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Management of
acute and chronic
osteomyelitis
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The incidence of acute and subacute osteomyelitis is declining. Vaccination has

almost eradicated Haemophilus bone infection in infants. However, chronic

traumatic osteomyelitis is becoming more frequent following an increase in
motorcycle accidents and infected internal fixation of fractures. There are now
effective means of treating this using the llizarov external circular frame.

steomyelitis is an infection of the

bone and bone marrow caused by

blood-borne organisms (haematoge-

nous), or by direct inoculation from
an open traumatic or surgical wound. Antibiotics
have dramatically reduced the incidence of
osteomyelitis and the mortality resulting from it,
but morbidity from osteomyelitis still persists.
The term osteomyelitis also describes granulo-
matous infections such as tuberculosis or fungal
infections.

CLASSIFICATION

Osteomyelitis is classified as acute (either acute
haematogenous or following open fracture or
surgery); subacute or chronic.

ACUTE HAEMATOGENOUS

OSTEOMYELITIS

Children are most commonly affected. Blood-

borne organisms settle in the metaphysis or the

epiphysis of long bones, most commonly around
the knee.

Certain anatomical factors have been sug-
gested for the prevalence of infection around the
juxta epiphyseal areas:

1. The vascular architecture in the metaphysis
has nutrient arteries and venous sinusoids
forming sharp ‘hair-pin’ loops, favouring
stagnation of blood flow and multiplication of
bacteria (Figure I).

2. These large calibre venous sinusoids are vul-
nerable to minor trauma, predisposing to
thrombosis and haemorrhage, forming an
ideal site for the multiplication of bacteria.

3. Certain metaphyses are intracapsular, e.g. the
hip and knee. This facilitates direct spread of
pus from the long bone into the adjacent
joint.

4. In children under 1 year of age there is a free
vascular anastomosis between the metaphysis
and the epiphysis. Infection can start in the
epiphysis.

Organisms

The commonest isolated organism is
Staphylococcus aureus. It is responsible for
approximately 60% of such infections in chil-
dren between the age of 1 month and 5 years
(Jackson and Nelson, 1982). Methicillin-resis-
tant Staph. aureus (MRSA) has increased in
prevalence in the last few years. The second
commonest organism is streptococci, both group
A and group B. Group B is particularly prevalent
in the first 2 months of life. Haemophilus
influenzae osteomyelitis has almost been eradi-
cated by vaccination (Howard et al, 1999). Other
gram-negative organisms implicated are
Escherichia coli, Proteus, Pseudomonas and
Brucella. Sickle cell anaemia is known to predis-
pose to Salmonella osteomyelitis (salmonella is
a bowel commensal) (Piehl et al, 1993); how-
ever, the commonest organism in this group is
still Staph. aureus (Golding et al, 1959).
Pseudomonas is often the causative organism in
drug addicts.
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Figure 1. Vascular
anatomy of the
metaphysis and the
epiphysis of long bone,
haemorrhage from minor

trauma.
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Infectious process and its consequences

Pus under pressure is formed within the metaph-
ysis and tracks through the Haversian system
and the cortex, elevating the periosteum and
forming a subperiosteal abscess. The rising pres-
sure, vascular stasis, infective thrombosis and
periosteal stripping compromise the blood sup-
ply and the shaft becomes necrotic. Portions of
dead bone are often separated from surrounding
viable bone by granulation tissue. These are
called sequestra (Latin: sequester — standing
apart) (Figure 2).

The pus either re-enters the bone at another
level or bursts out into the soft tissues and
through the skin. The elevated periosteum
responds by laying down new bone called the
involucrum (Latin: involucre — to envelope),
which surrounds the dead and infected bone.

In an established infection, defects in the involu-
crum become cloacae (Latin: cloaca — sewer),
through which pus drains, establishing sinus tracts.
The osteomyelitis then becomes chronic.

Clinical features

Effective treatment depends on early diagnosis,
which in turn depends on a careful history and
examination. Pain is the first symptom. It is usu-
ally continuous and may be related to recent
trauma.

Figure 2. Sequestrum, excised from plated tibia.

Figure 3. a. Normal X-ray in a 7-year-old girl with painful distal tibia. b. Magnetic resonance

imaging scan of the ankle at the same time showing metaphyseal osteomyelitis.

