. Nieprawidlowe osadzenie

elementow endoprotezy moze przyspiesza¢ obluzowanie implantéw, ograniczac
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pooperacyjny zakres ruchomosci chorego oraz uposledza¢ model chodu i powodowa¢ tym

samym dolegliwosci bélowe.

Endoprotezoplastyka stawu biodrowego jest stosowana rowniez u 0soOb ze
ztamaniami szyjki kosci udowej. W przypadku chorych w wieku podesztym oraz bez zmian
zwyrodnieniowych zabiegiem z wyboru jest endoprotezoplastyka potowicza, inaczej
bipolarna, podczas ktoérej nie jest osadzany implant panewki a specjalna czasza

endoprotezy mocowana jest do gtlowy i pozwala na ruchy rotacyjne w panewce.

Przez lata THA osiagneto status zabiegu operacyjnego o najwyzszej skutecznosci.
W niedawnej publikacji w Lancet zostata nawet uznana za operacje stulecia. Szacuje sig,

ze liczba zadowolonych pacjentow siega 90-96%. (6)

Mimo cigglego doskonalenia techniki operacyjnej oraz implantéw wcigz pozostaje
okoto 10% niezadowolonych chorych. Do przyczyn niepowodzenia zalicza si¢ niepeing
restoraci¢ ROM, odczuwalne réznice w dlugosci konczyn, dolegliwosci bolowe,
obluzowania endoprotezy oraz konieczno$¢ zabiegu rewizyjnego. Kluczem do osiggniecia
optymalnego wyniku leczenia jest odpowiednie planowanie i egzekucja prawidtowego
osadzenia implantow endoprotezy. (7)

Mimo to, ze wzgledu na coraz to rosnagcg liczbe mlodszych oraz starszych
pacjentdéw wymagania co do wyniku klinicznego stale rosng. Mlodsi pacjenci wymagaja
nieograniczonego zakresu ruchu oraz dlugg wytrzymato$¢ implantu. Podczas, gdy dla
pacjentow w starszym wieku kluczowym wynikiem leczenia jest redukcja dolegliwosci

boélowych i jak najmniejsza liczba powiktan.

Ocena radiologiczna zabiegu operacyjnego

W codziennej praktyce podstawa diagnostyki radiologicznej jest klasyczny
radiogram przegladowy miednicy w obcigzeniu konczyn. Badanie pozwala na ocen¢ w
projekcji przednio-tylnej (antero-posterior) oceny $cienczenia i/lub ubytkow chrzastki oraz

relacji kosci tworzacych staw biodrowy, co odwzorowuje natywng biomechanike stawu.

(8)

Dodatkowymi mozliwymi badaniami obrazowymi sa tomografia komputerowa
(ang. ,,Computed tomography: - CT) oraz rezonans magnetyczny (ang. ,,Magnetic
resonance imaging” — MRI). CT mimo dokladniejszej analizy relacji kostnych w trzech

wymiarach ma niewielki wplyw na diagnostyke oraz planowanie leczenia standardowej
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choroby zwyrodnieniowej, a niesie za sobg ryzyko zwigkszonej ekspozycji radiacyjnej oraz

jest badaniem mniej dostepnym niz klasyczny radiogram. (9)

MRI jest zarezerwowane glownie dla diagnostyki pooperacyjnej, gdzie poszukuje
si¢ przyczyn niepowodzenia leczenia takich jak obluzowanie elementéw endoprotezy,
konfliktu elementéw implantu z tkankami migkkimi. Ponadto ze wzgledu na duzy koszt
badania oraz niski wptyw na decyzje terapeutyczne w diagnostyce koksartrozy jest

badaniem niezwykle rzadko wykonywanym. (10)

Kluczowe dla dobrego wyniku jest zastosowanie odpowiedniej techniki
operacyjnej. Pozwala to na prawidlowe osadzenie implantéw, w taki sposob by jak

najlepiej odtworzy¢ anatomiczne, pierwotne stosunki struktur stawu biodrowego.

Przez lata okreslono parametry osadzenia implantdow w trzech ptaszczyznach
pozwalajace na prawidlowe rozktady sit podczas chodu, zmniejszajace ryzyko

niestabilno$ci oraz nie ograniczajace zakresu ruchu.

Przed laty Lewinek 1 wsp. opublikowali prace, ktéra przez wiele lat byta uznawana
za zrodto wytycznych okres$lajacych prawidlowe potozenie panewki endoprotezy, w celu
uzyskania petnej stabilnosci implantéw. Po wielu latach okazato si¢, ze mimo stosowania
zalecen z powyzszej pracy donoszono o niestabilnosci stawdéw biodrowych po zabiegach
endoprotezoplastyki. Mimo to, wartosci katowe inklinacji oraz antewersji panewki
pozostaty zlotymi standardami, do ktorych nalezy dazy¢ podczas implantacji endoprotezy.

(11,12)

W publikacji ,,How to analyze postoperative radiographs after total hip
replacement”, ktéra wchodzi w sktad pracy doktorskiej dokonano analizy parametrow,
ktore opisuja prawidtowe osadzenie implantow endoprotezy stawu biodrowego. Jest to

pierwsza tego typu praca na $wiecie podsumowujaca sposoby mierzenia tych wartosci.

Centrum rotacji stawu biodrowego (ang. ,,Center of rotation” - COR) opisuje 0§

obrotu glowy ko$ci udowej w panewce stawu.

W publikacji Lum i wsp. opisano, Zze podczas implantacji endoprotezy limit
przesunigcia COR to 3 mm doglowowo oraz 5 mm przysrodkowo. Przesunigcie wicksze
powoduje zmian¢ rozkladu wektorow sit w endoprotezie oraz otaczajacych tkanek

migkkich, w tym stabilizatorow miednicy oraz rotatorow i1 odwodzicieli. Moze to
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powodowaé przyspieszone obluzowanie implantu, ograniczeniec ROM, dolegliwosci

bolowe, niestabilnos$¢ stawu biodrowego czy uposledzony model chodu. (13)

Offset udowy (ang. “Femoral offset” — FO) opisywany jest jako odlegtos¢ pomigdzy
COR glowy kosci udowej a linig poprowadzong w przedtuzeniu osi trzonu kosci udowe;j.
W publikacji opisano, ze zwigkszenie wartosci FO powyzej 5 mm moze powodowaé
przyspieszenie zuzycia polietylenowej wktadki endoprotezy. Zmniejszenie natomiast o 5
lub wigcej mm moze powodowaé zmniejszone spoczynkowe napigcie tkanek, a co za tym
idzie dolegliwosci bolowe, a nawet prowadzi¢ do niestabilnosci stawu. (14)

Offset panewkowy (ang. “Acetabular offset” — AQO) opisywany jest jako odlegtos¢
pomigdzy COR glowy kosci udowej a $ciang przysrodkowa powierzchni czworoboczej
miednicy, ktora okreslana jest jako lezka Koehlera. Niepoprawne odtworzenie AO wptywa
na napigcie migsni posladkowych oraz wektor ramienia sity, w ktorym dochodzi do ich
skurczu. (15)

Inklinacja panewki (ang. ”Acetabular inclination” - Al) okre$lana rowniez jako kat
odwiedzenia biodra. Opisywana jest jako kat zawarty pomiedzy linig styczng do guzow
kulszowych oraz linii poprowadzonej wzdtuz brzegu panewki endoprotezy. Wartos$¢ tego
kata wptywa na ROM oraz zuzycie wktadu polietylenowego. Gdy kat ten jest zbyt niski
zgiecie oraz odwiedzenie stawu biodrowego moze by¢ mechanicznie ograniczone. W
przypadku zbyt rozwartego kata ograniczeniu ulega przywiedzenie oraz rotacja, a takze
zwigkszone sg sity dziatajace na wktadke powodujac jej zbyt szybkie wycieranie. (16)

Antewersja panewki (ang. “Acetabular anteversion” — AA) opisywana jest jako kat
zawarty pomiedzy osig podluzng panewki a poprzeczng elipsy ja tworzaca. Jest to parametr
trudny do zmierzenia w standardowym badaniu radiologicznym, ktore pozwala jedynie
oszacowaé wartos¢ tego kata. Dedykowanym badaniem do oceny AA jest tomografia
komputerowa. Zbyt duza oraz zbyt mata antewersja zwigksza ryzyko niestabilnosci
endoprotezy. Jednakze w literaturze brak jest konsensusu jaka wartos¢ tego kata jest
odpowiednia oraz coraz wigkszg uwage zwraca si¢ na wplyw sztywnosci odcinka
ledzwiowo-krzyzowego na dynamiczng antewersje panewki. Ocena antewersji panewki ma
réwniez znaczenie w diagnostyce obluzowania elementu panewkowego endoprotezy, gdyz
udowodniono, ze juz zmiana tego kata w badaniach obrazowych o 1.59 stopnia jest
wczesnym objawem obluzowania. (17)

Roéznica dlugosci konczyn dolnych (ang, “Leg length discrepancy” — LLD) jest

jednym z najczgstszych bledow podczas THA. Duzo czeéciej wystepuje nadmierne
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wydtuzenie konczyny niz jej skrécenie. Udowodniono, ze wydluzenie powyzej 6 mm a
skrocenie powyzej 10mm s3 wartosciami odczuwalnymi przez chorych. Wydtuzenie
konczyny wigze si¢ z wtornymi zmianami ustawienia miednicy orz kregostupa
ledzwiowego, co moze powodowac¢ dolegliwo$ci bolowe w tym odcinku oraz uposledzac
model chodu. (18)

Istnieje kilka Technik okreslania r6znicy w dtugosci konczyn. Jedng z najpopularniejszych

jest wyznaczenie linii prostopadtej pomiedzy tza Koehlera a szczytem kretarza mniejszego.

Rycina 1. Okreslanie COR.

A. Punkt zlokalizowany Smm bocznie od miejsca przeciecia tuku Shentona oraz Izy

Koehlera

B. Punkt zlokalizowany na szczycie warstwy podchrzestnej panewki stawu biodrowego

w linii przebiegajqcej przez punkt A oraz prostopadle do podtoza

C. Punkt zlokalizowany w linii rownoleglej do podtoza przebiegajgcej przez punkt B
oraz potozony na bocznej czesci warstwy podchrzestnej panewki stawu biodrowego

D. Punkt zlokalizowany w polowie dystansu miedzy punktami A i C
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Rycina 2. Pomiar FO.

A. Linia przechodzgca przez COR, prostopadle do podtoza

B. Linia przechodzqca w osi kosci udowej
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Rycina 3. Pomiar AO.

A. Linia przechodzqca przez przysrodkowg
B. Linia przechodzqca przez COR prostopadta do podloza
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Rycina 4.

Kqt o — kgt zawarty pomiedzy linig miedzykulszowq oraz linig przebiegajqca stycznie do
brzegow panewki.
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Rycina 5 Pomiar antewersji panewki stawu biodrowego.

Kqt o — zawarty pomiedzy diugq przekqtng elipsy panewki a linig lgczgcq z krotkg
przekgtng
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Rycina 6 Pomiar roznicy dtugosci konczyn.

A. Oraz A’ Punkty w najwydatniejszym punkcie kretarzy mniejszych
B. Oraz B’ Punkty zlokalizowane na najnizszych punktach tez Koehlera

C. Roznica odlegtosci pomiedzy punktami AB oraz A’B’ to roznica diugosci konczyn

Technika operacyjna a wynik kliniczny

Do wykonania zabiegu operacyjnego konieczne jest zastosowanie jednego z kilku
mozliwych dostgpéw operacyjnych. Obecnie najczgsciej stosowanymi na $wiecie sa
dostepy bezposredni przedni (ang. ,,Direct anterior approach” - DAA), przednio-boczny
(ang. ,,Antero-lateral approach” — ALA) oraz tylno-boczny (ang. ,postero-lateral
approach” — PLA). W zaleznosci od dostepu operator preparuje konkretne tkanki migkkie

oraz wykonuje implantacj¢ endoprotezy w specyficznym uloZeniu ciata.

W ostatnich latach dostgp DAA cieszyt si¢ ogromng popularnoscia wsrdd
pacjentow, gdyz wigze si¢ z teoretycznie najmniejsza traumatyzacjg dla tkanek migkkich.
Podczas tego dostgpu operacyjnego wykorzystuje si¢ naturalny interwat miedzymigsniowy
pomiedzy naprezaczem powiezi szerokiej a migsniem krawieckim. W wielu przegladach
systematycznych i meta-analizach wykazano, ze istotnie dostep ten w porownaniu do
innych dostepow wykazuje szybszy powrdt do aktywnosci oraz poprawy funkcji stawu.
Jednakze istotne réznice utrzymujg si¢ jedynie przez okoto 3 miesigce, a w pozniejszym
okresie wynik kliniczny jest porownywalny. (19, 20) Ponadto w niedawnych publikacjach
zwrocono uwage na istotnie zwigkszong liczbe¢ wczesnych rewizji endoprotez
wykonywanych z dostepu DAA. (21) Podejrzewano ograniczenie widoczno$ci oraz mata
przestrzen do manewrowania narzedziami chirurgicznymi jako przyczyng zwigzang z

nieprawidlowym osadzeniem elementéw endoprotezy. W literaturze brak do tej pory byto
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prac przegladowych, ktore analizowalyby osadzenie elementow endoprotezy pod katem
radiologicznym pomiedzy DAA a innymi klasycznymi dostepami operacyjnymi.

W badaniu “The Direct Anterior Approach to Primary Total Hip Replacement:
Radiological Analysis in Comparison to Other Approaches”, ktore wchodzi w sktad
rozprawy doktorskiej autorzy przeprowadzili przeglad publikacji analizujacych powyzsze
parametry pomigdzy dostgpem DAA a PLA oraz ALA. W publikacji przeanalizowano

wplyw dostgpu operacyjnego na sposob osadzenia implantéw endoprotezy.

Przeprowadzono przeglad literatury dotyczacy DAA w poréwnaniu z dostgpami
przednio-bocznym oraz tylno-bocznym i wplywu uzycia tego dostepu na potozenie
panewki stawu biodrowego (inklinacja, offset udowy, panewkowy oraz antewersja) oraz
osadzenie w granicach bezpieczenstwa Lewinnek’a, osiowo$¢ osadzenia trzpienia

endoprotezy, roznica dlugosci konczyn. Do ostatecznej analizy wiaczono 9 prac.

OS$ osadzenia trzpienia endoprotezy

Analiza 7 prac wlaczonych do analizy tego aspektu osadzenia trzpienia endoprotezy
wykazala, ze w poréwnaniu dostepu DAA oraz ALA, ten pierwszy charakteryzowat sig¢
mniej szpotawym osadzeniem trzpienia endoprotezy (1.23 stopnia vs. 2.37 stopnia). Mimo

to w analizowanych publikacjach roznica ta nie osiggala wartosci istotnosci statystyczne;.

Inklinacja panewki

Analiza 9 prac wilaczonych do analizy wykazata, istotng statystycznie roznice
pomig¢dzy powyzszym parametrem w poroéwnaniu dostepu DAA oraz ALA (42.68 vs 46.29
stopni). Jednakze, w publikacji Brun’a i wsp. autorzy podawali istotnie statystycznie
wigksza wartos¢ kata inklinacji w grupie DAA ($rednia rdznica 2.5 stopnia, p=0.023). W
poréwnaniu dostepu DAA do PA, nie wykazano istotnych réznic w wartosci inklinacji

panewki w Zzadnym z analizowanych badan.
Antewersja panewki

Analiza 6 prac wykazata, ze dostep DAA charakteryzuje si¢ wigksza wartoscia
powyzszego parametru w poréwnaniu do kazdego stosowanego dostepu. W poroéwnaniu z
dostepem PA ($rednia roznica 3.82 stopnia, p<0.05), PLA ($Srednia réznica 4.85 stopnia,
p<0.05) oraz ALA ($rednia réznica 3.6, p< 0.0001).
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Roéznica dtugosci konczyn
Jedynie 3 prace analizowaly roznice w dtugosci konczyn po zabiegu operacyjnym.

W zadnej z analizowanych prac réznica dtugosci konczyn nie wykazywata istotnej roznicy.

Konkludujac, nalezy zauwazy¢, ze zastosowanie dostepu DAA moze miec istotny wptyw
na osadzenie elementow endoprotezy. W powyzszej analizie wykazano, ze takie parametry
jak antewersja oraz inklinacja panewki zaleza od zastosowanego dostepu. Mimo braku
istotnych statystycznie wynikow rdéznic pozostalych parametréw osadzenia implantow
endoprotezy w zaleznosci od zastosowanego dostepu operacyjnego, chirurdzy musza mie¢
na uwadze, ze zmiana kierunku wprowadzania implantéw moze wpltywaé na ich

przestrzenne ulozenie, a co za tym idzie na wynik zabiegu.

Analiza biomechaniczna

Staw biodrowy oraz kregostup funkcjonuja od najmtodszych lat jako
biomechaniczny tancuch z wyrafinowanymi zalezno$ciami miedzy soba. Sily i ruch
przenoszone sg pomigdzy stawem biodrowym a kregostupem poprzez miednice i stawy
krzyzowo-biodrowe. W zwigzku z tym zaburzenie funkcji w wyniku choroby
ktoregokolwiek odcinka kregostupa wplywa wtornie na ustawienie miednicy 1 stawu
biodrowego 1 odwrotnie. (22) W ciggu zycia oraz w wyniku dziatania czynnikéw ryzyka
dochodzi do rozwoju choroby zwyrodnieniowej stawdéw miedzykregowych kregostupa,
zwlaszcza w odcinku L-S oraz dehydratacji krazkow. W zwiagzku z tym czgsto pacjenci
charakteryzuja si¢ zmniejszong lordoza w odcinku L-S oraz zwigkszong kifoza w odcinku
piersiowym, przykurczami w stawach biodrowych czy kolanowych i wtornymi
ustawieniami miednicy. Im dtuzej trwaja te zmiany 1 im bardziej zaawansowana jest
choroba tym mniej mobilne stajg si¢ odcinki kregostupa, stawy krzyzowo-biodrowe oraz
stawy biodrowe. (23) W badaniu Malkani i wsp. wykazano, ze ryzyko zwichnigcia
endoprotezy stawu biodrowego u chorych ze sztywnoscig kregostupa L-S oraz stawoéw
krzyzowo-biodrowych bylo wigksze niz u chorych bez wtérnych zmian ustawienia
miednicy. (24) W zwiazku z tym zwrdcono uwage w swiatowej literaturze na konieczno$¢
modyfikowania sposobu wykonywania endoprotezoplastyki calkowitej stawu biodrowego
u chorych z wtornymi zmianami ustawienia miednicy. Jednakze wcigz pozostawato

niejasne jak okresli¢, ktorzy pacjenci nalezg do grupy ryzyka.
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»Spinopelvic alignment” uznawane jest obecnie za koncept, ktory ma odmienié
endoprotezoplastyke catkowitg stawu biodrowego. Dzigki powigzaniu mechaniki miednicy
i stawu biodrowego z odcinkiem L-S chirurdzy na $wiecie moga z wigkszym zrozumieniem
dobiera¢ indywidualnie osadzenie elementdw endoprotezy, by zapewni¢ pacjentowi jak
najwickszy bezpieczny ROM, a co za tym idzie ograniczy¢ liczbe powiktan i koniecznosci
wykonywania zabiegow rewizyjnych. Okreslenie w jaki sposob zindywidualizowad
osadzenie endoprotezy dla konkretnego pacjenta jest niezwykle trudne i wymaga bardzo
doktadnego szerokiego planowania przedoperacyjnego.

W publikacji “Spinopelvic Alignment and Its Use in Total Hip Replacement Preoperative
Planning—Decision Making Guide and Literature Review”, ktéra wchodzi w skiad
rozprawy doktorskiej autorzy dokonali pierwszego na $wiecie przegladu systematycznego
oraz okreslili wytyczne osadzania elementow endoprotezy w zalezno$ci od sztywnoS$ci
odcinka L-S kregostupa oraz wtornych ustawien miednicy. Do okreslenia prawidtowego
osadzenia endoprotezy nalezy oceni¢ mobilno$¢ miednicy za pomoca kilku parametrow
mierzonych na bocznym radiogramie miednicy z objeciem potowy trzonu ko$ci udowej

oraz odcinka L-S:

A. Sacral Slope (SS) — by zmierzy¢ warto$¢ tego kata nalezy przeprowadzic¢ lini¢ styczng
do gornej blaszki granicznej kregu S1 oraz do wektora dziatania sily grawitacji.
Prawidlowa warto$¢ kata zawartego miedzy tymi stycznymi wynosi 32-49 stopni

B. Pelvic Tilt (PT) — by zmierzy¢ warto$¢ tego kata nalezy wyznaczy¢ lini¢ prostopadia
taczaca styczng do gornej blaszki kregu S1 oraz $rodka gtowy kosci udowej. Prawidiowa
warto$¢ wynosi pomiedzy 7 a 19 stopni.

C. Pelvic Incidence (P1) — by zmierzy¢ wartos$¢ tego kata nalezy wyznaczy¢ lini¢ taczaca
najwyzszy punktu blaszki granicznej S1 oraz o$ glowy kosci udowej. Prawidtowa warto$é
wynosi¢ powinna pomig¢dzy 38 1 56 stopni.

D. Pelvic Femoral Angle (PFA) — by zmierzy¢ warto$¢ tego kata nalezy przeprowadzié
lini¢ przez $rodek kosci krzyzowej oraz w osi dlugiej kosci udowej. Prawidlowa wartos¢
zawarta jest pomigdzy 1 a 17 stopni.

E. Lumbar Lordosis (LL) — kat zawarty pomigdzy styczng do gornej blaszki granicznej
kregu L1 oraz stycznej do gornej blaszki granicznej kregu S1. Prawidtowa wartos$¢ zawarta
jest pomiedzy 40 1 58 stopni.

F. Femoral Inclination (FI) — kat zawarty pomig¢dzy linig prostopadta do potdoza a osig

dhuga kosci udowej. Prawidlowa warto$¢ zawiera si¢ pomiedzy 0 a 18 stopni.
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H. Spino Sacral Angle (SSA) — kat zawarty pomi¢dzy blaszka graniczng S1 oraz linig

prostopadla do podtoza. Prawidtowa wartos¢ zawiera si¢ pomigdzy 119 a 133 stopnie.

