
The clinical presentation of acute
hematogenous osteomyelitis (AHO)
in children has changed in several
ways over the past few decades.  Ful-
minating infection is seen less fre-
quently than before. Instead, atypical
forms of infection, including sub-
acute osteomyelitis, are more com-
mon, and children often present less
ill and with less destructive radio-
logic features than previously
described. This may be due to a vari-
ety of reasons, including modification
of the clinical course by antibiotics
given before admission and possibly
increased awareness and earlier pre-
sentation to a medical facility, which
results in earlier diagnosis.

Historical Perspective

Before the advent of antibiotics,
AHO had a mortality rate as high as
45%.1,2 After the introduction of
penicillin in 1944, the mortality rate
improved to 1% or less, and the inci-
dence of osteomyelitis decreased.2

Most cases were caused by peni-
cillin-sensitive Staphylococcus and
Streptococcus organisms and, with
widespread use of penicillin, were
successfully treated without early
surgery.  With the development of
antibiotic-resistant organisms and
the frequent abandonment of surgi-
cal intervention, morbidity, mortal-
ity, and recurrence of infection

increased in the 1950s and 1960s.1

Today, with appropriate antibiotics
and aggressive therapy, recurrence
of osteomyelitis is unusual.

Definitions

Acute hematogenous osteomyelitis
can be classified by patient age
(neonatal, childhood, or adult),
causative organism (pyogenic or
granulomatous infection), onset
(acute, subacute, or chronic), and
route of infection (hematogenous or
by means of direct inoculation).
Chronic osteomyelitis is defined by
most authors as osteomyelitis with
symptoms that have been present for
more than 1 month.  This review will
concentrate on childhood acute pyo-
genic hematogenous osteomyelitis,
childhood subacute pyogenic hema-
togenous osteomyelitis, and neonatal
acute pyogenic hematogenous
osteomyelitis.
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Abstract

The character of acute hematogenous osteomyelitis (AHO) in North American chil-
dren has changed significantly during the past several decades.  Although the typi-
cal clinical picture of established acute osteomyelitis in children (illness, dehydration,
and an acutely painful limb) is still seen, more subtle presentations appear more fre-
quently.  Children often present with subacute osteomyelitis.  Less common variants
include Brodie’s abscess, subacute epiphyseal osteomyelitis, and chronic recurrent
multifocal osteomyelitis.  Some patients present with a bone lesion that may be con-
fused with other disease entities, including neoplasms.  Biopsy is often needed to clar-
ify the diagnosis. With the trend toward more invasive procedures in the neonatal
intensive care unit, neonatal osteomyelitis is also seen more frequently.  Advances in
imaging technology, particularly improvements in technetium bone scanning and
the advent of magnetic resonance imaging, have contributed to more precise diagno-
sis and better management of AHO.  With the increased concern about medical eco-
nomics, the recent trend toward decreasing the duration of intravenous antibiotic
treatment of these infections appears to be appropriate as long as certain criteria are
met.  Neither surgery nor antibiotics alone will be associated with successful treat-
ment in all cases, and this fact may explain the rare but continued morbidity that is
still seen in children with AHO.
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Pediatric Acute
Hematogenous
Osteomyelitis

Pediatric AHO usually occurs in the
first decade.  No consistent peak
incidence by age group is described
in the literature.  There is a male pre-
dominance in most series1-4; how-
ever, some series show an almost
equal male-female ratio.  The greater
occurrence in boys described in most
series may be related to the role of
trauma in the development of
osteomyelitis in children.

Acute hematogenous osteomy-
elitis may coexist with septic arthritis.
This occurs particularly in patients
less than 12 to 18 months of age due to
the unique blood supply of the chon-
droepiphysis.  It may also occur in
joints with intra-articular metaphyses
(proximal humerus, proximal femur,
distal lateral tibia, and proximal
radius).

