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Abstract

Background The role of the synovial biopsy in the pre-
operative diagnosis of a periprosthetic joint infection (PJI)
of the hip has not been clearly defined.
Questions/purposes We asked whether the value of a
biopsy for a PJI is greater than that of aspiration and
C-reactive protein (CRP).

Methods Before revision in 100 hip endoprostheses, we
obtained CRP values, aspirated the joint, and obtained five
synovial biopsy samples for bacteriologic analysis and five
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for histologic analysis. Microbiologic and histologic anal-
yses of the periprosthetic tissue during revision surgery
were used to verify the results of the preoperative diag-
nostic methods. The minimum followup was 24 months
(median 32; range, 24-47 months).

Results  Forty-five of the 100 prostheses were identified as
infected. The biopsy, with a combination of the bacterio-
logic and histologic examinations, showed the greatest
diagnostic value of all the diagnostic procedures and led to
a sensitivity of 82% (95% CI, £ 11%), specificity of 98%
(95% CI, &+ 4%), positive predictive value of 97% (95%
CI, £ 5%), negative predictive value of 87% (95% CI, +
8.3%), and accuracy of 91%.

Conclusions The biopsy technique has a greater value
than aspiration and CRP in the diagnosis of PJI of the hip
(Masri et al. J Arthroplasty 22:72-78, 2007). In patients
with a negative aspirate, but increased CRP or clinical
signs of infection, we regard biopsy to be preferable to just
repeating the aspiration.

Level of Evidence Level Il prognostic study. See Guidelines
for Authors for a complete description of levels of evidence.

Introduction

A periprosthetic joint infection (PJI) is a severe compli-
cation of hip replacement surgery, with an incidence
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ranging between 1% and 3%, and has many consequences
[3, 18, 22]. Thus, accuracy of the preoperative diagnosis of
possible infection becomes especially important in patients
with loosened and painful hip endoprostheses [12].
Whereas early infections (occurring within the first
4 weeks after implantation) usually cause local and sys-
temic inflammatory reactions, these responses do not
always occur in patients with late infection [52]. This makes
the diagnosis of late periprosthetic infections more difficult.
The AAOS Work Group has developed guidelines for the
diagnosis of PJI and pointed out that C-reactive protein
(CRP) and aspiration are important methods in the diag-
nosis of PJI [1]. Aspiration allows precise identification of
bacteria and their antibiotic resistance pattern and provides
information for planning antibiotic therapy before surgery.
It also gives the surgeon the opportunity to add bacteria-
specific antibiotics to the bone cement during one-stage or
two-stage revision operations [5, 13, 15, 16, 20, 29, 30, 47,
49]. However, the literature reveals a large variance in the
diagnostic value of this method. Sensitivity varies from
12% to 89% and specificity from 50% to 100% (Table 1).
Lower sensitivities and specificities have been attributed to
contamination of the aspirated fluid with microorganisms of
the skin, for example, to bacteria that are difficult to grow in
culture, or to failure to discontinue antibiotic therapy before
the fluid was aspirated [30, 44]. Moreover, the method of
joint aspiration analysis varies among authors, namely in
the choice of culture medium and, in particular, in the
duration of the incubation period [5, 21, 26, 40, 49].

In a previous study, 145 knee prosthesis exchanges were
studied and preoperative synovial biopsy was superior to
joint aspiration and CRP for diagnosing periprosthetic
infections [17]. Even though the AAOS Work Group has
developed guidelines for the diagnosis of PJI [1], it is
unclear what choices or combinations of testing methods
provide the highest sensitivity, specificity, and positive
predictive value (PPV) for periprosthetic hip infections.

Therefore we asked: (1) which diagnostic procedure
(laboratory blood test of CRP, aspiration, or operative
biopsy with the combination of bacteriologic and histologic
analyses of the synovial tissue) has the highest diagnostic
value, (2) what is the diagnostic value of CRP, aspiration,
and bacteriologic and histologic examinations of the
synovial tissue alone, (3) does combining different ana-
lyzing techniques (CRP, aspiration, and operative biopsy)
improve the value in diagnosing PJI of hip endoprostheses,
and (4) what complication rate is associated with the
biopsy technique.

