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Knee arthrodesis using a unilateral external fixator
for the treatment of infectious sequelae

Enfeksiyon sekeli tedavisinde unilateral eksternal fiksator ile diz artrodezi

Levent ERALP, Mehmet KOCAOGLU, Ibrahim TUNCAY,! F. Erkal BILEN,? Shady Elbeshry SAMIR

Istanbul Universitiy Medical Faculty Department of Orthopaedic and Traumatology;
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Amac: Diz bolgesinin septik sekellerinin tedavisinde mo-
nolateral eksternal fiksator kullanilarak yapilan artrodez
tekniginin sonuglar1 degerlendirildi.

Calisma plani: Monolateral eksternal fiksator kullanilarak
diz artrodezi uygulanan 11 hasta (4 erkek, 11 kadin; ort. yas
60; dagilim 29-75) geriye doniik olarak degerlendirildi. Alt1
hastada enfekte total diz protezi, dort hastada septik artrit se-
keli, bir hastada enfekte distal femur modiiler tiimor protezi
vard1. Aktif enfeksiyon bulunan sekiz hastanin yedisinde art-
rodez, debridman, antibiyotikli ¢cimento uygulamasi (n=6) ve
parenteral antibiyoterapi ile enfeksiyon klinik ve laboratuvar
bulgular1 tamamen kaybolduktan sonra uygulandi. Femur ve
tibiada kanayan genis bir kemik yiizeyi olusturmak i¢in total
diz protezi uygulama setindeki rezeksiyon kizaklar1 kulla-
nildi. Biplanar veya uniplanar monolateral eksternal fiksas-
yon ortalama sekiz ay (dagilim 5-12 ay) uygulandi. Hastalar
ortalama 28 ay (dagilim 7-69 ay) izlendi. Komplikasyonlarin
degerlendirilmesi i¢in Paley siniflamasi kullanildi.

Sonuglar: Tiim hastalarda eksternal fiksasyon sonunda fiiz-
yon elde edildi. Enfeksiyon niiksii goriilmedi. Higbir hastada
artrodez tekniginden kaynaklanan istenmeyen kisalik go-
rilmedi. Genig tiimor rezeksiyonu nedeniyle belirgin kisa-
lik olugan ve artrodezden sonra uzatma uygulanan bir hasta
disinda, tiim hastalar desteksiz yiiriiyebildi. Enfekte total diz
protezi olan bir hastada kisalik 3 cm bulunurken, geri ka-
lan hastalarda 1-2 cm arasinda (ort. 1.4 cm) degisiyordu. Bes
hastada goriilen ¢ivi dibi enfeksiyonu oral antibiyotik ve yara
bakimu ile basariyla tedavi edildi.

Cikarimmlar: Monolateral fiksator ile uygulanan diz art-
rodezinin fiizyon orami yiiksek, komplikasyonlar1 daha
azdir; bu yontem, sirkiiler eksternal fiksatorlere gore daha
konforlu bir tedavi segenegi olusturmaktadir.

Anahtar sozciikler: Artrodez/yontem; eksternal fiksator; diz
eklemi/cerrahi; protezle iligkili enfeksiyon/cerrahi.

Objectives: We evaluated the results of arthrodesis using
a monolateral external fixator for the treatment of septic
sequelae of the knee joint.

Methods: Eleven patients (4 males, 7 females; mean age 60
years; range 29 to 75 years) underwent arthrodesis using a
monolateral external fixator. Indications for arthrodesis were
infected total knee prosthesis (n=6), septic arthritis seque-
lae (n=4), and infected distal femoral tumor prosthesis (n=1).
Eight patients had active infection; of these, seven patients
initially underwent complete clinical and laboratory eradica-
tion of infection with debridement, application of antibiotic-
impregnated cement spacer (n=6), and parenteral antibiotics.
Resection guides of total knee arthroplasty were used to cre-
ate wide bleeding femoral and tibial bone surfaces. Biplanar
or uniplanar monolateral external fixation was applied for a
mean of eight months (range 5 to 12 months). The mean fol-
low-up was 28 months (range 7 to 69 months). Complications
were evaluated according to the Paley’s classification.

Results: Fusion was achieved in all the patients. There were
no recurrent infections. No remarkable shortening developed
following the procedure. All the patients could walk without
walking aids, except for one patient who further required
lengthening for marked shortening due to previous wide tu-
mor resection. Shortening was 3 cm in one patient with in-
fected total knee prosthesis, while it ranged from 1 cm to 2
cm (mean 1.4 cm) in the remaining patients. Pin tract infec-
tions were seen in five patients, all of which were successfully
treated with oral antibiotics and local wound care.

Conclusion: Knee arthrodesis using a monolateral exter-
nal fixator is associated with a high fusion rate and a low
complication rate, and provides a more comfortable treat-
ment option compared to a circular external fixator.