‘ﬂla

71 ﬂ m@\ Sacral Slope (SS)

Rycina 7 .Przykladowe pomiary wykonane na radiogramie miednicy w projekcji bocznej

(b) Spino Sacral Angle, Lumbar Lordosis and femoral Inclination (b) Sacral Slope,

Pelvic Incidence and Pelvic Tilt

Na podstawie powyzszych pomiarow mozna podzieli¢ ruchomos$¢ kompleksu
kregostupowo-miednicznego na trzy typy.

Tabela 1. Typy mobilnosci potaczenia miedniczno-krzyzowego

Spinopelvic Zmiana Zmiana Lordoza Kat miedniczno-

motion pochylenia nachylenia ledZzwiowa [°] udowy [°]
miednicy [°] biodra [°]

Prawidlowe 20-35 55-70 20 45

Hipermobilny >35 <55 >20 <45

Sztywny <20 >70 <20 >45
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Autorzy pracy “ Spinopelvic Alignment and Its Use in Total Hip Replacement

Preoperative Planning—Decision Making Guide and Literature Review” zaproponowali na
podstawie dostepnej literatury wytyczne dotyczace odpowiedniego potozenia panewki
podczas THR w zaleznos$ci od powyzszej klasyfikacji. By odpowiednio oceni¢ mobilno$¢
kregostupa nalezy zmierzy¢ powyzej opisane wartosci katow na radiogramie w pozycji

stojgcej oraz siedzacej w 90 stopniach zgigcia w stawach biodrowych.

Tabela 2. Rekomendacje osadzania elementow endoprotezy w zaleznosci od mobilnosci

potaczenia miedniczno-krzyzowego

Spinopelvic alignment Rekomendacja przedoperacyjna

Retorwersja miednicy Wigksza antewersja i inklinacji panewki — w

granicach strefy bezpieczenstwa

Antewersja miednicy Mniejsza antewersja i inklinacji panewki —w

granicach strefy bezpieczenstwa

Stan po stabilizacji kregostupa ledzwiowego | Wigksza qntewersja panewki — do 30 stopni

z miednicg z tendecja do antewersji

Stan po stabilizacji kregostupa lgdzwiowego | Mniejsza antewersja panewki — do 5 stopni

z miednicg z tendecja do retrowersji

Hipermobilno$¢ zlgcza miedniczno- | Wigksza antewersja panewki — do 25 stopni
krzyzowego

Sztywnos¢ potaczenia miedniczno- | Wigksza inklinacja panewki — w granicach
krzyzowego strefy bezpieczenstwa

Dotychczas udowodniono zwigzek pochylenia miednicy z antewersja panewki
endoprotezy. Zmiana antewersji o jeden stopien powoduje zmiang tiltu o 0.7 stopnia [36].
Podobnie inklinacja panewki zwigksza si¢ o 0.3 stopnia przy zwigkszeniu pochylenia o 1

stopien. Jednakze zalezno$¢ ta wydaje si¢ by¢ nielinearna i duzo bardziej skomplikowana.

Rozumiejac biomechanikg stawu biodrowego 1 konieczno$¢ dazenia do
odtworzenia jej prawidtowej mechaniki chirurdzy od lat poszukuja najlepszej kombinacji
implantéw, pozwalajacych na odtworzenie prawidlowego modelu chodu. Jednym z
podnoszonych aspektow dotyczacych wyboru implantu stawu biodrowego jest okreslenie

srednicy glowy endoprotezy. Powstatlo wiele badan i analiz krajowych rejestrow

27



endoprotezoplastyk, w ktorych okreslano $rednice glowy zapewniajaca jak najdiuzsze
przezycie implantu oraz najlepszy wynik kliniczny. (25-27)Wykazano, ze $rednice gtow
powyzej x mm, wigzg si¢ ze zwickszonym tarciem i warto§ciami wektorow sit dziatajacych
na jednostke¢ powierzchni wktadki polietylenowej. Wykazano, ze mimo stosowania gtow,
ktorych $rednice sg zblizone do $rednicy natywnej gtowy kosci udowej wigzaty si¢ z duzo
szybszym $cieraniem polietylenu, a co za tym idzie koniecznos$cig wczesniejszej rewizji
endoprotezy oraz mogly powodowac konlitktowanie ze $Sciggnem migénia biodrowo-
ledzwiowego. Jednakze, wigksza $rednica glowy istotnie wigze si¢ z mniejszym ryzykiem
zwichnigcia stawu biodrowego z powodu wigkszego ramienia sity potrzebnego do
wywazenia jej z panewki. Zwigzany jest z tym rowniez lepszy zakres ruchomosci stawu.
Obecnie najpowszechniej stosowanymi $rednicami gtéw sa te o wielkosci 32 lub 36 mm.
Jednakze dotychczas publikacje skupialy si¢ na poréwnaniu przezycia oraz zakresu ruchu

pomiedzy tymi glowami.

W badaniu ,,Analysis of biomechanical gait parameters in patients after total hip
replacement operated via anterolateral approach depending on size of the femoral head
implant: retrospective matched-cohort study”, ktore wchodzi w sktad rozprawy doktorskiej
autorzy przeanalizowali parametry chodu pomiedzy dwoma grupami pacjentow
operowanych w Kilinice Ortopedii i Rehabilitacji Warszawskiego Uniwersytetu
Medycznego oraz kontrolng grupa zdrowych ochotnikow. Jedng z grup stanowili pacjenci,
u ktorych endoprotezoplastyka zostala wykonana z uzyciem implantow z gtowa o $rednicy
36mm. Do tej grupy zostala dobrana homogenna pod wzgledem wieku, ptci, operowanej
strony grupa pacjentow, ktorych zabieg zostal przeprowadzony z uzyciem implantéw o
Srednicy gtowy 28 lub 32mm oraz wyniki poréwnano z parametrami chodu typowymi dla

0sOb bez choroby zwyrodnieniowe.

Kazdy uczestnik badania przeszedt analiz¢ radiologiczna stawdéw biodrowych,
ocen¢ wyniku funkcjonalnego w skali WOMAC oraz VAS, oraz analiz¢ parametrow
chodu.

Wykazano, ze w analizie chodu pacjenci, u ktérych zastosowano mate gtowy w
poréwnaniu z grupa zdrowych uczestnikdw wystepowat dtuzszy czas podporu zaréwno dla
operowanej (72.3% vs. 61.0%, p = 0.012) i nieoperowanej konczyny (70.8% vs.61.0%, p
=0.023), czas podporu na dwoch konczynach (20.3% vs. 13.0%, p = 0.001) oraz opadanie
miednicy po stronie przeciwnej do operowanej (9.0° vs. 7.0°, p = 0.034) oraz

nieoperowanej 8.5° vs. 7.0°, p = 0.036).
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Wykazano istotnie krotszy czas fazy przenoszenia zarowno w operowanej (27.7%
vs. 39.0%, p =0.007 jak i nieoperowanej konczynie (29.2% vs. 39.0%, p = 0.005);, dlugos¢
kroku w operowanej (0.31 mvs. 0.73 m, p = 0.001) i nieoperowanej (0.44 mvs. 0.73 m, p
= (0.021);, nizszg $rednig predkos¢ kroku (0.52 m/s vs.1.39 m/s, p = 0.007) oraz kadencje
chodu (75.4 kroki/min vs. 113.8 kroki/min, p = 0.004) w poréwnaniu ze zdrowymi

uczestnikami.

Wykazano, ze w analizie chodu pacjenci, u ktoérych zastosowano duze glowy w
poréwnaniu z grupg zdrowych uczestnikow cechowali si¢ duzo bardziej zblizonymi do nich
parametrami chodu takimi jak czas podporu zarowno dla operowanej (64.1% vs. 61.0%, p
= 0.065) i nicoperowanej konczyny (64.0% vs. 61.0%, p = 0.064), czas przenoszenia dla
operowanej (35.9% vs. 39.0%, p = 0.059) i nieoperowanej konczyny (36.0% vs. 39.0%, p
= 0.06), czas podporu na dwoch konczynach (16.4% vs. 13.0%, p = 0.057). p = 0.001).
Jednakze opadanie miednicy byto istotnie wigksze w tej grupie w poréwnaniu do 0sob
zdrowych zaréwno dla operowanej (8.5° vs. 7.0°, p = 0.023) i nieoperowanej konczyny
(8.0°vs. 7.0°, p = 0.046).

Istotnie mniejsze od wartosci u osob zdrowych wystepowaty dlugos¢ kroku w
operowanej (0.5 mvs. 0.73 m, p = 0.022)) i nieoperowanej (0.6 m vs. 0.73 m, p = 0.041;,
nizsza $rednig predkos¢ kroku 0.7 m/s vs.1.39 m/s, p = 0.025) oraz kadencje chodu (87.3
kroki/min vs. 113.8 kroki/min, p = 0.032).

Wyniki powyzszej analizy jednoznacznie wskazuja na fakt, ze zastosowanie gtow
o $rednicy 36 mm zdecydowanie odtwarzato parametry chodu blizsze modelowi o0sob
zdrowych. Mimo to nadal wystepuja znaczace réznice mimo zdecydowanego zmniejszenia
dolegliwosci bolowych 1 wysokiego stopnia zadowolenia chorych. Wybor odpowiedniego
implantu zdaje si¢ by¢ jedna z kluczowych decyzji na etapie planowania
przedoperacyjnego. Ponadto wyniki tej pracy moga zmieni¢ postgpowanie rehabilitacyjne
po THA, zwracajac wicksza uwage na wypracowanie prawidtowego modelu chodu — jak

najblizszego natywnemu stawu biodrowemu.

Jak wspomniano wyzej odtworzenie prawidtowych warunkéw anatomicznych
podczas endoprotezoplastyki stawu biodrowego jest kluczem do odpowiedniej jego funkcji
i braku dolegliwosci bolowych. Podczas endoprotezoplastyki potowiczej stawu
biodrowego dochodzi do implantacji endoprotezy bez elementu panewkowego. Wiaze si¢

z tym brak mozliwos$ci zmiany offsetu panewkowego — AO. W zwigzku z tym dla
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odpowiedniego napigcia i funkcji miesni posladkowych niezwykle istotne jest osadzenie
elementéw endoprotezy jak najblizej odtwarzajac LLD oraz FO. Dotychczas w literaturze
nie zwracano uwagi na odtwarzanie powyzszych parametréw z uzyciem standardowych

trzpieni endoprotez.

W badaniu “Hip hemiprosthesis due to femoral neck fracture in the elderly
population - are we doing it right?”, ktore wchodzi w sktad tej rozprawy doktorskiej autorzy
przenalizowali skuteczno$¢ odtworzenia powyzszych parametréw z uzyciem
standardowych trzpieni endoprotez w zaleznos$ci od kata szyjkowo-trzonowego.

Do analizy wlaczono 100 kolejnych pacjentéw poddanych zabiegowi

endoprotezoplastyki potowiczej stawu biodrowego z powodu ztamania szyjki kosci udowe;j
w trybie przyspieszonym. Wszyscy pacjenci byli operowani z uzyciem standardowych
trzpieni stosowanych w THA. Zmierzono przed- oraz pooperacyjnie FO oraz kat szyjkowo-
trzonowy.
Wykazano, ze zachodzit zwigzek pomig¢dzy katem szyjkowo-trzonowym a zmiang FO (r =
0.568, p < 0.0001). Istniata statystycznie istotna roznica pomiedzy zmiang tego kata a
zmiang FO (24:52 vs. 14:7, p = 0.005). Oznacza to, ze u pacjentdow z biodrami szpotawymi
(katem udowo-szyjkowym ponizej 120 stopni) pooperacyjna zmiana FO wynosita wigcej
niz 5 mm, a jedynie polowa pacjentow miata prawidlowo odtworzony FO, czyli rdznice
zawierajacg si¢ w warto$ci bezwzglednej Smm.

Przyczyng tak niepoprawnego odtworzenia FO bylo stosowanie standardowych
trzpieni endoprotezy, ktore zaprojektowane sg do odtworzenia kata szyjkowo-trzonowego
o wartosci okoto 130 stopni. Podczas stosowania ich u chorych z istotnie mniejsza 1 wieksza
wartoscig tego parametru operator naraza si¢ na istotne zmniejszenie lub zwigkszenie FO,
co w przypadku endoprotezoplastyk potowiczych nie moze by¢ skorygowane potozeniem
panewki endoprotezy. W zwiazku z tym kluczowa decyzjg jest wybranie odpowiedniego

typu trzpienia przed zabiegiem, co pozwoli na prawidiowe odtworzenie FO.

Skostnienia pozaszkieletowe

Powiktania po THA sg stosunkowo rzadkie i wystgpuja u okoto 2% operowanych
chorych. Jednym z nich sg skostnienia pozaszkieletowe, ktoére wg literatury moga
wystepowac pomiedzy 8 a 60% pacjentéw po THA. (28) Wykazano, ze mogg powodowac
dolegliwosci bolowe, obrzgk 1 wzmozone ocieplenie okolicy stawu, oraz ograniczenie

ROM. (29) Powyzsze czynniki wydaje si¢, ze powinny mie¢ wplyw na utrzymanie
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rownowagi oraz balansu ciata podczas chodu, a co za tym idzie wigksze ryzyko upadkow.
Wykazano, ze ryzyko upadkow po 65 roku zycia wzrasta 1 w tej grupie wiekowej okoto
30% populacji ulega upadkowi co najmniej raz do roku. (30) Upadki u oséb po
endoprotezoplastykach stawow 1 zwigzane z nimi zlamania okoloprotezowe sa
wyjatkowymi rodzajami ztaman, gdyz ich leczenie jest zdecydowanie bardziej wymagajace
technicznie oraz wyniki sg znacznie gorsze. (31) Dotychczas w literaturze nie oceniono jak

skostnienia szkieletowe wplywaja na utrzymanie rownowagi i balansu ciata.

W badaniu ,,Posture stability and risk of fall test in the objective assessment of
balance in patients with ectopic bone tissue after total hip replacement”, ktore wchodzi w
sktad rozprawy doktorskiej zaobserwowano, ze u 46 z 312 pacjentoéw poddanych
calkowitej aloplastyce stawu biodrowego w Kilinice Ortopedii i Rehabilitacji
Warszawskiego Uniwersytetu Medycznego rozwingty si¢ heterotopowe skostnienia. Dla
tych pacjentéw wygenerowano wskaznik sktonnosci oparty na wieku, ptci oraz BMI 1
wybrano dopasowang grupe kontrolna sktadajaca si¢ z 39 pacjentdow, ktérzy nie wykazali
skostnien pozaszkieletowych w czasie obserwacji. Kazdy pacjent byt operowany z tego
samego dostepu operacyjnego oraz z uzyciem tego samego implantu. Pacjenci z obu kohort
przeszli pooperacyjna ocen¢ radiologiczng i biomechaniczng oraz wypehili przed- i

pooperacyjnie kwestionariusze WOMAC i1 Oxford, stuzace do oceny funkeji biodra.

Wystapity statystycznie istotne roéznice migdzy kohortami w tescie stabilnosci
postawy (4,9£1,1 vs 2,0+1,0 p<0,05), wskazniku stabilno$ci przednio-tylnej (3,6+1,2 vs
1,6£0,9, p<0,05), wskazniku stabilnosci przysrodkowo-bocznej (3,0+1,3 vs 1,0+0,7,
p<0,05) oraz test ryzyka upadku (9,8+1,0 vs 7,8+1,0, p<0,05). Nie zaobserwowano

statystycznie istotnych roznic w kwestionariuszach WOMAC 1 Oxford.

Badanie wykazato, ze heterotopowe skostnienia pojawiajace si¢ w mie$niach
odwodzacych biodra moga mie¢ wptyw na réwnowage i1 ryzyko upadkow u pacjentow po
catkowitej aloplastyce stawu biodrowego. W populacji 0sob starszych po catkowitej
aloplastyce stawu biodrowego moze to skutkowaé bardzo powaznymi konsekwencjami,
takimi jak ztamanie okotoprotezowe lub uraz gtowy. Dotychczas jest to pierwsze badanie

porownujace ryzyko upadkow u pacjentéw z i bez skostnien pozaszekieletowych po THA.
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Zalozenia i cel pracy

"Endoprotezoplastyka stawu biodrowego jest jedna z najczgstszych oraz najbardziej
efektywnych procedur zabiegowych w catej medycynie. W zwigzku ze zmianami
spoleczenstwa na calym $wiecie zapotrzebowanie bedzie stale rosto. Ponadto w
swiatowych rejestrach wskazuje si¢ na fakt, ze dochodzi do zmiany profilu pacjentow
poddawanych endoprotezoplastykom. Sa to z jednej strony chorzy coraz starsi i1 bardziej
obcigzeni, ktorzy dzigki postgpowi medycyny 1 odpowiedniemu leczeniu chorob
przewlektych cechujg si¢ coraz dtuzsza dtugoscia zycia i wymagaja zycia bez dolegliwosci
bolowych. Z drugiej strony operacjom poddawani sg coraz mtodsi chorzy z powodu
siedzacego trybu zycia, szerokiego rozprzestrzenienia chorob cywilizacyjnych oraz
wiekszej liczby urazéw. W zwigzku z tym istnieje potrzeba wykonywania tych zabiegow
w prawidlowy sposob, by przedtuzy¢ przezywalnos¢ endoprotez oraz zapewni¢ chorym jak
najlepszy wynik kliniczny. Mimo relatywnie matego procentu chorych niezadowolonych
oraz mozliwych powiktan w zwigzku z rozpowszechnieniem THA liczby bezwzglgdne sa
nadal wysokie i prawdopodobnie beda rosnaé. Szacuje si¢, ze leczenie powiklan po
zabiegach endoprotezoplastyk moze stanowi¢ wyzwanie dla systemu opieki zdrowotnej
wielu krajow. W cyklu publikacji stanowigcych rozprawe doktorska przedstawiono wyniki
prac dotyczacych radiologicznego planowania i1 wyniku endoprotezoplastyki stawu
biodrowego z zastosowaniem roéznych technik operacyjnych oraz najnowszych koncepcji
osadzania elementéw endoprotezy, zwrocono uwage na wyniki biomechaniczne parametru
chodu w zalezno$ci od stosowanego implantu. Ponadto opisano parametry chodu u
pacjentow, ktorzy rozwingli skostnienia pozaszkieletowe.

A. Pierwsza praca miala na celu zebranie informacji oraz opisanie sposobu
wykonywania pomiarow parametrow stosowanych do okreslania polozenia
przestrzennego elementdw endoprotezy stawu biodrowego.

B. Celem drugiej pracy bylo okreslenie roznic w parametrach osadzenia elementow
endoprotezy przy uzyciu dostepu bezposredniego przedniego oraz innych
powszechnych dostgpow operacyjnych.

C. Trzecie badanie miato na celu opisanie parametréw wchodzace w sklad koncepcji
»spinopelvic alignment” oraz stworzenie wytycznych osadzania elementow

endoprotezy w zalezno$ci od mobilnosci kregostupa ledzwiowo-krzyzowego
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D. Celem czwartej pracy byla analiza parametréw chodu z zastosowaniem
standardowych 28-32mm oraz duzych glow endoprotezy stawu biodrowego oraz
poréwnanie wynikéw do grupy uczestnikéw bez choroby zwyrodnieniowe;.

E. Pigta publikacja miata na celu okresSlenie ryzyka upadku u chorych po
endoprotezoplastyce catkowitej stawu biodrowego, u ktérych doszto do rozwinigcia
skostnien pozaszekieletowych

F. Celem ostatniej, szdstej publikacji byto okreslenie odtworzenia relacji kostnych
podczas endoprotezoplastyki polowiczej stawu biodrowego z uzyciem

standardowych implantow.
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Abstract

Total hip replacement is one of the most widely performed surgeries. It is stated as the most efficient method of treating
end-stage osteoarthritis of the hip joint. What is more, it significantly improves the quality of patients’ lives, relieves them
from pain and restores decreased range of motion, provided that is conducted properly. Aim of this article is to indicate
which constituents of prosthetic placement can be easily measured on postoperative radiographs and point out how to inter-
pret obtained results. Multiple mechanical factors, such as center of rotation, femoral offset, acetabular offset, acetabular
inclination, acetabular anteversion and leg length discrepancy can be measured on postoperative radiographs. To provide
a successful surgery and to acquire both radiological and clinical satisfying results, proper prosthetic placement is crucial.
Malpositioning of each element, in varying degrees may lead to dislocation or reoperation.

Keywords Total hip replacement - Radiological evaluation - Radiographs

Introduction

Total hip replacement (THR) is one of the most widely per-
formed surgeries. There were 98.649 hip replacement pro-
cedures performed in 2019 in the United Kingdom [1]. Not
only is it cost-effective treatment, but what is more impor-
tant it is a very successful one, which relieves patients from
pain, improves their quality of life and restores decreased
range of motion. Unfortunately, there still exists a group of
patients, which does not derive any advantage from THR. It
is most often caused by the impact of mechanical aspects of
THR on clinical outcome.

In everyday clinical practice, radiographs are the most
widely used tool for imaging. It is the most widespread and
commonplace method. Classical radiography is associated
with a lower dose of radiation in comparison to computed
tomography. Its advantage over other imaging methods
results also from the lowest price. Computed tomogra-
phy can be used for postoperative assessment as well. It
is certainly more accurate than radiographs, but it has its

4 Bartosz Michat Maciag
bmaciag @wum.edu.pl

Department of Orthopaedics and Rehabilitation, Medical

University of Warsaw, Migdzyleski Specialist Hospital, 2
Bursztynowa Str., 04-749 Warsaw, Poland

Published online: 05 September 2022

34

limitations, such as radiation dose and limited availabil-
ity [2]. There is also one method of imaging—magnetic
resonance imaging, which is far less accessible and more
expensive than previously mentioned imaging modalities.
However, there are situations in which magnetic resonance
imaging is helpful to obtain a diagnosis. They include ten-
dinopathy, implants loosening, persistent postoperative pain
or other conditions that are hard or even impossible to detect
using computed tomography and classical radiography.

In connection with this, in the majority of cases, radio-
graphs are perfectly adequate. What is more, the application
of this imaging technique is not associated with the artifacts
caused by metal implants, in contrast to the use computed
tomography or magnetic resonance.

