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Abstract Clinical findings and blood parameters often
are inconclusive in patients with periprosthetic joint
infections. Among the accepted criteria for diagnosis, his-
tologic analysis of debrided tissue can detect infection in
most cases but does not allow intraoperative decision
making. We evaluated the validity of intraoperative frozen
sections for detection of prosthetic infections. The results
from frozen and permanent sections of periprosthetic
membranes of 64 consecutive patients who underwent
exchange procedures after hip arthroplasty were com-
pared using the histopathologic consensus classification of
Morawietz et al. Blood parameters (erythrocyte sedimen-
tation rate, leukocyte count, C-reactive protein) and culture
results of preoperatively aspirated joint fluid and intraop-
erative tissue samples were correlated with the histologic
results. In 50 patients (78.1%), agreement was found
between the frozen and permanent sections. Two patients
(3.1%) revealed a discrepancy between the two histologic
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methods. In 12 patients (18.8%), a diagnosis was not
possible based on the frozen sections because the tissue
samples were not representative enough for definite clas-
sification. For the analyzable cases (n = 52), the sensitivity
of frozen-section histologic analysis was 86.6%, specificity
100%, and accuracy 96.2%. Our data support a recom-
mendation for use of intraoperative frozen sections for
diagnosis of septic versus aseptic loosening in revision hip
surgery.

Level of Evidence: Level II, diagnostic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

The decision to remove an endoprosthetic implant attrib-
utable to infection results in severe hardship for the
patients. The present preoperative diagnostic algorithms
including the analysis of blood parameters and microbio-
logic evaluation of joint aspirates often do not confirm the
presence of infection owing to low sensitivity and/or
specificity. As a result, preoperative confirmation of peri-
prosthetic infection, especially low-grade infection,
remains a diagnostic challenge for the clinician.

Often, preoperative laboratory analysis is inconclusive
and surgeons must proceed with an explanation based
solely on the presence of pain and impaired joint function
[7]. Preoperative laboratory analysis usually includes
evaluation of the erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP) level, and culture results of joint
fluid aspiration [3, 9, 19]. Joint fluid analysis that is sug-
gestive of a periprosthetic infection, despite negative
culture includes a total leukocyte count greater than 1700
to 3000 leukocytes (WBCs) per mL with greater than 60%
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neutrophils (PMNSs) in the synovial fluid [9, 15, 20]. In
joint aspiration, correct needle placement must be con-
firmed, especially in patients who are obese or patients
with acetabular protrusions or periarticular ossifications.
Dilution of the aspirate by saline irrigation into the joint
compromises the cell quantification and the microbiologic
analysis. It has been shown that microbiologic examination
of joint aspirations and tissue samples obtained surgically
without removal of the prosthesis can yield false-negative
results in 28% and 14%, respectively [17]. The pseudo-
membrane of the bone-implant interface represents a tissue
of high diagnostic value but is not accessible without
exchange of the prosthesis [8, 13, 21].

Histopathologic analysis of periprosthetic tissue differ-
entiates more precisely between aseptic and septic
loosening. The number of PMNs at x400 magnification
(high-power field [HPF]) is the decisive parameter in his-
topathologic examination [6]. Some working groups have
evaluated the usability of intraoperative frozen sections,
using different thresholds for the PMN numbers with an
acceptable range of sensitivity and specificity [1, 10].
However, an independent study came to a sensitivity of
28.5% and specificity of 100% for the criterion of Feldman
et al. [10] (at least five PMNs in five HPFs) and a sensi-
tivity of 71.4% and specificity of 64.2% for the criterion of
Athanasou et al. [1] (at least one PMN per HPF in 10
HPFs) [6].

Our study is the first investigating the validity and
reliability of intraoperative frozen sections using the
consensus classification of Morawietz et al. [16]. The
classification is based on neutrophil granulocytes number
(at least two PMNs in 10 HPFs) and on additional histo-
logic criteria, such as lymphocytes, plasma cells,
multinucleated cells, and wear particles, allowing the dif-
ferentiation between four types of loosening membranes
(Table 1).

