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2. SPIS RYCIN

RyciINA 1. Staw rzekomy hipertroficzny kosci piszczelowej, po ztamaniu obu kosci

podudzia leczonym ryglowanym gwozdziem $rédszpikowym.
RycINA 2. Staw rzekomy oligotroficzny kosci piszczelowej z deformacjg szpotawg,
po leczeniu ztamania obu kosci podudzia ptytka LCP oraz stabilizatorem zewnetrz-

nym ramowym.

RycINA 3. Staw rzekomy atroficzny kosci piszczelowej z 1-cm ubytkiem kostnym

i deformacja katows.

RYCINA 4. Aparaty Ilizarowa na obu konczynach dolnych.



3. WYKAZ STOSOWANYCH W PRACY SKROTOW

FDA - Food and Administration (Amerykanska Agencja Zywnosci i Lekéw)
NUSC - Non-union stromal cells (Komorki zr¢bu stawu rzekomego)
BMSC - Bone marrow mesenchymal cells (Komdrki mezenchymalne szpiku
kostnego)
GBP - Pound Sterling (Funt Brytyjski)
USD - United States Dollar ( Dolar Amerykanski)
AUD - Australian Dollar (Dolar Australijski)
rhBMP-2 - Recombinant Human Bone Morfogenetic Protein 2 (rekombinowane
ludzkie biatko morfogenetyczne kosci 2)
rhBMP-7 - Recombinant Human Bone Morfogenetic Protein 7 (rekombinowane
ludzkie biatko morfogenetyczne kosci 7)
LCP - Locking Compression Plate- Plytka blokowana (stabilna katowo)
LISS - Less Invasive Stabilization System- Maloinwazyjny system
do stabilizacji ptytkowej



4. , ANALIZA POROWNAWCZA WYNIKOW LECZENIA
OPERACYJNEGO ASEPTYCZNYCH STAWOW RZEKOMYCH
KOSCI PISZCZELOWE] PRZY UZYCIU METODY [LIZAROWA
ORAZ OSTEOSYNTEZY WEWNETRZNE]”

(streszczenie)

Metoda Ilizarowa jest efektywng technika operacyjng wykorzystywana w lecze-
niu stawéw rzekomych kosci dlugich. Stanowi metode¢ z wyboru w przypadku za-
kazonych stawéw rzekomych oraz zaburzen zrostu kostnego ze wspdlistniejgca de-
formacja konczyny lub ubytkiem tkanki kostnej. Laczy zalety doskonalej stabilizacji
mechanicznej oraz minimalnej inwazyjnosci.

Analizujac dostepna literature pod katem leczenia stawow rzekomych kosci pisz-
czelowej, napotykamy publikacje opisujace rézne techniki chirurgiczne oraz stoso-
wane implanty. Autorzy podajg odsetek przypadkéw, w ktdrych uzyskano zrost ko-
stny po leczeniu operacyjnym stawow rzekomych kosci piszczelowe;j. Jest to jednak
tylko krdtkotrwata ocena wynikéw leczenia stawdéw rzekomych. W czesci przypad-
kow dochodzi po jakims$ czasie do ponownego ztamania w miejscu powstania zrostu
po stawie rzekomym. Brakuje prac oceniajacych dlugoterminowe wyniki leczenia
stawow rzekomych kosci piszczelowej, w tym metoda Ilizarowa, pod katem wielolet-
niego utrzymania zrostu kostnego.

W pierwszej publikacji pt. ,,A new criterion for assessing Ilizarov treatment out-
comes in nonunion of the tibia” tworzgcej cykl, poddano analizie retrospektywnej 102
pacjentéw leczonych metodg Ilizarowa z powodu stawu rzekomego kosci piszczelo-
wej, u ktérych okres obserwacji po zakonczeniu leczenia wynosit minimum 2 lata.
U wszystkich chorych udato si¢ uzyskac zrost kostny. W okresie obserwacji wynosza-
cym $rednio 7 lat (2-12 lat) zrost kostny utrzymano na poziomie 95,1%. U pieciorga
z pacjentéw doszto do ponownego ztamania (refraktury). Wymagali ponownej stabi-
lizacji aparatem Ilizarowa. Wnioski z pracy wskazuja na wysoka skuteczno$¢ metody
Ilizarowa w leczeniu zaburzen zrostu kosci piszczelowej, jak réwniez potwierdza-
ja zasadno$¢ wprowadzenia nowego kryterium oceny wynikéw leczenia zaburzen
zrostu kostnego. Mianowicie - odsetka utrzymanego zrostu w okresie dtugofalowym.
Samo uzyskanie zrostu kostnego w okresie krétkoterminowym moze okazac sie nie-
wystarczajgce do oceny metody leczenia.

Metoda Ilizarowa, wykorzystujaca zjawisko osteogenezy dystrakcyjnej, jest cze-
sto wykorzystywana w leczeniu wrodzonych i nabytych znieksztalcen kosci dtugich.
W przypadku stawow rzekomych kosci piszczelowej czesto mierzymy si¢ rowniez



