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Abstract: The efficacy of tobramycin-containing bone cemert with that of systemt cefazolin
for treatment of infection in a one-stag revision modd is compared In addition, the value of
detecting bacterial DNA after antibioti c treatment was investigated An implant was inserted
into the right tibia of rabbits after inoculation with Staphylococcs aureus At 28 days the
implant was removed Subsequently either plain bone cemert with or without systemic
administration of cefazolin or tobramycin-containing bone cemert was injected into the
medullary canal The tibiae were cultured 14 days after revision (Day 42), and showeal a
significant decrea® in bacterial counts for both antibioti c groups compared with the control
group (p=0.05) Therate of infection in the tobramycin-cemert group was slightly higher (2/9)
than in the cefazoln group (0/8), although the difference was not significant. Persisten@ of
bacterial DNA after antibiotic treatment may be the result of delayed clearance of DNA and
not a sign of activeinfection. Thisanimal modd showsthat in a one-stag revision tobramycin-
containing bone cemert can reduce size and rate of infection, although systemt cefazoln may
be more efficacious Therefore, the use of antibiotic-containing bone cemert combined with
systemt antibioti ¢ might provid e optimal treatment. © 2001 Jom Wiley & Sons Inc. JBiomed Mater

Res (Appl Biomate) 58: 747753 2001
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INTRODUCTION

Infectiors of totd joint prosthesg are frequenty associated
with the presene of necrott bone devascularizationand
bacterawith specift growth characteristicsT he latter, that is
the ability of pathoges to adap to the presene of a foreign
body and sustan capabiliyy to withstard antibiotics and host
defensescomplicate treatmen especially Therefore rigor-
ous treatmemmodalities are necessarto eliminae the infec-
tion, but the beg choice for treatmemof an infected totd joint
prosthess still remairs to be clarified Consenss exists
amorg mod orthopede surgeos to remowe the infected
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one-stag revision; tobramycin-containing bone cement arthroplasty infection;

prosthessif possible becaus the infection isdifficult to treat
in the presene of foreign materia coveral with bacteria®
Usually antibiotic-loade bore cemen is usal for fixation of
a new prosthess to provide ahigh locd tissue concentration
of antibiotics Such arevision operatia can be performel as
eitha aone or two-stage procedureln the one-stagrevision
the infected implart is removed the implant bed is debrided
ard lavaged and anew prosthes is inserted In atwo-stage
revision the insertion of the new implart is postpond until
after remova of the infected implarnt and treatmem of the
infection with treatel with system¢ antibiotics and/a local
antibiotic-loadel beads The new prosthes is insertel not
until the infection parametes hawe regaing normd levels.
The use of antibiotic-loadel bone cemen for fixation of the
revision prosthes is preferred given the highe incidene of
infection after revision in comparisa with primaty joint
prosthesesAlthough mog surgeos choo® the two-stage
procedue for exchang of an infected prosthesisthe one-
stage procedue is also widely used especialy in Europe?=
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So far, reviews of the literature on infected arthroplastiesattempt to reduce loss of rabbits due to sepsis the dose was
reported success rates of 82—83% for one-stage revisions, antlanged to 10 CFU in the subsequent rabbits. The latter
91-93% for two-stage revisiofis. inoculum dose has proved to establish an infection in another
In a previous study, it has been shown that Simplex-Panimal model of tibial implant infectiof..
tobramycin-containing bone cement can prev8taphylo-
coccus aureusind Staphylococcus epidermidiisfections in
the rabbit femuf. That model evaluated the development of
an infection after inoculation of the medullary canal with Healthy adult female New Zealand white rabbits (Ico:NZW,
bacteria, immediately followed by insertion of the antibiotic- Broekman Instituut BV, Someren, The Netherlands) weigh-
containing bone cement. However, in order to treat a preexing 3000—-3500 g were obtained 1 week prior to surgery to
istent implant infection, one that has developed after intro-acclimatize to the housing in the Central Animal Laboratory.
duction of bacteria at an earlier time point, the antibiotic-The animals were caged in individual cages, fed with 80—-100
containing bone cement should also be effective againgj antibiotic-free Hope Farms rabbit diet LKK-20 and water
pathogens that may have become phenotypically adapted #&ul libitum Postoperatively, the animals were kept in the
their new habitat. In a one-stage revision procedure, when nbarrier housing facility of the Central Animal Laboratory
previous surgical attempts have been undertaken to treat sucintil they were killed.
an infection, this may be even more demanding. The guidelines of the Dutch act on animal experiments
The purpose of the present study was to compare thél985) were observed.
efficacy of tobramycin-containing bone cement with that of
systemic cefazolin for treatment of infection in a one-stage
revision model. In addition to conventional culture tech-
niques a PCR hybridization assay was used in the detection dthe anesthesia protocol was the same for both operations
bacteria as bacterial DNA. (induction of infection and revision of implant). Surgery was
performed under strict aseptic conditions and under general
inhalation anesthesia. Preoperatively the rabbits were