The child looks ill and has a fever. He/she
often refuses to use one limb but usually allows
some movement with gentle encouragement, in
contrast to septic arthritis, where movement is
nil and extremely painful. Local tenderness and
swelling can be found if the bone is superficial
(tibia and ulna). Cellulitis in a child is often a
sign of osteomyelitis. Infants may present just
as ‘failure to thrive’. They may have a
‘pseudoparalysis’ of the affected limb. In infants
it is not uncommon for several bones to be
infected at the same time.

It is important to be aware that previously
administered antibiotics can mask the symptoms
and signs.

Fortunately the incidence of acute and sub-
acute haematogenous osteomyelitis is declin-
ing. This is most probably a result of reduced
virulence of responsible pathogens, increased
host resistance and increasing effectiveness of
community-administered antibiotics (Blyth et
al, 2001).

Investigations

Measurement of erythrocyte sedimentation rate
(ESR), often not done in the initial stages, is a
useful blood test. It rises rapidly and can reach
but rarely exceeds 100 mm/hr. It is a useful indi-
cation of the response to treatment, but its
decline is slow, tending to remain elevated for
some time after infection has subsided. The most
sensitive monitor of the course of the infection is
C-reactive protein level. White blood cell count
(WBC) is elevated with an increase in the num-
ber of neutrophils. The WBC count can vary
from 7000 to 26000/mm3 (Sullivan et al, 1981).
Blood cultures are positive in 50-70% of cases
(Blockley and Watson, 1970). Blood for culture
should always be obtained before administration
of antibiotics.

X-rays are completely normal for the first
10 days after the infection starts (Figure 3a). The
first signs will be osteoporosis, which may be
patchy. Periosteal new bone is not seen for
3—6 weeks. When it is present, remember that
pus has already penetrated the cortex, formed a
subperiosteal abscess and thrombosed the nutri-
ent vessels.

Bone scans are useful for localizing the lesion
before surgery, but they do not specify the
pathology. Gallium-67 labelled gallium citrate
uptake related to local accumulation of polymor-
phonuclear leucocytes can be used sequentially
following a 99™-technetium scan to increase the
specificity (Merkel et al, 1984).

A magnetic resonance imaging (MRI) scan
shows changes in the bone long before plain X-
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ray films (Figure 3b). It is more useful than
computed tomography (CT) scanning at making
the diagnosis.

Treatment

The first priority is resuscitation of the dehy-
drated child with fluids. After blood has been
taken for culture and laboratory tests, intra-
venous ‘best-guess’ antibiotics are started. In
most cases the primary antibiotic of choice is
flucloxacillin (Gillespie and Mayo, 1981).
MRSA is treated with teicoplanin or van-
comycin. Antibiotics are given in doses adequate
to provide satisfactory blood and bone levels.
The C-reactive protein and haemoglobin level,
ESR and WBC count are monitored regularly.

During treatment the patient is rested in bed
with the affected limb immobilized.

In early cases (under 48 hours), the infection
can often be abated with large doses of intra-
venous antibiotics. However, if the child has
been ill for a longer period of time, or if he/she
is not improving with antibiotic treatment,
surgery is indicated. The objective is to release
the pressure inside the bone, and prevent the for-
mation of a subperiosteal abscess. It is better to
operate too early than to wait until the nutrient
vessels have thrombosed and the shaft is dead.

Under general anaesthetic the affected bone is
exposed and the periosteum is incised longitudi-
nally. Any pus evacuated is sent for gram stain-
ing, aerobic and anaerobic culture, and antibiotic
sensitivity. The cortex should be drilled to
decompress the metaphysis and the entire area
irrigated with saline. One to three cortical drill
holes are sufficient. The skin is loosely closed.
The value of closed suction drainage with con-
tinuous intramedullary irrigation remains to be
proved. Inspite of careful precautions, this tech-
nique could invite the possibility of secondary
infection. A drain is therefore not used in acute
osteomyelitis, although it certainly has a place in
the treatment of more chronic infection.

OSTEOMYELITIS FROM DIRECT
INNOCULATION OF BACTERIA
Post-traumatic osteomyelitis is a common clini-
cal problem now. The infection is often polymi-
crobial; isolated organisms can be
Staphylococcus, Streptococcus, gram-negative or
even anaerobic organisms. Most infections occur
after open reduction and often inadequate inter-
nal fixation of fractures, following high energy
open injuries. To obliterate infection, it is essen-
tial to rigidly immobilize the fracture fragments.
The safest method is to remove all internal fixa-
tions, debride the infected bone and fix the frac-

ture rigidly using an external fixator. This is
attached to the bone by pins, situated well away
from the fracture site. It is also essential to
ensure that the soft tissue cover is adequate.