z koniecznoscig wyréwnania powstalego skrocenia oraz korekeji deformacji katowe;.
Zaburzeniom zrostu kostnego sprzyja m.in. niedostateczna stabilizacja odlamodw,
brak odpowiedniego ukrwienia odtaméw kostnych oraz choroby wspétistniejgce 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 analize poréwnawczg wynikow
leczenia stawow rzekomych za pomocg metody Ilizarowa oraz technik osteosyntezy
wewnetrznej. Probe 75 pacjentéw leczonych aparatem Ilizarowa poréwnano z grupa
kontrolng 51 pacjentéw leczonych osteosyntezg wewnetrzng. Ocenie poddano czas,
w ktorym uzyskano zrost kostny, korekcje wyjsciowego znieksztalcenia oraz wielkos¢
skrocenia podudzia. Wykonano analize czestosci wystepowania i rodzaju powiktan
towarzyszacych leczeniu oraz ich wplywu na wynik koncowy. Analiza statystyczna
wykazala istotng przewage metody Ilizarowa w czestosci uzyskiwanego zrostu ko-
stnego (100% vs. 51,92%). Zaobserwowano réwniez, ze sila efektu w grupie leczone;
metoda Ilizarowa byla wieksza zaréwno w przypadku zmniejszania znieksztalcenia
konczyny, jak i jej skrocenia. Nalezy przy tym zauwazy¢, ze leczenie to bylo stosowa-
ne u pacjentdw z wyjsciowo wyzszymi wartosciami znieksztalcenia katowego i wiel-
koscig skrdcenia. Nie wykazano rdznic statystycznych w czasie gojenia wsrdéd pa-
cjentow grupy badanej, u ktorych wystepuje co najmniej jeden z czynnikéow ryzyka
zaburzen zrostu kostnego w stosunku chorych bez dodatkowych obcigzen. Bralismy
pod uwage: cukrzyce, terapi¢ kortykosteroidami, palenie tytoniu, alkoholizm oraz
nasilong miazdzyce konczyn dolnych. Brak statystycznie znamiennej réznicy suge-
ruje, ze metoda Ilizarowa powinna by¢ szczegdlnie polecana u pacjentéw z dodatko-
wym ryzykiem zaburzen zrostu kostnego wynikajacym 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-
czyla techniki operacyjnej i taktyki leczenia stawéw rzekomych metoda Ilizarowa.
W zalezno$ci od rodzaju stawu rzekomego, stanu tkanek miekkich, skrocenia i znie-
ksztalcenia segmentu kostnego, a takze od preferencji chirurga leczenie mozna za-
planowac na rézne sposoby. Poddano retrospektywnej ocenie probe 75 pacjentow le-
czonych z powodu pourazowego, aseptycznego stawu rzekomego kosci piszczelowej
pod katem roznych technik i taktyk leczenia aparatem Ilizarowa. Cze$¢ pacjentéw
leczono techniky zamknieta, bez otwierania stawu rzekomego (technika 1). W pozo-
stalych przypadkach wykonywano dostep operacyjny do stawu rzekomego, reseko-

wano powierzchnie oraz adaptowano odtamy, po czym przeprowadzano stabilizacje



aparatem Ilizarowa (technika 2). W okresie pooperacyjnym stosowano stabilizacje¢
bez dodatkowej kompresji stawu rzekomego (strategia 1), albo prowadzono pod-
trzymujacg kompresje - 0,25 mm co 3 dni (strategia 2). U wszystkich pacjentow wy-
konywano osteotomie strzalki. Ocenie poddano odsetek uzyskanego zrostu, liczbe
powiktan, czas hospitalizacji oraz wyniki w skali radiologicznej i funkcjonalnej wg
ASAMI. Uzyskane wyniki nie wykazaly istotnych statystycznie réznic pomiedzy
technikami: zamknigtg i otwarta, a takze stosowaniem kompresji podtrzymujacej
lub jej brakiem w zakresie uzyskania zrostu kostnego, liczby powiklan oraz czasu
hospitalizacji. Jedynie wartosci skali funkcjonalnej ASAMI byly wyzsze w grupie pa-
cjentéw poddanych operacjom na zamknigto.

Podsumowujac, metoda Ilizarowa pozwala na osiggniecie wysokiego odsetka
uzyskanego i utrzymanego zrostu kostnego w leczeniu pourazowych stawéw rzeko-
mych kosci piszczelowej. Wykazuje przewage w stosunku do technik osteosyntezy
wewnetrznej w zakresie leczenia wspdlistniejacych znieksztalcen i skrocenia kosci
piszczelowej. Z uwagi na minimalng inwazyjno$¢ jest szczegdlnie polecana pacjen-

tom z dodatkowymi czynnikami ryzyka zaburzen 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 signit-
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. WSTEP

6.1. Definicja i podzial zaburzen zrostu kostnego

Staw rzekomy definiuje sie jako ustanie wszelkich proceséw gojenia kosci, gdy nie
doszlo do zrostu kostnego. [1] Historycznie, pojecia zrostu opdznionego i stawu rzeko-
mego zwigzane byly z kryterium czasowym gojenia odtamoéw kostnych. [2] Jezeli ztama-
nie nie wygoilto si¢ w przewidywanym czasie, méwimy o zroscie opdznionym. Mimo
przedluzenia czy opdznienia gojenia wcigz istnieje szansa na zrost kostny bez konieczno-
$ci interwencji chirurgicznej. Staw rzekomy powstaje wtedy, kiedy ustaja wszelkie procesy
gojenia kosci, a jedynym sposobem leczenia jest zabieg operacyjny. FDA w 1988 roku
podata kryterium czasowe powstania stawu rzekomego - 9 miesiecy od powstania zta-
mania oraz brak widocznego postepu zrostu przez kolejne 3 miesigce obserwacji.

W 1976 roku Weber i Cech dokonali podziatu stawéw rzekomych ze wzgledu na
ich witalnos¢ i potencjat do gojenia. [2, 3] W 1989 roku Paley, za Ilizarowem, zapro-
ponowal inny podzial stawéw rzekomych dla kosci piszczelowej. [4] Opiera si¢ na
dwoch podtypach - sztywnym i wiotkim, w zaleznosci od ruchomosci patologiczne;
pomiedzy odtamami oraz obecnoscig lub brakiem ubytku tkanki kostne;.

Stawy rzekome hipertroficzne (hiperwaskularne) — charakteryzujg si¢ duzym
potencjalem do gojenia. Na zdjeciach radiologicznych opisywane sg jako tzw. ,sto-
pa stonia” (ryc. 1) Przerosta kostnina z przejasnieniem w $rodku szpary ztamania
stanowi przejaw nieadekwatnej stabilizacji odtaméw kostnych lub unieruchomienia.
Scyntygrafia stawow rzekomych hipertroficznych potwierdza bogate unaczynienie
fragmentow kosci.

Stawy rzekome oligotroficzne cechujg si¢ brakiem widocznej kostniny na zdje-
ciach radiologicznych, co mozna ttumaczy¢ gorszym unaczynieniem odlamow ko-
stnych lub nieprawidlowym nastawieniem odtaméw: ich diastaza lub interpozycja
tkanek migkkich w szczelinie ztamania. (ryc. 2)

Stawy rzekome awaskularne - w ich przypadku odlamy kostne sg pozbawione
unaczynienia odzywczego albo zaopatrzenie w krew jest niewystarczajace. Dzielimy
je na cztery podtypy. Typ dysplastyczny i aplastyczny wigzg sie z obecnoscig fragmen-
tu posredniego z uposledzonym lub nieobecnym ukrwieniem. Nie obserwujemy po-
wstawania mankietu kostnego. Podtyp trzeci to staw rzekomy z ubytkiem kosci. Zwy-

kle taktyka operacyjna, oprécz od$wiezenia odtaméw i usuniecia zdewitalizowanych
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T e

RycINA 1. Staw rzekomy hipertroficzny kosci piszczelowej, po ztamaniu obu kosci podudzia leczo-

nym ryglowanym gwozdziem $réddszpikowym.
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Rycina 2. Staw rzekomy oligotroficzny kosci piszczelowej z deformacja szpotaws, po leczeniu zfa-

mania obu kosci podudzia ptytka LCP oraz stabilizatorem zewng¢trznym ramowym.




tkanek, wymaga zastosowania przeszczepow kostnych celem uzupelnienia powsta-
tego ubytku.

