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ORIGINAL ARTICLE
The role of intraoperative frozen section analysis in joint arthroplasty
with CD66b immunohistochemical staining
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Abstract
The preoperative diagnosis of infection during joint arthroplasty is important for clinical management.
However, the evaluation of polymorphonuclear leukocytes (PMNs) during frozen section analysis is
sometimes difficult due to frozen artifacts. In the present study, we sought to investigate the utility
of intraoperative fresh frozen section (FFS) examination for diagnosis of infection and to evaluate
whether the neutrophil-specific surface marker CD66b helps to improve the diagnostic accuracy of
infection. A consecutive series of 65 original frozen sections at the time of resection arthroplasty
was retrospectively reviewed compared with corresponding permanent sections. The presence of
PMNs was determined using intraoperative FFS and permanent sections. Furthermore, CD66b
staining was performed to identify PMNs clearly. The ratio of male to female patients was 21:42.
The mean age was 70 years. Postoperatively, 25 of 65 cases were histologically diagnosed with
infection (25/65; 39%). The sensitivity and specificity of intraoperative FFS relative to permanent
section histology were 100% (25/25) and 95% (38/40), respectively. Among 40 patients without
infection, two showed false-positive results during intraoperative FFS diagnosis (2/40, 5%). In
addition, on CD66b staining, six cases (9%) experienced changes in results, which altered the
sensitivity and specificity of intraoperative FFS compared with permanent histology only to 87%
and 87%, respectively. In conclusion, the diagnostic performance of intraoperative FFS is high and
comparable to yields of permanent section histology. Therefore, intraoperative FFS is highly suitable
diagnostic method for detection of infection during joint arthroplasty. And CD66b immunostaining
facilitates delicate identification of PMNs, especially in equivocal cases.
Keywords: Intraoperative fresh frozen section (FFS), polymorphonuclear leukocytes (PMNs),
diagnostic accuracy, CD66b staining
INTRODUCTION
Intraoperative fresh frozen section (FFS) analysis
as an adjunct for detecting acute inflammation
was first introduced by Charosky et al.1 In
practice, surgeons rely on intraoperative FFS
histology to decide whether to immediately
implant a definitive prosthesis or to insert an
antibiotic-impregnated cement spacer prior to
implanting a prosthesis, weeks or months later.2
However, the evaluation of polymorphonuclear
leukocytes (PMNs) in intraoperative FFS is
sometimes demanding. Musso et al.3 reported
several misinterpretations in evaluating PMNs
in intraoperative FFS; for example, they can be

