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Abstract

Osteomyelitis is a complex and potentially devastating condition.

Appropriate therapy requires a multimodal orthoplastic approach
and the cornerstone of treatment is surgical management. The aim
is eradication of infection by thorough debridement, leaving only viable
tissue and restoring function. Despite the unquestionable need for sur-
gical debridement in chronic osteomyelitis, the need for reliable radio-
logical and tissue diagnosis along with appropriate antimicrobial
therapy is paramount for the success of treatment. The route of
administration and duration of antimicrobial therapy continues to be
debated. The role of biofilm is now clearly established in the chronicity
of bone infection, and newer modalities are being developed to
address various issues related to biofilm formation. We aim to review

the current trends and concepts for treatment of chronic osteomyelitis
in this article. This includes the traditional and more novel techniques
for obliterating osseous and soft tissue dead space as well as
restoring bony stability and function.
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History of management

The French surgeon Edouard Chassaignac was the first to intro-

duce the term osteomyelitis in 1852, when extensive
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debridement and early amputation were the mainstays of treat-

ment. Lister in 1867 applied Pasteur’s discoveries using carbolic

acid as a disinfectant in open fracture management. Later on,

Esmarch in 1873 advised removal of sequestrum and described

the Esmarch rubber tourniquet as a means to avoid massive

haemorrhage while performing debridement for chronic

osteomyelitis.

During World War I, Carrel and Dakin used continuous irri-

gation to chemically sterilize open fractures with good results,

reportedly due to the chlorine solution used although it was

stated that similar results would be obtained with an inert so-

lution and that the value of the treatment laid in the debridement

technique itself.

Winnet Orr in 1927 described his technique of extensive

surgical debridement followed by Vaseline gauze packing and

encasing the limb in plaster cast to allow the infection to ‘burn

out’ inside the cast. As quoted from Orr, ‘leave the wound alone.

Each time you touch it, you stir up troubles’. Nevertheless, it had

the drawbacks of prolonged immobilization producing joint

stiffness, disuse atrophy and osteoporosis.

The discovery of penicillin by Fleming in 1929 marked the era

of antibiotic treatment and some prophesized the eradication of

osteomyelitis. Unfortunately, this has yet to be achieved and with

increasing antibiotic resistance trials were eventually

commenced using combined antibiotic therapy to overcome

multiresistant organisms.

Early concepts of leaving wounds open and discharging

changed to favour early closure with obliteration of dead space.

Cancellous bone chips to fill the void of debridement were first

described by Hassab and Eid1 then by Papineau et al.2

A real contribution to dead space management was the

development of bone transport, as described by Ilizarov. Good

results were reported by many authors and the technique was

later complemented by advances in soft tissue coverage. These

advances have led to increased success in the management of

chronic osteomyelitis and eradication of persistent infection

compared to surgical debridement and antibiotic therapy alone.
Clinical picture and diagnosis

The diagnosis of chronic osteomyelitis remains a challenge.

Recognition of the clinical symptoms, along with imaging and

laboratory investigations are mainstays for diagnosis.

The clinical features are heterogeneous and usually non-spe-

cific depending on the age of the patient, causative pathogen, area

of involvement as well as the presence of co-morbidities. The most

commonly reported clinical symptoms include relapsing pain,

swelling and bone tenderness with sporadic episodes of low-grade

pyrexia, often associated with persistent sinus tracts with purulent

discharge. These symptoms are a reflection of the pathogenesis of

chronic osteomyelitis, with cyclical pain that increases in severity

and subsides when pus breaks out through the sinus. It must be

remembered that a Marjolin ulcer, as a result of malignant squa-

mous cell transformation in chronic osteomyelitis, is an easily

missed but serious complication with the duration of osteomyelitis

being the single most important risk factor.

A number of laboratory investigations can aid with the diag-

nosis, although all lack specificity for osteomyelitis. Raised in-

flammatory markers such as C-reactive protein (CRP) and
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erythrocyte sedimentation rate (ESR) are an adjunct to diagnosis

and are useful for gauging clinical response to treatment. Typi-

cally, CRP and ESR are raised although white cell count is usually

within normal limits. A normal CRP and ESR does not exclude

osteomyelitis.

The gold standard for diagnosis is positive microbial cultures

from bone biopsies and is the most sensitive diagnostic tool.

Several investigators have emphasized the need for multiple

culture samples in order to increase sensitivity and to overcome

the problem of contamination. Most agree that samples from five

or more sites should be obtained to increase the diagnostic yield.

A broth enrichment medium is usually used to enrich growth of

suspected pathogens in the culture sample.

Tissue samples should undergo both microbiological and

histopathological analysis. Microscopy showing a significant

presence of neutrophils and organisms on special stains indicates

the presence of infection, even before culture results, and can

show fungal spores. False-negative results can result from inad-

equate sampling or if samples were acquired after the start of

empirical antibiotics. Conventional blood cultures are useful only

in cases of haematogenous osteomyelitis.

