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Musculoskeletal infeaion may p.resent in a myriad of clinical s.im· 
ations in all regions of the musculoskeletal sysa:m. Bone and joint 
.infi:ccion may cause rapid demuction and permanent impair· 
me.w: if not treated WfPltlY, so prompt diagnosis is imperative. 
U.nfo.n:wwcly, there is not a single clinical finding or a test that 
consistently allows rnpid diagnosis. T~ neoplasm, inflam.. 
matory arthropathy, or synovitis may all present with a clinical 
picture similar to infection. In 20% or more of musculoskeletal 
infection cases, no organism is identified, making diagnosis and 
even definition challenging (1). To wmplicate the situation fur
ther, as a disease entity. mllS'CUloskeletal infection is wntinually 
c:h.anging. Over rdativdy short time periods, as immunization, 
antibiotics, and living conditions change. new infi:aious organ· 
.isms causing clinically significant disease arise, and organisms pre-
viously responsible for infection become less p.rewlent. The most 
impoltlJlt recent change in muscuioskdetal infection is the emer
gence of cornm.wUty-acquired methlci11in-resist:ant SttJphylocDCCUS 
ll1l.mJS (MRSA) infection in pediatric and adolescent patients, 
which is discussed in detail later in the chapter. 

All of this would be of little interest to the orthopaedic 
surgeon if musculoskeletal infection in children was a rare 
condition, but, in f.u;t, it is a relatively common disorder. 
These varied factors ensure that musculoskeletal infection will 
remain an important and a challenging pediatric orthopaedic 
disorder. 

DEFINITION 

Defining musculoskdet31 infection is difficult because it 
is not possible to identify a causative organism in a signifi· 
cant percentage of patients with this medical condition. As a 

consequence, the presence of an identifiable organism cannot 
be an essential criterion for definition and diagnosis of the 
disease. Morrey and Peterson (2) proposed a definition that 
classified osteomyelitis as being definite, probable, or likely. 
Definite osteomyelitis is present when an organism is recovered 
from bone or adjacent soft tissue or when there is histologic 
evidence of infection. Osteomyelitis is probable when there 
is a positive blood culwre in addition to clinical and ~o
graphic fearures of osteomyelitis, and osteomyelitis is likd.y 
to be present when there are typical clinical and radiographic 
features of osteomyelitis along with a response to antibiotics 
in the absence of a positive rulwre. Peltola and Vahvanen (3) 
have suggested a definition of osteomyelitis considering the 
diagnosis to be firm when two of the following four criteria 
are present: pus aspirated from bone; positive bone or blood 
culwre; classic symptoms of localized pain, swelling. warmth, 
and limited range of motion (ROM) of the adjacent joint; and 
radiographic changes typical of osteomyditis. 

Compared with osteomyelitis patients, an even higher per
centage of patients with septic arthritis have negative cultures, 
and therefore it is also important to establish diagnostic criteria 
for septic arthritis that do not mandate positive cultures. Money 
et al. (4) included patients with negative culwres who experi
ence five of the following six criteria: temperature >38.3°C, 
pain in the affected joint made worse by motion, swdling of the 
affected joint, systemic symptoms, absence of other pathologic 
processes, and satisfactory response to antibiotic therapy. 

Musruloskelet31 infection can be classified by patient's 
age, causative organism, duration of symptoms, and route of 
infection. Infi:ction in the neonare has distinct characteristics 
that differ from childhood osteomyelitis, which in wm diffi:rs 
from ostcomyditis in the adult population. Pyogenic organ· 
isms are the most common causative organisms, but granulo
matous infection is being encountered more frequently with 
increased international travel and immigration. The most 
common route of infection is hematogenous, but direct inocu
lation is frequently the route of infection in the foot. 
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EPIDEMIOLOGY 
Osteomyelitis is neither common nor rare, with the annual 
rate of acute hematogenous osteomyelitis (AHO) in children 
younger than 13 years estimated to be 1 in 5000 in the United 
States (5). Worldwide incidence estimates range from 1 in 
1000 to 1 in 20,000 (6), and half of all cases of osteomyeli
tis occur in children younger than age 5 (7, 8). In childhood, 
septic arthritis occurs about twice as often as osteomyelitis and 
also tends to have its peak incidence in the early years of the 
first decade (9). 

