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Purpose of review

Musculoskeletal infection in children is evolutionary. The

emergence of new causative organisms, the development

of antibiotic resistance among common organisms and an

increased incidence of unusual clinical presentations of

infection contribute to this evolution. Early, accurate

diagnosis and prompt initiation of appropriate treatment

remain central principles in the evaluation and treatment of

acute orthopedic infections. This review summarizes the

recent literature regarding musculoskeletal infection in

children.

Recent findings

Kingella kingae has been identified as a causative organism

of septic arthritis and osteomyelitis in children between the

ages of 6 months and 2 years. Improved culture techniques

allow more reliable detection of this gram-negative

coccobacillus, which is otherwise difficult to isolate. There

is a rising incidence of community-acquired

methicillin-resistant Staphylococcus aureus as the cause of

invasive musculoskeletal infection in children. Specific

genetically encoded virulence factors may play a role in the

occurrence of complications of chronic osteomyelitis and

deep venous thrombosis in some children. The

differentiation of septic arthritis from transient synovitis may

be facilitated by an evidence-based clinical prediction

algorithm. Variation of population characteristics from

region to region may limit the application of such guidelines

in general practice. Careful clinical judgment remains

necessary.

Summary

Improved methods of evaluation of musculoskeletal

infection including culture techniques for isolating Kingella

kingae, genetic mapping of community-acquired

methicillin-resistant S. aureus virulence factors, and

magnetic resonance imaging to evaluate pelvic pyomyositis

may lead to more accurate diagnosis and early

administration of appropriate treatment for invasive

musculoskeletal infections in children.
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Introduction
Invasive infection of the musculoskeletal system in chil-

dren is most commonly caused by Staphylococcus aureus
and manifests as osteomyelitis, septic arthritis, and pyo-

myositis. Other causative organisms seem to have a procli-

vity for specific age groups, which may be a consequence

of the timing of increased exposure to these bacteria in

daycare and day school settings and the loss of passively

acquired immunity. Little has changed in the past four

decades regarding the principles of evaluation and treat-

ment of musculoskeletal infection. Early recognition

and prompt treatment are effective in resolving infection

and preventing sequelae in most children with these

conditions.

Recent literature, however, offers hope that clinical and

basic research may improve our ability to recognize and

treat musculoskeletal infection and its consequences. Clin-

ical practice guidelines along with careful clinical judgment

may enhance our ability to differentiate between septic

arthritis and transient synovitis [1••]. Analysis of the genetic
composition of bacteria may help us identify virulence fac-

tors predisposing to adverse outcomes that may enhance

our vigilance in their presence [2••]. Finally, improved

methods of bacterial isolation may allow a more accurate

detection of causative organisms that might otherwise elude

recognition [3••].

Osteomyelitis
Acute hematogenous osteomyelitis in children is most

commonly caused by S. aureus (70–90% of cases) [4•]. The
most common location of involvement is the metaphyseal

region of long bones, with the lower extremities more

commonly affected than the upper extremities [5•]. The
diagnosis is usually made on the basis of elevated lab-

oratory indices consistent with infection along with a sug-

gestive clinical history. Plain radiographs may demonstrate

deep soft tissue swelling, and bone scintigraphy often

reveals increased uptake on all three phases in the area of

involvement. Other locations of osteomyelitis, which may

be difficult to identify and often result in diagnostic delay,

include the spine, pelvis, or foot. Magnetic resonance

imaging (MRI) is considered the most useful supplemental
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study in these locations and in any child with osteomyelitis

who is not responding to appropriate antibiotic treatment

because it allows a thorough delineation of the anatomic

and spatial extent of the infection and may detect abscesses

that require surgical drainage (Fig. 1). Whenever osteomy-

elitis is suspected on the basis of the clinical, radiographic,

and laboratory evaluations, consideration should be given to

performing an aspiration of the subperiosteal space and the

metaphyseal bone at the site of maximum tenderness in an

attempt to isolate the causative organism. Inmany instances,

this may be the only means of positive identification of the

organism, which confirms the diagnosis and guides the

choice of antibiotic.

Osteomyelitis in the foot most commonly presents as

hematogenous calcaneal osteomyelitis (Fig. 2). Foot punc-

ture wounds rarely result in deep infections, including

osteomyelitis. Pseudomonas aeruginosa is commonly identi-

fied as the causative organism in these infections. Tooth-

pick puncture wounds have been reported to lead to

delayed onset of osteomyelitis because plain radiographs

failed to recognize the retained foreign body [6•]. Imaging

with ultrasound or MRI proved useful in identifying the

toothpick remnants in one series, leading to adequate

debridement [6•].

