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Treatment of chronic orthopaedic infection

Heinz Winkler

B Chronic infections are one of the major challenges in
orthopaedic surgery, both for surgeons and patients. They
are characterised by obstinate persistency of the causing
microorganisms and resulting long-term disablement
of the patients, associated with remarkable costs for the
health care system.

B Difficulties derive from the biofilm-mode of living of patho-
gens with resistances against immunological defence and
antimicrobial substances, and osseous defects resulting
from the disease itself and surgical interventions.

B Established techniques usually require multiple costly
operations with extended periods of disablement and
impairment of the patients, sometimes making the ther-
apy worse than the disease.

B Better understanding of the backgrounds of the condi-
tions has led to new surgical techniques and differentiated
application of antibiotics, aiming in improved quality of
life for our patients.
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Introduction®

Most orthopaedic infections arise as sequela to traumatic
episodes and during surgery, especially when foreign mate-
rial is implanted, as in osteosynthesis or total joint replace-
ment (TJR). Bacteria, mostly staphylococci, are able to bind
to damaged tissue and implanted material with immediate
formation of biofilms that may be considered mature after
several days. Clinical signs persisting for longer than ten days
are associated with the development of necrotic bone and
chronic osteomyelitis (COM). COM and prosthetic joint
infection (PJI) are characterised by the persistence of micro-
organisms on dead bone and implants, causing low-grade
inflammation with occasional acute episodes, eventually
associated with fistulous tracts. Removal of dead material is a
prerequisite for cure. However, there is no consensus on the

time interval between debridement and definitive recon-
struction. The second procedure is mostly performed when
clinical findings and laboratory parameters have returned to
normal. In the meantime, external fixators and/or spacers
will provide some temporary stabilisation while systemic
and/or local antibiosis will sterilise the infected site. How-
ever, the prolonged hospitalisation and its associated costs,
the delayed mobilisation and rehabilitation, and the risk of
multiple surgery are marked drawbacks, especially in elderly
patients. Is it worthwhile to wait?

Difficulties of treatment derive from two distinct
issues: 1) resistance of the causing pathogens against
antimicrobials and immunological defences; and 2) osse-
ous defects caused by osteolysis, sequestration and sur-
gical interventions.

Biofilm

Most failures derive from the traditional conceptions of
antimicrobial treatment dealing with freely floating plank-
tonic bacteria. In orthopaedic infections, our most obsti-
nate opponents are not the familiar planktonic pathogens
but their phenotypically different sessile forms embedded
in an extracellular matrix, the glycocalix.>“ The surface of
unvascularised bone and eventually implants acts as a
substratum for the attachment of bacteria and the forma-
tion of biofilms. Biofilm-embedded bacteria require much
higher concentrations of antibiotics for elimination than
their planktonic forms. Several reasons for that specific
behaviour have been proposed. Antimicrobial molecules
must diffuse through the biofilm matrix in order to inacti-
vate the encased cells. The extracellular polymeric sub-
stances constituting this matrix present a diffusional
barrier for these molecules by influencing either the rate
of transport of the molecule to the biofilm interior or the
reaction of the antimicrobial material inside the matrix
material. Conditions that elicit decreased growth, such as
nutrient limitation or presence of toxic substances (anti-
biotics), favour the formation of biofilms.

Debridement may remove the majority of bacteria,
but even after a perfect debridement some colonies
detached from the biofilm during manipulation may
remain, able to colonise niches with poorly vascularised
surfaces and cause recurrence after an indefinite period
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of time. This has been the reason for avoiding simultane-
ous insertion of osteosynthetic material or endoprosthe-
ses at a freshly debrided site and for using external
fixators for stabilisation.