Czwartg formg stawu rzekomego awaskularnego jest staw rzekomy atroficzny,
gdzie dochodzi do powstania ubytku pomi¢dzy odlamami. Dzieje sie to albo na sku-
tek urazu, jak w przypadku ztaman otwartych, albo wtornie- na skutek infekcji. Cha-
rakterystyczne jest klepsydrowate zakonczenie odtamdw i postepujacy zanik kostny.
(ryc. 3)

Mimo, iz podzial wg Webera-Cecha jest stosowany od ponad 40 lat, nie opi-
suje on proceséw biologicznych, tylko obraz radiologiczny. Badania histologiczne
nie potwierdzajg teorii o braku unaczynienia w obrebie stawow rzekomych awasku-
larnych. W badaniach przeprowadzonych przez Bajade i wsp. z preparatéow pobra-
nych z awaskularnych stawéw rzekomych, wyizolowano komérki zrebu (NUSC),
otoczone tkanka wtoknistg, ktorych powierzchowne antygeny CD byly podobne do
komorek macierzystych szpiku (BMSC). [5] Komoérki NUSC byly multipotencjalne
i wykazywaly tendencj¢ do réznicowania w kierunku chondrocytéw i adipocytow,
ale cechowaly si¢ mniejszym potencjalem do réznicowania w kierunku osteogene-
zy i mineralizacji w badaniach in-vitro, w poréwnaniu do komoérek macierzystych
szpiku kostnego (BMSC). Hofmann zauwazyl nizszg przezywalnos¢ komoérek me-
zenchymalnych w grupie pacjentéw ze stawami rzekomymi hipertroficznymi. [6]
Wykazywaly one réwniez zmniejszong ekspresje gendw IGF-, TGF-beta- i FGF- rdz-
nicujgcych w kierunku osteoblastéw, w poréwnaniu probkami tkanek pacjentow,
u ktdérych zrost przebiegl prawidtowo.

Wydaje sie, ze poza znanymi czynnikami ryzyka zaburzen zrostu, role odgrywa
réwniez identyfikacja predyspozycji genetycznych oraz polimorfizm genowy czynni-
kow wzrostu komorek znajdujacych sie w kostninie. [7] Mimo to, na dzien dzisiejszy
podzialy radiologiczne wg Webera-Cecha oraz Paleya (Ilizarowa) s3 podstawa przy
planowaniu leczenia stawow rzekomych kosci piszczelowe;.

16



W v

Rycina 3. Staw rzekomy atroficzny kosci piszczelowej z 1-cm ubytkiem kostnym i deformacja katowa.
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6.2. Epidemiologia, koszty leczenia.

Zaburzenia zrostu wystepujg w okolo 1,9%-10 % wszystkich ztaman w obrebie
kosci diugich, chociaz w niektérych przypadkach moga siegaé nawet 20%. [2, 8] Brak
zrostu w obrebie trzonu kosci piszczelowej po leczeniu operacyjnym gwozdziem
srédszpikowym wg réznych autoréw waha sie miedzy 4,6%-7,1%. [2] Odsetek wzra-
sta, w przypadku wigkszego uszkodzenia tkanek miekkich. Sanders oraz wsp. wska-
zuj3, ze w przypadku ztaman otwartych II stopnia w skali Gustillo-Andersona brak
zrostu wystapi u 16% pacjentow, w przypadkach IIIA - u 60%, a w grupie pacjentow
ze zfamaniami otwartymi typu IIIB — nawet 80%. [9]

Court-Brown potwierdzil obserwacje Sandersa w 2004 roku. W grupie pacjen-
tow ze ztamaniami typu I-1I wg Gustillo-Andersona odsetek braku zrostu wynosit
0-6,4%, zas$ w grupie IITA-IIIB - 42,1-69,2%. [10]

Koszty leczenia zaburzen zrostu kostnego sa wysokie. W Wielkiej Brytanii sza-
cuje sig, ze cena samej hospitalizacji pacjenta z brakiem zrostu kostnego wynosi od
7000 do 79000 Funtéw Szterlingéw (GBP). W Stanach Zjednoczonych mediana
kosztéw leczenia zaburzen zrostu kostnego po ztamaniu otwartym wynosi 25,556 $
(USD). W Australii mediana wynosi 14,957 dolaréw australijskich (AUD). Rdznice
w kosztach sg spowodowane odmiennymi systemami opieki zdrowotnej w poszcze-
golnych krajach oraz modelami finansowania. [2, 11]

6.3. Czynniki ryzyka zaburzen zrostu kostnego.

Czynniki ryzyka mozemy podzieli¢ na dwie grupy: zalezne od pacjenta oraz za-
lezne od mechanizmu urazu. Do pierwszej grupy zaliczamy mi.n: wspolistniejaca
cukrzyce, przewlekle niedokrwienie konczyny, niewydolnos¢ nerek, niedobory wi-
taminy D3, naduzywanie alkoholu, palenie tytoniu, przyjmowanie steroidow, lekow
p/padaczkowych i niesteroidowych lekéw przeciwzapalnych. W drugiej grupie znaj-
duja sie ofiary urazow wielomiejscowych i wielonarzagdowych, ztamania otwarte, zta-
mania z ubytkiem tkanki kostnej, znaczne uszkodzenia tkanek miekkich, zakazenia
kosci oraz otaczajgcych tkanek. 2, 8, 12]
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6.4. Metody leczenia operacyjnego stawdw rzekomych kosci
piszczelowej

