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A delay in the diagnosis of paediatric acute and subacute haematogenous osteomyelitis can 
lead to potentially devastating morbidity. There are no definitive guidelines for diagnosis, 
and recommendations in the literature are generally based on expert opinions, case series 
and cohort studies.

All articles in the English literature on paediatric osteomyelitis were searched using 
MEDLINE, CINAHL, EMBASE, Google Scholar, the Cochrane Library and reference lists. A 
total of 1854 papers were identified, 132 of which were examined in detail. All aspects of 
osteomyelitis were investigated in order to formulate recommendations.

On admission 40% of children are afebrile. The tibia and femur are the most commonly 
affected long bones. Clinical examination, blood and radiological tests are only reliable for 
diagnosis in combination. Staphylococcus aureus is the most common organism detected, 
but isolation of Kingella kingae is increasing. Antibiotic treatment is usually sufficient to 
eradicate the infection, with a short course intravenously and early conversion to oral 
treatment. Surgery is indicated only in specific situations.

Most studies were retrospective and there is a need for large, multicentre, randomised, 
controlled trials to define protocols for diagnosis and treatment. Meanwhile, evidence-
based algorithms are suggested for accurate and early diagnosis and effective treatment.

Acute and subacute haematogenous osteo-
myelitis in children is potentially devastating,
with a high morbidity.1,2 Delay in diagnosis
and inappropriate treatment can result in sep-
sis, chronic infection, disruption of longitudi-
nal bone growth and angular deformity.2,3

Correct and timely treatment improves out-
come; however, with evolving microbiology,
including the emergence of methicillin-resist-
ant Staphylococcus aureus (MRSA), early
selection of the correct antibiotic is vital.

There are no definitive guidelines for the
diagnosis and treatment of paediatric osteo-
myelitis, and recommendations are based on
expert opinions, case series and cohort studies.
We performed a systematic review of the liter-
ature in order to identify trends in causative
organisms and formulate evidence-based rec-
ommendations for diagnosis and treatment.

Materials and Methods
The databases examined were MEDLINE
(Medical Literature Analysis and Retrieval
System Online), CINAHL (Cumulative Index
to Nursing and Allied Health Literature,
Ipswich, Massachusetts), EMBASE (Exerpta
Medica Database, Amsterdam, The Nether-
lands), the Cochrane Library without date

restriction up to 31 December 2010, and the
search engine Google Scholar. The keywords
used were ‘p(a)ediatric’, ‘osteomyelitis’, ‘infec-
tion’, ‘bone infection’, ‘antibiotics’, ‘drainage’
and ‘surgery’. The articles were selected in two
stages. First, the title and abstract of all cita-
tions identified by the above searches were
downloaded and the list was narrowed using
the inclusion/exclusion criteria in Table I. Sec-
ondly, the full texts of this short list were
retrieved and similarly evaluated for eligibility.
The most common reason for exclusion at the
second stage was because the results for osteo-
myelitis were indistinguishable from those for
septic arthritis in articles on osteoarticular
infections. The reference lists of reviewed stud-
ies were searched for any additional relevant
articles, and these were subjected to the same
two levels of screening. Two independent
reviewers (JD, MK) examined the citations
with regard to their eligibility, and any doubts
were resolved by discussion. Figure 1 indicates
how the final papers were selected.

Information from the articles was stored in a
spreadsheet and the methodology of each was
discussed. The total number of patients
involved in these studies was > 12 000. This is
an approximate number as several of the
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research groups published repeatedly on similar cohorts. A
large part of the data interpretation is purely descriptive,
and statistical analysis comparing studies was only possible
where there was full documentation of results.

Results
Epidemiology. This is summarised in Table II. Whereas sev-
eral studies report a > 50% fall in incidence over 20 to 30
years,3-5 others report either little change or an increase.4,6,7

Fig. 1

Flow diagram showing the identification of relevant articles.

