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ABSTRACT

AIM: The distal femur fractures are usually results of high energy injuries, pathological or periprosthetic frac-
tures. The aim of this report is to describe the indications of Ilizarov external fixator (IEF) device as a suitable sur-
gical treatment for these severe injuries, to describe the construct design and to evaluate the results in 16 patients
treated using this method.

MATERIAL AND METHODS: 16 patients were assessed, (8 women - 8 men), with a range of 21 to 85 years of
age. The fractures were of AO type 33-A1, 2,3 & 33-C1, 2, 3. In two patients the fractures were periprosthetic. Two
patients presented with nonunion and failure of the previously applied osteosynthesis respectively. In these pa-
tients knee bridging was deemed necessary. The IEF construct design featured a twin ring module for the supra-
condylar fracture fragment in the majority of the cases.

RESULTS: The mean hospitalization time was 7 days and the postoperative follow up was 6 - 52 months. Com-
plete union was achieved in all cases without the need of reoperation in any case. The tibial part of the construct
was removed after 4-8 weeks postoperatively and the femoral part of the construct was removed after 18 weeks
respectively. The average time to union was 18 weeks. There were neither deformities, nor osteoarthritic lesions in
the longest follow up cases. The range of motion of the knee was satisfactory in all cases.

CONCLUSION: The treatment of distal femur fractures of AO types 33-A1, 2, 3 & 33-C1,2,3 using the IEF is high-
ly effective and it is our belief that this is the preferable method for the management of the above described inju-
ries. This method shows numerous advantages, such as adjustment of the joint alignment, respect of soft tissues
due to less invasive technique, early mobilization and no need for a second anesthesia and operation for IEF re-
moval. The method shows no major complications apart from the common problem of pin site infection which in
the majority of cases is easily managed with wound dressing, antibiotics administration or relocation of the pins.
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1. Introduction

Fractures of the distal femur represent 3-4% of femo-
ral fractures and approximately 0.4% of all fractures.
Their epidemiological curve in relation to age and gen-
der shows a typical bimodal distribution, with a first
peak for young males in their third and a second for el-
derly women in their seventh decade respectively. The
mean age of all patients with such fractures is 60 years,
while over 50% of fractures occur in patients over 65
years. The fractures are twice more frequent to women
than men, while 55% of the fractures are intra-articu-
lar [1, 2]. The most commonly used classification is this
of AO / OTA, depending on the location and the com-
minution of the fracture namely: 33-A1,2,3 extra-artic-
ular, 33-B1,2,3 partial articular, 33-C1,2,3 complete ar-
ticular (Fig.1) [3]. A separate category of distal femoral
fractures are the periprosthetic fractures, over a previ-
ously applied total knee arthroplasty, which are usually
classified according to the displacement of the fracture
and the stability of the femoral component by Lewis
& Rorabeck (Fig. 2) [4,5]. Pathological fractures of this
typerelated to neoplasmatic lesions of the distal femur
can also occur. Fractures in elderly people are usually
low-energy injuries such as falls on a flexed knee and
occur in an osteoporotic bone, while young patient’s
fractures are high-energy injuries as car or industrial ac-
cidents and falls from a great height. Fractures in young
people are usually intra-articular and highly commi-
nuted, accompanied approximately in 20% with liga-
mentous injuries. As a result of violent injuries, these
fractures can be part of complex lesions around the
knee, that is with a coexisting fracture of the proximal
tibia (“floating knee"), in association with dislocation
of the knee or as second or third degree open fractures,
with associated vascular injury. The treatment of these
serious injuries is quite challenging and an increased
rate of complications such as infection, septic nonunion
in7-13% (25-30% in open fractures), non-septic nonun-
ion (in 10-14%), a significant reduction of the range of
motion in 35% and posttraumatic arthritis of the knee
up to 50% [1].

2. Material and Methods
The patients: This study includes 17 fractures in 16
patients, 8 men and 8 women, aged 21 to 85 years. All

Fig. 1. AO classification of distal femoral fractures
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Fig. 2. Lewis & Rorabeck classification of distal femoral
fractures following a TKR

fractures were either extra-articular AO type 33-A1,2,3
or intra-articular AO type 33-C1,2,3. Two patients pre-
sented with periprosthetic fractures following total
knee arthroplasty and two patients presented with
nonunions and failure of the applied fixation. One
fracture was accompanied with a fracture in the ipsi-
lateral proximal tibia (“floating knee"). In one patient
a 33-A3 type fracture occurred below a DHS plate.
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Fig. 3. femoral frame, (a,b)

The construct and the surgical technique: The ap-
plication of the frame started in all cases with place-
ment of the distal femoral part, using a twin-ring in
most cases and the connecting rods parallel to the
anatomic axis of the femur (Fig. 3) [6,7]. In all frac-
tures bridging of the knee for 4-8 weeks was consid-
ered necessary (Fig. 4) [6].The rings stabilization was
achieved using fine wires in combination with half -
pins. The placement of fine wires and half - pins and
the fracture reduction assessment was done using a
C-arm image intensifier. The mean operative time
was 70 minutes.

