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Preoperative Evaluations in Revision Total
Knee Arthroplasty

Jonathan Baré, MD, FRACS*; Steven J. MacDonald, MD, FRCSC*; and
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There are many causes of total knee arthroplasty failure, and
an accurate preoperative diagnosis is essential to optimize
the results of revision surgery. We discuss our standard pre-
operative evaluation routine and we retrospectively reviewed
the last 295 patients who underwent revision total knee ar-
throplasty to establish the clinical value of the most com-
monly performed investigations used to diagnose sepsis.
Routinely performed preoperative investigations include
erythrocyte sedimentation rate, C-reactive protein, microbi-
ology, bacteriology cultures of preoperative knee aspirations,
and intraoperative tissue bacteriology cultures. Each inves-
tigation was compared with the reason for revision (eg, septic
or aseptic) to establish the sensitivity, specificity, accuracy,
positive predictive value, and negative predictive value of
each. 79 cases (26.8%) were revised for infection. Of the
investigations, the ESR had a sensitivity of 0.63, a specificity
of 0.55, a positive predictive value of (.39, a negative predic-
tive value of 0.77, and an accuracy of 0.57. The respective
values for C-reactive protein were 0.6, 0.63, 0.45, 0.76, and
0.62, and 0.53, 0.94, 0.75, 0.85, and 0.83 for intraoperative
tissue culture. There was no preoperative investigation ac-
curate enough to be solely relied on for diagnosing infection.
We believe that clinical findings and the routine use of simple
tests such as C-reactive protein, ESR, and knee aspiration
yield predictable results.

Level of Evidence: Prognostic study, level II-1 (retrospective
study). See the Guidelines for Authors for a complete de-
scription of levels of evidence.
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Short-term and long-term failures for total knee arthro-
plasties (TKAs) along with increasing numbers of
TKAs have resulted in an ever increasing requirement for
revision total knee replacement surgery. The mode of
failure will generally dictate the type of revision that is
required. Therefore, an accurate preoperative failure
diagnosis is imperative. Vince and Long described
nine different categories of TKA failure (Table 1). These
include sepsis; fracture; stiffness; component breakage;
extensor mechanism rupture; malrotation and patellar in-
stability; tibiofemoral instability; undiagnosed pain; loos-
ening and progression of arthritis in a unicompartmental
replacement.®

A thorough history, physical examination, and basic
radiography (plain weightbearing anteroposterior [AP],
lateral, and patella skyline radiographs) are sufficient to
make a confident diagnosis in most cases. The cause of
some failures is more difficult to diagnose and requires
additional investigations. Sepsis can often be particularly
difficult to distinguish between other causes of pain and
stiffness.

We treat all septic failures with a two-stage revision
total knee arthroplasty (TKAR), while aseptic failures are
generally treated with a one-stage procedure. Deep infec-
tion is reported as a complication in 1.1-2.4% of pa-
tients.>'®>> Because of the greater success rate of two-
stage TKAR for septic failures,**%'"!>17-20-22 anq the
increased morbidity and cost of a two-stage procedure, we
believe that it is vital to distinguish between the two
groups preoperatively to plan for the appropriate surgery.
The gold standard investigation for the diagnosis of infec-
tion remains intraoperative tissue bacteriology cultures.'
However, there is no investigation that is 100% sensitive
and specific.

We discuss our standard preoperative evaluation
routine and review our experience to ascertain the sensi-
tivity, specificity, and accuracy of particular investiga-
tions, in isolation, to diagnose sepsis in our patient popu-
lation.
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Preoperative Evaluation

