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Background The most common complications of pros-
thetic hip joints are aseptic mechanical failure and infec-
tion. Delayed low-grade infections are seen most often,
and they are also most difficult to distinguish from asep-
tic mechanical failures.

Methods We conducted a prospective study to com-
pare inflammatory markers in patients diagnosed with
aseptic or septic prosthetic loosening. The diagnostic cri-
teria were based on the decisions of experienced ortho-
pedic surgeons and microbiological analysis of peripros-
thetic tissue samples taken perioperatively.

Results Coagulase-negative staphylococci were the
commonest pathogens in the infected patients. Pre- or
perioperative elevation of C-reactive protein and eryth-
rocyte sedimentation rate were significantly greater
in the infection group, as were white blood cell count
and levels of cytokines in synovial fluid. The patterns of
infiltration of inflammatory cells in periprosthetic tissue
were also significantly different between the groups.

Interpretation A combination of clinical judgment
and multiple tissue samples constitutes a good platform
for distinguishing between septic and aseptic loosening
of prostheses. Moreover, the combined use of several
laboratory and histopathological markers of inflamma-
tion, especially infiltration of polymorphonuclear cells,
further helps the diagnosis.

Infections associated with in-dwelling prosthetic
devices cause significant morbidity and are expen-
sive (Crowe et al. 2003). The complexity of diag-
nosing and treating these infections has made
it difficult to achieve standardized management
strategies (Zimmerli et al. 2004). Microbial colo-
nization of the joint space is affected by several
factors such as characteristics of the prosthetic sur-
face, occurrence of devitalized tissue, nonimmune
and immune host factors, the bacterial inocula, and
genetic characteristics of the species (Gallo et al.
2003). Prosthetic joint infections are associated
with biofilms (Gristina 1987, 2004) in which bac-
teria are protected from both antimicrobial agents
and the host response (Trampuz et al. 2003, Patel
2005).

Uniform criteria for preoperative diagnosis of
prosthetic hip joint infections have not been estab-
lished. Delayed, low-grade infections with less
virulent bacteria are commonplace; thus, it is often
difficult to discriminate between aseptic and septic
loosening (Zimmerli et al. 2004).

Our main hypothesis was that there would be
significant differences between patients with asep-
tic and septic loosening of prostheses regarding
the expression of inflammatory markers. We con-
ducted a prospective study focusing on differences
between various markers in blood, in synovial fluid,
and in histopathological specimens from peripros-
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thetic tissue in the two groups of patients. Patients
with osteoarthrosis who were hospitalized for their
primary prosthesis surgery served as controls.

Patients and methods
Subjects

The 3 hospitals in the cities of Norrkdping,
Motala, and Linkoping in Ostergotland County,
Sweden, participated in the study, which was
approved by the Ethics Committee of Link&ping
University. Consecutive patients were assigned
to a control group, a revision group, or an infec-
tion group. The control group comprised patients
with osteoarthrosis of the hip who were undergo-
ing primary prosthesis surgery. The revision group
consisted of patients who were in need of revision
surgery for radiographically confirmed loosening
of hip prostheses. The criteria for inclusion in the
infection group were as follows: (1) the orthope-
dic surgeon preoperatively classified the prosthe-
sis loosening as being due to a deep infection of
the device, based on clinical symptoms, laboratory
and radiographic findings, preoperative cultures of
synovial fluid aspirations, or occurrence of fistulas;
and/or (2) the surgeon deemed the patient infected
because significant bacterial growth was observed
in cultures from tissue samples taken at revision
surgery, and the surgeon decided to treat the patient
as being infected. Significant bacterial growth was
defined as growth of the same species in at least
3 of 5 aerobic or anaerobic cultures from tissue
samples (Sanzen and Sundberg 1997, Atkins et al.
1998).