Postoperatively a second generation cephalospor-
in was administered for 24 to 48 hours and all pa-
tients were given low molecular weight heparin for
5 weeks. All patients were prescribed the same post-

Fig. 4. bridging of the knee (a) and removal of the tibial
part of the frame 4-8 weeks later (b)

operative physical therapy protocol (mobilization of
hip - ankle and early low-weight bearing).

As healing time was defined the time from the op-
eration to the removal of the device and full weight
bearing. Hospitalization time, healing time and the
major and minor complications were recorded. Bone
healing and functional outcome were evaluated us-
ing the ASAMI scale (Table 1).

3. Results
The mean hospitalization time was 7 days. Follow-up
(clinical and radiological) ranged from 6-52 months.
The tibial part of the frame was removed after an av-
erage time of 5 weeks (4-8 weeks), whereas the fem-
oral part after 18 weeks. The mean time to union was
18 weeks. Complete union of fractures was achieved
in all patients with no need of reoperation in them.
Major complications (neurological, deep vein
thrombosis, pulmonary embolism, compartment
syndrome) were not developed in any patient.
Among minor complications (pin tract infection,
knee stiffness, depressive illness, delayed union,
nonunion, septic nonunion, axis disorder, shortening
more than 1.5 cm) only pin tract infections present-
ed in 3 patients, which were treated conservatively
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Fig. 5. Case 1: Female 42 years old, history of rheumatoid
arthritis, fixation of supracondylar fracture with plate -

nonunion. (a) preoperatively. (b) postoperatively. (c) 1
month follow up

with antibiotics with no need to remove or replace
them. Concerning the two most common complica-
tions, stiffness and development of postoperative os-
teoarthritis of the knee, the results were good, with a
satisfactory range of motion of the knee in all patients
and no osteoarthritic lesions development even in
those with the longest follow up (Fig. 5-8).

4. Discussion

Fractures of the distal end of the femur are a chal-
lenge for the surgeon, presenting both a high degree
of technical difficulty during the operation and high
rates of failure of the fixation and nonunion forma-
tion. Fractures in young patients are high-energy in-
juries and usually coexist with injuries of other sys-
tems or can be accompanied by severe ligamentous
lesions of the knee, other fractures of the ipsilateral
limb or neurovascular lesions relating to open frac-
tures. Fractures in elderly patients usually occur in
osteoporotic bone or in the femur after a preexist-
ing fixation (below nails, stems, DHS plates etc.) or
in the bone of the femoral component of a total knee
replacement, in the periprosthetic fractures. For all
these challenges, the Ilizarov method is a powerful
and effective tool in surgeon’s hands presenting nu-
merous advantages compared with other fixation
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TABLE 1. Evatuation of the outcomes using the ASAMI scale

Bone results
excellent union, no infection, deformity <7°, limb-length discrepancy <2.5 cm 8
good union + any two of the following: absence of infection, <7° deformity and limb-length inequality 8
of <2.5cm
fair union + only one of the following: absence of infection, deformity <7° 1
and limb-length inequality <2.5 cm
poor nonunion / re-fracture / union + infection + deformity >7° + limb-length inequality >2.5 cm —
Functional results
excellent active, no limp, minimum stiffness (loss of <15° knee extension / <15° dorsiflexion of ankle), 6
no reflex sympathetic dystrophy (RSD), insignificant pain
good active, with one or two of the following: limp, stiffness, RSD, significant pain 10
fair active, with three or all of the following: limp, stiffness, RSD, significant pain 1
poor inactive (unemployment or inability to return to daily activities because of injury) -
failures amputation _

Fig. 6. Case 2: Female 68 years old, fixation of supracondylar
fracture of the right femur, failure of the fixation, (a)
preoperatively, (b) postoperatively, (c) 4 months follow up

methods, such as plates (anatomical, LISS) and retro-
grade nails for supracondylar fractures. The effective
intraoperative adjustment of the femoral axis yet the
possibility of a postoperative additional adjustment,
the relatively short operative time, the minimal oper-
ative soft tissue damage, the reduction of even small
bone fragments using olive-wires and the device re-
moval at the outpatient department without the need
for a second general anesthesia and reoperation are
only some of the method’s advantages. Above all,
the bridging of the knee for as long as needed, de-

pending upon the fracture character is a major ad-
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Fig. 7. Case 3: Female 72 years old, right supracondylar periprosthetic femoral fracture (below DHS). (a) preoperatively.
(b) intraoperatively. (c) postoperatively
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vantage of the method, often necessary to preserve
both the reduction and the stability of the joint, espe-
cially in highly comminuted fractures or those which
are accompanied by severe ligamentous injuries. The
frame construction by the surgeon intraoperatively,
its versatility and the numerous possible combina-
tions of the frame components enables the physician
to exploit any characteristic of the fracture. In addi-
tion, this method minimizes or even eliminates the