Aim of this article is to indicate which constituents can be
measured on postoperative radiographs and point out how to
interpret obtained results.

Multiple mechanical and biomechanical factors, such as
center of rotation (COR), femoral offset, acetabular offset,
acetabular inclination (Al), acetabular anteversion and leg
length discrepancy can be measured on radiographs. Each
one of them, in varying degrees, can affect the outcome of
the surgery.
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Materials and methods

The literature was reviewed. Articles related to the sub-
ject, published in the years 1978-2021 were researched.
Therefore publications including keywords such as total
hip replacement, center of rotation, femoral offset, ace-
tabular offset, cup anteversion, cup inclination and leg
length discrepancy were searched in the PubMed database.
Research was focused on English language papers, avail-
able abstracts, studies performed on people and articles.
Inclusion of the articles was determined on the basis of
titles, then abstracts, eventually entire articles. As terms of
exclusion non-English language articles, papers ahead of
print and only titles or abstract available were chosen. All
studies presenting procedures conducted on animals were
also excluded. If there occurred any signs of unreliability
or relation to the topic were insignificant, the articles were
eliminated during further evaluation. Afterwards, every
selected article was verified another time. Any duplicates
or obsolete information were removed. Research and error
risk assessments were performed by one author. All infor-
mation was selected and verified individually. Analysis
and synthesis of studies were prepared independently.

All methods of measurements apply to radiographs
taken in the supine position at a source-to-film distance of
100-115 cm with the X-ray beam directed to the midpoint
of the pubic symphysis and perpendicular to the patient.

The described radiographic technique is a non-weight-
bearing view. It is connected with the lesser radiation
dose, allows to obtain a better quality radiographs, but
it does not take into account the functional anatomy in
contrast to weight-bearing view.

Results
Center of rotation (COR)

One of the goals of THR is to reconstruct the COR. As the
study shows, restoring COR is an extremely important fac-
tor affecting operation result. It should be restored within
5 mm medial and 3 mm superior to the normal side. If
optimal reconstruction is unattainable, the ability to con-
trol hip offset meticulously is limited. Shifting COR over
1 cm superiorly or medially causes early radiological signs
of loosening. Malposition of COR may lead to abnormal
gait, abductors insufficiency, increased risk of impinge-
ment and dislocation [3]. What is more, well reconstructed
COR reduces the number of failures and revision surger-
ies [4]. Proper position of COR diminishes the risk of leg
length discrepancy.
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Ranawat’s method is an old but still applicable method
used for the definition of the COR [5]. To determine the
center of rotation on anteroposterior pelvis radiograph,
two horizontal lines must be drawn. One at the level of
iliac crests and the second one, at the level of ischial tuber-
osities. These lines must be connected by a perpendicular
line passing through a point, which is located 5 mm lateral
to the intersection of Kohler’s and Shenton’s lines. Point
B and point C are situated along the horizontal line at the
level of the subchondral roof of the cup. Point B is at an
equal distance from both A and C points. COR is located
half the length of the AC line [3, 5] (Fig. 1).

Femoral offset

Femoral offset is stated as a distance from the COR of the
femoral head to a line bisecting the long axis of the femur
[3] (Fig. 2). Restored femoral offset enhances biomechan-
ics, such as abduction strength and range of motion (ROM)
by improving flexion and internal rotation of the hip [9,
10].

In addition, femoral offset restored within 5 mm to the
normal side, decreases both linear and volumetric polyeth-
ylene wear [4]. Failing to restore offset <5 mm may cause
pain aggravation and deterioration of the joint. Reduced
offset decreases soft-tissue tightness and predisposes to
dislocation. According to the studies, well-positioned fem-
oral offset may be the critical mechanical factor preventing
dislocation after THR. However, it is still not stated which
values of femoral offset are indications for revision [6-10].

Fig.1 Determination of the COR. A. point located 5 mm lateral to
the intersection of the Kohler’s and Shenton’s lines: B. point situated
along the horizontal line at the level of the subchondral roof of the
cup; at equal distance from both A and C points; C. point situated
along the horizontal line at the level of the subchondral roof of the
cup: D. point located half the length of the AC line
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Fig.2 Femoral offset measurement. A. line passing through the COR;
B. line bisecting the long axis of the femur

Acetabular offset

Hip offset is not only femoral offset. There is another com-
ponent part-acetabular offset, which should not be omitted
because its value varies from person to person. Acetabular
offset is the distance from COR to the medial wall of the
quadrilateral plate [11, 12]. It is measured as a vertical
distance between the center of rotation and teardrop on the
same side (Fig. 3). The unreconstituted acetabular offset
reduces the lever arm of body weight. As a result, gluteus
medius and minimus muscles get a more vertical line of
action [11].

Acetabular inclination (Al)

Acetabular inclination is also known as an abduction
angle. Radiographic Al is measured on anteroposterior
radiographs. It is an angle between transischial line and a
line conducted through the cup margins [10] (Fig. 4). Al
affects range motion and wear of the acetabular compo-
nent. When the abduction angle is lesser than 45°, flex-
ion and abduction decreases. On the other hand, AT over
45° reduces adduction and rotation. There is also higher
wear of acetabular polyethylene when the Al is over 45°
[13, 14]. It cannot be univocally stated, without additional
studies, what is a safe range for AI [15, 16].
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Fig.3 Ac offset A. line passing through the
medial wall of the quadrilateral plate; B. line passing through the
COR

Acetabular anteversion

Computed tomography facilitates accurate determination
of acetabular cup position, especially anteversion, but it
is not widely used in clinical practice because of its high
cost, limited availability and additional radiation exposure
[17, 18]. Because of that, plain radiographs are in common
use. Plenty of methods can be used to measure antever-
sion, and there is no validated and most efficient one [14].
This is due to the fact that pelvic tilt has a greater impact
on measuring anteversion on anteroposterior radiographs

Fig.4 Acetabular inclination measurement. a—an angle between
transischial line and a line conducted through the cup margin

@ Springer
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Fig.5 Liaw’s acetabular anteversion measurement. a—an angle
between the principal axis of the ellipse and the vector connecting the
endpoints of the main and the minor axes

rather than determining abduction angle on anteroposte-
rior radiographs. Nevertheless, as studies show, there is a
method that enables measurements that do not differ from
measurements carried out using computed tomography. It
is a method created by Liaw [19, 20].

Liaw’s anteversion is stated as:

Anteversion = arc sic (tan a)

a is an angle between the principal axis of the ellipse
and the vector connecting the endpoints of the main and
the minor axes. In plan, ellipse is located on the margin
of a cup (Fig. 5).

The positioning of the cup influences the risk of dislo-
cation. There is no consensus among researchers on what
really is a safe zone for acetabular anteversion. According
to Lewinnek safe zone theory, cup anteversion should be
oriented between 5° and 25° to minimize dislocation after
THR. But in fact, recent studies show that there is no real
safe range, whether for Al or acetabular anteversion [14,
15, 21].

Anteversion values can be exploited to monitor acetab-
ular migration. Change of anteversion on postoperative
radiographs over 1.59° is an early sign of cup loosening,
which can manifest itself in hip pain [18].

@ Springer
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Leg length discrepancy

Leg length discrepancy is one of the most frequent com-
plications after THR. Lengthening occurs more often than
shortening of the limb and is more noticeable in patients.
According to the study, leg length discrepancy is perceived
by patients when the operated limb is lengthened over 6 mm
or shortened below 10 mm [22]. However, the greatest prob-
lem are inequalities above 10 mm due to their impact on
everyday functioning. They can cause abnormal gait, insta-
bility, sciatica and back pain. Moreover, lengthening greater
than 10 mm occurs with other complications: limping, pelvic
obliquity and feeling disenchanted [15, 23].

The leg length discrepancy on anteroposterior radio-
graphs is given as the difference in perpendicular distance
between a line passing through the lower edge of the tear-
drop points to the corresponding tip of the lesser trochanter
[10] (Fig. 6).

Conclusions

To provide a successful surgery and to acquire both radio-
logical and clinical satisfying results, all of the mechanics
and biomechanics must be restored, if it is not, surgery can
aggravate the patient’s complaints instead of removing them
and the results of performed THR can be unsatisfactory. This
may also result in dislocation or the need for reoperation.

Fig.6 Leg length discrepancy measurement. A and A’ are located at
the level of the tips of the lesser trochanters. B and B’ are situated
at the level of the lower edge of the teardrop points. AB and A'B’
lines are distances between a line passing through the lower edge of
the teardrop points to the corresponding tip of the lesser trochanter.
Difference between AB and A’B’ lengths is stated as leg length dis-
crepancy
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Abstract: Total hip arthroplasty (THA) is currently considered the most effective treatment for end-
stage hip osteoarthritis (OA). The surgery can be performed via a number of different approaches,
including direct anterior (DAA; Smith-Petersen; Hueter), anterolateral (ALA; Watson—Jones), direct
lateral (LA; Bauer), posterior (PA; Kocher-Langenbeck), and posterolateral (PLA). There is still a
dispute over the optimal technique. The aim of this systematic review was to assess how different
surgical approaches toward a THA influence the prosthesis elements’ positioning. We conducted a
literature search of Scopus, ScienceDirect, PubMed, Embase, and The Cochrane Library. We evaluated
studies in terms of the first author’s name, country, publication year, type of surgical approach being
compared to the direct anterior approach, any significant differences at baseline, sample size, and
radiographic analysis. A subanalysis of each approach in comparison to the DAA revealed differences
in terms of all analyzed implant positioning radiographic parameters. There is still an insufficient
number of randomized controlled studies that include radiological analyses comparing THRs (total
hip replacements) performed using DAA with other approaches. Implant placement is a crucial step
during a THR and surgeons must be aware that the approach they use might impact their judgment
on angles and spaces inside the joint and thus alter the implant positioning.

Keywords: THR; approach; hip; anterior

1. Introduction

Total hip arthroplasty is currently considered the most effective treatment for end-
stage hip osteoarthritis (OA) [1]. However, there is a continuous dispute over selecting the
optimal technique [2-4], with the most popular being direct anterior, anterolateral, direct
lateral, posterior, and posterolateral. The choice of approach determines which tissues,
including muscles and tendons, need to be dissected in order to reach the joint, which
structures should be avoided, and how difficult it is for a surgeon to correctly position the
implants [5,6]. A direct anterior approach (DAA; Smith-Petersen; Hueter) is considered
the least traumatic as it utilizes the intermuscular plane between the sartorius, rectus
femoris, and tensor fasciae latae muscles, with no need for the dissection of any of them.
Even though it was introduced many years ago [7], it is currently gaining in popularity,
along with the general tendency toward minimally invasive surgery [8,9]. The key to its
recognition are postulated positive effects on prosthesis stability and patient satisfaction.
There are several claimed advantages of DAA when compared to some other approaches,
including faster rehabilitation and reduced postoperative pain [10-12].

J. Clin. Med. 2021,10,2246. https:/ /doi.org/10.3390/jcm10112246
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However, significant differences in clinical (functional) outcomes are usually observed
for only a few months postoperation and we have found no sufficient scientific evidence of
DAA'’s long-term superiority [10-12]. Inevitably, there are also claimed downsides of this
approach, such as a flat learning curve, an associated increase in the rate of complications,
and worse functional outcomes when compared to other approaches [10,13,14].

Even though the relative effects of the direct anterior approach have already been
covered by several systematic reviews and/or meta-analyses, we have found that none of
them included radiographic assessment of prosthesis placements [10,13,14]. Furthermore,
while there are no definitive conclusions on the choice of the approach, such a review could
play a significant role in the discussion, addressing a common allegation that the DAA
learning curve might often have an impact on proper implant alignment. Radiographic
prosthesis position evaluation is essentially based on acetabular cup anteversion and
inclination. The most notable application of these parameters is attributed to finding
the safe zone introduced by Lewinnek et al. [15] to predict which positions promote
dislocations. Although the values and the evidence they used were repeatedly contested,
the safe zone remains an important guideline for prosthesis placement.

The objective of our study was to collect and review the available data regarding
radiographic assessments of prosthesis placement after total hip arthroplasties performed
using the direct anterior approach compared to other common approaches.

2. Materials and Methods

This study is reported in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement [16] (Figure 1) and the Cochrane Hand-
book for Systematic Reviews of Interventions [17]. This study protocol was registered in the
International prospective register protocol of systematic reviews PROSPERO (PROSPERO
number CRD42019122675).

No institutional review board approval was required for this review because the study
included data that had been published previously.

We conducted an English language literature search of Scopus, ScienceDirect, PubMed,
Embase, and The Cochrane Library in January 2021 without restriction in terms of the
date. The following search terms were used: ‘total hip replacement,” “total hip arthroplasty,’
‘THA,” ‘THR,’ “anterior,” ‘direct anterior,’ ‘anterior supine intermuscular,” ‘Hueter approach,’
and ‘Smith-Petersen.” Search terms were combined using the Boolean operators “AND’
and ‘OR’ in accordance with the methodology used by Yue et al. [18].

In this review, the inclusion criteria consisted of randomized clinical trials involving
patients over 18 years old (with primary hip osteoarthritis that was treated surgically), stud-
ies comparing the direct anterior approach (DAA) with other approaches, and consisting
of radiological analysis. We excluded non-English studies, studies for which only abstracts
were available, review or non-comparative studies, and research in which bilateral hip
replacement or hemiarthroplasty surgeries were analyzed.

Three independent researchers (B.M., K.Z., M.D.) evaluated the final set of studies
in terms of: the first author’s name, country, publication year, type of surgical approach
being compared to the direct anterior approach, any significant differences at baseline,
sample size, and radiographic analysis (femoral stem alignment, mean radiographic cup
inclination, mean radiographic cup anteversion, mean radiographic cup abduction, position
in Lewinnek’s safe zone).

We provide a narrative synthesis of the findings from the included studies, which
was structured around the type of intervention, the targeted population characteristics,
the outcome, and the intervention content. The primary outcomes were the femoral stem
alignment, mean radiographic cup inclination, mean radiographic cup anteversion, and
mean radiographic cup abduction. Secondary outcomes were the leg length following
the surgery and the position in Lewinnek’s safe zone. Furthermore, subgroup analysis
regarding the type of approach toward the THR was performed. We considered studies
comparing DAA to one of the following: LA (lateral approach; Bauer), PA (posterior
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Identification

) (

Screening

Eligibility

—

Included

approach; Kocher-Langenbeck), or PLA (posterolateral approach). To provide a structured
summary of the questions asked in this narrative review, a table depicting the study
characteristics in accordance with the PICOS strategy was prepared (Table 1).

Records identified through
database searching

Scopus (1821), PubMed (1498), Embase Additional records identified
(2086), The Cochrane Library (228) h b oth
(n=5633) through other sources

(n=0)

Records after duplicates removed

(n = 2934)
Records screened Records excluded
(n=2934) > (n = 2925)

Full-text articles assessed
for eligibility
(n=9)

Studies included in
qualitative synthesis

(n=9)

Studies included in
quantitative synthesis

(n=9)

Figure 1. PRISMA flow diagram.

Assessment of Methodological Quality

The Cochrane Collaboration’s tool [19] for assessing the risk of bias was used. Any
disagreements between them over the eligibility of particular studies were resolved via
discussion with a fourth reviewer (A.S.). Cohen'’s kappa coefficient [20] was calculated
for the interrater agreement between reviewers following the assessment of the studies’
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eligibility. Kappa values < 0 were interpreted as indicating no agreement, 0.01-0.20 as none
to slight, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial, and 0.81-1.00 as
almost perfect agreement.

Table 1. PICOS strategy for study characteristics.

Patients Undergoing Total Hip Replacement for Treatment of End-Stage

Farticipanty Primary Hip Osteoarthritis
Intervention Total hip repla.ce.ment with use of one of 'the smglcal approaches to the hip
joint (anterolateral, posterior, or direct lateral)
Comparisons Patients undergoing total hip replac'err.lept via direct anterior approach to the
hip joint
Radiographic analysis (femoral stem alignment, mean radiographic cup
Outcomes inclination, mean radiographic cup anteversion, mean radiographic cup
abduction, position in Lewinnek’s safe zone)
Study design Randomized controlled trial
3. Results

3.1. Literature Selection

A narrative investigation of PubMed, Embase, Scopus, and Cochrane Collaboration
of Systematic Reviews produced 5633 potentially eligible studies. We used EndNote X9
to remove duplicated studies (2699). The remaining 2934 studies were then read by two
independent researchers. A total of 2925 studies were excluded due to not matching the
selection criteria. In the end, nine studies were included in the review [8,21-28].

3.1.1. Study Characteristics
Nine randomized controlled trials (RCTs) were analyzed in this systematic review [8,
23-30]. Four of them compared DAA to the standard lateral approach (LA) [8,21,22,27],

three of them compared DAA to the standard posterior approach (PA) [19,24,28], and two
compared DAA to the posterolateral approach (PLA) [25,26].

3.1.2. Participants

Altogether, the radiological analysis of the implants’ positioning was performed in
994 extremities: 500 in DAA vs. LA, 287 in DAA vs. PA, and 207 in DAA vs. PLA (Table 2).
The age and gender of participants, inclusion/exclusion criteria, and implants used for the

THRSs are presented in Table 2.

Table 2. Participants’ characteristics in analyzed studies.

References, Year

Number of Participants

Patients” Characteristics
Age (years); BMI (kg/m?)

Implants Used

DAA: 67 (53.5, 72.5);
2745+ 3.76
LA: 64 (54.5, 67.5);
2863 + 3.12

Metabloc™ uncemented femoral stem system, cobalt-chrome
Versys® 32 mm diameter femoral head, polyethylene liner form
Trilogy” acetabular system, and Trilogy” uncemented acetabular
system shell, with acetabular self-tapping bone screws if needed
(Zimmer Warsaw, IN 46,580, USA).

DAA 632 (44-77);
281437

LA:61.9 (50-78);28.3 + 3.4

Trilogy or Allofit cups (Trilogy®™ Acetabular Hip System; Allofit®
Acetabular Cup System), the non-cemented M /L Taper stem, or the
cemented M. E. Miiller straight stem. Overall, the anterior group
included four cemented stems, while the lateral group included five
cemented stems.

C d in Each Group
A Ompa::es (Females/Males,
pproa Left/Right Hips)
DAA: 35 (F/M: 26: 9,
Nistor [8], 2017 L/R: 19: 16)
DAAvs. LA LA:35 (F/M: 16: 19,
L/R:18:17)
Reichert[21], ~ DAA:73(F/M:32:45,
2018 L/R: NA)

; LA:50 (F/M: 32: 49,
DAAvs. LA b
Dienstknecht DAA: 55 (F/M 33: 22,

[22], 2014 L/R: 27:28)
DAA vs. LA LA: 88 (F/M47: 41,
) L/R: 47:41)

DAA: 61.9 + 12.1 (33-85);
27.6 + 6.0 (15.7-42.0)
LA: 61.3 + 11.6 (35-89);
30.1 4+ 5.6 (17.6-48.8)

Pressfit acetabular components and cement-free
hydroxyapatite-coated stems with metal heads were used. Five
patients in the Bauer group and one patient in the Micro-hip group
received a cemented stem because of poor bone stock.
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Table 2. Cont.

References, Year

Number of Participants
in Each Group

Patients’ Characteristics

: ml:s::::s (Females/Males, Age (years); BMI (kg/m?) Implants Used
PP Left/Right Hips)
DAA: 35 (F/M: 20: 15, DAA: 59 (IQR54, 69); 27.7
Cheng [23], 2017 L/R: NA 25.8, 30.0
DAgA[vJ PA LA: 38 (F/M: 2)0: 18, LA 62.{§ (IQR55, 2,9); 283  R3acetabular system and Anthology femoral stem.
L/R:NA) (24.8,31.1)
Taunton [24], DAA: 3]((1-‘@1)15 12, DAA: 62.05:27.7 The same femoral component design (Corail; DePuy, Warsaw,
2014 LA: 27 (F}M' 14:13 P A'A 66 4 2'9 2' Indiana) and the same acetabular component design (Pinnacle;
DAA vs. PA . L/R: NA) T T DePuy) were used in every case.
Barret [25], 2013 DAAL?R(FZ/II‘QZ? 23 DA3A0: 511'45229'2’- Corail Total Hip System femoral stem, a Pinnacle Acetabular Cup
DAA ‘; i’LA PLA: 44 (F /M, 25:19 PLA: .63 2 i 77 System cup, an AltrX cross-linked polyethylene liner, and a cobalt
. £ it e o chromium-molybdenum femoral head with size 28, 32, or 36 mm.
L/R: 20:24) 29.1+5.0 %Y
DAA: 60 (F/M: 36: 24, DAA: 64.88 + 12.13;
Zhao [26],2017 L/R:NA) 25.58 + 2.83 N/A
DAA vs. PLA PLA: 60 (F/M: 34: 26, PLA:62.18 + 14.72;
L/R:NA) 24.35+3.10
Brun [28], 2019 DAA: 31(:{\1]\;1\:)59: 25, DA?; ;12;:68'6" Cemented cup (Marathon; DePuy, Warsaw, IN, USA), uncemented
DAA vsl LA LA: 80 (F./M‘ 50: 30, LA65 6 :t.8 6: stem (Corail; DePuy), and ceramic head with a diameter of 32 mm
: : L/R: NA) i 2'7 6- +3 9' 4 (BIOLOX Forte; CeramTec, Plochingen, Germany).
Taunton [27] DAA: 65 + 10 (38-84); Hemispherical uncemented acetabular component (Pinnacle®;
2018 . DAA: 52 29 + 22 (19-39) DePuy Orthopaedics Inc, Warsaw, IN, USA), hydroxyapatitecoated
DAA vs. PA PA: 49 PA: 64 + 11 (37-85); femoral stem (Corail®; DePuy Orthopaedics Inc), and Biolox® delta

30 + 4(22-39)

ceramic femoral head (CeramTec GmbH, Plochingen, Germany).

List of abbreviations: F—females, M—males, L—left, R—right, DA A—direct anterior approach, LA—direct lateral approach, PA—posterior
approach, PLA—posterolateral approach, NA—not available.