Table I. Inclusion and exclusion criteria

Inclusion Exclusion

Randomised studies Patients > 18 years old
Observational, retrospective studies Case series < 20 patients
Controlled clinical trials Studies not on osteomyelitis e.g. septic arthritis
Meta-analyses Review articles
English language articles Chronic osteomyelitis

Table II. Epidemiology of paediatric osteomyelitis

Notes

Incidence Uncommon but nearly twice that of septic arthritis71

Developed countries 1.9471 to 1377/100 000
Developing countries 43/100 000 (Polynesia78)

200/100 000 (Aborigines5)
Children < 3 years 28/100 00077

Mean age (yrs) 6.6 40% of cases occur in pre-school age children4,53,58,81

Pelvic 10.218,68,79

Calcaneal osteomyelitis 2.980

Male:female 1.82:1

Risk factors (%)
Unknown 47.0
Blunt trauma 29.4
Recent systemic infection 37.4
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Sickle cell disease (SCD). This is a known risk factor owing
to its effect on the microvasculature causing bone infarction.
The skeletal distribution is similar to that in non-SCD
patients, with long bones predominating,8 but multifocal
osteomyelitis is more common.8,9 Only two articles were spe-
cific for osteomyelitis related to SCD,8,9 although there were
several in excluded reviews. The principal causative organ-
ism is either Staph. aureus or Salmonella, with no definitive
evidence favouring either. If an organism is not isolated on
culture, the antibiotic chosen should cover both.8

Symptoms and signs. The clinical features are shown in
Table III and vary significantly depending on the site of
infection. Pelvic osteomyelitis is especially difficult to diag-
nose, with an mean delay of 12 days reported.10 A fever of
> 37.5°C for more than seven days and localised signs or
symptoms beyond ten days suggest that a complicated
course is more likely.11

Skeletal distribution. The distribution of osteomyelitis is
shown in Table IV. The majority of osteomyelitis occurs in
the metaphysis owing to the blood flow characteristics of
its sinusoids.12 No additional information was available to
allow further analysis of the specific location of osteo-
myelitis within a bone.
Inflammatory markers. The characteristic changes in white
cell count (WCC), erythrocyte sedimentation rate (ESR)

and C-reactive protein (CRP) in paediatric osteomyelitis
are summarised in Table V. It was not possible to determine
the mean values for each, as studies varied in their defini-
tions of normal values and used different techniques for
analysis. Therefore, using the definition of an individual
study, the proportion of patients presenting with raised
markers was used.

No studies looked specifically at the WCC response in
different age groups. This varies greatly depending on the
organism and whether there is concurrent septic arthritis,
thereby making it the most useful marker in alerting the cli-
nician to the possibility of an unusual or particularly viru-
lent organism or concurrent septic arthritis.13-17

Although the ESR and CRP levels are not affected by gen-
der, the involved bone, previous courses of antibiotics11,15

and a raised ESR may indicate abscess formation. A retro-
spective study of 38 cases of pelvic osteomyelitis found a sig-
nificant correlation between the presence of an abscess and
an ESR > 55 mm/h.18 Similarly, a larger study of 199 chil-
dren with generalised osteomyelitis found no periosteal
abscesses or pyomyositis with an ESR < 22 mm/h, and rec-
ommended further imaging if the ESR was higher.19

The CRP is the most useful marker in the blood for help-
ing to distinguish between osteomyelitis alone or osteomy-
elitis complicated by septic arthritis.11,13,20 A study of

Table III. Presenting features

Symptom Incidence* (%)

Pain 81.1
Localised signs/symptoms 70.0
Fever 61.7
Reduced range of movement 50.3
Reduced weight-bearing 49.3

* values were calculated using studies that provided 
adequate information to produce overall figure

Table IV. Skeletal distribution of osteomyelitis

Site Incidence* (%) Site Incidence (%)

Femur 26.9 Vertebra 3.8 
Tibia 26.0 Fibula 3.7 
Pelvis 9.2 Hand 2.0 
Humerus 8.1 Clavicle 0.8 
Foot 7.7 Rib 0.6 
Forearm 4.8 Patella 0.2 
Calcaneum 4.6 Other 1.6

* values were calculated using studies that provided adequate 
information to produce overall figure

Table V. Summary of inflammatory markers (WCC, white cell count; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein)

Marker
Abnormal on
presentation (%)

Normalisation time 
(wks) (presuming 
effective treatment) Significantly influenced by* Peak day(s) Sensitivity/Specificity

WCC 35.9 213,43 MRSA14 Low – especially in young 
children84

Streptococcus pneumonia
Group A strep15,16

Concurrent septic arthritis13,17

ESR 91 3 to 411,25,38,57 MRSA14,38 3 to 557 0.96/0.684

100 (with concomitant 
septic arthritis)