The epidemiologic patterns of musculoskeletal infection 
are continually changing. Atypical forms of infection such as 
subacute osteomyelitis are becoming more common, but sev
eral studies have suggested that the overall incidence of muscu
loskeletal infection may be declining (10, 11). These changes 
may be due to a variety of factors including immunization 
patterns and modification of clinical disease by antibiotics. At 
the Royal Hospital for Sick Children in Glasgow, Scotland, 
researchers noted a 44% decline in incidences of AHO when 
the period from 1970 to 1990 was compared to the period 
from 1990 to 1997 (12). Annual incidence dropped to a rate of 
2.9 new cases per 100,000 population per year. Staphylococcus 
aureus remains the most common causative organism, occur
ring in 40% to 90% of cases of musculoskeletal infection 
(12-17). Other organisms commonly causing osteomyelitis 
or septic arthritis include coagulase-negative Staphylococcus, 
group A JJ-hemolytic Streptococcus, Streptococcus pneuTTI()niae, 
and group B Streptococcus (17). 

Since the development of routine vaccinations of infants 
against HaeTTI()philus influenza, the incidence of musculoskele
tal infection caused by H. influenza has dramatically decreased. 
In 1982, the University of Helsinki organized a prospective 
multicenter study of orthopaedic infection. In 1986, Finland 
began a large-scale immunization program against H. influ
enza. From 1982 to 1988, 36% of orthopaedic infections 
treated by the study group were caused by H. influenza, 
whereas from 1988 to 1998, there was not a single orthopaedic 
case of H. influenza infection, and the total number of child
hood septic arthritis cases decreased by 30% (15). This change 
in epidemiology has resulted in modification of initial empiric 
antimicrobial therapy recommendations to cover primarily 
gram-positive cocci. Howard et al. (18) reported similar results 
following immunization for H. influenza in eastern Ontario, 
where H. influenza septic arthritis dropped from 41% of cases 
to 0% of cases following initiation of an H. influenza immu
nization program. Dramatic reduction in H. influenza infec
tion following immunization has been confirmed by authors 
at other centers from around the world (13, 19). 

Other organisms, such as Kingella kingae, are now rec
ognized as being responsible for a greater percentage of mus
culoskeletal infections. In a study by Yagupsky and Dagan, 
K kingae was the most common organism responsible for 
septic arthritis in children younger than 24 months (20). K 
/Ungae is a fastidious, gram-negative bacillus that until rda
tively recently was thought to rarely cause clinical infection 

in children. Residing in the oropharynx of young children, 
K kingM appears to be an opportunistic pathogen that gains 
access to the bloodstream during the course of upper respira
tory infection. Kingella is transmitted from child to child and 
has been associated with outbreaks among day care attendees 
(21, 22). 

Once in the bloodstream, K kingae has a predilection for 
the heart and musculoskeletal system. Our greater appreciation 
of K /Ungae as a clinically significant causative organism for 
musculoskeletal infection may in part be due to our improved 
understanding of how to culture this organism. Inoculation of 
a specimen into enriched blood culture media has considerably 
improved recovery rate (23-26). K kingM is often resistant to 
Vancomycin and dindamycin but sensitive to P.lactum anti
biotics and typically responds well to appropriate antibiotic 
treatment with few sequdae (26, 27). 

Musculoskeletal infection is much more likely to affect 
the lower extremity than the upper extremity or axial skdeton. 
In a recent study performed in Taiwan, 90% of septic arthritis 
cases occurred in the lower extremity. The hip was the most 
commonly involved joint, occurring in 54% of patients (17). 
Newton et al. (28) reported the hip and knee to be the joints 
most commonly affected in their series of 186 patients with 
septic arthritis. In a study by Khachatourians et al. (14) of 
50 patients with septic arthritis and/or osteomyelitis, 70% of 
infections occurred in the lower extremities. Pdtola et al. (29) 
reported 72% of osteomyelitis cases in their series to occur in 
the lower extremities. 

Osteomyditis and septic arthritis may occur simultane
ously. Patients younger than 18 months have a blood supply 
to the chondroepiphysis, which predisposes infants to develop 
osteomyelitis and septic arthritis. These diseases can also occur 
in four locations in older children where the metaphysis lies 
within the joint: in the pro:x:imal femur, proximal humerus, 
distal lateral tibia, and proximal radius. Septic arthritis results 
when bacteria breach the metaphyseal periosteum and enter 
the joint. Perlman et al. (30) reported that signs of adjacent 
joint septic arthritis may be as high as 40%, and therefore care
ful evaluation of neighboring joints is important. 

The most ominous change in musculoskdetal infec
tion epidemiology is the emergence of MRSA. In a study of 
musculoskeletal infection treated at the University of Texas 
Southwestern, Galin et al. (31) compared patients treated 
from 2002 to 2004, with patients treated at the same institu
tion and reported in 1982. MRSA was isolated as the causative 
organism in 30% of children treated from 2002 to 2004 com
pared to no patient treated 20 years earlier. 