Imaging modalities ranging from conventional radiography up

to novel nuclear imaging techniques are invaluable contributors to

the diagnosis of osteomyelitis. Plain radiographs are cheap and

widely available. Changes include osteopenia, scalloping of the

cortex and loss of the trabecular architecture of bone. The appear-

ance of these findings is usually delayed by up to 2 weeks after the

onset of infection and not until at least 30% of bone density is lost.

Despite poor sensitivity or specificity and delayed diagnosis, it is

still helpful in excluding other conditions such as fractures or ma-

lignancies. Sinography,which is the opacification of a sinus tract by

retrograde injection of contrast material, defines the course and

extent of the sinus tract and its communications. Sinography may

be performed using plain radiography or combined with CT for

better delineation of the sinus tracts.

Computed tomography (CT) provides the most detailed im-

aging of the cortical bone, and excels over other modalities in its

ability to identify sequestrum, periosteal reactions and sinus

tracts. It is useful both for diagnosis and surgical planning.3

However, it is important to mention that in the presence of

metalwork, there is substantial loss of image resolution and ar-

tifacts limit its reliability in such cases.

Magnetic resonance imaging (MRI) is more accurate in

assessing bone marrow and soft tissue changes that usually pre-

cede any bony changes, allowing earlier diagnosis. It provides

excellent spatial resolution and so can differentiate between intra-

and extra-osseous involvement or bone from soft tissue infections.

Nevertheless, its value is limited in the presence of implant,

fibrous tissue and recent surgery. Intravenous gadolinium contrast

MRI better differentiates between necrotic areas and fibrotic areas,

such as in cases with previous surgical procedures.

Ultrasonography (US) is mainly used in the early stages for

detecting purulent collections under elevated periosteum. Some

authors suggest that in some cases it can be diagnostic and

particularly helpful in directing guided biopsies, but reliable es-

timates of its specificity and sensitivity are yet to be determined.

It is particularly useful in regions that are complicated by metal

instrumentation and therefore might not be well visualized with

MRI or CT, or in patients where MRI is contraindicated.
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Bone scintigraphy has limited specificity and false-positive

results occur particularly in cases of mechanically unstable non

unions or crystal arthropathies, although it is less affected by

metal artifact. Several agents have been studied, including

technetium-99melabeled methylene diphosphonate (99mTc-

MDP), gallium-67 citrate, and indium-111-labelled white blood

cells. Technetium-99m three-phase scans show accumulation of

isotope in areas of increased blood flow and reactive new bone

by adsorption into the hydroxyapatite crystals. On the other

hand, gallium attaches to transferrin, which leaks from the

blood-stream into areas of inflammation or infection but it does

not specifically bind to bone. This indicates that gallium scans

are more specific for infection, correlating more closely to it than

do technetium scans.4 It may reveal osteomyelitis even when

technetium scans show decreased activity or cold lesions.

Leukocytes tagged with indium-111, similarly to gallium-67,

do not show bony detail or distinguish osteomyelitis from soft

tissue infections but are more specific for infection. The use of

radiolabelled antibiotics is a novel technique offering even better

differentiation between infection and sterile inflammatory le-

sions. The compound most extensively studied is 99mTc-cipro-

floxacin.5 A similar technique uses nuclear monoclonal

immunoglobulins to tag leukocytes at areas of infection. The

sensitivity for detection of osteomyelitis can reach 100% in lower

leg and ankle infections using this modality.6 Positron emission

tomography (PET) using fluorine-18 fluorodeoxyglucose (FDG),

however, has the highest sensitivity and specificity and its use is

only limited by the high costs.7 FDG has an affinity towards in-

flammatory cells, which usually have increased expression of

glucose transporters, and so their differential FDG uptake is

abnormally increased.
Introduction to surgical management

Appropriate therapy requires a multimodal approach and the

cornerstone of the treatment is surgical management. When such

surgery is planned, a combined orthoplastic strategy is optimal

and early input from plastic surgeons should be considered for

combined care. The aim is eradication of infection by thorough

debridement, leaving only healthy and viable tissue and restoring

function. Despite the unquestionable need for surgical debride-

ment in chronic osteomyelitis, it is unrealistic to expect that all

infected or necrotic tissue will be removed and surgery should

therefore be combined with both local and systemic antibiotic

therapy.
Patient preparation

Optimizing blood sugar levels in diabetics, renal and liver func-

tion and smoking cessation before surgery improves success

rates. The treatment options should be discussed with the patient

with a clear explanation that curative treatment frequently in-

volves multiple procedures over many months. Alternate options

of suppressive treatment or amputation should also be

considered.
Debridement

Adequate debridement is of paramount importance in surgical

management and aims to remove all infected, necrotic bone and

soft tissue identified at the time of surgery. Techniques should be
� 2019 Elsevier Ltd. All rights reserved.
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similar to those for tumour excisions.8 There is a general

