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2. Spis rycin

Rycina 1. Staw rzekomy hipertroficzny kości piszczelowej, po złamaniu obu kości 
podudzia leczonym ryglowanym gwoździem śródszpikowym.

Rycina 2. Staw rzekomy oligotroficzny kości piszczelowej z deformacją szpotawą, 
po leczeniu złamania obu kości podudzia płytką LCP oraz stabilizatorem zewnętrz-
nym ramowym. 

Rycina 3. Staw rzekomy atroficzny kości piszczelowej z  1-cm ubytkiem kostnym 
i deformacją kątową.

Rycina 4. Aparaty Ilizarowa na obu kończynach dolnych.
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3. Wykaz stosowanych w pracy skrótów

 FDA –  Food and Administration (Amerykańska Agencja Żywności i Leków)
 NUSC – Non-union stromal cells (Komórki zrębu stawu rzekomego)
 BMSC –  Bone marrow mesenchymal cells (Komórki mezenchymalne szpiku 

kostnego)
 GBP – Pound Sterling (Funt Brytyjski)
 USD – United States Dollar ( Dolar Amerykański)
 AUD – Australian Dollar (Dolar Australijski)
 rhBMP-2 –  Recombinant Human Bone Morfogenetic Protein 2 (rekombinowane 

ludzkie białko morfogenetyczne kości 2)
 rhBMP-7 –  Recombinant Human Bone Morfogenetic Protein 7 (rekombinowane 

ludzkie białko morfogenetyczne kości 7)
 LCP – Locking Compression Plate- Płytka blokowana (stabilna kątowo)
 LISS –  Less Invasive Stabilization System- Małoinwazyjny system 

do stabilizacji płytkowej
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4.  „Analiza porównawcza wyników leczenia 
operacyjnego aseptycznych stawów rzekomych  
kości piszczelowej przy użyciu metody Ilizarowa 
oraz osteosyntezy wewnętrznej”
(streszczenie)

Metoda Ilizarowa jest efektywną techniką operacyjną wykorzystywaną w lecze-
niu stawów rzekomych kości długich. Stanowi metodę z wyboru w przypadku za-
każonych stawów rzekomych oraz zaburzeń zrostu kostnego ze współistniejąca de-
formacją kończyny lub ubytkiem tkanki kostnej. Łączy zalety doskonałej stabilizacji 
mechanicznej oraz minimalnej inwazyjności.

Analizując dostępną literaturę pod kątem leczenia stawów rzekomych kości pisz-
czelowej, napotykamy publikacje opisujące różne techniki chirurgiczne oraz stoso-
wane implanty. Autorzy podają odsetek przypadków, w których uzyskano zrost ko-
stny po leczeniu operacyjnym stawów rzekomych kości piszczelowej. Jest to jednak 
tylko krótkotrwała ocena wyników leczenia stawów rzekomych. W części przypad-
ków dochodzi po jakimś czasie do ponownego złamania w miejscu powstania zrostu 
po stawie rzekomym. Brakuje prac oceniających długoterminowe wyniki leczenia 
stawów rzekomych kości piszczelowej, w tym metodą Ilizarowa, pod kątem wielolet-
niego utrzymania zrostu kostnego. 

W pierwszej publikacji pt. „A new criterion for assessing Ilizarov treatment out-
comes in nonunion of the tibia” tworzącej cykl, poddano analizie retrospektywnej 102 
pacjentów leczonych metodą Ilizarowa z powodu stawu rzekomego kości piszczelo-
wej, u których okres obserwacji po zakończeniu leczenia wynosił minimum 2 lata. 
U wszystkich chorych udało się uzyskać zrost kostny. W okresie obserwacji wynoszą-
cym średnio 7 lat (2–12 lat) zrost kostny utrzymano na poziomie 95,1%. U pięciorga 
z pacjentów doszło do ponownego złamania (refraktury). Wymagali ponownej stabi-
lizacji aparatem Ilizarowa. Wnioski z pracy wskazują na wysoką skuteczność metody 
Ilizarowa w  leczeniu zaburzeń zrostu kości piszczelowej, jak również potwierdza-
ją zasadność wprowadzenia nowego kryterium oceny wyników leczenia zaburzeń 
zrostu kostnego. Mianowicie - odsetka utrzymanego zrostu w okresie długofalowym. 
Samo uzyskanie zrostu kostnego w okresie krótkoterminowym może okazać się nie-
wystarczające do oceny metody leczenia.

Metoda Ilizarowa, wykorzystująca zjawisko osteogenezy dystrakcyjnej, jest czę-
sto wykorzystywana w leczeniu wrodzonych i nabytych zniekształceń kości długich. 
W  przypadku stawów rzekomych kości piszczelowej często mierzymy się również 
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z koniecznością wyrównania powstałego skrócenia oraz korekcji deformacji kątowej. 
Zaburzeniom zrostu kostnego sprzyja m.in. niedostateczna stabilizacja odłamów, 
brak odpowiedniego ukrwienia odłamów kostnych oraz choroby współistniejące pa-
cjenta. 

W drugiej pracy z cyklu, pt. „Surgical treatment outcomes of the Ilizarov and 
internal osteosynthesis methods in posttraumatic pseudarthrosis of the tibia-a  re-
trospective comparative analysis” przeprowadzono analizę porównawczą wyników 
leczenia stawów rzekomych za pomocą metody Ilizarowa oraz technik osteosyntezy 
wewnętrznej. Próbę 75 pacjentów leczonych aparatem Ilizarowa porównano z grupą 
kontrolną 51 pacjentów leczonych osteosyntezą wewnętrzną. Ocenie poddano czas, 
w którym uzyskano zrost kostny, korekcję wyjściowego zniekształcenia oraz wielkość 
skrócenia podudzia. Wykonano analizę częstości występowania i rodzaju powikłań 
towarzyszących leczeniu oraz ich wpływu na wynik końcowy. Analiza statystyczna 
wykazała istotną przewagę metody Ilizarowa w częstości uzyskiwanego zrostu ko-
stnego (100% vs. 51,92%). Zaobserwowano również, że siła efektu w grupie leczonej 
metodą Ilizarowa była większa zarówno w przypadku zmniejszania zniekształcenia 
kończyny, jak i jej skrócenia. Należy przy tym zauważyć, że leczenie to było stosowa-
ne u pacjentów z wyjściowo wyższymi wartościami zniekształcenia kątowego i wiel-
kością skrócenia. Nie wykazano różnic statystycznych w  czasie gojenia wśród pa-
cjentów grupy badanej, u których występuje co najmniej jeden z czynników ryzyka 
zaburzeń zrostu kostnego w stosunku chorych bez dodatkowych obciążeń. Braliśmy 
pod uwagę: cukrzycę, terapię kortykosteroidami, palenie tytoniu, alkoholizm oraz 
nasiloną miażdżycę kończyn dolnych. Brak statystycznie znamiennej różnicy suge-
ruje, że metoda Ilizarowa powinna być szczególnie polecana u pacjentów z dodatko-
wym ryzykiem zaburzeń zrostu kostnego wynikającym ze stanu zdrowia. 

Trzecia publikacja z cyklu pt. „The outcomes of Ilizarov treatment in aseptic no-
nunions of the tibia stratified by treatment strategies and surgical techniques” doty-
czyła techniki operacyjnej i  taktyki leczenia stawów rzekomych metodą Ilizarowa. 
W zależności od rodzaju stawu rzekomego, stanu tkanek miękkich, skrócenia i znie-
kształcenia segmentu kostnego, a także od preferencji chirurga leczenie można za-
planować na różne sposoby. Poddano retrospektywnej ocenie próbę 75 pacjentów le-
czonych z powodu pourazowego, aseptycznego stawu rzekomego kości piszczelowej 
pod kątem różnych technik i  taktyk leczenia aparatem Ilizarowa. Część pacjentów 
leczono techniką zamkniętą, bez otwierania stawu rzekomego (technika 1). W pozo-
stałych przypadkach wykonywano dostęp operacyjny do stawu rzekomego, reseko-
wano powierzchnie oraz adaptowano odłamy, po czym przeprowadzano stabilizację 
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aparatem Ilizarowa (technika 2). W okresie pooperacyjnym stosowano stabilizację 
bez dodatkowej kompresji stawu rzekomego (strategia 1), albo prowadzono pod-
trzymującą kompresję - 0,25 mm co 3 dni (strategia 2). U wszystkich pacjentów wy-
konywano osteotomię strzałki. Ocenie poddano odsetek uzyskanego zrostu, liczbę 
powikłań, czas hospitalizacji oraz wyniki w skali radiologicznej i funkcjonalnej wg 
ASAMI. Uzyskane wyniki nie wykazały istotnych statystycznie różnic pomiędzy 
technikami: zamkniętą i  otwartą, a  także stosowaniem kompresji podtrzymującej 
lub jej brakiem w  zakresie uzyskania zrostu kostnego, liczby powikłań oraz czasu 
hospitalizacji. Jedynie wartości skali funkcjonalnej ASAMI były wyższe w grupie pa-
cjentów poddanych operacjom na zamknięto.

Podsumowując, metoda Ilizarowa pozwala na osiągnięcie wysokiego odsetka 
uzyskanego i utrzymanego zrostu kostnego w leczeniu pourazowych stawów rzeko-
mych kości piszczelowej. Wykazuje przewagę w stosunku do technik osteosyntezy 
wewnętrznej w zakresie leczenia współistniejących zniekształceń i  skrócenia kości 
piszczelowej. Z uwagi na minimalną inwazyjność jest szczególnie polecana pacjen-
tom z dodatkowymi czynnikami ryzyka zaburzeń zrostu kostnego. 
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5. Summary
„Surgical treatment outcomes of the Ilizarov and 
internal osteosynthesis methods in posttraumatic 
pseudarthrosis of the tibia – a comparative analysis” 
(summary)

The Ilizarov method is an effective surgical technique used in the treatment of long-
bone fracture nonunion and is the method of choice in infected nonunion and delayed 
bone healing with concomitant limb deformity or bone tissue loss. The Ilizarov method 
combines the benefits of excellent mechanical stabilization and minimal invasiveness.

While reviewing the available literature for tibial nonunion treatment one en-
counters reports on various surgical techniques and implants and the resulting rates 
of union. However, those reports are based on short-term outcomes of nonunion 
treatment. After some time, some patients develop re-fracture at the healed site. 
There are few studies assessing long-term outcomes of tibial nonunion treatment 
(including treatment with the use of the Ilizarov method) in terms of bone union 
maintained over many years.

The first report of the series was a retrospective analysis of 102 patients treated 
with the Ilizarov method, with a minimum two-year follow-up after treatment com-
pletion. Bone union was achieved in all patients, with 95.1% of them maintaining 
bone union throughout a mean follow-up period of 7 years (2–12 years). Five of the 
patients experienced re-fracture and required another Ilizarov fixator treatment. The 
conclusions from that study showed the need for introducing a  new criterion for 
assessing treatment outcomes of delayed bone healing, namely the rates of bone un-
ion maintained over many years. Achieving bone union alone, evaluated short-term, 
may be insufficient to assess the treatment method.

The Ilizarov method, which is based on the phenomenon of distraction osteo-
genesis, is commonly used in the treatment of congenital and acquired long-bone 
deformities. In nonunion of the tibia there is often a  need to correct a  shortened 
limb or angular deformity. Inadequate stabilization of bone fragments, insufficient 
bone fragment perfusion, and comorbidities contribute to delayed fracture healing. 
The second report of the series was a comparative analysis of nonunion treatment 
outcomes achieved via the Ilizarov method and internal bone fixation techniques. 
The study group of 75 patients treated with an Ilizarov external fixator was compared 
with the control group of 51 patients treated with internal bone fixation. The evalu-
ated parameters were time to bone union and the correction of the initial deformity 
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and limb length discrepancy. The incidence and type of treatment complications and 
their effect on the final outcome were analyzed. The Ilizarov method showed signifi-
cant superiority in terms of bone union rates (100% vs. 51.92%). Moreover, the effect 
size in the Ilizarov group was greater both in terms of reduced final limb deformity 
and reduced limb length discrepancy, even though the Ilizarov method had been 
used in patients with higher baseline values of those parameters. There was no signif-
icant difference in healing duration between the patients with at least one risk factor 
for delayed bone healing (diabetes mellitus, steroid therapy, smoking, alcoholism, 
or severe atherosclerosis in lower limbs) and those without risk factors. The lack of 
significant differences suggests that the Ilizarov method should be recommended 
particularly for patients with additional health-related risk factors of delayed bone 
union.

The third report from the series evaluated different surgical techniques and treat-
ment strategies of treating bone nonunion with the Ilizarov method. Depending on 
the type of nonunion, condition of soft tissues, limb length discrepancy, bone de-
formity, and surgeon’s preferences the treatment may be planned in various ways. 
This retrospective analysis assessed a group of 75 patients treated for aseptic nonun-
ion of the tibia following traumatic fracture in terms of various treatment techniques 
and strategies with the use of an Ilizarov fixator. Some patients underwent closed 
treatment, without opening the site of nonunion (technique 1). In others, the non-
union site was accessed surgically, bone surfaces were resected and bone fragments 
adapted, with a  subsequent mounting of an Ilizarov fixator (technique 2). During 
the postoperative period, either neutral fixation without compression (strategy 1) or 
continued compression, adjusted by 0.25 mm every 3 days, (strategy 2) was used. 
All patients underwent fibular osteotomy. The assessed parameters were the rates of 
union, number of complications, hospital stay duration, ASAMI bone scores, and 
ASAMI functional scores. The results showed no significant differences between the 
techniques (closed vs. open) or the use of lack of compression in achieving bone un-
ion, the number of complications, or duration of hospital stay, with only the ASAMI 
functional scores higher in the closed-surgery patients.

In summary, the Ilizarov method helps achieve high rates of union and main-
tained union in patients with nonunion of the tibia following traumatic fracture. 
This method is superior to internal bone fixation in terms of treating co-existing tib-
ial deformities and length discrepancy. Due to its minimally invasive character, the 
Ilizarov method is particularly recommended in patients with additional risk factors 
for delayed bone union.
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6. Wstęp

6.1. Definicja i podział zaburzeń zrostu kostnego

Staw rzekomy definiuje się jako ustanie wszelkich procesów gojenia kości, gdy nie 
doszło do zrostu kostnego. [1] Historycznie, pojęcia zrostu opóźnionego i stawu rzeko-
mego związane były z kryterium czasowym gojenia odłamów kostnych. [2] Jeżeli złama-
nie nie wygoiło się w przewidywanym czasie, mówimy o zroście opóźnionym. Mimo 
przedłużenia czy opóźnienia gojenia wciąż istnieje szansa na zrost kostny bez konieczno-
ści interwencji chirurgicznej. Staw rzekomy powstaje wtedy, kiedy ustają wszelkie procesy 
gojenia kości, a  jedynym sposobem leczenia jest zabieg operacyjny. FDA w 1988 roku 
podała kryterium czasowe powstania stawu rzekomego – 9 miesięcy od powstania zła-
mania oraz brak widocznego postępu zrostu przez kolejne 3 miesiące obserwacji.