The study was conducted from 1994 to 2001.
Patients were assigned to the control and revision
groups during 1994 and 1995, whereas inclusion in
the infection group was continued over the entire
study period. 91 patients were registered as drop-
outs, most of them (80) belonging to the control
group, and the main reason was inability to obtain
synovial fluid. The final distribution of the patients
was as follows: 46 (32 women) in the control group,
median age 69 (43-89) years; 60 (25 women) in
the revision group, median age 74 (38-86) years;
25 (10 women) in the infection group, median age
70 (30-83) years. 2 patients in the control group,
3 in the revision group, and none in the infection

group had rheumatoid arthritis. Immunosuppres-
sive treatment (peroral cortisone or chemotherapy)
was given to 3 patients in the control group, to 4 in
the revision group, and to 1 in the infection group.
Primary arthrosis was the predominant indication
for initial surgery in all groups.

Tissue samples

Isolation of bacteria. Multiple tissue samples
proximal to the prosthesis were taken periopera-
tively under aseptic conditions from all but 1 of
the patients in the revision group (i.e. 59 patients)
and from all patients in the infection group (i.e. 25
patients). 6 tol8 tissue samples for culture were
taken from each patient, with a mean value of 10
cultures per patient, 5 aerobic and 5 anaerobic. In
all, 718 tissue samples were collected from the
revision group and 249 from the infection group.
The tissue samples were incubated in thioglyco-
late broth for either 5 days under aerobic con-
ditions or 10 days under anaerobic conditions,
according to standard procedures (Augustinsson
et al. 2001). Coagulase-negative staphylococci
(CoNS) were further characterized to species
level using API Staph kits (BioMérieux, Marcy
I’Etoile, France).

Tissue cell infiltration. Tissue samples for assess-
ment of cell infiltration around the prostheses were
collected from patients in the revision group and
the infection group. Tissue sections were fixed
in 4% buffered formaldehyde before histopatho-
logical and immunohistochemical analysis. Fixed
biopsies were embedded in paraffin and cut into
3-5-um-thick sections. Routine staining with the
hematoxylin-eosin-saffran method was done, and
samples with a distinct synovial or periprosthetic
surface were selected for further studies. Areas
exhibiting inflammatory reactions, foreign body
reactions, and fibrous tissue were identified. For-
eign body reactions, characterized by multinucle-
ate giant cells, were estimated on an equivalent
arbitrary scale of 0-3. Fibrosis was defined as
occurrence of thick, keloid-like collagen bundles
and was arbitrarily estimated on a scale of 0-3 (rep-
resenting none, mild, moderate, and substantial,
respectively). Material from 26 patients in the revi-
sion group and from 21 from the infection group
was suitable for further analysis. Sections were
examined in a blind fashion. The same pathologist
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evaluated all samples without any knowledge of
clinical or laboratory data concerning the patients.
Hematoxylin-eosin-saffran stained sections were
examined for polymorphonuclear (PMN) cell infil-
tration, foreign body reactions, and fibrous tissue.
Surface areas with the most florid inflammatory
changes were evaluated for infiltration of PMN
cells (PMNs). PMNs were counted in 10 consecu-
tive high-power fields (HPF; 0.152 mm?).

Immunostaining was performed using the fol-
lowing monoclonal antibodies (mAbs): anti-CD
20 (1:1,000; Dakocytomation, Glostrup, Den-
mark) to detect mature B-lymphocytes; anti-CD
79a (1:1,000; Dakocytomation) for plasma cells;
anti-CD 4 (1:10; Novocastra, Newcastle upon
Tyne, UK) for T-helper lymphocytes; anti-CD 8§
(1:10; Novocastra) for T-cytotoxic lymphocytes;
anti- CD 68 (1:200; Dakocytomation) for macro-
phages. ChemMate Envision detection (Dakocyto-
mation, Glostrup, Denmark) was used to visualize
the staining. As with PMNs, immunostained cells
from a particular surface area were counted in 10
consecutive HPFs.