Pathogenesis
While it is apparent that trauma

and bacteremia contribute to the
development of osteomyelitis in
children, neither will cause bone
infection on its own.  The role of
trauma in the pathogenesis of AHO
was implicated by Whalen et al in
1988.5 They showed that trauma
increases the chance of development
of osteomyelitis when there is con-
current bacteremia.  In their rabbit-
model study, trauma appeared to be
associated with regional ischemia
and a generalized lowered resis-
tance to infection.  Other factors may
include illness, malnutrition, and
immune system deficiency.

Infection begins in the metaphy-
seal venous sinusoid, where there is
a change from high-flow arterioles
to low-flow venous sinusoids.  Evi-
dence suggests that there is a poorly
developed reticuloendothelial sys-
tem there, with lack of local resis-
tance due to the absence of tissue
macrophages.5 In 1921, Hobo6

described vascular loops in this area,
with arterioles that take sharp bends
at the physis and empty in venous
lakes.  Hobo believed that, with tur-
bulence in this area, bacteria lodged
in these sharp bends; their accumu-
lation, combined with a lack of
phagocytic reaction in the area, led
to infection.  Subsequent electron
microscopic studies have shown ter-
minal capillary branches in this area.  

With the development of infec-
tion, there is thrombosis of the
medullary vessels and suppression
of the mobilization of infection-
fighting cells (Fig. 1, A).  Subse-
quently, an exudate is formed,
which, if untreated, exits the porous
metaphyseal cortex and elevates the
periosteum to form a subperiosteal
abscess or septic arthritis if the meta-
physis is intra-articular (Fig. 1, B).  If
the periosteum remains viable, an
involucrum is produced (Fig. 1, C).

The most common sites for AHO
are the growing ends of long bones:
the distal femur, proximal tibia, prox-
imal femur, distal humerus, and dis-
tal radius.  The predilection for these
sites may be due to sluggish circula-

tion near the physis favoring deposi-
tion of bacteria, or it may be due to the
lack of tissue-based macrophages.7

The lower extremities are involved
more often than the upper, which
may be related to the higher likeli-
hood of trauma in these areas.

Evaluation and Diagnosis

History and Physical Examination
The clinical picture is still the most

important factor in making the diag-
nosis.  A high index of suspicion is
required.  There is a history of recent
or concurrent infection in one third to
one half of patients.  Unexplained
bone pain and fever should suggest
osteomyelitis until proved otherwise.
Recent studies show that a significant
percentage of children do not fit the
usual stereotype of an ill-appearing
child with high fevers and high white
blood cell (WBC) counts.8,9 In fact,
36% of the patients in the series of
Scott et al9 had admission tempera-
tures of less than 37.5° C, and 41% had
WBC counts less than 10,500/mm3.
At our institution, subacute osteo-
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Fig. 1    A, The combination of bacteremia and trauma favors the development of infection
in the metaphyseal venous sinusoids.  B, The infection will eventually track through the
porous metaphyseal cortical surface and elevate the surrounding periosteum.  If the meta-
physis is intra-articular, the infection will break into the joint and cause concurrent septic
arthritis.  C, The elevated periosteum lays down new bone initially (involucrum), and the
dead medullary (or cortical) bone becomes a sequestrum.

A B C



myelitis presenting as a neoplasm is a
not infrequent occurrence.9

On physical examination, swelling
and refusal to move the limb are often
noted.  Some patients, however, are
restless, as they are unable to relieve
the pain of increased interosseous
pressure by changing positions.
There is usually tenderness with pal-
pation and increased warmth, and
occasionally there is an adjacent sym-
pathetic joint effusion.  There is no
true joint irritability as there is in sep-
tic arthritis (unless there is concurrent
septic arthritis).  The history and
physical examination are usually
much more helpful in differentiating
cellulitis from osteomyelitis.  The
characteristic erythema and swelling,
which usually appear in 2 to 3 days
with cellulitis, take 3 to 4 weeks to
appear with untreated osteomyelitis.