Patients and Methods

We prospectively followed all 100 patients who underwent
revision surgery of a hip endoprosthesis owing to component
loosening between January 2008 and June 2009. Prosthetic
loosening was defined when the patient had pain and
when the radiographic images fulfilled the criteria defined

Table 1. Values of microbiologic cultures of joint aspirations for diagnosis of infections

Study Number of hips Sensitivity Specificity PPV NPV Accuracy
Ali et al. [2] 73 82% 91% 74% 94% 89%
Barrack & Harris [5] 260 50% 88% 6% 99% 87%
Fehring & Cohen [13] 166 50% 88% - - 87%
Glithero et al. [20] 54% 89% 97% 94% 95% 94%
Itasaka et al. [25] 29 40% 92% 50% 88% 83%
Johnson et al. [26] 28%* 12% 81% 25% 65% 58%
Kraemer et al. [28] 45 57% 97% 89% 83% 84%
Lachiewicz et al. [29] 128 85% 97% - - 95%
Levitsky et al. [30] 72% 67% 96% 75% 94% 91%
Meermans & Haddad [36] 120% 83% 100% 100% 35% 84%
Miiller et al. [40] 50 57% 50% 78% 29% 54%
Panousis et al. [43] Q2% 70% 95% 78% 92% 90%
Somme et al. [47] 109 83% 100% 100% 86% 92%
Spangehl et al. [48] 202 86% 94% 67% 98% -
Steinbrink & Frommelt [49] 2158 82% 96% 87% 94% 92%
Teller et al. [50] 166* 28% 99% 83% 90% 90%
Virolainen et al. [52] 69 75% 100% - - -
Williams et al. [53] 273 80% 94% 81% 93% 90%

* Total knee and hip arthroplasties; PPV = positive predictive value; NPV = negative predictive value.

@ Springer



958  Fink et al.

Clinical Orthopaedics and Related Research®

by Brand et al. [8] and Manaster [32]: (1) progressive wid-
ening of the lucent zone in sequential studies, (2) greater
than 2 mm lucency at the cement-bone interface or metal-
bone interface (in noncemented prostheses), (3) any cement
fracture, or (4) changes of component position of a minimum
of 4 mm or 4°. Of the 100 patients, three had local clinical
signs of infection with an accompanying fistula. The mean
age of the patients was 68 £ 11 years (range, 4288 years);
49 patients were female and 51 were male. The BMI was
27 £ 4 (range, 17-44). The primary diagnosis was osteo-
arthritis in 93 patients and rheumatoid arthritis in seven.
Before revision all patients underwent a diagnostic opera-
tion that involved aspiration of the hip and synovial biopsy
using a mini-incision anterolateral approach. The diagnostic
operation was performed a median of 41 months (range, 4—
312 months) after the primary implantation (77 patients) or
the last revision operation (23 patients; 16 cup revisions, five
stem revisions, and two total revisions because of aseptic
component loosening). The minimum followup was
24 months (median, 32 months; range, 24—47 months). All
subjects gave informed consent to participate in the study
and the protocol was approved by the research ethics board
of our hospital.

CRP values were determined before surgery. None of
the patients was given any antibiotics during the 4 weeks
preceding the aspiration and biopsy according to the rec-
ommendation of Lonner et al. [31] and Fink [15] to
minimize the risk of antibiotic-induced false-negative
results. For the three patients with fistulae who had been
prescribed antibiotics for a suspected late infection of the
hip prosthesis, the antibiotic treatment was withdrawn and
the patients examined at weekly intervals until the date of
the operation. They also were informed of the required
management should a systemic infection arise, although
none occurred in any of the patients.