Concurrent septic arthritis13

CRP 80.5 111,25,38,57 MRSA14,38,45 225,38,57

100 (with concomitant 
septic arthritis)

Concurrent septic arthritis13,20

* influenced by: higher values and longer to normalise. MRSA, methicillin-resistant Staphylococcus aureus
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44 patients comparing the CRP and ESR levels between
patients with osteomyelitis alone and those with concurrent
septic arthritis found that 40% of patients with both on
admission had a CRP > 100, which increased to 70% the
following day, compared to 19% and 14%, respectively, in
those with osteomyelitis alone.20 The same trend was seen
with the ESR but at a slower rate, making it a less useful
indicator. A prospective study of 33 patients showed that a
CRP > 100 mg/l on admission was the best predictor of the
need for more than six days of intravenous antibiotics.21

Also, it has been shown that a CRP > 10 mg/l was signifi-
cantly associated with a subperiosteal abscess or pyomyosi-
tis, and neither was present with a CRP < 36 mg/l.19 From
Costa Rica, a scoring system based on clinical evaluation
and regular CRP monitoring predicted those likely to
develop complications early (within two months) or late
(> six months) with a sensitivity and specificity of 0.86 and
0.81, and 0.92 and 0.69, respectively.22 These authors also
reported on a cohort of 63 patients, of whom those with a
CRP > 100 on day four of treatment were significantly
more likely to have a complicated course both clinically and
radiologically.11 Similar findings were shown recently
whereby an increasing CRP on or after day four should
alert the clinician to the possibility of a complication.23

Imaging. Plain radiographs are essential to exclude other
pathologies, and those taken two weeks after the onset of
disease are more likely to be abnormal, as changes can take
two to three weeks to develop in long bones and even

longer (four to six weeks) in flat bones.24-27 The advantages
and disadvantages of imaging options in osteomyelitis are
shown in Table VI.
Tc99 bone scintigraphy. Direct comparison of individual
studies is not possible because of the use of different scan-
ning techniques, and particular care must be taken in neo-
natal osteomyelitis and patients with SCD, where
sensitivity is reduced.28

In contrast with other series, a recent study reported that
nearly half of bone scans showed a false negative result.19

Such scans are thought to be due to a transitional phase in
the disease process from decreased to increased cellular activ-
ity, and repeat scans of previously negative patients with
osteomyelitis are nearly always positive.12 Therefore, where
other imaging modalities are not available, a repeat scan may
be considered. False positive scans are usually due to soft-tis-
sue infection overlying normal hyperaemic bone.28

Patients with positive cold scans have higher fevers and
blood markers, positive cultures (86% compared with 57%
with hot scans29), and need surgery more frequently, and
therefore should be treated aggressively.28,29 This may be
due to abscess formation causing raised intra-osseous pres-
sure, which then increases further if a subperiosteal abscess
exerts extramedullary pressure. This leads to medullary
thrombosis as the microcirculation is compressed and com-
promised. Also, thrombophlebitis of local blood vessels
causes ischaemia, which makes it more difficult for sys-
temic antibiotics to reach affected areas.29

Table VI. Summary of imaging for osteomyelitis

Sensitivity Specificity
Positive predictive 
value Advantages Notes

Radiography19,24,84 16% to 20% 80% to 100% 96% Cheap, easily obtainable and safe 
way of monitoring disease 
progression24,25; do not use to 
prompt treatment changes21

Abnormal admission X-rays (not 
soft-tissue swelling) seen less often 
in acute osteomyelitis but in 67% to 
100% of subacute osteomyelitis 
(bone destruction, lytic lesions and 
periosteal reaction/elevation)67,85-87

Tc99 bone scan12,24,7753% to 100% 50% to 100% 39% to 82% No anaesthetic, widely available. 
Good for localising lesion(s)

5% to 18% positive scans are cold 
and patients need aggressive 
treatment28,29

MRI12,24,31,77 80% to 100% 70% to 100% 84% to 93% No radiation
Identifies local complications: 
abscess or joint/physeal involvement

CT12,24 67% 50% 65% Best at demonstrating cortical 
destruction, bone gas and seques-
trum but these are often absent until 
later stages