3.1.3. Risk of Bias within Studies

The risk of bias within studies was assessed with the applicable part of the Cochrane
Collaboration’s tool for assessing the risk of bias, as described in the Materials and Methods
section. The results of this assessment are presented in Table 3.

Table 3. Cochrane Collaboration’s tool risk of bias assessment.

Randomization Delistioiisfrom Missing e Selection of the ~ Overall
References Intended of the 5
Process I . Outcome Data Reported Result Bias
nterventions Outcome
Nistor [8] + + + + + +
Reichert [21] + + + + + +
Dienstknecht [22] + + + Not stated + +
Cheng [23] + + + - + +
Taunton [24] + + + - + +
Barret [25] + + + - + +
Zhao [26] + + + + + +
Taunton [27] + - + - + +
Brun [28] + + + + + +

“+" denotes low risk of bias, “-” denotes high risk of bias.

3.2. Femoral Stem Alignment

Seven RCTs compared the femoral stem alignment (Figure 2) in patients that were
operated on using DAA to other approaches [8,21-23,25,27,28]. Four of them analyzed
groups that were operated using LA, two with PA, and one with PLA (Table 4). The median
femoral stem angle was 1.23° varus in DAA, and 2.37° varus in two studies that analyzed
LA. However, the reason for such a significant difference might have been a difference in
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the number of participants in the comparative group in Dienstknecht et al.’s research (55
vs. 88). In Brun et al.’s work, there was no difference in the mean femoral stem position
between the two trial groups (p = 0.443). In Cheng et al.’s work, the mean femoral stem
orientation was —1.60° varus. In Reichert et al.’s work, the alignment of the femoral stem
was not measured in value, but the researchers provided information stating that the stems
in the DAA group were assessed to be in a neutral position in 92.5% of cases, varus in 5.5%,
and valgus in 2%, while in the LA group, 94% were positioned neutrally, 4% varus, and 2%
valgus. In Taunton et al.’s work, the researchers remarked that in the DAA group, there
were four stems in varus, while in the PA group, there were six stems in varus and two
in valgus.

Figure 2. Femoral stem alignment measurement.
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Table 4. Femoral stem alignment in analyzed studies.
References, Year
Compared DAA LA PA PLA
Approaches
Nistor [8], 2017 1.40° (SD 0.99°) 1.29° (SD 1.13°)
DAAvs. LA varus varus
Reichert [21], 2018 5.5% varus 4% varus
DAA vs. LA 2% valgus 2% valgus
: 92.5% neutral 94% neutral
Dienstknecht [22], 2014 2.6° (SD2.1°) 2.8°(SD22°)

DAAvs. LA varus varus

Cheng [23], 2017 . "
DAA vs. PA 1.09° varus 1.62° varus

2% varus 26% varus
B;:j: [25],13{(23 0% valgus 0% valgus
V3. 98% neutral 74% neutral
6 varus, 2
Taunton [24], 2014 £
DAA vs. PA 4 varus/52 operated valgus/49
operated
Brun [28],2019 3.1° (SD15°) 29°(SD1.1°)

DAAvs. LA varus varus

3.3. Mean Radiographic Cup Inclination

Nine RCTs compared the mean radiographic cup inclination (Figure 3) between
patients that were operated on using DAA and patients that were operated on using other
approaches [8,21-28]. Four of them analyzed the groups that were operated on using LA,
three using PA, and two using PLA (Table 5). The most significant difference was observed
in the DAA vs. LA subanalysis. In the analysis of these two RCTs, the mean cup inclination
angles in the DAA and LA groups were 42.68° and 46.29°, respectively. Such a difference
might have been due to the unequal number of participants in both included studies (73 vs.
50 and 55 vs. 88). However, in Brun et al.’s work, where the number of patients in both
trial groups (80 vs. 84) was comparable, the degree of cup inclination was significantly
higher in the DAA group than in the LA group (mean difference = 2.5%; p = 0.023). A
similar observation was made in Nistor et al.’s study, where the cup inclination angle
difference between the DAA and LA groups was statistically significant with a p-value
< 0.001, with lower values in the DAA group. Three RCTs measured the cup inclination
angle in the DAA and PA groups, but no statistically significant difference in those studies
was observed. Meanwhile, two RCTs compared this angle between DAA and PLA. The
mean radiographic cup inclinations were measured to be 43.14° and 42.05°, respectively.

Figure 3. Cup inclination measurement.
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Table 5. Mean radiographic cup inclination angles in analyzed studies.

References, Year

Compared DAA LA PA PLA
Approaches
R i 3697° (SD 185%) 39.63° (SD 2.88%)
Reig‘:z ‘[,2;]&018 38.6° (SD5.7°) 0.3 (SD6.2°)
e 48.1° (SD 6.0°) 9.7 (SD 6.0°)
R
Taunton 24], 2014 T 100°
Bamet (25, 2015 471° 6D 61°) 124° (SD7.6°)
DAAve PLA i o
B[‘;Z“Afzvggff 195° (SD7.4%) 147.0° (SD 6.0°)

3.4. Mean Radiographic Cup Anteversion

Six RCTs compared the radiographic cup anteversion (Figure 4) in patients that were
operated on using DAA to those patients operated on using other approaches [23-28].
Three of the RCTs analyzed groups operated on using PA, two using PLA, and one using
LA (Table 6). The mean radiographic cup anteversion in the DAA group was 21.42°
compared to 23.01° for the other approaches. However, a subanalysis of DAA vs. PA and
DAA vs. PLA showed more significant differences in these measurements. Comparing
DAA with PA, it was found that the mean radiographic cup anteversions were 26.52° and
22.70°, respectively. Moreover, in an analysis of the DAA vs. PLA subgroup, the angles
were 18.35° vs. 23.20°, respectively. Furthermore, the angle of the cup anteversion was
significantly higher in the DAA group compared to the LA group (mean difference = 3.6°;
p<0.0001). In four of the mentioned RCT5, the difference in cup positioning was statistically
significant with a p-value < 0.05. Moreover, in Cheng et al.’s work, this difference was also
recognized and was nearly statistically significant (p = 0.06).

Table 6. Mean radiographic cup anteversions in analyzed studies.

References, Year

Compared Approaches DAA LA PA PLA
oo 2457° 20.34°
- v % 2
Bgii [vzj.]ivzﬂg’ 201° (SD5.9°) 25.8° (SD8.1°)
R ve pa, Ak 213°
Ta“SX’X EZ]{’imS 23° (SD4°) 25° (SD 6°)
B]gug Efif ﬂg 9.4° (SD 48°) 58° (SD4.3°)
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Figure 4. Cup anteversion measurement.

3.5. Leg Length

Three RCTs reported an analysis of leg length discrepancies following THRs [21,24,28].
However, different methods of reporting these values were used. Reichert et al. reported
two cases (3%) with a discrepancy of more than 1 cm in comparison to the non-operated
limb in the DAA group and 3 cm in the LA group (6%). These values are difficult to
compare due to the quite significant difference in the numbers of participants in these
studies. Taunton et al. measured the median leg discrepancy (2 mm in the DAA group and
3 mm in the PA group). The result was found to be statistically non-significant (p = 0.222).
Furthermore, in Brun et al.’s study, there was no difference in the mean leg length between
the DAA group and LA group (p = 0.164).

3.6. DAA vs. LA

In all four RCTs comparing DAA to LA, the femoral stem positioning did not differ
significantly between the groups. In Brun et al.’s study, the angles of both the cup inclination
and anteversion were significantly higher in the DA group when compared to the DLA
group (mean difference = 2.5°, p = 0.023 and mean difference = 3.6°, p < 0.0001, respectively).
Moreover, in Nistor et al.’s study, the difference in cup inclination angle between the DAA
and LA groups was statistically significant with a p-value < 0.001, with lower values in the
DAA group. In two other RCTs, the difference in cup inclination angle was not found to be
statistically significant. However, there was a significant difference between both studies
in terms of the value of this angle. In Reichert et al.’s study, the mean value of this angle in
both the DAA and LA groups was almost 10° lower than in Dienstknecht et al.’s research:
38.6 & 5.7° vs. 48.1 = 6.0° and 40.3 £ 6.2° vs. 49.7 £ 6.0°, respectively. Such differences
might have been caused by the unequal number of participants between both compared
groups. In Dienstknecht et al.’s research, the DAA group consisted of 55 participants, while
the LA group had 88 participants. In Reichert et al.’s study, the DAA group consisted of
73 patients, while the LA group had 50 patients. In this particular study, such a difference
between the groups might have been due to the loss to follow-up of 21 patients from the
LA group (29.6%), mainly due to the ‘lack of time and interest’ (22.5%).

3.7. DAA vs. PA

With regard to the femoral stem alignment and cup inclination, three RCTs reported
minor changes that were not statistically significant. However, in Taunton et al.’s research
from 2014, a statistically significant difference was observed with regard to cup anteversion,
with higher values in the DAA group (p = 0.004). In Cheng et al.’s research, similar
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observations were made with nearly statistical significance (p = 0.06). On the other hand,
in Taunton et al.’s study from 2018, there was no disparity in terms of the cup anteversion
in any group of patients (p = 0.21).

3.8. DAA vs. PLA

In both RCTs comparing DAA to PLA, no information concerning leg length after the
THR femoral stem alignment or cup abduction angle was reported. Both studies provided
statistically significant results of the measurement of cup anteversion angle (p = 0.0005 and
p = 0.02), with lower values for DAA in comparison to PLA. However, values of this angle
inboth groups significantly differed between studies. In Barret et al.’s study, this angle was
20.1 £5.9° and 25.8 4= 8.1° for DAA and PLA, respectively. In Zhao et al.’s study, these
values were 17.1 4 2.1° and 21.3 + 2.4°, respectively. These two RCTs provided different
conclusions regarding the measurement of the cup inclination angle. In Barret et al.’s work,
the authors showed that this angle was statistically higher in patients that were operated on
using DAA than in the PLA group. These observations were not confirmed by Zhao etal.’s
research in which these values were lower in the DAA than in the PLA group, but this
difference was not statistically significant (p = 0.57). Such differences may be explained by
the higher BMI values in Barret et al.’s research (29.1 + 5.0 kg/m2 vs. 24.35 + 3.10 kg/mz,
respectively) and the fact that in Zhao et al.’s research, the inclusion criteria contained hips
with residual dysplasia (Crowe I and II: DDA group = 6, PLA group =7) and patients with
femoral neck necrosis (Ficat III or IV: DDA group = 13, PLA group = 13). Hips with such
characteristics were not included in Barret et al.’s research.

4. Discussion

Achieving the perfect stem and cup position during a THA is one of the toughest
challenges. It is estimated that positioning the hip rotation center in 40° of inclination and
20 of anteversion will allow for a good clinical outcome [29,30]. Defining the optimal cup
position is one thing, but achieving the targeted position in a reproducible way is even
more difficult [31,32].

Proper cup orientation is believed to be the key factor toward achieving a proper
cup-head contact area and minimizing its wear [33-36]. There is also an ongoing debate
about whether the so-called “safe zones” proposed by Lewinnek et al [15] are really the
zones lowering the risk of hip dislocation after a THA [37,38].

Knowledge of how different approaches impact stem and cup positions in a total hip
arthroplasty might be crucial for achieving proper implant placement.

Even though the study by Yue et al. [18] reported differences in some radiographic
results between LA and DAA, this narrative review is, to our best knowledge, the first
study to sum up the radiological results when comparing the use of DAA with other
approaches. However, there are some studies that underline the advantages of the DAA
with regard to early rehabilitation and early postoperative outcomes [10,14]. The theory
behind ‘DA A superiority” is motivated by its potentially less invasive character since it is
using the natural spaces between muscles.

On the other hand, Takada et al. [39] found that DAA is associated with a higher
risk of nerve injury than the anterolateral approach (ALA), which is yet another aspect to
consider when choosing the optimal approach. However, the more frequent occurrence of
nerve injury in DAA patients did not result in a lesser clinical outcome, as it is the sensory
lateral femoral cutaneous nerve, which is usually affected; therefore, it does not impair the
motor joint function.

The potential limitation of our study is the lack of overall meta-analysis of the re-
sults from different studies. Another limitation is the focus mainly on the radiographic
parameters, which are just some aspects of a successful surgery among others, such as the
functional outcome, complications, and patient-reported outcome. The fact that our review
included studies involving both cemented and cementless arthroplasties could impact the
findings and therefore it should also be considered as a limitation.
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The main strength of our study is that, to our best knowledge, it is the first to com-
prehensively compare DAA with other approaches in terms of the radiographic analysis
of implant positioning. With the knowledge of how the choice of approach impacts the
implant positioning, surgeons can alter their technique depending on the approach they
choose in a particular case and achieve the desired result.

5. Conclusions

In conclusion, it can be admitted that according to this systematic review, which
considered high-level studies, the type of approach in a total hip replacement may influence
the components” positioning during the surgery. Even though some differences in both
femoral stem and cup positioning were underlined, there is still an insufficient number
of randomized controlled studies analyzing the radiological parameters and comparing
THRs performed using DAA and other approaches.

Some authors proposed the regular use of intraoperative fluoroscopy or robotic-
assisted surgery in order to place a prosthesis properly. Perhaps this is the way to improve
the outcome and standardize femoral stem and cup positioning. Implant placement is an
essential step during THR surgery and making the final decision about it is the key toward
achieving a satisfying outcome for both the surgeon and the patient. Surgeons must be
aware that their choice of approach might impact their judgment on the angles and spaces
inside the joint and thus alter the implant positioning.
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Abstract: Worldwide tendencies to perform large numbers of total hip arthroplasties in the treatment
of osteoarthritis are observable over a long period of time. Every year, there is an observable increase
in the number of these procedures performed. The outcomes are good but not ideal, especially in
groups of patients with spine problems. In recent years, a growing interest in this field may be
observed, since spinopelvic alignment seems to have a significant impact on total hip replacement
(THR) results. The aim of this study is to describe relations between spine and pelvic alignment and
provide practical information about its impact on total hip replacement. The authors performed a
literature review based on PubMed, Embase, and Medline and provide practical guidelines based on
them and their own experience.

Keywords: spinopelvic; alignment; total; hip; replacement; alloplasty; preoperative; planning

1. Introduction

Osteoarthritis (OA) affects one in three people over the age of 65, and it is more
common among women than men. This multifactorial disease leads to structural changes
of the joint, and it is connected to chronic conditions. OA is characterized by pain, stiffness,
and decreased range of motion (ROM). These factors lead to poor quality of life—insomnia,
depression, lack of confidence, and limitations in daily activities, work, or hobbies. OA
causes very serious problems for patients and significant social and economic costs [1].

Total hip replacement (THR) was a revolutionary method used for the treatment of
an end-stage osteoarthritis in the hip. The aim of this operation is to increase the patient’s
range of motion and activity level, alleviate pain, reduce limitations in everyday life, and,
ultimately, improve the patients’ standard of living [2]. Although the first steps in modern
THR date back to the 1940s [3], this technique is constantly enhanced. It should also be
pointed out that indications of THR have changed throughout the years. In the past, this
procedure was reserved for infirm, ailing people having major difficulties walking. Nowa-
days, the range of indications is much wider. Contemporary technologies are able to deliver
highly advanced implants to meet even the most demanding requirements and assure
patients’ fully functioning life, full of challenging activities [4]. Our knowledge of total hip
replacement, according to the records, is enriched with the classification of architectural
hip deformities [5], perioperative care [6], and the use of alternative types of articulations,
e.g., dual mobility components [7]. Currently, we can also feature many different bearing
types used for THR [8], which improves patient outcomes after an operation.

Despite great advancements and fantastic results of the majority of operations, ap-
proximately 10% of patients are still not satisfied with the effect of THR [9,10]. Searching
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for the reasons of discontent, the following problems seem to play a vital role: insufficient
restoration of ROM, perceptible distinction between the length of lower extremities [5],
dislocation of prosthesis elements, and need for revision surgery. The key to achieve
satisfaction of patients and perform successful THR with positive results is a traditional or
digital preoperative strategy, which has been emphasized by many authors throughout the
years [5,11-14].

During the last few years, there has been a growing interest in parameters called
“spinopelvic alignment”. When it comes to preoperative planning before total hip replace-
ment, hip-spine relations seem to play a big role and have been underestimated during
recent years. Interest in that relation is growing as it becomes more clear that it has major
clinical consequences [15], especially in the risk of dislocations [16]. This study is designed
to provide practical advice on preoperative planning for total hip replacement.

2. Materials and Methods

A review of the literature was performed. A search for all articles connected with
the topic, with the time frame set to 1900-2021, was performed. Keywords relating to
spinopelvic alignment and total hip replacement were searched using the following online
databases: Embase, Medline, and PubMed. Search filters included English language studies,
research on humans, articles in press, and available abstracts. Papers were included in this
review based on their titles; then, their abstract; and, finally, the full paper was assessed.
The exclusion criteria were: only the abstract or title were available; the study was in
any language other than English; the article was ahead of print; and the study concerned
animals. On the next level of preparation, studies were excluded if they did not include
information about spinopelvic alignment in total hip replacement or information about it
was not relevant. The full text of the articles that met these criteria were obtained; then, a
manual search was performed. Finally, papers not up to date with historical findings were
excluded, as well as duplicates. A search and risk of bias assessment was performed by a
single researcher. Data was extracted from the articles by one author and rechecked by the
same author. Analysis and synthesis of studies were performed by one author.

3. What May Influence the Spinopelvic Alignment?

The hip and spine coexist in a biomechanical chain, and require special coordination
between them. The lumbosacral joint connects the pelvis with the spine. On each side of
the body, the hip joint and sacroiliac joint form spine-pelvic-hip connections, which are
crucial in pelvic motion and maintaining appropriate balance during bipedal locomotion.
Every ongoing disease process associated with joints mentioned before restricts mobility,
decreases stability, and makes activities of daily life difficult.

With age, and due to other conditions, such as osteoarthritis, osteoporosis, or fractures,
spinal curvatures evolve, mostly causing an incorrect spinal position and imbalance. The
sagittal imbalance has a connection with disability and pain and occurs as a result of
decreased lumbar lordosis, increased thoracic kyphosis, contractures in hips or knees, and
changes in pelvic parameters mentioned above. Human organisms adjust to the environ-
ment and develop compensatory mechanisms to prevent consequences of disbalance [17].
Over the course of a lifetime, compensatory mechanisms are exhausted, which causes
pelvic retroversion—the pelvis becomes more horizontal, thinner, and wider. Cervical
lordosis, lumbar lordosis, and thoracic kyphosis may become shallower or deeper. Most
frequently, lumbar hypolordosis, resulting in hip extension, knee flexion, and ankle flex-
ion [18,19], thoracic hyperkyphosis, and anterior spinal instability occur. This results in
inevitable pathologies involving the axial skeleton, hip joints, knee joints, and ankles.

The interaction of the spine with the lower limbs occurs through the pelvis. The
mobility of the pelvis acts as a “hinge” between the spine and the hip—it allows one to
move upright on the lower limbs [20].
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Medical procedures performed on patients should also be taken into account. It was
demonstrated that spinal fusion before THR might increase the risk of dislocation and
impingement by increasing posterior pelvic tilt [1]. Nevertheless, the more segments are
involved, the higher the limitations and the more dysfunctional the hip-spine biomechanics
are [1,2].

4. Problems Associated with Improper Spinopelvic Mobility and THR

Dislocation of a hip prosthesis is a common complication occurring after the THR.
The rate varies from 0.2 to 10% per year [21]. Even in 1980, there were reports of the impact
of neuromuscular and cognitive disorders or excessive intake of alcohol beverages on the
prevalence of single or recurrent dislocation [22]. Dislocations have a range of other risk
factors, such as older age [23], gender, comorbidities such as rheumatoid arthritis (RA) [24],
or surgical approach [25]. Another very important role in dislocations after THR is cup
and stem position. The reports indicate a correlation between prevalence of posterior
dislocation and low cup anteversion [23]. The size of the femoral head articulation is also
instrumental in decreasing the risk of dislocation. Larger, 36 mm femoral heads, compared
with smaller, 28 mm articulations, lower the incidence of displacement during the first year
after primary THR [26].

The “safe zone” (anteversion 15° &+ 10°, inclination 40° £ 10° of acetabular cup),
defined by Lewinnek, was designed to decrease the risk of dislocation after primary
THR [16]. However, dislocations still occur [27]. One of the main reasons for that is
probably the spine dynamics. Patients with a sagittal spinal deformity (SSD) are not
protected by the “safe zone” [28]. SSD means abnormal kyphosis or lordosis, which can
result in abnormalities within the pelvis [29].

Since spine dynamics are not the only risk factor, surgeons must be aware of the other
ones. Unfortunately, almost all of them cannot be fixed by preoperative planning and
special positioning of implants. That is why the surgeon should pay special attention to
spine dynamics—one of the most important factors, and one of very few amenable to
change by the orthopedic surgeon.

5. Anatomy and Imaging

Before starting the operation, proper planning should be done. Normally, the whole
process is done based on antero-posterior pelvic X-ray. In case of any suspicion of abnor-
malities with spinopelvic alignment, special lateral views could also be useful, as they
allow one to perform measurements of more sophisticated parameters of pelvic alignment.
This should visualize a part of the body from L1 to the proximal femur, including the pelvis.
Example of such X-rays are seen in Figure 1.
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(a) (b)

Figure 1. Examples of different pelvic measurements performed on lateral X-rays of the pelvis with
lumbar spine view. (a) Spino Sacral Angle, Lumbar Lordosis and femoral Inclination presented on

lateral X-ray. (b) Sacral Slope, Pelvic Incidence and Pelvic Tilt presented on lateral X-ray.

Radiographic Measurements

Sacral Slope (SS)—to measure this angle, one needs to draw the straight line of the S1
superior endplate and a leveled line at a right angle to the gravitational force direction
(horizontal reference line) [30]. The normal value ranges between 32 and 49° [31].
Pelvic Tilt (PT)—an angle between the reference vertical line and the line joining the
middle of S1 upper endplate and the center of the femoral head. The normal value
ranges from 7 to 197 [31].

Pelvic Incidence (PI)— the angle between the line that is formed by connecting the
upper endplate of S1 (at its midpoint) to the femoral head axis. The normal value
ranges from 38 to 56° [31].