Animals

Surgery

MATERIALS AND METHODS weighed. The anesthesia was prepared by an intramuscular
injection of 4 mg methadone, 4 mg acepromazinemaleate,
Design and 0.5 mg atropine. A pressure line was introduced into the

To establish an infection, a preformed non-antibiotic-contain-aurICUIar artery for measuring blood pressure. Subsequently

. ) . . o the anesthesia was induced by an intravenous injection of
ing cement plug was introduced in the right tibial medullary .

. . . . etomidate (8—12 mg). An endotracheal tube (No. 3) was
canal of 30 rabbits, after local inoculation with aureus

Four weeks after insertion of the implant, the rabbits Werelntroduced, through which the anesthesia was maintained by

o . . a 1:1 mixture of nitrous oxide, oxygen, and halothane 1%.
divided into three groups (10 rabbits each), and a one-stagf,\he skin of the right leg was cligged and the rabbit was

revision of the implant was performed in all rabbits. After s . .
. . . laced with its left side on the table. The operative area was
removal of the infected implant and lavage of the implant bed. ". . . - : .
disinfected with povidone—iodine and isolated by sterile

(without formal debridement), bone cement was injected into

. . .. _drapes. Postoperatively, pain relief was provided by 3 m
the medullary canal. Group 1 received tobramyun-contamlnq_'alguﬁne i m. ?mmedigfcel?/ postoperative pand subseyquentI%/

bone cement, Group 2 received plain bone cement (no antjs o o
. . : .3 mg buprenorfine i.m. If necessary, buprenorfine injection

biotics) as control, and Group 3 received plain bone cement . epeated postoperativel

and additional systemic antibiotics. Fourteen days after the P P P y:

revision procedures the tibiae were excised and the cortex

adjacent to the cement was cultured. The efficacy of the Infection of Primary Implant

different treatments was compared based upon the numb

. . : : Rt the first operation (establishment of infection), the right
colony-forming units of bacteria following culture.

knee joint was opened via a parapatellar incision. Anterior to
the insertion of the anterior cruciate ligament on the tibia, the
medullary canal was opened. With the use of an air-pressured
Staphylococcus aureus, strain Wood-46 (ATCC 10832) wa&O minidrill the cortex was penetrated by a small drill
used. After culture in Mueller-Hinton broth, a stock of ali- (diameter 1.2 mm), and the medullary canal was reamed with
quots was frozen. The concentration of bacteria (colonydrills and fraises up to a length of at least 25 mm and a width
forming units per milliliter, CFU/ml) was determined by of 3.9 mm. The content of the medullary canal was suctioned
serial dilution and plating on blood agar. In a volume of 0.1and flushed with saline. Prior to insertion of the implant, the
ml, a dose of either FOCFU or 1 CFU was injected in the bacterial suspension was introduced in the tibial canal. Sub-
medullary canal of the rabbit’s tibia. The first four rabbits in sequently, the implant (preformed cement on a central metal
each group received an inoculum dose of CFU. This dose  wire, 25 mm in length, 3.9 mm in diameter, Figure 1) was
was the same as was used in a previous study on the prevepress-fit inserted in the medullary canal. The joint capsule
tion of implant bed infection in the tibia of rabbifsin an  and skin were closed in layers with Vicryl 3-0.