Reserved for when other investiga-
tions are not possible or inconclu-
sive

Ultrasound scan24 55% 47% 82% Reliable, cheap, quick, non-ionising 
and easily obtainable. Good aid in 
deciding if surgery is required and 
in differentiating between osteomy-
elitis and soft-tissue abscesses, 
cellulitis and pyomyositis48,88

If treated non-surgically, repeat 
ultrasound scans are useful to mon-
itor abscess resolution or progres-
sion.33 Improvement on ultrasound 
and falling C-reactive protein (CRP) 
correlates well with clinical find-
ings.48 Sensitivity and specificity 
are high for detecting complica-
tions (74% and 95%, respectively)24
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Bone scans are useful for localising the problem, which
can often be a challenge in younger children, and confirm-
ing whether the lesion is solitary or multifocal, as in 7% of
children and 22% of neonates.12

Magnetic resonance imaging (MRI). A retrospective study
of 156 patients comparing all the imaging modalities
showed that bone scintigraphy and MRI are the most useful
techniques at the onset of disease.24 The benefit of contrast
enhancement is controversial in children, as the metaphysis
is highly vascularised and gives a greater signal, which
makes any pathological changes more difficult to differen-
tiate from normal. Although the addition of contrast does
not improve the sensitivity or specificity of the scan30,31 it
increases observer confidence in the diagnosis when
oedema is visible on unenhanced scans, and its use should
be reserved for these patients.31

A retrospective study of 213 patients comparing bone
scintigraphy with MRI suggested that sufficient diagnostic
information was obtained in 84% of patients from the bone
scan alone, and whereas 92% did not require an MRI to
make the diagnosis, 47% needed it to guide treatment.32

Correlation with CRP and ESR gives an indication as to
whether MRI will give any further information. For exam-
ple, pelvic osteomyelitis is difficult to diagnose and treat,
and MRI illustrates abscesses well and defines anatomy
pre-operatively.
Ultrasound. In developed countries the increasing availabil-
ity of MRI, CT and bone scanning has meant that ultra-
sound is rarely used for the diagnosis of osteomyelitis. Its
sensitivity and specificity are low as it relies on detecting
cortical destruction and is unable to distinguish bone
marrow changes. Its interpretation is also very user-
dependent.19,24 In developing countries and areas where
investigations are limited, however, ultrasound is useful
and when used in conjunction with radiographs, the sensi-
tivity is greatly increased.24 Deep soft tissue swelling is an
early sign of osteomyelitis and a reliable diagnostic indica-
tor.33 A hypoechoic area away from the bone was con-
firmed as a periosteal abscess in 81% of patients in one
prospective study34 but in only 42% in another.35 In this,
however, periosteal elevation > 2 mm was a good indicator
of an abscess needing drainage.35 In a review of 38 scans,
periosteal abscesses > 3 mm resolved successfully without
surgery, implying that the decision to drain an abscess
should be made on clinical grounds, specifically the
response of localised symptoms to antibiotics.33 Finally,
ultrasound has high sensitivity and specificity for detecting
complications of osteomyelitis such as periosteal thicken-
ing, soft tissue/periosteal abscess and joint effusions.24

Microbiology. Although the predominant causative organ-
ism is Staph. aureus, Streptococcus and Gram-negative
organisms cause up to 60% of cases of osteomyelitis in chil-
dren under four years, with the remainder being Staph.
aureus.36-39 The most common organisms, including how
they have changed in the post-vaccination era, are shown in
Figure 2.

Many studies comment on the higher yield of positive
cultures from samples of tissue or pus compared with
blood, and reports over the past three decades show an
overall slight deterioration in the ability to obtain positive
cultures even as technology develops and the causative bac-
teria change (Fig. 3).7,40-43

In one study of culture-negative osteomyelitis,
85 patients had a longer duration of symptoms but were
less likely to have fever, localised symptoms, signs, preced-
ing trauma and need for surgical drainage.44 They were
treated successfully in the same way as those with con-
firmed staphylococcal disease.