Radiography is a routine investigation used in the evalu-
ation of all TKAs. Radiography is used to evaluate pros-
thesis alignment, fixation, gross polyethylene wear, and
quality of periprosthetic bone. A typical preoperative se-
ries would include a weightbearing AP radiograph, a lat-
eral radiograph, and a patella skyline view. The AP radio-
graph is used to assess the overall sagittal knee alignment.
The extent of the osteolysis should also be evaluated. It
may be difficult to evaluate osteolysis on the femoral side
on the AP view; however, epicondylar lysis and fragmen-
tation should specifically be evaluated. The extent of tibial
osteolysis should be evaluated, specifically lysis below the
tibial tray and around screw holes. Lateral radiographs are
also used to assess the amount of lysis. Lysis around the
intercondylar notch is indicative of significant bone loss.
Assessing the tibial slope is also important. A progressive
increase in tibial slope may indicate posterior bone loss. A
solid component inserted with excessive posterior slope
may be a cause for sagittal plain instability in a cruciate
retaining implant because of posterior cruciate ligament
(PCL) disruption. Osteolysis around the tibial tuberosity
must also be assessed. Significant lysis in this region may
be a cause of extensor mechanism disruption or may be a
contraindication to performing a tibial tubercle osteotomy.
This assessment will help with preoperative planning if an
extensile exposure is required. Cementation should also be
assessed as all cement is usually removed at the time of
revision surgery. Excessive cement around a tibial stem
may be an indication to perform a tibial tubercle osteoto-
my to facilitate cement removal. The patella should be
assessed with a skyline view. This will give some indica-
tion of patella tracking and will show the thickness of the
remaining patellar bone so that appropriate preparations
can be made if patella reconstruction is required.

Radiological signs of sepsis are progressive osteolysis,
complete radiolucency around the prosthetic, bone inter-
face developing over a short period of time, endosteal
scalloping, and periosteal new bone formation (Fig 1)."°
Osteolysis is also seen commonly in aseptic loosening and
in bone exposed to polyethylene wear debris. It is the
authors’ experience that radiographs tend to underestimate
the true amount of bone loss. If the true bone loss is not
anticipated, appropriate preparations may not be made for
prosthetic augments, constraint, and the potential need for
allograft replacement. Plain radiography is the investiga-
tion of choice to diagnose the failed TKA in the majority
of cases (osteolysis, prosthetic loosening, fracture, and
component failure).*'

Although rarely used in our institution, computed to-
mography (CT) is a good tool for assessing malrotation of
the femoral component. Internal rotation of the femoral

Fig 1. A preoperative radiograph shows a TKA that failed sec-
ondary to sepsis. Image demonstrates periosteal new bone
formation, osteolysis and subsidence.

component is one of the most common surgical errors
leading to failure.>'° It causes patellofemoral maltracking
and pain, problems with knee flexion, and potentially early
prosthetic wear. A single slice CT scan through the epi-

TABLE 1. Types of Knee Arthroplasty Failure

Type Characteristics

I Loosening and progression of arthritis in a unicompartmental
replacement

Il Tibiofemoral instability

111 Malrotation and patellar instability

v Undiagnosed pain

V Component breakage

Vi Sepsis
VII Extensor mechanism rupture
VIl Stiffness

IX Fracture
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condyles can diagnose this problem by comparing the epi-
condylar axis to the femoral component posterior femoral
condylar axis. Correct femoral rotational alignment is
achieved if these two axes are parallel. This represents
external rotation of the femoral component by an average
of 3° (Fig 2) to the posterior condylar axis. Computed
tomography is not used in our institution for the assess-
ment of bone loss and has no role in the diagnosis of
infection.

Expensive, time consuming investigations such as tech-
netium bone scans, gallium scans, and indium labeled
white cell scans generally have comparable or lower sen-
sitivities and much lower specificities than simple serol-
ogy for the diagnosis of infection.””'* In our institution
they are only used in combination with other investiga-
tions when preoperative diagnosis has been difficult. They
should not be used as a first line investigation of sepsis.

The erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP) serological analysis are very useful
investigations in diagnosing and monitoring sepsis. Both
are elevated in the presence of infection, but are also el-
evated in the presence of most other inflammatory condi-
tions including postoperative states. The CRP is normally
only present in trace amounts, but increases to a maximum
value by 48 hours postoperatively.”® It then returns to
normal by 2-3 weeks postoperatively.'> The ESR is nor-

Fig 2. A single slice CT scan through the epicondylar axis of
a TKA is shown. The posterior condylar axis and the epicon-
dylar axis are parallel and demonstrate correct external rota-
tion of the femoral component by 3°.

