


 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 86-A ·  NU M B E R 4 ·  APR IL 2004
MU S C U L O S KE L E T A L 
IN FE C T I O N S I N CHILDREN

Musculoskeletal 
Infections in Children

BASIC TREATMENT PRINCIPLES AND RECENT ADVANCEMENTS

BY JAMES J. MCCARTHY, MD, JOHN P. DORMANS, MD, SCOTT H. KOZIN, MD, AND PETER D. PIZZUTILLO, MD

An Instructional Course Lecture, American Academy of Orthopaedic Surgeons

“Most bacterial infections of childhood 
are easily diagnosed, readily treated, and 
have good outcomes. By contrast suppu-
rative infections of the skeletal system 
still present challenges, since these ill-
nesses are often difficult to recognize and 
localize early in the course of illness and 
many are difficult to manage medically 
and surgically. In spite of our best efforts, 
a substantial portion of those treated are 
left with disabling sequelae.”1

Sepsis accounts for 200,000 
deaths each year in the United States2. 
One in 5000 children under the age of 
thirteen years will have osteomyelitis, 
and about twice as many will have sep-
tic arthritis (Fig. 1). The outcome is 
poor in 27% of patients with septic ar-
thritis and in nearly 40% of those with 
involvement of the hip1.

Unique to the infectious process is 
the fact that the disease actually changes 
over time. The incidence of infections, 
especially gram-positive infections, is 
rising. Fortunately, physicians are getting 
better at diagnosis and treatment.

Prior to antibiotic treatment, the 
mortality rate associated with infec-
tion was close to 50%; now it is <1%. 
The Haemophilus influenzae Type-B 
vaccination has essentially eliminated 
septic arthritis due to this organism in 
immunized patients. New techniques 
for diagnosis, such as the use of poly-
merase chain reaction for the detection 

of bacterial pathogens or ultrasonog-
raphy, may help us to make the diag-
nosis more quickly.

The purpose of this article is to 
update orthopaedic surgeons about 
the treatment principles and recent 
advancements in the management of 
musculoskeletal infections in children. 
It is divided into three sections: infec-
tions of bone, joints, and soft tissue. 
Each section reviews the etiology, di-
agnosis, and treatment.

Acute Hematogenous 
Osteomyelitis 
Acute hematogenous osteomyelitis in 
children is an inflammation of bone 
caused by bacteria that reach the bone 

through a hematogenous route. No 
consistent peak incidence in a specific 
age group has been reported in the liter-
ature, although the infection usually oc-
curs in the first decade of life. During 
the years after the introduction of peni-
cillin (1944 through 1950), the inci-
dence of osteomyelitis decreased. Then, 
after 1950, the incidence increased with 
the development of antibiotic-resistant 
organisms3. During the past fifteen 
years, there has been little change in 
the number of cases per year4.

Etiology
Typically, acute hematogenous osteomy-
elitis in children begins in the metaphy-
seal venous sinus, where there are 

Fig. 1

Frequency of osteomyelitis and septic arthritis according to age (years)1.
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vascular loops and terminal branches 
with low oxygen tension and inhibited 
phagocytosis that is conducive to bacte-
rial growth. The initial bacteremia may 
occur from a daily event such as tooth 
brushing, which results in bacteremia 
25% of the time5, or it may be related 
to another cause such as trauma or de-
creased host resistance. Trauma may play 
a role in up to 30% of the cases of acute 
hematogenous osteomyelitis. Studies of 
a rabbit model showed that trauma in-
creased the chance of acute hematoge-
nous osteomyelitis when there was 
concurrent bacteremia (Fig. 2)6,7.

Thrombosis of the venous sinus 
and nutrient artery can occur with bac-
terial proliferation and result in a loss 
of medullary blood supply, slowing 
mobilization of infection-fighting cells. 
By seventy-two hours, inflammatory 
processes are well developed, and an 
exudate forms that can exit the bone 
through the porous cortex of the meta-
physis. In some locations, such as the 
proximal part of the femur, the meta-
physis may be within the joint capsule 
and result in the coexistence of septic 
arthritis and osteomyelitis. If the ele-
vated periosteum remains viable, it 
will produce new bone and, over time, 
an involucrum will form; the adjoining 
cortex can become nonviable and be-
come a sequestrum. Acute hematoge-
nous osteomyelitis in children is more 
common in the lower extremity and 
tends to affect the most rapidly grow-
ing ends of the long bones, such as the 
distal part of the femur and proximal 
part of the tibia.

Diagnosis
The diagnosis of acute hematogenous 
osteomyelitis in children is difficult and 
is still often made late. The most impor-
tant factors in making the diagnosis are 
the clinical findings, and a high index of 
suspicion on the part of the clinician is 
essential. Unexplained bone pain with 
fever means osteomyelitis until proven 
otherwise.

The onset of acute hematoge-
nous osteomyelitis is usually sudden, 
and 30% to 50% of patients with the 
disease have had a recent or have a con-
current nonmuscular infection. Often, 

these infants and children appear sys-
temically ill, with localization of the 
cardinal signs of infection: swelling, 
redness, warmth, and pain. The patient 
may have findings of an adjacent sym-
pathetic joint effusion, with joint irrita-
bility and a limited range of motion or 
even pseudoparalysis.

An elevated white blood-cell 
count and erythrocyte sedimentation 
rate are seen in the majority of these 
children, but these tests are not as reli-
able in the neonate. Blood cultures are 
positive in 30% to 50% of infants and 
children. Radiographs do not show os-
seous changes for seven to ten days. 
Deep soft-tissue swelling is the key find-
ing early in the process.

Magnetic resonance imaging is 
the best imaging modality for the diag-
nosis of acute hematogenous osteomy-
elitis and is especially useful in the axial 
skeleton8; it is better able to differenti-
ate abnormal bone marrow involve-
ment than are bone scans, computer 
tomography scans, or radiographs9. 
However, magnetic resonance imaging 
lacks the specificity to demonstrate 
whether the abnormal changes are due 
to osteomyelitis10.

Another imaging study that may 
be helpful is the technetium-99m di-
phosphonate bone scan, a three-phase 
scan that usually demonstrates in-
creased uptake as a result of alteration in 
the physiology of involved bone11. An ab-

normal technetium bone scan is nonspe-
cific and may yield false-positive results 
associated with trauma or tumors. There 
is a 4% to 20% rate of false-negative re-
sults (a lack of increased uptake despite 
the presence of acute hematogenous os-
teomyelitis), which may be seen with os-
teonecrosis or in very early cases. A bone 
scan is best used to identify multiple or 
difficult locations (the spine and pelvis).