W 1976 roku Weber i Cech dokonali podziału stawów rzekomych ze względu na 
ich witalność i potencjał do gojenia. [2, 3] W 1989 roku Paley, za Ilizarowem, zapro-
ponował inny podział stawów rzekomych dla kości piszczelowej. [4] Opiera się na 
dwóch podtypach – sztywnym i wiotkim, w zależności od ruchomości patologicznej 
pomiędzy odłamami oraz obecnością lub brakiem ubytku tkanki kostnej.

Stawy rzekome hipertroficzne (hiperwaskularne) – charakteryzują się dużym 
potencjałem do gojenia. Na zdjęciach radiologicznych opisywane są jako tzw. „sto-
pa słonia” (ryc. 1) Przerosła kostnina z  przejaśnieniem w  środku szpary złamania 
stanowi przejaw nieadekwatnej stabilizacji odłamów kostnych lub unieruchomienia. 
Scyntygrafia stawów rzekomych hipertroficznych potwierdza bogate unaczynienie 
fragmentów kości.

Stawy rzekome oligotroficzne cechują się brakiem widocznej kostniny na zdję-
ciach radiologicznych, co można tłumaczyć gorszym unaczynieniem odłamów ko-
stnych lub nieprawidłowym nastawieniem odłamów: ich diastazą lub interpozycją 
tkanek miękkich w szczelinie złamania. (ryc. 2)

Stawy rzekome awaskularne – w ich przypadku odłamy kostne są pozbawione 
unaczynienia odżywczego albo zaopatrzenie w krew jest niewystarczające. Dzielimy 
je na cztery podtypy. Typ dysplastyczny i aplastyczny wiążą się z obecnością fragmen-
tu pośredniego z upośledzonym lub nieobecnym ukrwieniem. Nie obserwujemy po-
wstawania mankietu kostnego. Podtyp trzeci to staw rzekomy z ubytkiem kości. Zwy-
kle taktyka operacyjna, oprócz odświeżenia odłamów i usunięcia zdewitalizowanych 
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Rycina 1. Staw rzekomy hipertroficzny kości piszczelowej, po złamaniu obu kości podudzia leczo-
nym ryglowanym gwoździem śródszpikowym.
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Rycina 2. Staw rzekomy oligotroficzny kości piszczelowej z deformacją szpotawą, po leczeniu zła-
mania obu kości podudzia płytką LCP oraz stabilizatorem zewnętrznym ramowym. 
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tkanek, wymaga zastosowania przeszczepów kostnych celem uzupełnienia powsta-
łego ubytku.

Czwartą formą stawu rzekomego awaskularnego jest staw rzekomy atroficzny, 
gdzie dochodzi do powstania ubytku pomiędzy odłamami. Dzieje się to albo na sku-
tek urazu, jak w przypadku złamań otwartych, albo wtórnie- na skutek infekcji. Cha-
rakterystyczne jest klepsydrowate zakończenie odłamów i postępujący zanik kostny.  
(ryc. 3)

Mimo, iż podział wg Webera-Cecha jest stosowany od ponad 40 lat, nie opi-
suje on procesów biologicznych, tylko obraz radiologiczny. Badania histologiczne 
nie potwierdzają teorii o braku unaczynienia w obrębie stawów rzekomych awasku-
larnych. W badaniach przeprowadzonych przez Bajadę i wsp. z  preparatów pobra-
nych z  awaskularnych stawów rzekomych, wyizolowano komórki zrębu (NUSC), 
otoczone tkanką włóknistą, których powierzchowne antygeny CD były podobne do 
komórek macierzystych szpiku (BMSC). [5] Komórki NUSC były multipotencjalne 
i wykazywały tendencję do różnicowania w kierunku chondrocytów i adipocytów, 
ale cechowały się mniejszym potencjałem do różnicowania w kierunku osteogene-
zy i mineralizacji w badaniach in-vitro, w porównaniu do komórek macierzystych 
szpiku kostnego (BMSC). Hofmann zauważył niższą przeżywalność komórek me-
zenchymalnych w  grupie pacjentów ze stawami rzekomymi hipertroficznymi. [6] 
Wykazywały one również zmniejszoną ekspresję genów IGF-, TGF-beta- i FGF- róż-
nicujących w  kierunku osteoblastów, w  porównaniu próbkami tkanek pacjentów, 
u których zrost przebiegł prawidłowo.

Wydaje się, ze poza znanymi czynnikami ryzyka zaburzeń zrostu, rolę odgrywa 
również identyfikacja predyspozycji genetycznych oraz polimorfizm genowy czynni-
ków wzrostu komórek znajdujących się w kostninie. [7] Mimo to, na dzień dzisiejszy 
podziały radiologiczne wg Webera-Cecha oraz Paleya (Ilizarowa) są podstawą przy 
planowaniu leczenia stawów rzekomych kości piszczelowej.
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Rycina 3. Staw rzekomy atroficzny kości piszczelowej z 1-cm ubytkiem kostnym i deformacją kątową.
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6.2. Epidemiologia, koszty leczenia.

Zaburzenia zrostu występują w około 1,9%–10 % wszystkich złamań w obrębie 
kości długich, chociaż w niektórych przypadkach mogą sięgać nawet 20%. [2, 8] Brak 
zrostu w  obrębie trzonu kości piszczelowej po leczeniu operacyjnym gwoździem 
śródszpikowym wg różnych autorów waha się między 4,6%-7,1%. [2] Odsetek wzra-
sta, w przypadku większego uszkodzenia tkanek miękkich. Sanders oraz wsp. wska-
zują, że w przypadku złamań otwartych II stopnia w skali Gustillo-Andersona brak 
zrostu wystąpi u 16% pacjentów, w przypadkach IIIA – u 60%, a w grupie pacjentów 
ze złamaniami otwartymi typu IIIB – nawet 80%. [9]

Court-Brown potwierdził obserwacje Sandersa w 2004 roku. W grupie pacjen-
tów ze złamaniami typu I–II wg Gustillo-Andersona odsetek braku zrostu wynosił 
0–6,4%, zaś w grupie IIIA–IIIB – 42,1–69,2%. [10]

Koszty leczenia zaburzeń zrostu kostnego są wysokie. W Wielkiej Brytanii sza-
cuje się, że cena samej hospitalizacji pacjenta z brakiem zrostu kostnego wynosi od 
7000 do 79000 Funtów Szterlingów (GBP). W  Stanach Zjednoczonych mediana 
kosztów leczenia zaburzeń zrostu kostnego po złamaniu otwartym wynosi 25,556 $ 
(USD). W Australii mediana wynosi 14,957 dolarów australijskich (AUD). Różnice 
w kosztach są spowodowane odmiennymi systemami opieki zdrowotnej w poszcze-
gólnych krajach oraz modelami finansowania. [2, 11]

6.3. Czynniki ryzyka zaburzeń zrostu kostnego.

Czynniki ryzyka możemy podzielić na dwie grupy: zależne od pacjenta oraz za-
leżne od mechanizmu urazu. Do pierwszej grupy zaliczamy mi.n: współistniejącą 
cukrzycę, przewlekłe niedokrwienie kończyny, niewydolność nerek, niedobory wi-
taminy D3, nadużywanie alkoholu, palenie tytoniu, przyjmowanie steroidów, leków 
p/padaczkowych i niesteroidowych leków przeciwzapalnych. W drugiej grupie znaj-
dują się ofiary urazów wielomiejscowych i wielonarządowych, złamania otwarte, zła-
mania z ubytkiem tkanki kostnej, znaczne uszkodzenia tkanek miękkich, zakażenia 
kości oraz otaczających tkanek. [2, 8, 12] 
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6.4.  Metody leczenia operacyjnego stawów rzekomych kości 
piszczelowej

6.4.1. Leczenie operacyjne sposobem Judeta-Forbesa

Technika operacyjna leczenia zaburzeń zrostu kostnego opisana przez Judeta 
polega derkortykacji odłamów kostnych, odświeżeniu powierzchni rannych i stabi-
lizacji płytą kompresyjną. [13] Staw rzekomy odsłania się przez starą bliznę. Usuwa 
się martwe tkanki miękkie oraz kość. Pobranymi podokostnowo płatkami kostnymi 
o grubości 1 mm, z fragmentu kości o długości ok 12–15 cm, pokrywa się miejsce zła-
mania, co pobudza procesy gojenia. Po odtworzeniu ciągłości kości odłamy zespala 
się płytką lub stabilizatorem zewnętrznym. Ograniczeniem metody jest powierzch-
nia kości, z której można pobrać fragmenty kostno-okostnowe, cienka błona oko-
stnowa albo krucha kość. Mimo, iż opisano ją ponad 50 lat temu, wciąż znajduje 
uznanie wielu chirurgów, którzy z powodzeniem wykorzystują do leczenia awasku-
larnych stawów rzekomych [14, 15]. Operacja sposobem Judeta-Forbesa doczekała 
się kilku modyfikacji, do których można zaliczyć zastosowanie nowych implantów 
zespalających, jak płytki LCP oraz LISS, a także uzupełnienie ubytków przeszczepa-
mi kostnymi.

6.4.2. Dynamizacja gwoździa śródszpikowego.

Od lat 70 ryglowane gwoździe śródszpikowe są stosowane na świecie jako stan-
dardowa technika w złamaniach trzonu kości piszczelowej. [2] Dynamizacja polega 
na usunięciu jednej lub kilku śrub ryglujących, co pozwala na powstanie mikroru-
chów wzdłuż osi długiej kości. Zjawisko działa korzystnie na pobudzenie procesów 
zrostu kostnego. W przypadku stawów rzekomych hipertroficznych dochodzi do sa-
moistnej redukcji szpary stawu. W stawach rzekomych awaskularnych dynamizacja 
może być ryzykowna i doprowadzić do przemieszczenia odłamów, skrócenia koń-
czyny lub deformacji kątowej. 

Kwestią sporną jest czas, w którym należy przeprowadzić dynamizację gwoździa 
śródszpikowego. Wydaje się, że należy ją wykonać po uzyskaniu dostatecznej stabi-
lizacji odłamów przez tworzącą się kostninę. Zbyt wczesna dynamizacja może spo-
wodować utratę repozycji odłamów kostnych. Zbyt późna – po ustaniu procesów go-
jenia, będzie nieefektywna. Vaughn i wsp. nie stwierdzili korelacji pomiędzy czasem 
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przeprowadzonej dynamizacji gwoździa, a odsetkiem uzyskanego zrostu kostnego. 
[16] Podobne wnioski sformułował Litrenta. [17] Stwierdził ponadto, że czynnikiem 
ryzyka braku zrostu po dynamizacji gwoździa śródszpikowego jest wieloodłamowy 
charakter złamania oraz ubytek kostny minimum 5 mm.

6.3.3. Wymiana gwoździa śródszpikowego

Zdarza się, że pomimo prawidłowej technicznie stabilizacji śródszpikowej, zrost 
kostny opóźnia się lub do niego nie dochodzi. Wymiana gwoździa śródszpikowe-
go połączona z rozwiercaniem jamy szpikowej jest skuteczną metodą pobudzająca 
zrost kostny. Zastosowanie implantu o większej średnicy lub dłuższego daje lepszą 
biomechanicznie stabilizację, a rozwiercanie mobilizuje komórki macierzyste szpiku 
kostnego. [18] Hierholzer i wsp. uzyskali 97% przypadków zrostu kostnego po roz-
wierceniu i wymianie gwoździa w grupie aseptycznych stawów rzekomych trzonu 
kości piszczelowej. [19] Nie obserwowano statystycznie znamiennych różnic pomię-
dzy ryglowaniem statycznym, a dynamicznym w badanej grupie pacjentów (7,3 mie-
siąca dla pacjentów ryglowanych statycznie, 7,9 miesiąca dla chorych ryglowanych 
dynamicznie). Ponadto, osteotomia strzałki przeprowadzona równolegle do wymia-
ny gwoździa, skraca czas gojenia o ok. 2,9 miesiąca. [20]

6.3.4. Przeszczepy kostne

Zastosowanie przeszczepów kostnych w leczeniu stawów rzekomych awaskular-
nych pozwala na wypełnienie ubytków powstałych po złamaniu oraz stanowi czyn-
nik biologiczny stymulujący powstanie nowych naczyń. Giannoudis i wsp. stworzyli 
koncepcję „diamentu”, na podstawie której zdefiniowali warunki niezbędne do po-
wstania zrostu kostnego. [21, 22] Oprócz mechanicznej stabilizacji, istotne jest wspie-
ranie środowiska biologicznego. 

Przeszczepy kostne dzielimy na autogeniczne i alogeniczne. Przeszczepy autoge-
niczne zapewniają prawidłową osteogenezę, odgrywają ponadto rolę osteokonduk-
cyjną i osteoindukcyjną. Klasycznie pobiera się je z: talerza kości biodrowej, bliższe-
go lub dalszego końca kości piszczelowej oraz z dystalnej części kości promieniowej. 
Stosowanie przeszczepów autogenicznych nie niesie za sobą ryzyka transmisji chorób 
zakaźnych. [23, 24] Wadą tej metody jest ograniczenie ilości przeszczepów kostnych, 
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które można pobrać oraz powikłania związane z miejscem pobrania- ból, utrata czu-
cia, infekcja. [25, 26]

Przeszczepy alogeniczne są pozbawione zdolności do pobudzania osteogenezy. 
Stanowią one rodzaj rusztowania kostnego, zatem pełnią rolę osteokondukcyjną. Wy-
różniamy m.in. przeszczepy korowe, gąbczaste, korowo-gąbczaste, chrzęstno-kostne 
oraz segementy kostne. [23] W latach 80-tych opisywano przypadki zakażenia wiru-
sem HIV po wykorzystaniu przeszczepów kostnych od zakażonego dawcy, ale dzięki 
współczesnym metodom sterylizacji i badaniu dawców, problem udało się rozwiązać. 
Między rokiem 1990 i 2000 w Stanach Zjednoczonych Ameryki Północnej wykonano 
ponad milion operacji z użyciem alogenicznych przeszczepów kostnych i nie stwier-
dzono żadnego zakażenia wirusem HIV ani zapalenia wątroby (HBV,HCV). [27] Wadą 
przeszczepów alogenicznych jest możliwość zakażenia wszczepu, na skutek kontami-
nacji. Dane literaturowe podają odsetek odległych zakażeń. od 5% do 12,2%. [28, 29]

6.3.5. Białka morfogenetyczne i terapie komórkowe.

Białka morfogenetyczne kości należą do rodziny białek TGF-beta i wykazują dzia-
łanie osteoindukcyjne. Aktywują różnicowanie komórek mezenchymalnych w kie-
runku osteoblastów i chondrocytów. W roku 2001 FDA wydała pozwolenie na za-
stosowanie rekombinowanego ludzkiego białka morfogenetycznego kości(rhBMP2) 
jako terapię uzupełniającą w leczeniu złamań trzonów kości piszczelowej gwoździem 
śródszpikowym. W 2002 roku wprowadzono preparat Osigraft – rhBMP-7 w lecze-
niu stawów rzekomych kości piszczelowej, u chorych wśród których zastosowanie 
autogennych przeszczepów kostnych nie powiodło się. Wykazano porównywalny od-
setek zrostu kostnego, pomiędzy grupą u której użyto przeszczepów kostnych(85%) 
z grupą, u której zastosowano rhBMP-7 (81%) w dziewięciomiesięcznym okresie ob-
serwacji. [2] 

Doniesienia na temat pozytywnego działania BMP na zrost kostny opierają się 
na opisach przypadków lub serii przypadków. [30, 31] Brakuje randomizowanych 
badań klinicznych na dużej grupie pacjentów.