Laboratory Studies
The WBC count is frequently but

not invariably elevated; however,
the erythrocyte sedimentation rate
(ESR) is elevated in the majority of
patients.9 An elevated ESR is not a
reliable sign in neonates or children
with sickle cell anemia, nor is it a
good way of following the resolu-
tion of infection during the first
week, as it lags behind the improve-
ment seen clinically.4 The clinical
value of C-reactive protein was
recently evaluated by Unkila-Kallio
et al10 and found to be better in
reflecting the effectiveness of ther-
apy and predicting recovery from
AHO than the ESR and the WBC
count.  Specifically, they found that
the C-reactive protein concentration
was elevated at the time of admis-
sion in 98% of cases, that the peak C-
reactive protein level was reached
on day 2 after admission, and that
the level decreased very rapidly,
normal values being reached within
a week of admission.

Blood cultures were positive in
approximately 40% to 50% of the
cases in most series.4 It is important

to culture other body sites to increase
the possibility of identifying the
causative organism.

Radiography
Plain radiographs show a deep

soft-tissue swelling and loss of tissue
planes by 3 days, but no bone
changes are seen until after a week
or more.4,8 A recent trend is for
patients increasingly to appear with
no changes on admission radio-
graphs or even on radiographs
obtained up to 2 weeks after the
onset of symptoms, due to either
suppression of infection with antibi-
otics or indolence of the infection.9

Radionuclide Studies
Technetium-99m diphosphonate

bone scanning is useful in locating
the area of involvement, especially
in areas where localization may be
difficult, such as the spine and
pelvis.  Bone scans are also useful in
looking for multiple sites of involve-
ment (usually in neonates) and in
detecting osteomyelitis associated
with septic arthritis.  Increased
uptake on a bone scan is the most
common finding in AHO; in con-
trast, decreased uptake may indicate
avascular necrosis.

Technetium bone scanning is
not indicated in every case of
osteomyelitis.  It may not be accurate
in very early cases, particularly ear-
lier than 24 hours after the onset of
infection,7,11,12 because there may
not yet be stimulation of bone
turnover.  Scans may be misleading,
especially in the early stages of infec-
tion, in neonates, and in patients
with sickle cell disease.4,11,12 In addi-
tion, bone scans are nonspecific
because increased uptake of the
radionuclide may also indicate
trauma, tumor, or infection.  There is
a 4% to 20% false-negative rate with
technetium bone scanning.9

Canale et al13 have shown that
bone aspiration will not significantly
affect the results of bone scanning if

the bone scan is obtained within 48
hours after aspiration.  Therefore,
aspiration and treatment should not
be delayed in order to obtain a bone
scan.

Scans obtained with gallium-67
citrate and with indium-labeled
leukocytes are more expensive and
entail more radiation exposure.
They also take longer to complete,
which may delay the initiation of
treatment.  These studies are not
often useful for the evaluation of
AHO in children.

As single photon emission com-
puted tomography (SPECT) becomes
more widely used, this tool may also
become useful in evaluating children
with osteomyelitis.

Magnetic Resonance Imaging
Magnetic resonance (MR) imag-

ing is a useful tool for evaluating
patients with osteomyelitis.  In one
study comparing MR imaging and
bone scanning in the evaluation of 35
patients with suspected acute osteo-
myelitis, both modalities had a sen-
sitivity of 100%.  However, MR
imaging provided higher specificity
and accuracy at a statistically signif-
icant level.14 Magnetic resonance
imaging offers the sensitivity of
bone scanning but with better soft-
tissue resolution, is more useful in
differentiating cellulitis from
osteomyelitis, and can be used to
identify abscesses, sequestra, and
sinus tracts.  The MR imaging study
is also more useful in differentiat-
ing abnormal bone marrow (i.e.,
intraosseous extent) than bone scan-
ning, computed tomography, or
plain radiography.12 However, MR
imaging lacks specificity in deter-
mining whether abnormal changes
are due to osteomyelitis.  It is espe-
cially useful in the axial skeleton.14

The c lass ic  MR f indings  of
osteomyelitis are a decrease in the
normally high signal intensity of mar-
row on T1-weighted images and nor-
mal or increased signal intensity on
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T2-weighted images.15 This is due to
the replacement of marrow fat by
inflammatory cells and edema, which
are lower in signal intensity than fat
on T1-weighted images and are
higher in signal intensity than fat on
T2-weighted images.