ETIOLOGY 
Bacteria travd through the circulatory and musculoskeletal 
systems daily and yet rarely cause clinical infection. For mus
culoskeletal infection to occur, several circumstances must be 
present. A virulent organism capable of causing infection is nec
essary, sufficient numbers of that organism for multiplying and 



reaching a critical mass must be present, and the species and 
the number of bacteria present must overwhelm host defenses 
in the particular anatomic site in question. Although random 
chance may have a role in determining where and when bone 
and joint infection occurs, specific patterns of infection have 
been observed that can lead to no other conclusion than that 
specific factors influence where and in whom musculoskeletal 
infection occurs. 

Metaphyseal bone adjacent to the physis is the most com
mon site for AHO to develop. Hobo (32) described vascu
lar loops present in the long bone metaphysis that take sharp 
bends and empty into venous lakes, creating areas of turbu
lence where bacteria accumulate and cause infection. Relative 
absence of tissue macrophages in metaphyseal bone adjacent to 
the physis appears to contribute to the predilection of osteo
myelitis for this location. Others have suggested that gaps in 
the endothelium of growing metaphyseal vessels allow pas
sage of bacteria (33) that may adhere to type I collagen in the 
hypertrophic zone of the physis. S. aurnM surface antigens may 
play a key role in this local adherence (34). 

Among factors that have been implicated as contributing 
to the development of infection, none is as common as trauma 
(Fig. 12-1). Local trauma has been associated with AHO in 
30% to 50% of reported cases (35-39). The best evidence con
firming the role of trauma has been established in an animal 
model by Morrissy and Haynes, who noted that intravenous 
injection of S. aureus caused infection in the metaphysis of an 
injured rabbit (40, 41). Interestingly, infection did not develop 
in fractures of the fibula diaphysis, indicating that fracture 
hematoma cannot be the explanation. Although rare, acute 
infection of fracture hematoma has occurred clinically. There 
are no similar clinical data for septic arthritis, but experimen
tal models demonstrate the role of trauma in the production 
of the disease (42, 43). Therefore, the precise mechanism by 
which trauma reduces local host defenses and predisposes a 
particular location for infection has not been conclusively 
determined. 

Naturally occurring situations confirm the importance of 
host defense mechanisms preventing bone and joint infection. 
Patients with conditions associated with decreased or altered 
immune response, such as the neonate, are known to be sus
ceptible to infection. Varicella infection provides a portal for 
bacteria to enter the musculoskeletal system and also lowers 
the host immune system, making the host more susceptible 
to infection (44, 45). Other aspects of musculoskeletal infec
tion etiology; such as the predilection for men and the lower 
extremity and peak age incidence, are less well understood and 
are yet to be explained. 

PATHOPHYSIOLOGY 

Osteomyelitis. Knowledge of normal pediatric bone 
physiology facilitates better understanding of osteomyelitis 
pathophysiology. The diaphyseal region of long bones consists 
of a dense lamellar cortex, which is relatively acellular, and a 
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medullary cavity, which contains little bone but is filled with 
a rich reticuloendothelial system. In contrast, the metaphyseal 
region is composed of a cortex that is little more than compact 
cancellous bone and a medullary cavity that has greater bone 
content arranged in a trabecular pattern but relatively few 
reticuloendothelial cells. Covering metaphyseal and diaphyseal 
cortical bone is the periosteum, which in children is thick, 
easily separated from bone, but not easily penetrated. Periosteal 
blood supply comes from the outside so that it remains viable, 
producing osteoid and bone even when elevated off of the 
bone surface. 

In a classic article, Hobo (32) described his experiments 
on the localization of both India ink particles and bacteria in 
bone after intravenous injection. Hobo noted that although 
most bacteria lodged in the diaphyseal medullary cavity, they 
were rapidly phagocytosed and no infection resulted. In con
trast, relatively few bacteria were localized to the area beneath 
the epiphyseal plate, but because of the absence of phagocytic 
cells in this region of the bone, infection subsequendy devel
oped. Hobo proposed that the vessels beneath the physeal plate 
were small arterial loops that emptied into venous sinusoids 
and that the resulting turbulence was the cause of localization. 
Subsequendy, electron microscopic studies have shown these 
to be small terminal branches (46). In addition, it has been 
demonstrated that the endothelial wall of new metaphyseal 
capillaries have gaps that allow the passage of blood cells and, 
presumably, bacteria (33). 