Innym sposobem na aktywację procesu zrostu kostnego jest podanie komórek 
szpiku. Zawarte w nim komórki mezenchymalne mogą różnicować w kierunku oste-
oblastów i wspierać tworzenie kostniny. Wielu autorów podaje obiecujące rezultaty 
po przezskórnym podaniu komórek szpiku, lecz wciąż brakuje dowodów dotyczą-
cych optymalnej techniki pobrania oraz podania preparatu szpiku kostnego. [2]
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6.4.6. Metoda Ilizarowa

Gawrił Abramowicz Ilizarow był rosyjskim lekarzem, który w  1950 roku opi-
sał zjawisko osteogenezy dystrakcyjnej. [32] Rok później opatentował pierścienio-
wy stabilizator zewnętrzny noszący nazwę aparatu Ilizarowa. Metoda Ilizarowa jest 
wykorzystywana w  wielu patologiach urazowych i  pourazowych narządu ruchu. 

Rycina 4. Aparaty Ilizarowa na obu kończynach dolnych.
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Szczególnie przydatna jest w leczeniu: złamań otwartych, urazów zmiażdżeniowych, 
obrażeń wielomiejscowych, nabytych i wrodzonych deformacji narządu ruchu oraz 
leczeniu zaburzeń zrostu, w tym zakażonych stawów rzekomych. [4, 33-36]

Jej przewaga nad innymi technikami operacyjnymi polega na: braku konieczno-
ści wykonywania rozległych dostępów operacyjnych, zachowaniu ukrwienia a co za 
tym idzie żywotności tkanek oraz właściwościach mechanicznych samego aparatu. 
Okrężny stabilizator zewnętrzny, mocowany do kości za pomocą drutów Kirschnera 
lub grotów Schanza, odznacza się wysoką wytrzymałością na siły gnące i rotacyjne, 
jednocześnie zapewniając elastyczność osiową. Umożliwia pełne obciążanie ope-
rowanej kończyny, co stwarza optymalne warunki biomechaniczne prowadzące do 
zrostu kostnego. Modularna budowa umożliwia konstruowanie dowolnej struktury 
aparatu dostosowanej do leczonej patologii. 

Metoda Ilizarowa wymaga ścisłej współpracy pomiędzy lekarzem i pacjentem, 
stąd nie jest zalecana chorym z zaburzeniami psychicznymi oraz uzależnionym od al-
koholu i substancji psychoaktywnych. Przeciwskazaniem do leczenia aparatem Iliza-
rowa jest zaawansowana osteoporoza oraz otyłość z uwagi na możliwość wystąpienia 
odleżyn. Pozwala na osiągnięcie dobrych wyników, ale jest wymagająca technicznie 
i wymaga doświadczenia. Stąd zaleca się, aby posługiwali się nią tylko odpowiednio 
przeszkoleni chirurdzy.
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7. Cele pracy

Celem pracy doktorskiej była analiza wyników leczenia operacyjnego aseptycz-
nych stawów rzekomych kości piszczelowej, a w szczególności:

1.  Porównanie odsetka uzyskanego zrostu kostnego, czasu leczenia, ilości powi-
kłań pomiędzy pacjentami leczonymi za pomocą aparatu Ilizarowa oraz cho-
rymi operowanymi technikami osteosyntezy wewnętrznej.

2.  Ocena porównawcza wyników uzyskanych korekcji pomiędzy metodą Ilizaro-
wa oraz stabilizacją wewnętrzną.

3.  Wpływ czynników ryzyka zaburzeń zrostu na uzyskane wyniki w  obu gru-
pach.

4.  Porównanie różnych taktyk operacyjnych oraz strategii postępowania poope-
racyjnego na wyniki leczenia pacjentów operowanych metodą Ilizarowa.

5.  Ocena odsetka wieloletniego utrzymania zrostu kostnego u pacjentów leczo-
nych metodą Ilizarowa.
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8. Publikacje

8.1.  A new criterion for assessing Ilizarov treatment  
outcomes in nonunion of the tibia
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Abstract
Introduction The purpose of this study was to assess a population of patients with nonunion of the tibia treated with the 
Ilizarov method in terms of achieved union rates and maintained union rates, determination of re-fracture factors, with a 
subsequent comparison of our findings with those reported in the available literature.
Materials and methods This study was a retrospective assessment of 102 patients with nonunion of the tibia treated with the 
Ilizarov method in the period 2008–2015. The assessed parameters were bone union achieved during treatment, duration of 
stabilization with an Ilizarov external fixator, and maintained bone union at the last follow-up visit.
Results The mean age at the start of treatment was 46.7 years (11–84 years). The mean follow-up period was 7 years 
(2–12 years). Bone union was achieved in all patients. The mean duration of Ilizarov stabilization in the study group was 
7.9 months (2.8–20.7 months). The rate of union maintained at the last follow-up visit was 95.1%.
Conclusions All patients in our study achieved bone union, which constitutes a better outcome than those reported on average 
in the literature (73.7–100%). The mean length of time which the Ilizarov external fixator was in place in our patients was 
8.3 months, which is consistent with the data from literature. Infection, atrophic nonunion, nonunion in 1/3 distal of tibia, 
and close surgery technique are risk factors of re-fracture. None of the analyzed studies assessed the proportion of patients 
with maintained bone union. In our study, maintained bone union was observed in 95.1% of patients at the follow-up visit at 
least 2 years after treatment, which indicates excellent long-term treatment outcomes in nonunion of the tibia treated with 
the Ilizarov method.

Keywords Maintained union · Union rates · Nonunion · Tibia · Ilizarov method

Introduction

Due to the anatomical structure and relatively poor perfu-
sion in the distal third of the leg, fractures in this part of 
the body—in comparison with other locations—relatively 

commonly result in disturbed healing and nonunion [1–6]. 
In tibial fractures, nonunion rates range from 2.5 to 11% 
of cases [5, 6]. Ilizarov external fixators are an established 
technique for treating bone-healing disturbances [1–27]. The 
treatment aims to achieve bone union and painless, efficient 
gait, while focusing not only on the immediate outcomes. In 
fact, one equally important indicator of successful treatment 
is maintained bone union.

The literature on the subject comprises a number of 
papers on treating nonunion of the tibia with an Ilizarov 
external fixator [1–27]. The investigators focused on 
presenting various surgical techniques [2, 3, 5–11, 13, 
16–19, 23, 26] and assessing the supportive role of vari-
ous medications, means, and techniques in achieving bone 
union [1, 4]. These studies were predominantly concerned 
with assessing short-term treatment results [1–27]. For 
instance, the available literature on assessing Ilizarov 
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method treatment outcomes in patients with nonunion 
of the tibia used such parameters as the rate of union, 
which is a short-term outcome [1–27]. Some patients who 
achieve union later develop re-fracture at the pseudarthro-
sis union site [1, 19], with the re-fracture rates as high 
as 31.6% [19]. These patients require retreatment, which 
translates to poor long-term outcomes.

Some authors who reported re-fracture rates considered 
them only as a complication, with no significant impact on 
treatment outcomes [1, 19, 25]. There are no studies on the 
long-term treatment outcomes (in terms of maintaining bone 
union over many years of follow-up) in nonunion of the tibia 
treated with the Ilizarov method. Thus, we would like to 
introduce a new criterion in assessing long-term outcomes, 
namely, maintained bone union. We believe the outcomes 
of treating nonunion of the tibia with the Ilizarov method 
which should be assessed comprehensively, both in terms 
of short-term (union rates—achieving union after treatment) 
and long-term parameters (maintained union rates).

The purpose of this study was to assess a population of 
patients with nonunion of the tibia treated with the Ilizarov 
method in terms of achieved union rates and maintained 
union rates, determination of re-fracture factors, with a 

subsequent comparison of our findings with those reported 
in the available literature.

Materials and methods

This study was a retrospective assessment of 102 patients 
treated by two of the authors for posttraumatic nonunion of 
the tibia in the period 2008–2015 (Figs. 1, 2).

The inclusion criteria were nonunion of the tibia treated 
with an Ilizarov external fixator, at least 2 years after treat-
ment end, investigator access to all medical records, and 
radiological images relating to the patients’ treatment.

102 patients (26 women and 76 men) met all the inclusion 
criteria. Nonunion were caused failed previous internal plate 
fixation in 70 cases and failed previous intramedullary nail 
fixation in 32 cases (Table 1). The study was approved by 
the Local Institutional Review Board. It was single-center 
study. We analyzed medical and radiological documentation 
from hospital records.

The surgical procedures were conducted by two experi-
enced orthopedic surgeons. In the case of nonunion located 
in the proximal two-thirds of the tibial shaft, the Ilizarov 

Fig. 1  Patient with tibia nonunion. a X-ray from the pre-treatment period, b X-ray with Ilizarov apparatus after union, and c X-ray from the last 
follow-up visit after 6 years form apparatus removal, confirming maintained union
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apparatus consisted of four rings fixed to the tibia and fibula 
with Kirschner wires. In the case of nonunion of the distal 
third of the tibia, the Ilizarov apparatus consisted of three 
rings fixed to the tibia and fibula with Kirschner wires and 
a foot frame stabilized with three olive Kirschner wires. 
Tibial nonunion were treated with stabilization and com-
pression, without the use of the bone transport technique. In 
73 cases, closed stabilization of nonunion was performed. 
In 29 patients an open, small bone fragment resection was 
performed, with adaptation of the nonunion edges and sta-
bilization with the Ilizarov apparatus. We did not use bone 
grafts. The distal surface of the proximal tibial fragment and 
the proximal surface of the distal tibial fragment were drilled 
with Kirschner wires according to Becks’s method.

Patient verticalization and gait training with partial 
weight-bearing on the operated limb and the use of two fore-
arm crutches was initiated on postoperative day one. Clini-
cal and radiographic follow-up visits were conducted in an 
outpatient setting in 2–6-week intervals. Over the course 
of treatment, loading of the operated limb was progressive 
increased until, eventually, the crutches could be discarded 
as full weight-bearing was achieved.

The Ilizarov external fixator was removed once union 
of the nonunion was confirmed radiographically and clini-
cally. The radiographic criterion of union was the presence 
of at least three out of four cortices or trabecular bridging 

in anteroposterior and lateral views. The clinical criteria 
were the absence of pain, absence of pathological mobility, 
and absence of lower leg deformity on dynamization of the 
Ilizarov apparatus or on forcible attempts at movement at 
the site of nonunion. Once their Ilizarov external fixator was 
removed, the patients were advised to walk with two fore-
arm crutches and bear partial weight on the operated limb 
for 4 weeks. Loading of the limb was gradually increased, 
depending on the degree of bone remodeling at the site of 
nonunion visualized with radiography.

Study assessments were based on radiographic images 
obtained during treatment and at a follow-up visit mini-
mum 2 years after the removal of Ilizarov external fixator. 
The assessed parameters were bone union achieved during 
treatment, duration of stabilization with an Ilizarov exter-
nal fixator, and maintained bone union at the last follow-up 
visit. The Association for the Study and Application of the 
Method of Ilizarov (ASAMI) bone score and ASAMI func-
tional score were evaluated as well at the last follow-up visit 
[28, 29].

The statistical analysis was conducted with STATISTICA 
13.3 software. The Shapiro–Wilk test was used to evaluate 
the normality of distribution of all quantitative parameters. 
The Mann–Whitney U test or Kruskal–Wallis test (ANOVA) 
was used to calculate differences between groups. The Wil-
coxon signed-rank test for paired samples was used for 

Fig. 2  Patient with tibia nonunion. a X-ray from the pre-treatment period, b X-ray with Ilizarov apparatus after union, and c X-ray from the last 
follow-up visit after 7 years form apparatus removal, confirming maintained union
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Table 1  Patient characteristics

Patient number Sex Age Type of nonunion Location of nonunion Causes of nonunion Surgery 
tech-
nique

1 M 21 Hypertrophic 1/3 Mid Failed previous plate fixation Close
2 M 17 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
3 M 48 Hypertrophic 1/3 Distal Failed previous plate fixation Close
4 M 41 Hypertrophic 1/3 Distal Failed previous plate fixation Close
5 M 73 Hypertrophic 1/3 Distal Failed previous plate fixation Open
6 M 29 Hypertrophic 1/3 Proximal Failed previous plate fixation Close
7 M 22 Hypertrophic 1/3 Distal Failed previous plate fixation Close
8 M 62 Atrophic 1/3 Distal Failed previous plate fixation Open
9 M 71 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Open
10 M 38 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
11 F 37 Hypertrophic 1/3 Distal Failed previous plate fixation Open
12 F 30 Hypertrophic 1/3 Mid Failed previous plate fixation Open
13 M 52 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Open
14 M 53 Hypertrophic 1/3 Distal Failed previous plate fixation Close
15 M 30 Hypertrophic 1/3 Distal Failed previous plate fixation Close
16 M 42 Hypertrophic 1/3 Distal Failed previous plate fixation Close
17 M 60 Hypertrophic 1/3 Distal Failed previous plate fixation Close
18 M 54 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
19 M 66 Hypertrophic 1/3 Proximal Failed previous plate fixation Close
20 M 50 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
21 F 55 Hypertrophic 1/3 Distal Failed previous plate fixation Close
22 F 30 Hypertrophic 1/3 Proximal Failed previous plate fixation Close
23 M 51 Atrophic 1/3 Distal Failed previous plate fixation Close
24 M 50 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Open
25 M 17 Hypertrophic 1/3 Distal Failed previous plate fixation Close
26 M 11 Hypertrophic 1/3 Mid Failed previous plate fixation Close
27 M 73 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
28 F 71 Hypertrophic 1/3 Mid Failed previous plate fixation Close
29 F 23 Hypertrophic 1/3 Distal Failed previous intramedullary nail fixation Close
30 F 55 Atrophic 1/3 Proximal Failed previous plate fixation Open
31 F 60 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
32 M 33 Hypertrophic 1/3 Distal Failed previous plate fixation Open
33 M 47 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Open
34 M 33 Atrophic 1/3 Distal Failed previous plate fixation Close
35 F 23 Hypertrophic 1/3 Mid Failed previous plate fixation Close
36 M 61 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
37 F 15 Hypertrophic 1/3 Distal Failed previous plate fixation Close
38 F 56 Hypertrophic 1/3 Distal Failed previous plate fixation Close
39 M 40 Atrophic 1/3 Distal Failed previous plate fixation Close
40 M 42 Atrophic 1/3 Distal Failed previous plate fixation Close
41 M 60 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Open
42 M 34 Atrophic 1/3 Proximal Failed previous plate fixation Close
43 F 21 Atrophic 1/3 Mid Failed previous intramedullary nail fixation Open
44 M 48 Hypertrophic 1/3 Mid Failed previous plate fixation Close
45 M 41 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
46 M 73 Hypertrophic 1/3 Distal Failed previous plate fixation Close
47 M 29 Hypertrophic 1/3 Distal Failed previous plate fixation Close
48 M 22 Hypertrophic 1/3 Distal Failed previous plate fixation Close
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Table 1  (continued)