caused by sampling error and thermal artifact.
If the sample is collected late when leukocyte
and perivascular neutrophil migration may
have already been initiated by surgical stress,
the possibility of false-positive results can
increase. Moreover, tissue from deep sites can
lead to misinterpretation by including marrow
elements. Thermal artifacts can also induce errors
because it can provoke morphological change
in histiocytes and result in shrinkage of nuclei
to imitate neutrophils. Facing these challenges
may increase intraobserver and interobserver
discrepancy and decrease the sensitivity of
intraoperative FFS analysis. Feldman et al.4
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described several criteria to reduce the frequency
of sampling error; however, misinterpretations
including thermal artifacts are difficult to control.
Thus, many studies have yielded variable results
on the usefulness of intraoperative FFS as a guide
in identifying infection during operations.3,5-7
Cluster of differentiation 66b (CD66b),
neutrophil-specific surface marker, is a
glycosylphosphatidylinositol (GPI)-anchored
glycoprotein which is solely expressed by
polymorphonuclear leucocytes (PMNs), but
not by monocytes or lymphocytes.8 For this
reason, immunostaining for CD66b can be used
to evaluate neutrophils more precisely and has
been performed in many studies to identify
tumour-associated neutrophils.9-13
In this study, we analysed the performance of
intraoperative FFS to diagnose infection during
joint arthroplasty and assessed the utility of
CD66b to enhance the diagnostic accuracy of
permanent section histology.
MATERIALS AND METHODS
Study population
After receiving institutional review board
approval, we performed a retrospective analysis
of 69 cases that yielded an FFS for intraoperative
consultation from 63 patients who underwent
resection arthroplasty in either the knee, the hip,
the shoulder, or the ankle for the treatment of deep
infection from January 2005 to December 2017.
Ethics statement
All human tissue specimens were obtained
during diagnostic and therapeutic surgery. All of
the samples were anonymised beforehand. This
study was approved by the Institutional Review
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Board of Ewha Womans University Mokdong
Hospital (IRB No. 2019-11-039).
Frozen section slide review compared with
subsequent permanent sections
Haematoxylin and eosin–stained frozen
section slides were retrospectively reviewed in
comparison with permanent sections according to
the following protocol as previously described5:
(1) granulation tissue was preferentially analysed,
(2) at least two samples of tissue were used, (3)
the five most cellular fields of PMNs were
analysed, and (4) surface fibrin and inflammatory
exudate were excluded for evaluation. The
cases were considered as positive when there
were more than 10 PMNs per high-power field
(HPF). Although the International Consensus
Meeting on Periprosthetic Joint Infection (PJI)
(2013) suggested a threshold of five per HPF
(×400)14, we used a threshold of 10 PMNs for
this research, which showed greater specificity
and similar sensitivity for diagnosing PJI than
was found when using five PMNs per HPF
(×400) in a meta-analysis study.15 Based on the
criteria mentioned above, four cases in whom
the inflammation was evaluated in inflammatory
exudate and fibrin (interpretation error)
(Figure 1) were excluded from this study.
Immunohistochemistry
Immunohistochemical staining of CD66b (clone
G10F5, 1:100, BD Biosciences, CA, USA) was
performed to identify neutrophils in 62 cases,
excluding three cases where paraffin blocks were
not available. In brief, 4 µm thick sections from
paraffin blocks were deparaffinised in xylene
and rehydrated through graded concentrations

FIG. 1: Cases in which infection was evaluated in fibrin (A) or inflammatory exudates (B) were classified as
interpretation errors and were excluded from this study [Haematoxylin-eosin, original magnification x
200].
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of ethanol. The sections were placed in Bond
Max automated stainer (Leica Biosystems, USA).
Antigen retrieval was performed in antigen
retrieval solution (Citrate-buffer pH6.0) at 100℃
for 20min. After washing steps, peroxidase
blocking was carried out for 10min using the
Bond Polymer Refine Detection Kit. Tissues
were again washed and then incubated with
the primary antibody for 6min. Subsequently,
tissues were incubated with polymer for 8min
and developed with DAB-chromogen for 10min.
Sensitivity and specificity
To assess the diagnostic performance of
intraoperative FFS compared to permanent
section, synovial fluid culture and CD66b
immunohistochemical staining, sensitivity and
specificity were calculated. Sensitivity is defined
as the test’s ability to detect the infection when
the infection is present. And specificity is the
test’s ability to exclude the infection when the
infection is absent.
RESULTS
The clinical features of the study population
are summarised in Table 1. The majority of the
study patients was female (42/63, 67%), and the
median age of all 63 patients was 70 years. The
infected tissues were mainly obtained from the
knee (49/69, 71%), followed by the hip (12/69,
17%), the shoulder (3/69, 6%), the ankle (3/69,
4%), and the humerus (1/69, 1%).
Of the 65 frozen sections investigated, there
were 27 cases reported to be “infected” with
evidence of acute inflammation defined by the
existence of 10 PMNs/HPF or more in at least
five separate fields. Thirty-eight cases were
TABLE 1: Clinical characteristics of patients
Variables (N = 63)
Age, year
Median (range)
Sex
Male
Female
Operation site
Knee
Hip
Shoulder
Ankle
Humerus

n (%)
70 (29-84)
21 (33)
42 (67)
49 (71)
12 (17)
4 (6)
3 (4)
1 (1)