The joint aspiration and biopsy were performed under
sterile conditions in the operating room with the patient
under general anesthesia. The aspiration was performed
using an anterolateral approach under image intensifier
control as described by Kilcoyne and Kaplan [27]. If no
fluid was aspirated, the aspiration was repeated using a
superolateral approach according to McCurdy et al. [35]
(10 times), and if this second aspiration was unsuccessful,
10 mL of normal saline was injected and aspirated
according to Ali et al. [2] and Williams et al. [53] (two
times). The harvested fluid was immediately injected into
vials containing BD BACTEC-PEDS-PLUS™/F-Medium
(Becton Dickinson, Heidelberg, Germany). Originally
designed to optimize blood culturing from pediatric
patients, this medium was used because it has proven
superior to standard blood culture media in recovery and
time to detection of clinically important microorganisms in
samples of low volumes [17, 39]. The biopsy samples were
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obtained using arthroscopic biopsy forceps introduced via a
mini-incision anterolateral approach of 1 cm under image
intensifier control, and were taken from the synovial lining
and the periprosthetic tissue in five different areas of the
hip, close to the prosthesis. Afterward five tissue samples
were obtained for histologic examinations. Prophylactic
perioperative antibiotics as a single dose of cephalosporin
(2 g of cefazolin) were administered once all samples had
been obtained.

The biopsy samples were each placed in sterile tubes
and transferred together with the aspirated fluid to the
microbiologic laboratory within an hour of sampling.
Patient specimens were processed immediately after arrival
at the laboratory. The culture vials were treated with Fas-
tidious Organism Supplement (FOS) (Becton Dickinson), a
growth enhancer that improves cultivation of fastidious
organisms from normally sterile body fluids other than
blood, according to the manufacturer’s instructions and
incubated using the BD BACTEC™ 9050 automatic blood
culture system (Becton Dickinson). Cultures were discon-
tinued and considered negative if no growth was reported
after 14 days according to previous studies [24, 45, 49].
Cultivation of tissue samples was performed essentially as
previously described [4, 24, 42, 49, 52]. Media were
checked daily for bacterial growth. Broths that remained
clear were incubated for 14 days until the specimen was
considered negative as previously described [24, 45, 49].
Turbid broth was subcultured on appropriate agar plates.
Microorganisms were identified by standard microbiologic
procedures including biochemical characterization with the
API system (BioMerieux, Nuertingen, Germany). Antibi-
otic susceptibility testing was performed by disk diffusion
or dilution methods according to the Clinical and Labora-
tory Standards Institute (CLSI) guidelines [10].

The results of each series of tests (aspiration, bacteriology
of the biopsy, histology of the biopsy, and CRP) were eval-
uated individually. A hip was regarded as bacteriologically
positive if the same microorganism was identified in at least
two samples [6]. The hip was considered histologically
positive when at least five polymorphonuclear leukocytes
per high power field (x400) were identified in one of 10 such
fields [37, 38, 42]. A CRP value greater than 10 mg/L was
regarded as positive [9, 46, 51].

For interpretation of the biopsy data using combined
bacteriology and histology results, a synovial membrane
sample was regarded as positive (infected hip arthroplasty)
when at least one of the following conditions had been
fulfilled: (1) observation of the same microorganism in at
least two of the cultures, and (2) observation of a micro-
organism in at least one sample and of at least five
polymorphonuclear leukocytes per high power field (x400)
in the associated histologic preparation as previously
described [4, 31, 37, 38, 42, 52].
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In accordance with Virolainen et al. [52], the growth of a
microorganism in only one culture without any histologic
signs of infection (less than five polymorphonuclear leuko-
cytes per high power field) was regarded as a contamination.

During the revision surgery we took samples from five
areas close to the prosthesis (synovial lining and peri-
prosthetic connective tissue membrane) and incubated the
samples for 14 days as described above. In addition, we
obtained five samples from the same areas for histologic
assessment. Perioperative antibiotics were administered
once all the samples had been taken. The histologic anal-
ysis and interpretation of the microbiologic and histologic
results alone and in combination were the same as for the
diagnostic biopsy technique.

The diagnosis obtained from the revision surgery sam-
ples was regarded as the definitive result with respect to
periprosthetic infection and was used to evaluate the
diagnostic methods (joint aspiration, biopsy, and CRP). Of
the 100 revision operations, 55 were classified during
surgery as aseptic and 45 as septic, whereby the three
patients with fistulae were rated as having PJI by the tissue
analyses of the revision surgery. In 42 cases one microor-
ganism was identified (Table 2). In three patients, the
prosthesis was infected with two microorganisms (Propi-
onibacterium acnes and Streptococcus zooepidemicus,
Propionibacterium acnes and Staphylococcus capitis, and
Staphylococcus epidermidis and Staphylococcus capitis).