mally less than 22 mm/hour, but tends to increase with
age.” It takes longer to elevate after surgery and may re-
main elevated for many weeks.'> This makes it less useful
than the CRP in following the progress of infection once
treatment has been initiated. For the diagnosis of sepsis in
a total hip replacement (THR), Spangehl et al** reported a
CRP of 10 mg/L and an ESR of 30 mm/hour to have a
sensitivity of 0.96 and 0.82 and a specificity of 0.92 and
0.85, respectively. To our knowledge, similar values for
sepsis in a TKA series have not been reported. It is less
clear as to how ESR and CRP values should change when
monitoring the response of infection during treatment. One
would expect both values to decline after the infection was
under control; however, there is no documented evidence
on what the values should decline to before it is safe to
reinsert the prosthesis when performing a two-stage revi-
sion for infection.

False positive results in knee aspirates can be seen with
contamination of the specimen. False negative results are
more frequently seen when the patient has been exposed to
antibiotics preaspiration.”’ The temptation to perform re-
peat aspirations of a knee in the setting of a negative result
should be avoided because of the potentially disastrous
side effect of inoculating a previously sterile joint. In ad-
dition to bacteriology cultures, knee aspirations are used
for microexamination.'® A synovial fluid white cell count
of more than 2500/mm® or a differential with more than
60% polymorphonuclear leukocytes suggest infection.'®

Before performing a revision TKA every attempt
should be made to locate medical records containing de-
tails of any previous knee surgery. Information such as
surgical approach, any previous technical difficulties, and
implant product stickers are essential for preoperative
planning. Precise details of the previous knee implanted
are always required if single component revision is con-
templated for a modular implant. In our experience with
this type of revision, a polyethylene exchange is the most
frequently performed operation. In addition to the poly-
ethylene matching the exact size and type of tibial base
plate, the surgeon must be prepared for a variety of poly-
ethylene thicknesses and in the case of cruciate retaining
implants, polyethylene with increased constraint (eg, deep-
dished). This will improve the chance of achieving a stable
knee revision. Information on the implant product stickers
may also be useful for implant removal because special
extraction devices are occasionally required. This may be
particularly important when removing stemmed implants.

MATERIALS AND METHODS

We retrospectively reviewed the charts of a consecutive series of
295 patients who had a revision TKA at our institution. To be
included in this group each patient must have had an intraopera-
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tive tissue culture and at least one ESR, CRP analysis, or a
preoperative knee aspiration. Our aim was to establish the sen-
sitivity, specificity, and accuracy of these investigations to di-
agnose sepsis. There were 216 (73.2%) patients revised for asep-
tic causes and 79 (26.8%) patients revised for septic failure. Of
the aseptic group, 17.4% of the patients had more than one
reason documented for revision. The documented causes for
aseptic revision were: loosening (46.2%), tibiofemoral instability
(21.8%), polyethylene wear (20.8%), osteolysis (8.3%), patello-
femoral failure (2.3%), and periprosthetic fracture (0.5%). Of all
the revision cases, the most commonly performed investigations
were intraoperative tissue culture in all 295 patients (100%),
ESR in 242 patients (82%), and CRP in 222 patients (75%).
Institutional ethics board approval was obtained prior to inclu-
sion in the study.

A diagnosis of infection as the reason for revision was based
on the classification of Spangehl et al.>* The classification re-
quires at least one of the following three criteria: (1) an open
wound or sinus in communication with the joint; (2) a systemic
infection with pain in the joint and purulent fluid with in the
joint; and (3) a positive result on at least three investigations
(ESR > 30 mm/hour, CRP > 10 mg/L, positive preoperative
aspiration, positive intraoperative tissue culture and frozen sec-
tion with > 5 polymorphonuclear leukocytes per high power
field).

Each patient was classified as having a septic or aseptic re-
vision according to the described criteria. These results were
then compared with the preoperative ESR, CRP, and intraopera-
tive tissue cultures to evaluate sensitivity, specificity, positive
predictive value, and negative predictive value for each investi-
gation. Sensitivity was calculated as the proportion of infected
TKA (proven on intraoperative tissue culture) correctly identi-
fied by an elevated ESR, CRP, and positive tissue culture (the
number of true positive results divided by the sum of the true
positive and false negative results). Specificity was calculated as
the proportion of aseptic TKA correctly identified by normal
values for ESR, CRP, and a negative tissue culture. Accuracy
was calculated as the ratio of true positive and true negative
results divided by the total number of results. Positive predictive
value was calculated as the ratio of true results to the total
number confirmed as infected with a positive tissue culture.
Negative predictive value was calculated as the ratio of true
negative results to the number of cases found not to be infected.

