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Background.  Loosening of the prosthetic cup is the limiting factor in the service life of total hip prostheses
(THPs). Despite effective culture methods, the detection of low-grade infection in patients with loose implants
still presents a challenge. It is crucial to distinguish between “aseptic” loosening and loosening due to periprosthetic
infection, so that appropriate treatment can be administered. We investigated whether aseptic loosening of the
acetabular components of THPs is due to unrecognized infection.

Methods. From October through December 2002, a total of 24 patients with acetabular cup loosening were
investigated. Only patients without clinical signs of infection and with negative results of bacteriologic culture of
synovial fluid (obtained by preoperative aspiration) were included in the study. Intraoperative biopsy samples
obtained from the neocapsule and synovia (e.g., the interface membrane) were examined by means of routine
culture methods and by polymerase chain reaction (PCR) for detection of 16S ribosomal RNA (rRNA). Control
subjects included 9 patients undergoing primary hip arthroplasty.

Results.  C-reactive protein levels and erythrocyte sedimentation rates were slightly elevated in the group with
loosening, compared with the control group, but the difference was not statistically significant. PCR and routine
culture showed no microorganisms in either group, with the exception of 1 patient in the loosening group.

Conclusions. PCR for detection of 16S rRNA in tissue specimens obtained from hip joints is not superior
to routine bacteriologic culture techniques for detection of low-grade infections. However, these results demonstrate
that the loosening of cups in THPs do not usually result from nonculturable periprosthetic infection, if the
microbiological processing is adequate.

Loosening remains the most common problem asso-
ciated with total hip prostheses (THPs). Approximately
10% of THPs are revised >10 years after the procedure
because of loosening [1]. In these cases, the orthopedic
surgeon is often faced with the problem of determining
whether the implant has been loosened by infection.
The etiology of “aseptic” loosening of prosthetic hips
is unknown. Periprosthetic osteolysis and particle dis-

ease [2], as well as periprosthetic bacterial colonization,
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have been suspected to be etiological agents [3]. Per-
dreau-Remington et al. [4] examined 52 patients who
underwent surgery for correction of loose hip pros-
theses. In their prospective study, positive results of
bacteriologic culture were recorded for 34 patients
(76%) [4]. Cultures of prosthetic shafts and capsular
tissue specimens resulted in the highest frequency of
positive culture results. Hunter et al. [5] evaluated the
results of revision THP in 140 aseptic hips. They found
an infection rate of 32% and concluded that every loos-
ened hip arthroplasty must be considered to be the
result of infection, if not proven otherwise.

Loosening may be due to the presence of unrecog-
nized infection, at the time of revision surgery, caused
by a biofilm of sessile bacteria colonizing the surface
of the device. These bacteria may be overlooked if stan-
dard culture techniques are used [6]. Antibiotics ad-
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ministered for perioperative prophylaxis, extended transpor-
tation time, and inadequate preservation of specimens before
processing may lead to negative culture results.

The hypothesis of bacterial infection is supported further by
detection of bacterial DNA, which suggests bacterial persistence
in the area of loosening in the THP despite sterile culture
results. The use of PCR for detection of bacterial rRNA as an
indicator of the presence of bacteria is an accepted technique
formerly used for detection of environmental and medically
important bacteria [7, 8]. PCR that targets highly conserved
regions of the bacterial genome (e.g., the 16S rRNA gene) has
been used successfully to detect nonculturable bacteria that
cause a variety of infections, including septic arthritis [9, 10]
and meningitis [11]. The aim of this study was to investigate,
by means of PCR amplification of 16S rRNA genes, whether
aseptic loosening of the acetabular components of THPs is due
to nonculturable bacteria and to compare the efficiency of PCR
with that of standard culture techniques in special cases of total
hip replacement surgery.

PATIENTS AND METHODS

From October through December 2002, a total of 24 patients
underwent revision for loosened THPs. We retrieved 24 tissue
samples from the neocapsula and the acetabular synovia-like
interface membrane for detection of bacteriologic 16S rRNA
by PCR and for bacteriologic culture. Before revision, joint fluid
was aspirated from all patients with a loosening cup and in-
vestigated for pathogens by bacteriologic culture. All 24 patients
received standard preoperative care. Skin was decontaminated
with Cutasept G (Bode Chemie). Two grams of cefazolin (Bas-
ocef; Curason) was administered for antibiotic prophylaxis.
Capsular tissue specimens were obtained for PCR and culture
from 9 control patients who underwent primary hip arthro-
plasty and had no previous history of hip surgery.