During followup, we examined the patients for possible
complications of the biopsy like injury of nerve of vessels,
delayed wound healing, or infection (every 3 months in the
first year and thereafter every 6 months). Recurrence of

Table 2. Identified microorganisms in the 45 cases of periprosthetic
infection and their frequency of detection

Number of
infected joints*

Identified microorganism

—_
[e ]

Staphylococcus epidermidis
Propionibacterium acnes
Staphylococcus aureus
Staphylococcus capitis
Staphylococcus caprae
Streptococcus agalactiae
Staphylococcus auricularis
Staphylococcus hominis
Staphylococcus lugdunensis
Other coagulase-negative staphylococci
Streptococcus anginosus
Streptococcus zooepidemicus

Murdochiella asaccharolytica

— R e e e e = = RN W N

Actinomyces neuii neuii

* Three patients had two microorganisms each.

infection after septic revisions and occurrence of infection
for aseptic revisions also were analyzed using the pub-
lished criteria (to be judged infection-free at the followup,
a patient had to be free of clinical signs for infection
[elevated temperature, local pain, redness, warmth, sinus
tract infection], have a CRP level less than 10 mg/L, and
no radiographic sign of osteolysis) [21, 34, 54, 55].

The sensitivity (true positives/[false negatives + true
positives]), the specificity (true negatives/[false posi-
tives + true negatives]), PPV (true positives/[true
positives + false positives]), and negative predictive value
(NPV) (true negatives/[true negatives + false negatives])
of each diagnostic method (aspiration, microbiologic
examination, histologic examination, CRP, and microbio-
logic and histologic examinations in combination for the
biopsy method, and the combination of the aspiration and
biopsy method as a diagnostic operation) and combination
of all diagnostic methods were determined. Bayes’ equa-
tion was used to calculate these statistics [23]. The
accuracy of the techniques was calculated from the sum of
the true positives and true negatives divided by the number
of tests that were done. All calculations were performed
using SPSS for Windows (Version 10.0; SPSS, Chicago,
IL, USA).

Results

The biopsy, with a combination of the bacteriologic and
histologic examinations, showed the greatest diagnostic
value of all the diagnostic procedures (laboratory blood
test, aspiration, or operative biopsy) investigated for iden-
tification of PJI. The combination of the bacteriologic and
histologic results of the biopsy samples using previously
described criteria [4, 42, 52], led to a sensitivity of 82%
(95% CI, £+ 11%), specificity of 98% (95% CI, &+ 4%),
PPV of 97% (95% CI, & 5%), NPV of 87% (95% CI, +
8.3%) and accuracy of 91% (Table 3).

Analyzing each test alone, we observed that, in the case
of CRP, 28 patients from the infected group had a CRP of
at least 10 mg/L, 17 did not and in nine of these 17, the
CRP level was at a normal level. In the group with non-
infected joints, 13 patients had a CRP of at least 10 mg/L
and 42 had a CRP less than 10 mg/L (Table 4). These data
calculated to a sensitivity of 64% (95% CI, £ 14%),
specificity of 75% (95% CI, + 12%), PPV of 67% (95%
CI, £ 14%), NPV of 72% (95% CI, £ 12%), and accuracy
of 70% (Table 3). Aspiration had a sensitivity of 64%
(95% CI, £+ 14%), specificity of 96% (95% CI, & 5%),
PPV of 94% (95% CI, & 9%), NPV of 77% (95% CI, +

10%), and accuracy of 82% (Table 3). The bacteriologic
examination of the biopsy samples alone (identification of
the same microorganism in at least two samples [6]) and
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Table 3. Value of the different diagnostic methods and combinations of these

Statistical parameter CRP Aspiration Histology Bacteriologic  Biopsy Diagnostic Total (Combination

[> 10 mg/L] examination aspiration of CRP, aspiration,
and biopsy and biopsy)