Early studies showed that techne-
tium scans were unreliable for infants 
and neonates, as they detected only 
50% of foci12,13, but high-resolution 
techniques have improved the sensitiv-
ity14. Use of technetium scans in neo-
nates is particularly helpful, especially 
for finding multiple sites of infection. 
Bone scans (or other diagnostic imag-
ing) should not delay treatment, and as-
piration does not produce false-positive 
results15. If needed, the accuracy of tech-
netium scans can be increased by repeat-
ing the scan in forty-eight to seventy-two 
hours16.

With osteomyelitis, there is an al-
most immediate increase in uptake on 
gallium-67-citrate-labeled-leukocyte 
bone scans17. These scans are per-
formed less frequently, primarily be-
cause they are more expensive, are 
associated with more radiation expo-
sure, and take longer to complete 
(forty-eight to seventy-two hours). 
The accuracy of early diagnosis may 
be increased by following a negative 

Fig. 2

Trauma and bacteremia predispose to infection in the metaphysis, which may track into the 

joint93. (Reprinted with permission, from: Dormans JP, Drummond DS. Pediatric hematogenous 

osteomyelitis: new trends in presentation, diagnosis, and treatment. J Am Acad Orthop Surg. 

1994;2:333-41.)
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technetium scan with a gallium scan18. 
Indium-labeled-leukocyte bone scans19 
require labeling of leukocytes and thus 
can be performed only at selected 
facilities. Although indium-labeled-
leukocyte bone scans are very accurate, 
their use is limited primarily to difficult 
diagnostic situations in which other im-
aging modalities are less ideal, such as 
chronic osteomyelitis19.

Computed tomography scans 
show nonspecific changes early20 and 
then demonstrate increased intramed-
ullary density later in the course of the 
osteomyelitis21. The deep soft-tissue 
swelling is better defined by computer 
tomography than by plain radiographs. 
Computer tomography may be valu-
able for detecting extraosseous deep 
soft-tissue swelling or abscesses and is 
useful primarily for the diagnosis of 
subacute and chronic forms of infection 
that may be confused with a neoplasm 
when other imaging modalities (such as 
magnetic resonance imaging) are not 
practical.

Aspiration is critical for bacterio-
logical diagnosis and should be per-
formed early, even if there is no abscess. 
The technique involves locating the point 
of maximum tenderness and swelling 
(usually in the metaphysis) and then us-
ing a 16 or 18-gauge spinal trocar needle 
to aspirate material extraperiosteally, 
subperiosteally, and intraosseously. All 
material should be smeared and cultured, 
and antibiotics should be started on the 
basis of the most likely suspected organ-
ism while awaiting definitive culture re-
sults. Aspiration produces positive results 
in 60% of cases and biopsy, in 90%.

Treatment
The general principles of treatment for 
acute hematogenous osteomyelitis are 
similar to those for other infections, 

with the focus on identifying the organ-
ism or organisms and their sensitivi-
ties, use of the correct antimicrobial 
treatment and delivery in sufficient 
concentrations to kill the organism, 
and surgical débridement if the infec-
tion is refractory to medical treatment 
or if an abscess is identified.

Staphylococcus aureus is still the 
predominant organism, with the preva-
lence ranging from 60% to 90%4,22,23, 
followed by Streptococcus species (prev-
alence, 20% to 50%) (Table I). The rate 
of Streptococcus osteomyelitis has in-
creased in infants; this represents an 
increase in the incidence of Group-B 
Streptococcus in neonatal sepsis24-26. 
Gram-negative organisms account for 
<5% of the cases, with Haemophilus in-
fluenzae formerly being the predominant 
gram-negative organism4. Salmonella 
should always be considered in the dif-
ferential diagnosis of children with sickle 
cell disease.

Traditionally, intravenous antibi-
otics have been administered for approx-
imately three weeks prior to switching to 
oral treatment, but if there is a prompt 
response to the intravenous antibiotics, 
then oral medication can be initiated at 
five to seven days. Ten percent of infants 
and children do not respond to oral 
medication and need continued intrave-
nous antibiotic treatment. Typically, the 
prerequisites for switching to oral medi-
cations have been identification of the 
organism, determination of antibiotic 
sensitivities and susceptibilities, and con-
firmation of bactericidal antibiotic levels. 
Currently, the clinical response to treat-
ment as well as laboratory values (usu-
ally the C-reactive protein level) is used 
to determine whether switching to 
oral medications is appropriate. The 
C-reactive protein level rises faster and 
returns to normal more quickly than 

does the erythrocyte sedimentation 
rate and is the laboratory indicator of 
choice when following infants and chil-
dren being treated for osteomyelitis. 
Historically, the total duration of treat-
ment has been as long as six weeks, but 
now a shorter duration of antibiotic 
therapy may be adequate. However, 
there is no established duration, which 
depends on clinical characteristics such 
as the site of the infection, amount of 
destruction, treatment, and response 
to treatment. For example, a child with 
femoral osteomyelitis who has consider-
able destruction of the femur may need 
eight to twelve weeks of treatment, 
whereas a child with early metacarpal 
osteomyelitis may need only fourteen 
to twenty-one days and a neonate may 
need only seven days. 

Most children with an age of 
more than one year and a duration of 
symptoms of less than forty-eight hours 
respond to antibiotic treatment alone 
(without surgery). If a child does not 
respond to antibiotics within thirty-six 
hours, surgical débridement should be 
considered.

The primary role of surgery is to 
evacuate purulent material. If the pus 
accumulates under the periosteum for 
any length of time, the periosteum can 
be destroyed. The periosteum may serve 
as the only source of osteogenic regen-
eration of the dead bone. If the bone 
does not regenerate, a permanent defect 
may result. Surgery is also very effective 
in removing sequestra to clear up 
chronic infections. An appropriate aph-
orism is: “Antibiotics save the life; sur-
gery saves the bone.”

The surgical technique for pa-
tients with established osteomyelitis in-
cludes periosteal incision and removal 
of all exudate and necrotic bone. The 
role of drilling the cortex is somewhat 

TABLE I Organisms Causing Acute Hematogenous Osteomyelitis

Organism Antibiotic

Neonates Group-B Streptococcus, Staphylococcus aureus, 
gram-negative rods

Cefotaxime, or oxacillin and gentamicin

Infants and children Staphylococcus aureus (90%) Oxacillin

Patients with sickle cell disease Staphylococcus aureus or Salmonella Oxacillin and ampicillin, or cefotaxime or 
chloramphenicol
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controversial. If suction irrigation tubes 
are used, they should be removed by 
forty-eight hours. Placement of long-
term intravenous access with the pa-
tient under the same anesthetic should 
be considered.

Other, Unique Forms 
of Osteomyelitis
Several unique forms of osteomyelitis 
can occur in children. These include 
neonatal osteomyelitis, subacute he-
matogenous osteomyelitis, and chronic 
recurrent multifocal osteomyelitis. It is 
important to understand the character-
istics of these disorders and how they 
differ from the more common acute 
hematogenous osteomyelitis. 