consensus that the adequacy of debridement with wide excision

margins is the most important clinical predictor of a successful

outcome.9

Soft tissue debridement should be in an expansile manner

rather than an extensile approach. Typically, microbiology

sampling will occur at the time of initial debridement and it is

crucial that samples are true representatives of the deep infec-

tion. Any instrument that contacts the skin should be considered

to be contaminated. Retractors should be placed once and ideally

without contacting the skin. A bloodless field aids sampling and

where possible a tourniquet should be considered. In general, a

scalpel should be used instead of cautery. Accessory sinus tracts

will usually close with resolution of infection and do not need to

be excised but can be useful roadmap to sequestrum and

injecting the sinus with dye can be a useful adjunct. Debridement

should leave healthy bleeding tissue and should not be

compromised in order to achieve primary closure. When closure

can be achieved, braided or absorbable sutures should be avoi-

ded due to their affinity to harbour microorganisms.

Bone debridement, coupled with removal of any underlying

implant, follows soft tissue debridement. Periosteal stripping

should be avoided to preserve vascularity. The aim is to excise

necrotic tissue though traditionally large sections of bone were

removed, which may have led to unnecessary morbidity. Invo-

lucrum is viable bone and does not need to be debrided. The

limits of debridement have classically been determined by the

‘paprika sign’, which is punctuate cortical or cancellous

bleeding.10 A selection of sharp osteotomes, chisels, curettes, and

gouges are crucial for effective debridement.

Endosteal infection can be debrided with intramedullary

reaming and has this been reported to be a successful and reli-

able technique in several series.11 This can be used in conjunc-

tion with intramedullary antibiotic-coated implants. The

Lautenbach technique uses a closed irrigation suction system to

wash antibiotics through the medullary cavity. Hashmi et al.12

reported a series of 17 cases treated by this method with only

one recurrence, which resolved after repeat treatment.

To overcome concerns of thermal necrosis the Reamer

eirrigatoreaspirator (RIA) system (Synthes, Inc. West Chester,

Philadelphia) has been used for debridement, as well as bone

graft harvest.13 However, despite the reported encouraging re-

sults and low complication rates, its high cost mandates further

research to delineate its role in managing long bone infections.

If infection extends into the metaphysis or preoperative ra-

diographs reveal endosteal scalloping, intramedullary reaming

may not be adequate. A recent modification of the Lautenbach

technique is the ‘gutter procedure and muscle flap transposition

operation’ by Gokalp et al.14 who reported cures in 29 of 30

patients with chronic osteomyelitis. The created bone gutter al-

lows good exposure while the transposed muscle allowed better

vascularization and filling of the dead space. Any debridement

poses a risk of iatrogenic fracture although stabilization may not

be necessary when 70% of the original cortex remains intact.
Dead space management

Adequate debridement should not be limited by concerns about

the resulting osseous or soft-tissue defects or this will increase

the risk of recurrence. Generally, the choice of reconstruction for
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management of such dead space depends on the characteristics

of the lesion following the debridement and the physiological

grading of the host.

For osseous defects, shortening of long bones remains a viable

option, as most long bones can tolerate some loss of length.

Alternatively, small osseous defects that are structurally stable

can be filled with a myoplasty, in which muscle is used to fill the

defect. When the osseous defect cannot be managed by these

simpler methods, the patient has a number of other options.

Bone grafting could be either open bone grafting, as in the

classical Papineau technique which has been used to manage

small defects successfully.2 This technique is a staged procedure;

after thorough debridement with saucerization the wound is

either left open or filled with antibiotic beads for 10e14 days

until granulation tissue is formed. Once granulated the defect is

filled with cancellous bone chips. Once the graft has revascu-

larized, it can be covered with skin graft or allowed to heal by

secondary intention. Larger defects will require serial grafting

because cancellous chips thicker than 2 cm can result in graft

resorption. The reported success of this technique in the litera-

ture is 70e93%. An evolution of the technique is the closed bone

grafting Belfast technique proposed by McNally et al.15 which

employs early soft-tissue cover followed by delayed bone graft-

ing. The authors reported a cure rate of 92% with this technique.

Primary grafting is confined to small defects and has a risk of

early resorption and unreliable graft incorporation. Koval et al.16

compared three different methods for management of osteomy-

elitis and found that flap coverage had a higher success rate

(80%) compared to either primary closure with suction irrigation

or open cancellous bone grafting, which yielded unacceptable

failure rates (44.5% and 60% respectively). High failure and

recurrence rates of these techniques attest to the refractory na-

ture of chronic osteomyelitis and the inherent difficulties in its

eradication.