Tissue samples from the neocapsula and synovia-like inter-
face membrane of the acetabular component were retrieved
and divided into 2 portions. Both specimens were placed into
separate sterile tubes without additional substrates. Specimens
obtained for PCR were stored at —70°C. PCR was done in the
laboratory of J.R., and culturing was done in the laboratory of
L.E These procedures permitted independent examination and
interpretation of the results. Histopathologic findings were not
recorded because of poor sensitivity, especially in cases of low-
grade infection [12].

Bacterial isolation by standard culture methods. Any an-
timicrobial chemotherapy was stopped 1 week before joint as-
piration. Joint aspiration was done according to the standards
described in the Guidelines of Hospital Hygiene and Infectious
Disease Prevention (Robert Koch Institute; Berlin) [13]. No local
anesthetics were used. Joint fluid obtained before revision and
tissue samples obtained during surgery were transferred into

sterile tubes without additional substrate; joint fluid specimens
were transported within 4 h to the laboratory, and tissue spec-
imens were stored at —70°C. For all samples, microscopic in-
vestigation (i.e., Gram staining) was performed, and then the
specimens were incubated in brain-heart infusion broth
(bioMérieux), TVLS medium [14], a medium described by
Lodenkaemper and Stinen [15], on Columbia blood plates (aer-
obic 5% CO,), and then on Brucella agar plates (anaerobic)
(bioMérieux). The incubation lasted for 14 days. Susceptibility
testing was done according to Deutsches Institut fiir Normung
standard 58940 [16].

DNA isolation.  Tissue samples were immediately stored
at —70°C, and DNA was purified from homogenized specimens
after proteinase K digestion and column extraction with the
NucleoSpin DNA kit (Macherey-Nagel). All DNA procedures
before and after PCR were done in separate designated rooms
with separate pipetting devices to avoid contamination of the
samples with foreign DNA. Master-mixture water controls were
used for every sample that was processed.

PCR amplification. The sequences of the universal prim-
ers (16S rRNA gene) and primers for the control gene (glyc-
eraldehyde-3-phosphate dehydrogenase [GAPDH]) are indi-
cated in table 1. Oligonucleotides used in this study were
provided by MWG-Biotech. DNA was amplified in a 25-uL
reaction mixture consisting of ready-to-go PCR beads (up to
23 pL; Amersham Pharmacia Biotech), 0.5 uL of each primer
(100 pmol/mL), and 1 uL of the sample. After amplification,
5 pL of the amplified product was analyzed in a 2% agarose
gel. Amplification products were sequenced by SeqLab and were
analyzed by use of the National Center for Biotechnology In-
vestigation Blast database [17].

Amplification of the GAPDH control gene was performed
using real-time PCR (Light Cycler Detection System; Roche
Molecular Biochemicals) with the FastStart DNA Master SYBR
kit (Roche Molecular Biochemicals). PCR was performed ac-
cording to the following protocol: 95°C for 10 min, followed
by 40 cycles at 95°C for 10 s, 60°C for 5 s, and 72°C for 10 s.
In the dissociation protocol, single peaks were confirmed to
exclude nonspecific amplification.

Table 1. Nucleotide sequences of primers used to
determine agents responsible for loosening of the ac-
etabular components of total hip prostheses.

Primer Sequence

16S rRNA
Forward 5-AGAGTTTGATCCTGGCTCAG-3
Reverse 5-CCCACTGCTGCCCGTAG-3'

GAPDH
Forward 5-TCTGCCCCCTCTGCTGATGCCCCC-3
Reverse 5-CCATCACGCCACAGTTTCCCGGAG-3

NOTE. GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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RESULTS

The group of case patients who experienced loosening THPs
consisted of 19 women and 5 men, with a mean age of 69 years
(range, 49-88 years). The mean interval of arthroplasty in situ
was 11.9 years (range, 1-31 years). The control group included
3 women and 6 men, with a mean age of 66.2 years (range,
49-89 years).

PCR and routine culture showed no microorganisms in ei-
ther group, with the exception of 1 of the individuals with a
loosening THP. The neocapsular sample obtained from this
patient showed Propionibacterium acnes in routine culturing.
Tissue from the acetabulum yielded negative results by both
PCR and culturing. Medical examination and laboratory-based
clinical pathological records gave no hint of infectious diseases.