Methicillin-resistant Staph. aureus (MRSA) is increas-
ingly isolated in patients with osteomyelitis and of great
concern. An early study of the treatment of paediatric
osteomyelitis with penicillin reported resistance rates of
only 2.4%.2 Over the next 50 years these rose rapidly to
60% to 80%, and since 1999 the rates for MRSA are
addressed specifically. They vary enormously, depending
largely on geographical location, from 0% in Saudi
Arabia40 to 71.4% in the USA.45 It is widely accepted that
over the past 20 years the rates of MRSA have increased
overall,45,46 but there is no firm correlation with paediatric
osteomyelitis.

Panton–Valentine leukocidin (PVL) is a gene whereby
bacteriophages infect Staph. aureus. It encodes a necrotis-
ing cytotoxin which, when released, degrades white blood
cells, resulting in an extremely virulent strain of the bacte-
rium. It is usually seen in major respiratory, skin and soft
tissue infections but can also cause a severe form of osteo-
myelitis. The gene is mainly associated with MRSA,47

which to some extent explains its high virulence. Only
about 10% of methicillin-sensitive Staph. aureus (MSSA) is
PVL+, which confers a similar clinical course to PVL+
MRSA. The identification of PVL+ strains could allow gene
modification to reduce its virulence.47

A conjugate vaccine for Haemophilus influenzae type B
(Hib) was introduced in the early 1990s, resulting in a dra-
matic decline in infections caused by this organism in young
children. Whereas it was hitherto the commonest Gram-
negative organism in paediatric osteomyelitis, it is now usu-
ally seen only in areas of low vaccine uptake or limited vac-
cination programmes.48 A retrospective Canadian study of
560 patients reported a 5% rate for Hib before the vaccina-
tion era and 0% afterwards.49

Kingella kingae (KK), formerly Moraxella kingae, has
occasionally been reported to cause skeletal infections.50 It
is a slow-growing, aerobic, fastidious Gram-negative coc-
cobacillus, which is usually found in the respiratory tract of
children and is notoriously difficult to isolate on culture.
There is recent interest in the development of more sophis-
ticated molecular detection mechanisms, such as polymer-
ase chain reaction with specific ribosomal DNA
primers.37,51,52 These allow microbiological diagnosis
where earlier cultures were negative. The rates of KK-con-
firmed osteomyelitis are increasing and KK has overtaken
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Hib as the most common Gram-negative organism causing
osteomyelitis in young children (Fig. 2). Some studies from
France37,41,51 and the USA50 have indicated rates that
encroach on the previously unrivalled Staph. aureus.
Antibiotics. Liaison with the microbiologist and use of the
correct antibiotic are important. Little good prospective

evidence exists to suggest the best choice of initial antibi-
otic, although flucloxacillin is generally favoured owing to
the dominance of Staph. aureus. Benzylpenicillin or a ceph-
alosporin should be added in unvaccinated children.21,53,54

Antibiotics should preferably be started after all necessary
culture specimens have been sent, as this gives the highest
chance of a positive culture.17 An urgent Gram stain should
also be performed. The definitive antibiotics depend on cul-
ture and sensitivity results and the initial antibiotics should
be changed or continued accordingly (Table VII).

Because of the increase in cases of MRSA some authors
have suggested that patients should receive empirical cover
until the results of culture are available.55 This is not widely
accepted, mainly due to the fear of inducing selective anti-
microbial resistance.14 The excellent bone penetration and
oral bioavailability of clindamycin make it extremely useful
in MRSA osteomyelitis.23,25

The duration and route of antibiotic treatment are debat-
able. Much of the evidence advocating longer parenteral
treatment stems from a study that reported a complication
rate of 19% for patients treated with less than three weeks
of intravenous antibiotics, compared with 1% for those
treated for longer.56 Clinical improvement, specifically lack
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Bar chart showing the causative organisms in paediatric osteomyelitis (GAHS, Group A beta-haemolytic streptococcus; GBHS, group B beta-haemo-
lytic streptococcus; HiB, Haemophilus influenza type B).
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of tenderness and a normal temperature, is a good indicator
for conversion to oral antibiotics.7,14,21,53,54 Haemato-
logical markers, especially CRP, can also monitor improve-
ment or prompt a change of treatment.11,13,21,23,25,57

There is only one prospective randomised study on the
subject. In this, 131 patients received a short course (two to
four days) of i.v. clindamycin or a cephalosporin followed
by high-dose oral treatment for either 20 or 30 days. Excel-
lent outcomes were reported in both groups, with no signif-
icant clinical, radiological or haematological differences.
The authors concluded that if the child is improving clini-
cally and CRP returning to normal, 20 days of antibiotics
are enough.23