Hematogenous osteomyelitis has a strong predilection for 
the most rapidly growing end of the large long bones, espe
cially those of the lower extremity. This predilection may be 
explained by the observation that in rapidly growing bones, 
there is greater distance between bacteria being deposited in 
new bone being formed by the epiphyseal plate and phago
cytic cells that are moving in from the diaphysis. Therefore, 
the immune system response takes longer to reach the bacteria, 
allowing a clinical infection to become established. 

Once bacteria begin to multiply in the metaphysis adja
cent to the physis, a process of net bone resorption begins. 
Osteoblasts die and bone trabeculae are resorbed by numerous 
osteodasts within 12 to 18 hours. Lymphocytes may release 
osteoclastic-activating factor, and macrophages, monocytes, 
and vascular endothelial cells may all directly resorb both the 
crystalline and matrix components of bone. In response to tox
ins and bacterial antigens, interleukin -1 is produced by macro
phages and polymorphonuclear leukocytes (47). Prostaglandin 
~ is also produced, which stimulates further bone resorption 
(48). These stimuli cause inflammatory cells to migrate and 
accumulate in the area of bacterial localization beneath the 
physis. As inflammatory cells migrate to the site of accumulat
ing bacteria, bone in the path of this migration is resorbed. 

The accumulation of bacteria and inflammatory cells 
causes thrombosis of medullary vessels, further reducing the 
host's ability to fight infection. A purulent exudate is formed 
that may exit the porous metaphyseal conex to create a sub
periosteal abscess. As the periosteum is elevated, the cortical 
bone is deprived of its blood supply and may become necrotic, 
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A 

FIGURE 12·1. A: 12-year-(lld boy was struck in dle distal radius by a hockey puck. Initial radiographs were negative, and 
the patient's symptoms completely resolved over 2 weeks. B: Two mondls later. the patient experienced increasing pain and 
swelling. Radiographs were repeated and demonstrated a lytic lesion with a sclerotic margin that appeared to cross the physis 
consistent with osteomyelitis. C: T2-weighted MRI confirms the processes crosses the distal radial physis with cortical breach 
and adjacent soft-tissue abscess. D: Irrigation and debridement at purulent material was perfonmed, and cultures obtained at 
surgery confirmed S. aureus osteomyelitis. To reduce risk of persistent infection and to reduce tile likelihood of physeal arrest. 
no bone graft was placed. Two years after surgery, the bone defect has healed, there is no evidence of infection, and dle distal 
radial physis is growing normally. 

D 



fOrming a sequestrum. Because the periosteum retains its blood 
supply, it remains viable and produces osteoid. The new bone 
fOrming around the necrotic sequestrum is known as involu
crum. If the metaphysis is intra-articular at the site where infec
tion breaches the metaphyseal cortex, septic arthritis results. 
Infection generally does not spread down the medullary cavity 
because the well-developed reticuloendothelial system of the 
diaphysis is able to prevent its expansion in this direction. 

Because of the unique and changing anatomy of the inter
osseous blood supply, osteomyelitis pathophysiology in the 
infant may vary from the pattern described in preceding text. 
Trueta first noted that befOre the ossific nucleus forms, the 
vessels from the metaphysis penetrate directly into the carti
laginous physis analog (49) [see also Trueta (248)]. Because 
of this blood supply pattern, the initial bacterial localization 
may occur in the cartilage epiphysis precursor. Infection of 
the epiphysis precursor may spread to the joint, causing septic 
arthritis as well as physeal injury and growth alteration. As the 
ossific nucleus develops, a separate blood supply to this epiph
ysis develops and the metaphyseal vessels crossing the develop
ing physeal plate disappear. When the physeal plate is fully 
fOrmed, it acts as a barrier to intraosseous blood flow between 
the metaphysis and the epiphysis. 

Septic Arthritis. Distinct anatomic and histologic char
acteristics of a synovial joint affect the pathophysiology of sep
tic arthritis. Joint synovium is a unique tissue that does not 
have a basement membrane and secretes fluid that is essen
tially a transudate of serum. Just as in bone, it is likely that 
transient bacteremia results in bacteria entering the joint, but, 
in almost all cases, the joint has the ability to clear itself of 
bacteria and avoid infection (50). Bactericidal properties of 
joint fluid may help prevent septic arthritis. Gruber et al. (51) 
compared growth of bacteria inoculated onto culture media 
containing synovial fluid with growth of bacteria inoculated 
onto culture media alone Fluid was plated and incubated, and 
colonies were counted after 1, 4, and 24 hours to determine 
bacterial growth. Statistically significant differences in bacterial 
counts were found between control and experimental groups 
at 0, 4, and 24 hours. Bacterial counts in the control specimens 
demonstrated exponential growth over 24 hours as would be 
expected in the absence of growth inhibition. In contrast, bac
terial counts in all of the synovial fluid specimens decreased 
steadily over 24 hours. These results demonstrate synovial fluid 
possesses potent bactericidal activity against the most common 
gram-positive pathogens responsible fur septic arthritis. 