For all case patients, clinical pathological data—especially C-
reactive protein levels, erythrocyte sedimentation rates, and
WBC counts—showed no significant increases. Only the C-
reactive protein levels were slightly elevated, but these increases
were not statistically significant (P = .69).

In the group with loosening, the mean C-reactive protein
level was 5.5 mg/L (reference, <5 mg/L), whereas in the control
group, it was 4.2 mg/L. The mean erythrocyte sedimentation
rate in the group with loosening was 11.96 mm/h (reference,
<20 mm/h), whereas in the control group it was 9.56 mm/h.
The mean WBC count in the group with loosening was
6.56 X 10° cells/pL (normal range, 3.9 X 10°-10.0 X 10° cells/
pL), whereas in the control group it was 8.96 X 10> cells/pL.
Follow-up examinations of all patients (=19 months after re-
vision) revealed no hint of infection, and no additional revisions

Wwere necessary.

DISCUSSION

Loosening and infection in patients who have undergone total
hip replacement surgery, especially after revision, remains a
challenging problem in orthopedics. Clinical signs, laboratory
investigation of infection parameters, and microbiological find-
ings are often insufficient to detect infection of orthopedic
devices. Distinguishing between infection and aseptic loosening
is essential for determining the proper clinical course of action
[18]. The standard analyses for detecting microorganisms—
Gram staining (for microscopic investigation) and culturing of
joint fluid aspirates and tissue biopsy specimens obtained dur-
ing surgical revision—are reported to have poor sensitivity.
Approximately 15%-20% of these tests failed to detect infection
in a recent study by Mariani et al. [19]. Detection of bacteria
depends on various factors, including specimen transportation
conditions, perioperative antibiotic application, specimen type
(swab or tissue), incubation and culture methods, diagnostic
tools, and species type [20].

Additional diagnostic analyses, such as measurement of WBC

count and erythrocyte sedimentation rate, C-reactive protein
assays, and bone scans, cannot provide definitive information.
Pre- and perioperative antibiotic administration may prevent
bacterial growth in cultures using conventional techniques [11],
because failed eradication often leads to additional growth re-
quirements in the culture medium.

It is also possible that viable bacteria are highly adapted to
the environment of the in vivo biofilm and that the nutrient
media and isolation procedures do not provide the requisite
conditions for recovering such bacteria in culture. Another ex-
planation for the difficulty in isolating these bacteria could be
the dilution of bacterial signaling molecules, of which a critical
concentration may be necessary to trigger bacterial growth; N-
acyl homoserine lactones in gram-negative bacteria [21] and
peptide pheromone in gram-positive bacteria [22] are well
known for this property. However, bacteria in a biofilm—rep-
resenting a relatively static environment that is largely protected
from the immune system—may become less adaptable [23].

Therefore, if analysis is limited to standard diagnostic tests
(culture and histopathological analysis) that are designed for
examining planktonic bacteria and those that are adequate for
detecting of sepsis-related pathogens without involvement of
foreign material, a significant number of infections of ortho-
pedic devices may remain undetected. Protocols for treatment
of conditions due to such pathogens will be ineffective in a
number of cases [19].