Antibiotic-impregnated polymethyl methacrylate (PMMA)

beads elute bactericidal levels of antibiotics for 2e4 weeks and

after removal there remains a sterile bed for cancellous or vas-

cularized bone graft. Adams et al.17 found that clindamycin,

vancomycin, and tobramycin had the best elution characteristics

and highest level in bone and granulation tissue. Cierny10 cited a

92% overall success rate in staged wound management with

beads in 114 patients.

The induced membrane (Masquelet) technique is an extension

of the use of antibiotic laden PMMA with encouraging results.18

This two-stage technique relies upon filling the segmental defect

with a solid block of PMMA, which over 6e8 weeks becomes

surrounded by a highly cellular bio-membrane. At reoperation the

membrane is incised, the cement is removed and replaced with

bone graft. It was demonstrated that the membrane produced

around the cement has osteoinductive properties due to its ability

to produce angiogenic factors as well as bone morphogenetic

proteins. In a case report by Malley and Kates19 the Masquelet

technique, with a spinal cage as a scaffold to maintain the graft in

the second stage, led to successful eradication of meticillin-resis-

tant Staphylococcus aureus (MRSA) infection and reconstitution of

a 17 cm diaphyseal defect in the tibia.

Bioactive glass is a novel biocompatible material that com-

bines osteoconductive, angiogenic and antimicrobial properties.

Drago et al.20 demonstrated the efficacy of bioactive glass both
� 2019 Elsevier Ltd. All rights reserved.
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in vitro and in vivo for the treatment of chronic osteomyelitis

with particular emphasis on immunocompromised hosts and

multiresistant strains. In another study bioactive glass alone

compared well to antibiotic loaded cement.21

Free vascularized bone transfer aims to provide vascularized

structural graft. Typically, the fibula is harvested, although rib,

iliac crest, and scapula have been used as well. This is a complex

micro-anastomosis procedure and is not suitable in all cases.

Furthermore, some studies reported stress fracture rates to be as

high as 35% in tibia and 32% in femurs.22

Distraction osteogenesis using circular frames to transport

corticotomized segments of bone is a well-documented technique.

When well executed, this technique allows for replacing like with

like and produces diaphyseal bone of the requisite dimensions.

Various authors have reported excellent results using this tech-

nique. Paley et al.23 reported 100% union and 76% successful

resolution of infection in 13 patients with infected non-union of

the tibia. Morandi et al.24 reported no recurrence of infection in 13

patients followed for 2 years after Ilizarov reconstruction. The

procedure has been used in conjunction with bone graft, espe-

cially at the docking site, as well as soft tissue transfer for large

defects, with similar success rates. However it should be noted

that the Ilizarov technique is very labour intensive and requires

strict compliance by the patients. Technique-specific complica-

tions include pin tract infections and docking site nonunion have

been reported to occur in 28e38% of cases.

Soft tissue reconstruction

Central to the modern management of chronic osteomyelitis is

combined orthopedic and plastic surgical care.

Soft tissue cover has been graded as the ‘reconstructive lad-

der’ starting with primary closure or healing by secondary

intention up to free vascularized flap coverage. Primary closure

describes a wound closed without the use of borrowed tissue and

historically has been successful less than 50% of the time. Where

a healthy bed of granulation exists, split or full thickness skin

grafting allows for quicker epithelization. To encourage this

granulation tissue a number of methods have been used.

Negative-pressure wound therapy removes exudates from the

wound by means of gentle suction and encourages the formation

of granulation tissue. Recent laboratory studies also suggest that

this modality may induce the release of cytokines stimulating

angiogenesis. It has been shown to provide better outcomes than

traditional dressing methods in one randomized study.25 The

WOLLF study (Wounds in Open Lower Limb Fractures) is a large

randomized multicentre study being conducted in the UK to

assess if negative-pressure dressing application yields better

outcomes in wound management.26

Bilayer wound matrix synthetic graft is an engineered material

designed for soft tissue reconstruction. The bilaminar membrane

acts as a scaffold for cellular invasion and capillary growth. After

placement, the dermal layer becomes progressively vascularized

over 2e3 weeks.

In cases of more significant soft tissue loss a local fas-

ciocutaneous flap may be required and either applied by rotation,

advancement, or transposition techniques. For larger, deeper

defects with scarce vascularity, or pressure regions such as the

plantar aspect of the foot, myofasciocutaneous flaps could be
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utilized. Finally, if no local tissues are available then microsur-

gical free flaps (e.g. latissimus dorsi) can be used for

reconstruction.

Local muscle flaps in general are an option for lower ex-

tremity reconstruction and infection management. In comparison

to fasciocutaneous flaps they are more resistant to ischemia,

easily moulded to fill a defect and provide a wound bed, which

can immediately accept a skin graft. The downside to using

rotational muscle flaps is the expected loss of the donor muscle

function and limitation by anatomical reasons below the prox-

imal tibia. There may be a loss of vascularity over time.

Vascularized free flaps are excellent for soft tissue cover and

the management of dead-space even in large defects. Free flaps,

however, require sophisticated equipment, and a well-trained

surgical team and failures can be difficult to manage.