Blood samples. Blood samples for determina-
tion of C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), and white blood cell
(WBC) count were collected on day O (before
operation). CRP values of > 10 mg/L, ESR > 30
mm/h, and WBC > 11 x 10%/L were considered to
represent elevated values (Li et al. 2004, Sanzen
and Sundberg 1997). Samples for measurement of
serum levels of TNF-a, IL-1p, and IL-6 were taken
on day O from patients in the revision and infection
groups at one of the participating hospitals to allow
comparison of serum levels of these cytokines with
local production in synovial fluid. Blood samples
for detection of serum cytokines were collected in
tubes with endotoxin-free heparin as anticoagu-
lant (Endotube ET). The tubes were immediately
centrifuged at 4°C, after which the contents were
divided into aliquots in endotoxin-free tubes and
stored at —70°C until used. We used the following
reference intervals in serum suggested by the man-
ufacturer of the enzyme-linked immunosorbent
assays (ELISAs): < 20 pg/mL for TNF-a, < 15 pg/
mL for IL1-p, and 3-8.5 pg/mL for IL-6.

Synovial fluid samples. Samples of synovial fluid
for WBC counts and analyses of lactate and the
cytokines TNF-a, IL-1f, and IL-6 were collected

from all 3 groups perioperatively. Samples for
WBC counts and lactate analysis were processed
on a routine basis at the Clinical Chemistry labora-
tory. The following reference levels were used for
assessment of WBCs (values x 10%/L, levels given
by the laboratory): < 0.2, normal level; 0.2—-15, mild
inflammation; > 15-50, moderate inflammation;
> 50, suspicion of infection. The reference level
for lactic acid was 0.6—3.1 mmol/L (normal value).
Samples of synovial fluid for cytokine detection
were collected in endotoxin-free tubes and then
transported on ice to where they were immediately
centrifuged at 4°C, and stored thereafter at —70°C
until use. TNF-a, IL-1p, and IL-6 were quantified
using commercially available ELISAs (Medge-
nix Diagnostics EASIA; BioSource Europe S.A.,
Fleurus, Belgium) according to the instructions of
the manufacturer. The absorbance values measured
are proportional to the cytokine concentrations in
the samples. Standards were used to create a stan-
dard curve, and the concentration of TNF-a in the
patient samples was determined by interpolation
from the standard curve. In our experiments, some
samples had to be diluted to obtain a sufficient
sample volume (200 pL).

Statistics

We used descriptive and interference methods for
statistical analysis of the data. Significance was
determined using Chi-square tests and, where
appropriate, nonparametric tests (Mann-Whitney
U-test and the Kruskal-Wallis test for multiple
comparisons). Bonferroni’s correction was used
for multiple comparisons.

Results
Clinical data

The prostheses had been in place for a shorter
amount of time in the infection group than in the
revision group (p < 0.001). The median interval
between the primary or previous surgery and the
present revision was 9 (1-22) years in the revision
group and 3 (0.2-16) years in the infection group.
In the infection group only one patient (designated
L333 in Table 1) underwent prosthesis revision
within 3 months, 6 patients underwent revision
between 3 months and 1 year after previous sur-
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Table 1. Culture results in the infection group

Patient  Infection clinically No. of positive

Etiology Distribution of

label diagnosed at cultures / no. of species when
inclusion samples mixed culture

L329 + 0/10 negative 2

L330 - 4/10 Propionibacterium

L331 + 9/10 Anaerobic gram-positive cocci 8/10
CoNS P 2/10

L332 - 4/10 CoNS

L333 + 0/10 negative ©

L334 + 9/10 CoNS

L335 + 6/9 CoNS

L336 + 5/10 CoNS

L337 + 5/10 Enterococci 5/10
CoNS 2/10

338 + 1/10 (CoNS) d

L339 + 4/10 B-hemolytic streptococci group B

L350 + 6/10 S. aureus 6/10
CoNS 1/10

L351 + 9/10 Propionibacterium 8/10
CoNS 1/10

L352 + 9/10 CoNS

L353 + 5/10 CoNS

L354 + 5/10 B-hemolytic streptococci group B 4/10
CoNS 3/10
Diphtheroid rods 1/10

L355 + 5/10 Propionibacterium

N318 + 0/10 negative ©

N340 + 5/10 CoNS

N341 + 5/10 Enterococci

N342 + 4/10 CoNS

N343 + 5/10 Propionibacterium

N344 + 4/10 S. aureus

N345 + 7/10 S. aureus 6/10
CoNS 2/10

N310 + 1/10 (Propionibacterium) f

2 Patient was clinically diagnosed with infection, and had X-ray-confirmed osteitis abscesses before revi-
sion surgery and lifelong antibiotic treatment after the revision surgery.

b CoNS: Coagulase-negative staphylococci.