Patient number Sex Age Type of nonunion Location of nonunion Causes of nonunion Surgery 
tech-
nique

49 F 62 Atrophic 1/3 Proximal Failed previous plate fixation Open
50 F 71 Hypertrophic 1/3 Distal Failed previous plate fixation Close
51 M 77 Hypertrophic 1/3 Distal Failed previous plate fixation Close
52 M 38 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Open
53 M 37 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Open
54 M 30 Hypertrophic 1/3 Distal Failed previous plate fixation Close
55 F 52 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Open
56 F 53 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
57 M 30 Hypertrophic 1/3 Distal Failed previous plate fixation Close
58 M 42 Hypertrophic 1/3 Distal Failed previous plate fixation Close
59 M 56 Hypertrophic 1/3 Distal Failed previous plate fixation Close
60 M 54 Hypertrophic 1/3 Distal Failed previous intramedullary nail fixation Close
61 M 66 Hypertrophic 1/3 Mid Failed previous plate fixation Close
62 M 50 Hypertrophic 1/3 Proximal Failed previous plate fixation Close
63 M 55 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
64 F 30 Atrophic 1/3 Distal Failed previous plate fixation Open
65 F 60 Hypertrophic 1/3 Proximal Failed previous plate fixation Close
66 M 54 Atrophic 1/3 Distal Failed previous plate fixation Close
67 M 51 Atrophic 1/3 Mid Failed previous intramedullary nail fixation Close
68 F 59 Hypertrophic 1/3 Distal Failed previous plate fixation Close
69 M 64 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
70 M 54 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
71 F 45 Hypertrophic 1/3 Mid Failed previous plate fixation Close
72 M 61 Hypertrophic 1/3 Distal Failed previous plate fixation Open
73 F 34 Atrophic 1/3 Proximal Failed previous plate fixation Close
74 M 48 Atrophic 1/3 Mid Failed previous intramedullary nail fixation Open
75 M 29 Hypertrophic 1/3 Distal Failed previous plate fixation Open
76 F 51 Hypertrophic 1/3 Proximal Failed previous plate fixation Close
77 M 53 Atrophic 1/3 Distal Failed previous plate fixation Close
78 M 15 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
79 M 76 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Close
80 M 64 Hypertrophic 1/3 Distal Failed previous plate fixation Close
81 M 53 Hypertrophic 1/3 Distal Failed previous plate fixation Close
82 M 77 Hypertrophic 1/3 Distal Failed previous plate fixation Close
83 M 25 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Open
84 F 25 Atrophic 1/3 Distal Failed previous plate fixation Close
85 F 62 Hypertrophic 1/3 Proximal Failed previous plate fixation Open
86 M 54 Atrophic 1/3 Distal Failed previous plate fixation Close
87 M 48 Hypertrophic 1/3 Distal Failed previous plate fixation Close
88 M 45 Hypertrophic 1/3 Distal Failed previous plate fixation Close
89 M 53 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Open
90 M 51 Hypertrophic 1/3 Distal Failed previous plate fixation Close
91 F 74 Hypertrophic 1/3 Distal Failed previous plate fixation Close
92 M 27 Atrophic 1/3 Mid Failed previous intramedullary nail fixation Open
93 M 77 Hypertrophic 1/3 Proximal Failed previous plate fixation Open
94 M 36 Hypertrophic 1/3 Distal Failed previous plate fixation Open
95 M 36 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Open
96 M 29 Hypertrophic 1/3 Distal Failed previous plate fixation Close
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Table 1  (continued)

Patient number Sex Age Type of nonunion Location of nonunion Causes of nonunion Surgery 
tech-
nique

97 M 34 Atrophic 1/3 Distal Failed previous plate fixation Close
98 M 38 Hypertrophic 1/3 Distal Failed previous plate fixation Close
99 M 48 Hypertrophic 1/3 Distal Failed previous plate fixation Open
100 M 38 Hypertrophic 1/3 Distal Failed previous plate fixation Close
101 F 65 Atrophic 1/3 Distal Failed previous plate fixation Close
102 M 59 Hypertrophic 1/3 Mid Failed previous intramedullary nail fixation Open

Patient number ASAMI bone score ASAMI functional score Refracture Follow-up (years)

1 Excellent Excellent No 5.6
2 Excellent Excellent No 11.7
3 Excellent Excellent No 11.3
4 Good Good No 11.2
5 Excellent Excellent No 11
6 Excellent Good No 10.9
7 Excellent Excellent No 10.5
8 Excellent Good No 10.4
9 Excellent Excellent No 10.1
10 Excellent Excellent No 10
11 Excellent Good No 9.6
12 Excellent Good No 9.7
13 Excellent Excellent No 9.4
14 Excellent Excellent No 9.6
15 Excellent Excellent No 9.5
16 Excellent Excellent No 9.2
17 Excellent Good No 9
18 Excellent Good No 8.2
19 Excellent Excellent No 7.7
20 Good Good No 8.5
21 Excellent Excellent No 8.4
22 Excellent Excellent No 10.9
23 Excellent Excellent No 8.5
24 Excellent Good No 11.7
25 Excellent Excellent No 11.2
26 Excellent Excellent No 11.5
27 Excellent Excellent No 11.7
28 Excellent Excellent No 12
29 Excellent Good No 11.7
30 Excellent Excellent No 11.5
31 Excellent Good No 11.7
32 Excellent Excellent No 2.5
33 Excellent Excellent No 10.6
34 Excellent Good No 11.6
35 Excellent Good No 12
36 Excellent Excellent No 11.9
37 Excellent Excellent No 10.8
38 Good Good No 11.8
39 Excellent Excellent No 10.5
40 Excellent Excellent No 11.6
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Table 1  (continued)

Patient number ASAMI bone score ASAMI functional score Refracture Follow-up (years)

41 Excellent Excellent No 11.5
42 Good Good No 10.8
43 Excellent Excellent No 11.8
44 Excellent Excellent No 7.41
45 Good Good No 5.3
46 Excellent Excellent No 2.01
47 Excellent Good No 8.98
48 Excellent Excellent No 8.54
49 Excellent Good No 10.01
50 Excellent Excellent No 7.03
51 Excellent Excellent No 5.96
52 Excellent Good No 5.87
53 Excellent Good No 3.99
54 Excellent Excellent No 4.72
55 Excellent Excellent No 3.44
56 Excellent Excellent No 3.68
57 Excellent Excellent No 3.5
58 Excellent Good No 2.39
59 Excellent Good No 5.86
60 Excellent Excellent No 4.28
61 Good Good No 3.13
62 Excellent Excellent No 2.56
63 Excellent Excellent No 8.53
64 Excellent Excellent No 2.06
65 Excellent Excellent No 2.31
66 Good Good No 5.81
67 Excellent Excellent No 2.4
68 Excellent Good No 2.21
69 Poor Poor Yes 2.85
70 Excellent Excellent No 2.25
71 Excellent Excellent No 2.07
72 Excellent Good No 2.51
73 Excellent Excellent No 2.16
74 Excellent Excellent No 2.3
75 Excellent Excellent No 4.4
76 Excellent Excellent No 6.33
77 Poor Poor Yes 10.5
78 Excellent Excellent No 7.5
79 Excellent Excellent No 8.5
80 Excellent Excellent No 4.5
81 Excellent Good No 7.66
82 Excellent Excellent No 8
83 Excellent Excellent No 6.66
84 Poor Poor Yes 6.5
85 Excellent Excellent No 6.5
86 Excellent Good No 6.58
87 Excellent Excellent No 5.5
88 Excellent Excellent No 4.5
89 Excellent Excellent No 4.58
90 Excellent Excellent No 2.58
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repeated measurements; potential correlation was assessed 
with Spearman’s rank correlation coefficient (rho). The level 
of statistical significance was set at p < 0.05.

Results

A total of 102 patients were assessed (Table 1). The mean 
age at the start of treatment was 46.5 years (11–77 years, SD 
17.35). The mean follow-up period was 7 years (2–12 years, 
SD 2.23). Bone union was achieved in all patients. The 
mean duration of Ilizarov stabilization in the study group 
was 7.9 months (2.8–20.7 months, SD 4.29). ASAMI bone 
scores were excellent in 88 cases, good in nine cases, and 
poor in five case. ASAMI functional scores were excel-
lent in 67 cases, good in 30 cases, and poor in five case. 
The rate of union maintained at the last follow-up visit was 
95.1% (i.e., bone union was maintained in 97 out of 102 
evaluated patients). Five persons developed a re-fracture of 
the healed site and required restabilization with an Ilizarov 
external fixator. Four out of five patients with re-fracture 
had infected, atrophic nonunion in 1/3 distal of tibia. All 
of patients with re-fracture had close surgery technique. 
The results of statistical analysis showed that infection 
(p = 0.032), atrophic nonunion (p = 0.021), nonunion in 
1/3 distal of tibia (p = 0.038), and close surgery technique 
(p = 0.017) are the independent risk factors of re-fracture. 
In the hypertrophic pseudarthrosis group, the median time 
to union (195.0 days) was significantly shorter than in the 
atrophic pseudarthrosis group (299.0 days), p = 0.021. The 
mean time of re-fracture was 2 months after Ilizarov fixator 
removal (1–6 months). The mean time to union after Ilizarov 
re-fixation was 9.4 months (4.8–12.7 months, SD 3.34). All 
of the re-fracture patients had poor results in ASAMI Bone 
Score and ASAMI Functional Score.

At least one risk factor for disturbance in bone healing 
has been reported in 22 patients. The following risk factors 
were considered: corticosteroid therapy, smoking, alcohol 
dependence, diabetes mellitus, and advanced lower-extrem-
ity vascular disease. There was no significant difference in 
time to union between the group of patients with risk factor 
for disturbance in fracture healing and the group without risk 
factors (p = 0.827).

Discussion

Nonunion of the tibia is a common treatment complication in 
tibial fractures [3–6]. Despite advancements in surgical tech-
niques, nonunion remains a serious therapeutic issue [2–7, 9, 
10, 12–19], as it often requires comprehensive surgical treat-
ment involving resection of damaged bone and soft tissues, 
excision of the focus of infection, and secondary elonga-
tion and realignment of the affected bone segment follow-
ing bone transport [1–7, 9–19]. While evaluating treatment 
outcomes in nonunion of the tibia, the majority of authors 
focus on whether or not bone union was achieved [1–27, 
30–33]. However, bone union may be only short term, as 
some patients develop re-fracture [1, 19], which necessitate 
further treatment and adversely affect long-term outcomes.

The purpose of our study was to assess the rates of 
achieved (short term, achieving union after treatment) and 
maintained (long term) bone union and determination of 
re-fracture factors in a group of patients treated at the Our 
Clinic, to review the literature on the treatment of nonunion 
of the tibia with Ilizarov external fixators, and to compare 
the results reported in the available literature with our find-
ings. We include a larger cohort of tibial nonunion cases 
(102), whether aseptic or infected, to study the incidence of 
re-fracture after long-term follow-up of Ilizarov fixation and 
to address different risk factors, treatment methods, and the 

Table 1  (continued)

Patient number ASAMI bone score ASAMI functional score Refracture Follow-up (years)

91 Excellent Good No 3.33
92 Excellent Excellent No 2.5
93 Good Good No 2.58
94 Excellent Excellent No 2.5
95 Excellent Excellent No 2.66
96 Excellent Excellent No 6.42
97 Poor Poor Yes 2.75
98 Excellent Excellent No 2.5
99 Excellent Excellent No 2.5
100 Excellent Excellent No 2.66
101 Poor Poor Yes 2.58
102 Excellent Excellent No 2.58
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effect of re-fracture on final outcome in comparison to cases 
with maintained bone union.

Yin et al. conducted a meta-analysis of 24 studies in a 
total of 590 patients treated with an Ilizarov external fixa-
tor due to infected femoral or lower leg nonunion [1] and 
showed a union rate of 97.8%. Six of the analyzed studies 
considered re-fracture as one of treatment complications 
and reported it in a mean of 4% of cases [1]. However, the 
authors did not include any information on when the re-frac-
ture occurred, its treatment, or its effect on the treatment out-
come. The proportion of patients in whom bone union was 
successfully maintained was likewise not included [1]. Peng 
et al. presented 58 cases of treating infected nonunion of the 
tibia with Ilizarov bone transport with an antibiotic-loaded 
bone cement spacer. Bone union was achieved in all patients 
[2]. Ilizarov fixator were removed after a 10.6 months. They 
have no re-fracture in follow-up. McNally et al. evaluated 79 
patients with nonunion of the tibia treated with the Ilizarov 
method implemented with various surgical techniques [19]. 
Depending on the surgical technique used, primary bone 
union was achieved in 73.7–96.2% of patients, with the re-
fracture rate in the monofocal compression group as high 
as 31.6% [19]. Further treatment helped to achieve union in 
100% of cases. The authors did not assess the proportion of 
patients who achieved maintained bone union [19]. Laursen 
assessed 16 patients with nonunion of the tibia treated with 
the Ilizarov method and reported bone union in 93.8% of 
patients after a mean treatment duration of 6 months, with 
no recorded cases of re-fracture [25].

In the literature reports about tibial nonunion treatment, 
only a few authors give short information about protocol in 
preventing re-fracture [5, 7, 12, 13, 17, 21]. Abuomira et al. 
evaluated 55 patients treated with circular frames due to non-
union of the tibia [7]. Bone union was achieved in 89% of 
cases, with the mean treatment duration of 13 months. They 
removed external fixator when three or four cortical was 
seen in radiographs. After external fixator removal, patients 
walked with partial weight-bearing for 4–6 weeks. The rates 
of maintained union were not reported [7]. Madhusudhan 
et al. evaluated 22 patients treated with Ilizarov external fix-
ators due to nonunion of the tibia. Bone union was achieved 
in 81.8% of patients [12]. They removed external fixator 
when union was seen in radiographs. After external fixa-
tor removal patients walked with functional cast brace for 
a few weeks [12]. Magadum, who analyzed treatment out-
comes in 25 patients with nonunion of the tibia treated with 
an Ilizarov external fixator, reported bone union in 96% of 
patients [13]. After Ilizarov fixator removal patients walked 
with cast for a 6 weeks [13]. Meleppuram et al. achieved 
bone union in 100% out of 42 patients with nonunion of 
the tibia treated with an Ilizarov external fixator [5]. They 
removed fixator when the nonunion was corticolized on 3 
of 4 sides. They used casts for a 2 months [5]. Wang et al. 

assessed 15 patients with nonunion of the tibia treated with 
circular frames. After a mean of 12 months, bone union was 
achieved in 100% of cases [17]. They dynamized the frame 
before removal for assess the mechanical stability of the new 
bone. They removed fixator when the nonunion was corti-
colized on 3 of 4 sides in radiographs. After external fixator 
removal, they applied functional brace for at least 4 weeks 
[17]. Yin achieved union in all of the 60 patients with nonun-
ion of the tibia treated with an Ilizarov external fixator [21]. 
Yin removed external fixator when radiographs showed a 
minimum of three complete cortices [21].