However, when the inoculum is large, or when virulent 
pathologic bacteria such as S. au.reus are less effectively cleared, 
clinical infection may result. The precise pathophysiology 
by which septic arthritis occurs is less well understood than 
for osteomyelitis. Although trauma has been implicated as a 
causative factor (43), trauma cannot completely explain the 
tendency for infection to involve large joints and those of the 
lower extremities. What is known is that when septic arthri
tis occurs, bacteria rapidly gain access to the joint cavity and 
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within a matter of hours cause synovitis and formation of 
fibrinous exudate followed by areas of synovial necrosis. 

The main goal of the treating physician is to interrupt and 
reverse the process of articular cartilage destruction, and an 
understanding of this process will facilitate optimal treatment. 
Proteases, peptidases, and collagenases are released from leu
kocytes, synovial cells, and cartilage. These enzymes catalyze 
reactions that break down the cellular and extracellular struc
ture of cartilage (50, 52-57). The loss of glycosaminoglycans 
is the first measurable change in articular cartilage, occurring 
as early as 8 hours after bacteria are introduced into the joint 
(58). Loss of glycosaminoglycans softens the cartilage and may 
cause it to be susceptible to increased wear. Collagen destruc
tion fOllows and is responsible fur visible change in cartilage 
appearance (59-61). Chronic changes occur in the synovium 
as well, including neovascularization and cell proliferation, 
accompanied by persistent bacterial colonization and heteroge
neous inflammatory infiltration {62). Once catalytic enzymes 
are released into the joint, the presence of living bacteria is not 
necessary for cartilage destruction to continue. 

CLINICAL FEATURES 

History. A detailed history provides important informa
tion critical to the diagnosis of musculoskeletal infection in 
children. Pain is the most common symptom in patients with 
bone or joint sepsis {63, 64), but children are not always able to 
verbalize this common symptom. Instead, children may refuse 
to walk, refuse to bear weight, limp, or refuse to use or move 
a limb. Frequently, the physician obtains the history indirectly 
from a parent or caregiver instead of obtaining it directly from 
the patient. Careful questioning can provide important infOr
mation about the infection location, likely causative organ
isms, and the duration of the infectious process. 

A toddler who refuses to walk, but does crawl, is willing to 
bear weight on the thigh, and the clinician can focus on the leg 
distal to the knee as the possible infection location. Patient age, 
recent activity, and exposure can all provide clues to the caus
ative organism; the neonate is more likely to have infection 
caused by group B Streptococcus or gram-negative rods, and 
patients with sickle cell disease are predisposed to Salmonella 
infection. 

Fever, malaise, anorexia, and night pain are common 
symptoms of musculoskeletal infection but are not always 
present. Temperature >38°C has been reported to occur in 
only 36% to 74% of patients (17, 64, 65). Few patients fit the 
stereotype of an ill-appearing child who has experienced symp
toms fur a week and who presents with an obviously infected 
bone or joint. More frequently, children may present within 
12 hours of onset oflimp, with normal or mildly elevated labo
ratory values. 

Recent antibiotic use may blunt symptoms of musculo
skeletal infection or may affect the type of musculoskeletal 
infection present. A history of recent antibiotic use should 
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cause the treating physician to maintain greater vigilance for 
subacute osteomyelitis. 

A history of recent or concurrent illness is important 
information to consider when evaluating a patient for pos
sible musculoskeletal infection, and such illness may be 
present in one-third to one-half of patients. Recent upper 
respiratory symptoms may suggest a noninfectious cause for 
patient symptoms such as toxic synovitis or poststteptococcal 
reactive arthritis (PSRA). Rashes or swollen lymph nodes are 
important for their association with conditions such as Lyme 
disease, cat-scratch disease, rheumatoid arthritis, and leuke
mia. Concurrent chickenpox is notable for creating a portal of 
entry into the circulatory system as wdl as for lowering host 
immunity, predisposing a patient to musculoskeletal infection 
caused by group A Strq~tococcus in particular. 

Patients with musculoskeletal infection frequently pres
ent with a history of local trauma, and, as noted previously, 
local trauma can contribute to the development of bone or 
joint sepsis. The crucial and difficult issue for the clinician to 
determine is whether a patient's pain is caused by trauma or 
by infection. Close attention to the clinical course following 
a traumatic event is very helpful; symptoms caused by trauma 
tend to improve, whereas symptoms caused by sepsis generally 
worsen. 