Key words: Arthrodesis/methods; external fixators; knee joint/
surgery; prosthesis-related infections/surgery.
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Arthrodesis of the knee is being performed since
the early 1900’s for the treatment of pain and insta-
bility due to advanced osteoarthritis, posttraumatic
arthritis, infectious arthritis, Charcot arthropathy,
poliomyelitis, and reconstruction following tumor re-
section.! The success of modern knee arthroplasty
has decreased the number of patients who would have
been candidates for a knee arthrodesis. Currently, the
most common indication for knee arthrodesis is an
unreconstructable knee following an infection at the
site of knee arthroplasty.”’ Arthrodesis is indicated
also, when there are extensor mechanism disruption,
poor bone stock, poor soft tissue envelope, young ac-
tive patient and recalcitrant infection after revision
arthroplasty.’! Arthrodesis by internal fixation either
by a plate or an intramedullary nail provides rigid fi-
xation. Intramedullary nailing has the advantage of
allowing early weight bearing, and has a high rate of
fusion ranging from 88% to 100%." But it has the
disadvantage that it should be applied only after the
infection has been successfully treated which may
take up to 40 weeks, and still it carries the risk of
dissemination of latent infection.” On the other hand,
external fixation offers possible progressive adjust-
ment to stimulate the bony fusion and to correct ma-
lalignment, and there is a considerably lower risk of
intramedullary dissemination of the infection, and
easy removal of the hardware is possible.'! The pur-
pose of this study is to describe the surgical technique
used for arthrodesis of the knee by using uniplanar
external fixators.

Patients and methods

Eleven patients, who underwent knee arthrodesis
using monolateral external fixator between 1999 and
2005, were evaluated retrospectively. The average age
of the patients at the time of surgery was 60 years
(range 29-75 years). There were 4 men and 7 wo-
men. Average follow up was 28 months (range 7-69
months) (Table I). Indications for knee arthrodesis
included complications from septic knee arthritis (4
patients ), septic total knee arthroplasty (6 patients),
and infected tumor prosthesis for synovial sarcoma in
the knee joint (1 patient). We had 8 patients with acti-
ve knee infection. The six patients with infected total
knee arthroplasty had undergone debridement, and
application of antibiotic impregnated cement spacers
6 weeks prior to arthrodesis. One patient from the
septic arthritis group underwent debridement prior to
arthrodesis because of active infection. The 8th pati-

ent who had vague signs of infection caused by low
virulent microorganism, was treated by one-stage
arthrodesis. In patients who underwent two-staged
procedures, multiple samples were obtained from the
knee during debridment for culture and antibiogram.
Patients were given antibiotics according to the re-
sults of culture and antibiogram for an average of six
weeks, also patients were followed by laboratory in-
vestigations to be sure of remission of infection before
the second operation. Methiciline recistant staphylo-
coccus aureus infection in 6 patients was treated with
Teicoplanine (2 x 400 mg 1V), and Proteus infection
in one patient was treated with Cefoperazone (2 x 1
gr I'V). In the remaining 3 patients there were no cli-
nical or laboratory evidences of active infection, and
the results of culture and antibiogram from samples
obtained during arthrodesis were all negative. 2 pa-
tients had predisposing factors for infections which
are history of open fracture in the proximal tibia, and
rheumatoid arthritis respectively.
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Figure 1.(a) Removal of cement spacer. (b) Filling bone
defects by antibiotic loaded demineralized bone
matrix.
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Figure 2. (a, b) Temporary fixation of the position of knee arthrodesis by two crossed K wires. (¢) Checking the

mechanical axis of the limb using electrocautary cord stretched from the center of the femoral head to

the center of the ankle joint.

Surgical technique

In all patients the procedures were carried out
through previously utilized anterior approaches. In pa-
tients who underwent two-staged procedure, the first
stage was to remove the infected implant (if present),
all infected soft tissue and bone, and application of
antibiotic impregnated cement spacer. Culture specific
antibiotics are loaded into the cement. 2000mg Tei-
koplanin was added per 40gr cement powder routinely
in all 6 cases with infected TKR. Multiple samples
were taken from the wound for culture and sensitivity,
and antibiotics were given for an average of 6 weeks
according to the results of culture and antibiogram.
Second stage procedure was carried on when there is
no laboratory or clinical evidence of active infection
checked by the ESR and CRP levels every 2 weeks.
The steps of knee arthrodesis are nearly the same in
patients undergoing one- or two-staged procedure.
Anterior approach is used to remove the skin scar,
debridement is carried out to create bleeding surfa-
ces in the surrounding soft tissues. The spacer (if pre-
sent) is removed (Figure la), and the bone ends are
prepared to create wide, bleeding surfaces. Resection
guides from the instrument of total knee replacement
(TKR) are used for preparation of distal femoral and
proximal tibial bone ends. Any defects in the oppo-
sing bony surfaces are filled by antibiotic loaded de-
mineralized bone matrix (Figure 1b). The position of
fusion is maintained in 5-10 degrees of flexion and 5-7
degrees of valgus by application of two crossed K wi-
res under guidance of the image intensifier (Figure 2
a, b) Knee position is checked by doing intraoperative
malalignment test using the wire of the electrocautery
device (Figure 2c¢). Once the knee position is stabilized
in the desired alignment, the wound is closed before
application of the external fixator, using monofilmen-
tous surgical threads (prolene) in order to decrease the