Magnetic resonance imaging may
also be useful in differentiating acute
from chronic osteomyelitis.  Cohen
et al16 found that the best predictors
of acute osteomyelitis were poorly
defined soft-tissue planes, absence
of cortical thickening, and a poor
interface between normal and dis-
eased marrow.  In contrast, chronic
osteomyelitis (defined in their study
as continuation of clinical symptoms
for more than 3 months, the presence
of sclerosis and thickening of the
bones on plain radiographs, and/or
pathologic findings of chronic
inflammation or sequestrum forma-
tion) was suggested by the presence
of a well-defined soft-tissue abnor-
mality, a thickened cortex, and a rel-
atively good interface between
normal and diseased marrow.

Magnetic resonance imaging
studies of neonates should be done
by a team familiar with this age
group.  Frequent monitoring, super-
vision, and adequate sedation to
prevent movement are required.

Aspiration and Bacteriologic Study
Aspiration may be the most

valuable clinical test. It serves two
purposes:  it usually allows the estab-
lishment of a bacteriologic diagnosis
(even if there is no abscess), and it can
be used to determine the presence or
absence of an abscess that may
require surgical drainage.  It can also
be done very quickly, within hours of
first seeing the patient.  Aspiration
should be done if osteomyelitis is sus-
pected on the basis of the clinical pic-
ture and workup.  If a malignant
tumor, such as a Ewing’s sarcoma, is
a clinical possibility, aspiration can be
deferred to a formal open biopsy once
staging studies have been done.

Aspiration is performed at the
point of maximal tenderness and
swelling using a trocar 16- or 18-
gauge spinal needle.  Aspiration is
done subperiosteally first.  If puru-
lent material is obtained, the needle
is withdrawn, and the fluid is trans-
ported to the laboratory.  If no puru-
lent or abnormal fluid is obtained,
intraosseous aspiration can be done
through the thin, porous metaphy-
seal bone.  All material obtained
should be sent for Gram stain and
cultures.  At our institution, in addi-
tion to the Gram stain, fluid is sent
for aerobic, anaerobic, fungal, and
tuberculosis cultures.  Aspiration is
positive in approximately 60% of
patients, with the rate of retrieval of
the causative organism ranging
from 61% to 90%.9 While awaiting
the culture results, we begin antibi-
otic therapy based on the “best edu-
cated guess” of which organism is
predominant (Table 1).

Staphylococcus aureus remains
the most predominant organism,
accounting for infection in 60% to
90% of patients.4,7,8 There appears to

have been no significant change in
the predominance of S aureus since
the preantibiotic era.2 Streptococci,
pneumococci, Kingella kingae organ-
isms, and Gram-negative bacteria
are occasionally the etiologic agents.
Streptococci may be seen with infec-
tions secondary to the infected skin
lesions associated with measles and
chicken pox.  Gram-negative organ-
isms account for fewer than 5% of
cases, with Haemophilus influenzae
being the predominant organism in
this group.  Salmonella is seen in
patients with sickle cell disease, but
is less common than S aureus.4,7

Treatment
The principles of treatment are (1)

identification of the organism, (2)
selection of the correct antibiotic,
(3) delivery of the antibiotic in suffi-
cient concentrations and for suffi-
cient duration, and (4) arrest of
tissue destruction.4

Antibiotic Therapy
As stated previously, antibiotic

therapy is begun as soon as all cul-
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Neonates

Infants and
children

If allergic to
penicillin

If allergic to
penicillin and
cephalosporins

Patients with sickle
cell disease

Group B Streptococcus,
Staphylococcus aureus,
or Gram-negative rods
(Haemophilus influenzae)