Examination. Much helpful information can be obtained 
while simply observing the child in the examination room 
while obtaining the history as part of the evaluation. If the 
child does not appear acutely ill or moribund, encourage the 
child to play independently while you are interviewing the par
ent. Unaware that he or she is being observed, the young child 
will often be more active than later in the structured segment 
of the physical examination. Refusal to bear weight on a lower 
extremity, a limp, or the disuse of an upper extremity gives 
important dues about the location of pathology. 

Bone pain in a febrile child is osteomyelitis until proven 
otherwise. The importance of palpable bone pain in establish
ing the diagnosis of osteomyelitis cannot be overemphasized. 
Gentle, systematic palpation is often the best means available 
on physical examination to localize pathology in an irritable, 
uncooperative 2-year-old child who refuses to use an extrem
ity. Allowing the child to remain in the arms of the parent and 
watching the child's face, not the limb, while systematically 
palpating the limb often reveals the location of pathology. In 
the case of small children who cry at the mere presence of a 
stranger and panic at being touched, it is often beneficial to 
instruct the parent how to elicit the tender area. After showing 
the parent how to palpate the area, the physician should leave 
the room and allow the parent to first examine the unaffected 
part, then the affected part, and report the results. 

In addition to establishing pain, the physician closely 
examines for increased warmth, erythema, or other skin 
changes. Erythema and swelling may appear as early as 24 
to 36 hours following onset of pain and can progress rapidly. 
Skin changes are detectable earliest in bones or joints that are 
not covered by muscle. Visual comparison of the normal and 

affected limbs, symmetrically positioned, should always be 
done. Loss of normal concavities, contours, and normal skin 
wrinkles are other subtle dues that may be present. Severe limb 
swdling may indicate extensive underlying infection or deep 
venous thrombosis (DVf) (66). 

Sympathetic joint effusion may occur adjacent to osteo
myelitis but should not cause substantial joint irritability. Pain 
with passive joint motion is a hallmark sign of septic arthritis 
and is usually associated with decreased ROM as well. Palpation 
of joints often elicits tenderness, and joint effusion can fre
quently be demonstrated in joints that are not covered by large 
amounts of tissue. Joints of the axial skeleton, including the 
spine and pelvis, are less accessible for examination, and diag
nosis is more dependent on findings such as pain with motion, 
percussion, and compression. The hip joint is also inaccessible 
to direct observation, but noting the position of thigh relative 
to the pelvis may be helpful. The patient often lies with the 
hip flexed, abducted, and externally rotated because internal 
rotation, extension, and adduction all tighten the hip capsule, 
causing pain in a distended and inflamed joint. 

Other diagnoses included in the differential can also pres
ent with similar signs, but knowledge of characteristic patterns 
is helpful in establishing a diagnosis. Rheumatoid arthritis often 
presents as a joint that looks worse than it feels. The joint may be 
warm and markedly swollen with inflamed synovium and effu
sion but not be especially painful. Rheumatic fever has a tendency 
to appear just the opposite, with exquisite pain and markedly 
restricted motion in a joint having minimal effusion or swdling. 

Laboratory. Laboratory testing for suspected musculoskel
etal infection should include complete blood count (CBC) 
with differential, blood culture, erythrocyte sedimentation rate 
(ESR), and C-reactive protein (CRP). None of these tests are 
specific for musculoskeletal infection. White blood cell (WBC) 
count is the least sensitive, being elevated in 25% to 73% of 
patients with osteomyelitis (2, 17, 29, 64, 67). Similar sensitiv
ity has been reported for patients with septic arthritis (4, 35, 
63, 64). Occasionally, patients with apparent AHO will have a 
low WBC or platelet count, which may indicate systemic sepsis 
or leukemia. If the diagnosis of musculoskeletal infection is in 
question, a manual differential count should be performed to 
look for atypical leukocytes and leukemia. In patients presenting 
with a clinical picture less dearly suggestive of bacterial sepsis, 
Lyme disease titer, antinuclear antibodies (ANAs), rheumatoid 
factor, and HLA-B27 antigen should also be considered. 

The ESR and CRP are the two most common tests used to 
measure acute-phase response and are more useful than CBC. 
Acute-phase response is the increase or decrease in the levels 
of a variety of plasma proteins in response to cytokine pro
duction that occurs in acute or chronic inflammation. These 
proteins are responsible for many of the systemic symptoms 
seen in infection, such as fever, anorexia, lethargy, and anemia, 
and an increase in the levels of many of these proteins can be 
measured in the blood. 