Pelvic Femoral Angle (PFA)—the position of the femur in relation to the pelvis. It is
the angle centered at the femoral head, between the mid sacral base and down femoral
shaft. The normal value ranges from 1 to 17° [31].

Lumbar Lordosis (LL)—the segmental angle of spinal segment in lordosis, measured
between the line on the upper endplate of L1 and the line on the upper endplate of
S1(L1 -L5). The normal value ranges from 40 to 58° [31].

Femoral Inclination (FI)—the angle between a vertical reference line and the axis of
the femur. The normal value ranges from 0 to 8° [31].

Sacro Femoral Angle (SFA)—the angle between the line of the upper endplate of S1
and the axis of the femur. The normal value ranges from 43 to 61° [31]

Spino Sacral Angle (SSA)—the angle between the line of the upper endplate of S1 and
a reference vertical line. The normal value ranges from 119 to 133° [31].

All angles mentioned above refer to an X-ray in standing position, which is the most

common way to take radiographs for preoperative planning. It is also advisable to take the
radiographs in sitting upright position to view the changing relations between the angles.
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It should be taken into account that the position of the torso during sitting may influence
spinopelvic alignment and have an impact on the hip joint [32].

6. Approach to Preoperative Planning—Spinopelvic Mobility

When it comes to planning a total hip replacement, surgeons must be aware that the
position of the acetabulum changes and depends on the position of the patient. In many
cases, surgeons measure the pelvic tilt just before acetabular reaming while the patient is
lying in supine position. It should be stressed that the patient is not going to stay in this
position the whole time, and placement of the acetabulum should be fitted not only to this
position (which slightly differs from standing position), but also to a sitting one.

While changing position from standing to sitting, numerous changes are observed
between spine and pelvis (Table 1). While lumbar lordosis decreases, the sacrum moves
backward. This leads to an increase in acetabular anteversion [33]. This shows that only
part of the movement is performed by the hip joint. Range of movement depends on
spinopelvic mobility. In the literature, there are described three types, each of them with a
different impact:

Table 1. Spinopelvic mobility types.

Spinopelvic Pelvic Tilt Hip Bend Lumbar Pelvic Femoral
Motion Change Change Lordosis Angle
Normal 20°-35° 55°-70° 20° 45°

Hypermobile >35° <55° >20° <45°

Stiff <20° >70° <20° >45°

Not all parameters are equally important in preoperative planning. Essential parts of
each of them are connected with one another, giving the following equation:

Pelvic Incidence (PI) = Sacral Slope (SS) + Pelvic Tilt (PT)

There is no need to measure every angle mentioned above. When it comes to other,
more sophisticated ones, they describe more complicated relations between pelvis and
spine and are not essential parts of the preoperative planning, although the knowledge
may provide a broader view. Since pelvic tilt plays a vital role in the concept of spinopelvic
alignment, it is considered the most important parameter [34]. Moreover, other parameters
are in close relation to those essential ones from the quotation above, e.g., a decrease of
1° A SS results in a 0.9° increase in pelvic femoral angle (PFA) [35]. All those parameters
describe a pelvic position which is an important information in preoperative planning
(Table 2).

Table 2. Clinical consequences and problems in relation to pelvic position.

Types of Pelvic Position Clinical Consequences Potential Problems

In case of android type of pelvis (low PI, low SS,
lower rotational movements) there is a tendency
to retroversion, which leads to sacroiliac joints
stiffness.

Low spinopelvic mobility is
compensated by movement in hip
joints.

Lower acetabular coverage -> risk of
posterior dislocation during sitting

In case of a gynecoid type of pelvis (high PI high ~ Spinopelvic mobility is restricted ~ Higher possibilities of adaptive changes
SS, anteversion, higher rotational movements, no by hip joint movements. Lower  and higher acetabular coverage -> risk of
osteoarthritis in lumbar spine). extension in hip joints. anterior dislocation during standing

In case of lumbar spine stabilization with pelvis,
with tendency to anteversion.
In case of lumbar spine stabilization with pelvis,

Risk of anterior dislocation during
standing
Risk of posterior dislocation during

Higher acetabular anteversion.

Lower acetabular anteversion.

with tendency to retroversion (flat back). sitting

PI, pelvic incidence; SS, sacral slope.
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7. Decision Making Proposition

During the last two years, our joint replacement team, which included three high vol-
ume surgeons (with over 2000 THR done), performed over 700 joint replacement surgeries,
including over 250 total hip replacements. So far, we have noticed only one dislocation of
traumatic etiology in a neurologically impaired patient. The recommendations described
below (Table 3) include practical tips based on their knowledge and experience, which are
supported by the newest literature.

Table 3. Recommendation during THR (total hip replacement) in connection to spinopelvic alignment.

Spinopelvic Alignment Preoperative Recomandation
Higher acetabular anteversion and inclination
Pelvic retroversion during THR—within limits of Lewinnek’s safe
zone
Lower acetabular anteversion and inclination
Pelvic anteversion during THR—within limits of Lewinnek’s safe
zone
Lumbar spine stabilization with pelvic with Higher acetabular anteversion during
tendency to anteversion THR—up to 307
Lumbar spine stabilization with pelvic with ~ Lower acetabular anteversion during THR—up
tendency to retroversion to 57
Higher acetabular anteversion during

Patients with hypermobile spinopelvic junction THR—up to 25°

Higher acetabular inclination during

Patisits it slft spincpelvic unction THR—within limits of Lewinnek’s safe zone

It is still unknown what the optimal angles of anteversion or inclination are in partic-
ular cases of alterations in spinopelvic alignment. The optimal angles, earlier described
as the “safe zone”[16], also change and no longer give optimal results [15]. To get better
results and “safety”, the total hip replacement surgeon, based on recommendations in the
table above and their own clinical experience, should decide on the optimal positioning of
acetabular component.

8. Discussion

To achieve satisfactory results after THR, a good understanding of the spinopelvic
motion, acetabulum location, and risk factors of impingement are needed. So far, many
important investigations have been performed in this field. One of the most important was
to find a relationship between pelvic tilt (PT) and acetabulum. The growth in anteversion
of the acetabular cup for each degree posterior PT equals approximately 0.7°, which clearly
shows the impact of PT on the position of the cup [36]. This parameter seems to be crucial
during preoperative planning and was used in the algorithm. Another equally important
parameter is cup inclination, which increases about 0.3 degrees with 1 degree of increase
in pelvic tilt, although this relationship seems to be nonlinear and more complicated,
as inclination is more connected with anteversion, and the change does not seem to be
linear [37].

Apart from that, it is important to realize that dislocation may not only be correlated
with spinopelvic alignment, but also with other factors listed previously [23-25]. The
overall risk of dislocation is probably connected with all of them.

Another issue that is worth attention is spinal fusion in relation to THR. The latter
should be a priority. Afterwards, if there are indications, spinal fusion can be carried out.
There is one exception in which the order should be reversed. The spinal fusion may be
done earlier than THR when the patient’s pelvic retroversion is increased [1,2]. Another
approach may cause risk to THR stability [38]. As noted in the literature, the dislocation
rate in patients with lumbar spine fusion (LSF) after THR is 1.7%, in patients with THR
without spine pathology is 2.3%, in patients with THR with spine pathology at 3.3%, and
in patients with THR after LSF is 4.6% [39]. Other works give more information regarding

57



J. Clin. Med. 2021, 10, 3528

7 of9

References

how not only the timing of the operations but also the range of lumbar fusions can affect
the dislocation rate. It is estimated that the dislocation rate for THR patients without prior
spinal fusion was 2.4%, 4.3% for patients with one to two levels fused, and 7.5% for patients
with three to five levels fused [40].

New technologies of, and approaches to, hip alloplasty allow surgeons to operate on
patients even with a high degree of stiffness between spine and pelvis. If the patient’s
ante-inclination values change less than 5 degrees between sitting and standing position
(acetabulum does not accommodate during spinopelvic motion), there is a higher risk of
dislocation. In this case, the surgeon has to use a dual mobility articulation cup, making
THR. Dual mobility cup (DMC) comprises a small head connected to a polyethylene liner.
The aim of DMC is to enhance ROM and better stabilization [41]. It provides a lesser risk
of dislocation in cases more prone to that complication—especially in case of neurological
diseases, accompanied by increased or decreased muscle tonicity, e.g., multiple sclerosis, or
bone defects [41].

The literature review performed in this study excluded data that was not in English,
or without abstract or title. That is one of the main limitations. Another limitation is a
quality of the study. Some studies enrolled in this review were performed on relatively
small groups of patients; the results of the same studies performed on bigger groups may
slightly differ.

To our best knowledge, there is no data concerning the impact of total knee replace-
ment or foot and ankle problems on spinopelvic alignment. Since all parts of the lower
limb may affect the result of THR, further research is needed in this field [18,19].

9. Conclusions

Spinopelvic alignment seems to play a vital role in understanding hip joint biome-
chanics and the impact of residual changes in the spine on hip mobility. This knowledge
is essential for hip replacement surgeons, as it is a way to avoid postoperative complica-
tions, such as prosthesis dislocations, range of movement limitations, or prolonged pain
after surgery. The crucial element of performing the surgery with a result satisfactory
for the patient is preoperative planning. The algorithms mentioned above may be useful
tools for a surgeon in the decision making process. Hopefully, a complete understand-
ing of spinopelvic relations will increase satisfaction rates among patients after total hip
replacement and contribute to further improvements in operation technique.
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Abstract

Introduction Total hip replacement (THR) is considered one of the most effective medical procedures in treatment of osteo-
arthritis. Since its introduction, there has been a worldwide debate over proper implant selection in terms of size, bearing
type and shape. Following study was designed to assess the importance of femoral head size in long-term follow-up.
Materials and methods A cohort of 30 patients with primary end stage osteoarthritis who underwent total hip replacement
was analysed retrospectively. A homogenous group was chosen with no major differences in BMI. Patients’ gait parameters
were measured in a biomechanics laboratory using the 3D BTS Smart system. WOMAC and VAS questionnaires were used
to assess patient reported outcome.

Results The subgroup with larger implant head size had several outcomes significantly superior to the subgroup with standard
head size and non-inferior to healthy hips. Following variables were measured during this study: time of support phase, time
of swing phase, double support time, walking hip extension angle.

Conclusions Use of larger sized femoral heads during THR gives better results in terms of gait pattern. Since restoring the
gait pattern is one of the aspects of rehabilitation and returning to daily activities it seems to be an important observation.

Keywords Total hip replacement - Arthroplasty - Gait - Large head - Biomechanics - Pattern

Introduction and shape [3-5]. Surgeons put effort into choosing the best
combination of implant components to achieve personaliza-

Total hip replacement (THR) is considered to be one of the  tion of the prosthesis and maximize the therapeutic effect of
most effective medical procedures, being even named as the  the surgical procedure. One of the most important aspects is
operation of the century [1]. It is estimated that the number ~ femoral head size which has had a growing interest over the
of patients undergoing this surgery in the United States in  recent years. The average diameter of femoral head compo-
2020 will reach almost 500 thousand [2]. nents used in THR grew throughout the years—from 22 mm
Since its introduction, there has been a worldwide debate  in the 1960s to 32 mm in the 2000s, which is the most often
over proper implant selection in terms of size, bearing type ~ used size nowadays. Over the recent years there was a nota-
ble number of large femoral heads (>=36 mm) used in
several registers [6-9]. There are many studies providing
strong evidence that the range of motion, risk of dislocation,
functional results, pain and prosthesis wear are dependent
on femoral head size. Majority of them favour larger ones
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[10-19].
! Department of Orthopedics and Rehabilitation, Medical However, in the most recent reliable reviews, there are
University of Warsaw, Warsaw. Poland interesting observations made which make surgeons recon-
2 3rd Clinic of Internal Medicine and Cardiology, Medical sider their decisions during THA. Studies prove that hip
University of Warsaw, Warsaw, Poland function and patient-reported outcome do not improve in
* Medical University of Lodz, Lodz, Poland THA with heads diameter between 32 to 36 mm. That should
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be considered along with evidence that hip range of motion
increases with larger bearing sizes up to 36—38 mm, and also
that 36 mm or larger femoral heads provide greater stability
compared to 28 mm or smaller, and probably even to 32 mm
[10, 17, 18].

There are also some complications after THA, which are
being explained by larger femoral head use. One of them is
a possible cause-effect relation between large femoral heads
and taper corrosion but it is still controversial. Another con-
troversy is the potential causative effect of larger head size
on the incidence of groin pain due to iliopsoas impingement
after THA. Since neither was clearly proven, both complica-
tions need further investigation [20-23].

There are several high-quality studies analysing fac-
tors mentioned above, but there is still a limited number of
research concentrating on gait pattern after total hip replace-
ment and its dependence on the implant head size. Since the
femoral head size has a proven impact on range of motion,
it is highly probable that it also alters the gait pattern or at
least some parameters of gait that may be important in the
rehabilitation process [18, 24].

Choosing adequate implants during total hip replacement
might be crucial for improving the outcome and maximiz-
ing the results of the surgery. It might expedite restoring
limb function and hip biomechanics, rehabilitation and
help lower socioeconomic factors associated with total joint
replacement.

Hypothesis of authors of this manuscript is that larger
femoral heads allow to restore a healthy gait pattern due to
the more anatomical femoral head size; thus, restoring more
native hip biomechanics.

The aim of this study was to assess potential differences
in lower limb biomechanics during gait in patients following
primary total hip replacement surgery performed via antero-
lateral approach depending on femoral head diameter and to
compare the results of the operated limb to the healthy one.
As a secondary outcome authors wanted to inspect any cor-
relation between gait parameters and patient-reported out-
come and investigate possible superiority of larger femoral
head implants over smaller ones in terms of postoperative
gait biomechanics.

Materials and methods

This study was conducted according to the Consolidated
Standards of Reporting Trials (CONSORT) and an appropri-
ate checklist was presented to the editors of the Journal [25].
This study was retrospectively registered on ClinicalTrials.
gov (Registration number: NCT04521842). Institutional
Ethics Committee approval was obtained and every partici-
pant signed a written consent to participate.
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A consecutive series of 19 patients who received an unce-
mented Maxera Taperloc (Warsaw, IN, USA) metal-on-con-
ventional-polyethylene THA system with head diameter of
36 mm between May of 2017 and June of 2017 was identi-
fied. Patients included in the study were: (1) aged> 60 years,
(2) had BMI (kg/m2) <40, (3) were able to walk for 10 m,
(4) had leg length discrepancy <5 mm, (5) knee flexion
angle > 90 degrees, (6) hip extension angle <0 degrees,
and (7) hip flexion angle > 90 degrees, (8) complaining and
radiologically confirmed single limb hip osteoarthritis, con-
firmed grade IIT and IV in Kellgren-Lawrence scale [26].
All participants received on-label use of an uncemented hip
system as a treatment for end-stage hip osteoarthritis. Exclu-
sion criteria included (1) patients with severe deformity with
and (2) patients who underwent any other lower limb surgery
before or after the THA, (3) patients with neurological dis-
orders, (4) or severely impaired balance.

For the present analysis, the following demographic
patient data were queried: sex, age at surgery (years), and
BMI. A total of 16 patients treated with Maxera Taperloc
(Warsaw, IN, USA) hip system met the inclusion criteria. All
patients at the institution have a standard antero-posterior
pelvic weight-bearing radiographic examination for evaluat-
ing intraarticular grade of osteoarthritis, leg discrepancy and
assessment of hip joint alignment. Every patient fulfils the
WOMAC questionnaire on the day of the admission to the
hospital to assess hip joint function.

All surgeries were performed in a level III academic hos-
pital. All operations were performed by an experienced total
joint replacement surgeon.

All patients were operated in the lateral decubitus posi-
tion. Surgical technique using natural interval in gluteal
muscles and dissecting only one-third of its attachment was
used. Incision in line with the axis of femoral shaft was per-
formed with 1/3 distally and 2/3 proximally to the tip of the
greater trochanter. Further blunt dissection of connective
and fat tissue was done to visualize iliotibial tract. The lat-
ter structure was then incised in a slightly curved way so
to stay in line with fibers of tensor fascia lata. After mov-
ing fascia aside, visualization of gluteus medius was done.
Natural interval of 1/3 anterior part of the gluteus medius
was found and carefully dissected from the bone. Then the
femoral neck was easily palpable and the joint capsule was
opened with a longitudinal dissection above the femoral
neck. After completing the approach the hip joint was dislo-
cated, the femoral neck was cut accordingly to manufacturer
technique. All acetabular cups were templated in the posi-
tion of 40-45 degrees inclination and 10-15 degrees ante-
version to the supine anterior pelvic plane. All stems were
uncemented. Proper prosthesis placement was confirmed on
X-ray images taken on the following day. No leg discrepancy
was observed.
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Flexion and extension exercises of the ankle and isomet-
ric quadriceps contraction exercises were introduced on the
first post-operative day, with full weight-bearing within pain
tolerance. The duration of the exercises was 40 minto 1 h 3
times per day. All exercises were done bedside without using
additional tools. The aim of mobilisation with a physiothera-
pist was to obtain flexion of the hip of 90°. Other methods of
mobilisation included using a walker shoe and walking with
crutches were introduced by the third day post-op. Patient-
reported outcome (PRO) and gait pattern analysis of the
large head diameter study cohort were compared to a 1:1
matched-control cohort of patients treated with the standard
head diameter.

From May until June 2017, 16 patients underwent THA
using the standard head diameter of 28-32 mm with use
of Allofit Taperloc (Warsaw, IN, USA) hip system at our
institution. For these patients, as well as the large-head
diameter cohort, a propensity score based on age, sex, BMI,
WOMAC, VAS score was generated.

Additionally, healthy volunteers (15 subjects) were
recruited from the department employees’ families. All of
them were examined prior to the gait analysis to exclude
any lower limb pathologies and balance disorders. Healthy
subjects from the control group and Allofit patients were
matched to Maxera patients using a 0.1 propensity score
threshold with priority given to exact matches.

All measurements were performed at least 3.5 years after
the surgery (mean follow-up: 44 months). All patients under-
went the same rehabilitation protocol in the same rehabilita-
tion department immediately after the discharge from the
orthopaedic ward. It was continued until the patient had the
feeling that the function of their hip was restored to satisfac-
tory level. Before gait pattern analysis all potential factors,
such as comorbidities or pain, which might have influenced
the results were excluded. Leg length and range of motion
were measured in every case since these parameters might
negatively affect the gait pattern, as proved in several stud-
ies [27-29].

Gait analysis

Gait analysis was performed in University Biomechanical
Lab using the BTS SMART Analyzer (BTS Bioengineer-
ing, Quincy, MA, USA) system for three-dimensional gait
analysis by an experienced physiotherapist, with specialty
in lower limbs biomechanics, who was unaware of patients
implant size. All measurements and analysis were performed
according to the Davis protocol [30].

Participants were asked to walk a 10-m distance in their
normal tempo four times. During walking, their movement
was recorded with use of markers placed on the base of the
sacral bone, both anterior superior iliac spines, both greater
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trochanters, both lateral sides of the femur (half distance
between greater trochanter and lateral femoral condyle), both
sides on the fibular head, both lateral sides of the shin (half
distance between head of the fibula and lateral malleolus),
both bases of 5th metatarsal bone and calcaneal tuberosity.

Immediately before measurements, every participant was
asked to walk through a marked route as many times as they
wanted to feel fully comfortable with markers to minimize
potential influence on their hip biomechanics. Measurements
were performed and compared for both healthy and operated
limbs of every patient (control group). Analysed parameters
were time of support phase, double-support time, drop of
contralateral side of pelvis during support, time of swing
phase, length of step, mean walking speed, walking cadence.

Patient-reported outcome

All participants fulfilled WOMAC (The Western Ontario
and McMaster Universities Osteoarthritis Index) and VAS
(Visual Analog Scale) questionnaires preoperatively during
admission to the hospital and postoperatively during gait
pattern analysis visit. The WOMAC questionnaire contains
24 questions concerning: pain, joint stiffness and physical
functioning. The maximum result is 96, which represents
the worst outcome [31-33]. The VAS score is a continuous
scale consisting of a line for each symptom. A score of 0
represents “no pain” and a score of 10 represents “worst
imaginable pain” [34].

Radiographic evaluation

All patients preoperatively and at the final follow-up under-
went radiographic examination in a supine position and
with a 15° bilateral internal rotation of the hip joint with the
center of the X-ray beam over the symphysis.

Cup inclination angles were measured on postoperative
anteroposterior radiographs, as described in the study by
Wan et al. [35]. Radiographic cup anteversion was measured
with the method described by Lewinnek et al. [36] (femoral
offset was measured as the perpendicular distance from the
center of rotation of the femoral head to the central axis of
the femur) [37]. Cup offset was measured as the horizontal
distance from the center of rotation to the vertical tangent of
Koehler’s teardrop’s lateral side [38]. Leg length was meas-
ured as the length of a vertical line drawn from the most
prominent point of the lesser trochanter perpendicular to a
horizontal line drawn between the two acetabular teardrops
[39]. All measures were compared to the preoperative values
and differences between groups were analysed.
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Table 1 Characteristic of
participants in the large and

Participants characteristics

standard head diameter matched Large head Standard head Healthy volunteers p value
cohort groups
BMI (body mass 29.55 (SD=4.52) 29.53 (SD=3.33) 29.49 (SD=4.00) >0.05
index—kg/m2)
Age (years) 70.0 (SD=9.52) 68.0 (SD=10.87) 69.0 (SD=10.22) >0.05
Male:female 6:9 7:8 7:8 >0.05
Right:left 10:5 11:4 10:5 >0.05
Table2 WOMAC scores preoperatively Table4 Comparison of gait parameters between 28-32 mm femoral
head and healthy hips (HH)
WOMAC Large head Standard head p value
Standard HH  p value
Mean total 66.97 (SD=10.23) 67.33(SD=12.11) >0.5 femoral
Mean function 43.66 (SD=13.98) 44.60 (SD=14.54) >0.5 head size
Mean pain 1147 (SD=3.44) 11.73 (SD=3.9) >0.5 OL HL OLvs HH HL vs HH
Mean stiffness 4.33 (SD=1.68) 4.66 (SD=1.62) >0.5
Support phase [%] 723 708 61.0 0.012 0.023
Swing phase [%] 27.7 292 39.0 0.007 0.005
Contralateral pelvi 9.0 85 7.0 0034 0.036
Table 3 VAS preoperatively e ao SrE.peye
drop [°]
VAS Large head Standard head p value Stride length [m] 0.31 044 0.73 0.001 0.021
M . 6 CD=2.12 99 (D=2 05 Double support [%] 20.3 13.0 0.001
can tota ©6b=212) 7 (8D=223) z Mean gait velocity [m/s] 0.52 139 0,007
Walking cadence [steps/ 75.4 113.8 0.004

Statistical analysis

Results were analysed statistically. As all variables were
continuous and the comparisons were performed between
variables in unpaired groups, either Student’s ¢ test for
unpaired groups or Mann—Whitney U test were utilized,
according to the normal distribution. Normality of distri-
bution was tested using the Shapiro-Wilk test and the p
value below 0.05 was considered significant.