Bone defectss

After removal of infected implants and radical sequestrec-
tomy, bony defects will always be present. There are sev-
eral suggestions as to how to address this issue; what all
have in common is the use of multiple procedures requir-
ing multiple stages, leading to prolonged treatment and
impairment of the condition of the patients. One of the
predisposing factors for continuation of infection is
inflammation. There are several reasons for inflamma-
tion, such as mechanical factors (instability, foreign bod-
ies), as well as chemical orimmunological features. When
filling a previously infected site, it therefore seems favour-
able to avoid any reason for inflammation as much as
possible. PMMA (polymethylmethacrylate cement) or
bone substitutes are clearly foreign bodies that tend to
create an inflammatory response. The Masquelet tech-
nique of induced membranes® uses this inflammatory
reaction for inducing a pseudosynovial membrane
around PMMA spacers that consequently secrete growth
factors apparently enhancing the incorporation of autol-
ogous bone grafts, placed at a second stage some weeks
later. However, its ability to assist in the healing of critical-
sized segmental defects when compared with empty
controls remained inconclusive.” The authors of this study
reported a 90% union rate but this requires a mean of
6.11 surgical interventions within a mean of 14.4 months
to obtain union.® Other authors prefer resection of the
altered osseous section and the creation of new bone via
bone transportation®'° or a vascularised fibular graft."
All of these procedures show a high rate of complications,
require multiple interventions over several months or
even years, and represent a severe pressure on the
patient, both physically and psychologically, as is illus-
trated by the voluntary amputation rate of 1.6%.2

Bone grafting has been used in COM for decades.’?
Autologous bone (i.e. bone from the patient) is consid-
ered preferable for reconstruction but mostly is not avail-
able in sufficient amounts, requires additional surgery and
is unprotected against bacterial re-colonisation. Allograft
bone is available in unlimited amounts but since it is not
vascularised it may be a substrate for bacterial growth.
Highly purified bone matrix of the same species seems to
show the highest biocompatibility of all available materi-
als; it additionally grants the advantages of some load-
bearing capability and the possibility of accelerated
incorporation into the host organism through uncompro-
mised osteoconduction.™

Chronic osteomyelitis: classification

There are several systems available for the classification of
COM. For clinical practice, the Cierny-Mader classifica-
tion'> seems to be the most valuable one since it is a clini-
cal classification based on anatomical, clinical and
radiological features. It divides osteomyelitis into four ana-
tomical stages.

In stage 1, or the medullary stage, osteomyelitis is con-
fined to the medullary cavity of the bone.

In stage 2, or the superficial stage, osteomyelitis
involves only the outside of cortical bone and most often
originates from a direct inoculation or a contiguous focus
infection.

In stage 3, or the localised stage, osteomyelitis usually
involves both cortical and medullary bone. In this stage,
the bone remains stable and the infectious process does
not involve the entire bone diameter.

In stage 4, or the diffuse stage, osteomyelitis involves
the entire thickness of the bone, with loss of stability.

The system adds a second dimension, characterising the
host as either A, B or C. While A hosts are patients without
any additional risk factors, B hosts are affected by either
local or systemic compromise. It is remarkable that Cierny
and Mader have introduced the completely subjective
term of C hosts, who are patients so severely compromised
that the radical treatment necessary would have an unac-
ceptable risk-benefit ratio. It opens an option, or rather
obligation, for the surgeon to choose between alternatives
in order to provide the best possible quality of life.

Peri-prosthetic joint infection

There are several suggestions for the classification and
staging of PJI.7¢ For practical use, the mostimportant is the
time of onset of infection whereas the definition by Zim-
merli et al'” is most widely accepted. Early infections
develop less than three months after surgery, delayed
infections after three to 24 months and late infections after
more than 24 months. Both early and delayed infections
originate from the previous surgery, late infections are usu-
ally of haematogenous origin. While early and late infec-
tions may be considered ‘acute’ and may be treated
successfully with more conservative approaches,'®1? a
delayed infection definitely is chronic and always requires
surgical removal of all non-viable material for cure. There is
ongoing debate on the timing of re-implantation of a new
prosthesis, either in one single stage or in multiple stages.2°
Two-stage revision is widely considered the ‘gold stand-
ard’ of treatment, although there is no evidence-based rea-
son for that assumption. Meta-analysis of the existing
literature could not indicate that one- or two-stage meth-
ods have different re-infection outcomes, either for hips?!
or for knees.??
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Quality of life

COM and delayed PJI are characterised by persistence and
difficulty to treat, but they rarely lead to life-threatening
situations. As doctors and surgeons, it is our primary task
to provide cure of the disease. However, we should not
forget that we do not only deal with a disease but also
with patients who have a family, work, social contacts and
a right of leisure activities. Cierny and Mader were right in
saying that ‘some treatments may be worse than the dis-
ease’. These observations should guide our strategy when
suggesting a treatment. It sometimes may be more advan-
tageous to accept remission instead of cure while provid-
ing fast rehabilitation. Multiple-stage procedures, such as
wide resections as in oncological surgery, inevitably pre-
dict long-standing disability. In PJl, one-stage procedures
are favoured regarding the preservation of quality of life?3
and post-operative function.?* Finding the balance
between advantages and disadvantages is often a difficult
task but remains the responsibility of the surgeon, includ-
ing evaluation of the needs of the patient with fully
informed consent.