A recent review of 37 patients with acute uncomplicated
osteomyelitis found that, based on improving clinical and
haematological parameters, 63% patients needed < four
days of i.v. antibiotics, 89% < six days and 11% > six days,
followed by three weeks of oral antibiotics. The most relia-
ble parameters on admission to suggest the need for pro-
longing i.v. antibiotics were fever > 38.4°C and CRP > 100
for over three and five days, respectively.21

Another cohort of 50 patients was treated successfully
with a mean of four days’ i.v. and three weeks’ oral antibi-
otics,25 and short i.v. courses are recommended by several
other retrospective studies, including one of nearly

2000 patients.58,59 This evidence suggests that in acute
uncomplicated osteomyelitis a short course of i.v. antibiot-
ics, guided by clinical and haematological parameters and
followed by an early switch to oral treatment, is acceptable.
Closer and longer follow-up is recommended. This is an
important consideration, especially where follow-up may
be restricted for logistical or financial reasons. The indica-
tors that a longer course of antibiotics will be needed are a
requirement for surgical debridement, limited clinical
response, MRSA, PVL+, radiological abnormalities, poor
compliance, underlying additional medical conditions and
failure of haematological markers to
improve.4,7,17,27,54,58,60,61

The total duration of antibiotic treatment is also conten-
tious. Some studies suggest that a total of three weeks may
be sufficient in uncomplicated cases,21,25 although slightly
longer courses are used by others, with Bachur and Pagon59

reporting a median of 32 days.
The complications of i.v. therapy need to be considered,

the majority of which are line problems, such as sepsis and
blockage. Over 40% of patients receiving more than two
weeks of i.v. therapy had a complication, with young age
and low socioeconomic status being risk factors.63 In one
study 31% of all i.v. antibiotic courses had a catheter-
related complication (from both central venous lines and

Table VII. Important facts for different causative organisms

Organism* Important facts Antibiotics

MSSA Isolated in 67% culture positive isolates β-Lactamase-resistant antibiotic e.g. flucloxacillin
Prevalence increases in children > 4 yrs36-39 Cephalosporin (if allergic)21,23,54

Streptococcus More common in younger children (< 4 yrs) Add in benzylpenicillin/cephalosporin21,53,54

Causes significantly higher fever on admission (38.9°C) than Pneumococcus 
(38.2°C) and Staphylococcus (38.1°C)15

MRSA Highly virulent and must be treated aggressively Clindamycin: 97% to 98% sensitive25,45,89

Patients have significantly longer and higher fevers (39°C), worse inflammatory 
markers, require hospitalisation and antibiotics for longer, have worse 
complications and are more likely to need surgery14,15,29,38,45,61,89

If no response add vancomycin45,89

PVL+ Very severe localised reaction and systemic inflammatory response As per MRSA
Inflammatory markers are higher, radiology often abnormal, need for longer 
antibiotic therapy, admission to intensive care and repeated surgeries14,29,47,61,89

Linezolid also useful47,61

HiB If isolated in blood cultures, perform a lumbar puncture to exclude 
meningitis – present in 16%7

No need to cover routinely as incidence now so 
low49

KK Produces a milder, probably subacute form of osteomyelitis with fewer 
complications37,52

Good sensitivity to penicillin and cephalosporin, 
but resistant to nalidixic acid and tobramycin50,51

Usually in younger children (6 months to 4 years)51

Often found in more unusual, smaller bones (sternum, metatarsal, vertebrae,
calcaneum)37,50

Radiographs often show bony destruction – possibly due to a more subacute 
process50

Pneumococcus A child with pneumococcal bacteraemia, usually from pneumonia, is much more 
likely to develop osteomyelitis – as high as one in 10016

Add benzylpenicillin/cephalosporin

* MSSA, methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant Staph. aureus; PVL+, Panton–Valentine leukocidin-positive Staph. 
aureus; HiB, Haemophilus influenzae type B; KK, Kingella kingae
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peripherally inserted central catheters (PICC)), which
occurred on average by day 21.63 General anaesthetic (GA)
is needed for paediatric central lines and often for some
peripheral lines. If not performed at the same time as sur-
gery this requires an extra anaesthetic. An extra GA for
insertion was needed in 53% of patients in one study,42 a
further one for reinsertion in 7% to 20% and for removal
in 77%.42,62 An increased risk of allergenic sensitisation to
antibiotics is also reported with i.v. courses > 20 days.42