Children usually present within a few days of the onset of

symptoms, which typically include fever, pain, swelling,

and limited use of the extremity. For most children,

prompt diagnosis and rapid treatment with an appropriate

antibiotic are the essential elements to avoid complica-

tions [4•]. Sequential parenteral-oral antibiotic treatment

with a semisynthetic penicillin or a first-generation ceph-

alosporin for 4 to 6 weeks is effective treatment for most

children with uncomplicated infections. Occasionally, sur-

gical intervention and more specific antibiotic treatment,

possibly of longer duration, are needed to treat advanced

stages of infection or unusual organisms. Surgical debride-

ment is usually needed whenever plain radiographs or

MRI have confirmed the presence of an intraosseous or

subperiosteal abscess; however, subperiosteal collections

of 2 to 3 mm have been noted to spontaneously resolve

following antibiotic treatment alone. The Cierny-Mader

classification is useful in defining the anatomic stages

and the physiologic class of the host, which may help to

guide treatment in complicated cases [5•].

Chronic osteomyelitis is most commonly identified in the

aftermath of the treatment of acute hematogenous oste-

omyelitis. Hallmarks of the condition include dead bone

(sequestrum) surrounded by reactive new bone (involu-

crum). Children with chronic osteomyelitis have frequently

undergone numerous surgical procedures and prolonged anti-

biotic treatment in an effort to eradicate their infections.

At some point, the lack of blood supply to the area of

infection results in the need for consideration of recon-

structive surgical options in many of these children. Often

this becomes imminent in the face of pathologic fractures

that may surface during limited activities. Various methods

of delayed reconstruction have been reported, including

debridement, tissue transfer, bone grafting, and external

fixation. A recent review indicated successful treatment

of pediatric patients with tibial defects by use of the Ili-

zarov bone transport [7••]. The 30 patients in that series

underwent 97 procedures, and their hospital stays ranged

from 2 weeks to 18 months (average 4.7 months). Overall,

80% of these children had good outcomes with this form of

treatment [7••].

Septic arthritis
Bacterial infection of joints typically occurs in children

under the age of 5 years. Most commonly a child will pres-

ent with limited use of an extremity. Physical examination

often demonstrates an irritable joint with painful, limited

range of motion. In superficial joints, such as the knee,

elbow, or ankle, a joint effusion may be palpable or visible

on plain radiographs. Deep joints, such as the hip or shoul-

der, may require ultrasound to determine the presence

of intraarticular fluid (Fig. 3). The identification of a joint

effusion in the presence of elevated infectious laboratory

indices often leads to joint aspiration for inspection of the

joint fluid with Gram stain, cultures, and white blood cell

count. White blood cell counts greater than 50 000 cells/ml

Figure 1. Magnetic resonance images of distal femoral osteomyelitis.

(a) Subperiosteal abscess as seen on an axial
short tau inversion recovery (STIR) sequence.
(b) Post-gadolinium T2-weighted image.
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with a predominance of polymorphonuclear leukocytes are

suggestive of infection, whereas cell counts under 15 000

cells/ml are suggestive of inflammation. The differential

diagnosis of joint inflammation includes transient synovitis

and reactive arthritis, most commonly post-streptococcal

reactive arthritis, and juvenile rheumatoid arthritis. Bacte-

rial infections of the pelvic region, such as pyomyositis,

iliopsoas bursitis, and pelvic osteomyelitis, may some-

times be difficult to differentiate from septic arthritis of

the hip and require more elaborate studies such as MRI

to enable the correct diagnosis to be made without unnec-

essary delay [8•,9•].

Because of the importance of differentiating transient

inflammation of the hip, which merely requires observa-

tion and antiinflammatory medication, from septic arthritis,

which requires joint drainage and antibiotics, researchers

have studied the differences between these two conditions

in children. Kocher et al. [10] initially conducted a retro-

spective review using multiple regression analysis and

identified four risk factors that correlated positively with

the presence of infection. They included (1) fever above

38.5� Celsius, (2) non–weight-bearing, (3) elevated erythro-

cyte sedimentation rate greater than 40 mm/h, and (4)

elevated white blood cell count greater than 12 000

cells/ml. In the presence of zero of four predictors, the

incidence of septic arthritis was 0.2% in the population

studied, whereas when all four predictors were present,

the incidence of septic arthritis was 99.6% [10]. A subse-

quent prospective validation study conducted at the same

tertiary children’s medical center found that the clinical

prediction rule was less precise [1••]. In this study, Kocher

et al. [1••] found that a child with zero predictors

had a 2% chance of having septic arthritis, whereas a child

with all four predictors had a 93% chance of hip sepsis.