We believe that very good outcome in our patients (re-
fracture only in 4.9% of patients) are related to our treat-
ment protocol. We have minimized the risk of re-fracture 
through delayed frame removal and weight-bearing protocol. 
The average time of Ilizarov frame removal was 7.9 months. 
Ilizarov external fixator was removed once union of the non-
union was confirmed radiographically and clinically. The 
weight-bearing protocol is also important. Loading of the 
limb was gradually increased, depending on the degree of 
bone remodeling at the site of nonunion visualized with 
radiography.

The authors presented papers in which they evaluated 
from 8 to 94 patients treated with circular frames due to non-
union of the tibia [2–27, 30, 32]. In our work, we evaluated 
a group of 102 patients. All patients in our study achieved 
bone union, which constitutes a better outcome than those 
reported on average in the literature (73.7–100%) [1–27, 30, 
32]. Callus formation and bone union tend to take a longer 
time in patients with nonunion of the tibia [10, 13]. This 
extends treatment duration (the length of time which the 
Ilizarov apparatus remains on the treated limb) in compari-
son to that in patients who undergo corrective surgeries, 
such as limb lengthening [10, 13]. This is another reason 
why patients with nonunion of the tibia treated with the 
Ilizarov method should be followed up for a longer time and 
why long-term treatment outcomes should be assessed. The 
mean length of time which the Ilizarov external fixator was 
in place in our patients was 7.9 months, which is consistent 
with the data from the literature (as the reported treatment 
duration ranged from 5.8 to 13.5 months) [3, 4, 7–11, 14, 
17, 25].

None of the studies mentioned above [1–27, 30–33] 
assessed the proportion of patients with maintained bone 
union. In our study, maintained bone union was observed in 
95.1% of patients at the follow-up visit at least 2 years after 
treatment, which indicates excellent long-term treatment 
outcomes in nonunion of the tibia treated with the Ilizarov 
method.

Four out of five patients with re-fracture had infected, 
atrophic nonunion in 1/3 distal of tibia. All of patients with 
re-fracture had close surgery technique. Infection, atrophic 
nonunion, nonunion in 1/3 distal of tibia, and close surgery 
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technique are a risk factors of re-fracture after tibia nonun-
ion treatment with Ilizarov method. All of the re-fracture 
patients had poor results in ASAMI Bone Score and ASAMI 
Functional Score. Re-fracture has a negative effect on the 
final outcome in comparison to cases with maintained bone 
union.

Conclusions

Since long-term treatment outcomes are the most impor-
tance to both the patients and the surgeons, we suggest that 
maintained union rates be introduced as a new assessment 
criterion of long-term outcomes. It is both the union rates 
(short term, achieving union after treatment) and maintained 
union rates (long term) that need to be assessed as part of 
any comprehensive evaluation of Ilizarov treatment out-
comes in patients with nonunion of the tibia.

The Ilizarov method helps to achieve very good short-
term and long-term outcomes both in the treatment of non-
union of the tibia.

Infection, atrophic nonunion, nonunion in 1/3 distal of 
tibia, and close surgery technique are a risk factors of re-
fracture after tibia nonunion treatment with Ilizarov method.
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1.2. Surgical treatment outcomes of the Ilizarov and internal osteosynthesis methods 
in posttraumatic pseudoarthrosis of the tibia.
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Abstract

Introduction: This study compared surgical treatment outcomes of the Ilizarov and internal osteosynthesis
methods in posttraumatic pseudarthrosis of the tibia.

Material and methods: In a retrospective comparative study, 75 patients were treated with the Ilizarov technique
for aseptic posttraumatic pseudarthrosis of the tibia in the period 2000–2016. We compared them with the 51
patients from the control group, treated for tibial bone union disturbances using internal osteosynthesis methods,
i.e., internal-fixation plates and intramedullary nails. The study groups were compared in terms of the rates of union,
time to union, and the baseline-to-postoperative difference in lower leg deformity.

Results: Union rate in the Ilizarov group was 100% and the control group was 51.92% (p < 0.001). The median time
to union suggests that patients from the Ilizarov group needed a shorter time to achieve bone union (203.00 days
vs. 271.00 days) (p = 0.091). The effect size in the Ilizarov group was larger both in terms of reducing both limb
deformity and shortening (it is worth noting, however, that the Ilizarov treatment was used in patients with higher
baseline values of both these parameters). We observed no significant difference in terms of time to union
between the group of patients with at least one risk factor for disturbance in fracture healing and the group with
no risk factors. The following risk factors were considered: diabetes mellitus, corticosteroid therapy, smoking, alcohol
dependence, and advanced lower-extremity vascular disease (p = 0.827).

Discussion: Our study demonstrated a high effectiveness of the Ilizarov method in the treatment of aseptic
posttraumatic pseudarthroses of the tibia. The Ilizarov method seems to be worth considering in all cases where
either the patient or the nature of injury is associated with additional risk factors and whenever there is a need for
leg deformity correction or leg elongation.
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Introduction
Posttraumatic pseudarthrosis of the tibia is a persist-
ing nonunion observed 6–8 months following the tib-
ial fracture [1]. A lack of callus formation between
bone fragments results in pain, deformity, and patho-
logical mobility in the limb. The estimated proportion
of disturbed tibial union is 2.5–11% of all tibia frac-
tures, which is the highest percentage in all long
bones [1–4].
There have been a number of reported factors that

predispose to bone healing disturbances. These factors
include inadequate bone-fragment stabilization, im-
paired bone perfusion due to periosteal damage, asso-
ciated soft tissue loss, and wound contamination
(resulting in injury site infection). Moreover, the
groups of patients at a higher risk of disturbed bone
healing also include diabetics, patients undergoing
corticosteroid treatment, smokers, and patients with
alcohol dependence [5, 6].
Tibia pseudarthroses represent a wide spectrum of

diagnoses that can be divided into several subtypes.
Based on the extent of pathological mobility, pseudar-
throses can be classified as stiff or mobile. The amount
of bone fragment perfusion leads to hypertrophic (well-
perfused) or atrophic (inadequately perfused) pseudar-
throses. Another subgroup constitutes infected pseudar-
throses, where a superimposed infection is an additional
factor that worsens the prognosis. Due to the variety of
pseudarthrosis types (presented above), there is no single
universal surgical technique, and each case must be con-
sidered individually [7]. Despite the progress in surgical
methods and the development of novel implants, treat-
ment of bone nonunion remains a challenge for ortho-
pedic surgeons. Extended therapy, which can last
months or even years, is expensive and adversely affects
the patients’ professional and personal life [8, 9].
The available relevant literature contains predomin-

antly articles on the treatment of infected pseudar-
throses of the tibia, with much fewer accounts
focusing on the treatment of aseptic pseudarthroses
of the tibia [3, 4, 10–13]. There are no comprehen-
sive reviews assessing the treatment of aseptic pseu-
darthroses of the tibia in which the technique of
Ilizarov osteosynthesis would be compared with that
of internal osteosynthesis.
The purpose of our study was to assess the treatment

outcomes in patients with aseptic posttraumatic pseu-
darthrosis of the tibia treated with the Ilizarov method
and to compare them with the outcomes of treatment
via internal osteosynthesis. The Ilizarov method has
been used at our center for over 30 years. Over this
period, the technique has been employed in the treat-
ment of extensive fractures with soft tissue loss, bone
nonunion, and in other indications.

Material and methods
Our analysis included 75 patients, who had been treated
with the Ilizarov technique for aseptic posttraumatic
pseudarthrosis of the tibia in the period 2000–2016 (Fig.
1). The inclusion criteria were aseptic pseudarthrosis of
the tibia; fully accessible, complete patient’s medical and
radiographic records; and follow-up at least 3 years or
more after treatment. The exclusion criteria included in-
fection at the site of bone injury and a bone tissue defect
of > 1 cm. Moreover, patients with congenital crural
pseudarthrosis, which constitutes a separate diagnosis,
were also excluded from the analysis. The study was ap-
proved by the Institutional Local Review Board
Most of our patients suffered from closed tibial frac-

tures occurred during car accident or falling down.
Some of them had open tibial fracture with skin lesion <
1 cm (Gustilo-Anderson I). Patients with II and III grade
(Gustilo-Anderson) open fracture usually are treated
with Ilizarov external fixator primarily and so were ex-
cluded from the research. Unfortunately, in many cases,
patients from other hospitals are sent without detailed
information about their previous treatment. Mean age in
the Ilizarov group was 45.1 years (range 10–84)
The pseudarthroses located at the proximal or middle

thirds of the tibia were treated with an Ilizarov external
fixator consisting of four rings fixed with Kirschner
wires and Schanz screws. The pseudarthroses located at
the distal third of the tibia were stabilized with a three-
ring apparatus fixed with Kirschner wires and Schanz
screws. Hypertrophic pseudarthroses were compressed
or treated with neutral stabilization. In atrophic pseudar-
throses, a small incision was made to decorticate (“scar-
ify”) the surfaces of adjacent bone fragments, followed
by stabilization of the pseudarthrosis with an Ilizarov
fixator. All patients underwent resection of a 0.5–1-cm-
long fibular segment.
Upright mobilization was introduced on postoperative

day 1, and patients were taught to ambulate with the
help of forearm crutches and encouraged to bear full
weight on the operated limb. Follow-up assessments, in-
cluding radiography, were initially conducted every 2
weeks and, subsequently, every 4 weeks. The fixator was
removed following bone union (as evidenced by the
presence of three out of four cortices and trabecular
bridging). Following the removal of the fixator, some pa-
tients were fitted with a knee or crural brace, depending
on the location of the pseudarthrosis. Four weeks later,
full weight-bearing was allowed.
Our study evaluated the time required to achieve bone

union and the extent of improvement in leg deformity
and shortening compared to these parameters at base-
line. The incidence and type of treatment-related com-
plications was assessed, along with the effect of
complications on treatment outcome. The findings were

Szelerski et al. Journal of Orthopaedic Surgery and Research          (2020) 15:179 Page 2 of 11
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Fig. 1 Hypertrophic pseudarthrosis of distal tibia stabilized by Ilizarov external fixator

Fig. 2 Nonunion of proximal tibia treated with locking compression plate and cancellous bone screws
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presented in the form of Association for the Study and
Application of Methods of Ilizarov (ASAMI) bone scores
and ASAMI functional scores [14, 15].
The 51 patients from the control group were treated for

tibial bone union disturbances using internal osteosynth-
esis methods, i.e., internal-fixation plates and intramedul-
lary nails (Figs. 2 and 3). These procedures were
conducted by a different, experienced surgical team. Mean
age in the control group was 40.4 years (range15–70).
The plate fixation technique involved trimming of the

bone ends and the use of locking compression plates
(LCPs). Bone defects were filled with autogenous iliac-
wing bone grafts or allogenic bone grafts subjected to
radiosterilization.
In patients originally treated with intramedullary nails,

the initial implant was removed, the medullary canal was
reamed, and a new intramedullary nail of a larger diameter
was inserted. The operative technique depended on the lo-
cation of the pseudarthrosis. Diaphyseal pseudarthroses
were treated with intramedullary nails, whereas epiphyseal
pseudarthroses were treated with plate fixation.
Postoperative mobilization was initiated on day 1 and

involved active and passive exercises of the knee and
ankle joints. Weight-bearing was initiated approximately
6 weeks after surgery in individuals who showed radio-
graphic evidence of healing. Follow-up assessments, in-
cluding radiography, were initially conducted every 2
weeks and, subsequently, every 4 weeks.

The study groups were compared in terms of the rates
of union, time to union, and the baseline-to-
postoperative difference in lower leg deformity.
The statistical analysis for testing the proposed hy-

potheses was conducted with STATISTICA 13.3 soft-
ware. This software was used for descriptive statistics;
the Shapiro-Wilk test was used to evaluate the normality
of distribution of all quantitative parameters; frequency
analysis was also conducted. Subsequently, the Mann-
Whitney U test or Kruskal-Wallis test (ANOVA) was
used to calculate differences between groups (due to a
skewed distribution of data and disproportions in sample
size between the individual subgroups). The Wilcoxon
signed-rank test for paired samples was used for re-
peated measurements; potential correlation was assessed
with Spearman’s rank correlation coefficient (rho). The
chi-square test was used to compare the variables
expressed as percentage values.
The level of statistical significance was adopted at α =

0.05; however, p values between 0.05 and 0.1 were inter-
preted as showing a statistical trend towards significance
[16].

Results
Experimental group—patients treated with an Ilizarov
external fixator
In order to assess any differences in time to union in the
hypertrophic (n = 58) and atrophic (n = 17)

Fig. 3 Bone union after treatment of hypertrophic tibia nonunion with reamed intramedullary nail
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pseudarthrosis subgroups treated with Ilizarov external
fixation, the Mann-Whitney U test was used, yielding
significant results (Z = − 2.31; p = 0.021; η2 = 0.07).
The median time to union was significantly shorter in

the hypertrophic pseudarthrosis group (192.0 days) than
in the atrophic pseudarthrosis group (301.0 days). More
detailed data are presented in Fig. 4.
We also analyzed the differences in time to union in

the subgroup of patients (n = 15) with at least one risk
factor for disturbances in fracture healing. The following
risk factors were considered: diabetes mellitus, cortico-
steroid therapy, smoking, advanced lower extremity vas-
cular disease, and alcohol dependence. This subgroup
was compared with the subgroup with no additional risk
factors (n = 60). Also, in this case, the results were ana-
lyzed with the use of the Mann-Whitney U test; though
this time, analysis results were not statistically significant
(Z = 0.22; p = 0.827; η2 < 0.01), suggesting a lack of rela-
tionship between the analyzed variables. More detailed
data are presented in Fig. 5.
The differences in terms of time to union between the

subgroup with treatment complications that required
hospitalization (n = 22) and the subgroup with no com-
plications (n = 53) were assessed with the use of the
Mann-Whitney U test, which yielded statistically signifi-
cant results (Z = − 2.15; p = 0.032; η2 = 0.06), suggesting
a shorter median time to union in the no-complication
subgroup (189.00 days vs. 248.50 days). More detailed
data are presented in Fig. 6.
Before comparing the subgroups of Ilizarov patients

treated with the closed and open Ilizarov method, we
evaluated the two subgroups in terms of possible differ-
ences in baseline limb deformity and limb shortening.

The results of both Mann-Whitney U tests showed no
statistical significance (Z = 0.32; p = 0.747; η2 < 0.01 and
Z = − 0.35; p = 0.729; η2 < 0.01, respectively), which
demonstrated that the compared subgroups did not dif-
fer in terms of these parameters. Subsequently, to com-
pare the effects of treatment via the closed (n = 47) and
open (n = 28) Ilizarov method, the parameters of limb
deformity and shortening before and after surgery were
analyzed with the Wilcoxon signed-rank test for
matched pairs. The postoperative measures of both limb
deformity and limb shortening significantly improved in
comparison with their baseline values in both analyzed
subgroups (limb deformity: closed method Z = 5.38, p <
0.001, r = 0.55; open method Z = 4.46, p < 0.001, r =
0.60) (limb shortening: closed method Z = 5.19, p <
0.001, r = 0.54; open method Z = 3.82, p < 0.001, r =
0.51).
Effect sizes were comparable in both subgroups, with

slightly larger effect sizes observed in terms of limb de-
formity reduction and following the open method; on
the other hand, the closed method produced slightly bet-
ter effects in terms of baseline limb shortening (these re-
sults are probably of low clinical value, as the observed
differences were very small).