Neonatal osteomyelitis differs 
from acute hematogenous osteomyeli-
tis in four ways: (1) the musculoskeletal 
anatomy of the neonate is unique, and 
an infection ultimately affects growth 
of the physis and/or enters the joint in 
76% of cases; (2) the organism that 
causes the infection may differ from 
that seen with acute hematogenous 

osteomyelitis; (3) multiple sites are 
commonly involved (40% of cases); 
and (4) infants have an immature im-
mune system, and therefore diagnosis 
can be difficult.

Neonates and young infants with 
osteomyelitis have a unique anatomy 
that differs from that of older children 
with acute hematogenous osteomyeli-
tis (Fig. 3). For example, before the ep-
iphyseal ossification centers form in 
the proximal part of the femur, meta-
physeal vessels penetrate directly into 
the cartilaginous precursor. Infection 
can destroy these fragile growth cen-
ters27 and enter the hip joint directly. 
Transphyseal vessels persist for up to 
twelve to eighteen months. In older 
children, the physis serves as a me-
chanical barrier to infection, but in in-
fants, the osseous architecture is more 
fragile and is very easily injured28. The 
morbidity rate is higher (up to 76%) 
for neonates.

Staphylococcus aureus is the most 
common organism in neonates and 
infants with osteomyelitis, especially 

in cases associated with invasive pro-
cedures29. Other organisms are not 
uncomon and include Group-B Strep-
tococcus, gram-negative organisms (in 
10% to 15% of cases), and Candida al-
bicans. Staphylococcal infections, which 
are associated with less purulent exu-
date, tend to be associated with less 
morbidity and fewer clinical symp-
toms. The diagnosis of these infections 
is often delayed30.

Neonates with osteomyelitis have 
an immature immune system, are less 
able to produce an inflammatory re-
sponse, and are susceptible to organ-
isms that are less virulent in older 
children and adults. The temperature 
and white blood-cell count of neonates 
with osteomyelitis may be normal, and 
there may be few findings on physical 
examination or imaging (including 
false-negative bone scans). Often, these 
factors delay the diagnosis.

In general, the characteristics of 
neonatal osteomyelitis vary depending 
on whether the infection was acquired 
in the hospital or community. When 
neonatal osteomyelitis is acquired in the 
hospital, it is often caused by invasive 
monitoring devices such as umbilical 
catheters29, fetal monitors31, or heel 
puncture instruments32. Neonates more 
often have multiple sites of infection, 
and bone scans are often helpful in 
identifying the multiple locations. 
Neonates who acquire osteomyelitis 
after discharge from the hospital are 
normally not ill and more often have 
normal development and feeding hab-
its. In these infants, the organism is 
more commonly Group-B Streptococ-
cus and the osteomyelitis more com-
monly affects a single site.

Subacute hematogenous osteo-
myelitis differs from acute hematoge-
nous osteomyelitis in that the child is 
typically less symptomatic, with less 
pain and often no fever. Many children 
(30% to 40%) have had a trial of anti-
biotics. The results of laboratory as-
sessments (including blood and tissue 
cultures) are more commonly normal. 
Unlike radiographs of patients with 
acute hematogenous osteomyelitis, ra-
diographs of patients with subacute he-
matogenous osteomyelitis usually show 

Fig. 3

The blood supply and spread 

of infection in the infant and 

child93. (Reprinted, with per-

mission, from: Dormans JP, 

Drummond DS. Pediatric 

hematogenous osteomye-

litis: new trends in pre-

sentation, diagnosis, and 

treatment. J Am Acad Orthop 

Surg. 1994;2:333-41.)
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changes (Fig. 4). Nearly all cases are due 
to Staphylococcus aureus, but recently 
some streptococcal infections have been 
identified. The most important aspect 
of treating children and adolescents 
with subacute hematogenous osteomy-
elitis is ruling out tumors. In addition 
to cultures of involved tissue, a biopsy is 
needed, and this is the classic situation 
for which the mantra “culture all biop-
sies, and biopsy all cultures” is applied. 
Treatment consists of administration 
of appropriate antibiotics and, when 
the osteomyelitis is chronic (with 
symptoms for more than one month), 
débridement and removal of any se-
questrum may be required.

Subacute hematogenous osteo-
myelitis can also occur in the epiphyses 
of the long bones33,34. Radiographs usu-
ally demonstrate a well-defined lesion, 
possibly with a sclerotic rim, and chon-
droblastoma should be considered in 
the differential diagnosis. Usually, the 
nidus of epiphyseal osteomyelitis heals 
with appropriate antibiotic treatment. 
Physeal damage and involvement of the 
articular surface are uncommon.

Chronic recurrent multifocal os-
teomyelitis differs from acute hematog-
enous osteomyelitis in that there is an 
insidious onset of bone pain and ten-
derness. Most often, patients with 
chronic recurrent multifocal osteomy-
elitis present with only one site of in-
volvement, although other sites develop 
with time. Chronic recurrent multifocal 
osteomyelitis may be confused with 
pyogenic osteomyelitis, but typically no 
organisms are isolated with the former. 
Furthermore, chronic recurrent multi-
focal osteomyelitis does not typically re-
spond to antibiotic treatment. SAPHO 
syndrome (synovitis, acne, pustulosis, 
hyperostosis, osteitis) is not uncommon 
in children who present with manifesta-
tions that are similar to those of chronic 
recurrent multifocal osteomyelitis as 
well as with skin lesions, most com-
monly palmoplantar pustulosis35. Ra-
diographs of patients with chronic 
recurrent multifocal osteomyelitis of-
ten demonstrate eccentric metaphyseal 
sclerotic lucencies; bone scintigraphy 
may help to identify additional lesions. 
Treatment consists of nonsteroidal anti-

inflammatory drugs and management 
of the symptoms. In one series of twelve 
patients with chronic recurrent multi-
focal osteomyelitis36, five patients had a 
limb-length inequality of >1.5 cm, and 
other orthopaedic deformities may oc-
cur. The long-term outcome of treat-
ment of chronic recurrent multifocal 
osteomyelitis is generally good, al-
though recurrence is common. As many 
as 26% of patients have active disease at 
the time of long-term follow-up37. Few 
patients have functional limitations, 
even without complete resolution of 
symptoms36.

Acute Hematogenous 
Osteomyelitis in Unusual or 
Difficult-to-Diagnose Locations
Acute hematogenous osteomyelitis usu-
ally occurs in the metaphyses of long 
bones, but it can also develop in un-
usual locations, such as the epiphysis38, 
the pelvis, the calcaneus, the talus, and 
the metatarsals.

Historically, the diagnosis of pel-
vic and sacroiliac joint infection has 
been delayed, but newer imaging mo-
dalities have made the diagnosis easier. 

