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The most important progress in hip and knee joint 
replacement surgery the last 40 years has not been 
in new materials and designs, but in prevention of 
infections and improved surgical technique.

When joint prosthetic surgery started on a larger 
scale in the late 1960s, an unacceptable infection 
rate between 5% and 10% was reported both for the 
hip and knee (Ahlberg et al. 1978, Bengtsson et al. 
1987). Started by Charnley, this led to new aseptic 
procedures such as laminar air� ow, body exhaust 
systems and closed operating rooms (Charnley 
1972, Nelson 1977). Stricter pre- and perioperative 
routines avoiding operations on patients with ongo-
ing infection, shorter preoperative hospitalization, 
improved preparation for surgery, new surgical 
gowns, etc., were also introduced. This was done 
without controlled trials, but drastically reduced 
the infection rate to about 3–5% (Antti-Poika et 
al. 1990). During the same period, the surgeons 
gained technical experience. The relative impor-
tance of each of these improvements is dif� cult to 
assess.

At the same time, antiseptic procedures, such 
as preoperative antibiotics were reported in ran-
domized studies done under routine surgical condi-
tions with a signi� cant effect on the infection rates, 
which were reduced to 1–3% (Ericson et al. 1973, 
Carlsson et al. 1977, Hill et al. 1981). During the 
past few decades, several studies have shown that 
short-term prophylaxis for 1 day or less is as effec-
tive as longer regimes (Pollard et al. 1979, Nelson 
et al. 1983, Wymenga 1991). The prevailing sched-
ule today is 24 hours (Walenkamp 2001).

In the early 1970s in Germany, revision of joint 
prosthetic infections with gentamicin bone cement 
was reported to give a reinfection rate similar to 
that of primary joint prosthetic surgery without 
preventive measures. This stimulated interest in 
evaluating the effect of gentamicin cement even 
in primary joint replacements. A few prospective 
studies were done, but with con� icting results 
and obvious dif� culties in randomizing patient 
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series large enough for statistical evaluation (Buch-
holz and Engelbrecht 1970, Pfarr and Burri 1979, 
Josefsson et al. 1990). Despite the lack of clear evi-
dence, bone cement containing antibioitics is now 
routinely used, for instance, in the USA although 
the surgeons have to mix the bone cement and the 
anti biotic powder at surgery (van de Belt 2001).

The lack of good studies showing an effect of 
antibiotic-impregnated cement is one of the key 
statements in an article in this issue of Acta Ortho-
paedica Scandinavica by van de Belt and co-work-
ers “Infection of orthopedic implants and the use 
of antibiotic-loaded bone cements” (pp 557–571). 
However, large multicenter studies have reported 
various preventive measures against implant infec-
tions. The largest prospective European multicenter 
study with over 8,000 joint replacements was done 
by Lidwell and co-workers (1982, 1984). It com-
pared preventive measures in various hospitals and 
focused on the effect of laminar air� ow and the use 
of body exhaust systems, but it was not random-
ized. They found a clear effect of combining local 
and systemic antibiotics in addition to the use of 
laminar air � ow.

On the basis of Norwegian and Swedish prospec-
tive long-term register studies comprising more 
than 250,000 hip arthroplasties, it was shown that 
bone cement containing antibiotic alone is less 
effective than systemic antibiotics, but the combi-
nation is better, and the most cost-effective (Pers-
son et al. 1999, Furnes et al. 2001). The latter gave 
an infection rate of 0.2%. There may be a syner-
gistic effect in using a short-term systemic anti-
biotic together with a cement containing an anti-
biotic (Greene et al. 1998, Walenkamp 2001). Anti-
biotics also reduced the number of revisions for 
loosening (Persson et al. 1999). There are several 
explanations for this. One is that loosening in some 
instances is caused by an  undetected low virulent 
infection or that killed bacteria may result in endo-
toxins and a more aggressive in� ammatory reac-
tion in combination with wear particles (Ragab et 
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al. 1999). Another possibility may be that the sur-
geons with the best technique are those who use 
antibiotics to prevent infections.