Results

A total of 15 patients from either large head diameter
cohort (94%) or standard head diameter (94%) matched-
control cohort completed the whole assessment at the final
follow-up. In the large head diameter group one patient
suffered from periprosthetic femur fracture due to the vehi-
cle accident 2 years postoperatively, and in standard head
diameter group one patient underwent two-stage revision
hip replacement due to the late infection.

Mean age in large head diameter group was 70 years
(SD =9.52), while in standard head diameter group
68 years (SD =10.87). Mean BMI (body mass index—kg/
m2) in both groups was respectively 29.55 (SD =4.52) and
29.53 (SD=3.33) (Tables 1, 2, 3).
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min]

OL operated limb, HL healthy limb

Gait analysis

In group with standard head size, there was significantly
higher time of support phase both in operated limb
(72.3% vs. 61.0%, p=0.012) and healthy limb (70.8% vs.
61.0%, p=0.023); double-support time (20.3% vs. 13.0%,
p=0.001) as well as drop of contralateral side of pelvis
during support both in operated limb (9.0 degrees vs. 7.0
degrees, p=0.034) and healthy limb (8.5 degrees vs. 7.0
degrees, p=0.036) compared with volunteers’ healthy
hips. There was significantly shorter time of swing phase
both in operated limb (27.7% vs. 39.0%, p=0.007) and
healthy limb (29.2% vs. 39.0%, p=0.005); length of step
both in operated limb (0.31 m vs. 0.73 m, p=0.001) and
healthy limb (0.44 m vs. 0.73 m, p=0.021); lower mean
walking speed (0.52 m/s vs.1.39 m/s, p=0.007) and walk-
ing cadence (75.4 steps/min vs. 113.8 steps/min, p=0.004)
than in volunteers’ healthy hips (Table 4).

In group with large head size many more outcomes
were restored to values not differing significantly from
norms for healthy hips: time of support phase size both in
operated limb (64.1% vs. 61.0%, p=0.065) and healthy
limb (64.0% vs. 61.0%, p=0.064); time of swing phase
both in operated limb (35.9% vs. 39.0%, p=0.059) and
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Table 5 Comparison of gait parameters between 36 mm femoral head Table 7 WOMAC postoperatively
and healthy hips (HH)
WOMAC Large head Standard head p value
Large HH  p value
femoral Mean total 18.20 (SD=6.23)  30.45 (SD=9.30) <0.05
head size Mean function  15.18 (SD=6.83) 24.96 (SD=13.36) <0.05
OL HL OLvs HH HL vs HH Mean pain 4.5 (SD=2.59) 8.73 (SD=4.05) >0.5
Mean stiffness 2.53(SD=1.67) 3.66 (SD=2.01) >0.5
Support phase [%] 64.1 64.0 61.0 0.065 0.064
Swing phase [%] 359 36.0 39.0 0.059 0.06
Cgl:(l):)al[aul]eml pelvic 85 80 7.0 0.023 0.046 Table 8 VAS postoperatively
Stride length [m] 05 0.6 0.730.022 0.041 VAS Large head Standard head p value
Double support [%] 164 13.0 0.057
X . Mean total 1.4(SD=0.7) 2.23(SD=1.92) <0.05
Mean gait velocity [m/s] 0.7 1.390.022
Walking cadence [steps/  87.3 113.8 0.032

min]

OL operated limb, HL healthy limb

healthy limb (36.0% vs. 39.0%, p=0.06); double support
time (16.4% vs. 13.0%, p=0.057). However, drop of con-
tralateral side of pelvis during support was higher in group
with large head size than in healthy hips, both in operated
limb (8.5 degrees vs. 7.0 degrees, p=0.023) and healthy
limb (8.0 degrees vs. 7.0 degrees, p =0.046). Shorter than
norms were: length of step of both operated limb (0.5 m
vs. 0.73 m, p=0.022) and healthy limb (0.6 m vs. 0.73 m,
p=0.041); mean walking speed (0.7 m/s vs.1.39 m/s,
p=0.025) and walking cadence (87.3 steps/min vs. 113.8
steps/min, p =0.032) (Table 5).

Both objective and subjective outcomes differed between
the group with large head size and the group with standard
head size. As to objective outcomes, the group with large
head size had significantly shorter time of support phase
than the group with standard head size both in operated limb
(64.1% vs. 72.3%, p=0.02) and healthy limb (64.0% vs.
70.8%, p=0.015) and shorter double support time (16.4%
vs. 20.3%, p=0.027). The group with large head size had
significantly greater time of swing phase both in operated
limb (35.9% vs. 27.7%, p=0.018) and healthy limb (36.0%

vs. 29.2%, p=0.03); stride length in operated limb (0.5 m vs.
0.31 m, p=0.043); mean gait velocity (0.7 m/s vs. 0.52 m/s,
p=0.03); walking cadence (87.3 steps/min vs 75.4 steps/
min, p=0.011). There was no statistically significant differ-
ence in other analysed parameters (Table 6).

Patient-reported outcome

As to the patient-reported outcome measures, the group with
large head size had significantly lower VAS score at rest
(1.4+0.7 vs. 2.23 +1.92, p=0.041), Physical Function part
of WOMAC score (15.18 vs. 24.96, p <0.05) and WOMAC
score as a whole (18.2 vs. 30.45, p<0.05) (Tables 7, 8).

Radiological analysis

None of the analysed radiographic parameters differed sig-
nificantly between the groups (Table 9). In both groups, one
patient was identified as having the cup placed outside of
the target zone.

Table 6 Comparison of gait
parameters between group with
28-32 mm femoral head and
group with 36 mm femoral head

Large femoral head Standard femoral head  p value

size size

OL HL OL HL OL HL
Support phase [%] 64.1 64.0 723 70.8 0.02 0.015
Swing phase [%] 35.9 36.0 217 29.2 0.018 0.03
Contralateral pelvic drop [°] 8.5 8.0 9.0 8.5 0.09 0.086
Stride length [m] 0.5 0.6 0.31 0.44 0.043 0.12
Double support [%] 16.4 20.3 0.027
Mean gait velocity [m/s] 0.7 0.52 0.03
‘Walking cadence [steps/min] 87.3 754 0.011
OL operated limb, HL healthy limb
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Table 9 Radiological parameters postoperatively

Parameter Large head Standard head p value
Cup anteversion [°]  12.20 (SD=2.32) 1245 (SD=2.12) >0.5
Cup inclination [°]  41.78 (SD=2.83) 4246 (SD=2.23) >0.5
Femoral offset [mm] 46.63 (SD=4.44) 43.63 (SD=3.23) >0.5
Cup offset [mm] 3045 (SD=4.00) 29.03 (SD=2.03) >0.5
No. of patients 0 0 >0.5

with leg discrep-
ancy >5 mm

Discussion

There are a few aspects on which we can assess the outcome
of THR, most important among them being gait biomechan-
ics restoration, patient-reported outcome, implant position-
ing and its wear.

In terms of gait characteristics, there are several devia-
tions reported concerning both patients with hip osteoar-
thritis and following THR. It is well proven that those with
hip OA have reduced stride length and reduced cadence,
reduced gait velocity, and reduced joint excursion [24, 40,
41]. Patients after THR walk with lesser hip-abduction and
sagittal-plane range of motion. It is believed that it might be
a consequence of a pain-avoidance mechanism developed as
an adaptation to joint disease. What is more, there are publi-
cations underlining that lower limb biomechanics during gait
does not return to normal after THR [26,42]. In one of these
studies the follow-up was only about 11 months on average
and participants were operated with lateral approach with
one-third anterior and two thirds posterior hip adductors
dissection. Authors in surgical technique dissect only one
third using natural interval in gluteal muscles attachment.
This technique allows for restoration of gluteal muscles in
more than 50% of their native attachment. It seems that this
enables faster rehabilitation and facilitates regaining full
strength and length of the gluteal muscle tendon.

There is an ongoing debate about advantages and disad-
vantages of both standard and large femoral heads use during
THA, concerning patient-reported outcomes, rates of dislo-
cations, range of motion, bearing wear, taper corrosion, etc
[3]. There is a limited number of studies analysing gait pat-
terns after THA with use of different head sizes. The results
of this study do not fully support conclusions made by Beau-
lieu et al. [26]. Several gait parameters of participants from
large femoral head groups did not differ significantly from
the healthy control groups. These are time of support phase
both in operated and healthy limbs, time of swing phase and
bipedal support time.

In this study, we noticed a significant correlation between
gait pattern and the femoral head size used. Comparison
between groups with different femoral head sizes performed

@ Springer

66

in this study seems to carry no risk of bias, as the difference
in VAS score during the double-support phase between them
was statistically insignificant. These gait parameters may be
important in case of rehabilitation. Since the aim of the treat-
ment is to regain function and relieve pain, bringing back
physiological gait pattern or at least making it more similar
to physiological is an important step forward in achieving
better functional results.

Physiological patterns have always been a reference for
physiotherapists and our study seems to indicate a way to
obtain better gait patterns. To our best knowledge, so far no
papers favouring larger femoral heads with regard to gait
pattern restoration in anterolateral approach THA have been
published.

The study by Grip et al. [43], compared several move-
ment patterns during walking, squats and stair climbing in
groups with use of conventional head size implants (mean:
32.7 mm), large ones (mean: 53.5 mm) and control healthy
group with use of wearable IMU-based motion analysis sys-
tem. No significant differences were found when compar-
ing gait parameters between large and conventional head
size groups. The large femoral head group had significantly
smaller average hip flexion—extension range of motion
(ROM) during gait compared to controls. Significant dif-
ferences in terms of range of motion parameters were also
found between operated and non-operated limbs.. However,
in this particular study participants were not randomized, no
blinding was performed, thus potential risk of bias in this
study might be higher. All patients included in this study
were operated from a posterior approach. It is a strong limi-
tation of the study since the size of the femoral head may
reveal its effect on gait parameters in different approaches
only.

In the study by Zagra et al. authors performed rand-
omized-controlled trials comparing gait recovery between
participants who received 28 mm, 36 mm, and > 42 mm
femoral head during THR [44]. Spatiotemporal gait param-
eters, kinematic or kinetic gait parameters were analysed
during 4-months rehabilitation period. We believe that such
period after the surgery is too short to fully evaluate gait pat-
tern parameters after THA, as it was proven that functional
outcome improves even up to 7 years following the surgery
[45, 46]. No significant differences were observed between
groups during this follow-up.

Additionally, in two studies mentioned above [26, 43],
patients were operated via posterior approach. This approach
is associated with irreversible damage to the posterior hip
capsule, hip external rotators and pelvic stabilizers, what
might be the reason for such results.

What is more, participants with large femoral heads had
significantly better results in VAS and WOMAC score. Such
results correspond partially to only one study by Matsushita
et al. where researchers proved better functional results in
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daily living activities for total hip replacement with 36 mm
head diameter [47]. However, in the most recently published
systematic review [3] comparing 32 and 36 mm heads, it
was suggested that there are no functional benefits of using
larger heads. On the other hand, in two studies analysed in
this publication [17, 18] participants were operated from
the posterior approach, only one study was a prospectively
randomized one, while in the other participants were oper-
ated by 17 different surgeons and were not randomized to
receive a particular head size.

During the course of this study no prosthesis dislocation
nor revision surgery due to other reasons were observed. In
the systematic review [3], there was a lower risk of revision
due to dislocation in the group with 36 mm head in com-
parison to 32- and 28-mm ones. This difference between
the two studies might be due to the much smaller number of
participants and shorter follow-up.

Conclusions

This study is the first matched-cohort study to assess gait
pattern parameters pre- and postoperatively in at least
3.5 years follow-up in patients undergoing total hip replace-
ment with use of 28-32 mm and 36 mm head diameters
prosthesis operated from the antero-lateral approach. In our
study, participants treated with use of large femoral heads
had significantly better gait patterns. Despite the quite small
number of participants included in this study, a conclusion
could be drawn that large heads used in THA seem to have
an impact on gait restoration, making it more similar to the
healthy participants’ one.

Results of this study might opt for performing THA with
use of 36 mm heads. Even though there are several studies
and systematic reviews concentrating on outcome, wear and
revision rate in use of different femoral head sizes, more
studies should analyse gait patterns following total hip
replacement in terms of different implants, implant posi-
tioning or surgical approach.

Our study seems to be the first ever matched-cohort trial
to analyse differences in functional outcome between dif-
ferent head sizes in patients operated from the anterolateral
approach. Because of that, it can give a broader view on
restoring function of affected legs which may be impor-
tant in making decisions about operation. Our observations
should make surgeons operating from anterolateral approach
and using small femoral head sizes reconsider their deci-
sions about implant parameters and in this case try to use
larger femoral heads. What is more it can also be helpful
information for physiotherapists, since patients operated
from anterolateral approach with larger femoral heads used
may achieve better functional results so there might be an
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indication to introduce specific exercises and rehabilitation
protocols.

Furthermore, use of larger femoral heads could result in
more physiological function of the hip and the whole limb,
faster postoperative recovery, and increase patient’s satisfac-
tion with the treatment.

In the future, next high-quality studies with randomiza-
tion and multi-center studies should be performed to assess
gait differences between uses of different femoral head diam-
eters in total hip replacement. What is more, rehabilitation
protocols following THR should be more emphasized in
the literature to elaborate standardized, high-quality physi-
otherapy to restore gait pattern from the pre-disease period
and improve functional outcome after THR. It might quicken
returning to health, normal life functioning and potentially
lower the number of revision surgeries.
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Abstract

Introduction. Total hip replacement is an operative treatment method for end-stage osteoarthritis,
considered the most effective nowadays. One of the typical complications after the procedure is heterotopic
ossification which may influence patient posture stability and increase the risk of falls.

Aim. The study aimed to assess whether patients developing heterotopic ossifications after total hip
replacement have a higher risk of falls in comparison to the matched-cohort group without them.
Materials and methods. 46 out of 312 patients undergoing atotal hip replacement in 2020 who developed
heterotopic ossifications were observed. For these patients, a propensity score based on age, sex, and BMI
was generated, and a matched-cohort control group consisting of 39 patients was selected. Each patient
was operated on via an anterolateral approach, and an uncemented total hip prosthesis was implanted.
Patients from both cohorts underwent postoperative radiological and biomechanical assessment and
fulﬁflled \ngMAC and Oxford questionnaires pre-and postoperatively. Statistical analyses of the results were
performed.

Results. There were statistically significant differences between cohorts in the postural stability test
(4.9+1.1 vs 2.0£1.0 p<0.05), antero-posterior stability index (3.6+1.2 vs 1.6+0.9, p<0.05), medio-lateral
stability index (3.0+1.3 vs 1.0+0.7, p<0.05) and risk of fall test (9.8+1.0 vs 7.8+1.0, p<0.05). No statistically
significant differences were observed in the WOMAC and Oxford questionnaires.

Conclusions. Our study proved that heterotopic ossifications, which appear in hip abductor muscles,
could have an impact on balance and the risk of falls in patients after total hip replacement. In the elderly
population, this can result in serious consequences such as a periprosthetic fracture or head trauma after
total hip replacement.

Key words: total hip replacement, heterotopic ossification, posture stability, risk of fall, biomechanical
assessment

Streszczenie

Wstep. Endoprotezoplastyka catkowita stawu biodrowego jest operacyjna metoda leczenia schytkowej
choroby zwyrodnieniowej stawdw uznawang obecnie za najskuteczniejsza. Jednym z typowych powiktan
po zabiegu sg skostnienia pozaszkieletowe, ktore moga wplywac na stabilnos¢ postawy pacjenta i
zwiekszac ryzyko upadkow.

Cel.Celem badania byta ocena, czy pacjenci, uktorych dochodzido powstania skostnien pozaszkieletowych
po catkowitej aloplastyce stawu biodrowego majg wieksze ryzyko upadkéw w poréwnaniu z grupg z
dobranej kohorty bez skostnien.

Materiat i metody. Zaobserwowano 46 z 312 pacjentow poddanych catkowitej aloplastyce stawu
biodrowego w 2020 roku, u ktorych rozwinely sie heterotopowe skostnienia. Dla tych pacjentow
wygenerowano wskaznik sktonnosci oparty na wieku, ptcioraz BMI i wybrano dopasowang grupe kontrolng
skladajaca sie z 39 pacjentow. Kazdy pacjent byt operowany z dostepu przednio-bocznego z uzyciem
bezcementowej protezy catkowitej stawu biodrowego. Pacjenciz obu kohort przeszli pooperacyjng ocene
radiologiczng i biomechaniczng oraz wypelnili przed- i pooperacyjnie kwestionariusze WOMAC i Oxford.
Przeprowadzono analize statystyczng wynikow.

Wyniki. Wystapity statystycznie istotne roznice miedzy kohortami w tescie stabilnosci postawy (4,9+1,1 vs
2,0+1,0 p<0,05), wskazniku stabilnosci przednio-tylnej (3,6+1,2 vs 1,6+0,9, p<0,05), wskazniku stabilnosci
przysrodkowo-bocznej (3,0£1,3 vs 1,0+0,7, p<0,05) oraz test ryzyka upadku (9,8+1,0vs 7,8+1,0, p<0,05). Nie
zaobserwowano statystycznie istotnych réznic w kwestionariuszach WOMAC i Oxford.

Whioski. Nasze badanie wykazato, ze heterotopowe skostnienia pojawiajace sie w miesniach odwodzacych
biodra moga miec¢ wptyw na réwnowage i ryzyko upadkéw u pacjentéw po catkowitej aloplastyce stawu
biodrowego. W populacji 0sob starszych po catkowitej aloplastyce stawu biodrowego moze to skutkowac
bardzo powaznymi konsekwencjami, takimi jak ztamanie okotoprotezowe lub uraz gtowy.

Stowa kluczowe: aloplastyka stawu biodrowego, skostnienia pozaszkieletowe, stabilnos¢ postawy, ryzyko
upadkow, ocena biomechaniczna.

© Polskie Towarzystwo Ortopedyczne | Traumatologiczne
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Introduction

Total hip replacement (THR) is an operative treatment
method for end-stage osteoarthritis, considered the most
effective nowadays [1]. Due to the high prevalence of os-
teoarthritis among the population, the number of THR per
year is constantly growing. It is estimated that about 10%
of men and 13% of women over 60 years old suffer from
symptomatic hip osteoarthritis [2]. These numbers are
even higher in older people, making the disease typical for
elderly patients and THR a typical operation. Data shows
that in 2010 only in the US 2.5 million individuals (1.4 mil-
lion women and 1.1 million men) underwent THR [3].

One of the typical complications that occur after this
procedure is heterotopic ossification (HO). According to
current studies, abnormal bone formation after trauma or
hip replacement may occur in even 90% of cases [4]. Het-
erotopic ossifications bring about the following symptoms:
pain, swelling, erythema, and warmth, along with joint im-
mobility [5]. These factors could have an impact on main-
taining the posture, especially in patients after THR.

It is well known since the 90s that the risk of falls among
the population older than 65 is high. Data shows that over
30% of these people experience such an incident at least
once a year [6]. The majority of them do not have further
consequences; however, about 10% result in severe trauma
to the head and musculoskeletal system [7]. Falls of people
who underwent THR are sometimes connected with peri-
prosthetic fractures, the treatment of which is much more
complicated and associated with a higher risk of failure than
treatment of common fractures of the lower limb. What may
even worsen the situation is that older people often suffer
from many diseases, including osteoporosis or neoplasm,
which increase the risk of fracture. The rate of falls is even
higher among patients hospitalised due to hip fractures. In
the first month after returning home, about 14% of patients
fall [8]. During the 6 months after hospitalisation, it reaches
53% [9]. So far, the influence of heterotopic ossifications on
the risk of falls is unknown in the literature.

Aim of the study

The study’s primary aim was to assess whether patients who
developed ectopic bone formation after total hip replace-
ment have a higher risk of falls and inferior posture stability
compared to the matched-cohort group without bone for-
mation. The secondary aim was to assess whether there were
any differences in patient-reported outcome measures.

Materials and methods

This study was conducted according to the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) Statement. The study protocol was designed

as a retrospective matched-cohort observational study. This
study was approved by Institutional Bioethics Committee
(Number: KB/102/2007) and was registered on ClinicalTri-
als.gov (Registration number: NCT05218954).

Between January 2020 and December 2020, 312 patients
suffering from primary hip osteoarthritis undergoing total
hip replacement were observed. During the standard 6-weeks,
3-months, and 6-months follow-up visit, every patient had
an AP pelvic weight-bearing x-ray. All patients were qualified
and operated on by a fellowship-trained single surgeon. For
the present analysis, the following demographic patient data
were queried: sex, age at surgery (years), and BML. 49 patients
who developed ectopic bone formation were observed. A
propensity score based on age, sex, and BMI were generat-
ed for these patients. Patients with HO were matched to pa-
tients without HO, operated by the same surgical team, using
the same approach and implants with a 0.1 propensity score
threshold, and priority given to exact matches.