Antibiotic delivery

The idea of delivering antibiotics by a local drug-delivery
system was first followed by Buchholz et al, who mixed
antibiotics and PMMA to create a local carrier.?> From these
findings, Klemm et al have developed techniques using
antibiotic-loaded bone cement in the form of beads to be
placed into debrided bone defects.2¢ However, meanwhile
it has become clear that antibiotic concentrations pro-
duced by antibiotic-loaded cement may kill planktonic
bacteria but are not effective in eliminating remaining bio-
film clusters. Between 90% and 95% of the antibiotic
remains trapped in the cement and the amounts released
from the surface create only moderate concentrations for
the first hours after implantation, leaving antibiotic-loaded
cement ineffective as anti-biofilm tool. Ninety percent of
implanted bead chains and 50% of spacers are covered
with biofilms at removal,27:28 often associated with induc-
tion of resistance to even the planktonic forms.2%3% Small
colony variants (SCVs) require up to 100-fold of the mini-
mal-inhibiting concentrations (MIC), biofilm embedded
pathogens up to 1000-fold MIC for elimination3' and these
are usually not possible for systemic antibiotic therapy as
well as for antibiotics released from PMMA.32

In developing novel systems, the antibiotics must pass
several tests qualifying them for that purpose. Few anti-
biotics have been identified to meet those criteria. Among
them, glycopeptides and aminoglycosides are the most
widely evaluated ones. The majority of the pathogens
involved in bone infection are Gram-positive and suscep-
tible to vancomycin. Most Gram-negatives are susceptible
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to tobramycin. Vancomycin and tobramycin show the
least cytotoxic effect of all commonly used antibiotics33
and are not likely to cause systemic side effects after local
application.3* It is therefore suggested that local applica-
tion of antibiotics with similar properties as vancomycin
together with an appropriate carrier may be a valuable
tool against orthopaedic infections.

For eliminating residual biofilm fragments, local carri-
ers are necessary to provide sufficiently high local anti-
biotic concentrations for prolonged periods of time.33:36
For mature biofilms of Staph. aureus, Post et al showed
that after 28 days under static conditions, the Staph.
aureus biofilm was completely eradicated at 200 mg/L
vancomycin and higher concentrations, but not under
100 mg/L.3” Fragments of biofilms are more vulnerable to
antibiotics compared with intact biofilm systems,383 but
their elimination still requires concentrations exceeding
the levels provided by systemic or conventional local anti-
biotic therapy. An ideal carrier should provide for high ini-
tial levels to penetrate remaining biofilms rapidly and
consequently keep the concentrations above the critical
level (which in the case of vancomycin is estimated at
between 200 and 500 mg/L) for a minimum of 72 hours.

Bone grafts as antibiotic carriers

When mixing bone grafts with antibiotics, it turned out
that their storage capability for antibiotics vastly exceeds
those of PMMA#0-42 and other carriers. Especially when
loading highly purified cancellous bone local concentra-
tions of up to 20000 mg/L can be released with vancomy-
cin (Table 1) and up to 13000 mg/L with tobramycin.3
With this kind of impregnation an antibiotic-bone-
compound is created with the whole amount of loaded
antibiotic being available for antimicrobial activity and the
activity remains beyond the susceptibility of relevant path-
ogens for several weeks (Fig. 1). These capacities make
them attractive for reconstruction of contaminated sites
and act as a powerful local carrier at the same time.

