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Intraoperative histology has a high specificity and sensitivity when a septic prosthesis loosening is suspected.
However, its usefulness to predict the presence of microorganisms when aseptic loosening is suspected is not
well defined. Intraoperative histology and cultures from periprosthetic tissue of 61 revision arthroplasties
performed owing to suspected aseptic loosening were retrospectively reviewed. Frozen sections were
evaluated following Mirra’s criteria (adapted by Feldman). Culture was considered positive when the same
microorganism was isolated in at least two samples. The cultures were positive in 12 cases and coagulase-
negative staphylococci were the most common microorganisms (11 cases). In six out of 12 cases (50%), the
histology revealed more than five polymorphonuclear leukocytes per high-power field. The sensitivity,
specificity, positive and negative predictive value of histology to detect the presence of microorganisms was
50, 81, 40 and 86%, respectively. In conclusion, intraoperative histology using Mirra’s criteria had a low
sensitivity to predict the presence of microorganisms in samples from suspected aseptic prosthetic loosening.
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To establish the correct diagnosis of joint prosthesis
loosening (septic or aseptic) is very important when
choosing the most appropriate surgery. The typical
symptoms such as redness, swelling and fever are
usually absent. Different tests can be performed
before surgery like C-reactive protein (CRP), ery-
throcyte sedimentation rate (ESR) and different
radiological techniques (scintigraphy or computed
tomography) as to obtain a final diagnosis, but these
tests usually have low sensitivity and specificity.
Therefore, in many cases, the definitive diagnosis is
only achieved at the time of intervention. Only two
intraoperative tests, Gram stain and histology, give

immediate information about the etiology of the
prosthesis loosening. However, Gram stain sensitiv-
ity is lower than 30%.1 The detection of more than
five polymorphonuclear leukocytes (PMN) in in-
traoperative frozen sections of periprosthetic tissue
has a high sensitivity and specificity.1–5 The number
of revision arthroplasties has increased in the last
years and the infection rate is higher than in primary
arthroplasties. To determine if this high infection
rate is associated with previous implant infection,
the majority of surgeons submit samples to the
microbiology laboratory in order to discard the
presence of an undetected infection. Surprisingly,
often when the loosening is considered aseptic,
microorganisms are isolated from deep samples.
These findings led some authors6 to include in the
new classification of prosthetic joint infections, the
‘positive intraoperative culture’ as a different entity.
In fact, this situation is a chronic infection that has
not been identified by usual diagnostic tests such as
histology of periprosthetic tissue. The usefulness of
histology has not been evaluated in depth in the
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literature in those patients with prosthetic loosening
without evident signs of infection (aseptic). For this
reason, we retrospectively reviewed intraoperative
histology and cultures in 102 patients who under-
went a revision arthroplasty for preoperative diag-
nosis of aseptic loosening.

Materials and methods

From January 1998 until February 2005, the results
of intraoperative histology of periprosthetic tissue
and the cultures of intraoperative samples of 102
revision arthroplasties for suspected aseptic loosen-
ing were retrospectively studied.

The samples for the histological study were
obtained from periprosthetic membranes or tissue
suspected to be infected. The frozen sections of
samples were studied using hematoxilin–eosin
stain and based on Mirra’s criteria (adapted by
Feldman).2,3 The result was considered positive
for infection if there were more than five PMN
per high-power field in at least five separate
microscopic fields (� 40).3 In addition, at least two
periprosthetic tissue samples from different sites
were submitted to the microbiology laboratory.
These samples were always taken before the admin-
istration of antibiotic prophylaxis. The culture was
considered positive when the same microorganism
was isolated in two or more samples.

Prosthetic joint loosening was preoperative clas-
sified as aseptic or septic regarding clinical (pain,
inflammatory signs, fistula) and/or biochemical
(CRP, ERS) and/or radiological data (simple X-ray,
Technetium99m methylene diphosphonate scinti-
graphy and Tecnetium99m hexamethylpropylene-
amineoxine-labelled leukocytes scintigraphy) and/
or microbiology results (culture of synovial fluid
obtained by joint aspiration).

Statistical Analysis

The specificity, sensitivity, positive and negative
predictive value of intraoperative histology was
determined using the isolation of a microorganism
in periprosthetic tissue as a gold standard.

Results

The characteristics of patients included are shown
in Table 1. A total of 102 revision hip arthroplasties
were performed during the study period. Forty-one
were excluded because they only had one intrao-
perative culture. The intraoperative histology and
culture results of the remaining 61 patients are
shown in Table 2. In all cases, there were no
macroscopic signs of infection and the result of
intraoperative histology coincided with permanent
sections of the same tissue. In 12 cases, a micro-
organism was identified at least in two samples

(19.6%), coagulase-negative staphylococci in 11 and
Peptococcus sp in one. In only six out of 12 patients
with positive culture, the pathologist identified
more than five PMN per high-power field (forty
times) in at least five separate microscopic fields
in periprosthetic tissue. Ten out of 12 were treated
with antibiotics for 3 months, and after 24 months of
follow-up, they were asymptomatic. The sensitivity,
specificity, positive and negative predictive value of
histology to predict the presence of a microorganism
in those patients with a suspected aseptic loosening
was 50, 81, 40 and 86%, respectively.