Amputation always remains a treatment option should

reconstructive efforts fail. Amputation level is defined by the

availability of healthy tissue for closure and the practicality of

prosthesis fitting. This is particularly important in the lower limb,

where metabolic demands significantly increase with more

proximal amputations. In the diabetic population, osteomyelitis

with soft tissue infection frequently leads to amputation. In these

patient’s assessment and treatment of vascular inflow would be

the first step as often a simple stenting or vascular bypass can

improve healing.

Antibiotic management of chronic osteomyelitis

Antibiotics alone for the curative management of chronic osteo-

myelitis are unlikely to be successful. This is due to poor anti-

biotic penetration into necrotic bone and subsequent failure to

sterilize the infected nidus. As discussed elsewhere in this re-

view, debridement, removal of prosthetic material and in some

cases, revascularization, of infected tissue are the mainstay of

treatment. Antibiotics form part of the combined medical and

surgical management.

Antibiotic considerations relate to timing of antibiotics,

establishing the causative pathogen(s), choice of agent, route of

administration and duration. These topics are dealt with indi-

vidually below.
Timing and samples

When possible, antibiotics should be delayed until high-quality

surgical samples have been taken to allow a definitive microbi-

ological diagnosis and optimal treatment against the causative

pathogen. Antibiotics given prior to sampling risk failure to

identify the organism and a drop-off in diagnostic yield of the

procedure, as clearly demonstrated in a retrospective study

looking at culture positivity, in the context of prosthetic joint

infection however, where prior antibiotics decreased culture

positivity by an odds ratio of 4.7, versus no prior antibiotics.27

Again, a study looking at periprosthetic joint infections found

an optimal number of deep operative samples to be five or six

and isolation of the same organism in three of these was strongly

predictive of infection with this organism, although two was also

suggestive.28 The above discussion relates to deep samples from

tissues deemed usually sterile, and superficial or potentially

contaminated specimens are less useful, and may lead to treat-

ments being directed against organisms not actually causing the
� 2019 Elsevier Ltd. All rights reserved.
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infection. Ultimately a clinical decision as to the significance of

the organism(s) is made between the surgeon and infection

specialist. This is based on myriad factors including the plausi-

bility of the organism found as a cause for osteomyelitis, the

quality of samples, number of positive samples, prior antibiotic

therapy and host factors like immune status. Poor local (e.g.

diabetic limb) or systemic immunity (HIV, diabetes, immuno-

suppressants) may allow less pathogenic organisms to set-up

opportunistic infections.
Empirical versus definitive antibiotic therapy

The choice of empirical antibiotics should be based on infor-

mation relating to the common organisms that cause osteomye-

litis, local rates or resistance in these organisms (rates of MRSA

etc), appropriateness of this antibiotic to treat osteomyelitis

(good bone penetration), as well as patient-specific consider-

ations (allergies, previous microbiology samples from patient,

trauma, presence of prostheses, presence of vascular and

immunocompromise and severity of illness). Where the severity

of systemic illness precludes delaying systemic antibiotics until

after surgical debridement, we suggest blood cultures to attempt

to isolate the pathogen before giving the first dose. Expediting

surgery, or subsequently stopping antibiotics if deemed safe to do

so, to increase the diagnostic yield can be considered on a

patient-by-patient basis.

Transition from empirical antibiotics to definitive, directed

antibiotics against a particular pathogen (or pathogens) is a key

step in the optimal management of the patient’s infection.

Definitive antibiotic therapy allows narrowing of the spectrum of

antimicrobial coverage, limiting the potential development of

resistance, with the additional benefit of being able to use the

best treatment (where one exists) for this infection. Where a

pathogen has not been isolated, repeat sampling, different media

or prolonged culture methods as well as molecular tests on

samples, should be considered.
Microbiology and definitive antibiotic management

Staphylococcus aureus is the commonest cause of osteomyelitis,

with other bacterial causes including Gram-negative bacteria,

coagulase-negative staphylococci, anaerobes and streptococci

and enterococci as well as polymicrobial infections (more than

one organism).

There are few data comparing one antibiotic versus another

for osteomyelitis. Again, recommendations relate to historical

practices, with acquired clinical experience with these agents,

knowledge of these agents in other infections and application of

pharmacokinetic (in particular bone penetration) and pharma-

codynamic considerations. For example, parenteral anti-

staphylococcal penicillins (e.g. flucloxacillin in the UK) have

been used for the treatment of osteomyelitis caused by meticillin-

susceptible Staph. aureus (MSSA) for many years, with accu-

mulated clinical experience showing them to be superior to

vancomycin in bloodstream infections and exhibition of

adequate bone penetration.