True positives (number) 29 29 28 33 37 39 38

True negatives (number) 41 53 55 54 54 54 48

False positives (number) 14 2 0 1 1 1 7

False negatives (number) 16 16 17 12 8 6 7

Sensitivity 64% £ 14% 64% £ 14% 62% + 14% 73% + 13% 82% £ 11% 87% + 10% 84% + 11%

(95% CI) (50; 78) (50; 78) (48; 76) (60; 86) (71; 93) (77; 97) (74; 95)

Specificity 5% £ 12%  96% + 5% 100% + 0% 98% + 4% B% £4%  98% 4%  87% £ 9%

(95% CI) (63; 86) (91; 100) (95; 100) (95; 100) (95; 100) (78; 96)

Positive predictive value  67% £ 14% 94% + 9% 100% + 0% 97% + 6% 97% £ 5%  98% + 5%  84% + 11%

(95% CI) (53; 81) (85; 100) (91; 100) (92; 100) (93; 100) (74; 95)

Negative predictive value 72% £+ 12% 77% + 10% 76% £+ 10% 82% + 9% 87% + 8%  90% + 8%  87% £ 9%

(95% CI) (60; 84) (67; 87) (66; 86) (73; 91) (79; 95) (82; 98) (78; 96)

Accuracy 70% 82% 83% 87% 91% 93% 86%

CRP = C-reactive protein.

Table 4. Comparison of diagnostic studies and intraoperative findings

Number CRP Aspiration Bacteriology Histology Biopsy Diagnostic aspiration Intraoperative

(n = 100) and biopsy

40 — - - — - - -

16 + + + + + + +

12 + - - - - - -

5 - + + + + + +

4 + - - - - - +

3 + - + - + + +

3 - + + - + + +

3 - - + - + + +

2 + - + + + + +

2 - + — - - - +

2 - - + + + +

1 + - + - + + -

1 + + + - + + +

1 + + - + + + +

1 + + - - - + -

1 + - - + + + +

1 + + - + - + +

1 - - - - - - +

1 - + - - - - -

CRP = C-reactive protein; positive bacterial finding is designated by a plus sign, negative finding by a minus sign; CRP greater than 10 mg/L is
designated by plus sign, CRP of 10 mg/L or less designated by a minus sign.

the histologic examinations alone [31, 37, 38, 42] showed
better diagnostic values than either CRP or aspiration
(Tables 3, 4).

When combining the results of the biopsy with those of
the aspiration, the result changed for two patients from
false negative to a true positive result which slightly
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increased the diagnostic value of combining these two
diagnostic methods (Tables 3, 4). An additional combina-
tion of the CRP analysis or other combinations of the
diagnostic methods did not improve the results (Table 3).

No complications occurred during this study; in partic-
ular, no infections, wound healing problems, and nerve or
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vascular injury were associated with this procedure. The
45 patients with infected hip prostheses subsequently
underwent two-stage revision surgery whereby bacteria-
specific antibiotics were added to the bone cement of the
spacer and bacteria-specific systemic antibiotic therapy
was initiated. During the subsequent followup from 24 to
47 months (median, 32 months), none of the patients had a
recurrent infection.

Discussion

Before revising loosened or painful hip prostheses an
examination for PJI should be done because the presence of
PJI would result in substantial changes in the subsequent
therapeutic procedures [15, 45]. The AAOS Work Group
has developed guidelines for methods to diagnose PJI [1].
However, it is unclear what choices or combinations of
testing methods provide the highest sensitivity, specificity,
and PPV for periprosthetic hip infections. Therefore we
asked: (1) which diagnostic procedure (CRP, aspiration, or
operative biopsy with combination of bacteriologic and
histologic analyses of the synovial tissue) has the highest
diagnostic value, (2) what is the diagnostic value of CRP,
aspiration, bacteriologic and histologic examinations of the
synovial tissue alone, (3) does combining different ana-
lyzing techniques (CRP, aspiration, and operative biopsy)
improve the value in diagnosing PJI of loosened hip en-
doprostheses, and (4) what complication rate is associated
with the biopsy technique.

