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KNEE ARTHRODESIS WITH COMPUTER-
ASSISTED EXTERNAL FIXATOR SYSTEM AFTER
PROSTHETICJOINT INFECTION FOR ELDERLY
POPULATION

AsstrRACT

Introduction: This study aimed to evaluate the effectiveness of a computer-
assisted circular external fixator used to achieve arthrodesis in elderly patients
with failed infected total knee arthroplasty.

Materials and Methods: Retrospectively 11 patients who treated with
arthrodesis between 2015 and 2020 were included in the study. The average
age was 73.5 +4.73 years (65-81). All patients had recurrent infections after
total knee arthroplasty. Radiologic evaluations, the time for fusion, shortening
of extremities, visual analog scale scores, Oxford knee scoring system, lower
extremity functional scale of all patients were compared pre-and post-
operatively. complications of the technique were noted.

Results: The mean follow-up was 33.7 +£12.85 (12-52) months. Fusion was
achieved in all patients. The average limb length discrepancy after removal
of the fixator was 46+0.78 (36—61) mm. The mean visual analog scale score
measured pre-op was 6.91+0.94 (5-8), and after fixator removal they were
measured as 2.36+£0.92 (1-4). The mean Oxford knee score was 10.27+2.68
(4-14) pre-operatively and 28.64x2.69 (23-32) postoperatively. The mean,
lower extremity functional scale was 17.06+9.38 (7.5-33.8) pre-operatively and
38.54+12.22 (21.3-56.3) postoperatively. No joint infection recurrence was seen
post-operatively.

Conclusion: Arthrodesis is a suitable option for elderly patients with limited
mobilization who are tired of repeated revision surgeries. Due to its high fusion
and low complication rate, computer-assisted circular external fixator is an
effective method in the treatment of difficult knee arthrodesis required after
infected total knee arthroplasty.

Key Words: Arthroplasty, Replacement, Knee; Reoperation; Infection;
Arthrodesis; External Fixators.
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INTRODUCTION

Infection of knee arthroplasty is feared and is one
of the most catastrophic complications for that can
accompany above-knee amputation. It can be seen
at arate of 0.4-2%, and it is quite difficult to treat (1).

Knee arthrodesis is a salvage procedure for end-
stage periprosthetic joint infections. Also, massive
bone and soft tissue loss and extensor mechanism
disruption are caused by repeated operations or
in cases of a patient’s refusal to undergo revision
arthroplasty after infected knee arthroplasty (2).

The main goals of knee arthrodesisin infected total
knee arthroplasty (TKA) are to provide pain relief and
stability of the extremity. Many methods have been
described to achieve solid knee fusion: canulated
screws, intramedullary nails, plate osteosynthesis,
and external fixation, with rates of fusion ranging
from 29% to 100%. The ideal method should have a
high fusion rate with a low complication rate, minimal
visits to the hospital, and a reduction in the need for
further treatment. Normal anatomical alignment
should be restored. It has been accepted that rigid
fixation and compression reduce failure rates. The
success of arthrodesis is determined by the patient’s
bone stock, independent of the technique and
indication (3).

Arthrodesis of the knee can provide a stable and
painless extremity on which patients can walk. The
patient also had better functional outcomes than
those encountered with amputation or suppressive
antibiotic  treatment.  Therefore, arthrodesis
procedures can be a choice for the management
of persistent infection after failed multiple-stage
revision arthroplasty (4).

Studies have shown that the success rates of TKA
have increased. Therefore, the indication of total
knee arthroplasty has expanded, and it has begun
to be performed more in younger patients (5).

Because of the increasing knee arthroplasty,
we believe that requirement the revision knee
arthroplasty and arthrodesis  will  probably

increase. In this study, we aimed to investigate
the effectiveness of a computer-assisted circular
external fixator (Ca-CEF) system for achieving knee
arthrodesis in patients with failed infected TKA.