6.4.1. Leczenie operacyjne sposobem Judeta-Forbesa

Technika operacyjna leczenia zaburzen zrostu kostnego opisana przez Judeta
polega derkortykacji odtamoéw kostnych, od$wiezeniu powierzchni rannych i stabi-
lizacji plyta kompresyjng. [13] Staw rzekomy odslania si¢ przez starg blizng. Usuwa
sie martwe tkanki miekkie oraz kos$¢. Pobranymi podokostnowo ptatkami kostnymi
o grubosci 1 mm, z fragmentu kosci o dtugosci ok 12-15 cm, pokrywa sie miejsce zta-
mania, co pobudza procesy gojenia. Po odtworzeniu cigglosci kosci odlamy zespala
sie ptytka lub stabilizatorem zewng¢trznym. Ograniczeniem metody jest powierzch-
nia kosci, z ktérej mozna pobra¢ fragmenty kostno-okostnowe, cienka blona oko-
stnowa albo krucha kos$¢. Mimo, iz opisano jg ponad 50 lat temu, wcigz znajduje
uznanie wielu chirurgéw, ktérzy z powodzeniem wykorzystuja do leczenia awasku-
larnych stawéw rzekomych [14, 15]. Operacja sposobem Judeta-Forbesa doczekatla
sie kilku modyfikacji, do ktérych mozna zaliczy¢ zastosowanie nowych implantéw
zespalajacych, jak ptytki LCP oraz LISS, a takze uzupelnienie ubytkéw przeszczepa-

mi kostnymi.

6.4.2. Dynamizacja gwozdzia $rédszpikowego.

Od lat 70 ryglowane gwozdzie srédszpikowe s3 stosowane na swiecie jako stan-
dardowa technika w ztamaniach trzonu kosci piszczelowej. [2] Dynamizacja polega
na usunieciu jednej lub kilku $rub ryglujacych, co pozwala na powstanie mikroru-
chow wzdtuz osi dlugiej kosci. Zjawisko dziata korzystnie na pobudzenie proceséw
zrostu kostnego. W przypadku stawow rzekomych hipertroficznych dochodzi do sa-
moistnej redukcji szpary stawu. W stawach rzekomych awaskularnych dynamizacja
moze by¢ ryzykowna i doprowadzi¢ do przemieszczenia odtaméw, skrécenia kon-
czyny lub deformacji katowe;.

Kwestig sporng jest czas, w ktérym nalezy przeprowadzi¢ dynamizacje¢ gwozdzia
srédszpikowego. Wydaje sie, ze nalezy ja wykona¢ po uzyskaniu dostatecznej stabi-
lizacji odtaméw przez tworzacg sie kostning. Zbyt wezesna dynamizacja moze spo-
wodowac utrate repozycji odtamoéw kostnych. Zbyt p6zna — po ustaniu proceséw go-

jenia, bedzie nieefektywna. Vaughn i wsp. nie stwierdzili korelacji pomiedzy czasem
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przeprowadzonej dynamizacji gwozdzia, a odsetkiem uzyskanego zrostu kostnego.
[16] Podobne wnioski sformutowal Litrenta. [17] Stwierdzit ponadto, Ze czynnikiem
ryzyka braku zrostu po dynamizacji gwozdzia srédszpikowego jest wieloodlamowy
charakter ztamania oraz ubytek kostny minimum 5 mm.

6.3.3. Wymiana gwozdzia §rodszpikowego

Zdarza si¢, ze pomimo prawidtowej technicznie stabilizacji srodszpikowej, zrost
kostny opodznia si¢ lub do niego nie dochodzi. Wymiana gwozdzia $rédszpikowe-
go polaczona z rozwiercaniem jamy szpikowej jest skuteczng metoda pobudzajaca
zrost kostny. Zastosowanie implantu o wigkszej $rednicy lub dluzszego daje lepsza
biomechanicznie stabilizacje, a rozwiercanie mobilizuje komorki macierzyste szpiku
kostnego. [18] Hierholzer i wsp. uzyskali 97% przypadkow zrostu kostnego po roz-
wierceniu i wymianie gwozdzia w grupie aseptycznych stawow rzekomych trzonu
kosci piszczelowej. [19] Nie obserwowano statystycznie znamiennych réznic pomig-
dzy ryglowaniem statycznym, a dynamicznym w badanej grupie pacjentéw (7,3 mie-
sigca dla pacjentéw ryglowanych statycznie, 7,9 miesigca dla chorych ryglowanych
dynamicznie). Ponadto, osteotomia strzatki przeprowadzona réwnolegle do wymia-

ny gwozdzia, skraca czas gojenia o ok. 2,9 miesigca. [20]

6.3.4. Przeszczepy kostne

Zastosowanie przeszczepow kostnych w leczeniu stawdw rzekomych awaskular-
nych pozwala na wypetnienie ubytkéw powstalych po ztamaniu oraz stanowi czyn-
nik biologiczny stymulujacy powstanie nowych naczyn. Giannoudis i wsp. stworzyli
koncepcje ,,diamentu”, na podstawie ktdrej zdefiniowali warunki niezbedne do po-
wstania zrostu kostnego. [21, 22] Oprocz mechanicznej stabilizacji, istotne jest wspie-
ranie $Srodowiska biologicznego.

Przeszczepy kostne dzielimy na autogeniczne i alogeniczne. Przeszczepy autoge-
niczne zapewniajg prawidtowa osteogeneze, odgrywaja ponadto role osteokonduk-
cyjng i osteoindukcyjng. Klasycznie pobiera si¢ je z: talerza kosci biodrowej, blizsze-
go lub dalszego konca kosci piszczelowej oraz z dystalnej czesci kosci promieniowe;j.
Stosowanie przeszczepdw autogenicznych nie niesie za sobg ryzyka transmisji choréb

zakaznych. [23, 24] Wadj tej metody jest ograniczenie ilo$ci przeszczepow kostnych,
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ktére mozna pobrac oraz powiklania zwigzane z miejscem pobrania- bol, utrata czu-
cia, infekcja. [25, 26]

Przeszczepy alogeniczne s3 pozbawione zdolnosci do pobudzania osteogenezy.
Stanowig one rodzaj rusztowania kostnego, zatem pelnia role osteokondukcyjng. Wy-
rézniamy m.in. przeszczepy korowe, gabczaste, korowo-gabczaste, chrzestno-kostne
oraz segementy kostne. [23] W latach 80-tych opisywano przypadki zakazenia wiru-
sem HIV po wykorzystaniu przeszczepéw kostnych od zakazonego dawcy, ale dzigki
wspolczesnym metodom sterylizacji i badaniu dawcdéw, problem udalo si¢ rozwigzac.
Miedzy rokiem 1990 i 2000 w Stanach Zjednoczonych Ameryki Péinocnej wykonano
ponad milion operacji z uzyciem alogenicznych przeszczepow kostnych i nie stwier-
dzono zZadnego zakazenia wirusem HIV ani zapalenia watroby (HBV;HCV). [27] Wada
przeszczepow alogenicznych jest mozliwos¢ zakazenia wszczepu, na skutek kontami-
nacji. Dane literaturowe podajg odsetek odlegtych zakazen. od 5% do 12,2%. [28, 29]