Effective therapy of biofilm-mediated
infection

A chronically infected operative site must be surgically
debrided but cannot be sterilised by debridement alone.
Debridement will remove the predominant amount of
bioburden but even the most careful cleaning cannot pro-
vide sterility. It is commonly accepted that whatever filler
is used for dead space management (DSM), it needs some
kind of protection against re-colonisation with remaining
bacteria. DSM after debridement may be performed with
antibiotic-loaded cement or ceramics. It should be keptin
mind that those devices beside their mechanical function
cannot be considered as an anti-biofilm tool; their
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Table 1. Kinetics of purified bone versus polymethylmethacrylate (PMMA)

Antibiotic carrier Purified bone PMMA
Storage capacity / 10 cc 19 0.1g
Availability > 90% < 10%

Release 1 day 10.000 - 20.000 mg/I 40 —400 mg/I
Release 6 day 60 — 130 mg/I Trace

Release 100 day 0 Trace

antibiotic content provides short-lived prophylactic aid
against colonisation with planktonic bacteria but is not
capable of sterilising sites contaminated with sessile bacte-
ria and provides no protection against biofilm colonisa-
tion.4346 Micro-clusters disrupted from biofilms may be the
cause of recurrence after an indefinite period of time. Frag-
ments of biofilms seem to be more vulnerable to antibiotics
compared with intact biofilm systems383° but their elimi-
nation still requires concentrations exceeding the ones
provided by systemic or conventional local antibiotic ther-
apy. For eliminating residual biofilm fragments local carri-
ers are advisable, providing sufficiently high local antibiotic
concentrations for a prolonged period of time.35:36
Treatment of bone infection is a highly specialised disci-
pline and should be reserved to experienced surgeons in a
dedicated centre. In order to eradicate biofilm-mediated
infections, five basic requirements should be followed (5D):

1. Detection: localise their habitats as exactly as
possible;

2. Debridement: drastically reduce their number of
bacteria and their means of livelihood by removing
all identified dead material as radically as possible;

3. Disruption: disturb the living community of resid-
ual biofilm colonies by mechanically disrupting
their established structures as thoroughly as
possible;

4. Dead space management: obliterate possible colo-
nisation foci by filling dead space with inaccessible
material as completely as possible;

5. Decontamination: eliminate sessile bacteria inside
remaining fragments using antimicrobial sub-
stances in concentrations as high and as consistent
as possible.

In addition, reconstruction of bony defects is often nec-
essary to restore the function of the affected limb.

The access to the infected site must follow pre-
determined pathways with excision of sinus tracts and/or
scars of former surgical procedures. The soft tissues should
be carefully examined and debrided immediately as soon
as infectious tissue is identified. Implants, cement and
sequestra must be removed completely. Tissue specimens
from at least four different locations should be sent for
culturing. Implants and bone fragments may be exam-
ined by sonication. Sclerotic bone need not necessarily be
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Fig. 1 Loading of carriers with antibiotics. Purified bone may
store 10x the amount of vancomycin compared with cement.
Almost the whole amount is available, leading to markedly
elevated local concentrations and a prolonged biofilm-active
release.

sacrificed as long as it is vascularised. Even poorly vascu-
larised parts may serve an important role for stability.
Since biofilms are attached only at the surface cautious
abrasion is sufficient for elimination of biofilms. Every
debridement must be accompanied by extensive lavage,
e.g. by using pulsed saline.

Reconstruction even of small defects seems to be
favourable with regard to further revisions. Allograft bone
is widely used for reconstruction of bony defects and per-
forms favourably in two-stage revisions of TJR.4” However,
only when using antibiotic-impregnated graft may it be
performed in a single-stage procedure. In that context,
impaction grafting of ABC infections has shown favoura-
ble results so far, both in PJI (Fig. 2) and in COM (Fig.
3).148 However, multiple-stage revision is considered the
‘gold standard’, but the number of surgeons mainly per-
forming one-stage procedures is increasing constantly.

To address the problem of potentially undetected poly-
microbial colonisation, it appears best to reserve applica-
tion of a single local antibiotic to cases with strong evidence
of monomicrobial Gram-positive infection, i.e. acute onset
of symptoms with typical clinical appearance (fever, pus)
and unambiguous culture. Cases with prior infection-
related surgery or non-specific cultures should be consid-
ered polymicrobial. They should be treated with a
combination of two or more antibiotics, such as local com-
binations of vancomycin with tobramycin which seem to
be favourable by taking advantage of the synergistic activ-
ity of the two antibiotics.4%° This combined approach
should cover most of the relevant pathogens. Complete
soft tissue coverage is essential for success, using muscular
or fasciocutanous flaps if necessary.
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Fig. 2 A 66-year-old male who sustained a femoral neck fracture treated with uncemented total hip arthroplasty. Post-operatively