Total joint replacements can get infected
acutely or many years later following a bacter-
aemia from a focus of infection elsewhere in the
body. Patients with hip or knee replacements
should be given prophylactic antibiotics during
urinary catheterization, in an attempt to prevent
late infection.

SPINAL OSTEOMYELITIS

In adults the commonest site of infection is the
spine, with Staphylococcus and Streptococcus
being the commonest organisms. Haematogenous
seeding of gram-negative organisms may occur
from intra-abdominal infections, such as chole-
cystitis or appendicitis, or from urinary tract
infection after catheterization (Smith and Blaser,
1991). The organisms gain access to the spine via
Batson’s venous plexus which anastomose with
both the systemic veins and the portal venous
system. They lack valves and so retrograde flow
can lead to metastatic infection. The organisms
settle on the vertebral end plate. Infection spreads
from one vertebra to the next through intermeta-
physeal anastomoses. The intervertebral disc is
avascular and becomes involved in the infectious
process. As the infection continues progressive
bone destruction occurs.

Deep boring back pain, unrelieved by rest or
position, is the commonest symptom from pyo-
genic vertebral osteomyelitis. It is notoriously
difficult to diagnose. It is not uncommon for
patients to be in hospital for weeks before the
diagnosis is made.

ESR is usually raised. WBC is often normal or
slightly elevated. Blood culture is positive in
about 25% of cases (Sapico and Montgomerie,
1979). There are no X-ray changes in the first
2-3 weeks. Initial X-rays show a loss of disc
height and of paravertebral soft tissue shadow.
This is followed by loss of cortical integrity of
the end plate with progressive vertebral destruc-
tion. Resolving infection usually goes onto spon-
taneous anterior vertebral fusion.

A technetium bone scan is a useful investigation
but is not specific, making a MRI scan the investi-
gation of choice. A MRI scan can show marked
vertebral destruction even though the X-rays look
normal (Kerslake and Worthington, 1972).

Once the site of the infection has been deter-
mined, a needle biopsy obtained under fluoro-
scopic control is sent for microbiological and
histological examination. The majority of cases
respond to non-operative treatment. The main-
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Figure 4. Brodie’s

abscess.

stay of treatment is appropriate antibiotic in ade-
quate doses, for a prolonged period of time;
preferably intravenously for 6—8 weeks. This is
followed by oral antibiotics for up to 6 months.
Spinal immobilization and rest are also an
important part of the treatment. Adults with ver-
tebral osteomyelitis rarely need surgery.
Spontaneous spinal fusion occurs in about 60%
of cases (Sapico and Montgomerie, 1979).

Spinal tuberculosis still occurs in the UK,
commonly in the immunocompromised and in
patients with acquired immunodeficiency syn-
drome (AIDS). It usually affects the lower tho-
racic and upper lumbar vertebra. It starts in one
vertebral body and then spreads under the longi-
tudinal ligaments to affect other levels. Pain may
be deceptively slight so consequently it is picked
up late and not treated until vertebral collapse,
which leads to a localized kyphosis. The infec-
tion can track down the psoas muscle presenting
as a cold abscess in the groin.

SUBACUTE OSTEOMYELITIS

Subacute haematogenous osteomyelitis is diffi-
cult to diagnose because the characteristic signs
and symptoms of acute infection are absent. The
patient presents with pain at the end of a long
bone and occasionally with a limp. The femur
and the tibia are the commonest bones involved.
There is usually no systemic illness, no previous
complaints and no local signs of infection. The
illness is mild, presumably because the organ-
isms are less virulent and the patient is more
resistant. Laboratory tests are usually normal,
although the ESR may be slightly raised.

The radiograph usually shows a well-estab-
lished lesion in the bone. They can mimic vari-
ous benign and malignant bone tumours and
non-pyogenic infections.

Classification

Subacute osteomyelitis has been classified by

Gledhill (1973):

B Type 1: Solitary metaphyseal lesion walled
off by a sclerotic reactive bone. There is nor-
mal bone around the sclerosis, without any
periosteal reaction (Brodie’s abscess) (Figure
9)

B Type 2: Solitary metaphyseal lesion with cor-
tical erosions resembling osteosarcoma

B Type 3: Diaphyseal lesion with cortical
hypertrophy. This can be confused with an
osteoid osteoma

B Type 4: Diaphyseal lesions with layers of
periosteal new bone formation, giving an
onion-skin appearance similar to Ewing’s sar-
coma.