The physical examination findings are 
variable and may include a positive 
FABER test (pain with flexion, abduc-
tion, and external [lateral] rotation of 
the hip). Pain may also occur with lat-
eral compression/distraction of the il-
iac wings and with straight-leg raising 
or hyperextension of the hip (Gaenslen 
sign). The child may have direct tender-
ness over the sacroiliac joint or may 
refuse to stand on the limb.

Evaluation should include rou-
tine laboratory studies, such as a white 
blood-cell count and measurement of 
the erythrocyte sedimentation rate. It is 
also important to rule out other causes 
for the symptoms, such as noninflam-
matory arthritis. About half of the pa-
tients have positive blood cultures. 
Stool and urine can also be obtained if 
the diagnosis is still in question. 

Radiographs of the area in ques-
tion and a bone scan may be helpful, 
but the findings can be negative early in 
the disease course, and magnetic reso-
nance imaging is the most accurate 
modality for evaluation. Computer 
tomography-guided biopsy may be 
needed to rule out a psoas abscess39. 

Fig. 4

The types of subacute osteomyelitis94. Type I indicates lucency; type II, metaphyseal with loss of 

cortical bone; type III, diaphyseal; type IV, onion-skinning; type V, epiphyseal; and type VI, spine.
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Aspiration can be performed when the 
diagnosis is uncertain and when the pa-
tient does not respond to more conser-
vative therapy40. A bone biopsy can be 
considered when aspiration does not 
yield fluid. Staphylococcus aureus is the 
most common organism with involve-
ment of the sacroiliac joint. Treatment 
is initiated with antibiotics, which is 
sufficient in most cases. If an abscess is 
identified, surgical drainage should be 
considered41.

Acute hematogenous osteomyeli-
tis of the calcaneus can also be difficult 
to diagnose42,43. While foot puncture 
wounds are common, true calcaneal os-
teomyelitis is uncommon. Radiographi-
cally, there is very little periosteal bone 
reaction. Most cases respond to antibi-
otics with or without curettage.

Subacute osteomyelitis of the talus 
and metatarsals has been reported42,44,45. 
Usually, no systemic signs are reported, 
so there is often a delay of several 
months in the diagnosis. Radiographic 
changes are slow to develop, but radio-
graphs show a lytic lesion. The organism 
is usually coagulase-negative Staphylo-
coccus. Treatment consists of surgical 
curettage, antibiotics, and rest.

It is important to remember that a 
number of bone tumors can simulate 
subacute and chronic osteomyelitis. The 
most common is Ewing sarcoma46,47, but 
eosinophilic granuloma and leukemia 
can also present in a fashion that is simi-
lar to that of osteomyelitis and they 
should be included in the differential di-
agnosis. Thirty percent of children with 
leukemia present with bone pain.

Septic Arthritis
Septic arthritis in children can occur in 
any joint, but the most common and 
most devastating location is the hip. 
This section describes the etiology, di-
agnosis, and treatment of septic arthri-
tis in children, with a focus on the hip.

Etiology
Septic arthritis can occur from primary 
seeding of the synovial membrane, sec-
ondarily from infection in the adjacent 
metaphyseal bone or directly from in-
fection in the adjoining epiphysis. In 
the hip, shoulder, ankle, and elbow, the 

joint capsule overlaps a portion of the 
adjoining metaphysis, and if a focus of 
osteomyelitis breaks through the soft 
metaphyseal bone, it can directly seed 
the joint and lead to concurrent septic 
arthritis. Additionally, in the hip, vessels 
cross the epiphysis until the age of ap-
proximately eighteen months, and this 
provides a direct route for infection to 
spread from the metaphysis to the hip 
joint (Fig. 3)48.

Destruction of the articular carti-
lage begins quickly and is secondary to 
proteolytic enzymes released from syn-
ovial cells. Interleukin-1 triggers the re-
lease of proteases from chondrocytes and 
synoviocytes in response to polymor-
phonuclear leukocytes and bacteria. 
Degradation results in loss of proteogly-
cans at five days and of collagen by nine 
days. Impairment of the intracapsular 
vascular supply also plays a role in the ar-
ticular destruction, with elevation of the 
intracapsular pressure, thrombosis, and 
progressive displacement of the femoral 
head from the acetabulum49-53.

Diagnosis
The diagnosis of septic arthritis is based 
on the clinical findings. Typically, the 
disease has an acute onset in which the 
child is irritable, febrile, and anorexic. 
When the infection is in the lower ex-
tremity, the child limps or refuses to 
bear weight. There is severe pain with 
attempted passive motion of the hip 
joint. When the hip is affected, the child 
typically holds that joint in a position of 
flexion, abduction, and external rota-
tion as the intracapsular pressure in-
creases. Swelling of the anterior aspect 
of the thigh is a late sign48,54,55. Neonates 
may display only anorexia, irritability, 
and lethargy and may not move the af-
fected limb (pseudoparalysis)27,52.

Laboratory tests include periph-
eral blood studies, which typically dem-
onstrate a white blood-cell count of 
>12,000/mm3 (>12.0 × 109/L), with 
40% to 60% polymorphonuclear leuko-
cytes, and an erythrocyte sedimentation 
rate of >50 mm/hr. Blood cultures are 
positive in 30% to 50% of cases. The C-
reactive protein level is a very good in-
dicator of disease progression, al-
though it is nonspecific. It is elevated in 

>90% of children with musculoskele-
tal infection at the time of admission, 
it peaks two days following admission, 
and it quickly returns to normal after 
treatment. Measurement of the C-
reactive protein level may also be 
helpful in the identification of septic 
arthritis in children with underlying 
acute hematogenous osteomyelitis56.

Joint aspiration is essential for 
the diagnosis and typically reveals a 
white blood-cell count of >50,000 mm3 
(>50.0 × 109/L), with 75% polymorpho-
nuclear leukocytes, but 34% of patients 
have white blood-cell counts of <25,000 
mm3 (<25.0 × 109/L). Gram stains of the 
aspirate are positive in 30% to 50% of 
cases, and cultures of the aspirate are 
positive in 50% to 80%. Synovial pro-
tein levels that are 40 mg/dL (400 mg/L) 
and are less than the serum protein levels 
are consistent with septic arthritis. Lac-
tate levels are typically elevated in the 
joint fluid in patients with septic arthritis 
(except in those with gonococcal infec-
tion), and the glucose level in the aspi-
rate is lower than the level in the serum. 
On direct examination, the aspirate may 
demonstrate gross pus and the result of 
the mucin (string) test is poor when in-
fection is present.