ESR is a nonspecific test that measures the rate at which 
an erythrocyte falls through plasma and is dependent on the 



concenuarion of fibrinogen. The ESR result can be affected by 
the size, shape, and number of erythrocytes present. as wdl as 
by other proteins in plasma. Therefore. the ESR is less reliable 
in the neonate. in the presence of anemia, in patients with sickle 
cell disease, or when the patient is taking steroids (64. 65). 

The ESR typically becomes elevated within 48 to 72 hours 
of the onset of infection and returns to nonnal over a period 
of 2 to 4 weeks after elimination of inkct:ion. The ESR is less 
reliable in the £im: 48 hours of infc:ction than after 48 hours. 
Clinicians can expect the ESR to be elevated in 85% to 95% 
of cases of septic a.n:hritis (4, 14, 17) and in 90% to 95% of 
osteomyelitis cases (63. 64). Although noted to be elevated just 
as often in patients with osteomyelitis. the ESR has been noted 
to be significantly higher in patients with septic arthritis (4). 

One problem with the clinical usefulness of the ESR is 
that it continues to rise fur 3 to 5 days after institution of suc
cessful the~. Although a continuing rise beyond the 4th to 

5th day of treatment can be an indication of treatment fuilure, 
it is because of this delayed response that the ESR is not a good 
means of assessing the resolution of sepsis during the first week 
of ttc:atment (68). 

The CRP is a substance fOund in the serum in response 
to inflammation and also trauma. The CRP may begin to rise 
within 6 hours of the triggering stimulus and then increases 
several hundredfold. reaching a peak. within 36 to 50 hours. 
Because of the short half-life of the protein (47 hours). it also 
falls quickly to normal with successful treatment. in contrast to 
the ESR This makes the CRP of gre.tter value than the ESR. 
not only for earlier diagnosis of infection but also fur deter
mining resolution of the inflammation (69). 

CRP is perhaps the most helpful laboratory test in the 
evaluation of musculoskeletal infc:ccion, its level being elevated 
in as many as 98% of patients 'With osteomyelitis compared to 
92% of patients having elevated ESR (70). Peak CRP is typi
cally noted on day 2 compared to peak ESR measured on days 
3 through 5 (Fig. 12-2). Following initiation of treatment. it 
may take the ESR approximately 3 weeks to normalize, whereas 
the CRP typically retUrnS to normal within 1 week. Failure 
of the CRP to rapidly normalize after initiation of treatment 
has been predictive oflong-tenn sequelae (71). Therefore, the 
CRP is more l.i.kdy to be helpful in diagnosing an early case of 
infection and is more useful in monitoring its resolution. 

A CRP within the normal range is also a sttong indicator 
that a patient does not have musculoskeletal infc:ction. levine 
et al. (72) reported that if the CRP is <1.0 mgfdL, the prob
ability that a patient does not have septic a.n:hritis is 87%. The 
presence of both osteomyelitis and adjacent septic arthritis also 
increases the likelihood that serologic testing will be abnor
mal. Kh.acbatourians et al. (14) reported the ESR and CRP 
being elevated 100% of the time and the WBC count being 
elevated in 87% of patients with both septic arthritis and adja
cent osteomyelitis. 

As c::xpected, the peak and the normalization of ESR and 
CRP are also affi:,cted by surgery (14). Khachatourians et al. 
(14) reviewed 50 patients with septic arthritis, osteomyelitis, 
or both. Twenty-five patients w~ tteated 'With surgery, and 
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RGURE 12-2. CAP reaches a peak. value more precipitously and 
has a more rapid return to normal than does the ESR. The stippled 
area denotes the normal range of values. (Adapted from Unkila-Kallio 
L. Kallio MJT, Eskola J, et al. Serum C-reactive protein, erythrocyte 
sedimentation rate, and white blood cell count in acute hematogenous 
osteomyelitis of children. Pediatrics 1994;93:59-62.) 

25 patients were treated 'With antibiotics alone. In the surgery 
group. it took twice as long for the CRP and ESR to reach 
peak. values and then twice as long to normalize after initiation 
of treatment. 

The question is often raised as to whether or not the CRP 
is useful in separating a musculoskeletal infection from an oti
tis media. which is commonly seen in children. Elevated CRP 
values are reported in 22% of patients with a bacterial oti
tis media and in 65% of those with a viral otitis media (73). 
Thc:refore. it would seem that CRP cannot reliably di~nti
ate between musculoskeletal infection and otitis media. 