¢ Patient with clinically diagnosed infection and a fistula.

d Patient with clinically diagnosed infection and a fistula, and the synovial fluid aspirated for culture
before revision surgery was cloudy and showed growth of CoNS.

€ Patient was clinically diagnosed with infection, and synovial fluid aspirated for culture before revision
surgery was cloudy and showed growth of Propionibacterium.

f Patient was clinically diagnosed with infection, and synovial fluid aspirated for culture before revision

surgery showed growth of CoNS.

gery (2 with CoNS, 1 with CoNS and Propionibac-
terium, 1 with enterococci, and 2 culture negative
in tissue samples), and the remaining 18 patients
underwent their present revision more than 1 year
after previous surgery. Only 1 patient in the revi-
sion group had a history of postoperative infection
at the site of previous hip surgery, which contrasts
with the results in the infection group (p < 0.001)
in which 9 of the patients showed infection after an
earlier hip operation.

All patients in the control and revision groups
experienced pain whereas 4 in the infection group
did not report pain. In the revision group, 52 of the
patients had a cemented prosthesis, and 55 patients
received a cemented prosthesis at the current revi-
sion; the corresponding values for the infected
group were 24 and 15, respectively. In the infected
patients, antibiotic-loaded cement was used at revi-
sion, if cement was used at all (15 subjects out of
25).
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Table 2. Bacterial etiology in infected patients

No. of Bacterial
patients species
single mixed

CoNS 2 14 8 6
Propionibacterium 4 3 1
S. aureus 3 1 2
Enterococci 2 1 1
B-hemolytic streptococci group B 2 1 1
Anaerobic gram-positive cocci 1 0 1

2 Coagulase-negative staphylococci.

Culture results (Tables 1 and 2)

The surgeon suggested a clinical diagnosis of
infection in 23 of the 25 subjects in the infection
group, and 2 additional patients (330 and L332
in Table 1) were classified as being infected on the
basis of significant growth of bacteria from tissue
samples. 4 of 5 anaerobic cultures for patients L.330
and L.332 were positive for Propionibacterium and
CoNS, respectively. Interestingly, the CoNS iso-
lated from patient 1.332 grew only in anaerobic
cultures. Tissue bacteriology was negative in 3
patients who had a clinical diagnosis of infection.
In addition, 2 patients had no determined etiol-
ogy according to our definition (L338 and N310).
Hence, the etiology was not ascertained for 5 of 25
patients in the infection group.

CoNS constituted the most common pathogens,
being found in 14 of 25 patients and represent-
ing the only pathogen in 8 patients (Table 2). The
second most common bacterium was Propionibac-
terium, which was found in 4 patients and was the
sole pathogen in 3. Other pathogens in descending
frequency were Staphylococcus aureus, entero-
cocci, B-hemolytic streptococci group B, and one

untypable anaerobic gram-positive coccal species
(ANGPC). 14 of the 25 patients had only 1 patho-
gen, 6 had mixed infections, and 5 had infections
of unknown etiology.

Microbiological culture from periprosthetic
tissue samples was performed for 59 of the 60
patients in the revision group, in the same way as
for the infected patients. In 36 of these patients all
cultures from each patient were negative. Of the
rest of the subjects in that group (23 patients), all
but 1 were microbiologically negative according to
our definition of significant bacterial growth. The
most common bacteria in that context were Propi-
onibacterium, followed by CoNS, a-streptococcus,
Bacillus cereus, diphtheroids, and ANGPC. None
of these subjects showed signs of deep infection at
follow-up, and 1 of them had been revised 3 years
postoperatively due to cup loosening, at which
time cultures from tissue samples were negative.
The unexpected significant bacterial growth seen
from 1 patient was identified as Propionibacte-
rium, and the surgeon and the specialist in infec-
tious diseases were not certain whether the culture
results were representative. This patient was not
given antibiotics against Propionibacterium, but
clinical outcome was nonetheless satisfactory at 1-
year follow-up.