Fig. 8. Case 4: Male 37 years old, complex
supracondylar fractures of both femurs and left
tibial fracture, history of right tibial fracture
treated with intramedullary nailing, multiple
exostosis syndrome, f-thalassemia carrier
(preoperative Hct 24,6% ), (a) preoperatively,
(b) postoperatively, (c) 11 months follow up, (d)
18 months follow up, [9]

patient's need for intra- or postoperative blood trans-
fusion, which is very important for both multi-trau-
ma and elderly patients. Finally this method presents
low incidence of complications, commonly the mi-
nor and easily treatable complication of pin tract in-
fection [7, 8].
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2ZKOITOZ THX MEAETHX: Ta xatdypata Tov Ao IEPATog ToL P1)PLAiond dpopovdy KAKMOELG DYNALG eVEP-
YELAG O€ VEODG KOPI®G aofevelg, xapnAoTepng eVEPYELAG O NAIKI®PEVODG OOTEOIIOPMTIKOLG aobevelg, madoAo-
YIKA KATAYHATA, £iTe MepUIPODeTIKA Kataypatda Petd amo oAlkt] apOpomAaoTiki) yOVaTog. 2KOIIOG TG EPYa-
olag etvat o kaBoplopog tov evdeiSemv Kat i) epappoyt) g pebodov Ilizarov wg Bepaneia tov xKataypatov
avteVv, Kadmg Kat 1] aSloAOynon TV aroteAeopdt®V ot 16 téTotong aobevelg.

YAIKO KAI ME®OAOZ: MeletrOnkav 16 aobeveig (8 yovaixeg - 8 avdpeg) nAkiag amo 21 émg 85 etav. Ta
kataypara frav tomoo 33_A1,2,3 xat 33-C1,2,3 xkata AO. Ze 2 mepuIT®oelg Ta KATAYPATA IJTav Ieptrpode-
TIKA KA1 08 2 MEPUITMOELG ApopoLoay Wevddaphpmor) jie aotoyid IPonyoLEVOD DALKOD. 2 OAODG ToLG aoe-
Velg EPAapPHOOTIKE YEPOP®OL) TODL YOVATOG KAt 1101 §160po SaKToAiov oto pnpiaio pépog Tov MAALOion OTig
IIEPLOCOTEPEG IEPUITMOELG.

ATIOTEAEZMATA: O péoog xpovog voonAetag 1)tav 7 NHePeg Kat 0 XPOVOG HETEYXELPITIKLG HAPAKOAOLO-
oG TV aclevev frav aro 6 £mg 52 prjves. To mhaioto g kvijpng agatpednke 4-8 efdoddeg peteyxelpnTiKd,
£V TO AVTIOTOLYO TOL P1)POL KATd [1éco Opo petd amo 18 efdopadeg. O péoog xpOvog MOP®ONG TOV KATAYHA-
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tovItav 18 efdopadeg. Aev mapatnpnfnkav napapop@moetg, ovte ooteoapbpttikég aAAOI®OoELg OTOLG aode-
Veig 1€ TO HAKPUOTEPO XPOVIKO dldotnpa mapakoAovdnong. H Kivntikotta Tov yOvaTtog Hetey XelpnTika 1) Tav
KOVOITOUTIKI) Kat dev mapatnprfnke kavéva aoctevi)g yendapbpmong.

ZYMITEPAXMATA: H avTipetonion tov KATaypdt@v ToL e IEPATog Tov prpiaiov tomov 33-A1,2,3 kat
33-C1,2,3 pe ovokeor) llizarov etvat emtoxrg kat Bewpoope ot amotelet pebodo exhoyng. Ta mheovektrjpata
aotrg etvat o EAeyx0g TOL ASOVA TOL OKEAODG, O EAAXLOTOG XELPOVPYLKOG TPAVHATIOHOG, 1) IPMIHL KLV TOIIOl-
non xkabwg Kat 1 a@aipeot) TG OLOKEDI|G OTA ESMTEPIKA LaTpela xopig va vroPAnOovv ot aobeveig oe emave-
épPaot). ZnPavtikég EmuAoKeG Oev IAPOLOLACTNKAY, IAPA 1OVO Aotpadn oto onpelo 100000 TV PeEAOVav,
EMUTAOKI| OPI®G OXETIKA eOKOAa Bepamedopr).

AEZEIX KAEIAIA: kataypata dne IEpatog pnpiaiov, xeypoopyikr) Bepamneia, kokAiko mAaioto Ilizarov
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