he complained of unspecific pain with only slightly elevated infection markers. a) Three years later loosening of the acetabular
component was diagnosed with marked osseous defect periacetabular and signs of osteolysis around the proximal part of the stem.
b) One stage exchange with uncemented components. The defects were filled with antibiotic impregnated bone Osteomycin V.
Sonification of explanted material revealed growth of two strains of Staph. epidermidis (MSSE) and Propionibact. sp. Hospital stay was

one week, with Cefuroxim intravenously, followed by six weeks of Amoxicillin/Clavulanic acid and Rifampicin orally. c) six months
post-operatively the patient is painfree with no sign of infection and unlimited mobility. There is partial remodelling of the allograft.

Fig. 3 Radiographs from a 24-year-old male. He was involved in a car accident and had a fractured femur treated with intramedullary
nailing. There was post-operative infection. He had three revisions, exchange of nail. fever, ongoing fistulation, cultures revealed
Staph. aureus (methicillin sensitive) and Staph. epidermidis (methicillin resistant). a) Post-operative radiograph. An exchange of the
intramedullary nail was performed with rigid fixation by locking screws proximally and distally, with defects filled with antibiotic-
bone-compound ABC. b) Radiograph at six weeks after surgery. The patient was fully weight-bearing with no sign of infection. c)
Radiograph at one year after surgery. Dynamisation was performed by removing the proximal interlocking screws; the patient is fully
weight bearing with no signs of infection. d) Radiograph at seven years after surgery. Hardware has been removed. There is complete
union and the defects are restored. The patient returned to sports with no signs of infection.
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Systemic antibiotic treatment must always follow the
results of pre-operative cultures. In case of culture-negative
infection, a second generation cephalosporin appears
advisable until the results of intra-operative cultures
become available. Suggestions on duration of concomi-
tant systemic antibiosis vary widely, from days to several
months. All recommendations are empirical and it is ques-
tionable whether long-term therapy after surgical inter-
vention provides any additional benefit. Planktonic bacteria
may be eliminated rather quickly; however, biofilm rem-
nants are vulnerable only a short period of time after dis-
ruption. Either they are eliminated during and shortly after
surgical intervention or they are not. If they cannot be
eradicated during the ‘window of opportunity’ they are
fully re-organised after three weeks at the latest and are
again inaccessible for systemically administered antibiotics.
Futhermore, it is a concern that prolonged antibiotic ther-
apy may carry the risk of undesired side effects and induc-
tion of resistance, even of planktonic bacteria. Hence,
long-term antimicrobial treatment may be considered in a
new light, where possible advantages and disadvantages
need to be weighed against each other.

Osteomyelitic lesions and infected implants may be
successfully treated using thorough debridement in con-
junction with local antimicrobial therapy using antibiotic
carriers. As long as the local antibiotic levels are higher
than the dosage required for eliminating biofilm-
embedded bacteria, the risk of contamination of alloplas-
tic material is low. Internal fixation and re-implantation of
endoprostheses may be performed simultaneously as
under non-septic condition. Using antibiotic carriers such
as impregnated bone grafts treatment of infection, recon-
struction and internal stabilisation may be performed
within a single operation. Re-infection may occur in com-
plex cases where secluded infected foci are not detected
during debridement. An exact pre-operative mapping of
infected areas is therefore mandatory as well as conse-
quent post-operative follow-up. Re-revisions are mark-
edly less demanding when missed foci are detected early,
as in oncological surgery. Care should be taken to achieve
good soft tissue coverage, using muscle flaps in doubtful
situations. For single-stage procedures, the choice of
simultaneously implanted material should be considered
carefully.

We can never have certainty of having cured bone
infection. Assuming that recurrence may occur within an
unknown period of time, it should be the responsibility of
the surgeon to provide for a treatment reducing the com-
plications for the patient to an absolute minimum. In this
sense, it should be agreed that treatments should be kept
as short and as pain-free as possible. Adequate single-
stage protocols with simultaneous reconstruction of
defects may serve as a favourable tool in reaching that
goal in future.
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