Cell infiltration in tissue (Tables 3 and 4)

The infection group showed significantly more
infiltration of all the types of inflammatory cells
that were considered, except macrophages (Table
3). None of the patients in the revision group had
PMN infiltration greater than 5 cells per HPF. 4
subjects in the infection group had < 5 PMNs/HPF,
and they had infection with Propionibacterium
(patient L.330), CoNS (patients N342 and L.353),
and both S. aureus and CoNS (patient N345). B-

Table 3. Cell infiltration in periprosthetic tissue in the revision and infection groups. Values are median (range) of

cells/HPF
PMNs Plasma cells B-cells T-helper cells T-cytotoxic cells Macrophages
Revision group (n = 26) 0 (0-3) 0 (0) 0 (0-4) 1 (0-8) 12 (1-61) 72 (32-100)
Infected group (n = 21) 25 (0-100) 0 (0-90) 3 (0-89) 9 (0-60) 21 (1-130) 80 (5-180)
P-value < 0.001 < 0.001 < 0.001 < 0.001 0.02 0.91

PMN: polymorphonuclear cells; HPF: high-power field.
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Table 4. Data on arbitrary fibrosis and foreign body reac-
tions in the revision and infection groups

Grade 2 No. of No. of patients
patients with foreign
with fibrosis  body reactions

Revision group 0 0 5
1 9 4
2 14 12
3 3 5
Total 26 26
Infected group 0 0 11
1 9 9
2 6 0
3 6 1
Total 21 21

2 0: none; 1: mild; 2: moderate; 3: substantial.

cells were seen in only 1 revision patient, whereas
18 of the infected patients showed such infiltration.
No infiltrating plasma cells were found in tissue
from any of the revised patients. T-helper cells
above the cut-off level (i.e. = 5 cells/HPF) were
observed in 15 of 21 of the infected patients, but in
only 2 of 26 patients in the revised group.

All patients in both groups showed some degree
of fibrosis, and there were no obvious differences
between the groups. Most infected patients had no
foreign body reactions at all, and more reactions
were seen in the revision group than in the infec-
tion group (Table 4).

Analysis of blood and synovial fluid
WBC count, CRP, and ESR in blood (Table 5).
Median counts of WBCs in blood on day 0 (before
surgery) were all within the normal range and there
were no statistically significant differences between
the groups (not shown). Both CRP and ESR levels
were significantly higher in the infection group
than in the revision group on day O (Table 5).
WBC counts and lactate in synovial fluid (Table
6). Synovial fluid for WBC counts was obtained
from only 7 of the 25 infected patients. However,
the counts were significantly higher in the infec-
tion group than in the revision group, and all but
1 of the infected patients had values greater than
2 x 10%/L. In contrast, there was no significant dif-
ference in lactate levels between the revised and
infected patients, and the median values for this

Table 5. Preoperative C-reactive protein (CRP; mg/L)
and erythrocyte sedimentation rate (ESR; mm/h) for the
different groups

CRP ESR

Control group (n) 46 45

median (range) <10 (=10-77) 14 (2-58)
Revision group (n) 56 55

median (range) <10(=10-87) 14 (2-80)
Infection group (n) 22 22

median (range) 24 (< 10-100) 36 (5-120)
P-value 2 < 0.001 < 0.001

a Difference between revision and infection groups

Table 6. White blood cell (WBC) count and lactate levels
in synovial fluid

WBC count Lactic acid
(109L) (mmol/L)
Control group (n) 32 37
median (range) 0.3 (0-11) 4.0 (0.7-11)
Revision group (n) 49 45
median (range) 0.2 (0-93) 5.4 (0.4-9.1)
Infection group (n) 7 17
median (range) 23 (0.4-55) 5.8 (3.1-13)
P-value 2 < 0.001 0.4

a Difference between revision and infection groups

variable were elevated in all groups (even the con-
trol group, in which the subjects had osteoarthritis
but no prostheses) compared to the normal refer-
ence interval for synovial fluid.