A comparison between the experimental and control
groups
The experimental and control groups were compared in
terms of achieved bone union. The chi-square test was
used in order to compare the rates of union in the ex-
perimental and control groups, yielding χ2(1) = 44.90, p
< 0.001, which demonstrates a significantly higher pro-
portion of patients with achieved bone union in the

Fig. 4 Median time to union in the hypertrophic and atrophic pseudarthrosis subgroups; *p ≤ 0.05
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Ilizarov group (100% vs. 51.92%). See the bar graph (Fig.
7) below.
The experimental (n = 75) and control (n = 27) groups

were compared in terms of the median time to union with
the use of the Mann-Whitney U test. The results were bor-
derline significant (Z = − 1.69, p = 0.091, η2 = 0.03), which
suggests that patients from the Ilizarov group needed a
shorter time to achieve bone union (203.00 days vs. 271.00
days). Nonetheless, this conclusion should be considered
circumspectly and verified in a study with a larger popula-
tion. More detailed data are presented in Fig. 8.

The achieved correction stratified by treatment method
The subgroups undergoing each of the two evaluated
treatment methods were initially compared in terms of
the baseline measures of limb deformity and limb short-
ening. In both respects, the Mann-Whitney U test
yielded significant results (Z = 3.13, p = 0.002, η2 = 0.08
for limb deformity; Z = 3.21, p = 0.001, η2 = 0.08 for
limb shortening), which indicates that the baseline
values of both of these parameters were significantly
greater in the Ilizarov group.

Fig. 5 Median time to union in the subgroups with and without risk factors

Fig. 6 Median time to union in the subgroups with and without postoperative complications; *p ≤ 0.05
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Subsequently, in order to analyze the effects of treat-
ment depending on the method (Ilizarov external fixator
(n = 75) and internal osteosynthesis (classic method) (n
= 52)), the above parameters (limb deformity and short-
ening before and after treatment) were analyzed with the
Wilcoxon signed-rank test for matched pairs. In com-
parison with their baseline values, the postoperative
measures of both limb deformity and limb shortening
improved significantly in both analyzed groups (limb de-
formity: Ilizarov method Z = 6.96, p < 0.001, r = 0.57;
classic method Z = 2.90, p < 0.001, r = 0.28) (limb

shortening: Ilizarov method Z = 6.42, p < 0.001, r = 0.52;
classic method Z = 2.81, p = 0.005, r = 0.28).
The effect size in the Ilizarov group was larger both in

terms of reducing both limb deformity and shortening
(it is worth noting, however, that the Ilizarov treatment
was used in patients with higher baseline values of both
these parameters).
The ASAMI bone scores achieved in the experimental

group were excellent in 67 cases, good in 7 cases, and
poor in 1 case. The ASAMI functional scores were ex-
cellent in 48 cases, good in 26 cases, and poor in 1 case.

Fig. 7 Union incidence in the experimental and control groups

Fig. 8 Median time to union in the experimental and control groups

Szelerski et al. Journal of Orthopaedic Surgery and Research          (2020) 15:179 Page 7 of 11



45

Discussion
Despite the fact that tibial fracture healing disturbances
are common in clinical practice, their treatment poses a
significant challenge [7–9]. Most pseudarthroses are a
result of inadequate bone-fragment stabilization and in-
adequate perfusion, which may later lead to infection
and loss of bone tissue. The relevant literature contains
reports on a number of surgical techniques (including
plastic and reconstructive surgery techniques) that can
be classified as limb-sparing procedures. These include
extensive excision of nonviable soft tissues and seques-
tra, as well as the use of autologous bone grafts and free

tissue flaps [3, 5, 12]. Moreover, advances in the devel-
opment of orthopedic implants have helped achieve ad-
equate bone-fragment stabilization, thus reducing the
risk of blood vessel damage.
Pseudarthrosis of the tibia can be stabilized with the

use of external fixators, bone plates, or intramedullary
nails [2, 17–20]. There are no large population studies
evaluating treatment outcomes in aseptic pseudarthrosis
of the tibia and comparing the Ilizarov method with in-
ternal osteosynthesis. Apart from bone-fragment
stabilization, the Ilizarov method provides bone-
fragment compression or distraction, limb distraction,

Fig. 9 Median extent of leg deformity before and after treatment with the Ilizarov method; ***p ≤ 0.001

Fig. 10 Median leg deformity before and after treatment with the classic method; **p ≤ 0.01
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and bone realignment (in the case of concomitant short-
ening and deformity).
Binod et al. presented the results of pseudarthrosis

treatment via a modified Judet approach in a group of
35 patients. Bone union was achieved in 100% of pa-
tients after a mean of 8.24 months [2]. Megas et al. re-
ported the results of 50 patients with nonunion of the
tibia being treated with intramedullary nails placed with
the use of drilling. Bone union was achieved in 100% of
cases; the mean treatment duration was 6 months [17].
Tsang analyzed the effectiveness of exchange nailing in

patients with pseudarthrosis of the tibia and achieved
union in 69% of cases. The median time to union was
8.7 months [19]. Elster achieved bone union in 138 out
of 172 patients (80.2%) exposed to extracorporeal shock
wave therapy (ESWT) over a mean period of 4 months
[21]. Harshwal described the results of pseudarthrosis
treatment with a mono-lateral external fixator. Bone
union was achieved in 91.9% of cases after a mean
period of 5 months [20]. Garnavos reviewed the litera-
ture on the techniques promoting bone healing in the
case of tibial fractures, without the need to remove the

Fig. 11 Median leg shortening before and after treatment with the Ilizarov method; ***p ≤ 0.001

Fig. 12 Median leg shortening before and after treatment with the classic method; **p ≤ 0.01
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inserted intramedullary nails. This review presented the
effectiveness of various nonsurgical and surgical tech-
niques [22]. One of such techniques is the Ilizarov
method, which is a method used worldwide, particularly
in the case of nonunion with an accompanying infection
or extensive loss of bone tissue [14, 23–27].
The examples presented above show that there is no

single ideal treatment method for pseudarthrosis of the
tibia. Treatment success depends largely on identifying
the factors responsible for nonunion and selecting the
treatment method appropriate for the specific patho-
logical mechanism.
In the group treated with the Ilizarov method, 100% of

patients achieved bone union. The median time to union
was 203 days, with the median of 192 days for patients
with hypertrophic pseudarthrosis and 301 days for pa-
tients with atrophic pseudarthrosis. In the control group,
bone union was achieved in 51% of patients; the Ilizarov
group and the control group differed in terms of the me-
dian time to union (203 days and 271 days, respectively);
however, this difference reached only borderline signifi-
cance (p < 0.091). In the experimental group, there were
67 excellent, 7 good, and 1 poor ASAMI bone scores;
and 48 excellent, 26 good, and 1 poor ASAMI functional
scores. This is another piece of evidence supporting a
high effectiveness of the Ilizarov method in treating bone
nonunion. This effectiveness is likely due to low inva-
siveness of the surgical technique; stable, multi-planar
structure of the fixator; and the fact that it allows early
patient mobilization with full weight-bearing, which ac-
celerates bone remodeling.
The initial extent of leg deformity and shortening was

corrected in both groups; however, the effect size in pa-
tients treated with the Ilizarov method was larger. It
should be noted that the Ilizarov group patients had
greater initial leg deformity and shortening than control
patients. More detailed results are presented in Figs. 9,
10, 11 and 12.
We observed no significant difference in terms of time

to union between the group of patients with at least one
risk factor for disturbance in fracture healing and the
group with no risk factors. The following risk factors
were considered: diabetes mellitus, corticosteroid ther-
apy, smoking, alcohol dependence, and advanced lower-
extremity vascular disease. The lack of significant differ-
ence suggests that the Ilizarov method should be recom-
mended particularly in patients at risk of disturbance in
fracture healing.
The most common complication observed in our

study population during treatment with an Ilizarov fixa-
tor was Kirschner wire pin tract infection. Such infec-
tions typically respond well to topical antiseptics and
oral antibiotic therapy in an outpatient setting. Deep in-
fections involving soft tissues and bone require

hospitalization, surgical debridement, and Kirschner wire
replacement, which significantly lengthen the healing
process (median, 189.0 days vs. 248.5 days). Sometimes,
peri-implant infections lead to poor treatment outcomes
[28–31], hence, the immense importance of a close co-
operation between the patient and the treating team,
regular follow-up visits, and adherence to doctor’s rec-
ommendations. The Ilizarov method is not recom-
mended in persons who are obese, mentally ill, or
addicted to psychoactive substances.
In summary, our study demonstrated a high effective-

ness of the Ilizarov method in the treatment of aseptic
posttraumatic pseudarthroses of the tibia. The Ilizarov
method seems to be worth considering in all cases where
either the patient or the nature of injury is associated
with additional risk factors and whenever there is a need
for leg deformity correction or leg elongation. The suc-
cess of treatment depends on thorough preoperative
planning, postoperative rehabilitation, and a close co-
operation between the patient and the attending
physician.

Conclusions

1. The Ilizarov method is characterized by high
effectiveness in the treatment of disturbances in
tibial fracture healing. This method yields good
treatment outcomes even in patients with risk
factors for impaired fracture healing.

2. The time to union in pseudarthrosis of the tibia
treated via the Ilizarov method is comparable with
that achieved with intramedullary nailing.

3. The Ilizarov method offers a greater extent of
correction in posttraumatic deformities and helps
better correct posttraumatic limb shortening in
comparison to the results achieved with internal
osteosynthesis methods.

4. ASAMI functional scores are consistent with
radiographic evidence (ASAMI bone scores).
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The outcomes of Ilizarov treatment 
in aseptic nonunions of the tibia 
stratified by treatment strategies 
and surgical techniques
Łukasz Szelerski1*, Andżelika Pajchert‑Kozłowska2, Sławomir Żarek1, Radosław Górski1, 
Paweł Małdyk1 & Piotr Morasiewicz2,3

Nonunions of the tibia, particularly those located in the distal third of the bone, are relatively common 
in clinical practice. There is no gold standard for the treatment of nonunions of the tibia. The purpose 
of our study was to assess the results of treatment with the Ilizarov method in patients with aseptic 
nonunions of the tibia, depending on the employed treatment strategies and surgical techniques. 
A total of 75 patients with Ilizarov treatment of aseptic nonunions of the tibia were evaluated in the 
study. The patients’s mean age at the beginning of treatment was 46 years. The mean follow‑up period 
was 10 years and 11 months. The evaluated patients underwent either closed technique or open 
technique. The operators used one of two treatment strategies: neutral fixation without compression 
or continued compression. The following were assessed: rates of union, ASAMI bone scores, ASAMI 
functional scores, treatment time, complications, duration of hospital stay. Bone union was achieved 
in all of the 75 evaluated patients. The results of most analyses showed no significant differences in 
the assessed variables, except for the ASAMI functional scores, which were higher in the group of 
patients who underwent closed surgery (Me = 6.00 vs. Me = 4.00). We observed better ASAMI functional 
score outcomes in the patients who underwent closed fixation than in the open fixation group. The 
different surgical techniques and treatment strategies had no effect on the number of complications, 
rates of bone union, length of hospital stay, duration of Ilizarov treatment, or ASAMI bone scores. For 
managing nonunions of the tibia we recommend the technique of closed fixation without continued 
compression. The Ilizarov method in the treatment of nonunions of the tibia gives good outcomes.

Nonunions of the tibia, particularly those located in the distal third of the bone, are relatively common in clinical 
 practice1–4. Despite of this, they pose a serious therapeutic challenge for orthopedic  surgeons1–3,5–14. Nonunions 
of the tibia may be associated with: low-density bone tissue, bone loss, adjacent soft-tissue damage, limb short-
ening, limb deformities, and joint contractures (Fig. 1). All of these adversely affect the course of treatment and 
increase the risk of treatment  failure1–5,7–22. In nonunions of the tibia, the Ilizarov method helps achieve bone 
union, eliminate possible infections, equalize limb length, and correct any deformities that may have developed 
over the course of  treatment1–5,7–15,17–19,21,22.

Various strategies and surgical techniques employing the Ilizarov method have been reported for treating 
nonunions of the  tibia1–22. The specific strategies or techniques are selected based on bone tissue density and 
vitality, limb shortening and deformity, the shape of bone fragments, condition of soft tissues, presence of infec-
tion, and operator’s  preferences1–5,7,12,14–16,20. There is no gold standard for the treatment of nonunions of the tibia. 
Moreover, there are not many studies comparing the different tactics of surgical  management7,20. Some authors 
claim that bone transport combined with the use of external fixators carries a higher risk of complications and 
yields worse outcomes in comparison with other methods of tibial nonunions  treatment2,5,11. Most of the avail-
able analyses concern infected nonunions of the  tibia1,2,6–16,18–22, whereas few reports discuss the treatment of 
tibia nonunion that is uncomplicated by  infection3–5,17.
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The purpose of our study was to assess the results of treatment with the Ilizarov method in patients with asep-
tic nonunions of the tibia, depending on the employed treatment strategies and surgical techniques (Figs. 2, 3).

Materials and methods
We evaluated 125 patients with nonunions of the tibia treated with the Ilizarov method over the years 2000–2016. 
The inclusion criteria were the patient’s informed consent, nonunions of the tibia treated with the Ilizarov 
method, absence of infection, shortening of the limb < 1 cm, accessibility of complete clinical and radiographic 
records from the course of treatment, minimum follow-up period of 3 years after treatment completion. A total 
of 75 patients (23 females and 52 males) met the inclusion criteria and were evaluated in the study. The patients’ 
mean age at the beginning of treatment was 46 years (15–84 years). The mean follow-up period was 10 years and 
11 months (ranging from 38.7 months to 19 years).

59 of them were treated operatively previously, usually by open reduction and internal fixation with three 
cortical screws or monolateral external fixator. A few had stabilization with intramedullary nail. In these cases 
we removed blocking screws and put an Ilizarov external fixator to compress the gap. 16 of them were firstly 
treated with the cast.

The study was approved by the Institutional Local Review Board of Warsaw Medical University. All methods 
were carried out in accordance with relevant guidelines and regulations. Informed consent was obtained from 
all subjects.

All surgical procedures were conducted by three experienced orthopedic surgeons. In the case of nonunions 
of the proximal and middle thirds of the tibia, the Ilizarov external fixator consisted of four rings fixed to the 
tibia and fibula with Kirschner wires. In the case of nonunions involving the distal tibial metaphysis or epiphysis, 
the Ilizarov fixator consisted of three rings (fixed to the tibia and fibula with Kirschner wires) and a foot frame 
stabilized with three olive wires.

Each patient admitted to the ward was carefully examined before. We checked level of C-reactive protein 
and procalcitonin to determine signs of active infection. We assessed the X-ray and looked for signs of 
sequestrum or bone necrosis. In questionable cases we ordered MRI.