Luhmann et al. [11••], however, using the same clinical pre-

diction rule at a different tertiary center, found that the

presence of all four independent predictors in their

patient population had a probability of septic arthritis of

only 59%. These findings at both institutions demonstrate

the continued necessity of careful clinical judgment and

close clinical follow-up if observation is pursued. Luhmann

et al. [11••] continue to recommend ultrasound and hip

aspiration whenever a joint effusion is identified.

The treatment of septic arthritis involves some form of

joint decompression along with the administration of

appropriate empiric and specific antibiotic therapy for 3 to

Figure 2. Magnetic resonance images of hematogenous

calcaneal osteomyelitis.

Marrow enhancement of the posterior tuberosity of the calcaneus is
seen on axial short tau inversion recovery (STIR) (a) and coronal STIR
(b) sequences.

Figure 3. Ultrasound image of hip.

Ultrasound image of hip demonstrating increased
joint space, as measured from the femoral neck
to the joint capsule, of the left hip compared with
the right.
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4 weeks. Methods of joint decompression may include

arthrotomy, arthroscopy, or serial joint aspiration. Many

surgeons still prefer arthrotomy for hip sepsis because this

joint is difficult to approach arthroscopically and the

sequelae for inadequate joint decompression of the hip

may be devastating. A recent study, however, has shown

favorable outcomes by treating septic arthritis of the

hip with repeated ultrasound-guided aspirations [12•].
In this study, children underwent a mean number of 3.6

aspirations, and 75% resumed walking after 24 hours

[12•]. It is important to bear in mind, however, that these

cases represent uncomplicated hip sepsis that was identi-

fied early in its course. Contiguous osteomyelitis of the

proximal femur associated with septic arthritis continues

to have a poor prognosis when treatment is delayed.

Aggressive open surgical decompression may be the best

means of ameliorating the adverse consequences seen

under these circumstances.

Post-streptococcal reactive arthritis and acute exacerba-

tions of juvenile rheumatoid arthritis may be difficult to

differentiate from septic arthritis. A high level of clinical

suspicion must be maintained in children with a known

history of juvenile arthritis so that the rare episode of sep-

tic arthritis, which may still occur in these children, will

not be overlooked [13•]. Children with a remote history

of streptococcal infection may subsequently experience

reactive arthritis. The evaluation of these children’s con-

ditions should include a throat swab for streptococcal cul-

ture and serum titers of anti-streptolysin O and anti-DNase

B titers. The treatment of post-streptococcal reactive

arthritis is controversial. Treatment with penicillin and

antiinflammatory medication seems to be effective in

ameliorating the symptoms. Lifelong prophylaxis with

penicillin may be helpful in preventing carditis and rheu-

matic heart disease, identified as a late complication in a

subset of these children [14•].

Pyomyositis
There is an increasing incidence of bacterial infection of

skeletal muscle in children of temperate regions. Initially

this was manifest as tropical pyomyositis, which might be

found in as many as 4% of surgical admissions in tropical

regions. Nontropical pyomyositis is the term used to

describe the same condition found in temperate, nontrop-

ical zones. S. aureus accounts for more than 90% of cases of

tropical pyomyositis but approximately 70% of nontropical

pyomyositis. Trauma, immune compromise, and infection

with viruses or parasites have been proposed as etiologic

factors, but the actual pathogenesis of pyomyositis remains

unknown.

Three clinical stages of pyomyositis have been recognized.

The initial invasive phase, which is identified in 5% of

cases, is associated with induration of the muscle without

the formation of a discrete abscess and may respond to

antibiotic treatment alone. During the suppurative

phase, occurring in 90% of recognized cases, children pres-

ent with fever, limited use of the extremity, and demon-

strable abscesses within muscle. Surgical decompression

is needed to prevent progression to the late phase of

the condition, which is associated with sepsis and death

and occurs in 5% of cases.

Magnetic resonance imaging has proved useful in identi-

fying pyomyositis and differentiating between the inva-

sive and suppurative phases [8•,15•]. MRI is also useful

in differentiating pyomyositis in the pelvic region from

other bacterial infections that may be difficult to differen-

tiate clinically (Fig. 4) [9•]. The use of MRI under these

circumstances may help to avoid diagnostic delay and

reduce the incidence of poor clinical outcomes in sequelae-

prone children. MRI may also guide interventional radiol-

ogy aspiration of the abscess [8•].

Pyomyositis is treated by surgical decompression, when

indicated, and 3 to 4 weeks of appropriate sequential par-

enteral to oral antibiotic therapy. Children with immune

compromise, including those infected with HIV, are prone

to the development of pyomyositis caused by a broad

spectrum of organisms, including opportunistic pathogens

[16••]. Because of their immune compromise, a high level

of clinical suspicion must be maintained, and aggressive

surgical treatment should be exercised to provide effective

treatment [16••].