MATERIALS AND METHODS

In this study, we retrospectively evaluated elderly
patients with infected knee arthroplasty who
were treated with knee arthrodesis by a Ca-
CEF (Spiderframe Tasarimmed, istanbul, Turkey)
between June 2015 and September 2020 and at
least followed up six months after fixator removal
in the Health Sciences University, Orthopaedic and
Traumatology department , Sisli Hamidiye Etfal
Training and Research Hospital. The exclusion
criteria were the patient who was out of follow-up
before the treatment was completed, the patient
under 65 years, and the knee arthrodesis was not
based on periprosthetic infection. Twelve patients
who underwent arthrodesis after failed knee
arthroplasty were retrospectively analyzed from
hospital archive records. One patient died due to
COVID-19 while his treatment was ongoing, and
his follow-up was not completed. This patient was
excluded from the study group. Eleven patients
were included in our study; eight of the patients
were female, and three were male. The average
age was 73.5+4.73 (65-81) years. All patients had
recurrent infections after TKA. Patients over 65
years with infected knee arthroplasty who has at
least one major criteria of MSIS criteria (6), who
did not recover despite at least three surgeries,
and who accepted arthrodesis were included in
the study.

The study protocol was approved by the Sisli
Hamidiye Etfal Training and Research Hospital
Ethics Committee (date: 02/02/2021, number:3119).
Written informed consent was obtained from the
patients or their legal guardians of each patient. The
study was conducted according to the principles of
the Declaration of Helsinki.
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Surgery was performed by anteromedial
parapatellar approach, which had also been used
in previous arthroplasty surgery, was used. Firstly,
spacers were removed, and joint debridement was
applied to the patients then bone surfaces were
preparedto improve the contact area by an electrical
saw. Ca-CEF was applied, and intraoperative
compression of the bone was performed in the
operating room.

Postoperatively x-ray was evaluated for correct
angulation of any plane or compression by Ca-
CEF, if needed. The patients were mobilized by
full weight bearing using crutches on the day after
the operation. Systemic antibiotic treatment was
started according to the post-operative positive
cultures. After six weeks of systemic antibiotherapy,
clinical and laboratory findings evaluated oral
antibiotherapy according to the recommendations
of the infectious disease consultation. Time for
solid bone fusion, limb alignment and shortening
of extremities (mm), recurrence of infection, visual
analog scale (VAS), Oxford knee scoring (OKS) and

lower extremity functional scale (LEFS) scores of
all patients were compared pre-op and post-op
(six months after fixator removal). Minor and major
complications of the technique were noted.Patients
details are summarized in Table 1.

RESULTS

The mean follow-up was 33.7 +12.85 (12-52)
months, and fusion was achieved in all patients.
The average time for fusion was 7.7+1.84 months
(5-11 months). (Figure 1). The average limb length
discrepancy after removal of the fixator was 46+0.78
(36-61) mm. The mean VAS score measured pre-
op was 6.91+0.94(5-8), after fixator removal
2.36+0.92(1-4). The average patient hospital stay
was 16.8 (6-29) days. Mean OKS was 10.27+2.68
(4-14) pre-operatively, and 28.64+2.69 (23-32)
postoperatively. Mean LEFS was 17.06+9.38 (7.5-
33.8) pre-operatively, and 38.54+12.22 (21.3-56.3)
was post-operatively. The decrease in the post-op
VAS score and the increase in OKS and LEFS scores
were found to be statistically significant compared

Table 1. Details of patients

Patient Age Gender Side Culture results F(::I::tll;:)p Ftl::::tﬁ:;e Shortness (mm)
1 72 Male Left MRSA 12 8 45
2 74 Female Right | Candida albicans 21 7 55
3 65 Male Right | Polimikrobial 52 9 36
4 71 Female Left Enterococcus fecalis 23 5 48
5 76 Male Right |Klebsiella pneumoniae 34 6 5
6 79 Female Right | Staphylococcus epidermidis 37 6 4
7 69 Female Left Pseudomonas aeruginosa 20 " 61
8 70 Female Left MRSA 43 6 44
9 77 Female Right | Polimikrobial 39 9 38
10 76 Female Left Polimikrobial 44 10 41
11 81 Male Left Escherichia coli 46 7 54

MRSA: methicillin-resistant Staphylococcus aureus
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Figure 1. X-ray images before arthrodesis, after Ca-CEF application and after fixator removal are seen

to the pre-op values of the patients. Descriptive
statistical results are summarized in Table 2.