The aim of our study was to compare the results of
intraoperative frozen sections with the final analysis of

permanent histology using the above-stated classification
system [16] in correlation with other diagnostic parameters
of periprosthetic infection. Our hypothesis was that fresh-
frozen-section histologic analysis of the periprosthetic
membrane would substantially enhance the diagnostic
outcome regarding detection of periprosthetic infections
and therefore could facilitate the decision between one-
stage or two-stage revision surgery. The primary questions
were: (1) Would a representative analysis of frozen sec-
tions during the revision procedure be possible in each
patient? (2) Would there be concordance between the
intraoperative statement of the pathologist and the
definitive result of the permanent histology, allowing
intraoperative diagnosis of a periprosthetic infection. The
secondary questions were: (1) How would the histologic
results correlate with other diagnostic methods, such as
blood parameters of infection and the microbiologic anal-
ysis of joint fluid aspiration and intraoperative samples? (2)
Would the exclusive use of the intraoperative frozen sec-
tion be sufficient for evaluation of a periprosthetic
infection?

Materials and Methods

In this prospective study, 64 consecutive patients were
included who underwent one- or two-stage exchange pro-
cedures attributable to component loosening after hip
arthroplasty from January 2007 to June 2008. Patients
preoperatively diagnosed as having septic and aseptic
loosening were included. Surgery was performed by two
surgeons (SWT, CP). The average age of the 37 female and
26 male patients was 66.7 years (range, 24-89 years)
(Table 2). All patients gave informed consent before par-
ticipating in the study.

A periprosthetic infection was diagnosed according to
the following established criteria [2]: when the same bac-
terial organism was identified in at least two tissue

Table 1. Definition of the histologic types of periprosthetic membranes [16]

Type

Characteristics

Type I: Periprosthetic membrane of the wear-particle-
induced type

Type II: Periprosthetic membrane of the infectious type

Infiltration of predominantly macrophages and multinuclear giant cells containing
polyethylene particles

Activated fibroblasts, proliferation of small blood vessels, edema, and

inflammatory infiltrate of at least two neutrophilic granulocytes per high-power
field in at least 10 high-power fields

Type III: Periprosthetic membrane of the combined type

Combination of the histomorphologic changes described for Types I and 11

Type IV: Periprosthetic membrane of the indeterminate type Connective tissue low in cells and rich in collagen fibers

(noninfectious, non-wear-particle-induced)

(Reprinted with permission of the BMJ Group from Morawietz L, Classen RA, Schroder JH, Dynybil C, Perka C, Skwara A, Niedel J, Gehrke T,
Frommelt L, Hansen T, Otto M, Barden B, Aigner T, Stiehl P, Schubert T, Meyer-Scholten C, Konig A, Strobel P, Rader CP, Kirschner S,
Lintner F, Ruther W, Bos I, Hendrich C, Kriegsmann J, Krenn V. Proposal for a histopathological consensus classification of the periprosthetic

interface membrane. J Clin Pathol. 2006;59:591-597.)
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Table 2. Epidemiology and data from preoperative, intraoperative, and postoperative evaluations

Parameter Aseptic loosening (n = 45) Septic loosening (n = 19) p Value
Mean age (years) 65.8 (range, 24-89) 65.0 (range, 51-74) 0.66
Male/female 18/27 9/10 0.59
Previous surgery

Primary arthroplasty 24 11

Revision arthroplasty 21 8 0.74
Preoperative findings

ESR > 30 mm/hour 5 14

Mean =+ standard deviation (mm/hour) 19.8 £ 8.7 (range, 4-40) 48.1 £ 22.0 (range, 22-98) < 0.001

Serum WBC > 10 x 10°/L 4 4

Mean =+ standard deviation (x 109/L) 6.9 + 2.0 (range, 3.8-12.7) 8.0 £ 1.9 (range, 5.4-10.8) 0.06

Serum CRP > 10 mg/L 9 11

Mean =+ standard deviation (mg/L) 9.6 = 18.1 (range,1.0-51.5) 24.8 + 42.4 (range, 1.7-166.5) 0.15
Microbiologic analysis 0.05

Single positive 5 3

Double positive 5
Infection criteria

Visible purulence 0 5

Sinus tract 0 3

Positive frozen section (n = 52) 0 (n=37) 13 (n = 15) < 0.001

ESR = erythrocyte sedimentation rate; WBC = leukocyte count; CRP = C-reactive protein.

samples, when purulence was detected in the joint, when
the permanent sections showed evidence of infection [16],
or when a hip-associated sinus tract was present. If none of
these criteria was found, the loosening was defined as
aseptic [21]. Nineteen of the 64 patients were diagnosed
with a periprosthetic infection according to the above-
stated criteria [2] (same bacterial organism in two tissue
samples, purulence, positive permanent section [16], or
hip-associated sinus tract).

