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Abstract

Acute osteomyelitis requires careful clinical evaluation, a high index of suspicion as it is an uncommon but devastating
disease that affects largely previously healthy children. Management of osteomyelitis is a formidable challenge as
success of antibiotics in soft tissues has not been replicated in bony tissue due to peculiar anatomy and physiology
of the bone. Illness, malnutrition and decreased immunity predispose children to develop acute osteomyelitis.
Absence of phagocytic cells in the metaphysis may explain predilection in children. Recently the trend in treatment
strategy includes a rapid transition from intravenous to oral antimicrobial therapy and a shortened overall course of
therapy. Many new therapeutic options are on the horizon that will likely impact the management of this and other
childhood bacterial infections. This review will focus on recent advances in the management of acute hematogenous

osteomyelitis in children.
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Introduction

Acute osteomyelitis is the inflammation of bone caused by
pyogenic organisms typically the duration of symptoms
is less than two weeks. Haematogenous spread is the
most common source of infection in children typically
affecting the metaphysis of long bones where blood flow
is rich but sluggish. Other sources of infection are tracking
from adjacent foci of infection and direct inoculation
from trauma or surgery. The femur and tibia are most
commonly affected (27% and 26%). In long bones where
the metaphysis is intracapsular the shoulder, ankle,
hip, and elbow, in decreasing order of incidence the
infective foci may extend into the joint space, resulting
in concurrent septic arthritis.?2 In paediatric patients
under 18 months of age, anatomical transphyseal vessels
facilitate translocation of bacteria from the metaphysis to
infect the epiphysis and adjacent joint, increasing the risk
of concurrent septic arthritis.

Over the last decade, our understanding of the etiology of
this infection has changed, with increased recognition of
Kingella kingae and the dramatic increase in community-
associated Methicillin-resistant Staphylococcus aureus
(MRSA) infections. There is a need for the optimization of
diagnostic strategies, such as MRI and serum inflammatory
markers.® Acute osteomyelitis is problem in the paediatric
population, affecting approximately 5/10,000 children
each year and accounting for approximately 1% of all

paediatric hospitalizations.* In high-income countries,
acute osteomyelitis occurs in about 8 of 100,000 children
per year, butitis considerably more common inlow-income
countries. Boys are affected with acute osteomyelitis
twice as often as girls.’Acute hematogenous osteomyelitis
is particularly common in young children, typically in
metaphyseal ends of long bones, due to the highly vascular
nature of the growing bone. Less common aetiologies of
osteomyelitis include trauma, surgical complications, or
extension from adjacent soft tissue.®

Etiology

Staphylococcus aureus is the most frequently causative
pathogenin patients withacute osteomyelitisbeing cultured
in 70-90% of culture positive cases’.Other causative
pathogens include Streptococcus pyogenes, Streptococcus
pneumoniae, and Kingella kingae. Salmonella especially
the non-typical serotypes (S typhimurium, S enteriditis, S
choleraesius) can be an important causative pathogen in
children with sickle cell disease.® Patients with sickle cell
disease and suspected osteomyelitis require a completely
different antibiotic regimen, and infectious disease advice
should be sought. It has been suggested that tiny infarctions
in the gastrointestinal tract lead to salmonella bacteraemia
and ultimately to osteomyelitis.’ Resistant strains emerging
with changing pattern of causative organisms over the past
few decades are a matter of concern.
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Previously the most common Gram-negative organism in
paediatric osteomyelitis was Haemophilus influenzae has
now become rare because of the vaccination programmes.*°
The incidence of community acquired MRSA is increasing
in many parts of the world.! MRSA is a causative agent in
9-30% of children with osteomyelitis and needs altered
antibiotic treatment regimens as the severity of disease
is different.!”> MRSA osteomyelitis can cause a more
aggressive and complicated infection, with higher fever and
an increased likelihood for repeated surgical debridement,
prolonged hospital stays compared with other pathogens,
associated with many complications, including multiorgan
failure, deep vein thrombosis (10%), septic pulmonary
emboli, multifocal infection, subperiosteal abscesses,
fractures (20%), and progression to chronic osteomyelitis.*?
Cases of osteomyelitis have been documented of PVL-
MRSA (Panton-Valentine Leukocidin Methicillin Resistant
Staphylococcus Aureus), an extremely virulent strain.™