Cytokines in synovial fluid and blood (Figure).
The levels of TNF-a, IL-1f, and IL-6 in synovial
fluid were significantly higher in the infection
group than in the revision group. Despite that, the
positive predictive values were low for the infected
patients because there were also patients in the
revision group with levels above cut-off. This trend
was seen for all 3 cytokines. In the revision group,
the outlier for TNF-a was also the outlier for IL-
1B: this patient was being treated with predniso-
lon for polymyalgia rheumatica. We compared the
cytokine levels in the subgroup of revision patients
who yielded 1 or 2 positive cultures (but were not
classified as having significant bacterial infection)
with the majority of the revision patients, who were
all culture negative. We found no significant dif-
ferences between these 2 groups, which supports
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the hypothesis of bacterial contamination. In the
infection group, the TNF-a (p = 0.002), IL-18 (p
= 0.002), and IL-6 (p = 0.002) levels were signifi-
cantly higher in synovial fluid than in serum (not
shown). In the revision group, this trend was seen
only for IL-6.

Statistical summary of the test results (Table 7).
Sensitivity, specificity, and positive and negative
predictive values provided by the pre- and periop-
erative tests were summarized for the inflammatory
markers that differed significantly on comparison
of the revision and infection groups (Table 7). As
shown, sensitivity and specificity varied between
the tests. We found no single marker that detected
all infected patients. However, PMN infiltration of
= 5 cells/HPF appeared to be highly indicative of
infection since none of the patients in the revision
group showed such an infiltration.

Discussion

The culture results showed that most of the patients
in the infection group were infected by low-grade-
virulent bacterial species. The predominance of
such microbes is also reflected by the fact that the
median lifetime of the prostheses in the infection
group was relatively long (3 years). Hence, accord-
ing to the Coventry (1975) classification, the abso-
lute majority of the infected patients in our study
had late chronic infections. CoNS were the most
common pathogens, which is in agreement with a

Proinflammatory cytokine levels in synovial fluid (pg/mL),

shown for individual patients in the control, revision, and

infection groups. For each group, the number of patients is

indicated and the median is marked with a horizontal bar.

A. Median levels of TNF-a: control group, 12 pg/mL; revi-
sion group, 45 pg/mL; infection group, 113 pg/mL. The
difference between the revision group and the infected
group was statistically significant (p = 0.001).

B. Median levels of IL-1f3: control group, 22 pg/mL; revision
group, 14 pg/mL; infection group, 63 pg/mL. The differ-
ence between the revision group and the infected group
was statistically significant (p < 0.001).

C. Median levels of IL-6: control group, 1450 pg/mL; revi-
sion group, 1490 pg/mL; infection group, 10,140 pg/mL.
Note log scale. The difference between the revision
group and the infected group was statistically significant
(p = 0.003).
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Table 7. Statistical summary of the results of pre- and perioperative tests used to diagnose hip

prosthesis infection

Value chosen  Sensitivity Specificity PPV NPV
for cut-off (%) (%) (%) (%)
CRP (mg/L) >10 82 71 53 91
ESR (mm/h) > 30 64 87 67 86
WBCs in SF (109/L) >1.7 86 92 60 98
PMNs in tissue (cells/HPF) =5 81 100 100 87
Plasma cells (cells/HPF) =1 48 100 100 70
B-cells (cells/HPF) =1 86 96 95 89
T-helper cells (cells/HPF) =5 71 92 88 80
T-cytotox cells (cells/HPF) =20 52 92 85 71
TNF-alfa in SF (pg/mL) =60 76 72 50 89
IL-1B in SF (pg/mL) =60 59 83 56 85
IL-6 in SF (pg/mL) = 10,000 69 93 75 91

SF: synovial fluid; HPF: high-power field; PPV: positive predictive value; NPV: negative predictive

value.

review published by Lentino (2004). Notably, we
also observed that conventional bacterial culture on
tissue samples revealed polymicrobial infections in
6 of the patients in the infection group. However,
that level may be an underestimation, because it
has been shown that detection of polymicrobial
growth increases from up to 20% by conventional
culture methods to 63% by extensive microbiologi-
cal culture from an explanted prosthesis (Neut et
al. 2003, Lentino 2004). As proposed by Gallo et
al. (2003), a symbiotic relationship between sev-
eral bacterial species may be advantageous for the
development of biofilms.