Management

It is best to be certain of the diagnosis with a
biopsy followed by a curettage. A bacteriological
culture is positive in under 50% of cases, usually
Staph. aureus. A prolonged course of antibiotic
(6-12 weeks) usually cures this condition.

CHRONIC OSTEOMYELITIS
Inappropriately treated acute osteomyelitis can
become chronic, but now it more frequently fol-
lows an open fracture or an operation.

The organisms are the same as from the origi-
nal haematogenous osteomyelitis, Staph. aureus
being the commonest. Following trauma or
surgery the organisms are polymicrobial, Staph.
aureus and gram-negative organisms being the
commonest.

Classification

Chronic osteomyelitis has been classified by

Cierny and Mader (1984):

B Type 1: Intramedullary osteomyelitis

B Type 2: Superficial osteomyelitis, as a result
of a skin infection extending to the bone

B Type 3: Both endosteal and cortical involve-
ment of a segment of the bone

B Type 4: Diffuse involvement of a section of
the bone. The bone and the limb will become
unstable after debridement.

A physiological classification of the host has

been suggested (Cierny and Mader, 1984). This

determines the risk of infection and also gives a

yardstick for prognosis following chronic

osteomyelitis:
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B Host type A: normal immune system, non-
smoker

B Host type B: immunologically compromised
B1: locally (lymphoedema, varicose veins,
arteritis)
B2: systemically (diabetics, renal and liver
failure, drug addicts, and smokers)
B3: both locally and systemically

B Host type C: major nutritional and systemic
disorders.

The chances of curing a B3 or C type host with

surgery and antibiotics is slim.

Chronic sclerosing osteomyelitis of Garre
This condition is increasing in frequency. The
patient is usually a young adult with a long his-
tory of low grade pain. It is gradual in onset,
eventually producing a locally enlarged tender
segment of bone. Rarely is there a fever. C-reac-
tive protein and ESR levels are raised in the
more active phase. The process is usually self
resolving, but may recur a number of years later.
The metaphyses of long bones and the mandible
are the commonest bones involved. The X-ray
shows cortical thickening and sclerosis, with no
intramedullary cavity (Figure 5). This sometimes
resembles a bone tumour, such as osteoid
osteoma or sarcoma (Macnicol, 2001).

The diagnosis is made by a bone biopsy, which
shows inflammation but no pus. Rarely is an

Figure 5. Chronic sclerosing osteomyelitis of Garre.

organism isolated. Symptoms can be relieved by
intermittent administration of non-steroidal anti-
inflammatory drugs. Prolonged antibiotic therapy
does not change the clinical course of the disease.
If a small segment of bone is affected, the diseased
bone can be excised and replaced with bone trans-
port. If a large area is involved it is not treatable.

Management
Antibiotics alone do not eradicate chronic infec-
tion. However, they do have a place in:
1. Preventing acute flares by taking a low dose
of antibiotics
2. Attempting a complete cure of the infection
by giving systemic and local antibiotic irriga-
tion, combined with an aggressive surgical
debridement of all dead and infected bone.
Bone biopsy is required to identify the appropri-
ate antibiotics, as sinus tract cultures are not ade-
quate. The choice of antibiotic should be guided
by a microbiologist. Teicoplanin, vancomycin,
clindamicin and rifampicin have good bone pen-
etration, and can be useful in MRSA
osteomyelitis. They should be given in high
enough doses to make the serum concentration
eight times the minimal bactericidal concentra-
tion (Quintiliani and Nightingale, 1984).
Antibiotics should be continued for at least
3 months after surgery, the first 2 weeks at least
being intravenous.

Surgery

Intramedullary reaming: Intramedullary
osteomyelitis (Cierny type 1) can sometimes be
cured by intramedullary reaming followed by
antibiotic irrigation. The reaming is performed as
when inserting an intramedullary nail, but
reaming out as wide as possible, up to the cortex.
All loose and infected bone must be washed out
of the medullary cavity with pulsed lavage.
Antibiotic irrigation (Lautenbach): Double
lumen tubes are inserted into the cavity, which is
initially filled with 50 ml of saline, containing
antibiotic and Varidase (Wyeth Laboratories,
Princeton, NJ) to prevent clotting (Figure 6). This

Figure 6. Lautenbach
irrigation, using double
tubing of medullary cavity
following intramedullary

reaming.
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Figure 7. Excision of
infected non-union, and
replacement of gap by
proximal bone transport,
using an llizarov circular

frame.