RESULTS

Intraoperative tissue cultures were the most accurate way
of diagnosing sepsis. Fifty-six of the 295 patients had a
positive intraoperative tissue culture, and 239 patients had
a negative intraoperative tissue culture. This represents a
sensitivity of 0.53, a specificity of 0.94, a positive predic-
tive value of 0.75, a negative predictive value of 0.85, and
an accuracy of 0.83 for intraoperative tissue culture being
diagnostic of infection.

Although less accurate than tissue cultures, both ESR
and CRP had better sensitivities for the diagnosis of in-

fection. One hundred twenty-two of the 242 patients
(75 septic, 167 aseptic) with preoperative ESR had an
ESR > 30 mm/hour and 120 patients had preoperative
ESR of = 30. This represents a sensitivity of 0.63, a speci-
ficity of 0.55, a positive predictive value of 0.39, a nega-
tive predictive value of 0.77, and an accuracy of 0.57 for
ESR being diagnostic of infection. Ninety-nine of the 222
patients (75 septic, 147 aseptic) with a preoperative CRP
had a CRP > 10 mg/L and 123 patients had a CRP = 10.
This represents a sensitivity of 0.60, a specificity of 0.63,
a positive predictive value of 0.45, a negative predictive
value of 0.76, and an accuracy of 0.62 for CRP being
diagnostic of infection.

DISCUSSION

In revision total knee replacement surgery, it is most im-
portant to distinguish septic from aseptic failure. At our
institution, the most commonly performed investigations
used to make this distinction are ESR, CRP analysis, and
intraoperative tissue bacterial cultures. The accuracy, sen-
sitivity and specificity of these investigations to make a
diagnosis of infection has not been clearly established.

The major limitation of this study is the use of a “gold
standard” with which to compare these investigations. We
used a classification described by Spangehl et al** which,
in most, cases was not independent of the variable to
which it was being compared. However, we believe that
this classification, which utilizes either multiple investiga-
tion results or a clinical setting of infection, was suffi-
ciently accurate to compare with a single investigation.

Our findings did not reflect those previously reported
for ESR and CRP in TKAR,** in which Spangehl et al
examined 202 revision hip replacements. They reported a
sensitivity and specificity of 0.83 and 0.85 for the ESR,
and 0.96 and 0.92 for the CRP analysis. Our respective
findings for the ESR were 0.62 and 0.55, and 0.60 and
0.63 for the CRP analysis. Unlike Spangehl et al,** we did
not exclude any patients on the basis of preexisting in-
flammatory conditions. Our results indicate that with such
low sensitivities and specificities, ESR or CRP analysis
cannot be solely relied on for an accurate diagnosis of
infection. The difference between the results may indicate
a difference in the inflammatory response generated in a
hip compared with a knee in the presence of infection.
Further work is needed to confirm this hypothesis. Our
findings did agree with previous work,”'*'® suggesting
that intraoperative tissue bacterial cultures are the single
most accurate investigation to confirm the presence of
infection (specificity 0.93, accuracy 0.83).

No single investigation can be relied on to diagnose
TKA failure preoperatively. The diagnosis requires a thor-
ough history, physical examination, and appropriately di-
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rected investigations. A combination of routine investiga-
tions such as plain radiography, ESR, and CRP analysis
are usually enough to give an adequate diagnosis to accu-
rately plan the revision TKA surgery. In cases where this
information is insufficient, more sophisticated tests such
as scintigraphy and CT scanning may be required.

Relatively low sensitivity and specificity for ESR and
CRP as isolated investigations were demonstrated in this
series of infected total knee arthroplasties. At present they
are used with plain radiography, history, and physical ex-
amination to make the vital distinction between septic and
aseptic failure. While the accuracy of the investigations is
acceptable, clearly there is opportunity for improvement in
the preoperative evaluation of the failed total knee arthro-
plasty patient.
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