Transient synovitis is not uncom-
mon in children, and the primary dif-
ferential diagnosis is between it and 
septic arthritis in the hip. With both 
disorders, young children may present 
with substantial pain, which can cause 
crying and can limit motion of the hip 
dramatically. Also, with both disorders, 
the child may be carried in or may limp 
and tends to sit or lie with the lower 
limb held in flexion and in external 
rotation. The differential diagnosis be-
tween these two disorders is extremely 
important and can be difficult. Treat-
ment varies dramatically, from open 
arthrotomy for septic arthritis to simple 
observation and nonsteroidal anti-
inflammatory drugs for transient sy-
novitis. To help examiners make this 
diagnosis more accurately, Kocher et 
al.57 developed four clinical criteria to 
aid in the assessment of a child with a 
painful hip; these criteria include non-
weight-bearing, an erythrocyte sedi-
mentation rate of >40 mm/hr, fever, 
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and a white blood-cell count of >12,000 
mm3 (>12.0 × 109/L). In their study, 
when all four of the criteria were met, 
there was a 99% chance that the child 
had septic arthritis. There was a 93% 
chance of septic arthritis when three 
of the four criteria were met, a 40% 
chance when two criteria were met, and 
a 3% chance when only one was met. 
When this paradigm was applied to dif-
ferent populations, the probability of 
septic arthritis dropped to about 90% 
when all four predictors were present 
and 70% when three of the four were 
present58. Despite this decreased sensi-
tivity, the clinical factors identified by 
Kocher are excellent predictors to help 
guide the differential diagnosis and sub-
sequent treatment.

Imaging may assist in the diagno-
sis. Plain radiography can reveal subtle 
signs early in the disease process (capsu-
lar distention and joint space widening) 
and metaphyseal lucency later in the 
course. Technetium bone scans may 
show decreased uptake (“cold”) early in 
the disease process and increased uptake 
(“hot”) later, as a result of a hyperemic 
response. Gallium and indium-labeled-
leukocyte scans may be helpful in the 
diagnosis of atypical cases, but, as men-
tioned in the previous section, they are 
difficult to perform and take forty-eight 
to seventy-two hours to complete59.

Ultrasonography is quick and 
painless and imparts no ionizing radia-
tion. It can detect an effusion in 100% 
of cases, with a criterion being a cap-
sule-to-bone distance that is >2 mm 
wider than the distance on the con-
tralateral side. This finding is not spe-
cific for septic arthritis, but the absence 
of an effusion makes septic arthritis un-
likely. Ultrasonography is also a useful 
tool for guiding aspiration and con-
firming needle location.

Treatment
Septic arthritis is a true emergency, and 
treatment often involves the emergency 
department as well as the radiology and 
orthopaedic departments. It is therefore 
important to have an established algo-
rithm for treatment. Any evaluation of a 
painful hip must rule out the possibility 
of septic arthritis, and, if septic arthritis 

is suspected, it must be treated emer-
gently. When concomitant osteomyelitis 
is suspected, aspiration of the proximal 
part of the femur should be considered 
at the time of hip joint aspiration.

The cornerstone of treatment is 
surgical drainage and irrigation of the hip 
joint with appropriate constitutional 
support, including hydration and anti-
biotics. A capsular window should be re-
moved to ensure continued drainage, and 
a drain should be left in place until the 
volume of the drainage decreases. Ar-
throscopic treatment of septic arthritis 
was reported to have an excellent result 
in ten patients at the time of a five-year 
follow-up60. If surgery is not followed by 
a rapid reversal of clinical symptoms and 
normalization of vital signs, reexplora-
tion should be considered.

The antibiotic regimen should be 
started immediately after aspiration. It 
should initially be based on the sus-
pected organism and later tailored to 
the culture results. Intravenous antibi-
otic therapy should be continued until 
constitutional signs improve. Switching 
to oral antibiotics may be considered if 
no concurrent osteomyelitis is present. 
Recently, there has been a trend toward 
decreasing the period of parenteral an-
tibiotic treatment61,62. When there is 
concurrent osteomyelitis, intravenous 
antibiotic therapy should be continued 
as described in the preceding section.

The causative organisms vary de-
pending primarily on the age of the pa-
tient. Group-B Streptococcus is most 
common in healthy neonates (birth to 
less than twenty-eight days old), and Sta-

phylococcus aureus is most common in 
high-risk neonates. Gram-negative ba-
cilli must also be considered as possible 
organisms. Recommended antibiotic 
treatment includes oxacillin or cefo-
taxime, with the addition of gentamicin 
for a high-risk neonate (Table II).

Staphylococcus aureus is the most 
common organism in infants and chil-
dren up to three years of age. Infection 
with Haemophilus influenzae type B is 
occurring much less frequently, and it is 
virtually nonexistent in children immu-
nized with the Haemophilus influenzae 
type-B vaccine63. However, 20% to 30% 
of children diagnosed with Haemophi-
lus influenzae type-B septic arthritis 
have concomitant meningitis. Kingella 
kingae infection is being recognized 
more frequently, primarily in healthy 
children under four years of age, and it 
is often associated with an upper respi-
ratory infection. To identify this organ-
ism, the culture must be performed in a 
BACTEC bottle (Becton Dickinson Di-
agnostic Instrument Systems, Sparks, 
Maryland) and needs to be observed for 
fourteen days. This culture technique is 
87% sensitive for detecting Kingella kin-
gae. Recommended antibiotics for pa-
tients who are twenty-eight days to 
three years of age include cefotaxime or 
ceftriaxone and penicillin for Kingella 
kingae infection64,65.

Staphylococcus aureus infection is 
still common in older children and ad-
olescents, but other organisms such as 
Neisseria gonorrhoeae and Borrelia 
burgdorferi (Lyme disease) must be 
considered. The recommended antibi-

TABLE II Antibiotic Dosages for Children with Musculoskeletal Infection*

Age Antibiotic and Dosage

<28 days Oxacillin: 25-50 mg/kg/6-12 hr

Cefotaxime: 50 mg/kg/8-12 hr

Gentamicin: 2.5 mg/kg/8-24 hr

28 days to 3 yr Cefotaxime: 100-200 mg/kg/day in 3-4 divided doses

Ceftriaxone: 50-100 mg/kg/day in 1-2 divided doses

Penicillin G: 100,000-400,000 units/kg/day in 4-6 divided 
doses intravenously

>3 yr Oxacillin: 100-200 mg/kg/day in 4-6 divided doses

*These are only guidelines. An infectious disease specialist or pharmacist should be con-
sulted for the appropriate antibiotic dose and frequency.
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otic for Staphylococcus aureus infection 
is oxacillin.

Gonococcal arthritis is usually 
found in sexually active teenagers or is 
transmitted to newborns from their 
mothers during birth. It is associated 
with a rash, tenosynovitis, and migra-
tory polyarthralgia. The knee is the 
most commonly affected joint. Often, 
children with gonococcal disease have 
been sexually abused66.