6.3.5. Bialka morfogenetyczne i terapie komorkowe.

Biatka morfogenetyczne kosci nalezg do rodziny bialek TGF-beta i wykazujg dzia-
tanie osteoindukcyjne. Aktywuja réznicowanie komoérek mezenchymalnych w kie-
runku osteoblastéw i chondrocytéw. W roku 2001 FDA wydata pozwolenie na za-
stosowanie rekombinowanego ludzkiego biatka morfogenetycznego kosci(rhBMP2)
jako terapie uzupelniajacg wleczeniu ztaman trzonéw kosci piszczelowej gwozdziem
srédszpikowym. W 2002 roku wprowadzono preparat Osigraft - thBMP-7 w lecze-
niu stawow rzekomych kosci piszczelowej, u chorych wsréd ktérych zastosowanie
autogennych przeszczepdw kostnych nie powiodto sie. Wykazano poréwnywalny od-
setek zrostu kostnego, pomiedzy grupg u ktdrej uzyto przeszczepow kostnych(85%)
z grupa, u ktorej zastosowano rhBMP-7 (81%) w dziewigciomiesiecznym okresie ob-
serwacji. [2]

Doniesienia na temat pozytywnego dzialania BMP na zrost kostny opierajg si¢
na opisach przypadkéw lub serii przypadkéw. [30, 31] Brakuje randomizowanych
badan klinicznych na duzej grupie pacjentow.

Innym sposobem na aktywacje procesu zrostu kostnego jest podanie komorek
szpiku. Zawarte w nim komorki mezenchymalne moga réznicowac¢ w kierunku oste-
oblastéw i wspiera¢ tworzenie kostniny. Wielu autoréw podaje obiecujace rezultaty
po przezskornym podaniu komorek szpiku, lecz wcigz brakuje dowoddéw dotycza-

cych optymalnej techniki pobrania oraz podania preparatu szpiku kostnego. [2]
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6.4.6. Metoda Ilizarowa

Gawril Abramowicz Ilizarow byl rosyjskim lekarzem, ktéry w 1950 roku opi-
sal zjawisko osteogenezy dystrakcyjnej. [32] Rok pdzniej opatentowal pierscienio-
wy stabilizator zewnetrzny noszgcy nazwe aparatu Ilizarowa. Metoda Ilizarowa jest

wykorzystywana w wielu patologiach urazowych i pourazowych narzadu ruchu.

!

Rycina 4. Aparaty Ilizarowa na obu konczynach dolnych.
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Szczegdlnie przydatna jest w leczeniu: ztaman otwartych, urazéw zmiazdzeniowych,
obrazen wielomiejscowych, nabytych i wrodzonych deformacji narzadu ruchu oraz
leczeniu zaburzen zrostu, w tym zakazonych stawdw rzekomych. [4, 33-36]

Jej przewaga nad innymi technikami operacyjnymi polega na: braku konieczno-
$ci wykonywania rozlegtych dostepdw operacyjnych, zachowaniu ukrwienia a co za
tym idzie zywotnosci tkanek oraz wlasciwosciach mechanicznych samego aparatu.
Okrezny stabilizator zewnetrzny, mocowany do kosci za pomocg drutéw Kirschnera
lub grotéw Schanza, odznacza si¢ wysoka wytrzymaloscig na sily gnace i rotacyjne,
jednoczes$nie zapewniajac elastycznos$¢ osiowg. Umozliwia pelne obcigzanie ope-
rowanej konczyny, co stwarza optymalne warunki biomechaniczne prowadzace do
zrostu kostnego. Modularna budowa umozliwia konstruowanie dowolnej struktury
aparatu dostosowanej do leczonej patologii.

Metoda Ilizarowa wymaga Scistej wspdlpracy pomiedzy lekarzem i pacjentem,
stad nie jest zalecana chorym z zaburzeniami psychicznymi oraz uzaleznionym od al-
koholu i substancji psychoaktywnych. Przeciwskazaniem do leczenia aparatem Iliza-
rowa jest zaawansowana osteoporoza oraz otylos¢ z uwagi na mozliwo$¢ wystgpienia
odlezyn. Pozwala na osiggniecie dobrych wynikow, ale jest wymagajaca technicznie
i wymaga doswiadczenia. Stad zaleca sig¢, aby postugiwali si¢ nig tylko odpowiednio

przeszkoleni chirurdzy.
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7. CELE PRACY

Celem pracy doktorskiej byla analiza wynikéw leczenia operacyjnego aseptycz-

nych stawéw rzekomych kosci piszczelowej, a w szczegolnosci:

1. Poréwnanie odsetka uzyskanego zrostu kostnego, czasu leczenia, ilosci powi-
ktan pomiedzy pacjentami leczonymi za pomocg aparatu Ilizarowa oraz cho-
rymi operowanymi technikami osteosyntezy wewnetrzne;j.

2. Ocena poréwnawcza wynikéw uzyskanych korekcji pomiedzy metoda Ilizaro-
wa oraz stabilizacjg wewnetrzna.

3. Wplyw czynnikéw ryzyka zaburzen zrostu na uzyskane wyniki w obu gru-
pach.

4. Poréwnanie roznych taktyk operacyjnych oraz strategii postepowania poope-
racyjnego na wyniki leczenia pacjentéw operowanych metoda Ilizarowa.

5. Ocena odsetka wieloletniego utrzymania zrostu kostnego u pacjentéw leczo-

nych metoda 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 commonly result in disturbed healing and nonunion [1-6].

In tibial fractures, nonunion rates range from 2.5 to 11%

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
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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

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

C

Fig. 1 Patient with tibia nonunion. a X-ray from the pre-treatment period, b X-ray with Ilizarov apparatus after union, and ¢ X-ray from the last
follow-up visit after 6 years form apparatus removal, confirming maintained union
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Fig.2 Patient with tibia nonunion. a X-ray from the pre-treatment period, b X-ray with Ilizarov apparatus after union, and ¢ X-ray from the last
follow-up visit after 7 years form apparatus removal, confirming maintained union

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
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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 119
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 53
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 35
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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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

repeated measurements; potential correlation was assessed
with Spearman’s rank correlation coefficient (rtho). 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
(»=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.