risk of infection. Application of the external fixator is
started in the sagittal plane. Hydroxyappatite coated
Schanz screws of 6 mm diameter are used. The first
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Figure 3.(a) Application of the first Schanz screw into the
central part of the distal femur in the frontal plane. (b)
Temporary fixation of the position of the fixator while
applying the Schanz screws by using Steinmann pins in
the most proximal and distal holes of the fixator clamps.
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Figure 4.Schanz screw applied to the medial surface of
the proximal one third of the tibia and connec-
ted to the frame of the external fixator by an arch
from the llizarov system.

Schanz screw is applied in the distal part of the femur,
it should be centralized to the bone in the frontal pla-
ne (Figure 3a), and perpendicular to the anatomical
axis of the femur in the sagittal plane. The frame of
the external fixator is connected to the Schanz screw,
with temporary application of two Steinmann pins to
the most proximal and most distal holes in the clamps
of the fixator to maintain the alignment of the fixa-
tor during application of the rest of the Schanz screws
(Figure 3b). Generally four Schanz screws are applied
in each bone segment. If there is marked osteoperosis
or bone loss, then another external fixator is applied
in the frontal plane, with two Schanz screws in each
bone segment to obtain stable fixation. Application of
a Schanz screw medially in the frontal plane to the
proximal one third of the tibia, and connecting it to
the fixator using an arch or a plate from the Ilizarov
system (Figure 4) can also increase the stability of the
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Figure 5. (a) Preoperative MRI of an infected knee, (b),(c) X-Ray of the knee joint before
arthrodesis. yan diz grafileri; Artrodez uygulamasi sirasinda eksternal fiksator
ile (d),(e) X-Ray of the knee during external fixation period (f),(g) X-Ray of the #
knee showing trabecular bridging indicating knee fusion. 1 ;

fixation when needed. The advantages of this modi-
fication is creation of multiplanar fixation, and stable
fixation of the proximal tibia by applying a Schanz
screw in the center of the bone in the frontal plane.
Once the frame is applied, the K wires are removed,
and intraoperative compression of the bone ends is
done under guidance of image intensifier. Postoperati-
ve compression is carried on by the external fixator at
a rate of one quarter of 1 mm every 12 hours for one
week only. The patient is mobilized on the second day
postoperatively by using crutches.

Preoperative magnetic resonance imaging (MRI)
shows bone infection. Preopeoperative X-rays, X-Rays
during external fixation have been documented. Pos-
toperative radiography were evaluated for evidence of
bony fusion (Figure 5). This was detected by trabe-
cular bridging between the tibia and femur. Radiog-
raphic evidence of fusion coupled with no evidence of
motion on clinical examination after removal of the
fixator were the criteria for successful arthrodesis.

Results

Consolidation was achieved in all patients after a
mean external fixation time of 8 months (range 5-12
months). After removal of the frame, patients were
instructed to wear a knee brace for 3 months fol-
lowed by assisted walking using canes for another
month. At the end of the follow-up all patients could
walk without walking aids, except patient no 6 who
had a marked shortening after arthrodesis. In eight
patients infection was completely eradicated with no
evidence of recurrence during follow up period. The
position of the arthrodesis displayed a mean flexion
of 7.8 degrees (range 0-12), and a mean valgus of 7.1
(range 4-12) degrees. Biplanar fixation was used in
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four patients, while uniplanar fixation was used in
7. The decision to use a biplanar fixation was taken
when there was poor bone condition either marked
osteoporosis or marked bone loss. In patient no 2,
after infection was controlled by debridement and an-
tibiotic impregnated cement spacer, long intramedul-
lary nail was applied in association with the external
fixators, and lengthening over nail was carried on,
at the same time of arthrodesis, for the treatment of
preoperative shortening of 6 cm. After restoration of
the limb length with radiological evidence of success-
ful arthrodesis, external fixators were removed, and
the nail was locked. We intended to leave this patient
with 1 cm shortening so that she can easly elevate
her foot during swing phase of walking. One patient
had intertrochanteric fracture of femur, after she acci-
dentally had fallen down during transportation to the
operation room. Therefore the external fixator was
modified to fix the fracture as well (6mm half pin).
An additional angled clamp was added to the rail
to insert Schanz screws fixing the intertrochanteric
fracture. Follow-up radiography showed union of the
fracture with successful fusion, after seven months.
The patient had only 3 cm shortening, and could walk
with no difficulties using shoe elevation.This patient
died after 34 months from unrelated cause (myocar-
dial infarction). The patient with a history of infected
tumor prothesis had a marked shortening (15 cm). Af-
ter successful arthrodesis of his knee, he underwent
limb lengthening procedure by Ilizarov fixator for the
tibia, and Orthofix external fixator for the femur. This
shortening is caused by wide tumor resection proce-
dure, so we do not consider it as a complication of the
knee arthrodesis. One patient had 3cm shortening at
the end of the treatment and received shoe lift and
could walk without assistive device. In the remai-
ning patients the average postoperative shortening
was 1.38cm (range 1-2cm). According to the Paley
complication classification "1, problems occured in 5
patients in the form of pin tract infection which were
treated by oral antibiotics and local care of site of
infection.