Primary deficiencies of cell mediated immunity are rare.
Secondary causes like steroid use, malnutrition, SLE,
lymphoma and autoimmunity deficiency syndrome can
sometimes be responsible for osteomyelitis. Children
with malnourishment, diabetes, malignancy, HIV, on
prolonged steroid therapy are immunocompromised
which makes them susceptible to infections like
osteomyelitis. Hospitalized premature infants are
predisposed to osteomyelitis owing to their immature
immune systems and exposure to repeated invasive
intravenous or intraarterial procedures providing a
portal for haematogenous spread. The systemic signs of
infection may be subtle, however pronounced leucocytosis
is typically seen.!® In the clinical setting of patients with
Diabetes, hematological malignancies, cytotoxic drugs
organisms like Staphylococcus aureus, aspergillus, gram
negative and candida infections are common. In patients
with Hypogammaglobulinemias and post splenectomy
patients- Hemophilus, streptococcus pneumoniae and
Niesseria infections are common.

Osteomyelitis caused by atypical organisms are often
termed atypical osteomyelitis. Microvascular obstruction
by the sickled red blood cells in patients with sickle cell
disease result in tissue ischaemia and infarction. This, in
combination with impaired immune function and splenic
dysfunction, leads to an increased risk of osteomyelitis,
with Salmonella the most common causative organism.
Salmonella is commonly considered in the differential
diagnosis of osteomyelitis in children with sickle cell
anemia but Salmonella osteomyelitis and septic arthritis
are rare in immunocompetent children who do not have
sickle cell disease or trait.!® Salmonella is an encapsulated,
motile, facultative anaerobic bacillus, gram negative,
coliform group bacteria belonging to the family of
enterobacteraciae. The reported incidence of Salmonella
osteomyelitis is 0.45% in normal population and it is 70%
in children with sickle cell disease.'’

The coincidence of large tribal populations with the ‘sickle
cell belt’ of Central India and northern Kerala and Tamil
Nadu has given rise to the assumption that tribal people
are more prone to the Hbs gene although this seems
widely distributed among tribal and non-tribal people.’®
Sometimes striking differences have been reported,
a tribal population in Valsad having milder disease
than a non-tribal population in Nagpur. Little is known
about many other aspects of sickle cell disease in India,
including which infections are important, and the role
of antibiotic prophylaxis.'*®It is difficult to differentiate
a vaso-occlusive crisis-which is far more common from
osteomyelitis in children with sickle cell anemia as both
often present with fever and a painful, swollen limb with
restricted joint motion.

Diagnosis

The classical clinical picture of an unwell, febrile child
unable to walk due to limb pain with a high white cell count
is increasingly uncommon.?'The onset of osteomyelitis can
be insidious, the clinical presentation variable, and the
physical findings non-specific. No single test can confirm
or rule out acute osteomyelitis. A combination of careful
history and examination, accompanied by a high index of
clinical suspicion, and followed by laboratory and imaging
studies are key to an early diagnosis.

The commonest presenting features are pain, swelling
and erythema, fever, reduced joint movement or pseudo-
paralysis, and reduced weight bearing or a limp. Fever
in immunocompromised group is not a major symptom,
and the infection, particularly in premature infants, may
be multifocal. Multifocal disease is rare but presents as
multiple acute foci of infection, affecting mainly the femur
and tibia, or the tibia and humerus simultaneously.??

Traditionally erythrocyte sedimentation rate (ESR) and
leukocyte cell count have been used, whereas C-reactive
protein (CRP) has gained in popularity. CRP normalizes
faster than ESR, providing a clear advantage in monitoring
recovery.”® Declining levels of CRP usually suggest a
favourable response to treatment even if the fever
continues. Acute osteomyelitis due to MRSA causes greater
elevations in the CRP level, ESR and white-cell count.*
Procalcitonin levels are sensitive as diagnostic tests but
measurements of procalcitonin are more expensive and
rarely outperform CRP and is used infrequently.