There is little firm evidence as to whether the measure-
ment of serum concentrations of bactericides is an aid to
treatment.25 Some authors insist that its use is vital in mon-
itoring oral therapy to ensure that adequate concentrations
are maintained, and suggest that complication and read-
mission rates are thereby reduced.26,64-66 Others report that
provided that the oral antibiotic dose is the maximum pos-
sible for the weight of the child, no problem should arise
and side effects are rare.23,25,60

There is no evidence to support the use of antibiotic-
impregnated cement in paediatric osteomyelitis.
Surgery. Historically, despite little evidence, early biopsy and
debridement were recommended. There is nowadays an
increasing trend towards medical treatment, although no
prospective studies support this. A review of 44 patients with
subacute osteomyelitis showed no difference between medi-
cal and surgical treatment.67 Many authors recommend that
if the child is not improving with antibiotics alone, surgery is
warranted to treat the osteomyelitis and allow for samples of
tissue and pus, which have a higher chance of allowing a bac-
teriological diagnosis.21,23,25,61,67-69

One report of 38 cases of pelvic osteomyelitis noted that
abscesses < 1 cm on MRI were treated successfully by medi-
cal management alone, whereas abscesses > 2 cm required
surgical drainage, which the authors suggested should ideally
should be undertaken within 24 hours of diagnosis.18

Although pelvic osteomyelitis is very responsive to i.v. anti-
biotics owing to its rich local blood supply, thereby reducing
the risks of complications,68 approximately 20% of pelvic
abscesses need draining, compared with 6% in long bones.32

The effect of operative intervention on blood markers is
debatable and based on small case series.13,57 It is generally
accepted that their levels are higher in this group and pro-
portional to the extent of surgery. It is important to be
aware that markers will take significantly longer to normal-
ise (CRP seven days and ESR 16 days) in surgically treated
patients than in those treated medically. It is not known
whether this is due to the operation itself or because these
patients are more unwell.13 Surgery is not thought to influ-
ence the efficacy of MRI in the diagnosis of osteomyelitis.70

Prognosis. The mortality rates for paediatric patients with
osteomyelitis are now extremely low compared with the
pre-antibiotic era, where femoral and tibial osteomyelitis
had rates > 50% and > 30%, respectively.2 Calculation of
complication rates for all studies is not possible, as they
have different follow-up times and definitions of complica-
tions including chronicity and recurrence. However, there
are risk factors for a worse prognosis that should prompt a
more cautious approach to treatment and follow-up. These
include: 1) the infecting organism being MRSA, S. pneu-
monia or PVL+15,16,38,47,61; 2) concurrent septic arthritis,

Table VIII. Summary

Summary Key points

Presentation 40% of children will be afebrile 
Pain and local signs/symptoms are the most common clinical features 
Nearly 50% will not have a known risk factor 
The tibia and femur most commonly affected

Inflammatory markers A raised white cell count may indicate a severe form of osteomyelitis
ESR and CRP together are the most sensitive diagnostic markers

Imaging Radiographs are essential for exclusion of other diagnoses
MRI is the gold standard imaging technique. If unavailable or a delay is likely, bone and ultrasound scans 
usually give adequate diagnostic information

Organisms Staphylococcus aureus remains the most common organism
Kingella kingae is becoming more detectable so rates are increasing
Methicillin-resistant and Panton-Valentine leukocidin-positive Staph. aureus and Pneumococcus cause a 
severe form of osteomyelitis

Antibiotics A short course of intravenous antibiotics followed by three weeks orally are likely to be sufficient for 
uncomplicated osteomyelitis
Temperature > 38.4°C and C-reactive protein > 100 are the best indicators for need for continuing intrave-
nous antibiotics
The clinical condition is a good indicator for conversion to oral therapy

Surgery Surgery is not routinely required and is reserved for concurrent septic arthritis, disseminated sepsis, fail-
ure to improve with antibiotics or pelvic abscesses > 2 cm