S aureus (90% of cases)

S aureus or Salmonella

Cefotaxime, 100-120
mg/kg of body weight
for 24 hr, or oxacillin and
gentamicin, 5.0-7.5
mg/kg for 24 hr

Oxacillin, 150 mg/kg for
24 hr

Cefazolin, 100 mg/kg for
24 hr

Clindamycin, 25-40 mg/kg
for 24 hr, or vancomycin,
40 mg/kg for 24 hr

Oxacillin and ampicillin or
chloramphenicol or
cefotaxime, 100-120
mg/kg for 24 hr

Probable
Organism*Patient Type

Table 1
Initial Antibiotic Therapy for Osteomyelitis

Initial
Antibiotic

*Overall, 80% of cases are due to Staphylococcus aureus.



tures have been obtained; the selec-
tion of antibiotic is based on the “best
educated guess” (Table 1) and is
changed, if necessary, once the cul-
ture results are available.  Coagulase-
positive Staphylococcus organisms are
responsible for the vast majority of
cases of AHO in otherwise healthy
children; therefore, an antibiotic that
effectively combats this organism is
used.  If the patient is not allergic to
penicillin, a beta-lactamase-resistant
semisynthetic penicillin should be
used.  Since methicillin carries a sig-
nificant risk of causing interstitial
nephritis and nafcillin can be associ-
ated with skin sloughing if subcuta-
neous infiltration occurs, oxacillin is
the antibiotic generally used at our
institution in this situation.  The rec-
ommended dosage of oxacillin is 150
mg/kg of body weight in divided
doses given over 24 hours.

The duration and route of admin-
istration of the antibiotic have been
the subject of considerable debate,
with no resolution as yet.  At one
time, children with AHO were
treated routinely for 6 weeks with
intravenous antibiotics in the hospi-
tal setting.  More recently, a regimen
of 3 weeks of intravenous antibiotics
followed by 3 weeks of oral antibi-
otics has been adopted.  In reality,
route of administration is less
important than attainment of the
appropriate serum concentration,
and the combination of intravenous
followed by oral antibiotic adminis-
tration has become the standard care
at most institutions.

The most important variable
influencing the duration of antibiotic
therapy is clinical response, but
other factors include the age of the
patient, the site of infection, the
amount of destruction, and previous
surgery.  Once a clinical response to
antibiotic treatment has been seen, a
switch to oral antibiotics can be
made.7 Intravenous antibiotics are
usually given for a minimum of 7 to
10 days at our institution.

As mentioned previously, in
addition to the patient’s temperature
curve and clinical examination find-
ings, the C-reactive protein level can
be used to follow the response to
antibiotics.10 Several prerequisites
must be met, however.  Jackson and
Nelson8 have stated that contraindi-
cations to an early change to oral
antibiotics include an inability to
swallow or retain the medicine, lack
of identification of the etiologic
agent, inability of the laboratory to
obtain serum bactericidal levels, an
infection caused by an organism for
which no effective oral antibiotic
exists (e.g., Pseudomonas), and lack of
clinical response to intravenous
antibiotics.  Peak serum levels of
antibiotic may be helpful in demon-
strating adequate drug absorption
by the gastrointestinal tract.  These
are obtained by drawing a blood
sample 1 hour after the oral admin-
istration of the drug.  The bacteri-
cidal level of the drug in the blood
should be 1:8 or greater.7 Antibiotic
therapy (combined intravenous and
oral administration) should be con-
tinued for a total of 6 weeks.7

The usual oral antibiotic is
dicloxacillin, given in a dosage of 50
mg/kg for 24 hours, or cephalexin,
given in a dosage of 150 mg/kg for
24 hours.  Antibiotic choices for
patients who are allergic to penicillin
are shown in Table 1.