Bacterial Strain
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to revision), 35, and 42 postoperatively. The animals were
killed with an intravenous overdose of pentobarbital sodium.

Autopsy and Sample Acquisition

After the animals were Killed, the skin of both legs was
clipped, disinfected with povidone—iodine, and isolated by
sterile drapes. The right and left (not operated on) tibia were
excised and cleaned from soft tissue debris. First, bone sam-
ples were taken from the left tibia from a region correspond-
ing to the right tibia samples. Second, the external surface of
the right tibia was notched circumferentially at each end of
the shaft and longitudinally on two sides, posterior and an-
terior. An osteotome was used to break off each metaphysis
Figure 1. Example of implants used to create an infection. and then to free the medial half of the bone from the lateral
half. Care was taken not to damage the cement.

Revision of Implant Bacteriological Culture

The implant was exchanged 28 days after the first operatioroth the medial bone half of the right tibia adjacent to the
Through the parapatellar scar the knee joint was opened. TH&ment plug and bone from the corresponding region of the
present implant was removed from the right tibial canal,left tibia were submitted for quantification of bacteria. The
inoculated on blood agar plates, and incubated for 24 h at 3gone samples were homogenized in a sterile phosphate-
°C. In addition, medullary tissue samples were obtained fopuffered saline solution (pH 7.4) with the use of a Polytron
culture. Subsequently, the canal was debrided and washdigsue grinder (Kinetica, Best, The Netherlands) and the num-
with sterile antibiotic-free physiologic saline. In Group 1, ber of bacteria per gram of bone was determined by dilution
tobramycin-containing bone cement (Simplex-P bone ceand plating techniques.
ment, premixed with 1.0 g of tobramycin as a sulphate in 40 g
powder, Stryker-Howmedica-Osteonics, Rutherford, NJ) was PCR Hybridization Assay
inserted in the right tibial medullary canal. In the same
manner, plain Simplex-P bone cement was used in Groups?1 . .
; ; . . the cement plug was collected for molecular biological anal-
and 3. The animals in Group 3 received also systemic anti-

biotics (cefazolin, 30 mgikg, injected subcutaneously ever)ySIS for the presence of bacterial DNA. These samples were

incubated for 18 h at 60 °C in 1.5 ml digestion buffer
8 h for _14 days total_, from Day_28 through Day 42). .The[SOO-mM Tris (pH 9), 20-mM EDTA, 10-mM NaCl, 1%
rabbits in Group 2 did not receive any form of antibiotic

. : : ..~ SDS, 0.5 mg/ml proteinase K] to release total DNA. A
treatment. The shelf life of premixed tobramycin-containing
. . volume of 200ul of the extracted DNA was used for DNA
bone cement is 2 years. In this study all cement was use

within 18 months after manufacture and stored at room temISOIatIOn the QlAamp Tissue Kit (Qiagen, Hilden, Germany).

. o The last step in the isolation of the DNA included the elution
perature until use. The bone cement (precooled at 4 °C) WaS% DNA in an end-volume of 409, Subsequently, 2.5 of

\é?i%%ms'r?l)l(;?‘ fl;);r?g ie(:r?s;?)moy:'ggi‘gfl?ég?tgg:;e CAemf;:_he dissolved DNA was amplified by the technique described
b 9 - APP by Wilbrink et al® Broad-range biotin-labeled primers, tar

imately 1.2 ml cement was injected gently into the medullary””’ . . .
) . i eting conserved regions of the gene for the 16S subunit of
canal, while the syringe was slowly being retracted. The exa

- X - ribosomal RNA (16S-rRNA), were used to set up an eubac-
amount of injected cement was determined by weighing th

) S . ?eria-specific polymerase chain reaction (PCR). An internal
syringe containing the cement. After polymerization of the . R