All patients were operated through an anterolateral ap-
proach, lying on the healthy side with one-third of medium
gluteal muscle dissection. Uncemented Taperloc/Allofit total
hip implants (Zimmer Biomet, Warsaw; IN, USA) were used
in each case (Fig. 1). Femoral neck dissection was performed
after full joint dislocation between the tip of the greater tro-
chanter to the point 10 mm proximal to the lesser trochanter.
The acetabular cup was placed aiming 30-40 degrees of ac-
etabular cup inclination and 10 degrees of anteversion. The
femoral stem was aimed to be placed in the anatomical axis
of the femur. The postoperative protocol included chemical
and mechanical thromboprophylaxis unless specifically con-
traindicated. All patients received one dose of parenteral an-
tibiotics at the induction of anaesthesia and two further doses
post-operatively. No pre- or postoperative ectopic bone for-
mation prophylaxis was performed. Flexion and extension
exercises of the hip, knee, and ankle and isometric quadriceps
contraction exercises were started on the first postoperative
day, with full weight-bearing as tolerated. Mobilisation with
a physiotherapist aimed to obtain a flexion-extension range

Fig. 1. A postoperative AP X-ray showing the pelvis and hip joints with
the present uncemented Taperloc/Allofit prosthesis implanted on the
right side with current Brooker grade | heterotopic ossification.
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of motion of the hip of 0-90°, mobilising and safely walking
with crutches by the third postoperative day.

At the 6-month follow-up visit, radiographs analysis in
terms of any ectopic bone formation was performed using
Brooker’s classification [10].

All patients fulfilled WOMAC (The Western Ontario and
McMaster Universities Arthritis Index) and Oxford ques-
tionnaires preoperatively on the 6-month follow-up visit.

Both cohorts underwent biomechanical assessment,
performed by two independent blinded researchers (PC,
KZ) who were doctors and unaware if patients developed
ectopic bone following total hip replacement. Every analysis
was performed using the Biodex Balance System (Biodex,
Ing, Shirley, NY), with participants feet standing steadily on
the platform. Every participant was protected from falling
with the use of support. The device screen was installed at
the level of the patient’s sight to avoid taking an uncomfort-
able position that might have influenced the results.

Postural stability test was performed, containing the
results from three measurements. Every measurement has
been performed on the 12th level of the platform stabil-
ity for 20 seconds with a 10-second break between every
test. Results obtained from the participants were recorded
as stability index (SI) values that represent deviations of
platform position from the vertical in degrees. The higher
the SI values, the more difficult it was for participants to
maintain stability during the test.

Risk of fall test - a single test consisting of the results
obtained from three measurements. Each measurement
was performed with the Biodex Balance System platform
set to constant instability at level 6 of the platform stabil-
ity for 20 seconds with a 10-second rest time between at-
tempts. The person conducting the test informed the pa-
tient in advance of how the test would proceed and then
gave verbal instructions during each test. The patients were
positioned in the centre of the platform, both feet set with
their feet shoulder-width apart. The final result of each test
was a computerised risk of fall assessment report with pa-
tient scores related to normative data.

Methodology of Statistical Analysis

Statistical analysis of results was performed. The t-student
test or the U Mann-Whitney test was used for quantitative
variables, according to the normality of distribution exam-
ined with the Shapiro-Wilk test. For qualitative variables,
the chi-square test was performed.

All statistical analyses were performed using the STA-
TISTICA 8.0 PL package (StatSoft, Inc. 2008). Auxiliary
calculations, other charts and tables will be made in the
MS Excel 2003 spreadsheet (Microsoft Corporation).

Results

49 (15.7%) patients with HO were observed. A total of 39
patients from no HO matched-cohort control group and
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46 from the HO group completed the full assessment at the
final 6-month follow-up. 3 patients were excluded from the
final evaluation due to the absence at the follow-up, malle-
olus fracture and undergoing a total hip replacement in the
contralateral hip 3 months after the first one.

The baseline characteristics of participants are depicted
in table 1.

characteristics.
Baseline characteristics
Patients with  Patients without

Table 1. Baseli

heterotopic heterotopic p-value
ossifications ossifications
ﬁ]“é"e;bfﬁ; S 274(D=43) 274(D=46)  >005
Age (years) 71.0(SD=8.8) 70.2(SD=94) > 0.05
female:male 2323 2118 >0.05
right:left 28:18 23:16 > 0.05

There were statistically significant (p value <0.05) dif-
ferences between the group of patients with HO and those
without HO in the results of the postural stability test, the
antero-posterior stability index, the medio-lateral stability
index and the result of the risk of fall test. There were no
statistically significant (p>0.05) differences in the results
of the biomechanical tests during the comparative analy-
sis between groups of patients with different classes of os-
sification, except for the groups with stage I and stage IV
heterotopic ossification - statistically significant differences
were obtained (p <0.05) in all performed tests. All of these
tests were performed at the 6-month follow-up visit. Re-
sults are presented in Table 2 and Table 3.

Table 2. Results of biomechanical assessment - comparison
of both study cohorts.

Patients with Patients p-value
HO without HO

Postural stability test 49(SD=1.1) 20(SD=1.00 <0.05
Antero-posterior stability 3.6(SD=1.2) 16(SD=09) <0.05
index
Medio-lateral stability 3.0(S5D=13) 1.0(SD=0.7) <005
index
Risk of fall test 9.8(SD=10) 7.7(SD=1.00 <0.05

Table 3. Results of biomechanical evaluation in groups with differ-
ent grades of heterotopic ossification.

Patients with Patients with Patients with Patients with

grade IHO gradellHO gradelllHO grade IVHO

Number

of patients
(percentage
of the en-
tire group)
Postural
stability test
Antero-
posterior
stability
index
Medio-lat-
eral stability 2.1(SD=0.9) 2.6 (SD=0.8) 2.9(SD=0.8) 4.0(SD=1.2)
index
Risk of fall
test

23 (50%) 9(19.5%) 10(21.7%) 4(8.7%)

4.0(SD=13) 44(SD=1.2) 49(SD=1.3) 63(SD=1.0)

27(SD=1.1) 3.0(SD=1.2) 3.5(SD=14) 46(SD=1.2)

82(SD=12) 87(SD=1.0) 9.7(SD=1.2) 11.1(SD=1.6)
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No statistically significant differences were observed in
the results of the WOMAC and Oxford questionnaires. Re-
sults are depicted in Table 4.

Table 4. Results of the WOMAC and Oxford questionnaires
collected at the 6-month follow-up visit.

Patients with HO Patlent}:g ithioiit p-value
Oxford 265(5D=119) 27.8(5D=123) >005
\t/g?arlwAc TMeAN  6440(SD=592.2) 593.2(SD=497.6) >005
WOMAC-mean g4 5(p_1148) 101.5(SD=117.6) >005
pain subscale
WOMAC - mean 8 _
Sttt el 439(SD=500)  384(SD=435) >005
WOMAC-mean 5055 (s — 445.1) 441.6(SD=3663) >0.05

function subscale

Discussion

To the best of our knowledge, no literature is available to
analyse the risk of falls among patients after total hip re-
placement and heterotopic ossifications. It is one of the
most important facts due to a lack of knowledge in this
field of orthopaedics.

Some articles discuss the influence of HO on the clini-
cal status of patients. Rudiger et al. [11] emphasise in their
study that Brooker grade IV ossifications significantly
influence poor scores of patient-reported outcomes after
THR. In another study by Pohl et al. [12], the authors point
out that patients who developed Brooker III or IV ossifi-
cations had a poorer range of motion and did not improve
postoperative hip joint mobility compared to patients with
Brooker grade 0,1 or II. The presented study does not seem
to confirm these observations, and appropriate analyses
have not been conducted to confirm or deny these obser-
vations.

Some studies analyse the balance and the risk of falls in
patients before and after THR [13,14,15]. These studies ex-
amine dynamic [14], static [15] or both dynamic and static
balance [13] of patients pre-and postoperatively. Addition-
ally, these studies have a different follow-up period - from
4 months to 3 years. It was observed that the risk of falls
after THR is reduced due to the improvement in patient
balance; however, they had residual balance deficits, which
may still affect the risk of falls, although to a lesser extent
than preoperative balance.

Comparing total hip replacement with total knee re-
placement (TKR), there is quite a significant difference in
the risk of falls between patients after TKR and THR. The
latter group shows twice the risk of falls [16].

A few recent papers described the incidence of hetero-
topic ossifications after total hip replacement [17,18,19].
In the presented study, the group of patients with HO ac-
counted for 15.7% of the entire study group. As is observed
in the studies mentioned above, the numbers of patients af-
fected by HO vary significantly, which was also confirmed
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in the review article by Zhu et al. [20] - the incidence of
HO varied from 5.2 to 87 %. Such a variation probably de-
pends on many factors, such as age, gender, preoperative
diagnosis, treatment method, surgical approach or choice
of implants. Some of these factors were analysed by Pav-
lou et al. [21]. In the study by Okano et al. [19], only fe-
male patients were included. Perhaps it was the reason for
a small number of heterotopic ossification cases because
the male gender is considered a predisposing factor [18, 20,
21]. This study does not confirm this observation. Howev-
er, Pavlou et al. [21] also listed two other significant risk
factors besides the male gender, namely lateral approach
to the hip during surgery and the use of bone cement for
acetabular and stem seating. All patients in the presented
study were operated on an anterolateral approach; there-
fore, it cannot be clearly stated that it had any influence on
the increased risk of heterotopic ossification development.
Taking into account the second predisposing factor men-
tioned by Pavlou et al. means that the use of bone cement
and press-fit implants in the group of patients analysed in
this study could affect such a small number of HO cases.

Previous papers show that falls after total hip replace-
ment are quite common, and over 50% of falls occur in
the first year after surgery [22]. To find the reason for such
worrisome data, many analyses were performed. So far, it
has been proved that sex, drug use or comorbidities do not
have a statistically significant impact on the risk of falls,
and the only factor that seems to play a role is patients” age
[23]. Other papers show the essential role of preoperative
strength of hip abductors and fall history [24]. Since both
factors seem to have something in common, it could be a
point of interest for studies. Hip abductor muscles show a
decrease in strength with age [25]. Moreover, despite care-
ful stitching of the muscles, performing THR through an
anterolateral or direct lateral approach causes damage to
them, which also affects the functioning of hip abductors
and may increase the risk of falls. What is more, this de-
crease may even worsen with a shortening of the leg be-
cause the tip of the greater trochanter and the acetabulum
are closer, and the tension of gluteus medius and gluteus
minimus diminishes which is something commonly seen
in arthritic hip joints. If one side is affected more, it can
give signs of leg discrepancy - distance is even more short-
ened due to pelvic rotation.

This study shows a significant effect of heterotopic ossi-
fication on an increased risk of falls, especially in the group
with Brooker grade III and IV, compared to the group of
patients who did not develop HO postoperatively. Similar
conclusions can be drawn by analysing the results of the
postural stability tests - statistically significant differences
were obtained in the results between the cohorts with and
without ossification and between the group with ossifica-
tion grade I and grade IV according to the Brooker scale.
The presented results show a significant impact of ossifi-
cation on postural stability and an increased risk of falls.
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The results observed in this study are not so surprising
after analysis of the biomechanics of human posture, which
is far more complicated than it appears to be. Upright
posture is often compared to a pendulum turned upside
down with the axis of rotation situated in the ankle joint
[26, 27]. In case of balance disturbances, the mechanism
is changed into a double-pendular [28] with a secondary
counter-phase pendulum with an axis of rotation in the hip
joint. Both these models are generated with the contribu-
tion of sensory-motor control mechanisms to prevent any
physical manifestation of disbalance. That model seems to
stay contrary to the previous one, which only takes into
account a one-pendular model [29].

Conclusion

Our study proved that heterotopic ossifications that appear
in hip abductor muscles could impact balance and risk of
falls in patients after total hip replacement. That supports
our previous hypothesis. Heterotopic ossification is not
only a complication that can result in pain, swelling, ery-
thema, and warmth, along with joint immobility but may
also cause more serious problems such as falls. After total
hip replacement in the elderly, it can lead to severe conse-
quences, such as a periprosthetic fracture or head trauma.

Based on our study, the group of patients that develops
heterotopic bone tissue after total hip replacement is not
very numerous. However, taking this cohort into account,
itis worth considering the rationale for prophylaxis against
heterotopic bone formations and adding, for example, in-
domethacin prophylaxis to the standard postoperative
treatment protocol that, till now, includes thromboprophy-
laxis and analgesic treatment.
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Abstract

Introduction: Femoral neck fracture is one of the most common orthopaedic traumas affecting
the elderly population. The standard treatment method is hip hemiarthroplasty and total hip
arthroplasty. In hip hemiprostheses surgeons mainly have to reconstruct the femoral offset and
limbs’ length to obtain the correct gait biomechanics and a satisfactory surgical outcome.

The aim of this study is to examine the radiological results of patients after hip hemiarthroplasty
for femoral neck fracture and to evaluate the reconstruction of the femoral offset using standard
neck angle stems.

Material and methods: A consecutive series of 97 patients diagnosed with femoral neck fracture
treated with a hip hemiprosthesis between 2017 and 2021 was identified and met the inclusion
criteria. On preoperative images, the neck-shaft angle and the femoral offset on the healthy limb
were measured. The femoral offset of the operated limb was measured on the postoperative X-rays.
Results: There was a significant positive moderate correlation between neck-shaft angle and fem-
oral offset change (r = 0.568, p < 0.0001). There was a statistically significant difference between
femoral offset change and neck-shaft angle (24:52 vs. 14:7, p = 0.005). This means that in patients
with coxa vara the change in femoral offset was more often < =5 mm. Less than half of operated
patients had the femoral offset restored within a safe range (between -5 and 5 mm).

Conclusions: Our study proved that it is sometimes hard to achieve femoral offset within a safe
range while performing hip hemiarthroplasty in patients with coxa vara. The topic of using high
offset stems in partial hip arthroplasty has not been thoroughly researched worldwide. However,
taking into account the results of our study, during a hip hemiarthroplasty the usage of high offset
stems for varus hips should be considered in order to improve the clinical outcome and improve

patients’ quality of life and functioning.

Introduction

Femoral neck fracture (FNF) is one of the most com-
mon orthopaedic traumas affecting the elderly popu-
lation. It is one, besides the peritrochanteric fracture,
of the osteoporotic fractures, which also include distal
radius fractures and vertebral compression fractures.
Femoral neck fractures are associated with high morbid-
ity and mortality of patients due to the immobilization

Key words: neck-shaft angle, hip hemiprosthesis, femoral offset, radiographic evaluation.

of the patients in bed, accompanying comorbidities and
the advanced age of the patients most often affected by
the injury.

There are a few ways of surgical treatment of the FNF.
If the bone quality is high and the femoral head is not
displaced, which is a favourable factor of good blood
supply to the bone, it is possible to fix the fracture with
a plate or screws. In elderly patients with osteoporotic
bone and displaced femoral heads it is better to choose
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between hip hemiarthroplasty, or total hip arthroplasty
if FNF is also accompanied by hip osteoarthritis. In this
study, the authors’ main focus was on hip hemiarthro-
plasty.

The American Joint Replacement Registry (AIRR)
from 2021 [1] revealed that between 2012 and 2020
there were 105,743 hip arthroplasty procedures for fem-
oral neck fracture, of which 82,594 (78%) procedures
were partial hip arthroplasties. The data from the Prima-
ry Partial Hip Replacement Supplementary Report [2] for
the 2021 Australian Orthopaedic Association National
Joint Replacement Registry showed that in the period
from 2003 to 2020, 107,628 partial hip prostheses were
made, and a femoral neck fracture was the main indica-
tion for this operation in over 90% of cases.

Although the percentage of hip hemiarthroplasty
has been gradually declining year by year, according to
the American Joint Replacement Registry, it is still an im-
portant treatment for femoral neck fractures.

In order to achieve a satisfactory result after hip
arthroplasty, the correct relationship between anatom-
ical structures such as acetabular offset, femoral off-
set (FO), acetabular anteversion and inclination, cen-
tre of rotation, and limb length must be restored. Due
to the lack of interference in the acetabular structure
during hip hemiprosthesis surgery, mainly the FO and
length of the limbs must be reconstructed. Restoration
of each of these components is essential for proper gait
biomechanics and a satisfactory surgical outcome for
the patient.

Neglecting these parameters may result in ineffi-
ciency of the abductor muscles stabilizing the pelvis,
resulting in pelvic drop, limping due to limb shorten-
ing, abnormal gait pattern or chronic pain in the area
of the hip joint and the operated limb associated with
bone impingement, or increased tension in the gluteus
medius and minimus attached to the greater trochanter.
Inefficiency of abductor muscles, among other condi-
tions such as gluteus medius and minimus tendinop-
athies, trochanteric bursitis or damage to muscles and
tendons during total or partial hip arthroplasty surgery
may also lead to chronic lateral hip pain, called greater
trochanteric pain syndrome [3].

In the literature, it was observed that patients with
coxa vara have higher FO and therefore performing to-
tal hip replacement with standard stem was associated
with not restoring proper gluteus muscle tension and
pelvic imbalance. High-offset stems were introduced to
the market to allow such patients to restore proper bio-
mechanics of the hip joint.

One of our observations on postoperative radio-
graphs of patients operated on for femoral neck frac-
ture is the difficulty in recreating the FO and appropri-

ate muscle tension in patients with varus hips. In such
patients, a better solution seems to be the use of high
offset stems to better reproduce the FO and the biome-
chanics of the joint.

Inflammatory joint diseases such as rheumatoid ar-
thritis lead to osteoporosis and increase the risk of frac-
tures. For hip surgical procedures in these diseases a total
hip replacement is preferred; however, partial hip replace-
ment in some circumstances may also be considered.

Importantly, the indications for surgery are patient’s
painand disability, not age, especially in inflammatory joint
diseases, which affect a younger population than osteoar-
thritis. Each discussion on the effectiveness of the surgical
method, and in particular the discussion of less frequent-
ly used methods in some indications, provides important
information that can be used by patients also with dis-
eases other than osteoarthritis and osteoporosis.

The purpose of the study is to assess the radio-
logical results after partial hip arthroplasty in patients
who underwent procedures performed for femoral neck
fracture. It also aims to evaluate the reconstruction
of the FO using standard neck angle stems.

This study does not require approval by the institu-
tional review board of the Medical University of Warsaw.

Material and methods

A consecutive series of 116 patients who were di-
agnosed with femoral neck fracture qualified for and
treated with partial hip arthroplasty between January
of 2017 and December of 2021 was identified. Patients
included in the study were: aged = 60 years on the day
of surgery, diagnosed with femoral neck fracture, qual-
ified for surgery with use of hip hemiarthroplasty and
those who had pre- and postoperative radiological
control appropriate for analysis. The exclusion criteria
were: age < 60 years, concomitant hip osteoarthritis
in affected limb and qualification for treatment other
than hip hemiarthroplasty, non-diagnostic radiograph
in forced position.

For the present analysis, demographic data such as
gender and age at surgery (years) were collected. A total
of 97 patients treated with a cemented Taperloc (Zim-
mer Biomet, Warsaw, IN, USA) stem with bipolar head
met the inclusion criteria. All operations were performed
in a level Il academic hospital. All patients were oper-
ated on in the lateral decubitus position. Surgical tech-
nique using the natural interval in gluteal muscles and
dissecting only one third of its attachment was used.
An incision in line with the axis of the femoral shaft was
performed with ¥ distally and % proximally to the tip
of the greater trochanter.

Reumatologia 2022; 60/5
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Fig. 1. Postoperative femoral offset restored
within safe range compared to the contralat-
eral hip.

46mm,

Fig. 2. Postoperative femoral offset reconstruct-
ed with less than -5 mm compared to the con-
tralateral hip in a patient with a neck-shaft an-
gle < 130 degrees.

Fig. 3. Postoperative femoral offset reconstruct-
ed with more than 5 mm compared to the con-
tralateral hip in a patient with a neck-shaft an-
gle > 130 degrees.

Reumatologia 2022; 60/5

Further blunt dissection of connective and fat tissue
was done to visualize the iliotibial tract. The latter struc-
ture was then incised in a slightly curved way to stay
in line with fibres of the tensor fascia lata. After mov-
ing the fascia aside, visualization of the gluteus medi-
us was done. The natural interval of the anterior third
of the gluteus medius was found and carefully dissected
from the bone. Then the femoral neck was easily palpa-
ble and the joint capsule was opened with a longitudinal
dissection above the femoral neck.

After completing the approach the hip joint was
dislocated and the femoral neck was cut accordingly to
manufacturer’s technique. Then, after head and neck
resection, the medullary canal was prepared for the ap-
propriate stem size using rasps and a correct-sized stem
was placed using bone cement. The acetabulum was
revised to confirm the absence of unnecessary tissue,
then a bipolar head was attached and the prosthesis
was repositioned. Proper prosthesis placement was con-
firmed on X-ray images taken on the following day.

Radiographic evaluation

Pre- and postoperative radiographic examination
of the pelvis including both hip joints in the anterior-pos-
terior projection in the supine position was performed
during patients’ hospitalisations. Retrospective analysis
of radiographic images was performed. On preopera-
tive images, the neck angle and the FO on the healthy
limb were measured, and the femoral neck fracture was
classified using the Pauwels and Garden scales. The FO
of the operated limb was measured on the postopera-
tive X-rays (Figs. 1-3).

Finally, 97 patients were included in the study, 3 pa-
tients were excluded from further measurements and
analyses due to excessive forced rotation of the lower
limbs on radiographs due to severe pain.

Statistical analysis

Statistical analysis of the obtained results was per-
formed. Pearson’s correlation coefficient was used to
measure the association between neck-shaft angles
and FO changes. For categorical variables Fisher’s exact
test was used. An a-value of 0.05 was used to deter-
mine the statistical significance of all the analyses. All
statistical analyses were conducted using SAS software,
Version 9.4 for Windows (SAS Institute Inc., NC, USA).

Results

There was a significant positive moderate correla-
tion between neck-shaft angle value and FO change
(r = 0.568, p < 0.0001). There was a statistically signif-
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Table I. Baseline characteristics in both groups of patients

Variable Neck-shaft angle equal to or ~ Neck-shaft angle less than p-value
higher than 130 degrees 130 degrees

Gender (males, females) 15: 61 5:16 > 0.05

Operated side (left, right) 32:44 6:15 > 0.05

Table II. Information about patients’ age, femoral offset change and neck-shaft angle value

Parameter Mean value Minimum value Maximum value
Age [years] 8314 (SD =7.83) 60.00 95.00
Femoral offset change [mm] -3.19 (SD =9.23) -28.00 16.00
Neck-shaft angle value [degrees] 134.16 (SD = 6.00) 118.00 149.00

SD - significant difference.