With the aseptic and antiseptic measures used 
today, it is possible to have infection rates of 0.3% 
for hips and 0.5% for knees at 10 years; an enor-
mous progress from 10% 25 years ago (Robertsson 
2000, Söderman 2000).

Animal studies have shown that cement contain-
ing antibiotics has a preventive effect on intra-
operative contamination and infectious bio� lm for-
mation, but not as good as systemic antibiotics 
(Elson et al. 1977, Rodeheaver et al. 1983). van de 
Belt and co-workers report in their review in this 
issue that the preventive effect is very brief and 
related to the initial burst of antibiotics from the 
surface during the � rst days and that is related to 
the extent of the contact area, releasing up to at 
most 10% of the antibiotics present in the cement 
within weeks. The preventive effect regarding sur-
gical and hematogenous infections is thus very 
short (Blomgren 1981, van de Belt 2001).

The mechanism underlying the formation of an 
infectious bio� lm on acrylates, release mechanisms 
and properties of antibiotic-loaded cement in clini-
cal use have been extensively reviewed by van de 
Belt et al. and others (Törholm et al.1983, Coster-
ton et al. 1999, van de Belt 2001). The sustained 
release over longer periods depends on the poros-
ity and channels in the cement. Subsequent crack-
ing of the bone cement due to fatigue or at revi-
sion causes leaking of small amounts of antibiot-
ics (Powles et al. 1998). van de Belt et al. state 
that these low levels can increase antibiotic resis-
tance— i.e., to gentamicin and become an ecologi-
cal and environmental threat. This may be possible, 
but it has not been demonstrated. Bacteria within 
a bio� lm on a plain polymer are several hundred 
times more resistant to antibiotics (Bayston and 
Wood 1997, Gilbert and Allison 1999). There are 
also reasons to believe that both coagulase-positive 
and coagulase-negative staphylococci (CNS) have 
either resistant clones already present (phenotypic 
variation) or the genetic capacity to transform rap-
idly  into resistant strains when cultured on a for-
eign material (Arizono et al 1992, Kendall et al 
1996, Merritt et al. 1998, Tunney et al. 1998a, 
b). Development of resistant strains occurs shortly 
after exposure to the material and also on bone 

cement or a polymer without gentamicin. It is 
important to realize that gentamicin resistance has 
not been shown to be commoner in countries using 
bone cement containing antibiotics. Resistance to 
antibiotics occurs frequently also in other, nonsur-
gical, medical � elds. It should also be remembered 
that more than half of the total production of anti-
microbial agents worldwise is used in animal hus-
bandry (Wilcox 1998).

The most important question to be answered 
is whether the patients to be operated on with 
a primary joint replacement have bacteria with 
increased resistance to the antibiotics used for pro-
phylaxis in a speci� c geographical area. This has 
not been shown, but Sanzén and Walder (1988) 
found an increased resistance to gentamicin in 
patients after joint replacement.

van de Belt et al. have also studied revision 
and the use of intermediate treatment with cement 
spacers and beads containing antibiotics. The obvi-
ous advantages of using a molded spacer on extrac-
tion of a prosthesis are easier mobilization of the 
patient and less demanding secondary replacement 
surgery. The most dif� cult problem to overcome 
is  multiresistant infections mainly caused by CNS, 
in some countries now representing almost half of 
the positive cultures occurring in joint prosthetic 
infections (Lidgren 1994, Gaine et al. 2000, Osten-
dorf et al. 2001). CNS infections should be treated 
with at least two antibiotics, in the bone cement and 
preferably in combination with systemic treatment 
to prevent the development of antibiotic resistance 
(Lidgren 2000).