The treatment of nonunions of the tibia with the Ilizarov method was conducted with various strategies and 
surgical techniques, selected based on the condition of bone and soft tissues, type of nonunions, shape of bone 
fragments, limb length discrepancy, limb deformity, and operator’s preference. The selected tactics of surgical 
management can be divided into two techniques and two strategies. The evaluated patients underwent either 
closed (technique 1) or open (technique 2, with open, small resection of bone fragments, with adaptation of the 

Figure 1.  Hypertrophic non-union of 1/3 distal tibia a–p view.
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edges of the nonunion and stabilization). The operators used one of two treatment strategies: either neutral fixa-
tion without compression (strategy 1) or continued compression (adjusted by 0.25 mm every 3 days) until bone 
union within the location of the nonunion was achieved, as confirmed by radiographic and clinical evidence 
(strategy 2). All patients underwent fibular osteotomy. We used to cut fibula routinely, to ensure that during 
stabilization or compression of the nonunion, the fibula does not block or stiffen tibia.

The patients were also divided into subgroups based on the surgical technique. These subgroups comprised 
48 patients (group 1) who underwent closed fixation of the nonunion and 27 patients (group 2) who underwent 
open, small resection of bone fragments, with adaptation of the edges of the nonunion and stabilization.

Divided in terms of the treatment strategy the subgroups of patients comprised 38 patients (group 1) where 
no compression was exerted, 20 patients (group 2) with continued compression following a closed fixation pro-
cedure, and 17 patients (group 3) with continued compression following an open fixation procedure.

The choice of technique was dependent on the type of pseudarthrosis. Hypertrophic pseudarthroses were 
treated with a closed technique, whereas in atrophic pseudarthroses a small incision was made to decorticate 
(“scarify”) the surfaces of adjacent bone fragments, followed by stabilization of the pseudarthrosis with an Ilizarov 
fixator. This latter technique was classified as “open”. The use of compression, and its type, (i.e. the choice of treat-
ment strategy) depended on the operators’ individual preferences, which were influenced by our surgical team’s 
learning curve in conducting Ilizarov fixation.

Walking with the use of two elbow crutches was initiated on postoperative day 1. Over the course of Ilizarov 
treatment, patients were encouraged to bear more and more weight on the operated limb until they could discard 
the crutches and walk with full weight bearing. Follow-up visits, including follow-up X-rays, were scheduled in 
2–6-week intervals.

The Ilizarov external fixators were removed after bone union within the nonunion was confirmed radio-
graphically and clinically. The radiographic criterion of union was the presence of at least 3 out of 4 cortices or 
continuous trabecular bridging between the bone fragments in anteroposterior and lateral views. The clinical 
criteria were the absence of pain, absence of pathological mobility, and absence of crural deformity on fixator 
dynamization and forcible attempts at movement near the healing nonunion. Once the Ilizarov fixator was 
removed, the patients were advised to walk with the help of two elbow crutches with partial weight-bearing 
on the operated limb over a period of 3–6 weeks. Weight bearing was gradually increased, depending on the 
radiographic evidence of progress in bone remodeling at the site of pseudarthrosis.

Clinical and radiographic outcomes were assessed based on the medical records produced over the course 
of treatment and at the follow-up visit at least 3 year after treatment completion.

Figure 2.  Hypertrophic non-union of 1/3 distal tibia treated by Ilizarov External Fixator (a–p view).
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The following were assessed: rates of union, the Association of the Study and Application of the Method of 
Ilizarov (ASAMI) bone  scores23,24, ASAMI functional  scores23,24, treatment time, total number of complications 
per patient (refracture, secondary/persistent deformity, secondary/persistent limb length discrepancy, implant 
loosening and/or damage, implant-site infections, nerve damage, vascular damage, amputation, edema), dura-
tion of hospital stay.

The ASAMI bone scores were based on four parameters: infection, bone union, deformity, and limb length 
 inequality23,24. The ASAMI functional scores were based on four parameters: stiff equinus foot position at the 
ankle joint, patient activity, significant limp, pain, and reflex sympathetic  dystrophy23,24. The assessments were 
conducted in the whole study group collectively and in the individual surgical-technique and treatment-strategy 
subgroups separately.

Statistical analyses were conducted with STATISTICA 13.3. This software was used to obtain descriptive 
statistics along with Shapiro–Wilk test results for normality of distribution of all variables in the form of quanti-
tative measurements in the groups of patients who underwent open or closed fixation procedures. Subsequently, 
Mann–Whitey U test and Kruskal–Wallis H test (one-way ANOVA on ranks) were used for calculating the 
differences between study groups. The level of statistical significance was adopted at α = 0.05; however, p-values 
between 0.05 and 0.1 were interpreted as showing a trend toward significance.

Ethics approval and consent to participate. The study was approved by the Institutional Local Review 
Board of Warsaw Medical University. All methods were carried out in accordance with relevant guidelines and 
regulations.

Consent for publication. Written informed consent was obtained from the patient for publication of this 
case report and any accompanying images.

Results
Bone union was achieved in all of the 75 evaluated patients (100%). The median time to union was 203 days, with 
the median of 192 days for patients with hypertrophic pseudarthrosis and 301 days for patients with atrophic 
pseudarthrosis.

Figure 3.  Hypertrophic non-union of 1/3 distal tibia treated by Ilizarov External Fixator (lateral view).
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Surgical techniques. ASAMI bone and functional scores, Ilizarov treatment duration, the length of hospi-
tal stay, and the number of complications in patients treated with the open and closed technique were presented 
in Tables 1 and 2.

A series of Mann–Whitney U tests were conducted to assess the differences in the values of selected variables 
(duration of hospital stay, time to union, ASAMI bone score, ASAMI functional score, number of complica-
tions) in the subgroups of patients who underwent open (n = 27) and closed (n = 48) surgery. The results of most 
analyses showed no significant differences in the assessed variables, except for the ASAMI functional scores, 
which were higher in the group of patients who underwent closed surgery (Me = 6.00 vs. Me = 4.00). Detailed 
data were presented in Table 3.

Treatment strategies. The duration of Ilizarov-method treatment, length of hospital stay, number of 
complications, and ASAMI bone and functional scores in patients who underwent a no-compression Ilizarov 
treatment, continued compression following a ‘closed’ surgery, and continued compression following an ‘open’ 
surgery were presented in Tables 4, 5, and 6.

A series of Kruskal–Wallis tests were conducted in order to assess differences in the values of selected variables 
(length of hospital stay, time to union, ASAMI bone score, ASAMI functional score, number of complications) 
between the groups of patients subjected to a neutral (no compression) treatment strategy (n = 38) and those 
subjected to compression following ‘closed’ (n = 20) and ‘open’ (n = 17) surgery. The analysis results proved not to 
be significant, which indicates a lack of correlation between the individual variables and the treatment technique.

Table 1.  Descriptive statistics and Shapiro–Wilk test results for quantitative variables in the patients who 
underwent open fixation procedures (n = 27). M mean, Me median, SD standard deviation, Sk. skewness, Kurt., 
kurtosis, Min minimum, Max maximum, S–W Shapiro–Wilk test result, p-value significance of normality of 
distribution.

M Me SD Sk Kurt Min Max S–W p-value

Length of hospital stay (days) 15.89 11.00 9.35 1.15 0.68 4.00 39.00 0.87 0.003

Ilizarov treatment duration (days) 251.11 218.00 150.29 2.16 6.62 83.00 810.00 0.82 < 0.001

ASAMI bone score 9.11 10.00 2.56 − 2.62 5.27 2.00 10.00 0.37 < 0.001

ASAMI functional score 4.89 4.00 1.01 0.24 − 2.11 4.00 6.00 0.63 < 0.001

Number of complications 0.44 0.00 0.64 1.17 0.40 0.00 2.00 0.69 < 0.001

Table 2.  Descriptive statistics and Shapiro–Wilk test results for quantitative variables in the patients who 
underwent closed fixation procedures (n = 48). M mean, Me median, SD standard deviation, Sk. skewness, 
Kurt. kurtosis, Min minimum, Max maximum, S–W Shapiro–Wilk test result, p-value significance of normality 
of distribution.

M Me SD Sk Kurt Min Max S–W p-value

Length of hospital stay (days) 14.40 10.50 11.86 2.48 8.10 4.00 68.00 0.74 < 0.001

Ilizarov treatment duration (days) 226.40 192.50 115.86 1.82 3.67 84.00 630.00 0.82 < 0.001

ASAMI bone score 9.13 10.00 2.61 − 2.73 5.85 0.00 10.00 0.36 < 0.001

ASAMI functional score 5.42 6.00 1.16 − 2.58 8.78 0.00 6.00 0.53 < 0.001

Number of complications 0.27 0.00 0.49 1.60 1.76 0.00 2.00 0.57  < 0.001

Table 3.  Mann–Whitney U test results for selected quantitative variables, stratified by the surgical technique 
(open vs. closed) (N = 75). U and Z Mann–Whitney U test statistics, p-value level of significance, η2 (eta-
squared) a measure of effect size for Mann–Whitney U test.

U Z p-value η2

Length of hospital stay (days) 516.00 − 1.46 0.145 0.03

Ilizarov treatment duration (days) 576.50 − 0.78 0.433 0.01

ASAMI bone score 645.00 0.05 0.959 < 0.01

ASAMI functional score 457.50 2.51 0.012 0.08

Number of complications 563.00 − 1.17 0.240 0.02
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Discussion
The Ilizarov method is recommended by a number of authors for treating nonunion of the tibia, as it is highly 
effective in achieving bone union, treatment of a possible infection, correcting limb length discrepancy and axial 
misalignment, and eliminating joint  contractures1–5,7–15,17–19.

There are various recommended treatment strategies of nonunions of the tibia employing the Ilizarov 
 method2–5,7–17,19–22. Good treatment outcomes have been demonstrated with the use of various treatment 
 strategies2–8,11–16,18–20. These include: fixation  alone9,12,15,17,18; fixation and  compression7,20; fixation, seg-
mental resection, and bone  transport2,4,6,12,14,15,19–21; and fixation, resection, and compression with bone 
 transport5,7,8,10,11,13,14,20. Eralp observed good treatment outcomes in infected nonunions of the tibia treated by 
means of either combined fixation and compression or combined fixation, resection, and compression with bone 
 transport7. However, various surgical techniques and treatment strategies may affect the outcomes in ways that are 
not known at this time. McNally et al. assessed the effect of four different treatment strategies and techniques used 
in infected pseudarthrosis of the tibia on treatment outcomes in 79  patients20. These strategies and techniques 
were: monofocal distraction, monofocal compression, bifocal compression/distraction, and bone  transport20. 
Post-treatment infection recurrence was observed in three patients from the monofocal compression subgroup. 
Primary bone union rates were the lowest (73.7%) in the monofocal compression subgroup and the highest in the 
bifocal compression/distraction (93.8%) and monofocal distraction (96.2%) subgroups. The authors concluded 
by advising against the use of monofocal compression in the treatment of pseudarthrosis of the  tibia20.

Our study demonstrated bone union in 100% of patients, which is an outcome comparable to, or even slightly 
better than, those reported in literature (73.7–100%) Table 71–13,15–22. The treatment strategy and surgical tech-
nique showed no effect on the proportion of patients who achieved bone union in the individual subgroups.

There have been no studies assessing the number of complications depending on the employed treatment 
strategy and surgical technique. Our study population, depending on the subgroup, developed anywhere from 

Table 4.  Descriptive statistics and Shapiro–Wilk test results for quantitative variables in the patients who 
underwent Ilizarov treatment with no compression, n = 38). M mean, Me median, SD standard deviation, Sk. 
skewness, Kurt. kurtosis, Min minimum, Max maximum, S–W Shapiro–Wilk test result, p-value significance of 
normality of distribution.

M Me SD Sk Kurt Min Max S–W p-value

Length of hospital stay (days) 15.34 11.00 10.61 1.21 0.22 4.00 39.00 0.81 < 0.001

Ilizarov treatment duration (days) 255.03 204.00 155.94 1.90 3.92 84.00 810.00 0.80 < 0.001

ASAMI bone score 8.68 10.00 3.09 − 2.00 2.21 0.00 10.00 0.45 < 0.001

ASAMI functional score 5.16 6.00 1.28 − 1.93 5.42 0.00 6.00 0.63 < 0.001

Number of complications 0.32 0.00 0.53 1.40 1.13 0.00 2.00 0.61 < 0.001

Table 5.  Descriptive statistics and Shapiro–Wilk test results for quantitative variables in the patients who 
underwent closed fixation procedures with subsequent continued compression (n = 20). M mean, Me median, 
SD standard deviation, Sk. skewness, Kurt. kurtosis, Min minimum, Max maximum, S–W Shapiro–Wilk test 
result, p-value significance of normality of distribution.

M Me SD Sk Kurt Min Max S–W p-value

Length of hospital stay (days) 15.05 11.00 14.42 2.83 9.77 4.00 68.00 0.67 < 0.001

Ilizarov treatment duration (days) 190.85 169.00 66.61 0.76 − 0.17 98.00 335.00 0.93 0.182

ASAMI bone score 9.20 10.00 2.46 − 2.89 7.04 2.00 10.00 0.35 < 0.001

ASAMI functional score 5.50 6.00 0.89 − 1.25 − 0.50 4.00 6.00 0.54 < 0.001

Number of complications 0.25 0.00 0.44 1.25 − 0.50 0.00 1.00 0.54 < 0.001

Table 6.  Descriptive statistics and Shapiro–Wilk test results for quantitative variables in the patients who 
underwent open fixation procedures with subsequent continued compression (n = 17). M mean, Me median, 
SD standard deviation, Sk. skewness, Kurt. kurtosis, Min minimum, Max maximum, S–W Shapiro–Wilk test 
result, p-value significance of normality of distribution.

M Me SD Sk Kurt Min Max S–W p-value

Length of hospital stay (days) 13.88 11.00 6.97 1.05 0.41 4.00 30.00 0.88 0.030

Ilizarov treatment duration (days) 243.47 232.00 108.75 0.72 0.73 83.00 496.00 0.95 0.462

ASAMI bone score 10.00 10.00 0.00 0.00 0.00 10.00 10.00 0.00 –

ASAMI functional score 5.06 6.00 1.03 − 0.13 − 2.27 4.00 6.00 0.64 < 0.001

Number of complications 0.47 0.00 0.72 1.27 0.40 0.00 2.00 0.68 < 0.001
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0.25 to 0.47 complications per patient, which is a slightly better result than those reported in literature, which 
range from 0.67 to 2.27, Table 72–4,19. The employed treatment strategies and surgical techniques were observed 
to have no effect on the mean number of complications per patient.

There are no available reports from studies assessing the duration of treatment with an external fixator strati-
fied by different treatment strategies and surgical techniques. Overall, the mean duration of treatment ranges 
from 5.8 months to 13.5 months2–6,8,9,16,19. These figures are similar to ours. We observed no effect of the evaluated 
treatment strategies or surgical techniques on Ilizarov treatment duration.

ASAMI bone scores reported by Abuomira were 51% excellent, 33% good, 9% fair, and 7%  poor5. Khan 
observed 25% excellent, 58.3% good, 4.2% fair, and 12.5% poor ASAMI bone  scores9. Meleppuram achieved 60% 
excellent, 15% good, and 25% fair ASAMI bone  scores15. None of the authors cited here assessed the ASAMI 
bone scores stratified by the employed treatment strategy and surgical technique.

The treatment strategies and surgical techniques employed in our evaluated patient population yielded no 
significant differences in the resulting ASAMI bone scores.