Follow-up Close follow-up is needed after discharge
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pyomyositis and/or abscess71; 3) location – involvement of
the hip is at the highest risk of complications (40%) fol-
lowed by the ankle (33%) and knee (10)72; 4) a positive cul-
ture – this is thought to be partly due to KK, a more benign
pathogen and one difficult to isolate, being present in the

majority of negative cultures38; 5) younger age – this is not
fully understood, but may be due to delays in diagnosis,
presentation and treatment, as well as differences in anat-
omy and immune system16; and 6) a delay in treatment.
One study found that the ‘cure rate’ fell from 92% to 25%
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when treatment was delayed by > 5 days,54 and other
authors have warned against similar delays.55,69,72

The duration of follow-up that is required has not been
investigated. Some authors recommend an early review at
three weeks before stopping antibiotics, then at six weeks
and three, six and 12 months.21 Others state that if a com-
plication were to occur it is most likely to be within the first
six months.58

Discussion
This paper presents an up-to-date, comprehensive system-
atic review of the English literature on paediatric osteo-
myelitis and involves over 12 000 cases. However, the
inclusion of English language papers alone can lead to an
overestimation of the effects of osteomyelitis, as negative
studies from non-English-speaking countries are more
likely to be published in local journals.73-75 Also, although
some included reports from developing countries provide
useful information, care should be taken in extrapolating
this to developed nations.

Twelve of the studies described themselves as prospec-
tive, but there was only one randomised controlled trial and
therefore statistical analysis of the studies was rarely possi-
ble. Also, because paediatric osteomyelitis is relatively
uncommon, the undertaking of a large randomised con-
trolled trial would be difficult, needing a long-term multi-
centre approach.

The change in incidence of osteomyelitis may be due to
improvements in health-care facilities, urbanisation of
remote populations and changes in the predominant organ-
isms. Lower socioeconomic status is unlikely to be signifi-
cant, but access to medical resources may be relevant.3,38 It is
hoped that pneumococcal vaccination programmes, initiated
at the beginning of this decade, should result in a decline in
pneumococcal osteomyelitis similar to that in Hib.

Historically, the classic features of osteomyelitis were a
sick child with high fever and a high white cell count. Cur-
rently, pain, localised signs and symptoms and fever are more
common, and nearly 40% of children will be afebrile with
minimal signs and symptoms (Table III). This could be due to
earlier presentation and administration of antibiotics that
prevent the systemic spread of infection. There appears to be
no single symptom, sign or investigation that can easily diag-
nose paediatric osteomyelitis. A raised CRP and ESR
together increase their sensitivity to nearly 98%76 and are
important in diagnosis. The half-life of CRP is considerably
shorter than that of ESR, so changes can be detected sooner,
making it more useful in management decisions.11

Emergency MRI is becoming more widely available and
is the best imaging technique for diagnosing osteomyelitis.
However, if this is unavailable or likely to be delayed, a
bone scan or ultrasonography should be performed.

There is much interest in sophisticated methods of detec-
tion for identifying causative organisms, but it appears that
the ability to do so has slightly deteriorated. This could be
due to earlier diagnosis and initiation of antibiotic

treatment. Six of the 12 prospective studies, including the
randomised controlled trial, focus on the type and duration
of antibiotics. The literature suggests an initial short i.v.
course with anti-staphylococcal cover, then changing
according to sensitivities. There is increasing evidence that
longer courses do more harm than good. Provided the oral
antibiotic is effective and the correct dose is given, the child
should be converted as soon as there is clinical improve-
ment and the haematological markers are normalising. A
total of three weeks of antibiotic treatment is usually suffi-
cient in uncomplicated cases, but the clinician must be
guided by the individual patient. The role of surgery is
diminishing and reserved for selected patients.

Table VIII summarises the important points raised in this
paper and Figure 4 suggests an algorithm for the diagnosis
and treatment of paediatric patients with osteomyelitis.

A multidisciplinary approach is essential in the manage-
ment of these patients to ensure early diagnosis and effec-
tive treatment. Regular re-evaluation of the child
throughout treatment and recovery is vital. An evidence-
based approach to the disease is likely to ensure the best
outcomes, and this review has demonstrated the need for a
randomised controlled trial regarding treatment. In order
to obtain sufficient numbers this would need to be multi-
centred and strictly regulated, but is theoretically possible.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.
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