Conclusion

With the low rate of infection seen in many coun-
tries today, 30 hip prosthetic infections and 50 knee 
infections per 10,000 operations in Scandinavia, 
the treatment of infected arthroplasties should be 
centralized, not only for the sake of more surgical 
experience, but also for detecting a change in bac-
terial resistance. This should be done at centers 
with facilities having appropriate techniques, as 
shown in the article by van de Belt and co-workers. 
Genetic probes for PCR analyzing joint � uid and 
tissue, serological detection, ultrasound treatment 
of implant and soft tissue for release of bacteria 
into the culture media, rapid transport, using anaer-
obic culture media and cultures over long periods 
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to detect slow growing low virulent bacteria are all 
in clinical use and important for making a correct 
diagnosis and selecting antibiotic treatment (Mari-
ani et al. 1996, Barrack et al. 1997, Lidgren 2000, 
Ra� q et al. 2000).

The concomitant risk of hepatitis and more seri-
ous viral infections in patients with joint replace-
ments is increasing and constitutes a risk for the 
surgical staff, especially using high-speed water-
irrigated instruments for removal of prostheses and 
cement. This may lead to the bacterial and viral 
spread in aerosols and the return of protective 
shields and body exhaust system, but now to pro-
tect the surgeon from the patient.

There is weak evidence for the preventive 
effect of antibiotic-loaded bone cement in primary 
replacements, except when given in addition to sys-
temic antibiotic prophylaxis (Persson et al. 1999, 
Furnes et al. 2001). Today, however, it is almost 
impossible to do additional randomized studies that 
prove the ef� cacy in primary replacements.

The need for continuous monitoring of bacterial 
and resistance patterns remains. The data should be 
collected in registers on a national/regional level. 
To show the ef� cacy of various treatments in revi-
sion surgery, multinational, multicenter very costly 
studies have to be done to obtain series for valid 
statistical analyses. 

Laboratory studies analyzing surface properties, 
bacterial adhesion, bio� lm, tissue integration, etc., 
are  important when new materials are introduced 
since they may cause new adverse effects. Today, 
as is often the case, we try to explain why and how 
materials  that we are already using work. 

Ahlberg Å, Carlsson Å S, Lindberg L. Hematogenous infec-
tion in total joint replacement. Clin Orthop 1978; 137: 
69-75.

Antti-Poika I, Josefsson G, Konttinen Y, Lidgren L, Santa-
virta S, Sanzén L. Hip arthroplasty infection. Current con-
cepts. Acta Orthop Scand 1990; 61: 163-9.

Arizono T, Oga M, Sugioka Y. Increased resistance of bacte-
ria after adherence to polymethylmethacrylate. An in vitro 
study. Acta Orthop Scand 1992; 63: 661-4.

Barrack R L, Jennings R W, Wolfe M W, Bertot A. The value 
of preoperative aspiration before total knee revision. Clin 
Orthop 1997; 345: 8-16.

Bayston R, Wood H. Small colony variants–are they any-
thing to do with bio� lms? In: Bio� lms: community inter-
actions and control (Eds. Wimpenny J, Handley P, Gilbert 
P, Lappin-Scott H, Jones M). University of Cardiff, Bio-
line Publications 1997: 161-5.

Bengtsson S, Blomberg G, Knutson K, Wigren A, Lidgren 
L. Hematogenous infection after knee arthroplasty. Acta 
Orthop Scand 1987; 58: 529-34.

Blomgren G. Hematogenous infection of total joint replace-
ment. Acta Orthop Scand (Suppl 187) 1981; 52: 7-63.

Buchholz H W, Engelbrecht H. Über die Depotwirkung eini-
ger Antibiotica bei Vermischung mit dem Kunstharz Pala-
cos. Der Chirurg 1970; 11: 511-5.

Carlsson Å S, Lidgren L, Lindberg L. Prophylactic antibi-
otics against early and late deep infections after total hip 
replacements. Acta Orthop Scand 1977; 48: 405-10.

Charnley J. Postoperative infection after total hip replace-
ment with special reference to air contamination in the 
operating room. Clin Orthop 1972; 87: 167-87.

Costerton J W, Stewart P S, Greenberg E P. Bacterial bio-
� lms: A common cause of persistent infections. Science 
1999; 284: 1318-22.

Elson R A, Jephcott A E, McGeghie D B, Verettas D. Bacte-
rial infection and acrylic cement in the rat. J Bone Joint 
Surg (Br) 1977; 59: 452-7.