A surgical site infection after primary or revision
hip replacement is a risk factor for development of
a deep prosthesis infection (Wymenga et al. 1992),
which is supported by our data. Nevertheless, it is a
challenge to distinguish aseptic loosening of a hip
prosthesis from septic loosening caused by low-
virulence bacteria, since these two conditions have
similar symptoms. Contamination of the samples
is most often caused by the same species as those
infecting the prosthesis, as we found, which dem-
onstrates how difficult it is to accurately interpret
culture results. Accordingly, we recommend using
10 tissue samples for microbial culture: 5 aerobic
and 5 anaerobic. The anaerobic culture is impor-
tant not only to detect anaerobic microbes such
as Propionibacterium, but also because anaerobic
conditions seem to encourage the growth of some
CoNS from periprosthetic tissue.

Preoperative tests that are consistently sensitive
to and specific for low-grade hip infections are not
easy to find, but El Esper et al. (2004) have reported
on the good diagnostic value of bone marrow scin-
tigraphy combined with leukocyte scintigraphy
for detection of infected joint prostheses. Unfortu-
nately, these techniques were not available during
our study.

Significantly positive cultures together with the
clinical evaluations by orthopedic surgeons were
regarded as the “gold standard” for diagnosis of
prosthetic joint infection in our study. Bernard et
al. (2004) retrospectively reviewed 230 patients
with suspected prosthetic joint infections (hip or
knee) and reviewed 33 articles dealing with preop-
erative evaluation of infection in prosthetic joints.
They concluded that CRP and joint aspiration are
the most useful tools to diagnose prosthetic joint
infections, even in situations of chronic infection.
We would have missed 4 of the 22 patients inves-
tigated in the infection group, if elevated CRP (>
10 mg/L) had been used as the only marker of
infection. This CRP cut-off level gives a specific-
ity of only 71%, which agrees with the results of
Sanzén and Sundberg (1997), who stated that the
diagnostic usefulness of CRP and ESR is limited
in low-grade periprosthetic hip infections. 6 of the
56 evaluable patients in the revision group in our
study had CRP > 10 mg/L.

Considering ESR, several investigators have used
> 30 mm/h as the pathological cut-off, and at that
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level we would have missed 8 infected patients.
Furthermore, 7 of the 55 evaluable patients in the
revision group had ESR levels of > 30 mm/h. A
combination of CRP and ESR analysis might help
identify all infected patients, and that concept has
already been tested by Sanzén and Sundberg (1997)
and Spangehl et al. (1999). In the latter study, all
patients determined to have a periprosthetic infec-
tion (35 patients) had elevated levels of ESR
(> 30 mm/h) or CRP (> 10 mg/L). That was not
the case in our study, and we would have missed
2 patients even if we had used increased CRP (>
10 mg/L) or ESR (> 20 mm/h) as the criterion for
suspected infection. However, ESR was elevated in
all patients in the infection group who had negative
cultures. We conclude that determination of levels
of both CRP and ESR provides a valuable tool for
detection of most, but not all, low-virulence peri-
prosthetic infections.

The synovial fluid WBC count was significantly
higher in patients with prosthetic joint infection
than in those with aseptic failure, which is in
accordance with the results of a recent study by
Trampuz et al. (2004). Using the same cut-off as
these authors, we observed better sensitivity and
specificity for WBC counts in synovial fluid than
for measurement of CRP and ESR. Lactate dehy-
drogenase, or lactate, is an indicator of cell death
and lysis, and elevated levels of these substances in
synovial fluid can be due to infectious disorders or
to inflammatory conditions caused by particulate
cement debris, metallosis, polyethylene wear, or
hypersensitivity allergic reactions (Messieh 1996).
These findings explain our data showing increased
lactate levels in all three groups of patients and
no significant differences between the groups.
We conclude that WBC counts in synovial fluid
represent a valuable marker of infection, but that
analysis of lactate levels is not suitable for distin-
guishing between aseptic and septic loosening of
prostheses.