. X . o ike was added to screen for possible inhibition of PCR and
cement and wound drainage with saline, the joint capsule an?0 e S
skin were closed in lavers with Vicrvl 3-0 0 reduce the amplification of contaminating DNA. The pres-

y y ' ence ofS. aureusDNA was determined by reverse line blot
hybridization. The reverse line blot hybridization technique,
as described by Kaufhold et #lwas used. For this purpose,
The follow-up period after revision surgery was 14 days (42a genus-specific staphylococcal oligonucleotide probe (5'-
days after the first operation). Routine AP and lateral x-raysA\ACCTACCTATAAGACTGG-3’) and a species-specifig.
of the right femur were obtained after the first operation andaureus oligonucleotide probe (5TCAAAAGTGAAA-
before and after revision surgery on Day 28. Body weight andSACGGTC-3’), which were covalently linked to a mem-
body temperature were recorded on a regular basis. Bloobrane (Biodyne C, Pall Biosupport, Portsmouth, UK), were
samples from the auricular vein on erythrocyte sedimentatiomsed. Ten microliters of PCR products were hybridized to the
rate (ESR) and white blood cell counts (WBC) were takenoligonucleotide probes on the membrane foh at 42 °C,
prior to the first operation and at Days 1, 7, 14, 21, 28 (priorwith the use of a miniblotter system (MN45, Immunetics,

part of the medial half of the right tibial cortex adjacent to

Follow-Up
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Cambridge, MA). Subsequently, nonspecific DNA wasTABLE I. Erythrocyte Sedimentation Rate and White Blood
washed of the membrane at 55 °C and the membrane w&s!l Count

incubated at 42 °C with Streptavidin-peroxidase (Boehringer ESR (mm/h, mean: SD)
Mannheim Biochemica, Mannheim, Germany). Finally, theg;%léﬂsm Dav 0 Dav 7 Dav 28 Dav 42
presence ofS. aureusDNA could be visualized on a film Y Y Y Y
(Hyperfilm ECL) with the use of an enhanced chemolumi-Tobramycin ~ 1.3- 0.5 429+ 34.7 0.9*03 1.3*05
nescent detection system (ECL, Amersham International, Litcefazolin 1.1x04 353272 1.0+00 11+04

tle Chalfont, England). Control 1505 419+265 1605 1.7+0.7
WBC (X107, mean+ SD)
Statistics Day 0 Day 7 Day 28  Day 42

The probability of a positive culture was compared betweerrgpramycin 5.5+ 1.6 132+ 35 4.7+0.7 6.7=17
the three groups of rabbits with the use of Fisher’'s exact testefazolin 42+ 11 104*+12 65+20 58+1.8
Furthermore, to account for inoculum dose, also a moreontrol 43+07 108+*19 58+24 6.8+23
sophisticated analysis was also performed with the use of @
stratified two by two chi-squared test. One-sided tests were
performed for comparison of each antibiotic group (tobramy-
cin bone cement and systemic cefazolin) with the control
group. Two-sided tests were performed for comparison of the
two antibiotic groups. AP value of less than 0.05 was
considered significant. Exaét values have been computed Three rabbits were lost before the time of revision. Two of
with the use of the statistical program StatXact 4. these rabbits died in the first week after the initial operation,
the third showed signs of severe sepsis and was killed in the
third postoperative week. In all three rabbits the culture
revealed an overwhelmin§. aureusnfection at the site of

the implant. All other rabbits had a good recovery from both
operations. The inserted cement (meastandard deviation)
weighed 0.97%0.17 g in Group 1 (tobramycin cement),
1.03+0.13 in Group 2 (systemic antibiotic), and 1:062.16 g

in Group 3 (control).

The development of an infection in all rabbits was con-
firmed at the time of revision by the presence of pus macro-
scopically and/or by positive cultures of debrided tissue on
the revised implant. The x-rays of all rabbits taken on Day 28
all showed clear signs of reactive bone tissue, predominantly
at the proximal half of the right tibia, indicating a response to
the presence of a local fulminant infection at the site of the
implant (Figure 2).