Ericson C, Lidgren L, Lindberg L. Cloxacillin in the prophy-
laxis of postoperative infections of the hip. J Bone Joint 
Surg (Am) 1973; 55: 808-13.

Furnes O, Havelin L I, Espehaug B. Effect of type of bone 
cement and antibiotic prophylaxis on early revision of 
cemented total hip replacement. Presentation from the 
Norwegian Arthroplasty Register 1987-1996. In: Bone 
cement and cementing techniques (Eds. Walenkamp G H 
I M, Murray D W). Springer-Verlag, Berlin Heidelberg 
2001; 135-42.

Gaine W J, Ramamohan N A, Hussein N A, Hullin M 
G, McCreath S W. Wound infection in hip and knee 
arthroplasty. J Bone Joint Surg (Br) 2000; 82 (4): 561-5.

Gilbert P, Allison D G. Bio� lms and their resistance towards 
antimicrobial agents. In: Dental Plaque (Eds. Newman H 
N, Wilson M). University of Cardiff, Bioline Publications 
1999: 125-43.

Greene N, Holtum P D, Warren C A, Ressler R L, Shepherd 
L, McPherson E J, Patakis M J. In vitro elution of tobra-
mycin and vancomycin polymethylmethacrylate beads 
and spacers from Simplex and Palacos. Am J Orthop 
1998; 27: 201-5.

Hill C, Mazas F, Flamant R, Evrard J. Prophylactic cefazolin 
versus placebo in total hip replacement. Lancet 1981; 1: 
795-7.

Josefsson G, Gudmundsson G, Kolmert L, Wijkström S. 
Prophylactics with systemic antibiotics versus gentamicin 
bone cement in total hip arthroplasty. A � ve-year survey 
of 1688 hips. Clin Orthop 1990; 253: 173-8.

Kendall R W, Duncan C P, Smith J A, Ngui-Yen J H. Persis-
tence of bacteria on antibiotic-loaded acrylic deposits. A 
reason for caution. Clin Orthop 1996; 329: 273-80.



556                                                                                                         Acta Orthop Scand 2001; 72 (6): 553–556

Lidgren L. Low virulent bacteria in joint implant infection. 
In: Molecular pathogenesis of surgical infections (Eds. 
Wadström T, Holder I A, Kronvall G). Gustav Fischer 
Verlag. Stuttgart-Jena-New York 1994: 363-7.

Lidgren L. Low virulent bone and joint infection. Presen-
tation at the ACR Meeting in Philadelphia October 31, 
2000.

Lidwell O M, Lowbury E J L, Whyte W, Blowers R, Stanley 
S J, Lowe D. Effect of ultraclean air in operating rooms 
on deep sepsis in the joint after total hip or knee replace-
ment: A randomised study. Brit Med J 1982; 285: 10-4.

Lidwell O M, Lowbury E J L, Whyte W, Blowers R, Stanley 
S J, Lowe D. Infection and sepsis after operations for total 
hip or knee joint replacement: In� uence of ultraclean air, 
prophylactic antibiotics and other factors. J Hyg Camb 
1984; 93: 504-29.

Mariani B D, Martin D S, Levine M J, Booth R E, Tuan R S. 
Polymerase chain reaction detection of bacterial infection 
in total knee arthroplasty. Clin Orthop 1996; 331: 11-22.

Merritt K, Gaind A, Anderson J M. Detection of bacterial 
adherence on biomedical polymers. J Biomed Mater Res 
1998; 39: 415-22.

Nelson J P. The operating room environment and its in� u-
ence on deep wound infection. In: The Hip Society, Pro-
ceedings of the � fth open Scienti� c Meeting of the Hip 
Society. Ed. C.V. Mosby Co., St Louis, Toronto 1977: 
129-46.

Nelson C L, Green T G, Porter R A, Warren R D. One 
day versus seven days of preventive antibiotic therapy in 
orthopedic surgery. Clin Orthop 1983; 176: 258-63.