The diagnosis of gonococcal ar-
thritis is confirmed by culture, which 
needs to be performed under special 
conditions (warm, with a low CO2 level, 
and in special culture media [sterile 
specimens on chocolate blood agar and 
nonsterile specimens on Thayer-Martin 
agar]). Treatment is initiated with anti-
biotics. There is a growing resistance 
to penicillin and, therefore, a third-
generation cephalosporin should be 
used for the initial treatment. Open 
drainage is indicated for septic arthritis 

of the hip, whereas repeated aspirations 
have been successful for the treatment of 
other infected joints, such as the knee.

Lyme disease is caused by the spi-
rochete Borrelia burgdorferi, carried by 
the deer tick. It is typically described as 
occurring in three stages: Stage I is a lo-
calized infection (erythema migrans), 
Stage II is early disseminated disease 
(myocarditis and/or Bell palsy), and 
Stage III is persistent infection (arthri-
tis). However, the clinical manifestations 
can be variable, and only 40% of those 
presenting with Lyme disease have classic 
Lyme arthritis. Lyme arthritis often pre-
sents as an episodic synovitis affecting 
one to four joints, with asymptomatic 
intervals, and it is considered to be a 
great mimicker in that the presentation 
can be similar to that of other forms of 
chronic or even acute arthritis.

The laboratory diagnosis of Lyme 
disease is made with the use of the ELISA 
(enzyme-linked immunosorbent assay) 

test, which is sensitive but not specific; 
therefore, when the test is negative, no 
further diagnostic evaluation is needed. 
However, when it is positive, a Western 
blot test is needed to confirm the diag-
nosis. Other laboratory tests, such as the 
antinuclear antibody, may also be posi-
tive (in up to 30% of cases).

Treatment consists of appropri-
ate antibiotics, which reportedly have 
been associated with few long-term 
problems in children67. Surgical inter-
vention is rarely needed, although syn-
ovectomy has been performed for 
chronic arthritis of the knee68.

Several factors place a child with 
septic arthritis at risk for a poor result. 
These include prematurity, an age of 
less than six months, a delay in treat-
ment of more than four days, concur-
rent osteomyelitis of the femur, and 
septic dislocation of the hip joint.

Sequelae of septic arthritis of the 
hip are common, with poor results oc-

Fig. 5-A

Follow-up hip radiographs of a patient after delayed treatment of septic arthritis, demonstrating nearly complete destruction of the hip.

Fig. 5-B
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curring in as many as 40% of children 
(Table III) (Figs. 5-A and 5-B). Long-
term follow-up is critical to identify 
these possible sequelae. When deciding 
on treatment options, the physician 
must consider not only the insult to the 
hip joint but future growth distur-
bances and the limb-length inequality 
or trochanteric overgrowth that may 
occur. Appropriately timed epiphysio-
desis of the contralateral limb may be 
more appropriate than lengthening of 
the affected limb, especially with a dys-
plastic hip joint. Performance of ipsi-
lateral epiphysiodesis of the greater 
trochanter, in an attempt to maintain 
the proximal femoral anatomy (the ar-
ticular trochanteric distance) as close 
to normal as possible, should be con-
sidered69. For the more severely dys-
plastic hip, other treatment options, 
such as bone-grafting for a pseudar-
throsis of the femoral neck or a valgus 
osteotomy of the proximal part of the 
femur, may be indicated. Arthrodesis 
or hip joint arthroplasty may be indi-
cated for a painful hip with severe 
osteoarthrosis70-72.

Infections of the Soft Tissues
Infections of the soft tissues are com-
mon in children and are usually easily 
treated, with few residual long-term 
problems. However, a few soft-tissue 
infections are not so easily managed, 

and prompt diagnosis and appropriate 
treatment are needed. Some of these in-
fections are life-threatening, and many 
commonly occur in the upper extrem-
ity. The focus of this section is to pro-
vide a brief overview of these soft-tissue 
infections.

Cellulitis
Cellulitis is a common, diffuse inflam-
mation with hyperemia, leukocyte in-
flammation, and edema but without 
abscess formation. It is most frequently 
caused by Streptococcus (Group-A β-
hemolytic) and Staphylococcus aureus. 
Treatment includes a trial of oral antibi-
otics, but intravenous antibiotics may 
be necessary for resolution of more se-
vere cases or those resistant to oral anti-
biotics. If an abscess forms, prompt 
surgical drainage is also indicated.

One of the most common ways in 
which cellulitis develops is through a 
puncture wound of the foot, with such 
injuries responsible for 0.8% of visits to 
the emergency department by children. 
Although the most common manifesta-
tion of a puncture wound of the foot is 
cellulitis, usually caused by Staphylococ-
cus aureus, a deep infection or another 
complication will develop in 5% to 10% 
of patients73,74. Puncture wounds may 
be associated with Pseudomonas, es-
pecially if the puncturing object passes 
through an athletic shoe. Pseudomonas 
is part of the normal skin flora and 
grows well in the moist environment of 
the shoe. It does not incite much of an 
inflammatory response, but it has a 
propensity to infect cartilage75.

Treatment depends on whether 
the puncture wound is deep or superfi-
cial, whether a foreign body is present, 
whether there is evidence of articular or 
osseous injury, and the initial response 
to antibiotic treatment. When there is a 
superficial puncture wound, superficial 
débridement should be performed in 
the emergency department and evi-
dence of a foreign body should be 
sought. Tetanus toxoid should be ad-
ministered if indicated. A deep punc-
ture wound should be managed with 
exploration and débridement in the 
emergency room, and the wound 
should be left open. When a foreign 

body is present, the bone or joint is 
penetrated, or there are signs of infec-
tion at three to five days after the injury, 
appropriate antibiotics should be used. 
If the patient does not respond to anti-
biotic treatment, formal surgical débri-
dement followed by three weeks of 
culture-specific intravenous antibiotics 
should be considered, especially when 
there is a possibility of osteomyelitis74,76.

Necrotizing Fasciitis
Necrotizing fasciitis is a life and limb-
threatening event. Although it is uncom-
mon in children, familiarity with this 
disorder is crucial because of the deceiv-
ingly benign presentation of the infec-
tion and the devastating consequences of 
a missed or delayed diagnosis77. The or-
thopaedic surgeon is typically consulted 
when the disorder involves an extremity, 
which is a common location (especially 
the lower extremity, which is involved in 
70% of cases). Necrotizing fasciitis can 
occur after major or minor trauma or 
postoperatively.

As the name indicates, necrotizing 
fasciitis is an infectious process that in-
volves the deep dermis and underlying 
fascia. It is most frequently polymicro-
bial, with streptococcal species being the 
most commonly isolated organism78.

Physical findings are often subtle 
initially, and the diagnosis is rarely 
made at the time of admission. Early 
in its course, necrotizing fasciitis may 
present as an area of unremarkable cel-
lulitis that is usually surprisingly tender. 
It quickly progresses to a more painful 
and intense cellulitis that advances rap-
idly. Skin bullae and ecchymoses occur 
later, often well after the patient has be-
come hemodynamically unstable. There 
often is a subtle etiology, such as a small 
laceration or relatively minor surgery. 
Early administration of intravenous an-
tibiotics, often prior to the diagnosis, 
may mask the severity of the infection, 
increasing to the delay in diagnosis and 
treatment.