Numerous studies have demonstrated improved outcomes

using adjunctive rifampicin for staphylococcal infections,

because of its ability to penetrate biofilm better than other anti-

biotics.29 Rifampicin must be coupled with another antibiotic to

prevent mutational resistance occurring.
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Intravenous versus oral antibiotics

Empirical antibiotics are usually given via the intravenous route.

The reasons for this are numerous and pragmatic as well as

historical, but the patient is likely to remain as an inpatient in

this period, and the dosing of some antibiotics, as well as degree

of absorption preclude an oral option (antistaphylococcal peni-

cillins such as flucloxacillin for example) or alternatively the oral

route is prohibited (e.g. glycopeptides and aminoglycosides).

Even when empirical antibiotics can be targeted to an or-

ganism, there is a bias towards IV therapy irrespective of the

nature of the antibiotic and its pharmacokinetic profile, although

this is changing. A study looking at non-inferiority of oral anti-

biotics versus parenteral therapy, the OVIVA study, when pub-

lished should help answer the question systematically about the

role of oral antibiotics in the treatment of osteomyelitis, but

many favour a complete course of parenteral therapy, or initial

parenteral therapy followed by orals with good bioavailability

and bone penetration, where these options exist. For example,

the fluoroquinolones (ciprofloxacin and levofloxacin) have

excellent oral bioavailability and bone penetration with little or

no benefits of IV administration over oral. Similarly, linezolid,

rifampicin, clindamycin, co-tromoxazole and metronidazole

have excellent absorption and do not require the IV route in most

instances.

The development of the highly protein bound lip-

oglycopeptides such as Dalbavancin and Oritavancin, which can

be given intermittently and can remain active for weeks may, as

experience and evidence accumulates, allow treatments of these

infections outside of the hospital setting, assuming some of the

benefits of oral therapy.
Treatment duration

Although no optimal duration of antibiotics has been established,

neither has evidence that antibiotic duration beyond 4e6 weeks

is beneficial. In the context of spondylodiscitis, an infection of

the vertebral bones involving the disc, a study established non-

inferiority of 6 weeks antibiotics compared to the standard

practice of 12 weeks.30 As a result, the total duration of antibiotic

therapy is suggested as 4e8 weeks by some experts, with the

variation accounted for by host and microbiological factors and

response to treatment.

Our unit’s strategy

Despite the dizzying array of treatment options in osteomyelitis

our unit typically utilizes a similar approach in most cases and

our defined aims of treatment are:

� suppression

� reconstruction

� amputation.

Tissue diagnosis e We aim to be meticulous in obtaining

multiple good-quality tissue samples using separate in-

struments. This is one of the most difficult and most easily

overlooked stages in treatment. It is crucial to ensure that

instruments used for sampling do not become contami-

nated as they are passed from the scrub team to the sur-

geon, or brush against the patient’s skin on entering or

exiting the wound as this could result in an inaccurate

culture result.
� 2019 Elsevier Ltd. All rights reserved.
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Debridement of necrotic tissuee Debridement typically occurs

through open procedures with excision of necrotic soft tissue

and bone.Necrotic bone can be extremely difficult to distinguish

from healthy bone. We look for punctate bleeding and for the

consistency of bone when cut with an osteotome. Necrotic bone

may appear to be like ‘ivory’ in cortical bone or have and

abnormally soft consistency in cancellous regions. For patients

who are not suitable for free flaps we sometimes utilize a

minimally invasive debridement with mechanical burrs.

Stable osseous fixation e The type of fixation is highly

dependent on which bone is fractured and the fracture

configuration. In general, Intra-medullary nails are preferred

over plates and circular frames are reserved for cases

requiring bone transport or with complex deformities.

Local antibiotic delivery e Our practice has been greatly

informed by the work of Martin McNally’s group at the Nuf-

field Orthopedic Hospital in Oxford. They have investigated a

variety of local antibiotic delivery systems and we currently

use a proprietary calcium sulphate and hydroxyapatite syn-

thetic bone graft, which is pre-loaded with gentamycin

(Cerement-G). This serves to deliver high-dose local antibi-

otics above the MIC for up to 4 weeks as well as being osteo-

conductive.

Management of dead-space e Bony defects are typically filled

with the gentamycin loaded synthetic bone graft or through

free tissue transfer.

Soft tissue cover e This is determined by the size and loca-

tion of the defect. Clearly if primary closure can be achieved

this is optimal, frequently however rotational flaps or free

tissue transfers are required.

Systemic antibiotics e We have a weekly orthopedic and

microbiology multidisciplinary team meeting where all oste-

omyelitis cases are discussed. Typically, patients receive

empiric antibiotic therapy once microbiological samples have

been taken. Following this, definitive antibiotics are chosen

based on culture results, the route and duration being decided

based on consideration of numerous factors discussed in more

detail in the antibiotic management section.

Rehabilitation e It is our aim to rehabilitate patients to full

weight-bearing as soon as the soft tissues allow.

Conclusion

Osteomyelitis is a complex and potentially devastating condition.