Amplification of the 16S rRNA gene, a highly conserved
region within the bacterial genome, for the detection of bac-
terial pathogens in infections of orthopedic devices has been
described elsewhere [23, 24, 25]. The use of universal broad-
range primers facilitates the recognition of most bacterial spe-
cies, showing high sensitivity for clinical specimens in the pres-
ence of low levels of background human DNA. Thus, Mariani
et al. [26] showed a detection limit of 10 genome equivalents
of Escherichia coli or Staphylococcus aureus per 100 uL of syn-
ovial fluid. The merit of this method is the rapid and highly
specific detection of bacterial monocultures in clinical samples,
even in the presence of antibiotic treatment, although deter-
mination of antimicrobial susceptibility is not feasible. How-
ever, detection of bacterial DNA in homogenized specimens of
neocapsula and acetabular synovia, which were used in our
study, might be limited because of the high levels of background
human DNA. Thus, we were able to show that the detection
limit dramatically increased to 10* genome equivalents of Staph-
ylococcus epidermidis when the cultures were stirred with fibrous
tissues obtained from the hip joint (data not shown). Further
studies are needed to compare the diagnostic sensitivity of tests
used to detect bacterial DNA in different materials collected
from the hip joint (e.g., capsule and synovial fluid) with the
sensitivity of conventional culture methods for aerobic and
anaerobic bacteria.
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A MEDLINE search identified 2 studies dealing with PCR
and infection associated with total joint replacement. Tunney
et al. [25] examined 118 femoral components from loosened
THPs by PCR and immunofluorescence. Lack of clinical follow-
up of the patients limited the value of this study, because the
fractions of false-positive and false-negative results could not
be estimated. However, in 72% of samples obtained by soni-
cation of the femoral component, bacterial genes were detected
by PCR [25]. Only 4% of tissue cultures yielded bacteria. Re-
markably, P. acnes alone, or in association with Staphylococcus
species, was detected in 67% of the patients. However, Stein-
brink and Frommelt [12] reported that Propionibacterium spe-
cies were found in only 8.6% of cases (93 of 1077) of infected
THPs. Tunney et al. [25] concluded that the incidence of pros-
thetic joint infection is grossly underestimated.

Mariani et al. [19] reported that 32 of 50 synovial fluid
aspirates obtained from patients who had undergone total knee
arthroplasty had bacterial genome identified by PCR. Culture
of specimens obtained before surgical revision yielded bacteria
for only 6 of these patients. Of specimens obtained during
revision, standard microbiological techniques showed bacterial
growth for 9 patients.

We examined 24 patients who underwent revision hip ar-
throplasty and 9 patients with a primary hip arthroplasty. In
all patients with loosened THPs, no bacteria were detected from
specimens of preoperative synovial fluid. No bacterial DNA
from the 16S rRNA gene was detected in samples of neocapsules
or the acetabular synovia-like interface membrane by PCR.
Tissue was used in both methods (PCR and culturing) to pro-
vide comparable conditions for examination. Microscopic in-
vestigation of the tissue specimen and culture revealed that,
with the exception of 1 case, there was no evidence for the
presence of bacteria. In this special case, P. acnes was identified
by culture in 1 of the 2 samples. Results of PCR remained
negative. Clinical data, including results of clinical pathological
analysis, gave no hint of infectious diseases, so we considered
bacterial contamination of the specimen to be the most plau-
sible explanation of these findings. In the group with primary
arthroplasty, culture and PCR methods produced no evidence
for the presence of bacteria. The methods were performed in
2 different laboratories to provide independent culture and PCR
tests and interpretation.

At first glance, our results seem to contradict the conclusions
in the above-mentioned literature [19, 25]. However, the design
of our study differs from that of the other studies with respect
to 2 critical details: we included only patients for whom joint
aspirates obtained before surgery did not yield bacteria. At our
institution (ENDO-Klinik, Hamburg), culturing of preopera-
tive joint aspirates is done according to a protocol, which in-
cludes a prolonged processing period of 14 days, that is specially
designed for detection of foreign body infections. Neut et al.

[20] reported that meticulously performed and extended pro-
cessing of bacteriologic culture improves the number and rel-
evance of the microbial findings. This supports our own ex-
perience that up to 90% of pathogens found prior to surgery
could be confirmed by culture of biopsy samples obtained dur-
ing revision surgery [12]. We believe that preoperative joint
aspiration is essential in the diagnostic procedure for loosened
THPs, and further studies are in progress to compare detection
of bacterial DNA in preoperative joint aspirates with that in
hip tissue specimens obtained during surgical interventions.
The preselection of the patients included in the study and the
accurate performance of the culture procedure may explain our
results.

In our opinion, bacterial culture, when adapted to the special
conditions of bacteria causing foreign body infection, is a nec-
essary tool in the diagnostic procedure for loosened THPs. PCR
can provide valid data in concert with results from standard
culture methods. Unfortunately, this expensive diagnostic tool
(PCR) is not yet available for routine use.

Our results from 24 cases of loosened acetabular cups in-
dicate that PCR for 16S rRNA in tissue specimens obtained
from hip joints is not superior to routine bacterial culture
techniques for detection of low-grade infections. However,
these results demonstrate that, in a majority of THPs, the loos-
ening of cups does not result from nonculturable periprosthetic
infection, if the microbiological processing is adequate.
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