Almost all patients had a low-grade pin-tract
infection that treated with local wound care and
antibiotherapy. Only two patients had to pins

removed with local anesthesia. Clinically, all
patients had stable knee arthrodesis, all patients
were able to walk on their own, even four of them
could walk without crutches during the last follow-
up. No patient had a stress fracture or a refracture

Table 2. Statistical analysis of pain and functional scores

Mean+SD Min-Maks (Median) P
Pre-op 6.91+£0.94 5-8 (7)
0,003#
VAS Post-op 2.36+0.92 1-4 (2)
Variation Mean.=SD %95 Cl) 4.55+1.29 (3.68-5.41
Pre-op 10.27+2.68 4-14 (11)
<0,001*
OKS Postop 28.64+2.69 23-32 (29)
Variation Ort.£5D %95 Cl) 18.4+1.9 (17.1-19.6)
Pre-op 17.06+9.38 7.5-33.8 (13.8)
<0,001*
LEFS Post-op 38.54+12.22 21.3-56.3 (40)
Variation Ort.+SD %95 Cl) 21.527.6 (16.4-26.6)

VAS: Visual Analog Scale, OKS: Oxford Knee Scoring , LEFS: lower extremity functional scale

*Paired t Test #Wilcoxon Test
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after fixator removal during the follow-up. No joint
infection recurrence was seen in any of the patients.
All patients reported mild pain but did not need
any pain medication.

The alignment of fusion was noted mechanical
axis deviation (MAD) from medially varus was noted
s "+" and valgus was noted as "-". Mean coronal
alignment was -2.4 mm and the range was + 2 to (-7)
and mean sagittal plan alignment was 4.6 degrees
(range was 0-10 degrees procurvatum). There was
no recurvatum deformity.

Statistical analysis

SPSS 15.0 for Windows program was used
for statistical analysis. Descriptive statistics were
given as number and percentage for categorical
variables, mean, standard deviation, median,
minimum, maximum for numerical variables.
When the differences of numerical variables in the
dependent group provided the normal distribution
condition, the Paired t test was analyzed with the
Wilcoxon test when the condition was not met. The
alpha significance level was accepted as p<0.05.

DISCUSSION

Revision afterfailedinfected knee arthroplastyresults
inahighercomplicationrate, withamore unfavorable
outcome in terms of pain and function. Multiple
surgeries may be required (7). These patients also
face potentially disastrous complications including
above-the-knee amputation, and unfortunately
death (8). Especially in elderly patients in order to
avoid these complications, as a salvage surgery, the
knee arthrodesis option should not be ignored.

Arthrodesis is a widely accepted surgery for
failed TKA when further revisions are not desired for
geriatric population. Recurrent infections, extensive
bone defects, ligament instability, lack of extensor
mechanism, and insufficient soft tissue coverage of
the knee may require arthrodesis of the knee joint as
a curative procedure for limb salvage. Arthrodesis
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restores good limb loading, reduces pain, eliminates
infection and generally well tolerated by the elderly
patients (9). Studies in the literature mention that
even after achieving successful knee arthrodesis
using any of various techniques, some patients have
continued to experience mild pain but acceptable
functionality (10). This also observed in our current
study. All patients reported mild pain but did not
need any medication.

Many techniques have been described for knee
arthrodesis. External fixators (monolateral, circular),
intramedullary nails, plates and screws are among
the surgical methods that can be used. Each
technique has its own positive and negative aspects.
Regardless techniques stable and painless extremity
with the eradication of infection is the main goal of
knee arthrodesis after failed infected TKA. For a
successful fusion the infection should be controlled,
soft tissue problems should be eliminated. Two-
stage procedure has high fusion rate of arthrodesis
(11). We prefer two-stage procedure with Ca-CEF
for high fusion rate.

An ideal arthrodesis should achieve a high
rate of fusion with a low complication rate, allow
early mobilization, and achieve normal anatomical
alignment of the limb. The use of plate and screw
is not preferred because of not allowing early
weight bearing, soft tissue problems, and high
infection recurrence rate. Most of the publications
recommended intramedullary nail or external fixator
in arthrodesis surgeries after infected TKA (11).

Intramedullary nail provides good stability, well
tolerated and allows early weight bearing (11). Apart
from this, there are also disadvantages compared
to external fixators. Surgery time of the arthrodesis
by intramedullary nail procedure is longer than
the external fixator and reaming of the femur and
tibia increases the risk of pulmonary embolism and
can spread the infection along the medullary canal
9,12).