We recognize some limitations of our study. First, seven
patients with rheumatoid arthritis were included in this
study and three of them had, owing to the nature of their
disease, increased levels of CRP which may influence the
diagnostic value of CRP in our study for detecting or ruling
out PJI. However, the value of a diagnostic test also is
related to its usefulness on a daily basis and this would be
greatly reduced if particular patient groups had to be
excluded from such a test. Moreover, the AAOS Work
Group did not exclude patients with rheumatoid arthritis
from their recommendations [1]. In our study, four patients
with rheumatoid arthritis had infected hip endoprostheses,
but only one of them had an increased CRP level greater
than 10 mg/L. Of the three patients with rheumatoid
arthritis with aseptic loosening, two had elevated CRP
levels greater than 10 mg/L. Second, the fluid cell count of
the aspirated synovial fluid, which also seems to be a
sensitive diagnostic tool for PJI, was not performed in our
study [1, 12, 20]. The reason for this was because the
volume of fluid obtained from the aspiration was not
always sufficient for both investigations (bacteriologic
analysis and cell count) to be performed. Because we
wanted to compare the microbiologic analyses of the

aspirates and the biopsies, we decided to forego the cell
count. In general, it seems that the more diagnostic tools
that can be combined to investigate the presence of PJI, the
better, because none of the methods alone has 100%
accuracy whereas the combination of several methods
clearly increases the accuracy [1, 17]. In addition to its
diagnostic value, bacteriologic examination of the aspi-
rated fluid, like that of the tissue obtained during biopsy,
has the advantage that the microorganisms can be identified
before revision surgery and antibiotic susceptibility testing
is possible. This means that local and systemic antibiotic
therapy specific for the microorganisms can be chosen for
the revision surgery.

In our study of 100 hip prosthesis revision operations we
found a synovial biopsy has the greatest diagnostic value
and is superior to aspiration and CRP as a preoperative
diagnostic method in its ability to accurately confirm or to
rule out the presence of PJI of the hip. Thus the results of a
previous study for knee arthroplasty were confirmed [17].
However, the validity of the biopsies from the hip was less
than that obtained from the earlier study of the knee [17].
In particular, the sensitivity and NPV of the biopsy was less
for the hip arthroplasty (84% and 89%) than for the knee
arthroplasty (100% each) [17]. One possible reason for this
is that biopsy of the knee can be performed at many more
places adjacent to the prosthesis than the hip, where only
the neck and head of the prosthesis and inlay of the ace-
tabular cup are easily accessible. The results of the biopsies
of the hip tissue in this study reflect those reported by
Malhorta and Morgan [33] and Williams et al. [53].
Malhotra and Morgan [33] performed biopsies of 41 hip
prostheses with biopsy needles and did bacteriologic and
histologic examinations of the tissue. They did not report
the number of biopsies per joint, the method of examina-
tion, or the duration of the incubation. They reported a
sensitivity of 80%, specificity of 100%, PPV of 100%, and
accuracy of 97%. Williams et al. [53] also used needles to
biopsy 273 hip prostheses, taking three biopsy samples
from each joint and incubating the tissue for 7 days. No
histologic examinations were done. They reported a sen-
sitivity of 80%, specificity of 94%, PPV of 74%, NPV of
94%, and accuracy of 88%. They did not find any advan-
tage in using the biopsy-based analysis rather than the
aspiration-based method but this might have been related to
the lack of histologic data and the relatively short period of
incubation of 7 days [53]. To identify microorganism in
biopsy samples or aspirations, the length of the incubation
period is important because the bacteria that cause a peri-
prosthetic infection occur only in very low numbers in the
biofilm and often are in a sessile form that is very slow
growing [11, 41]. The incubation period we used was
14 days and corresponds to the recommendations of others
[24, 45, 49].
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The predictive power of the CRP value in our study was
less than that reported by other authors [9, 46, 51]. At a cut-
off point of 10 mg/L Schinsky et al. [46], Tohtz et al. [51],
and Buttaro et al. [9] regarded the CRP level as an
important diagnostic parameter and found a sensitivity
between 58% and 94%, specificity between 80% and 91%,
PPV between 55% and 61%, NPV between 82% and 96%,
and accuracy between 73% and 78%. Moreover, the AAOS
Work Group pointed out in their guidelines that aspiration
or biopsy should be done only if the CRP is increased [1].
A possible explanation for the lower value in our study
may be that seven patients with rheumatoid arthritis were
included in our collective as mentioned in the limitations.
However, 17 of the 45 patients with PJIs had CRP levels
less than 10 mg/L (including three of the four patients with
rheumatoid arthritis) and in nine of these 17, the CRP was
at a normal level. Moreover, the cut-off point for the CRP
value associated with an infection probably is influenced
by actual distribution of the individual values in any one
collective, so that different patient collectives will have
different cut-off points. The latter might be one explanation
for the different levels of importance attached to CRP as a
diagnostic tool [52].