Early diagnosis is critical and can 
be made definitively only with a biopsy, 
although ultrasound, computed tomog-
raphy, and magnetic resonance imag-
ing have been used to determine if there 
is inflammation of the fascial layer79,80. 

TABLE III Sequelae of Septic 
Arthritis of the Hip 

Partial or complete destruction of the 
proximal femoral physis 

Osteonecrosis of the femoral head

Trochanteric overgrowth

Pseudarthrosis of the femoral neck

Complete dissolution of the femoral 
neck and head

Progressive limb-length discrepancy

Varus or valgus alignment of the 
femoral head

Unstable hip articulation

Hip dislocation

Ankylosis of the hip joint
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Use of these modalities should not delay 
surgical intervention.

Treatment includes emergent sur-
gical débridement of all nonviable tissue, 
appropriate antibiotics, and supportive 
care. The skin and fascia are usually in-
volved, but the muscle is spared. At the 
time of surgery, a grayish necrotic fascia 
that is less adherent and associated with 
minimal bleeding is noted, with a foul-
smelling “dishwater” type of pus (Fig. 6). 
Extensive débridement with removal of 
all necrotic fascia is needed. A second 
débridement twenty-four hours later 
may be necessary.

Antibiotics include penicillin, with 
the addition of an aminoglycoside for 
penicillinase-resistant Staphylococcus. 
Even with this aggressive treatment, the 
mortality rate is as high as 18% for chil-
dren and can be higher for adults77.

Disc Space Infection (Discitis)
Disc space infections often occur in 
children. The infection does not propa-
gate from the Batson plexus, as previ-
ously proposed, but from arterioles that 
terminate in the disc. In adults, the disc 
is avascular; arterioles terminate in the 
vertebral end plate and, therefore, a pri-
mary hematogenous disc infection is 
not likely.

Signs and symptoms vary and 
tend to change with age. Seventy-five 
percent of children limp or will not walk. 
They may demonstrate the “quarter 
sign” (inability to bend over to pick up a 
quarter) and irritability when the hip is 

held in extension (log-roll test). Abdom-
inal pain is not uncommon, especially in 
children between the ages of three and 
nine years (Table IV). Spine tenderness 
is common in older children81. Pain fre-
quently occurs at night, and children 
are usually not systemically ill82.

Laboratory evaluation includes 
measurement of the erythrocyte sedi-
mentation rate, which is elevated in 
80% to 90% of children. The white 
blood-cell count may be elevated but 
frequently is normal in children. Blood 
and stool cultures should be performed 
if salmonella is suspected.

Imaging studies include radio-
graphs, bone scans, and magnetic reso-
nance images. Radiographs show disc 
space narrowing with irregularity of 
vertebral end plates but preservation of 
the vertebral body. Destruction of the 
vertebra may indicate osteomyelitis. 
These changes may not be seen for three 
weeks. Bone scans are helpful but not 
specific, and false-negative findings 
have been reported; therefore, the diag-
nosis should not be excluded on the ba-
sis of a negative bone scan. Magnetic 
resonance imaging is becoming the di-
agnostic modality of choice and may be 
the most sensitive imaging study84.

Staphylococcus aureus is the most 
frequent infecting organism. Usually 
neither aspiration nor biopsy is needed, 
but if one of those procedures is used it 
is diagnostic in approximately 50% of 
children. A biopsy should be considered 
for atypical cases, when there is no re-

sponse to treatment, or when the disci-
tis occurs in an adolescent who is 
suspected of abusing drugs81.

Treatment consists of antistaphy-
lococcal intravenous antibiotics, and 
rapid improvement is usually seen in 
three to five days. If there is a good re-
sponse, intravenous antibiotic therapy 
is continued for three to four weeks and 
then followed by oral antibiotics for an-
other two to three weeks. The use of a 
prefabricated orthosis can also be con-
sidered. When there is no early re-
sponse, aspiration or biopsy should be 
performed, followed by culture-specific 
antibiotic treatment.

Soft-Tissue Infections 
Unique to the Hand
A felon is an infection that occurs in the 
digital pad of the fingertip85. The pulp re-
gion is a closed compartment that is seg-
regated into even smaller areas by 
multiple fibrous septa that attach the 
dermis to the distal phalanx. Each sec-
tion contains fat globules, sweat glands, 
and/or terminal branches of the digital 
arteries that supply the distal phalanx. 
Obvious or inconspicuous trauma can 
penetrate the closed pulp space, deposit 
bacteria, and lead to abscess formation. 
Even an innocuous finger stick in the pe-
diatric intensive care unit can lead to for-
mation of a felon. The pus within the 
fingertip space creates pressure and im-
pairs tissue perfusion. Failure to decom-
press the abscess can result in contiguous 
spread to the distal phalanx (osteomyeli-
tis), distal interphalangeal joint (septic 
arthritis), or flexor tendon sheath (flexor 
tenosynovitis). A neglected felon may 
eventually lead to extrusion or osteone-
crosis of the distal phalanx. Intense, 
throbbing pain and extreme tenderness 
are characteristic findings of a felon. The 
most common organism is Staphylococ-
cus aureus. Treatment consists of surgi-

Fig. 6

Surgical dissection of necrotizing fasciitis.

TABLE IV Symptoms of Discitis

Age (yr) Common Sign

<3 Positive log-roll test, limp

3-9 Abdominal pain

>9 Back pain
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cal drainage and antibiotics. A high 
lateral incision on the less utilized side 
of the digit (the radial side of the thumb 
and small finger and the ulnar side of 
the index, long, and ring fingers) is pre-
ferred86. A fish-mouth-type incision 
should be avoided because it may lead to 
vascular compromise of the digital pad. 
The neurovascular bundles must be 
avoided during surgical drainage.

Flexor tenosynovitis is a bacterial 
infection of the flexor tendon sheath. 
The classic signs have been identified by 
Kanavel87 as (1) a flexed resting posture, 
(2) tenderness over the flexor sheath, 
(3) fusiform swelling, and (4) pain on 
passive extension86,87 (Fig. 7). Early in-
fection can be treated with a trial of in-
travenous antibiotics for twenty-four 
hours followed by reassessment. A fail-
ure to improve warrants urgent incision 
and drainage. A delayed diagnosis or an 
established infection warrants immedi-
ate incision and drainage as well.