considered “non-infected” due to observation
of less than 10 PMNs per HPF. Intraoperative
FFS and permanent section diagnoses were
concordant for all 65 cases, except for two
that were reported as positive for infection
in the intraoperative FFS but were proven to
be negative with permanent section histology
and CD66b immunohistochemical staining
(i.e., false-positive cases). These discrepancies
were attributed to misinterpretations of the
intraoperative FFS (Figure 2). The sensitivity
and specificity of the intraoperative FFS
results relative to those from permanent section
histology were 100% and 95%, respectively
(Table 2). Out of 39 cases undergoing
intraoperative culture with synovial fluid, four
(10%) showed microorganisms in their cultures.
The most cultured pathogen was Staphylococcus
aureus including methicillin-resistant organisms.
Relative to the culture findings, the sensitivity
and specificity of intraoperative FFS were 100%
and 57%, respectively (Table 2). Among 62 cases
undergoing immunohistochemical staining for
CD66b, six showed discrepancies in their results.
Three cases with acute inflammation revealed
by both intraoperative FFS and permanent
section histology presented negativity in CD66b
staining (i.e., false-positive cases). Conversely,
another three cases without acute inflammation
in both intraoperative FFS and permanent section
histology appeared positive in CD66b staining
(i.e., false-negative cases) (Table 3). The use of
CD66b staining helped to detect PMNs more
clearly (Figure 3) and revised the sensitivity and
specificity of intraoperative FFS compared to
that of permanent section histology with CD66b
staining to 87% and 87%, respectively (Table 2).
DISCUSSION
This study evaluated the efficacy of intraoperative
frozen sections in comparison with permanent
sections of joint arthroplasty and demonstrated
that frozen section histopathology is one of the
important and accurate diagnostic variables that
can help facilitate a surgeon’s optimal treatment
decision, especially when periprosthetic joint
infection is suspected. Infection of the joint is
a critical complication after joint arthroplasty
and is associated with increased morbidity.16
However, diagnosis of periprosthetic joint
infection is sometimes demanding, and several
preoperative clinical tests that have been applied
for the diagnosis of periprosthetic joint infection,
including C-reactive protein level, erythrocyte
sedimentation rate, synovial white blood cell
407
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FIG. 2: Infection with 10 PMNs or more per HPF was reported in intraoperative fresh frozen section analysis (A,
B), but only a few neutrophils (< 10 PMNs per HPF) were detected in postoperative permanent section
analysis (C) and with CD66b staining (D). This was classified as a false-positive case [Haematoxylineosin, original magnifications x 200 (A, C) and x 400 (B, D)].

count, and culture, are not conclusive for
detecting infection.14
Many studies have evaluated the usefulness
of intraoperative FFS in diagnosing infection,
and intraoperative FFS analysis has become
generally accepted as a reliable test. However, it
cannot be used as the sole basis for the surgical
decision because, although the specificity of
intraoperative FFS is high, the sensitivity is
low, especially in cases of suspected aseptic
loosening.17 In addition, the diagnostic values of
intraoperative FFS analysis vary between studies,
with sensitivity and specificity ranging from 18%
to 100% and 55% to 100%, respectively.2 These
variations among studies can be explained by
differences in the surgical sampling of specimens,
technique or experience of the examining
pathologists, number and diameter of microscopic
fields examined, underlying joint disease, age
of the prostheses, acuity of presentation, and
antecedent use of antimicrobial agents.5 Among
these methodological differences, the accuracy
of frozen section diagnosis by experienced
408

pathologists is critical.
Our study showed that the specificity and
sensitivity for intraoperative FFS analysis in
comparison with postoperative permanent section
analysis were 95% and 100%, respectively. On
the other hand, the sensitivity and specificity for
intraoperative FFS analysis compared with that of
culture were 100% and 57%, respectively. Unlike
in our study, most previous investigations have
compared the utility of intraoperative FFS with
culture despite identification of any organism.
Moreover, they used five PMNs as a cutoff
point as proposed by the MSIS14 and reported
low sensitivity and high specificity. However,
we felt that the culture test was not reliable
because most patients were given preoperative
intravenous antibiotics for many reasons during
the study period, which might have altered the
culture results and study outcomes. We used 10
PMNs as a cutoff point based on the findings of
a large study with meta-analysis.15
In particular, this study has one major
strength. We evaluated the presence of acute
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TABLE 2: The sensitivity and specificity of intraoperative fresh frozen section in detecting
infection compared to various diagnostic methods.
Intraoperative

FFS diagnosis

Positive

Non-infected

0

Infecteda

PS

25

b

Total

Total

Negativeb

a

2

27

38

25

38

40

65

Sensitivity = 100% (25/25), Specificity = 95% (38/40)