Good outcomes can be achieved through a combined orthoplastic

approach and relies on good microbiology tissue diagnosis,

thorough debridement, robust soft tissue cover and mechanical

stability. These complex patients will predominantly be treated

in tertiary referral centers but all surgeons should have a basic

understanding of the concepts of management to prevent inap-

propriate and unnecessary treatments. A

REFERENCES
1 Hassab HK, Eid AM. The treatment of the bone cavities of chronic

haematogenous osteomyelitis by filling with cancellous bone
chips. Egypt Orthop J 1970; 5: 116e31.

2 Papineau LJ, Alfageme A, Dalcourt JP, Pilon L. Osteomyelite
chronique: excision et greffe de spongieuz a lair libre apres mises
ORTHOPAEDICS AND TRAUMA 33:3 186
a plat extensive [Chronic osteomyelitis: open excision and grafting
after saucerization]. Int Orthop 1979; 3: 165e76.

3 Termaat MF, Raijmakers PG, Scholtein HJ, et al. The accuracy of
diagnostic imaging for the assessment of chronic osteomyelitis: a
systematic review and meta-analysis. J Bone Joint Surg Am 2005;
87: 2464e71.

4 Lewin JS, Rosenfield NS, Hoffer PB, Downing D. Acute osteo-
myelitis in children: combined Tc-99m and Ga-67 imaging. Radi-
ology 1986; 158: 795e804.

5 Britton KE, Wareham DW, Das SS, et al. Imaging bacterial infec-
tion with 99mTc ciprofloxacin. J Clin Pathol 2002; 55: 817e23.

6 Palestro CJ, Love C, Miller TT. Imaging of musculoskeletal in-
fections. Best Pract Res Clin Rheumatol 2006; 20: 1197e218.

7 Stumpe KD, Strobel K. 18 F FDG-PET imaging in musculoskeletal
infection. Q J Nucl Med Mol Imaging 2006; 50: 131e42.

8 Eckardt JJ, Wirganowicz PZ, Mar T. An aggressive surgical
approach to the management of chronic osteomyelitis. Clin
Orthop 1994; 298: 229e39.

9 Forsberg JA, Potter BK, Cierny 3rd G, Webb L. Diagnosis and
management of chronic infection. J Am Acad Orthop Surg 2011;
19: S8e19.

10 Cierny III G. Chronic osteomyelitis: results of treatment. Instr

Course Lect 1990; 39: 495e508.
11 Gualdrini G, et al. Intramedullary reaming in the treatment of

chronic osteomyelitis of the femur and tibia. Chir Organi Mov
2000; 85: 257e63.

12 Hashmi MA, Norman P, Saleh M. The management of chronic
osteomyelitis using the Lautenbach method. J Bone Joint Surg Br
2004; 86: 269e75.

13 Cox G, et al. Reamereirrigatoreaspirator indications and clinical
results: a systematic review. Int Orthop 2011; 35: 951e6.

14 Gokalp MA, Guner S, Ceylan MF, Do�gan A, Sebik A. Results of
treatment of chronic osteomyelitis by “gutter procedure and

muscle flap transposition operation”. Eur J Orthop Surg Traumatol
2014; 24: 415e9.

15 McNally MA, Small JO, Tofighi HG, Mollan RA. Two-stage man-
agement of chronic osteomyelitis of the long bones. The Belfast
technique. J Bone Joint Surg Br 1993; 75: 375e80.

16 Koval KJ, Meadows SE, Rosen H, Silver L, Zuckerman JD.
Posttraumatic tibial osteomyelitis: a comparison of three treat-
ment approaches. Orthopedics 1992; 15: 455e60.

17 Adams K, Couch L, Cierny G, Calhoun J, Mader JT. In vitro and
in vivo evaluation of antibiotic diffusion from antibiotic-
impregnated polymethylmethacrylate beads. Clin Orthop 1992;

278: 244e52.
18 Masqualet AC. The reconstruction of wide diaphyseal bone defect

by foreign body induced membrane and bone grafts. e-memoires
de l’Acadamie Nationale de Chirurgie 2008; 7: 34e8.

19 O’Malley NT, Kates SL. Advances on the Masquelet technique
using a cage and nail construct. Arch Orthop Trauma Surg 2012;
132: 245e8.

20 Drago L, Roman�o D, De Vecchi E, et al. Bioactive glass BAG-
S53P4 for the adjunctive treatment of chronic osteomyelitis of the
long bones: an in vitro and prospective clinical study. BMC Infect
Dis 2013; 13: 584.