Figure 8. a. Infected tibial
non-union, unsuccessfully
treated by a monolateral
external fixator. b. 9 cm
of infected tibia excised.
llizarov frame applied
with a single proximal
corticotomy for bone
transport. c. Halfway
through bone transport.
d. Final reconstruction of
the tibia. No residual

infection.
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small volume is left in the intramedullary cavity
for 1hour and then cleared by low pressure
suction. The cavity is then filled up again and the
procedure repeated, 24 hours per day, for a period
of up to 2 weeks assuming the tubes do not block.
The volume of the antibiotic solution diminishes
as the cavity gets smaller. Systemic antibiotics
are continued at the same time.

This is a more effective method of instilling
antibiotics into an infected cavity, than by the
insertion of gentamicin-laden cement beads.
These beads become difficult to remove after a
few weeks. A more recent development is the
collagen-based drug delivery system like the
Collatamp-G (Syntacoll, Herisau, Switzerland).
These are fully biodegradable implants contain-
ing antibiotics such as gentamicin. They show
excellent pharmacokinetic properties ensuring
adequate local concentration of antibiotic. All

these products are biocompatible and biodegrad-
able thus avoiding a need for a second removal
operation.

Surgical debridement: Chronic osteomyelitis
following infected internal fixation after trauma
has a better chance of a ‘cure’ than when
following a haematological infection. Traumatic
osteomyelitis is often localized to a small section
of a long bone, whereas haematological
osteomyelitis can affect the whole bone.
Traumatic osteomyelitis is often combined with
an infected non-union.

To achieve a cure it is vital that all dead and

devitalized bone be resected, that the cavity is
irrigated until ‘clean’, and then filled in with
bone. This used to be performed by open autoge-
nous bone grafting (Papineau technique). In the
last 10 years this technique has been replaced by
bone transport using an Ilizarov circular frame,
which has revolutionized the management of
chronic osteomyelitis.
Ilizarov treatment of chronic osteomyelitis: A
minor infected non-union with no obvious
radiological sequestrum can be treated by rigid
stabilization and compression of the fracture
using the Ilizarov frame. Stabilization increases
the vascularity at the fracture site, producing
repair callus, which allows antibiotics to reach
the infected area. This heals the non-union and
also eliminates the infection.

However, if there is massive infection, diffuse
spread of infection along the bone, or a
sequestrum present, then the dead and infected
bone must all be excised, resulting in a loss of
substance of the bony shaft. The bone is then sta-
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bilized with an Ilizarov frame and the long bony
gap is slowly closed using bone transport from a
distant corticotomy site (Dendrinos et al, 1995)
(Figure 7-9). The maximum length that can be
restored by one corticotomy is about 6 cm. Bone
transport would need to be performed at two
separate sites if the bone loss is much greater
than this (Cattaneo et al, 1992).

Amputation: Before planning any surgical
treatment on these patients it is important to
counsel them and carefully evaluate their
personality. They may already have undergone
many surgical procedures. In difficult cases with
severe infection, prolonged pain and suffering, as
well as economic and family problems, it may be
more appropriate to offer an amputation, rather
than further prolong their treatment without any
guaranteed success.

Complications

Patients with chronic osteomyelitis can have recur-
rent flares and pathological fractures. Amyloid
deposition is also a known complication of chronic
osteomyelitis. A long-standing osteomyelitis can
predispose to a squamous cell carcinoma of the
sinus (Marjolin’s ulcer) (Figure 10).
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KEY POINTS

B The incidence of acute osteomyelitis has declined over the last decade.

B The commonest organism isolated in acute osteomyelitis is Staphylococcus
aureus (60% of cases in children between the age of 1 month and 5 years).

B C-reactive protein is the most sensitive monitor of the course of infection.

B A magnetic resonance imaging scan shows bone changes before plain X-rays.

B Early cases of acute osteomyelitis can be ‘cured” with rest and prolonged
high dose of antibiofics.

B Late cases need decompression by drilling through the corfex, as well as
antibiotic treatment.

B Age, virulence of infecting organisms, type of host, duration of disease and
extent of bony involvement are factors which determine the severity of the
disease in chronic osteomyelitis.

B Infected non-union is best treated by stable fracture fixation using an
external fixator.

B The llizarov circular frame has revolutionized the management of post-
traumatic chronic osteomyelitis.
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