Deep-space infections of the hand 
are usually the result of penetrating 
trauma or contiguous spread from ne-
glected flexor tenosynovitis. The deep 
spaces are located dorsal to the flexor 
tendons and palmar to the metacar-
pals86. A septum from the third meta-
carpal to the palmar skin separates the 
hand into a thenar and a midpalmar 
space (Fig. 8). The causative organism is 
usually Staphylococcus aureus or Strep-

tococcus. Treatment consists of inci-
sion and drainage.

Viral hand infections usually are 
caused by the herpes simplex virus. 
Herpes infection of the nail bed and/or 
pulp is termed herpetic whitlow88. Her-
petic whitlow is one of the more com-
mon infections of toddlers’ hands. 
These infections are associated with 
oral lesions, and sucking of the digits 
(autoinoculation) is the mode of trans-

mission to the hand in up to 80% of 
cases89. Children typically present with 
pain, tingling, and vesicular eruptions 
over an erythematous base. However, 
young children cannot relate a tingling 
sensation. Involvement of multiple dig-
its is more common in children than it 
is in adults. Constitutional symptoms 
(e.g., fever, chills, and malaise) are usu-
ally absent88. The diagnosis is made on 
the basis of clinical examination, a 
Tzanck smear, and cultures (with a one 
to five-day incubation period). Clear 
vesicles that may become turbid after a 
few days characterize early herpetic in-
fection (Fig. 9). The vesicles gradually 
undergo crusting over the next few 
weeks, and complete resolution occurs 
within two to three weeks. In children, 
concomitant bacterial infection by Staph-
ylococcus aureus or Streptococcus can 
cause blistering dactylitis, which con-
fuses the diagnosis. The Tzanck smear 
requires unroofing of a vesicle and 
staining the fluid in search of multinu-
cleated giant cells. The smear identifies 
multinucleated giant cells only 70% of 
the time, and viral culture may be re-
quired for a definitive diagnosis. Suc-
cessful treatment depends on a high 
index of suspicion. Herpetic whitlow is 
a self-limited process, and surgical 

Fig. 7

The flexed resting position of the index finger that is one of the signs of 

flexor tenosynovitis identified by Kanavel87.

Fig. 8

Transverse section demonstrating the septum from the palmar fascia to the third metacarpal, 

which divides the hand into thenar and midpalmar spaces. (Reprinted, with permission, from: 

American Society for Surgery of the Hand. Essentials of hand surgery. Seiler JG 3rd, editor. Phil-

adelphia: Lippincott Williams and Wilkins; 2003. p 9.)
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treatment is not necessary. Antibiotic 
therapy is indicated only for bacterial 
superinfection89. The virus avoids im-
mune clearance by harboring in a la-
tent stage within the ganglia of nerves. 
This shields the virus and allows recur-
rences. Administration of acyclovir may 
decrease the duration of the lesions and 
prevent recurrences.

Human and animal bites in chil-
dren can lead to serious infection, mor-
bidity, and even mortality. Misdiagnosis 
and undertreatment of human bites is 
still a prevailing problem. Infection can 
occur after nail biting (usually a pa-
ronychia), sucking a bleeding wound, 
sucking by a toddler, or violent tooth 
injury (clenched-fist injury) or bites 
during a fight. A clenched-fist injury is 
often overlooked as a minor accident, 
only to later result in a major infection. 
Considerable injury and bacterial inoc-
ulation can occur through a small 
puncture wound. The tooth can easily 
penetrate the extensor tendon, dorsal 
joint capsule, and metacarpal head. 
This passage carries bacteria into the 
joint and/or metacarpal head. The hu-
man mouth is a rich culture medium 
replete with organisms. One milliliter of 
saliva may contain up to 100 million or-
ganisms and forty-two different strains 
of bacteria90. The common isolates are 
Staphylococcus aureus, Streptococcus, 
Eikenella corrodens (in one-third of 
cases), and Bacteroides species (the 
most common anaerobe)91. Treatment 
begins with immediate recognition of 
the injury by taking a careful history 
and performing a physical examination. 
Early treatment is far superior to late 
management with regard to outcome, 
complications, and sequelae. A punc-
ture wound over the metacarpal head 
should be considered a clenched-fist in-
jury until proven otherwise90. The 
mainstay of treatment is thorough sur-
gical exploration combined with irriga-
tion and débridement. The wound is 
left open and then reassessed twenty-
four hours after surgery. Antibiotics 
covering Staphylococcus aureus, Strepto-
coccus, and Eikenella corrodens are pre-
scribed. Prophylaxis against tetanus is 
also part of the treatment regimen.

Dogs cause the vast majority of 

animal bites to the hand (nine out of 
ten). Over one million dog-bite injuries 
are treated in the United States each 
year. More than 50% of the dog bites 
are inflicted on children under the age 
of twelve years, and about one-half of 
those wounds are of the hand and/or 
forearm92. Even more frightening, ap-
proximately a dozen people die each 
year from dog bites in the United States, 
and one-third of them are infants less 
than twelve months of age92. Similar to 
the human mouth, the canine oral 
cavity is full of organisms, including 
Staphylococcus aureus, viridans strep-
tococci, Pasteurella multocida, and 
Bacteroides species. Treatment princi-
ples are similar to those for human bites 
and include urgent recognition and im-
mediate débridement of all nonviable 
tissue. Antibiotic coverage must in-
clude Pasteurella multocida. The possi-
bility of rabies is also a consideration, 
although rabies is rare after dog bites 
and surveillance of the dog for ten days 
is the simplest monitoring method. 
In contrast, wild animal bites require 
prophylactic treatment for rabies, as 
skunks and raccoons are responsible for 
the majority of the cases of rabies.

Cat bites are less common than 
dog bites, although they commonly re-
sult in a deep infection (50% of the 
time). Cats have needle-sharp canine 

teeth that drive bacteria deep into tis-
sue. A cat bite over the volar aspect of 
the finger frequently penetrates the 
flexor tendon sheath and causes flexor 
tenosynovitis. Typical causative organ-
isms include Pasteurella multocida, 
Staphylococcus aureus, and viridans 
streptococci. Deep infections can occur 
secondary to inoculation into the flexor 
tendon sheath or deep spaces of the 
hand. Treatment consists of débride-
ment, copious irrigation, and antibi-
otic coverage. Bites by other domestic 
animals, such as pet rabbits, hamsters, 
and guinea pigs, are treated in the same 
manner as cat bites.

Overview
Musculoskeletal infections in children 
are common. The etiology can be di-
verse and the presentation is often vari-
able, making diagnosis difficult. The 
effects of infection in children may last 
well beyond the acute episode, and 
long-term follow-up is needed to assess 
for late sequelae such as angular defor-
mities and limb-length inequality. Prin-
ciples of treatment of musculoskeletal 
infections in children involve preven-
tion, accurate diagnosis, and prompt 
intervention (including antibiotic ther-
apy and surgical débridement). Close 
follow-up is mandatory to ensure a 
good long-term outcome.

Fig. 9

Vesicles typical of herpetic infection.
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