Preoperative blood tests included ESR, peripheral WBC,
and CRP. Elevation of the respective values greater than
30 mm/hour (ESR), 10.0 x 10°/L (WBC), and 10 mg/L
(CRP) were rated pathologic [3, 19]. Aspirates of joint fluid
were obtained preoperatively from the affected hips of all
patients. Care was taken that antibiotics had not been used
by the patients for at least 14 days before revision surgery.
In the cases where the clinical presentation suggested
infection, but the result of the aspiration was not suggestive
of infection, the latter was repeated once. Material from
each aspiration was cultured for 14 days unless bacterial
organisms were characterized sooner [12, 22]. During
surgery, three representative samples from the synovial
tissue and two samples from the bone-implant interface
were harvested and cultured for the microbiologic analysis,
which included at least 10 days of incubation [17].

Periprosthetic membranes were excised from the ace-
tabulum and the femur in the case of a total exchange
operation and from one site if only one component was
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exchanged. Tissue samples from the same region were
either fresh frozen or fixed in formalin. The 5-um sections
were stained with hematoxylin and eosin. Fresh-frozen
sections and permanent sections were classified according
to the score of a consensus classification [16] by a pathol-
ogist (LM) experienced in the use of this classification in a
blinded manner (Table 1). The interobserver reproducibil-
ity for the classification is 86%, which has been tested in a
large patient cohort with five different investigators [16].

Student’s t test was used for analysis of normally dis-
tributed continuous data for comparison of aseptic and septic
loosening. Categorical variables (positive/negative) were
compared using the McNemar test. Sensitivity, specificity,
positive predictive value, negative predictive value, and
accuracy for the diagnostic parameters used were calculated.
A Pearson correlation analysis was performed between all
parameters. For the latter, the microbiologic results of pre-
operative aspirations and intraoperative tissue samples were
pooled.

Results

The comparison of the histopathologic methods (fresh-fro-
zen versus permanent sections) yielded corresponding
results in 50 of 64 patients (78.1%). In 12 patients (18.8%),
the diagnosis could not be established definitely on the basis
of the frozen sections as the tissue samples were not
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representative enough for cryohistology. In these patients,
the tissue finally was classified in the permanent sections
(Table 3). In two patients (3.2%), the diagnosis of the
intraoperative frozen section was not confirmed by the per-
manent sections (Table 3). In one of these patients, evidence
for a periprosthetic infection was present preoperatively
(CRP, 15.4 mg/L; ESR, 78 mm/hour; Staphylococcus epi-
dermidis in the joint aspiration) and was confirmed in the
permanent sections (Type II) but was not detected in the
frozen sections (Type I). Owing to the preoperative data, a
two-stage exchange procedure was performed. The second
patient had a loosened cemented stem and was diagnosed
with an aseptic membrane type in the frozen sections (Type
I), whereas the evaluation of the paraffin histology described
a membrane of the combined type (infection and wear
induced). This led to the final diagnosis of a low-grade
infection with consecutive loosening as only the ESR
(52 mm/hour) had met the criteria of a periprosthetic
infection preoperatively. The patient underwent a complete
one-stage-exchange again with cemented components and
has not had any additional revision surgeries.

In eight patients whose diagnoses could not be estab-
lished on the basis of the frozen sections, the final
histologic results indicated aseptic loosenings. All param-
eters except for CRP elevation of 15.2 mg/dL in one
patient and positive microbiology (gram-positive cocci) in

Table 3. Patients’ data with different and inconclusive results

one tissue sample of another patient (rated contaminated)
confirmed these results. In all four patients diagnosed with
septic loosenings in the permanent sections, the ESR had
been elevated and two of them had the same organism in
two or more intraoperative tissue samples. Preoperative
joint aspirations were negative in all 12 of these patients
and in the patients with histologically confirmed infections.
The only diagnostic finding completely concordant with
the permanent histology was the ESR (Table 3).

We found a difference between the two diagnostic groups
(septic versus aseptic) only for the parameters ESR and
frozen section. Peripheral WBC, CRP, and the microbiologic
results did not show any differences (Table 2).

A Pearson analysis showed positive correlations
between the histology (frozen and permanent sections) and
all other diagnostic parameters apart from the peripheral
WBC (Table 4).

Sensitivity and specificity of the diagnostic tools have
been referenced to the above-stated standard criteria for the
diagnosis of infection. The sensitivity of the frozen sections
(86.6%) was greater than that of peripheral WBC (21.7%;
p < 0.002), microbiologic analysis (36.8%; p < 0.03), and
CRP (57.9%; p < 0.05), but did not differ from that of the
ESR (73.7%). Most interestingly, the specificity of the
intraoperative frozen sections was 100% compared with
the lower ratios of the other parameters (Table 5).