Ostendorf M, Malchau H, Dhert W, Verbout A. 749 revi-
sions for infection from the Swedish National Hip Regis-
try. AAOS San Francisco, February 2001.

Persson U, Persson M, Malchau H. The economics of pre-
venting revisions in total hip replacement. Acta Orthop 
Scand 1999; 70 (2): 163-9.

Pfarr B, Burri C. Prospective Studie über den Effekt von 
gentamicin-Palacos bei 200 Totalprothesen der Hüfte. 
In: Lokalbehandlung chirurgischer Infektionen. Aktuelle 
Probleme in Chirurgie und Orthopädie (Eds. Burri C, 
Rüter A) 1979; 12: 207-9.

Pollard P, Hughes S P F, Scott J E, Evans M J, Benson M 
K D. Antibiotic prophylaxis in total hip replacement. Brit 
Med J 1979; 1: 707-9.

Powles J W, Spencer R F, Lovering A M. Gentamicin release 
from old cement during revision hip arthroplasty. J Bone 
Joint Surg (Br) 1998; 80 (4): 607-10.

Ra� q M, Worthington T, Tebbs S E, Treacy R B C, Dias 
R, Lambert P A, Elliott T S J. Serological detection of 
Gram-positive bacterial infection around prostheses. J 
Bone Joint Surg (Br) 2000; 82: 1156-61.

Ragab A A, Van de Motter R, Lavish S A, Goldberg V M, 
Ninomiya J T, Carlin C R, Green� eld E M. Measurement 
and removal of adherent endotoxin from titanium parti-
cles and implant surfaces. J Orthop Res 1999; 17: 803-9.

Robertsson O. The Swedish Knee Arthroplasty Register. 
Validity and Outcome. Thesis, Lund, Sweden 2000.

Rodeheaver G T, Rukstalis D, Bono M, Belamy W. A new 
model of bone infection used to evaluate the ef� cacy of 
antibiotic-impregnated polymethylmethacrylate cement. 
Clin Orthop 1983; 178: 303-11.

Sanzén L, Walder M. Antibiotic resistance of coagulase-neg -
ative staphylococci in an orthopaedic department. J Hosp 
Inf 1988; 12: 103-8.

Söderman P. On the validity of the results from the Swedish 
National Total Hip Arthroplasty Register. Thesis, Gothen-
burg, Sweden 2000.

Tunney M M, Ramage G, Patrick S, Nixon J R, Murphy P 
G, Gorman S P. Antimicrobial susceptibility of bacteria 
isolated from orthopaedic implants following revision 
hip surgery. Antimicrob Agents Chemother 1998a; 42: 
3002-5.

Tunney M M, Patrick S, Gorman S P, Nixon J R, Anderson 
N, Davis R I, Hanna D, Ramage G. Improved detection of 
infection in hip replacements. A currently underestimated 
problem. J Bone Joint Surg (Br) 1998b; 80: 568-72.

Törholm C, Lidgren L, Lindberg L, Kahlmeter G. Total hip 
joint arthroplasty with gentamicin-impregnated cement–a 
clinical study of gentamicin excretion kinetics. Clin 
Orthop 1983; 181: 99-106.

van de Belt H. Antibiotic-loaded bone cement, release and 
bio� lm formation. Thesis, Gröningen, The Netherlands 
2001.

Walenkamp G. Prevention of infection in orthopaedic sur-
gery. In: European Instructional Course Lectures (Eds. 
Thorngren K-G, Soucacos P N, Horan F, Scott J). The 
British Editorial Society of Bone and Joint Surgery, 
London 2001; 5: 8-17.

Wilcox M H. Antibiotic use and abuse. Lancet 1998; 352: 
1152.

Wymenga A B. Joint sepsis after prophylaxis with one 
or three doses of cefuroxime in hip and knee replace-
ment surgery. A randomised controlled multicentre trial 
with 3013 operations. Thesis, Nijmegen, The Netherlands 
1991.

 

Lars Lidgren
Department of Orthopedics, Lund University Hos-
pital, SE-221 85 Lund, Sweden