Intraoperative

Synovial fluid culture

FFS diagnosis

Organism (+)

Organism (-)

Non-infected

0

20

Infecteda

4

b

Total

15

4

Sensitivity = 100% (4/4), Specificity = 57% (20/35)
Intraoperative

19

20

35

39

PS with CD66b staining

FFS diagnosis

Positivea

Negativeb

Non-infected

3

34

Infecteda

Total

20

b

Total

Total

5

23

Sensitivity = 87% (20/23), Specificity = 87% (34/39)

25

37

39

62

Count of polymorphonuclear leukocytes (PMNs) ≥10/high power field
Count of polymorphonuclear leukocytes (PMNs) <10/high power field
FFS, fresh frozen section; PS, permanent section

a

b

inflammation using CD66b immunostaining
to identify PMNs better. In contrast with
previous studies, we attempted to identify
PMNs not only by morphology, but also

immunohistochemistry to reduce the pathologistdependent variability. Morawietz et al.18 adopted
CD15 immunohistochemistry and periodic acidSchiff staining to count neutrophilic granulocytes

TABLE 3: Comparison of the result of CD66b staining with that of permanent section histology
Age/Sex

Operation
site

Case #24

74/F

Knee

Case #46

66/F

Knee

Case #57

79/F

Case #17

Intraoperative
FFS analysis

Postoperative
PS analysis

CD66b

Final result

Positive

(-)

False (+)

Infected

Positive

(-)

False (+)

Knee

Infected

Positive

(-)

False (+)

56/F

Knee

Non-infected

Negative

(+)

False (-)

Case #31

71/F

Knee

Non-infected

Negative

(+)

False (-)

Case #50

68/M

Knee

Non-infected

Negative

(+)

False (-)

Infected

FFS, fresh frozen section; PS, permanent section
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FIG. 3: Inflamed granulation tissue with many neutrophils (> 10 PMNs per HPF) in intraoperative fresh frozen
section analysis (A) and with CD66b staining (B) [Haematoxylin-eosin, original magnification x 400 (A, B).

and recommended using CD15 if the evaluation
of neutrophils was challenging in haematoxylin
and eosin–stained slides. However, CD15 is not
a specific marker for neutrophils. For this reason,
we performed CD66b immunohistochemistry
in our study. CD66b is a highly glycosylated
carcinoembryonic antigen family protein
encoded by the CGM6 gene that can be used
to identify neutrophils and has been adopted
in many cases to identify tumour-associated
neutrophils, including renal cell carcinoma, liver
cancer, and gastric cancer.19-21 CD66b is reported
to be expressed exclusively in neutrophils22
and is predominantly stored in the intracellular
cytoplasm of resting neutrophils. When tissue is
frozen, thermal artifact is identified within the
tissue, and most of the cells including PMNs
experience morphological change. It is not easy
to assess neutrophils correctly in frozen sections
because they may appear to be splayed out with
smudgy chromatin and unclear cell borders.23 In
addition, the nucleus usually appears enlarged
and pale. Although it is demanding for the
pathologist to distinguish and count neutrophils
clearly, the immunohistochemical stain helped to
quantify PMNs more accurately (Figure 3). After
CD66b staining, we mitigated the occurrence of
false evaluation in six cases. Thus, the use of
CD66b staining helped to evaluate the presence
of PMNs more accurately and to facilitate precise
counting.
Our study has several limitations. First, it
was designed to be performed retrospectively.
Therefore, it includes limitations and biases in
patient selection and interpretation as a result
of the study design. Second, the study was
performed in a single institution with a small
sample size. Third, the data of cultures were
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limited because intraoperative joint aspiration
was not routinely conducted in patients with
infected joints, and microbiologic culture
revealed false-negative results in some cases.
In conclusion, intraoperative FFS analysis
presented extremely good results and showed
concordance with the outcomes of permanent
section analysis and CD66b staining. Therefore,
intraoperative frozen section analysis is a reliable
technique for inclusion in the diagnostic workup. Furthermore, the immunohistochemical
stain CD66b could help to quantify PMNs more
accurately and decrease diagnostic errors.
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