Surgical Options
The major indication for surgical

debridement is to evacuate a sub-
periosteal abscess or to remove dead
or avascular bone.  Neither antibi-
otics nor surgery alone will be suc-
cessful in all cases.  We believe that
aspiration of pus is an indication for
operative intervention.  Periosteal de-
struction can occur if pus accumu-
lates for any length of time.  Surgery
is also effective in removing seques-
tra in chronic infections.  Surgical
technique requires making a small
skin incision, opening the perios-

teum, and drilling the cortex.  Oper-
ative drainage of the subperiosteal
abscess can preserve the periosteal
blood supply.  The need to drill the
cortex in acute osteomyelitis is dis-
puted by some authors.1 In addition
to routine contact cultures, primary
bone cultures may increase the like-
lihood of obtaining the offending
organism.  Suction irrigation tubes
may be used, but we prefer a closed
suction drainage system for 24 to 48
hours.  Insertion of a central line
while the patient is under the same
general anesthetic may be useful for
long-term intravenous access.

Aggressive osseous debridement
is the most important aspect of treat-
ment for chronic osteomyelitis,17

defined by most authors as osteo-
myelitis with symptoms that have
been present for more than 1 to
3 months.  Daoud and Saighi-
Bouaouina17 reviewed the data on 34
children with chronic hematogenous
osteomyelitis and concluded that the
status of the periosteum of the
involved bone is of primary impor-
tance, both in predicting the subse-
quent evolution of the disease and in
planning treatment.  The status of the
periosteum is best evaluated in these
cases on the basis of the presence or
absence of an involucrum, which
forms as the result of subperiosteal
new bone formation.  The role of early
sequestrectomy for patients with
chronic osteomyelitis has been
debated.  Some have attributed poor
outcomes to sequestrectomy per-
formed too early and/or too exten-
sively and have recommended
delayed debridement and sequestrec-
tomy to allow development of the
involucrum and revascularization of
the sequestrum.  Others have recom-
mended early operative sequestrec-
tomy to permit rapid resolution of the
infection and regeneration of bone.
Daoud and Saighi-Bouaouina17

found that if a sequestrum is present,
early sequestrectomy is indicated to
help control the infection without
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preventing the formation of the
involucrum.

Whether medical treatment only
should be used for AHO continues to
be controversial.  Surgery may not be
indicated if the diagnosis is made
early and if there is no abscess.  Cole
et al18 created a classification of
osteomyelitis with treatment impli-
cations:  their three types are early-
acute (patient is older than 1 year of
age with an acute febrile illness of
less than 48 hours’ duration), late-
acute (patient with severe osteo-
myelitis and an abscess is older than
1 year of age and presents 5 or more
days after the onset of symptoms),
and neonatal/infantile (patient is less
than 1 year of age).  Use of intra-
venous antibiotics followed by oral
antibiotics without surgery was suc-
cessful in 92% of their early-acute
cases.  Recent studies have demon-
strated a 90% response rate to med-
ical management alone when the
treatment was initiated within the
first few days after the onset of symp-
toms.18,19 If there is no early clinical
response to medical management
(within 36 hours), abscess formation
becomes a possibility, and reevalua-
tion is necessary.  Once a clinical
response has been achieved, a change
to oral antibiotics is appropriate.

Neonatal Osteomyelitis 

Neonatal osteomyelitis differs from
AHO in children because (1) the
blood supply to the chondroepiph-
ysis is different, (2) causative organ-
isms are different, and (3) the
immune system is still developing in
the neonate.

Before secondary ossification cen-
ters appear, the metaphyseal vessels
penetrate directly into the chon-
droepiphysis (Fig. 2).  Infection start-
ing in the metaphysis can readily
invade and destroy the chondroepi-
physis and subsequently invade the
joint.  These transphyseal vessels

persist until 12 to 18 months of age.20

The physis serves as a mechanical
barrier to infection in older children.
Additionally, the osseous architec-
ture of the neonate is more fragile
and easily injured by the infectious
process.  Permanent growth arrest
can occur.  The long tubular bones
are involved most commonly in
neonatal osteomyelitis, but membra-
nous bones, such as the maxilla, may
also be involved.  The proximal
femur is most commonly involved,
with destruction of the femoral head
often occurring as a result.  In up to
40% of neonates with AHO, multiple
sites are involved.7

Group B streptococci are now the
predominant organisms responsible
for neonatal osteomyelitis.21 Other
causative organisms include S
aureus, Gram-negative bacilli, and
Streptococcus pneumoniae.21 Invasive
procedures, such as fetal monitor-
ing, heel punctures, and placement
of umbilical catheters, are related to
the increased incidence of neonatal

osteomyelitis.  Staphylococcus organ-
isms are most commonly associated
with these manipulative procedures.