A systematic review found that only 36% of children
will have a raised white cell count on presentation, 91%
an increased erythrocyte sedimentation rate, and 81%
an increased C reactive protein value.?® The sensitivity is
highest when both the erythrocyte sedimentation rate
and C reactive protein are increased (98%). C reactive
protein values >100 mg/L are particularly significant for
concomitant septic arthritis and are also the best predictor
of a complicated course and the need for prolonged
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intravenous antibiotics.
Pathology

Acute hematogenous osteomyelitis most commonly
affects long bones which account for about % th of cases
of osteomyelitis. Lower extremity bones femur (23-
29%), tibia (19-26%), and fibula (4-10%)—slightly more
commonly involved than the upper extremity locations—
humerus (5-13%), radius (1-4%), and ulna (1-2%).0ther
bone infections occur with a reported incidence are- pelvic
osteomyelitis (3-14%), calcaneal osteomyelitis (4-11%),
hand involvement (1-2%), and vertebral spondylodiscitis
(1-4%).25?%?" The predisposing factors for osteomyelitis
are mentioned in Table 1.

Most commonly by hematogenous spread bacteria
proliferate after getting lodged in the metaphysis and
induce an acute inflammatory reaction. In the neonate the
metaphyseal vessels penetrate the growth plate, resultingin
frequent infection of the metaphysis, epiphysis, or both. In
children, localization of microorganisms in the metaphysis
is typical. After growth plate closure, the metaphyseal
vessels reunite with their epiphyseal counterparts and
provide a route for the bacteria to seed the epiphyses and
subchondral regions in the adult.

Bone is a closed tube and the bacteria and inflammation
spread within the shaft of the bone. If infection continues
purulent material works its way through Haversian system
and Volkmann's canals to reach the periosteum. The
entrapped bone undergoes varying degrees of necrosis
within the first 48 hours. In children the periosteum is
thick and acts as a barrier to further spread of the purulent
material into the soft tissues. However, the periosteum is
loosely attached to the cortex and sizable sub periosteal
abscesses may form that can track for long distances
along the bone surface. Lifting of the periosteum further
impairs the blood supply to the affected region, and
both the suppurative and the ischemic injury may cause
segmental bone necrosis; the dead piece of bone is known
as a sequestrum. Rupture of the periosteum leads to a soft-
tissue abscess and the eventual formation of a draining
sinus. Sometimes the sequestrum crumbles and forms
small fragments that pass through the sinus tract classical
of chronic osteomyelitis.

After the first week chronic inflammatory cells become
more numerous and their release of cytokines stimulates
osteoclastic bone resorption, ingrowth of fibrous tissue,
and the deposition of reactive bone in the periphery by
the periosteum. When the newly deposited bone forms a
sleeve of living tissue around the segment of devitalized
infected bone, it is known as an involucrum.

In neonates, epiphyseal infection can spread through
the articular surface or along capsular, tendinous and
ligamentous insertions into a joint, producing septic or

suppurative arthritis, which can cause destruction of the
articular cartilage and permanent disability. A similar
process involves the vertebrae, in which the infection
destroys the hyaline cartilage end plate and intervertebral
disc and spreads into adjacent vertebrae producing
spondylodiscitis.

Table 1- Systemic or Local Factors predisposing to
Osteomyelitis.

Systemic Local

Malnutrition Chronic lymphedema
Renal, hepatic failure Venous stasis
Diabetes mellitus Major vessel compromise
Chronic hypoxia Arteritis
Malignancy Radiation fibrosis
Extremes of age Small vessel disease
Immune deficiency Neuropathy
Asplenia/Sickle cell disease

HIV

Extensive scarring

Ethanol and/or tobacco
abuse

Microbiogical and Pathological Investigations

Samples for blood cultures should be taken before
antibiotics are started as it may be the only positive source
of identification of the pathogen. Blood cultures may be
positive in only 50% of cases. If positive, cultures should be
repeated daily until two consecutive cultures are reported
negative. Aspirates from soft tissue, sub periosteal or joints
can have a higher yield (70%) and can be obtained even
after antibiotics have been administered.

Positive culture yields can be improved if specimens can
be obtained guided by ultrasound, computed tomography
or surgery; and should be sent for urgent Gram stain and
culture in commercially available blood culture bottles.
Special culture media especially in immune-compromised
settings, patients with suspicion of penetrating inoculation
or failed primary treatment may be necessary for the
isolation of mycobacteria, fungi, and less common
anaerobic pathogens.”® In some cases, histopathologic
examination of biopsy specimens may be the only way to
make a diagnosis.