ESR WBC CRP Joint
(mm/hour) (x IOQ/L) (mg/L) aspiration

Soft tissue culture

Histologic type

Frozen section Permanent section

Patients with a discrepancy between frozen and permanent sections

23 78 4.75 15.4 Negative Staphylococcus I I
epidermidis

30 52 6.23 52 Negative Negative I I

Patients with inconclusive results in frozen sections (final diagnosis: aseptic loosening)

11 22 5.51 15.2 Negative Negative Ambiguous I or IV I

12 20 7.73 4.3 Negative Negative Ambiguous II or IV v

13 26 9.48 1.3 Negative Negative Ambiguous II or IV v

16 22 10.46 6.7 Negative Negative Ambiguous I or II I

29 18 5.70 2.0 Negative Negative Unclear 1AY

35 18 6.69 2.0 Negative Negative Unclear v

37 20 6.64 2.9 Negative gram —+ cocci (not further Unclear v
characterized)

61 16 6.31 1.0 Negative Negative Unclear v

Patients with inconclusive results in frozen sections (final diagnosis: septic loosening)

27 40 10.79 16.9 Negative Negative Unclear II

31 52 7.36 9.7 Negative gram + cocci (not further Unclear II
characterized)

38 32 7.23 1.7 Negative Negative Unclear III

56 30 7.83 3.7 Negative Proprionibacterium acnes Unclear I

ESR = erythrocyte sedimentation rate; WBC = leukocyte count; CRP = C-reactive protein.
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Table 4. Correlation analysis data from all evaluated diagnostic parameters

Diagnostic Statistics ESR WBC CRP Joint Soft tissue Frozen Permanent
parameter aspiration culture section section
ESR Pearson’s correlation 1.000
Two-tailed p value
Number 64
WBC Pearson’s correlation 0.228 1.000
Two-tailed p value 0.069
Number 64 64
CRP Pearson’s correlation 0.590" 0.225 1.000
Two-tailed p value 0.000 0.074
Number 64 64 64
Joint aspiration Pearson’s correlation 0.538" 0.262* 0.421% 1.000
Two-tailed p value 0.000 0.036 0.001
Number 64 64 64 64
Soft tissue culture Pearson’s correlation 0.352° 0.114 0.195 0.462° 1.000
Two-tailed p value 0.004 0.370 0.122 0.000
Number 64 64 64 64 64
Frozen section Pearson’s correlation 0.704" 0.252 0.297* 0.408" 0.410° 1.000
Two-tailed p value 0.000 0.071 0.032 0.003 0.003
Number 52 52 52 52 52 52
Permanent section  Pearson’s correlation  0.6867  0.238 0.249% 0.341% 0.389" 0.953" 1.000
Two-tailed p value 0.000 0.058 0.047 0.006 0.001 0.000
Number 64 64 64 64 64 52 64

* Pearson’s correlation with a p value less than 0.05; "Pearson’s correlation with a p value less than 0.01; ESR = erythrocyte sedimentation rate;

WBC = leukocyte count; CRP = C-reactive protein.

Table 5. Analysis of diagnostic parameters

Diagnostic parameter Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
ESR (n = 64) 73.7 88.9 73.7 88.9 84.4
WBC (n = 64) 21.1 91.1 50.0 73.2 70.3
CRP (n = 64) 57.9 80.0 55.0 81.8 73.4
Aspiration (n = 64) 15.8 97.8 75.0 73.3 73.4
Soft tissue culture (n = 64) 36.8 91.1 63.6 77.4 75.0
Frozen sections (n = 52) 86.6 100.0 100.0 94.9 96.2

PPV = positive predictive value; NPV = negative predictive value; ESR = erythrocyte sedimentation rate; WBC = leukocyte count;

CRP = C-reactive protein.

Discussion

Preoperative diagnostic parameters often are not con-
clusive enough to differentiate between aseptic and
septic loosening. Frozen sections seem to be the only
reliable tool for an intraoperative diagnosis. In this study
we attempted to verify whether the analysis of frozen
sections would allow a reliable decision regarding the
infectious status of a loosened hip prosthesis. To answer
this question, we compared the results of frozen sections
of intraoperative samples with those of established

@ Springer

diagnostic standards for infection including permanent
histology and clear clinical signs of infection in 64
patients.

The use of only one pathologist analyzing the histologic
sections is a potential limitation of the study. However,
data for interobserver agreement when using the histo-
pathologic consensus classification of Morawietz et al.
[16], showed the agreement to be 85% to 87% (two to five
pathologists involved in the study).