Neonates are often unable to
mount a significant inflammatory
response to infection.  The infection
tends to spread very rapidly and
often involves multiple sites.
Despite this, the temperature and
WBC count may be normal.  Physical
examination usually discloses
swelling and/or loss of movement,
but may reveal fewer physical find-
ings than would be seen in an older
patient.  Aspiration should be per-
formed on any suspicious bone or
joint.  Technetium bone scans may
be useful in detecting multiple sites
of involvement; however, false-neg-
ative studies sometimes occur, and
bone scans may not show all infected
sites.  Treatment requires early diag-
nosis, prompt surgical drainage if an
abscess has developed, and adminis-
tration of the appropriate antibiotics.
While sequestra, draining sinuses,
and chronic infection rarely develop,
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Fig. 2 Relation of blood
supply to the proximal
femur and spread of infec-
tion (arrows).  Top, In the
neonate, the metaphyseal
vessels penetrate directly
into the chondroepiphysis,
allowing an infection in the
metaphysis to readily
invade and destroy the
chondroepiphysis and sub-
sequently invade the joint.
Bottom, In the older child,
the physis serves as a
mechanical barrier to the
spread of infection.



destruction of the chondroepiph-
ysis, physis, and joint may occur if
these structures are involved.  With
early diagnosis and treatment (in the
absence of epiphyseal and joint
involvement), the prognosis is usu-
ally quite good.

Subacute Hematogenous
Osteomyelitis

Subacute hematogenous osteomy-
elitis is most likely due to an altered
host-pathogen relationship com-
bined with increased host resis-
tance, decreased virulence of the
causative organism, and/or antibi-
otic modification.  In a retrospective
study of subacute hematogenous
osteomyelitis in children, Roberts et
al22 found that antibiotics had been
given to 40% of patients for infec-
tions other than osteomyelitis.  As a
result, the children appeared less ill
and displayed less toxicity than chil-
dren with acute osteomyelitis, fre-
quently presenting with a limp but
without the features of “typical
osteomyelitis.”  Because children
with subacute osteomyelitis appear
less ill, they frequently present later
in the course of their disease.

The features of acute and subacute
hematogenous osteomyelitis are com-
pared in Table 2.  Most cases of sub-
acute hematogenous osteomyelitis
are due to Staphylococcus organisms,
but recently Streptococcus organisms
have been found.22-24 Often, no
organism is isolated.  Subacute
hematogenous osteomyelitis may be
confused with neoplasms such as
Ewing’s sarcoma and osteoid
osteoma.  Pain is the most consistent
symptom, and constitutional symp-
toms are usually mild.  The ESR, how-
ever, is often elevated.

Radiographic bone lesions, which
may be difficult to differentiate from
lesions due to other diseases, are
commonly seen.  Gledhill and McIn-
tyre23 described four radiographic

types.  Type I is a solitary localized
zone of radiolucency surrounded
by a reactive zone suggestive of
eosinophilic granuloma or Brodie’s
abscess.  Type II is a metaphyseal
lesion associated with loss of cortical
bone.  Type III is a diaphyseal lesion
with excessive cortical reaction.
Type IV is a lesion associated with
onionskin layering of subperiosteal
bone.  This classification has been
modified to include other variants of
infections (Fig. 3).22

In patients older than 18 months
of age, AHO rarely crosses the
physis; however, subacute osteo-
myelitis frequently does cross the
physis.  There is rarely permanent
damage to the growth plate in these
patients.7