@ Springer

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
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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
[lizarov 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
lizarov 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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8.2. 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 llizarov and internal osteosynthesis
methods in posttraumatic pseudarthrosis of the tibia.

Material and methods: In a retrospective comparative study, 75 patients were treated with the llizarov 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 llizarov group was 100% and the control group was 51.92% (p < 0.001). The median time
to union suggests that patients from the llizarov group needed a shorter time to achieve bone union (203.00 days
vs. 271.00 days) (p = 0.091). The effect size in the llizarov group was larger both in terms of reducing both limb
deformity and shortening (it is worth noting, however, that the llizarov 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 llizarov method in the treatment of aseptic
posttraumatic pseudarthroses of the tibia. The llizarov 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 30years. 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.
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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 3years 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
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This image is not for diagnostic purposes

Fig. 1 Hypertrophic pseudarthrosis of distal tibia stabilized by llizarov external fixator

This image is not for diagnostic purposes

Image: 1/1]

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.
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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 (r40). The
chi-square test was used to compare the variables
expressed as percentage values.

The level of statistical significance was adopted at a =
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 llizarov
external fixator

In order to assess any differences in time to union in the
hypertrophic (n = 58) and atrophic (n = 17)

Image: 1/1f

This image is not for diagnostic purposes

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; > = 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; 5> < 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; #* = 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.
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The results of both Mann-Whitney U tests showed no
statistical significance (Z = 0.32; p = 0.747; 5> < 0.01 and
Z = - 035 p = 0.729; 5> < 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 (# = 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, » = 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).

N

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 y*(1) = 44.90, p
< 0.001, which demonstrates a significantly higher pro-
portion of patients with achieved bone union in the
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Fig. 4 Median time to union in the hypertrophic and atrophic pseudarthrosis subgroups; *p < 0.05
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Fig. 5 Median time to union in the subgroups with and without risk factors
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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, 7> = 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, > = 0.08
for limb deformity; Z = 3.21, p = 0.001, #* = 0.08 for
limb shortening), which indicates that the baseline
values of both of these parameters were significantly
greater in the Ilizarov group.
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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.
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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 Ilizarovn method provides bone-
fragment compression or distraction, limb distraction,
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Fig. 10 Median leg deformity before and after treatment with the classic method; **p < 0.01
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Fig. 11 Median leg shortening before and after treatment with the llizarov method; ***p < 0.001
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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
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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
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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 llizarov 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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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 llizarov 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 llizarov treatment, or ASAMI bone scores. For
managing nonunions of the tibia we recommend the technique of closed fixation without continued
compression. The llizarov 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
practice'". Despite of this, they pose a serious therapeutic challenge for orthopedic surgeons'~**-'*. 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 failure'~>’-*2. 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 treatment=>7-1517-192122,

Various strategies and surgical techniques employing the Ilizarov method have been reported for treating
nonunions of the tibia'~*%. 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 preferences'~”!>!4-1620_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 management”*. 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 treatment>>''. Most of the avail-
able analyses concern infected nonunions of the tibia">%-'®'¥-2, whereas few reports discuss the treatment of

3-5,17

tibia nonunion that is uncomplicated by infection’

IDepartment of Orthopedics and Musculoskeletal Traumatology, Medical University of Warsaw, Lindleya 4,
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University, Borowska 213, 50-556 Wroclaw, Poland. 3Department of Orthopaedic and Trauma Surgery, University
Hospital in Opole, Institute of Medical Sciences, University of Opole, Witosa 26, 41-405 Opole, Poland. “‘email:
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Figure 1. Hypertrophic non-union of 1/3 distal tibia a—p view.

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
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Figure 2. Hypertrophic non-union of 1/3 distal tibia treated by Ilizarov External Fixator (a-p view).

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.
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Figure 3. Hypertrophic non-union of 1/3 distal tibia treated by Ilizarov External Fixator (lateral view).

The following were assessed: rates of union, the Association of the Study and Application of the Method of
Ilizarov (ASAMI) bone scores”>**, ASAMI functional scores’***, 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
inequality”***. 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 dystrophy****. 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 a=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.
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M Me SD Sk Kurt |Min | Max S-W | p-value
Length of hospital stay (days) 15.89 | 11.00 9.35 115 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 10.00 256 | -2.62 527 | 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 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) 14.40 | 10.50 | 11.86 2.48 | 8.10 4.00 | 68.00 |0.74 <0.001
Tlizarov treatment duration (days) 22640 |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 1585 0.00 10.00 |0.36 <0.001
ASAMI functional score 5.42 6.00 116 —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 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.

U z p-value n*
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 -117 0.240 0.02

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, #2 (eta-
squared) a measure of effect size for Mann-Whitney U test.

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.
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M Me SD Sk Kurt | Min | Max S-W | p-value
Length of hospital stay (days) 1534 | 1100 | 10.61 121 | 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 |221 0.00 10.00 | 0.45 <0.001
ASAMI functional score 5.16 6.00 1.28 -1.93 | 542 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 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) 15.05 | 11.00 |14.42 2.83 9.77 | 4.00 | 68.00 |0.67 | <0.001
Tlizarov 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 -125| -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 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) 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 | -227 | 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

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.

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 contractures!->7-1>17-1%,

There are various recommended treatment strategies of nonunions of the tibia employing the Ilizarov
method*>7~'7""22_ Good treatment outcomes have been demonstrated with the use of various treatment
strategies’®!1-1018-20 These include: fixation alone®'>!>'”!¥; fixation and compression”?’; fixation, seg-
mental resection, and bone transport>*®!>141519-21; and fixation, resection, and compression with bone
transport>” 1011131420 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
transport’. 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 patients”. These strategies and techniques
were: monofocal distraction, monofocal compression, bifocal compression/distraction, and bone transport®.
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 tibia®’.