Many authors recommend joint aspiration on a regular
basis before a revision operation is done, even if there is no
indication that infection might be present, as this method
has a high diagnostic value and has the advantage that, in
addition to screening of periprosthetic infections, the
microorganisms can be identified and development of an
antibiogram is possible [19, 44, 47-49, 53]. The parameters
for the joint aspiration technique in our study were calcu-
lated as 64% sensitivity, 96% specificity, 94% PPV, 77%
NPV, and 82% accuracy. These results are comparable to
those of other studies (Table 1). An inappropriate incuba-
tion time may be the reason for the poor sensitivity of tests
with preoperative joint aspiration fluids reported in other
studies, namely 12% reported by Johnson et al. [26] and
28% by Teller et al. [5S0]. However, many publications do
not comment on the duration of the incubation [2, 13, 25,
28, 29, 40], which suggests that in such cases the samples
would have been incubated for 3 days, which is the stan-
dard time for bacterial incubations.

Tissue samples also were obtained for histologic
examination during the biopsy. Histologic examination is a
diagnostic procedure that is associated with high sensitivity
and specificity and can provide confirmatory evidence for
the presence or absence of an infection. In our study, the
sensitivity was 62% and specificity was 100%. Some
authors have reported sensitivities and specificities of as
much as 100% [4, 14, 51].

Even though we did not see any complications with the
biopsy technique, this operative procedure is associated
with risks of causing infection and vascular or nerve injury.
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In the few studies of biopsy techniques, no complications
have been described. However, for arthroscopy of the hip
in femoroacetabular impingement using a similar approach,
a complication rate of 1.7% with nerve injuries of 0.5%
have been described, although infection or vascular injuries
were not mentioned [7, 33, 54]. Therefore this should be
taken into account when biopsy is being considered.
Moreover, we cannot totally exclude the possible compli-
cation of the biopsy technique causing damage, such as
scratches to the prosthetic head that may occur owing to the
blind technique. Because our study addressed only patients
with loosened components, where revision surgery was
indicated, any iatrogenic damage to the prostheses during
the biopsy was of lesser importance in our patient
collective.

The data and analysis suggest biopsy is superior to
aspiration and CRP as a preoperative diagnostic method for
PII of the hip. The diagnostic biopsy technique we used has
the advantage that it is a combination of diagnostic meth-
ods, that is, bacteriologic and histologic examinations of
several samples of synovial and periprosthetic connective
tissue. Moreover, precise identification of bacteria and the
antibiotic resistance pattern is possible for planning the
antibiotic therapy before revision surgery and also gives
the surgeon the opportunity to add bacteria-specific anti-
biotics to the bone cement during one-stage or two-stage
revision operations [15, 49]. As only minor surgery is
involved in the biopsy and the method is accurate, this has
led to its use in our clinic and with the diagnostic algorithm
for periprosthetic infection in patients with loosened hip
endoprostheses. We perform serologic analysis of CRP,
radiographic examinations, and aspiration (for microbio-
logic and, if enough fluid can be obtained, also for cell
count analysis) on a regular basis in loose and painful hip
arthroplasties. In patients with negative aspiration, but
increased CRP or clinical signs of infection, we regard
biopsy to be preferable to repeating an aspiration alone. As
the combination of aspiration and biopsy slightly improved
diagnostic effectiveness in our study, it seems appropriate
to combine diagnostic methods and to perform an aspira-
tion every time a biopsy is performed.
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