No signs of side effects of systemic cefazolin, such as
diarrhea caused by pseudomembraneous colitis, were seen in
rabbits treated with cefazolin.

No clear differences between the three treatment groups
were seen in body temperature and loss of body weight, ESR,
and WBC. Table | shows the results of ESR and WBC.

ESR = erythrocyte sedimentation rate; WB€ white blood cell count.

RESULTS

General

Bacteriological Culture

The outcome of cultures is presented in Table Il. Results of
cultures of the cortex of the right tibia adjacent to the cement

TABLE Il. Outcome of Cultures

Culture
Group of Rabbits  Infection Rate (mean+ SD, *%og CFU/g)

Figure 2. Lateral radiographs of the right tibia of the same rabbit at

Day 28, before (left) and after (right) revision surgery. Periostal reac- Tobramycin 2/9 1.1 2.2
tive bone formation as a sign of local response to infection is seen in Control 10/10 5.7+ 1.4
the proximal half of the tibia. At the time of revision surgery, the Cefazolin 0/8 0

implant was removed and bone cement was injected into the tibial
canal after debridement. CFU/g = colony forming units per gram of bone.
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SCSCTCTSCTSCTSCTSCTSCT tween removal of the implant and insertion of the cement at
) os=9 o8 1 a subsequent operation, may be a confounding factor for this
® .09889 889: 8: = w0 : 2 purpose. Furthermore, this model differs from previous effi-
cacy studies, in that the treatment did not start immediately
ALl L Ll et d L LR after inoculation, but after a prolonged time period. This
Figure 3. Details of the film with the results of the reverse line blot delay of treatment was introduced to create an established
hybridization assay. PCR products of the right tibiae of the rabbits in infection with the subsequent inflammatory responses and
Egﬁrt:rfecﬂﬁieu”t tgat”;f):ttgf“rzi areso”i”ts‘et‘:rmg’izifz'c)'l?:efo(zT alterations in microcirculation and bone morphology. There-
The oligonugleot?ées are orient?ad ir?,horizor?tal lanes (1 = stgphyrc))—. fore, In_ comparlspn_ with the dlr(_ac_t-mfe(_;tlon_ mo_dels’ _thIS
cocci probe, 2 = S. aureus probe, 3 = internal spike probe). An  Mmodel is more similar to the clinical situation in which
internal spike was added to all samples to exclude possible inhibition: antibiotic treatment is started only after the infection has
The lower lane shows no inhibition in samples that were negative for settled itself.
staphylococi or S. aureus. Only a few studies have addressed an animal model to
evaluate the option of treating an established prosthesis-
related infection with antibiotic-containing bone cement.
(weight 1.03+0.03 g, mean+SD) showed a decrease for Fitzgerald s_howed that gentamicin-containing bone cement
both antibiotic groups (tobramycin cement and systemic ceSould effectively prevent, but not tresBtaphylococcus au-
fazolin) in comparison with the control group. Because inféusinfections around injected PMMA in tibiae of doé_’sln
both antibiotic groups most rabbits (seven out of nine andhree out of five infections, the one-stage revision failed as a
eight out of eight, respectively) showed negative Cu|turetreatment._ Gerhart et al. showed that gentamicin- and/or
results, no statistical analysis was performed on the mea#2ncomycin-loaded bone cement had some, but no absolute
culture results to point out the difference. The rate of infec-Efficacy in the treatment dtaphylococcus aureusfections
tion in both antibiotic groups was significantly lower than in N 34 rat tibiae, based upon the number of colony-forming
the control groupp<0.01. The rate of infection in the tobra- Units:~ The number of failed treatments, however, was not
mycin-cement group was slightly higher (2/9) but not signif- Méntioned. The use of preformed cement to create an infec-
icantly different from the systemic cefazolin group (0fg)=  tonin this model could have made the removal of the cement
0.47. When the inoculum dose €L6r 1 CFU) was taken €asier as compared to the model of Fitzgerald, who inserted
into account, the statistical analysis also showed significarf{'€ initial cement as dough. _ o
differences between both antibiotic groups and the control !N the present study, systemic cefazolin was effective in