The major finding of our study was that frozen-section
histologic analysis surpassed microbiologic methods and
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blood parameters concerning sensitivity and specificity for
detection of periprosthetic infections. This was shown for
the first time using the consensus classification of
Morawietz et al. [16]. Nevertheless, a relevant percentage
of unclear results (19%) obtained from the frozen sections
pose a limitation to the method. Other studies investigating
frozen-section histologic analysis as a diagnostic method
for periprosthetic infections on the basis of the classifica-
tion systems of Feldman et al. [10] or Athanasou et al. [1]
do not report unclear results, but do report a lower sensi-
tivity based on a high number of false-negative results [0,
11]. The unclear diagnoses in our study were caused by the
inferior quality of fresh-frozen sections in comparison to
the paraffin-embedded permanent sections. As the techni-
cal assistants who performed the cryohistology and the
pathologist were highly experienced, an additional opti-
mization concerning this problem is not to be expected.

If an unclear result was obtained from histologic anal-
ysis of the intraoperative specimen, the method was
excluded from the diagnostic algorithm leading to a treat-
ment decision, and only the synopsis of the other available
parameters was used, causing no disadvantage for the
patients. However, if a diagnostic decision could be made
on the basis of the frozen sections, a comparison with the
results of the permanent histology showed a high correla-
tion between the two methods with a Pearson coefficient of
0.953. We observed only two false-negative results in all
64 patients, which, in our opinion, supports the use of the
classification system for diagnosis of intraoperative infec-
tion. Nevertheless, false-negative results can occur and the
intraoperative decision regarding the correct exchange
procedure always should be made based on all available
data.

Significant positive correlations of frozen-section his-
tologic analysis, although to a lower extent, were found
with all investigated parameters except for the peripheral
WBC, supporting the diagnostic value of the method. The
results of the statistical evaluation of standard blood
parameters indicating infection were found to be in
accordance with published results [19]. Sensitive parame-
ters such as the ESR and CRP are not specific. Often they
are depressed by antibiotic therapy [4, 14]. Furthermore,
sensitivity and specificity are influenced and reduced by
several factors, including accompanying illnesses. Chronic
inflammatory disorders of the digestive tract and rheumatic
diseases can lead to false-positive and false-negative
results. The exclusive use of ESR and CRP for diagnosis of
infection should not be relied on [3, 19]. Our results con-
firm the peripheral WBC should not be used for diagnosis
of periprosthetic infections owing to unacceptable sensi-
tivity and accuracy (Table 5).

The preoperative aspiration of joint fluid and microbi-
ologic culture of intraoperative tissue samples yielded a

high rate of false-negative results (Table 5), and therefore
cannot be accepted as a gold standard for diagnosis of
periprosthetic infection. However, when positive results are
obtained, the specificities are 97% and 91%, respectively.
Therefore a positive culture renders both methods valuable
which also is supported by another study [5]. An under-
estimated and contributing problem is that aspiration of an
adequate sample of fluid from the hip after arthroplasty
usually is more difficult to achieve than from a surgically
treated knee [18, 19].

Our results confirm the hypothesis that intraoperative
frozen-section histologic analysis can reliably detect peri-
prosthetic infections in most cases and consequently can be
used as a tool for decision making during exchange pro-
cedures. In the case of an unclear diagnosis in the frozen
sections, one still has to resort to other, above-discussed
parameters of the diagnostic pool, which have less sensi-
tivity or specificity but can provide crucial information in
the synopsis. When early periprosthetic infections, or well-
fixed, uncemented, or stable cemented implants are present,
the sampling of material from the periprosthetic interface
can be difficult and the harvested material may not be
representative enough for frozen-section histology. Estab-
lished methods such as permanent histology or innovative
new tools such as culturing of biofilms harvested from
implants with sonication [21] provide additional data to
reach a diagnosis. Nevertheless, these can be used only for
two-stage exchange procedures, such as when a definite
diagnosis cannot be established on the basis of frozen-
section histology and other parameters trigger suspicion for
a periprosthetic infection.

Frozen-section histology provides a reliable method to
detect a periprosthetic infection intraoperatively and has a
high correlation to results obtained from final permanent
sections, when using the consensus classification of
Morawietz et al. [16]. We therefore recommend routine use
of intraoperative frozen sections for differentiation of
aseptic and infection-associated implant loosening, at least
in cases with inconclusive preoperative findings.
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