We found that PMN infiltration in tissue at a rate
of = 5 cells/HPF was highly indicative of infection,
and Mirra et al. (1976) and Spangehl et al. (1999)
have also used that level as a cut-off. Furthermore,
we obtained positive results when we analyzed
PMN infiltration in 3 of our infected patients with
negative cultures. We conclude that histopathologi-
cal analysis of PMN infiltration in periprosthetic

tissue is the best method to distinguish between
aseptic and septic loosening of hip prostheses.
The usefulness of PMN infiltration is supported by
the work of Pandey et al. (1999) and Musso et al.
(2003). The latter authors recommended histology
for all suspected cases of total joint infections.

Proinflammatory cytokines induce osteoclast
activation and consequent bone resorption, osteol-
ysis, and finally prosthetic loosening. It is believed
that these cytokines are produced mainly by mac-
rophages activated by phagocytosed particles and/
or wear debris and cyclic pressure (Glant et al.
1993, Horowitz and Gonzales 1996, McEvoy et
al. 2002, Hirakawa et al. 2004, Wang et al. 2004).
Different mechanisms of cell activation in aseptic
loosening were recently reviewed by Sundfeldt et
al. (2006). Several research groups have detected
substantial production of TNF-a., IL-1f, and IL-6
in interface tissue from patients with loosening of
prostheses but no infection (Al-Saffar and Revell
1994, Chiba et al. 1994, Goodman et al. 1998).
In agreement with this, we observed significantly
higher levels of TNF-a in the group with loosened
prostheses than in the subjects with osteoarthritis
but no prosthesis, but we found no significant dif-
ferences in the levels of IL-1p or IL-6 level. The
results regarding TNF-a and IL-6 correspond well
with the observations of Nivbrant et al. (1999).

In the present study, the levels of all 3 cytokines
analyzed (TNF-a, IL-1p, and IL-6) in synovial
fluid were significantly higher in infected patients
than in patients with aseptic loosening, although
we consider the majority of infecting bacteria to be
of low virulence. There were high levels of proin-
flammatory cytokines in 2 of 3 tested patients with
negative cultures and in 3 of 4 patients with low
levels of both CRP and ESR. In as much as proin-
flammatory cytokines such as TNF-a are critical
components of osteoclastogenesis and bone resorp-
tion during osteolysis, the high cytokine levels we
detected in infected patients can probably explain
why loosening of prostheses progresses faster in
such subjects than in patients with aseptic loosen-
ing. The generally higher level of proinflammatory
cytokines in the infected patients might have been
due to the fact that the bacteria-activated macro-
phages are able to upregulate their cytokine pro-
duction even though they have already been stimu-
lated by the loosened prosthesis. Another explana-
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tion might be the differences we observed in the
types of cells infiltrating the periprosthetic tissue
in the infected patients; or perhaps bacteria-neutro-
phil-macrophage interactions played a role (Zheng
et al. 2004).

The limited systemic inflammatory response
in infections of hip prostheses appears not to be
due to failure of inflammatory cells to reach the
infected area, but is more likely caused by an inad-
equate response to the infecting organisms. It is not
known how long an occult bacterial infection on
the surface of a prosthesis can last without provok-
ing a host response, although a period of several
years seems possible (Nguyen et al. 2002, Tunney
et al. 1998), during which the process of peripros-
thetic osteolysis might maintain immunoincom-
petence—and also facilitate expansion of biofilm
growth (Gallo et al. 2003).

We conclude that a combination of clinical judg-
ment and carefully collected multiple tissue sam-
ples constitutes a good platform for distinguishing
between septic and aseptic loosening of prostheses.
Moreover, the combined use of several laboratory
and histopathological markers of inflammation will
significantly support clinicians in making adequate
diagnoses. At present, the patterns of the cytokines
considered in our study are primarily of interest for
clarification of the pathogenesis of hip prosthesis
infections, rather than for use as a discriminating
test, although high levels of these substances sug-
gest ongoing infection.
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