group @ < 0.01), but no significant difference between the treating the infection in rabbits after revision of the implant.
two antibiotic treatment groupp & 0.5). Saleh Mghir et al. studied the treatment with either systemic

vancomycin or teicoplanin of a tibia implant infection in
rabbits*® Neither of these antibiotics could fully clear the
infection in the majority of rabbits. In contrast with the
No PCR sample at 42 days follow-up was obtained in 6 oupresent study, these rabbits were inoculated with methicillin-
of the 27 rabbits for which culture results were available atesistantS. aureusand treated only for 1 week. Notably, also
that time. Figure 3 shows a detail of the film on which thein contrast with the present study, the implants in these
results of the reverse line blot hybridization assay on samplegbbits were not revised before starting treatment, stressing
(weight 0.34=0.12 g, mean=SD) of the right tibia of the  the need for revising the prosthesis once it becomes infected.
other 21 rabbits are visualized. Table Ill relates the results ofn the present study, systemic antibiotic treatment was not
the reverse line blot hybridization assay on these samples ignificantly superior to local antibiotic treatment, although
the subsequent culture results. higher numbers of animals may have revealed such a differ-
ence. In another animal model, tobramycin-containing bone

Reverse Line Blot Hybridization Assay

DISCUSSION

. . TABLE lll. Outcome of Reverse Line Blot Hybridization
Based on the results of bacteriological culture, the present

investigation demonstrated that both tobramycin-containing Culture Culture +

bone cement and systemic cefazolin reduce size and rate of Tobramycin 2 Tobramycin 0
infection in the treatment of an infected prosthesis in aRLB — Control 0 Control 3
one-stage revision procedure in rabbits. This model was de- Cefazolin 1 Cefazolin 0
signed to mimic a one-stage revision procedure for an in- Tobramycin 4 Tobramycin 1
fected joint arthroplasty, so that a high efficacy of an antibi-g g + Control 0 Control 5
otic treatment would be required to clear the infection. A Cefazolin 5 Cefazolin 0

two-stage revision model was not incorporated into this _ _ _ —

tud b th . biecti to test ifi The results (in number of rabbits) of the reverse line blot hybridization compared
S U_ Y' : ecause_ ) € main objective was 10 1est a Speci 'Ey culture. RLB = reverse line blot hybridization assay; = negative result+ =
antibiotic-containing cement. The temporary treatment begpositive result.
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cement prevented all infectiofisln the present study, the tibia with S. aureus' S. aureusDNA could not be detected 7
same cement could not fully treat two out of nine infecteddays after the procedure. These findings may implicate that
rabbits. This can be explained by the more extensive spredtie clearance of DNA after antibiotic treatment is dependent
of infection at the time of revision; that is, the infection was on bacterial load, because in the present model, the therapy
not restricted only to the local area around the bone cementvas started only after a full-blown infection had developed.
Destruction of the cortex might be severe, and remainind-urther studies should be employed to address the persistence
necrotic tissue some distance from the antibiotic-containingf bacterial DNA after antibiotic treatment, because DNA-
bone cement may cause treatment faiftirtn such a case, it based diagnosis will become increasingly important in the
is doubtful whether an antibiotic course of more than 2 weeksiear future®’” Important clinical decisions based on this type
would have been more successful, although a previous studyf diagnosis regarding the continuation of antibiotic therapy,
has shown that antibiotic elution from tobramycin-containingwhether systemically or locally via antibiotic-containing bone
bone cement could be detected up to 4 weekwivo'*  cement or beads, will benefit from more insight on this
Clinically, in patients with such an extensive implant infec- matter. Furthermore, the viability of microorganisms can be
tion, few surgeons will opt for only local antibiotics. For this studied with the use of molecular techniques targeting RNA.
matter, a combination of both antibiotic-containing bone ceReverse transcriptase PCR and nucleic-acid sequence ampli-
ment and systemic antibiotic might be optimal: Systemicfication (NASBA) have been used for this purpé8é?Both
antibiotics for the wound problems and bacteria outside theibosomal RNA (rRNA) and messenger RNA (mRNA) can
operative area, and antibiotic-containing bone cement fobe targeted, but rRNA has been shown to persist longer than
local, high release of antibiotics. Indeed, this combination ofnRNA in mycobacteria after chemotheraffyin situ hybrid-
antibiotic administration was predominantly used in manyization for staphylococcal 16S-rRNA can give additional
series reporting on one-stage revision, although an importarmformation whether the detection of bacterial DNA repre-
early study of Buchholz et al. reported success rates ofents the presence of the causative organism at the site of an
77-90% in one-stage revisions mainly without administrationimplant or that it is caused by contaminatidn.
of systemic antibiotic:*>~%* RLB confirmed the presence 8f aureusDNA in only six