The sensitivity, specificity, positive predictive
value, negative predictive value and the gold
standard used to define infection of the main articles
that evaluate the usefulness of intraoperative histo-
logy are summarized in Table 3.

Discussion

The number of revision arthroplasties is increasing
each year. In fact, in some countries, this procedure
represents around 15% of annually implanted
prosthesis. Therefore, it is necessary to improve
diagnostic techniques in order to achieve a correct
final diagnosis that may help surgeons not only to
decide the best operative technique, but also to gain
insight into the pathogenesis of joint prosthesis
loosening. Up to now, there are no tests with high
sensitivity and specificity in order to establish the
correct preoperative diagnosis of prosthesis loosening,

Table 1 Characteristics of patients with aseptic loosening of hip
prosthesis

Aseptic loosening

Age (mean, range) 74.3 (52–90)
Male/female 28/33
No. of cultures (mean, range) 4 (2–9)
Mean CRP (mg/dl) 0.91
Mean ESR (mm/h) 21.5

CRP, C-reactive protein (normal value: o1 mg/dl); ESR, erythrocyte
sedimentation rate (normal value: o20 mm/h).

Table 2 Frozen section and culture results in 61 patients with
aseptic loosening

Frozen sectiona Culture Total

Positive Negative

Positive 6 9 15
Negative 6 40 46

Total 12 49

a
The result was considered positive for infection if there were more

than five PMN per high-power field (� 40) in at least five separate
microscopic fields.
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and in many cases the definitive diagnosis is
not achieved until the examination of periprosthetic
tissue. Histology has been considered the most
useful test to establish a correct diagnosis; however,
the systematic culture of periprosthetic tissue and a
better management of this samples (inoculation into
blood culture flasks7) have demonstrated that many
preoperative aseptic loosening were indeed septic.
In these patients, our results showed that intra-
operative histology had a low sensitivity (50%). It is
of note that the highest sensitivity and specificity
was achieved in those studies using as a gold
standard not only the microbiological results, but
also the result of permanent histology. As the
correlation between intraoperative and permanent
histology is over 95%,3,8,9 it is evident that the
diagnostic test (intraoperative histology) is included
in the criteria to establish the final diagnosis of
infection, therefore, hindering the correct evaluation
of sensitivity, specificity, positive and negative
predictive values.1,4 The present study and the more
recently published articles8,10–12 that used as gold
standard of infection the presence of microorgan-
isms in periprosthetic tissue coincide about the
lower values of sensitivity (Table 3). The problem
is the pathogenic significance of intraoperative
cultures in the absence of clinical symptoms
and inflammatory signs in periprosthetic tissue.
Recently, Tunney et al13 studied samples obtained
after sonicating 120 prosthesis, removed for sus-
pected aseptic loosening. They observed bacteria by
immunofluorescence microscopy in 63% of them
and by polymerase chain reaction amplified bacter-
ial DNA in 72%. The bacteria were present either as
single cells or in aggregates of up to 300 bacterial
cells, demonstrating that these microorganisms were
not contaminants. These findings support the
hypothesis that aseptic loosening is because of a
low-grade inflammatory response against biofilms
adhered to prosthesis surface, impeding the osteo-
integration. In addition, Dupont et al14 demonstrated
a higher percentage of infection rates after revision

arthroplasty in those patients with a positive
intraoperative culture (11%) than in those with
negative intraoperative culture (3%). In contrast,
several reports have previously documented a high
success rate with one-stage exchange for prosthetic
joint infection.15 This discrepancy could be related
with the use of local and systemic antibiotics. At
present, in order to rule out the possibility of
contamination, the same microorganism should be
isolated in at least two different samples. This
accepted criterion was applied in our study; how-
ever, it was not followed by other authors.8,11,12

Finally, the most common microorganism in our
study as in others was coagulase-negative staphylo-
cocci. It is of note that Mirra et al2 described the
criteria of positive result (45 PMN per field) in
infected cases because of Pseudomonas sp (n¼ 7),
Escherichia coli (n¼ 3), Proteus sp (n¼ 4), Strepto-
coccus sp (n¼ 2) and Staphylococcus aureus (n¼ 1)
and only in one case was due to coagulase-negative
staphylococci. This raises the question about the
usefulness of histology when the etiology is a low
virulent microorganism. Pace et al16 and Athanassou
et al17 found o5 PMN in 40% of cases when
coagulase-negative staphylococci and Propionibac-
terium acnes were isolated. In fact, Athanassou
et al17 and Pandey et al,18,19 using one PMN as cutoff
for infection, observed a sensitivity of 90%. It is
possible that in patients with aseptic loosening,
lowering the cutoff point (ie more than one PMN per
field) may improve the sensitivity of intraoperative
histology.

In conclusion, intraoperative histology, using
Mirra’s criteria, had a low sensitivity to predict the
presence of microorganisms in samples from sus-
pected aseptic prosthesis loosening.
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