The ASAMI functional scores reported by Abuomira were 45% excellent, 38% good, 9% fair, and 7%  poor5. 
Khan observed 33.3% excellent, 50% good, 8.35% fair, and 8.35% poor ASAMI functional  scores9. Meleppuram 
reported 55% excellent, 30% good, 5% fair, and 10% poor ASAMI functional  scores15. The relevant literature 
contains no studies assessing ASAMI functional scores stratified by the employed surgical technique and treat-
ment strategy.

In our study, treatment strategy was observed to have no effect on the ASAMI functional score. However, 
when it comes to surgical techniques, the patients who underwent closed fixation achieved significantly higher 
ASAMI functional scores than the open-fixation patients. This may be a result of better soft-tissue and surgical-
wound healing.

We are aware of the fact that treatment of infected and aseptic pseudarthroses may produce different out-
comes. Unfortunately, there is a scarcity of papers addressing aseptic pseudarthrosis treatment in the available 
relevant literature. Our study is one of the first ones to analyze the available techniques and strategies employed 
in treating pseudarthroses with an Ilizarov fixator.

The available literature reports inform us that the mean length of hospital stay for treating patients with 
nonunions of the tibia with an external fixator ranges from 5 to 105 days4,12,16. These statistics are slightly worse 
than those achieved in our study. We observed no effect of the employed surgical technique or treatment strategy 
on the length of hospital stay.

The most common complication observed in our study population during treatment with an Ilizarov fixa-
tor was Kirschner wire pin tract infection. Such infections typically respond well to topical antiseptics and oral 
antibiotic therapy in an outpatient setting. Deep infections involving soft tissues and bone require hospitaliza-
tion, surgical debridement, and Kirschner wire replacement, which significantly lengthens the healing process 
(median: 189.0 days vs. 248.5 days).

Table 7.  Comparison of treatment results for nonunion of the tibia.

References Number of patients Bone union (%) Complications per patient

Yin et al.1 590 97.8

Peng et al.2 58 100 0.67

Schoenleber et al.3 8 100 0.875

Zhang et al.4 25 100 0.2

Abuomira et al.5 55 89 1.2

Baruah et al.6 50 98

Eralp et al.7 13 92.3 1.38

Hosny et al.8 11 100 1.27

Khan et al.9 24 87

Madhusudhan et al.10 22 81.8 2.01

Magadum et al.11 25 96

Meleppuram et al.15 42 100 1.6

Sahu et al.16 60 100

Sanders et al.17 19 84.2

Shahid et al.18 12 100

Wang et al.19 15 100

Wani et al.12 26 100 2.27

Yin et al.13 65 100

McNally et al.20 79 73.7–96.2

Dróżdż et al.21 54 86

Marsh et al.22 46 87

Current study 75 100 0.25–0.45
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Bone transport is a more complex procedure than that of employing compression/distraction. There may 
be problems with achieving good contact of bone ends and ensuring bone union at the docking site; moreover, 
more complications may develop, and the duration of treatment may be  longer5. Open fixation procedures in 
patients with nonunions are more complex than closed fixation. Continued compression is more bothersome 
for nonunions patients than neutral fixation without compression.

We observed better ASAMI functional score outcomes in the patients who underwent closed fixation than 
in the open fixation group.

The different surgical techniques had no effect on the number of complications, rates of bone union, length 
of hospital stay, duration of Ilizarov treatment, or ASAMI bone scores.

The different treatment strategies had no effect on the number of complications, rates of bone union, rates of 
bone union, length of hospital stay, duration of Ilizarov treatment, ASAMI bone scores, or ASAMI functional 
scores.

Multicenter, randomized studies are needed in order to compose the guidelines for the treatment of aseptic 
pseudarthroses of the tibia. Nonetheless, our study can be considered an attempt to assess various techniques 
and strategies in the treatment of tibial nonunion and present our team’s experiences.

For managing nonunions of the tibia we recommend the technique of closed fixation without continued 
compression.

Nonetheless, the use of the Ilizarov method in the treatment of nonunions of the tibia yields good outcomes 
irrespective of the employed surgical technique or treatment strategy.

Data availability
Data used in this study are available from the corresponding author on reasonable request.
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9. Podsumowanie

Leczenie pourazowych stawów rzekomych kości piszczelowej wymaga staranne-
go planowania i wyboru techniki operacyjnej, optymalnej z punktu widzenia biologii 
zrostu kostnego. Kluczowa jest również ocena czynników ryzyka zaburzeń zrostu, 
zarówno tych ze strony pacjenta, jak i  tych związanym z  charakterem przebytego 
urazu.

Wyniki uzyskane w pracy doktorskiej wskazują, że odsetek uzyskanego zrostu 
kostnego w leczeniu aseptycznych stawów rzekomych za pomocą aparatu Ilizarowa 
przez przeszkolonego operatora sięga 100 %, niezależnie od lokalizacji w obrębie ko-
ści piszczelowej. Stawy rzekome hipertroficzne goją się szybciej, niż atroficzne (192 
dni vs 301 dni, p<0,05), co można tłumaczyć wyższym potencjałem proliferacyjnym 
komórek szpiku i zdolnością różnicowania. Czas gojenia w grupie badanej jest krót-
szy niż wśród pacjentów leczonych osteosyntezą wewnętrzną (203 dni vs 271 dni, 
p=0,091), chociaż uzyskane wyniki znajdują się na granicy istotności statystycznej. 
Wynika to z niskiej liczebności grupy kontrolnej. Potrzebne są badania porównawcze 
na większej grupie chorych.

Test par Wilcoxona wykazał większy efekt korekcji pourazowego zniekształcenia 
oraz skrócenia kości piszczelowej u  pacjentów leczonych metodą Ilizarowa w  po-
równaniu z grupą kontrolną. Należy przy tym zauważyć, iż pacjenci w grupie bada-
nej mieli wyjściowo większą deformację w stosunku do chorych z grupy kontrolnej. 
Metoda Ilizarowa jest szeroko wykorzystywana w leczeniu wrodzonych i nabytych 
zniekształceń kończyn i jej przydatność jest dobrze udokumentowana w literaturze 
[37–41].

W grupie badanej uzyskano 67 wyników bardzo dobrych, 7 dobrych i 1 zły w za-
kresie skali radiologicznej ASAMI oraz 48 wyników bardzo dobrych, 26 dobrych 
i 1 zły w skali funkcjonalnej ASAMI [4, 35]. 

W  dostępnej literaturze na temat leczenia zaburzeń zrostu kości piszczelowej 
można znaleźć wielu autorów, którzy stosując różne techniki operacyjne uzyskują 
wysoki odsetek zrostu kostnego. Binod przedstawił rezultaty leczenia stawów rzeko-
mych zmodyfikowaną techniką Judeta na grupie 35 pacjentów. Uzyskał 100% zrostu 
kostnego w średnim czasie 8,24 miesiąca [15]. Megas przedstawił wyniki leczenia 50 
pacjentów, u których zastosował stabilizację śródszpikową połączoną z  rozwierca-
niem jamy szpikowej. Uzyskał 100 % zrostu w średnim czasie 6 miesięcy [42]. Tsang 
analizował wyniki leczenia zaburzeń zrostu za pomocą wymiany gwoździa śródszpi-
kowego. Uzyskał zrost w 69% przypadków [43]. W piśmiennictwie można znaleźć 
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również opracowania dotyczące zastosowania metody Ilizarowa w leczeniu zaburzeń 
zrostu, ale dotyczą one głównie przypadków zakażonych lub z ubytkiem kostnym, 
wymagającym transportu wewnętrznego [44-46].

Powyższe przykłady świadczą o tym, że nie istnieje idealna metoda leczenia zabu-
rzeń zrostu. Warto jednak zdefiniować warunki jakie powinna spełnić. Wydaje się, że 
„koncepcja diamentu” sformułowana przez Giannoudisa i wsp. stanowi dobry przy-
kład postępowania [21, 22]. Minimalizowanie ryzyka zaburzeń zrostu kostnego zależy 
od: uzyskania odpowiedniej mechanicznie stabilizacji, miniinwazyjnego dostępu ope-
racyjnego zachowującego biologię kości, braku nadmiernego rozciągania odłamów ko-
stnych oraz zastosowania, kiedy jest to niezbędne, przeszczepów kostnych.

Metoda Ilizarowa spełnia powyższe kryteria i odznacza się wysoką skutecznością 
w leczeniu aseptycznych stawów rzekomych kości piszczelowej. Interesująca wydaje 
się również obserwacja, że pacjenci grupy badanej u których występował co najmniej 
jeden dodatkowy czynnik ryzyka zaburzeń gojenia tkanki kostnej, mieli podobny 
średni czas uzyskania zrostu w stosunku do grupy, pozostającej bez czynników ry-
zyka. Wyniki sugerują, że metoda Ilizarowa powinna być zalecana chorym, z  do-
datkowymi czynnikami ryzyka, takimi jak: cukrzyca, terapia steroidami, zaburzenia 
krążenia kończyny dolnej. 

Techniki operacyjne i strategie postępowania stosowane w metodzie Ilizarowa są 
różne i często zależą od preferencji chirurga. Do najpopularniejszych zaliczamy: kom-
presję podtrzymującą, dystrakcję, technikę naprzemiennej kompresji/dystrakcji oraz 
stabilizację neutralną. Część operatorów wykorzystuje techniki otwarte, wykonując 
dostęp operacyjny do stawu rzekomego. Po odświeżeniu i nawierceniu odłamów kost-
nych zamykają ranę i zakładają stabilizator zewnętrzny. Inni chirurdzy preferują lecze-
nie na zamknięto, wykorzystując działanie jedynie samego aparatu Ilizarowa.

Porównując wyniki przy zastosowaniu technik: zamkniętej i otwartej z użyciem 
aparatu Ilizarowa, stwierdzono, że czas gojenia, ilość powikłań, oraz rezultaty w ska-
li radiologicznej ASAMI nie wykazują znamiennie statystycznych różnic. Wartości 
skali funkcjonalnej ASAMI były wyższe dla grupy leczonej na zamknięto. Nie ob-
serwowano również statystycznie istotnych różnic porównując strategię kompresji 
podtrzymującej z strategią stabilizacji neutralnej. 

McNally i wsp. porównywali cztery techniki operacyjne z zastosowaniem apara-
tu Ilizarowa w leczeniu zakażonych stawów rzekomych kości piszczelowej [47]. Były 
to: dystrakcja jednomiejscowa, kompresja jednomiejscowa, dwumiejscowa kompre-
sja/dystrakcja i  transport wewnętrzny. Wyniki w  grupie jednomiejscowej dystrak-
cji oraz dwumiejscowej kompresji/dystrakcji były wyższe niż w  grupie kompresji 
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jednomiejscowej (96,2% vs. 73.7%). Stąd jej autorzy nie zalecają stosowania kompre-
sji w leczeniu stawów rzekomych piszczeli.

Eralp i wsp. poddali analizie wyniki 13 pacjentów z zakażonymi stawami rzeko-
mymi leczonych aparatem Ilizarowa, u których stosowali różne techniki operacyjne 
[48]. Uzyskali 10 wyników bardzo dobrych, 2 dobre i 1 zły w skali ASAMI stosując 
techniki kompresji podtrzymującej.

W obserwacji własnej uzyskano 100% zrostu kostnego, co jest nieco lepszym wy-
nikiem niż dane literaturowe. Dobry wynik leczenia był niezależny od zastosowanej 
taktyki operacyjnej i strategii i zastosowanej w metodzie Ilizarowa.

Wnioski z powyższej obserwacji wskazują na brak konieczności obligatoryjnego 
odświeżania powierzchni stawowych, w aseptycznych stawach rzekomych bez ubyt-
ku kości lub z ubytkiem długości do 1 cm . Brak ingerencji chirurgicznej pomiędzy 
odłamy kostne zmniejsza ryzyko zaburzeń odżywczych nasad oraz jatrogennej in-
fekcji. Wydaje się, że pierścieniowa konstrukcja stabilizatora stwarza optymalne wa-
runki biomechaniczne do wygojenia stawu rzekomego i dodatkowe procedury nie 
są potrzebne. Ponadto, mikroruchy w osi kończyny, które powstają na drutach Kir-
schnera aparatu Ilizarowa są wystarczającym bodźcem pobudzającym zrost kostny, 
niezależnie od kompresowania połączeń samego aparatu. Zjawisko wymaga jeszcze 
dokładniejszego zbadania na poziomie biomechanicznym.

Pacjenci leczeni metodą Ilizarowa uzyskali trwały zrost kostny na poziomie 95,1 
% w średnim okresie obserwacji 7 lat (2-12 lat). Świadczy to o prawidłowym proce-
sie gojenia i przebudowy kostnej w ciągu kolejnych lat po usunięciu stabilizatora. 
W obrazie radiologicznym obserwujemy odtworzenie wszystkich warstw korowych 
z rekanalizacją jamy szpikowej w ciągu 24 miesięcy po zdjęciu aparatu Ilizarowa. 

Ograniczeniem niniejszej analizy porównawczej jest niska liczebność grupy kon-
trolnej. Wynika ona z faktu, iż większość pacjentów z zaburzeniami zrostu kostnego 
w Klinice Ortopedii i Traumatologii Narządu Ruchu WUM jest leczona za pomocą 
metody Ilizarowa. Po wprowadzeniu do praktyki codziennej ryglowanych gwoździ 
śródszpikowych w  leczeniu złamań trzonu kości piszczelowej oraz płytek LCP do 
zespalania złamań przezstawowych, spadła ilość zaburzeń zrostu. 

Wciąż jednak aparat Ilizarowa jest metodą z wyboru w leczeniu stawów rzeko-
mych ze współistniejącym zniekształceniem kątowym oraz skróceniem kończyny. 
Dzięki minimalnej inwazji w tkanki chorego, dedykowany jest również pacjentom 
po wcześniejszych rozległych operacjach, np. osteosyntezie płytkowej, z uszkodze-
niem lub ubytkami tkanek miękkich, z zaburzeniami troficznymi skóry, cukrzycą lub 
innymi czynnikami wpływającymi na gojenie rany pooperacyjnej.
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9.1. Wnioski

1.  Metoda Ilizarowa jest efektywną techniką operacyjną w leczeniu aseptycznych 
stawów rzekomych, dającą wysoki odsetek uzyskanego zrostu kostnego, trwa-
łego w wieloletniej obserwacji.

2.  Umożliwia jednoczesne gojenie stawu rzekomego oraz korekcje powstałego 
po urazie zniekształcenia lub skrócenia kończyny, co znajduje odzwierciedle-
nie w przeważającej ilości bardzo dobrych i dobrych wyników w skalach: ra-
diologicznej i funkcjonalnej ASAMI.

3.  Aparat Ilizarowa odznacza się minimalną inwazyjnością w  tkanki pacjenta, 
co jest szczególnie korzystne wśród chorych z zaburzeniami krążenia obwo-
dowego, z cukrzycą oraz innymi schorzeniami predysponującymi do upośle-
dzonego gojenia rany pooperacyjnej.

4.  Neutralna stabilizacja aparatem Ilizarowa „na zamknięto”, bez otwierania sta-
wu rzekomego jest preferowanym sposobem postępowania z  aseptycznymi, 
pourazowymi stawami rzekomymi kości piszczelowej.
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