In addition to culture, the presence of staphylococcal DNAof the nine rabbits in whicls. aureusvas cultured 14 days
in the samples of the tibial cortex of the rabbits was deterafter revision. Because an internal spike was added in the
mined by means of a reverse line blot hybridization assayPCR samples, inhibition of amplification in the three control
PCR-based assays like RLB might become valuable compleabbits could be excluded with a negative reverse line blot
ments of conventional microbiological techniques, or everhybridization result and a positive culture. These rabbits had
improve diagnostic accuracy.2°In 9 out of 12 rabbits with  a relatively low bacteria load as compared to the six rabbits
negative culture results, reverse line blot hybridizationwith a positive reverse line blot hybridization result and
showed the presence 8f aureuDNA in the right tibia, 14  positive cultures (respectively 3t8.8 and 6.30.6, mean
days after treatment with antibiotics (either systemically or*%g CFU/g). The PCR samples of the three rabbits with
with antibiotic-containing bone cement). Do these reversenegative reverse line blot hybridization results may have
line blot hybridization results demonstrate the sensitivity oforiginated from a part of the tibial cortex where infection was
DNA-based detection methods, or should these findings bminimal, causing sampling error. Furthermore, the differ-
interpreted as false-positive results based upon the outconences between the weights of the bone samples taken for
of culture? The sensitivity of a PCR-based detection method;ulture or PCR, and the magnitude of dilution of the original
with the use of a broad range of bacterial primers, is at thevolumes during the two techniques, should be considered.
same time an Achilles’ heel: PCR does not only amplify The amount of a bone used for a PCR sample was approxi-
DNA of viable bacteria present at the site of the implant, butmately 500 times less than that for culture.
also contaminating DNA or small quantities of DNA that can It is concluded from the current study that both tobramy-
still be present shortly after antimicrobial killing of the bac- cin-containing bone cement and systemic cefazolin used in a
teria. Strict policies in handling the samples should be andne-stage revision for an infected implant can reduce size and
have been obtained in this study to exclude false-positiveate of infection. However, in cases of virulent infections, a
results due to contamination, either from contaminated reeombination of systemic and local antibiotics may be neces-
agents or from previously amplified bacterial DNA products.sary in a one-stage revision procedure. Further studies on the
The presence 08. aureudDNA as confirmed by the reverse feasibility of PCR-reverse line blot hybridization are advised.
line blot hybridization in rabbits with negative culture can be
explained to a large extent by nonviable bacteria after anti-
biotic treatment. Clearance of all bacterial DNA after antibi- REFERENCES
otic treatment may be species specific, but van der Heijden etl. Brandt CM, Sistrunk WW, Duffy MC, Hanssen AD, Steckel-
al. have shown that it can take up to 26 days after initiation ~ berg JM, listrup DM, Osmon DR. Staphylococcus aureus pros-

thetic joint infection treated with debridement and prosthesis
of therapy for the PCR of nonstaphylococcal DNA to become retention. Clin Infect Dis 1997:2814—919.
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mycin-containing bone cement after inoculation of the rabbit  replacement. J Bone Joint Surg [Br] 19818&-353.
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