Discussion

The indication for knee arthrodesis in this study
were primary infectious of origin. 100% of the pa-
tients in this study achieved successful fusion and
were able to function as community ambulator. We
contribute this high fusion rate to the surgical techni-
que, and the site of application of the external fixator.

Maximum bone contact and apposition are extremely
important to achieve knee fusion.®! Charnley ' beli-
eved the success of 99% (169) of the 171 arthrodesis
in his patients was due to two perfectly coapted sur-
faces of cancellous bone, with intact circulation.Ha-
geman et al ' believed that the most important factor
for a successful fusion was good bone contact.

We achieved wide bony contact by preparing the
distal femoral, and the proximal tibial surfaces using
a tibial resection guide from TKR instruments. Sta-
bility in the plane of flexion and extension is difficult
to achieve by means of coronal compression clamps
alone ', so we used to apply the fixator anteriorly to
get maximum stability in the sagittal plane, we also
apply another fixator in the coronal plane when there
is poor bone condition (either marked bone loss or os-
teoporosis). The mean knee flexion was 7.8 degrees,
while the mean valgus angulation was 7.1 degrees.
Five to seven degrees of valgus have been proposed
as the ideal frontal alignment "%, and this was easily
obtained by the external fixator. Six of the eight pati-
ents with active infection underwent two-staged pro-
cedure in which debridement, and application of anti-
biotic impregnated cement was done as the first stage
followed by arthrodesis as the second stage after the
infection had been eradicated (average 6 weeks). We
believe that two-staged procedure in presence of ac-
tive infection provides the best chance for successful
fusion, this supported by two studies which clearly
show that if the infection was treated successfully be-
fore the arthrodesis was attempted, there was a signi-
ficant increase in the chances of a successful fusion.
11314 External fixation was used in one patient to cor-
rect preoperative shortening of 6 cm by lengthening
over nail, it was also used in patient to fix associated
intertrochanteric fracture of femur. We consider this
as one of the advantages of the use of external fixa-
tion, that it can be used to correct other associated
problems. Complications occured only 5 patients in
the form of superficial pin tract infection, which resol-
ved completely with oral antibiotics, and local care of
pin site, also patient suffered from marked shortening
(15cm), as a result of tumor resection, and repeated
previous debridement. After removal of the fixators,
this patient underwent simultaneous lengthening for
femur and tibia using Orthofix and Ilizarov fixators
respectively. Although arthrodesis by intramedullary
nail had had a high fusion rate up to 95%, and had
allowed early weight bearing ', it had many disad-
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vantages including the risk of infection disseminati-
on, technical difficulty to maintain adequate degrees
of flexion, and valgus, long operative duration, large
intraoperative blood loss, nail migration, intraopera-
tive fracture, and unability to maintain postoperative
compression. >'® Nichols et al " studied the use
of dual plates to achieve knee arthrodesis, a fusion
rate of 100% was achieved in 11 patients. The authors
suggested avoiding this technique if gross or acute
infection was present.'”! More data regarding the ef-
fectiveness of this technique are needed to determine
the place of dual plates in knee arthrodesis.?® On the
other hand, arthrodesis by external fixation had the
advantages of maintaining compression across the
fusion site, ability for adjustment, and much less risk
of infection dissemination.''”! The use of Ilizarov de-
vice in knee arthrodesis, has improved the success
rate of fusion by external fixation markedly (93% -
100%).21-221 But also the rate of complications is as
high as 80% and 84%, including pin tract infection,
bone fracture at pin site, pin loosening and nonunion.
(20221 Despite the studies that showed less favourable
fusion rates with the use of uniplanar and biplanar
external fixators in knee arthrodesis ranging from
58% to 65% respectively,?®! we believe that the usage
of surgical technique that creates large bony contact
area with application of the frame in the sagittal plane
for more stability, can markedly improve the results
of arthrodesis by external fixation.
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