Plain Radiographs

High-quality plain radiographs in two orthogonal planes
should be obtained in all cases to evaluate for deep soft
tissue swelling, joint effusions, and skeletal lesions. Plain x
rays often show soft tissue swelling but are unremarkable
otherwise.?’ In some instances, joint space widening is
discernable due to fluid accumulation in the joint. For bony
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destruction to be discernable on x-rays requires persistent
infection for 2-3 weeks as bony matrix must be destroyed
atleast 30-50% for bony destruction to be visible. A normal
radiograph on admission to the hospital by no means rules
out acute osteomyelitis, but it can be helpful in ruling out
a fracture or detecting Ewing’s sarcoma or another type of
malignant condition.

Radionuclide Imaging

In 95% of cases, the technetium radionuclide scan using
99mTc diphosphonate is positive within 24 h of the onset of
symptoms. Radionuclide scanningis useful when X-rays and
CT scan are normal. Technetium 99 is the most commonly
used radioisotope for acute osteomyelitis. The uptake in
different phases of the bone scan allows a distinction to
be made as to the cause of the increased uptake. Falsely
negative scans usually indicate obstruction of blood flow
to the bone. Because the uptake of technetium reflects
osteoblastic activity and skeletal vascularity, the bone scan
cannot differentiate osteomyelitis from fractures, tumors,
infarction, or neuropathic osteopathy.

Gallium citrate scan is more specific for infection as it
is directly taken up by leucocytes and allows a clearer
differentiation to be made if both technetium and Gallium
scans are done. In patients with acute osteomyelitis-
Gallium uptake is greater than Technetium uptake. The
disadvantage is the slow clearance by the tissues and it
may take 24 hours to get the scan results which may be too
late for acute infections.

Indium 111- labelled leucocyte scan is sensitive for
acute osteomyelitis and for differentiating trauma and
infections. 67Ga citrate- and 111In-labeled leukocyte or
immunoglobulin scans, which have greater specificity
for inflammation, may help distinguish infectious from
noninfectious processes and indicate inflammatory
changes within bones.

Imaging

Ultrasound can be used to diagnose osteomyelitis by the
detection of sub-periosteal fluid collections, soft tissue
abscesses adjacent to bone, and periosteal thickening and
elevation.®® Both CT scans and ultrasound are useful for
guiding percutaneous aspiration of sub-periosteal and soft
tissue fluid collections.

CT scanning although excellent for defining bony
pathology has a limited application in the diagnosis and
management of osteomyelitis. Major disadvantages of CT
scanning are limited visualization of the anatomic and
spatial extent of tissue inflammation due to infection and
radiation exposure. CT scans have a sensitivity of 66%
and a specificity of 97% for osteomyelitis in experimental
animals.?!

CT scans have a role in monitoring disease progression
after initial MRI scanning. MRI is as sensitive as the bone
scan for the diagnosis of acute osteomyelitis because it can
detect changes in the water content of marrow and offers
improved sensitivity and specificity than CT scanning.
Contrast-enhanced MRI does increase reader confidence
in the diagnosis of osteomyelitis and its complications
in cases in which bone or soft-tissue edema is found on
unenhanced images. In the clear absence of edema on
unenhanced images, however, contrast enhancement is not

needed.??

MRI yields better anatomic resolution of epidural
abscesses and other soft tissue processes than CT and is
currently the imaging technique of choice for vertebral
osteomyelitis. MRI provides detailed information about
the activity and the anatomic extent of infection but does
not always distinguish osteomyelitis from healing fractures
and tumors. MRI is particularly useful in distinguishing
cellulitis from osteomyelitis in the diabetic foot; however,
no imaging modality consistently distinguishes infection
from neuropathic osteopathy. A multidisciplinary approach
of continuation from MRI scanning to the OR as a single
anaesthetic event can be safely performed and leads to
rapid recovery and decreased hospital stay.*?

Classification

Classification systems are important in documenting but
need reproducibility and are clinically useful if they guide
treatment or are helpful in prognostication. Cierny and
colleagues proposed a classification system for chronic
osteomyelitis based on host factors and anatomical
criteria.®*

This system is however for adults and has not been
validated for children with normal immunity at the time
of infection.