When the cortex is destroyed
(Gledhill type II) or when there is
extensive cortical reaction (Gledhill
type IV), neoplasms such as
eosinophilic granuloma, Ewing’s
sarcoma, and osteogenic sarcoma
should be considered in the differen-
tial diagnosis.  In as many as 50% of
cases, subacute osteomyelitis is con-
fused with tumor.22 A biopsy is usu-
ally needed for definitive diagnosis.
Antibiotics are given postopera-
tively and were used for 6 weeks in
the series of Gledhill and McIntyre.23

In cases in which extensive destruc-
tion is seen, postoperative cast
immobilization should be consid-
ered to prevent fractures.

Brodie’s Abscess

Since Brodie described localized
metaphyseal tibial abscesses with-
out any associated systemic illness
in 1832, these lesions have been
known as Brodie’s abscesses.
Brodie’s abscess may be thought of
as a form of subacute pyogenic
osteomyelitis.  Most Brodie’s abscesses
occur in the metaphysis (Gledhill
type I lesions) and usually respond
well to surgical debridement and
postoperative antibiotics.

Primary Epiphyseal
Osteomyelitis 

Epiphyseal osteomyelitis may be
either acute or subacute.  Primary
subacute epiphyseal osteomyelitis
was described by King and Mayo24

in 1969 and can be thought of as a
Brodie’s abscess of the epiphysis.
Subacute osteomyelitis appears to
act the same whether it occurs in the
epiphysis or the metaphysis.  Most
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Pain
Fever
Loss of function
Prior antibiotic

therapy
Elevated WBC count
Elevated ESR
Blood cultures
Bone cultures
Initial radiographs
Site

Mild
Few patients
Minimal
Often (30%-40% of

patients)15

Few
Majority of patients
Few positive
60% positive
Frequently abnormal
Any location (may cross

physis)

Severe
Majority of patients
Marked
Occasionally

Majority of patients
Majority of patients
50% positive8

85% positive
Often normal
Usually metaphysis

Subacute

Table 2
Comparison of Acute and Subacute Hematogenous Osteomyelitis

Acute



authors have found no evidence of
invasion of subacute epiphyseal
osteomyelitis into the metaph-
ysis.22,24,25 While most cases of epi-

physeal osteomyelitis are subacute,
acute cases have been reported.

A biopsy is usually needed for
diagnostic purposes and for differen-

tiation of the lesions from neoplastic
lesions, including osteoid osteoma.
Most often, no causative organism is
found, but when one is isolated, it is
usually S aureus.25 At surgery, gran-
ulation tissue is usually found
instead of pus.25 Surgical debride-
ment followed by intravenous and
oral administration of antibiotics is
indicated.  Some lesions will heal
with antibiotics alone.22

Summary

Although typical AHO in children is
common, more subtle presentations
(e.g., subacute osteomyelitis, Brodie’s
abscess, subacute epiphyseal
osteomyelitis, chronic recurrent
multifocal osteomyelitis, neonatal
osteomyelitis, and infections simu-
lating neoplasm) appear more fre-
quently.  Wider recognition of these
less common varieties, advances in
imaging techniques (e.g., tech-
netium bone scanning and MR
imaging), and a better understand-
ing of the pathophysiology of these
infections as it relates to treatment
have contributed to improved man-
agement of these conditions.
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Fig. 3 Modified classification of subacute osteomyelitis.22   Type IA is characterized by a
punched-out radiolucency suggestive of eosinophilic granuloma.  Type IB is similar but has a
sclerotic margin and represents a classic Brodie’s abscess.  Type II is a metaphyseal lesion asso-
ciated with loss of cortical bone.  Type III is a diaphyseal lesion with excessive cortical reac-
tion.  Type IV is a lesion associated with onionskin layering of subperiosteal bone.  Type V is
a concentric epiphyseal radiolucency.  Type VI is an osteomyelitic lesion of a vertebral body.
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