Table lll. Number of patients in individual groups (p = 0.005 in two-sided probability test)

Change in femoral offset

Neck-shaft angle equal to or
higher than 130 degrees

Neck-shaft angle less than
130 degrees

Femoral offset change equal to or higher than -5 mm

52 (53.6%) 7 (7.2%)

Femoral offset change less than =5 mm

24 (24.7%) 14 (14.4%)

icant difference between FO change and neck-shaft an-
gle value (24 :52 vs. 14 : 7, p = 0.005). This means that in
patients with a neck-shaft angle less than 130 degrees,
that is, patients with coxa vara, the change in FO was
less than =5 mm more often (14 out of 21 patients) than
in patients with a neck-shaft angle equal to or higher
than 130 degrees (24 out of 76 patients).

It also means that in patients with a neck-shaft an-
gle equal to or higher than 130 degrees, the change in
FO was more often greater than =5 mm (52 vs. 24 pa-
tients). Forty-two out of 97 patients had the FO restored
within a safe range (between -5 mm and 5 mm), 38 pa-
tients had a FO change less than =5 mm and 17 patients
had a FO change greater than 5 mm.

The patients’ characteristic and the information
about patients’ age, FO change and neck-shaft angle
value are presented in Tables I-III.

Discussion

The available databases lack studies which evaluate
the reproduction of the FO according to the neck-shaft
angle using a standard prosthesis stem in partial hip
arthroplasty. One of the most important reasons for ad-
dressing the topic is the lack of knowledge in this area
of orthopaedics.

Femoral offset represents the simplified length
of the biomechanical lever arm of the abductor muscles.
Inadequate FO reconstruction after total hip arthroplas-
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ty (THA) is associated with an increased risk of postop-
erative dislocation, limping, leg-length discrepancy and
component wear, as well as impingement-free range
of motion [4].

There are some recent papers describing FO resto-
ration in patients treated with bipolar hip arthroplasty
(BHA) due to displaced femoral neck fracture and its in-
fluence on clinical outcome [4-7].

Jietal.[5] stated that when performing partial hip ar-
throplasty with a Smith & Nephew standard angle stem
(neck-shaft angle 131 degrees), 23% of patients whose
FO changed by more than 20% of the preoperative value
did not have a properly restored FO which significantly
worsens the outcomes of the Harris Hip Score (HHS) and
Modified Barthel Index (MBI).

Kim et al. [6] retrospectively analysed a group of 77
patients who underwent BHA due to FNF. As a result
of the surgery, both FO and leg length were increased.
The researchers revealed a negative relationship be-
tween FO restoration and HHS during the entire fol-
low-up period.

In the study by Buecking et al. [4] the authors fo-
cused on clinical outcomes such as HHS, timed up and
go (TUG) and Lawton Instrumental Activities of Daily
Living (IADL) and found a significant positive correlation
between FO and HHS and IADL. The authors noted a lin-
ear relationship and excellent correlation between post-
operative FO and the contralateral FO. It is worth not-
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ing that most likely the perfect correlation is the result
of preoperative planning resulting in more frequent use
of a lateral stem rather than a standard one.

With regard to the clinical outcome after bipolar
hip arthroplasty, Kizkapan et al. [7] evaluated factors
affecting the risk of dislocation after BHA. According
to the authors, decreased FO on the operated side and
larger neck-shaft angle (more valgus hip) on the non-op-
erative side significantly raise the risk of dislocation.

It is noteworthy that the survey was conducted
among patients burdened with a very high risk of dislo-
cation (8.6%). This may be a result of the selected surgi-
cal access — all patients were operated on from a poste-
rior approach. It is stated that the mentioned approach
is associated with an increased risk of dislocation [8, 9].

In our study, all patients were operated on from
an anterolateral approach. However, unfortunately, due
to the lack of follow-up, we do not have data on the oc-
currence of prosthetic dislocations in the study group.

Unfortunately, none of the articles checked the cor-
relation between stem neck-shaft angle and preop-
erative patients’ neck-shaft angle. The present study
focused precisely on the values of angles and the possi-
bility of the most accurate restoration of FO, but it is not
a typical clinical study with an assessment of the func-
tioning of patients. There was no follow-up and the out-
comes were not checked with the questionnaires used
in the above studies [4-7]; therefore the authors cannot
refer to the mentioned studies in these matters.

Thus, taking into account the results of articles men-
tioned above [4-7], it seems that restoring FO with me-
ticulous templating in patients undergoing bipolar hip
arthroplasty due to femoral neck fracture is essential.

There are several articles that have focused on
the assessment of abductor muscle strength depending
on the reconstructed FO after total hip arthroplasty [10, 11].
Tezuka et al. [10] examined changes in the hip joint
centre (HJC) and FO during THA and their influence on
the strength of abductor muscles. They concluded that
the infero-medial cup position and hence the medial
shift of the HJC and the compensating FO increase op-
timized hip abductor muscle strength. Such positioning
and selection of implants also have a positive effect on
the functioning of the patient [12].

In the study by Mahmood et al. [11], the authors di-
vided 222 patients after THA in terms of reconstructed
FO into those with reduced offset (shortening of more
than 5 mm), with correct offset (within 5 mm resto-
ration) and with increased offset (over 5 mm). Anal-
ysis of the results showed that patients with reduced
offset had worse patient reported outcome measures
and had statistically significantly lower abductor muscle
strength.
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In total hip arthroplasty, selecting the right FO in or-
der to ensure good hip abductors tension depends on
the position of the acetabulum, especially its depth in
the medial lateral axis.

In the case of BHA where the HJC is not changed,
it is important to recreate the FO as close as possible
to the baseline to maintain proper abductor muscle
strength and avoid patient’s limping and dissatisfaction
with the procedure.

Incorrect reconstruction of the FO, especially in-
creasing its value, may adversely affect the patient’s
functioning [13, 14]. Although in the study by Weber et
al. [13] the usage or simulation of the use of high offset
stem increased the range of motion (ROM) in each case,
increasing ROM in the hip joint improved the patient’s
functioning in activities of daily living only in less than
10% of patients. Therefore, the authors emphasize that
each patient should have the FO reconstructed individ-
ually.

Liebs et al. [14] divided patients after THA into three
cohorts as in the study by Mahmood et al. [11] They re-
vealed that the greater the postoperative FO, the worse
the patient’s score on the pain subscale from the West-
ern Ontario and McMaster Universities Arthritis Index
(WOMAC) questionnaire.

However, another study by Foy et al. [15] analysed
157 patients in the context of lateral hip pain depending
on the change in FO after THA. In contrast to the pre-
vious study, the authors did not detect a statistically
significant correlation between the occurrence of lateral
hip pain and the change in FO.

A condition that is worth mentioning in the dis-
cussion is called greater trochanteric pain syndrome.
The most common manifestation of this disorder is
chronic lateral hip pain, which is aggravated by weight
bearing activities and side lying at night. In more devel-
oped and advanced stages it can present as weakness
and Trendelenburg’s gait.

Onset of symptoms is related to, among other fac-
tors, the pathology of gluteus medius and/or gluteus
minimus muscles and their tendons. Inflammation
of bursae surrounding the greater trochanter is re-
sponsible for the minority of all cases of posterolateral
hip pain. Soft tissue damage resulting from the sur-
gical approach causes the majority of them. It seems
that type of surgical approach has a greater impact
on the occurrence of posterolateral hip pain than in-
creased FO [3, 16, 17].

The present study analysed patients after BHA, un-
fortunately only with the use of standard neck-shaft
angle stems. One question that may arise is whether
lateralised stems could be used during BHA due to fem-
oral neck fracture and what the survival of high offset
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stems would be in such patients. Some studies analys-
ing the survivorship of high offset stems suggest that
lateralized stems have shorter survival periods than
standard stems [18, 19] or that high offset stems have
a high risk of loosening and surgery failure [20].

Conversely, there are studies which indicate a very
good survival time or predicted survivorship of high off-
set stems [21-24]. It seems to be a more complex and
multifactorial issue, and it cannot be said with certainty
that patients with a high offset stem during bipolar hip
arthroplasty will require revision surgery in a shorter pe-
riod of time.

Also positive for the topic discussed are the recent
results presented by members of the Hip Fracture Eval-
uation with Alternatives of Total Hip Arthroplasty versus
HemiArthroplasty (HEALTH) Investigators.

Namely, cooperating researchers presented the re-
sults of their international study which showed that
the incidence of secondary procedures after total and
partial hip arthroplasty (hemi-hip replacement) did not
differ between the two group [25].

In this study the patients after THA presented mod-
estly better function at 24 months, but as can be expect-
ed with a slightly higher incidence of serious adverse
events than hemiarthroplasty patients with displaced
femoral neck fractures.

Study limitations

The authors of this article admit that the study has
some weaknesses. Firstly, no rotational correction was
used during the measurements of the offsets. Howev-
er, patients whose pelvis/lower limbs were too rotated,
which prevented performing proper measurements,
were excluded from further X-ray evaluation.

Secondly, it is a study that analyses only the radio-
logical results of the performed operations, without tak-
ing into account the follow-up of patients or the patient
reported outcome measurements.

Third, the operations were performed by several dif-
ferent surgeons, so there is a risk that the results will
vary by operating surgeon.

This study, however, also has strengths. To the best
of our knowledge, this is the first study, which aims to
accurately check the correlation between the patients’
native neck-shaft angle and the postoperative change
in FO.

Conclusions

Our study proved that it is sometimes hard to
achieve FO within a safe range while performing partial
hip arthroplasty in patients with coxa vara. The topic

of using high offset stems in partial hip arthroplasty has
not been thoroughly researched worldwide.

However, taking into account the results of our study,
during a hip hemiprosthesis procedure due to femoral
neck fracture, the neck-shaft angle of the healthy hip
should be measured and the use of a high offset stem
for varus hips should be considered in order to improve
the clinical outcome of the treatment and improve
the quality of life and functioning of the patient.

For these reasons, we hope that this publication
will become an incentive for other orthopaedic clinical
centres to conduct similar measurements and analyses
among their own patient cohorts.

The authors declare no conflict of interest.

References

—

. American Joint Replacement Registry (AJRR): 2021 Annual
Report. Rosemont, IL: American Academy of Orthopaedic
Surgeons (AAOS), 2021. Available at: https://www.aaos.org/
registries/publications/ajrr-annual-report/.

. Australian Orthopaedic Association National Joint Replacement

Registry (AOANJRR). Primary Partial Hip Replacement: Supple-

mentary Report, in Hip, Knee & Shoulder Arthroplasty: 2021

Annual Report, AOA, Adelaide; 2021: 1-32. Available at: https://

aoanjr.sahmri.com/annual-reports-2021/supplementary.

Williams BS, Cohen SP. Greater trochanteric pain syndrome:

a review of anatomy, diagnosis and treatment. Anesth Analg

2009; 108: 1662-1670, DOI: 10.1213/ane.0b013e31819d6562.

4. Buecking B, Boese CK, Bergmeister VA, et al. Functional im-

plications of femoral offset following hemiarthroplasty for

displaced femoral neck fracture. Int Orthop 2016; 40: 1515-

1521, DOI: 10.1007/500264-015-2828-1.

JiHM, Won SH, Han J, Won YY. Does femoral offset recover and

affect the functional outcome of patients with displaced fem-

oral neck fracture following hemiarthroplasty? Injury 2017;

48:1170-1174, DOI: 10.1016/}.injury.2017.03.022.

Kim SS, Kim HJ, Shim CH. Relationships between femoral off-

set change and clinical score following bipolar hip arthroplasty

in femoral neck fractures. Hip Pelvis 2021; 33: 78-86, DOI:
10.5371/hp.2021.33.2.78.

Kizkapan TB, Misir A, Uzun E, et al. Factors affecting disloca-

tion after bipolar hemiarthroplasty in patients with femoral

neck fracture. Injury 2020; 51: 663669, DOI: 10.1016/j.injury.

2020.01.025.

Jobory A, Kdrrholm J, Hansson S, et al. Dislocation of hemi-

arthroplasty after hip fracture is common and the risk is

increased with posterior approach: result from a national
cohort of 25,678 individuals in the Swedish Hip Arthro-

plasty Register. Acta Orthop 2021; 92: 413-418, DOI: 10.1080/

17453674.2021.1906517.

Abram SG, Murray JB. Outcomes of 807 Thompson hip hemi-

arthroplasty procedures and the effect of surgical approach on

dislocation rates. Injury 2015; 46: 1013-1017, DOI: 10.1016/j.

injury.2014.12.016.

N

ol

L4

o

b

o

d

Reumatologia 2022; 60/5

80



346

Bartosz Maciag, Krystian Zarnovsky, Dawid Jegierski, et al.

10. Tezuka T, Inaba Y, Kobayashi N, et al. Effects of hip joint center
location and femoral offset on abductor muscle strength af-
ter total hip arthroplasty. Mod Rheumatol 2015; 25: 630-636,
DOI: 10.3109/14397595.2014.988863.

. Mahmood SS, Mukka SS, Crnalic S, et al. Association between
changes in global femoral offset after total hip arthroplasty
and function, quality of life, and abductor muscle strength.
A prospective cohort study of 222 patients. Acta Orthop 2016;
87:36-41, DOI: 10.3109/17453674.2015.1091955.

. Clement ND, Patrick-Patel RS, MacDonald D, Breusch SJ. Total
hip replacement: increasing femoral offset improves function-
al outcome. Arch Orthop Trauma Surg 2016; 136: 1317-1323,
DOI: 10.1007/500402-016-2527-4.

13. Weber M, Merle C, Nawabi DH, et al. Inaccurate offset res-
toration in total hip arthroplasty results in reduced range
of motion. Sci Rep 2020; 10: 13208, DOI: 10.1038/541598-
020-70059-1.

14. Liebs TR, Nasser L, Herzberg W, et al. The influence of fem-
oral offset on health-related quality of life after total
hip replacement. Bone Joint ) 2014; 96-B: 3642, DOI:
10.1302/0301-620X.96B1.31530.

15. Foy M, Kielminski D, Cavazos D, et al. Changes in femoral off-
set is not associated with increased incidence of lateral hip
pain following total hip arthroplasty. J Clin Orthop Trauma
2020; 16: 132-135, DOI: 10.1016/j.jcot.2020.12.010.

. Abdulkarim A, Keegan C, Bajwa R, Sheehan E. Lateral trochan-
teric pain following total hip arthroplasty: radiographic assess-
ment of altered biomechanics as a potential aetiology. Ir J Med
Sci 2018; 187: 663-668, DOI: 10.1007/511845-017-1701-1.

. Moerenhout K, Benoit B, Gaspard HS, et al. Greater trochan-
teric pain after primary total hip replacement, comparing
the anterior and posterior approach: a secondary analysis
of a randomized trial. Orthop Traumatol Surg Res 2021; 107:
102709, DOI: 10.1016/j.0tsr.2020.08.011.

1

—

1

N

1

o

1

~

Reumatologia 2022; 60/5

18.

19.

20.

2

—-

22.

23.

2

B

25

81

Melbye SM, Haug SCD, Fenstad AM, et al. How does im-
plant survivorship vary with different corail femoral stem
variants? Results of 51,212 cases with up to 30 years
of follow-up from the Norwegian arthroplasty register. Clin
Orthop Relat Res 2021; 479: 2169-2180, DOI: 10.1097/
CORR.0000000000001940.

Cantin O, Viste A, Desmarchelier R, et al. Compared fixation
and survival of 280 lateralised vs 527 standard cementless
stems after two years (1-7). Orthop Traumatol Surg Res 2015;
101: 775-780, DOI: 10.1016/j.0tsr.2015.08.002.

. Courtin C, Viste A, Subtil F, et al. Cementless lateralized stems

in primary THA: mid-term survival and risk factors for failure
in 172 stems. Orthop Traumatol Surg Res 2017; 103: 15-19,
DOI: 10.1016/j.0tsr.2016.10.011.

. Panichkul P McCalden RW, MacDonald S, et al. Minimum 15-

year results of a dual-offset uncemented femoral stem in to-
tal hip arthroplasty. J Arthroplasty 2019; 34: 2992-2998, DOI:
10.1016/j.arth.2019.07.003.

Dikmen G, Ozden VE, Beksac B, Tozun IR. Dual offset metaphy-
seal-filling stems in primary total hip arthroplasty in dysplas-
tic hips after a minimum follow-up of ten years. Int Orthop
2019; 43: 2039-2046, DOI: 10.1007/500264-018-4161-y.
Peng L, Ma J, Zeng Y, et al. Clinical and radiological results
of high offset tri-lock bone preservation stem in unilateral pri-
mary total hip arthroplasty at a minimum follow-up of 3 years.
) Orthop Surg Res 2021; 16: 635, DOI: 10.1186/513018-021-
02787-7.

. Danesh-Clough T, Boune RB, Rorabeck CH, McCalden R

The mid-term results of a dual offset uncemented stem for
total hip arthroplasty. J Arthroplasty 2007; 22: 195-203, DOI:
10.1016/j.arth.2006.04.006.

. Mohit Bhandari, Einhorn TA, Guyatt G, et al. Total hip arthro-

plasty or hemiarthroplasty for hip fractures. N Engl ) Med
2019; 381: 2199-2208, DOI: 10.1056/NEJM0a1906190.



Podsumowanie i wnioski

Powyzsze publikacje wchodzace w sklad cyklu tworzacego powyzsza prace
doktorska analizuja czynniki wplywajace na powodzenie i optymalizacje wynikow
leczenia operacyjnego choroby zwyrodnieniowej stawu biodrowego. Biorgc pod uwage, ze
liczba pacjentow wymagajacych leczenia operacyjnego bedzie wzrasta¢ w najblizszym
czasie ze wzgledu na epidemi¢ otylosci oraz coraz bardziej powszechny siedzacy tryb
zycia, techniki operacyjne powinny dazy¢ do zapewnienia chorym jak najmniejszej liczby

powiktan oraz jak najlepszego wyniku klinicznego.
Whioski

Analiza parametrow osadzenia implantéw endoprotezy stawu biodrowego jest kluczowa
dla sukcesu operacji, minimalizujac ryzyko powiktan takich jak obluzowanie implantu czy
ograniczenie ruchomosci stawu. Precyzyjne okreslenie pozycji centrum rotacji, offsetu
udowego i panewkowego oraz katéw inklinacji 1 antewersji pozwala na optymalne

roztozenie sit w stawie, poprawe funkcji ruchowych i redukcje bolu pooperacyjnego.

Analiza pordwnawcza parametrow osadzenia implantéw endoprotezy w roznych dostepach
operacyjnych pokazuje, ze dostep DAA moze istotnie r6zni¢ si¢ od innych dostepow pod
wzgledem antewers;ji 1 inklinacji panewki stawu biodrowego. Cho¢ nie wykazano istotnych
Statystycznie roznic w osadzeniu trzpienia endoprotezy ani réznicy dlugosci konczyn,
wyniki te sugeruja, ze wybor odpowiedniego dostgpu moze mie¢ kluczowe znaczenie dla
optymalnych ~ wynikow  operacyjnych 1  rehabilitacyjnych  pacjentow  po

endoprotezoplastyce stawu biodrowego.

Autorzy przedstawili kompleksowy przeglad literatury oraz wytyczne dotyczace
odpowiedniego osadzenia elementdw endoprotezy stawu biodrowego, uwzgledniajac
parametry spinopelvic alignment. Zaproponowano wytyczne oceny mobilnosci miednicy
oraz sztywnosci odcinka L-S krggostupa na podstawie pomiarow katow takich jak Sacral
Slope, Pelvic Tilt, Pelvic Incidence, Pelvic Femoral Angle, Lumbar Lordosis, Femoral
Inclination oraz Spino Sacral Angle. Wskazano, Ze precyzyjna ocena tych parametréw na
radiogramach pozwala na dostosowanie planu operacyjnego, co moze istotnie wptynaé¢ na

wyniki zabiegu oraz rehabilitacj¢ pacjenta po artroplastyce stawu biodrowego.
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Wykazano istotne réznice w parametrach chodu pomigdzy pacjentami operowanymi z
uzyciem implantow o réznych s$rednicach glowy kosci udowej a zdrowymi osobami
kontrolnymi. Pacjenci z implantami o $rednicy 36 mm wykazywali parametry chodu
blizsze normie, z krétszym czasem fazy przenoszenia, krotszymi krokami oraz nizsza
predkoscig kroku w poréwnaniu do os6b z mniejszymi implantami. Wybor odpowiedniego
implantu moze istotnie wplyngé¢ na rekonstrukcj¢ naturalnego modelu chodu oraz

rehabilitacje po artroplastyce stawu biodrowego.

Ponadto wykazano istotny zwigzek miedzy katem szyjkowo-trzonowym a zmiang offsetu
udowego (FO) po zabiegu endoprotezoplastyki potowiczej. Pacjenci z katem udowo-
szyjkowym ponizej 120 stopni mieli tendencj¢ do wigkszych zmian FO pooperacyjnie, co
moze prowadzi¢ do niewtasciwego osadzenia implantu. Wyniki te podkreslajg koniecznosé
dostosowania typu trzpienia do indywidualnych cech anatomicznych pacjenta przed
operacja, aby zapewni¢ prawidlowe odtworzenie FO oraz unikna¢ powiklan zwigzanych z

niestabilnos$cig implantu.

Analiza rownowagi pokazala istotne réznice w stabilno$ci postawy oraz ryzyku upadkow
migdzy pacjentami z heterotopowymi skostnieniami po catkowitej aloplastyce stawu
biodrowego a grupa kontrolng bez skostnien. Wyniki sugeruja, ze obecno$¢ skostnien
pozaszkieletowych moze znaczaco wplywaé na rownowagg pacjentow po THA,
zwigkszajac ryzyko upadkdéw 1 potencjalnych powiktan, takich jak ztamanie
okotoprotezowe. Konieczne jest dalsze zrozumienie mechanizméw 1 strategii
prewencyjnych w tej grupie pacjentéw, aby poprawi¢ wyniki rehabilitacyjne 1 zapobiec

powaznym komplikacjom.

Kolejne publikacje sg konieczne do dalszej optymalizacji wynikow endoprotezoplastyki

stawu biodrowego.
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