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 7'~'>!5-22, 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
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References Number of patients | Bone union (%) | Complications per patient
Yin etal! 590 97.8

Peng et al.” 58 100 0.67
Schoenleber et al.* 8 100 0.875
Zhang et al.* 25 100 0.2
Abuomira et al.” 55 89 1.2
Baruah et al.® 50 98

Eralp etal’ 13 92.3 1.38
Hosny et al.* 11 100 1.27
Khan et al.’ 24 87

Madhusudhan etal.”” | 22 81.8 2.01
Magadum etal.'! 25 96

Meleppuram et al.' 42 100 1.6
Sahu et al.'® 60 100

Sanders et al.'” 19 84.2

Shahid et al." 12 100

Wang etal.”’ 15 100

Wani et al.? 26 100 227
Yin etal.”? 65 100

McNally et al. 79 73.7-96.2

Drézdz et al.”! 54 86

Marsh et al.”? 46 87

Current study 75 100 0.25-0.45

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

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~*'°. 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 months?**>!%!%, 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% poor°. Khan
observed 25% excellent, 58.3% good, 4.2% fair, and 12.5% poor ASAMI bone scores’. Meleppuram achieved 60%
excellent, 15% good, and 25% fair ASAMI bone scores'®. 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% poor®.
Khan observed 33.3% excellent, 50% good, 8.35% fair, and 8.35% poor ASAMI functional scores’. Meleppuram
reported 55% excellent, 30% good, 5% fair, and 10% poor ASAMI functional scores'”. 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 days™'>'°. 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).
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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 longer®. 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 stawow rzekomych kosci piszczelowej wymaga staranne-
go planowania i wyboru techniki operacyjnej, optymalnej z punktu widzenia biologii
zrostu kostnego. Kluczowa jest réwniez ocena czynnikéw ryzyka zaburzen zrostu,
zarowno tych ze strony pacjenta, jak i tych zwigzanym z charakterem przebytego
urazu.

Wyniki uzyskane w pracy doktorskiej wskazuja, ze odsetek uzyskanego zrostu
kostnego w leczeniu aseptycznych stawow rzekomych za pomoca aparatu Ilizarowa
przez przeszkolonego operatora siega 100 %, niezaleznie od lokalizacji w obrebie ko-
$ci piszczelowej. Stawy rzekome hipertroficzne goja si¢ szybciej, niz atroficzne (192
dni vs 301 dni, p<0,05), co mozna ttumaczy¢ wyzszym potencjatem proliferacyjnym
komorek szpiku i zdolnos$cig roznicowania. Czas gojenia w grupie badanej jest krot-
szy niz wsrod pacjentéw leczonych osteosyntezg wewnetrzng (203 dni vs 271 dni,
p=0,091), chociaz uzyskane wyniki znajdujg si¢ na granicy istotnosci statystyczne;.
Wynika to z niskiej liczebnosci grupy kontrolnej. Potrzebne sa badania poréwnawcze
na wiekszej grupie chorych.

Test par Wilcoxona wykazal wigkszy efekt korekeji pourazowego znieksztalcenia
oraz skrocenia kosci piszczelowej u pacjentéw leczonych metodg Ilizarowa w po-
réwnaniu z grupg kontrolng. Nalezy przy tym zauwazy¢, iz pacjenci w grupie bada-
nej mieli wyjsciowo wigkszg deformacje w stosunku do chorych z grupy kontrolne;j.
Metoda Ilizarowa jest szeroko wykorzystywana w leczeniu wrodzonych i nabytych
znieksztalcen konczyn i jej przydatnosc jest dobrze udokumentowana w literaturze
[37-41].

W grupie badanej uzyskano 67 wynikéw bardzo dobrych, 7 dobrych i1 zty w za-
kresie skali radiologicznej ASAMI oraz 48 wynikéw bardzo dobrych, 26 dobrych
i1 zly w skali funkcjonalnej ASAMI [4, 35].

W dostepnej literaturze na temat leczenia zaburzen zrostu kosci piszczelowej
mozna znalez¢ wielu autordw, ktorzy stosujgc rézne techniki operacyjne uzyskuja
wysoki odsetek zrostu kostnego. Binod przedstawit rezultaty leczenia stawow rzeko-
mych zmodyfikowang technika Judeta na grupie 35 pacjentéw. Uzyskal 100% zrostu
kostnego w $rednim czasie 8,24 miesigca [15]. Megas przedstawil wyniki leczenia 50
pacjentow, u ktorych zastosowal stabilizacje $rodszpikowg potaczong z rozwierca-
niem jamy szpikowej. Uzyskal 100 % zrostu w $rednim czasie 6 miesigcy [42]. Tsang
analizowal wyniki leczenia zaburzen zrostu za pomocg wymiany gwozdzia $rédszpi-
kowego. Uzyskal zrost w 69% przypadkow [43]. W pismiennictwie mozna znalez¢
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réwniez opracowania dotyczace zastosowania metody Ilizarowa w leczeniu zaburzen
zrostu, ale dotycza one gtéwnie przypadkéw zakazonych lub z ubytkiem kostnym,
wymagajacym transportu wewnetrznego [44-46].

Powyzsze przyklady §wiadcza o tym, Ze nie istnieje idealna metoda leczenia zabu-
rzen zrostu. Warto jednak zdefiniowa¢ warunki jakie powinna spetni¢. Wydaje sie, ze
»koncepcja diamentu” sformulowana przez Giannoudisa i wsp. stanowi dobry przy-
ktad postepowania [21, 22]. Minimalizowanie ryzyka zaburzen zrostu kostnego zalezy
od: uzyskania odpowiedniej mechanicznie stabilizacji, miniinwazyjnego dostepu ope-
racyjnego zachowujacego biologi¢ kosci, braku nadmiernego rozciggania odtaméw ko-
stnych oraz zastosowania, kiedy jest to niezbedne, przeszczepéw kostnych.

Metoda Ilizarowa spelnia powyzsze kryteria i odznacza si¢ wysokg skutecznosciag
w leczeniu aseptycznych stawow rzekomych kosci piszczelowej. Interesujaca wydaje
sie rowniez obserwacja, Ze pacjenci grupy badanej u ktérych wystepowal co najmniej
jeden dodatkowy czynnik ryzyka zaburzen gojenia tkanki kostnej, mieli podobny
$redni czas uzyskania zrostu w stosunku do grupy, pozostajacej bez czynnikéw ry-
zyka. Wyniki sugeruja, ze metoda Ilizarowa powinna by¢ zalecana chorym, z do-
datkowymi czynnikami ryzyka, takimi jak: cukrzyca, terapia steroidami, zaburzenia
krazenia konczyny dolne;j.