Causative organisms
Staphylococcus aureus remains the most common causative

organism of musculoskeletal infections in all age groups.

Other causative organisms seem to have a proclivity to

specific age groups or in those children with a specific pre-

disposition. Examples include the predominance of

Salmonella infections in individuals with sickle cell disease

and that of P. aeruginosa infections in children with late

infections of the foot following puncture wounds.

Community-acquiredmethicillin-resistant S. aureus (MRSA)

is responsible for an increasing percentage of invasive

musculoskeletal infection. Most these bacteria remain

sensitive to a variety of antibiotics, including clindamycin,

trimethoprim-sulfamethoxazole, rifampin, vancomycin, and

gentamicin. Clindamycin is often preferred to treat com-

munity-acquired MRSA unless macrolide-lincosamide-

streptogramin B resistance is demonstrated by disk dif-

fusion, which is performed by placing clindamycin and

erythromycin discs 15 to 20 mm apart on the culture

medium [2••,17]. A D-shaped zone of inhibition around

the clindamycin disk, on the side of the erythromycin disk,

indicates an induciblemacrolide-lincosamide-streptogramin

B phenotype [2••]. Bactrim and rifampin are suitable

oral alternatives under this circumstance. In cases of

448 Pediatric orthopaedics – prosthetics & orthotics



multi–drug-resistant nosocomial MRSA infection, vanco-

mycin is preferred for specific therapy [18]. Because bone

penetration of vancomycin is less effective than that of

other antibiotics more commonly used to treat osteomye-

litis, rifampin is added to enhance the effects of vanco-

mycin as well as to address intracellular pathogens.

The presence of selected genes encoding adhesion and

virulence factors may ultimately explain the differences

in clinical outcomes between methicillin-sensitive and

methicillin-resistant strains of S. aureus with respect to

complications such as chronic osteomyelitis or deep

venous thrombosis [19•]. One recent study found that the

Panton-Valentine leukocidin (pvl) and fnbB genes were

more frequent in MRSA strains than in methicillin-

sensitive isolates [2••]. The authors reported that the

pvl and fnbB genes were found in 87 and 90% of patients

with MRSA and 64% of those with methicillin-susceptible

S. aureus [2••]. They also found that the pvl gene was

found in 10 patients in whom chronic osteomyelitis or

deep venous thrombosis developed, whereas these com-

plications were not seen in any children who were infected

with pvl-negative strains [2••].

An organism that has been increasingly recognized as

a cause of osteoarticular infections in children between

the ages of 6 months and 4 years is Kingella kingae, a fastid-
ious gram-negative coccobacillus that is difficult to iden-

tify with standard culture methods. Recent reports have

suggested that identification of the organism may be

enhanced by injecting joint fluid specimens into blood

culture bottles and inoculating bone aspirate specimens

onto blood and chocolate agar plates [3,20,21•]. In one

study, K. kingae was positively identified in five of the

six cases of osteomyelitis in which the specimen was

inoculated immediately during surgery [3••]. In comparison,

when the same bone aspiration specimens were sent to

the laboratory for delayed plating, the organism was iden-

tified in only one of the six cases [3••].

Another organism that rarely causes joint sepsis is Neisseria
meningitidis. In the United States, serogroup W 135 seems

to predominate as the cause of extrameningeal compli-

cations [22•]. One report identified five children with

a median age of 34 months who had infection with

N. meningitidis W135 [22•]. Three had evidence of septic

arthritis, and the others had uveitis, pericarditis, or a per-

sistent inflammatory syndrome [22•].

Streptococcus pyogenes is a causative organism of musculo-

skeletal infection, including osteomyelitis in school-ages

children (age 4 to 10 years). This corresponds to the age

of greatest exposure to group A b-hemolytic Streptococcus.
Incidentally, this age group is also the peak age of expo-

sure to the varicella zoster virus, which has been associ-

ated with streptococcal osteomyelitis and septic arthritis

as rare secondary infectious complications [23•,24•].

Conclusion
Advances in culture techniques, imaging techniques, clin-

ical prediction algorithms, and cellular genetics have been

reported in the recent literature. Although these new

insights may be helpful in standardizing the evaluation

and treatment of musculoskeletal infection, further research

is necessary to bring about a positive influence on the nat-

ural history of these disorders. Careful clinical judgment

and the prompt initiation of appropriate treatment

remain as central, guiding principles whenever infection

Figure 4. Magnetic resonance images of pelvic pyomyositis

without evidence of discrete abscess.

(a) Axial short tau inversion recovery (STIR) image shows
enhancement of the obturator internus and externus. (b)
Post-gadolinium T2-weighted image demonstrates increased signal
within the piriformis.
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is considered in the differential diagnosis of a child with

inflammation of the spine, pelvis, or extremities.
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