21 Roman�o CL, Logoluso N, Meani E, et al. A comparative study of
the use of bioactive glass S53P4 and antibiotic-loaded calcium-
based bone substitutes in the treatment of chronic osteomyelitis:
� 2019 Elsevier Ltd. All rights reserved.

http://refhub.elsevier.com/S1877-1327(19)30029-6/sref1
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref1
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref1
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref1
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref2
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref2
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref2
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref2
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref2
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref3
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref3
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref3
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref3
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref3
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref4
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref4
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref4
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref4
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref5
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref5
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref5
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref6
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref6
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref6
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref7
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref7
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref7
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref8
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref8
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref8
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref8
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref9
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref9
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref9
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref9
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref10
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref10
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref10
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref11
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref11
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref11
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref11
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref12
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref12
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref12
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref12
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref13
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref13
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref13
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref13
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref13
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref14
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref14
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref14
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref14
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref14
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref14
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref15
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref15
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref15
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref15
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref16
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref16
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref16
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref16
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref17
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref17
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref17
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref17
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref17
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref18
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref18
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref18
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref18
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref19
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref19
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref19
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref19
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref20
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref20
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref20
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref20
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref20
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref21
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref21
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref21
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref21
https://doi.org/10.1016/j.mporth.2019.03.005


INFECTION
a retrospective comparative study. Bone Joint J 2014; 96-B:
845e50.

22 De Boer HH, Wood MB, Hermans J. Reconstruction of large
skeletal defects by vascularized fibula transfer. Factors that
influenced the outcome of union in 62 cases. Int Orthop 1990; 14.
121e1.

23 Paley D, Catagni MA, Argnani F, Villa A, Benedetti GB,
Cattaneo R. Ilizarov treatment of tibial nonunions with bone loss.
Clin Orthop 1989; 241: 146e65.

24 Morandi M, Zembo MM, Ciotti M. Infected tibial pseudarthrosis: a
2-year follow up on patients treated by the Ilizarov technique.

Orthopedics 1989; 12: 497e508.
25 Stannard JP, Volgas DA, Stewart R, et al. Negative pressure

wound therapy after severe open fractures: a prospective ran-
domized study. J Orthop Trauma 2009; 23: 552e7.

26 Costa ML, Achten J, Bruce J, et al. Effect of negative pressure
wound therapy vs standard wound management on 12-month
disability among adults with severe open fracture of the lower
ORTHOPAEDICS AND TRAUMA 33:3 187
limb, the WOLLF Randomized Clinical Trial. J Am Med Assoc
2018; 319: 2280e8.

27 Malekzadeh D, Osmon DR, Lahr BD, Hanssen AD, Berbari EF.
Prior use of antimicrobial therapy is a risk factor for culture-
negative prosthetic joint infection. Clin Orthop Relat Res 2010;
468: 2039e45.

28 Atkins BL, Athanasou N, Deeks JJ, et al. Prospective evaluation of
criteria for microbiological diagnosis of prosthetic-joint infection at
revision arthroplasty. The OSIRIS Collaborative Study Group.
J Clin Microbiol 1998; 36: 2932e9.

29 Zimmerli W, Widmer AF, Blatter M, Frei R, Ochsner PE. For the

foreign-body infection (FBI) study group. Role of rifampin for
treatment of orthopedic implanterelated staphylococcal in-
fections : a randomized controlled trial. J Am Med Assoc 1998;
279: 1537e41. https://doi.org/10.1001/jama.279.19.1537.

30 Bernard L, et al. Antibiotic treatment for 6 weeks versus 12 weeks in
patients with pyogenic vertebral osteomyelitis: an open-label, non-
inferiority, randomised, controlled trial. Lancet 2015; 385: 875e82.
� 2019 Elsevier Ltd. All rights reserved.

http://refhub.elsevier.com/S1877-1327(19)30029-6/sref21
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref21
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref21
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref22
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref22
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref22
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref22
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref22
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref23
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref23
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref23
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref23
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref24
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref24
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref24
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref24
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref25
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref25
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref25
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref25
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref26
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref26
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref26
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref26
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref26
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref26
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref27
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref27
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref27
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref27
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref27
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref28
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref28
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref28
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref28
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref28
https://doi.org/10.1001/jama.279.19.1537
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref30
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref30
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref30
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref30
http://refhub.elsevier.com/S1877-1327(19)30029-6/sref30
https://doi.org/10.1016/j.mporth.2019.03.005

	Chronic osteomyelitis: a review on current concepts and trends in treatment
	History of management
	Clinical picture and diagnosis
	Introduction to surgical management
	Patient preparation
	Debridement
	Dead space management

	Soft tissue reconstruction
	Antibiotic management of chronic osteomyelitis
	Timing and samples
	Empirical versus definitive antibiotic therapy
	Microbiology and definitive antibiotic management
	Intravenous versus oral antibiotics
	Treatment duration

	Our unit's strategy
	Conclusion
	References