Techniki operacyjne i strategie postepowania stosowane w metodzie Ilizarowa sg
rézne i czgsto zalezg od preferencji chirurga. Do najpopularniejszych zaliczamy: kom-
presje podtrzymujaca, dystrakeje, technike naprzemiennej kompresji/dystrakeji oraz
stabilizacje neutralng. Cze$¢ operatoréw wykorzystuje techniki otwarte, wykonujac
dostep operacyjny do stawu rzekomego. Po odswiezeniu i nawierceniu odtamdw kost-
nych zamykajg rane i zakladajg stabilizator zewnetrzny. Inni chirurdzy preferujg lecze-
nie na zamknieto, wykorzystujac dziatanie jedynie samego aparatu Ilizarowa.

Poréwnujac wyniki przy zastosowaniu technik: zamknigtej i otwartej z uzyciem
aparatu Ilizarowa, stwierdzono, Ze czas gojenia, ilo§¢ powiklan, oraz rezultaty w ska-
li radiologicznej ASAMI nie wykazuja znamiennie statystycznych réznic. Wartosci
skali funkcjonalnej ASAMI byly wyzsze dla grupy leczonej na zamknieto. Nie ob-
serwowano rowniez statystycznie istotnych rdéznic poréwnujac strategie kompresji
podtrzymujacej z strategig stabilizacji neutralne;j.

McNally i wsp. porownywali cztery techniki operacyjne z zastosowaniem apara-
tu Ilizarowa w leczeniu zakazonych stawow rzekomych kosci piszczelowej [47]. Byly
to: dystrakcja jednomiejscowa, kompresja jednomiejscowa, dwumiejscowa kompre-
sja/dystrakcja i transport wewnetrzny. Wyniki w grupie jednomiejscowej dystrak-
cji oraz dwumiejscowej kompresji/dystrakcji byty wyzsze niz w grupie kompresji
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jednomiejscowej (96,2% vs. 73.7%). Stad jej autorzy nie zalecaja stosowania kompre-
sji w leczeniu stawdw rzekomych piszczeli.

Eralp i wsp. poddali analizie wyniki 13 pacjentéw z zakazonymi stawami rzeko-
mymi leczonych aparatem Ilizarowa, u ktérych stosowali rézne techniki operacyjne
[48]. Uzyskali 10 wynikow bardzo dobrych, 2 dobre i 1 zty w skali ASAMI stosujac
techniki kompresji podtrzymujacej.

W obserwacji wlasnej uzyskano 100% zrostu kostnego, co jest nieco lepszym wy-
nikiem niz dane literaturowe. Dobry wynik leczenia byl niezalezny od zastosowane;
taktyki operacyjnej i strategii i zastosowanej w metodzie Ilizarowa.

Whioski z powyzszej obserwacji wskazujg na brak koniecznosci obligatoryjnego
ods$wiezania powierzchni stawowych, w aseptycznych stawach rzekomych bez ubyt-
ku kosci lub z ubytkiem dlugosci do 1 cm . Brak ingerencji chirurgicznej pomigdzy
odlamy kostne zmniejsza ryzyko zaburzen odzywczych nasad oraz jatrogennej in-
tekcji. Wydaje sie, ze pierscieniowa konstrukcja stabilizatora stwarza optymalne wa-
runki biomechaniczne do wygojenia stawu rzekomego i dodatkowe procedury nie
sg potrzebne. Ponadto, mikroruchy w osi konczyny, ktére powstaja na drutach Kir-
schnera aparatu Ilizarowa sg wystarczajacym bodzcem pobudzajgcym zrost kostny,
niezaleznie od kompresowania polaczen samego aparatu. Zjawisko wymaga jeszcze
dokladniejszego zbadania na poziomie biomechanicznym.

Pacjenci leczeni metodg Ilizarowa uzyskali trwaly zrost kostny na poziomie 95,1
% w $rednim okresie obserwacji 7 lat (2-12 lat). Swiadczy to o prawidlowym proce-
sie gojenia i przebudowy kostnej w ciggu kolejnych lat po usunigciu stabilizatora.
W obrazie radiologicznym obserwujemy odtworzenie wszystkich warstw korowych
z rekanalizacjg jamy szpikowej w ciagu 24 miesiecy po zdjeciu aparatu Ilizarowa.

Ograniczeniem niniejszej analizy pordwnawczej jest niska liczebno$¢ grupy kon-
trolnej. Wynika ona z faktu, iz wigkszo$¢ pacjentdw z zaburzeniami zrostu kostnego
w Klinice Ortopedii i Traumatologii Narzadu Ruchu WUM jest leczona za pomocg
metody Ilizarowa. Po wprowadzeniu do praktyki codziennej ryglowanych gwozdzi
srédszpikowych w leczeniu ztaman trzonu kosci piszczelowej oraz plytek LCP do
zespalania ztaman przezstawowych, spadla ilo$¢ zaburzen zrostu.

Wecigz jednak aparat Ilizarowa jest metoda z wyboru w leczeniu stawdw rzeko-
mych ze wspdlistniejagcym znieksztalceniem katowym oraz skroceniem konczyny.
Dzigki minimalnej inwazji w tkanki chorego, dedykowany jest rdwniez pacjentom
po wczesniejszych rozleglych operacjach, np. osteosyntezie ptytkowej, z uszkodze-
niem lub ubytkami tkanek migkkich, z zaburzeniami troficznymi skory, cukrzyca lub

innymi czynnikami wptywajacymi na gojenie rany pooperacyjne;j.
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9.1. Wnioski

. Metoda Ilizarowa jest efektywng technikg operacyjng w leczeniu aseptycznych

stawow rzekomych, dajaca wysoki odsetek uzyskanego zrostu kostnego, trwa-

tego w wieloletniej obserwacji.

. Umozliwia jednoczesne gojenie stawu rzekomego oraz korekcje powstalego

po urazie znieksztalcenia lub skrécenia konczyny, co znajduje odzwierciedle-
nie w przewazajacej ilosci bardzo dobrych i dobrych wynikéw w skalach: ra-
diologicznej i funkcjonalnej ASAMI.

. Aparat Ilizarowa odznacza si¢ minimalng inwazyjnoscig w tkanki pacjenta,

co jest szczegodlnie korzystne wsrod chorych z zaburzeniami krazenia obwo-
dowego, z cukrzyca oraz innymi schorzeniami predysponujacymi do uposle-

dzonego gojenia rany pooperacyjnej.

. Neutralna stabilizacja aparatem Ilizarowa ,,na zamknieto”, bez otwierania sta-

wu rzekomego jest preferowanym sposobem postepowania z aseptycznymi,
pourazowymi stawami rzekomymi kosci piszczelowe;.
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