A classification system has been proposed to assess the
severity of illness using clinical, radiological and laboratory
parameters. This simple scoring system guides treatment,
prognosticate risk of complications and is easy to use
(Table 2).3%

The other system of classification which is useful is to
classify according to patient characteristics. This is useful
in guiding treatment and reduce variability of care. Patients
are classified according to age into your groups - Infantile
(2-18 months), early childhood (18 months-3 years),
childhood (3-12 years) and adolescent (12-18 years) and
either nosocomial orcommunity acquired.

Treatment

The treatment of patients with acute osteomyelitis is
multidisciplinary involving paediatrics, infectious diseases,
orthopaedics, microbiology and radiology to ensure early
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Table 2- Modified severity of illness scoring system for
Acute hematogenous osteomyelitis.

Figure 1: Management of acute osteomyelitis

Scoring Parameter Criteria Points
Initial CRP(mg/dl) >15 2
10-15 1
<10 0
CRP hospital day 2-3 (mg/dl) >10 2
5-10 1
<5 0
CRP hospital day 4-5 (mg/dl) >10 2
5-10 1
<5 0
Band percentage of WBC’s >1.5% 1
<1.5% 0
Febrile days on antibiotics 2 or>2 1
<2 0
ICU admission Yes 1
No 0
Disseminated Yes 1
disease* No 0

Grades: Mild 0-3, Moderate 4-7 and severe 8-10.

*Disseminated disease include-DVT, pulmonary embolism,
pneumonia, endocarditis and multifocal osteomyelitis

diagnosis and effective management (Figure 1). Initial
treatment of acute osteomyelitis is instituted empirically
before the causative agent and its resistance pattern
are known in 2-3 days. Antibiotics in sufficient doses to
eradicate the infection are given intravenously. The most
relevant antibiotics must have an acceptable side-effect
profile when administered orally because the doses are
large.3® The antibiotics chosen should have satisfactory
absorption and penetration into the bony structure.
Clindamycin and first-generation cephalosporins are
the obvious choices as they fulfil these criteria. Among
the first-generation cephalosporins- Cephalothin and
cefazolin are administered intravenously, cephalexin and
cefadroxil are administered orally. If no parenteral first-
generation agent is available, cefuroxime can be used for
parenteral administration. The advantage of cefuroxime is
that it is available in parenteral and oral preparations.

As soon as the culture results are available antibiotic
choice is guided by the susceptibility pattern of the
identified organism and local microbiology advice sought
wherever possible to facilitate a more appropriate
therapeutic regimen. Most MRSA strains are susceptible
to clindamycin and it is drill holes to decompress the
intramedullary component of acute osteomyelitis of the
femur (a) developed a pathological fracture due to trivial
trauma 6 weeks later (b). She was treated by traction for 3

Suspicion of Acute Osteomyelitis
e Fever, swelling and pain in limb
e Tenderness or induration

|

e Plain Radiograph
e ESR,CRP
e Blood culture

Ultrasound, MRI
Bone scan (If possible) |

Yes Persistent symptoms?

Abnormal Observation in IPD
Radiographs? No Repeat CRP, ESR after
Raised CRP one day

_—

Raised CRP, ESR?

Features suggestive of
osteomyelitis on imaging?

Yes l

Aspirate if soft tissue
/subperiosteal collection
Biopsy by needle

Send aerobic culture/chocolate

—— > | Discharge

Nol

Consider other diagnosis/

Disease C ion

2 consecutive positive blood cultures
Atypical/resistant organisms
Disseminated Infection

0 ICU admission
agar for Kingella (6 mts-4yrs) Chronic Infection >2 weeks
Age<3
months/Immunocompromised
Persistently elevated CRP after 4
l days
IV Antibiotics(emphirical)
e Cefazolin/Clindamycin
e Shift Ab on culture report
Indications for Surgery
e Failure to respond
e Late presentation (>1 week)
e Large abscess
No IV antibiotics to continue till Yes Discharge
e CRP<2 e Oral antibiotics
e Clinical Improvement e Review every week

e Drainage <5 ml
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weeks followed by hip spica which resulted in uneventful
healing at 6 weeks(c).