Therefore, the insertion of a long intramedullary
nail is a challenging operation with a high risk of
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Figure 2. Patient who treated by Ca-CEF with soft tissue problem after infected TKA is seen

proximal femur fracture (12). In addition, external
fixation provides intraoperative flexibility; it can be
used in cases when medullary canal of femur has
already been obliterated by an implant or anatomic
deformities. It also allows performing reconstructive
procedures in which cases had soft tissue problems.
(Figure 2). External fixators are more advantageous
in terms of infection recurrence because of there is
no implant that remains in the body (10,11).

Parratte et al. reported complete remission of
infection with external fixator arthrodesis in infected
TKA (13). Also, in our patient group no infection
recurrence was seen. When the results of arthrodesis
applied with intramedullary nail after infected knee
prosthesis are examined in the literature, fusion
rates vary between 73.7% and 100%, and the
average limb length discrepancy rates are between
28mm and 55mm (14-17). In our case series fusion
was achieved in all patients and the average limb
length discrepancy was 4émm. None of the patients
requested limb-lengthening surgery, early removal
of the fixator was their priority. The effective

compression in the Ca-CEF while increasing the
shortness, also positively affects to our fusion rates.

The fusion time of knee arthrodesis is longer
than normal bone fracture healing (2). Comfort
was decreased in external fixators when compared
to internal fixations. Because of this treatment
with fixators can negatively affects the social and
emotional status of the patient (18). Some patients
may even request the termination of the fixator
without waiting for the completion of the treatment.
There was no such request in our elderly patients.
Because they were motivated when their pain
subsided and they could walk on their own.

Classic complications of external fixators such as
pin-tract infections and pin loosening, can often be
seen. Klinger et al. conducted a study of 18 patients
in which 100% developed pin-tract infections (19).
In our study, pin-tract infection was observed in all
patients, but most recovered with local wound care
and antibiotic therapy. Only two patients had pin
loosening in the proximal region. In these patients,
loosened pins were removed with the help of local
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anesthesia under outpatient conditions, and no
additional surgical procedure was required. We
predicted this in our patients and kept the number
of Schanz applied to the proximal region to more
than normal.

It is recommended to perform knee arthrodesis
in 5-8 degrees of valgus, 0-15 degrees of flexion
and 5-10 degrees of external rotation (2). When
arthrodesis is performed with an intramedullary nail,
this arthrodesis occurs with 2-5 degrees of varus,
which theoretically causes same-side hip arthritis
(20). In our study, an average of -2.1 mm MAD (valgus)
was obtained after the fusion was completed. Using
the advantage of Ca-CEF ability to correct in all
directions, we achieved the desired arthrodesis
angles in the fusion. There is no consensus on
which position arthrodesis should be performed for
the sagittal plane of knee arthrodesis. In our study,
arthrodesis was planned in full extension with the
aim of preventing the increase of shortness.

Artodesis can be applied with many external
fixator systems. Although monolateral fixators
are comfortable, but they are not very suitable
for weight bearing. On the other hand, wires
and Schanz screws at different angles in llizarov
and other circular fixators resist high stability and
dynamic axial stability versus torsional forces (20,21)

Full load with a circular fixator allows axial
compression in the arthrodesis side axially, even
after surgery, that increases bone regeneration. Ca-
CEF systems, which can provide more rigid fixation
according to the classical lllizarov systems and can
be defined as a more advanced current version of
the circular fixators, allow for the easy correction of
deformities during the arthrodesis process in the
post-operative period (22).

The indication of total knee arthroplasty is
expanded, and it has begun to be performed
more often in younger patients (5) Therefore, we
believe that the need for arthroplasty revisions and
arthrodesis surgeries will increase, and this study may
be inspire for future studies with a larger sample.
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Small sample size and retrospective design are
limitations of our study .

We aimed to achieve better results by combining
the stability of IM nails and the success of
conventional ex-fixes in infection using Ca-CEF. This
was supported by the fact that fusion was achieved
in all patients and no recurrence of infection was
observed.

In conclusion, Arthrodesis is a suitable option
for elderly patients with limited mobilization who
are tired of repeated revision surgeries. Due to its
high fusion and low complication rate, Ca-CEF is an
effective method in the treatment of difficult knee
arthrodesis required after infected TKA.
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