Clindamycin is indicated if prevalence of MRSA in
community is morethan 10% and prevalence of clindamycin
resistant S. aureus is less than 10%. Clindamycin use
can cause sometimes skin rash and very rarely causes
diarrhoea in children.¥”

Beta-lactam antibiotics are the drugs of choice for
cases of osteomyelitis due to K. kingae, S. pyogenes or S.
pneumoniae.®® The rare cases caused by H. influenzae
type b usually respond to ampicillin or amoxicillin, if the
strain is beta-lactamase-negative, or to a second- or third-
generation cephalosporin, if the strain is beta-lactamase-
positive. Osteomyelitis due to salmonella usually is
susceptible to a third-generation cephalosporin, such as
cefotaxime or ceftriaxone, or a fluoroquinolone.*

For patients in unstable condition an infectious disease
consultation is essential and in areas where resistance to
clindamycin is prevalent, vancomycin should be chosen as
a first-line agent whereas linezolid is reserved for patients
who do not have a response to vancomycin therapy. *°

There are no sufficiently powered prospective clinical
trials to assess the important issue regarding the duration
of parenteral antibiotics and the appropriate time to switch
to oral medications. Various trials have showed no change
in outcomes when the intravenous phase was shorter than
a week.*42

Shortened regimens of primarily oral antibiotics simplify
the treatment as they reduce the cost of treatment, hospital
stay, and the risk of adverse events; in addition, the risk
of bacterial resistance is reduced. Prolonged parenteral
antibiotics have a high complication rate of adverse drug
reactions in 25-38% and catheter related complications in
50% patients.*®

Currently the treatment of uncomplicated acute
hematogenous  osteomyelitis  involves  sequential
parenteral to oral antibiotic therapy for 4 weeks with
a demonstrated similar efficacy to longer regimens.**
Neonates, immunocompromised, malnourished, and
patients with sickle cell disease are a group of patients who
probably need a longer course of medication.*®

Role of surgery

The surgical indications and specific technique of surgery
are not clearly defined. Conservative treatment is effective
in up to 90% of cases of acute osteomyelitis if it is
diagnosed early. In a series of 68 patients who underwent
aggressive primary surgery, 17% of the patients had
chronic osteomyelitis after the procedure.** Problem
peculiar to our nation is that antibiotics are often given
without adequate workup and creates altered clinical signs
and difficulties in diagnosis and treatment.

Patients with large abscesses or having failure of antibiotic
therapy within 48-72 hours are candidates for surgery.
The surgical procedure may range from needle biopsy of
bone and aspiration of subperiosteal abscess to creation
of a cortical window and debridement of metaphyseal
cancellous bone. Appropriate cultures and samples for
histo-pathological examination are obtained during
surgery. Data from prospective trials are required to
explore these issues further and provide clarity.

Rarely more than one procedure may be required to
decrease the burden of infection if adequate response is
not obtained. After surgery splints are provided for several
weeks to prevent pathological fractures.

Complications

Complications occur in approximately 6% patients
with acute osteomyelitis - Recurrent infections, chronic
osteomyelitis, avascular necrosis, pathological fractures,
sepsis, growth plate injuries and deep vein thrombosis.*’

Recurrent infections occur in approximately 6% patients
with an average time of relapse of 5.8 months. Pathologic
fractures can occur in the long bones of the lower limb,
in which there was significant disruption of the bony
architecture secondary to the infection (Figure 1).If there
is no recurrence of infection, most pathological fracture do
not require reinstitution of antibiotics or surgery and can
be treated conservatively. Growth disturbance can lead to
limb length discrepancy, angular deformities or synostosis
rarely.*’ Clinically significant DVT occurs in 0.4-6% of
children especially in patients with MRSA infection.*’8

Discussion

The challenges in treatment of acute osteomyelitis lie with
early diagnosis, appropriate antibiotic use and judicious
use of surgery. Hospital admission that is delayed for 5
days or more is a probable risk factor for slow recovery
and a poor outcome.” Effective care of patients with
osteomyelitis is a collaborative and multidisciplinary effort
which needs to be evidence-based protocol driven. A lack
of consensus in the Institution makes coordination of care
difficultand can lead to an adverse clinical outcome. Careful
monitoring of epidemiological trends of microbiology
trends is imperative to formulate an antibiotic policy for
acute osteomyelitis for effective treatment.
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