The relatively low yield and delay in species identifica
tion associated with standard bacterial cultures has stimulated 
significant interest in molecular techniques for detection and 
speciation ofbacterial and viral infections (16. 74). Molecular 
testing is appealing because it can be performed in an hour, 
does not depend on the presence of live bacteria fur culture, 
and test results should not be affected if antibiotic treat
ment has already begun. Molecular testing techniques fall 
into two broad categories: nonamplified and amplified. In 
nonamplified techniques, direct binding of a target molecule 
is done with a labeled oligonucleotide probe or a monoclonal 
antibody, followed by the detection of the probe agent with 
r.uliolabellng. enzyme-linked immunosorbent assay (EilSA), 
or chemoluminescence. 

When using amplification techniques, geometric amplifi
cation of a target molecule is achieved through enzyme-driven 
reactions. The most common technique is polymerase chain 
reaction (PCR). A target segment of bacterial DNA or RNA is 
chosen that is not present in human cells. A probe or primer 
specific to that segment of DNA or RNA is introduced. which 
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promotes binding of a polymerase that replicates the target seg
ment in a series of temperature-dependent cycles. The ampli
fication products are then identified by gel electrophoresis. 
PCR has produced some promising results in the diagnosis of 
periprosthetic infections and septic arthritis, but a high false
positive rate has been reponed (75). Rccendy, success has been 
reponed performing molecular diagnosis of musculoskeletal 
K kingae infection by specific, real-time PCR assay (76-78). 
These authors repon the K kingae PCR assays to be reliable 
and especially helpful in identifying infection caused by this 
fastidious organism. 

Blood cultures should always be included in the initial 
battery of tests obtained when one suspects musculoskeletal 
infection because, in both osteomyelitis and septic arthritis, 
blood cultures yield organisms in 30% to 60% of patients 
(5, 13, 64), allowing organism identification and facilitat
ing optimal antibiotic therapy. The yield from both blood 
culture and aspirated material decreases with previous anti
biotic therapy (4). Even with previous antibiotic treatment, 
however, the chances of obtaining positive cultures, when 
all sources (i.e., blood, bone, and joint fluid) ate cultured, 
remain high (64). 

Radiologic Features 
Standard Radiographs. Imaging should begin with 
standard radiographs (79); the sensitivity and specificity of 
radiographs range from 43% to 75% and from 75% to 83%, 
respectively (80). The role of radiography in the diagnosis of 
early bone and joint sepsis is often undervalued because clini
cians often look only for changes seen in bone. Plain radio
graphs may show soft-tissue swelling and loss of tissue planes 
within 3 days of infection onset, whereas bone changes may 
not appear for 7 days or more (67, 81). Because the inflam
mation in the bone or joint produces edema in the soft tissues 
adjacent to the area of inflammation, there is swelling in this 
region, and enlargement of this muscle layer is detectable on 
the radiograph. Radiographs to detect deep soft-tissue swell
ing are of most value in suspected sepsis of the long bones. 
Symmetrically positioned views of the contralateral extremity 
may be helpful for comparison. 

Septic arthritis may cause a large effusion that is most eas
ily seen in peripheral joints such as the knee or elbow. At the 
hip, there may be asymmetric widening of the joint space com
pared to the uninvolved hip (Fig. 12-3). Although this may 
be seen frequendy in the neonate, hip joint space widening is 
often lacking in older children. It is a late sign, and its absence 
is not to be interpreted as lack of sepsis (82). Untreated septic 
anhritis may result in joint destruction, narrowing of the joint 
space, or pathologic bone changes on both sides of the joint. 
Additional sequelae such as osteonecrosis of the femoral head 
may also be seen. 

The time required before bone changes become visible 
on plain radiographs suggests that by the time bone changes 
are seen, osteomyelitis is already well established. While not 
entirely reliable, it is fair to suggest that when radiographic 
changes are present, surgical treatment of osteomyelitis is 

more likely to be necessary than if radiographic changes are 
not present. Although infection can appear in any bone and 
in any location, the most common radiographic presentation 
for osteomyelitis is a destructive, lytic, eccentric metaphyseal 
lesion, often associated with periosteal elevation and new bone 
formation. Bone destruction caused by osteomyelitis may 
appear aggressive, infiltrative, and ominous in appearance and 
may be mistaken for neoplasm (83-85). 

Bone Scan. Radionucleotide technetium-99m diphospho
nate bone scanning is an excellent test for localizing suspected 
musculoskeletal infection, with reported sensitivity of 89% to 
94% and specificity of 94%, with overall accuracy of approxi
mately 92% (13, 86). The bone scan consists of three phases: 
an angiogram, performed immediately after injection; imme
diately followed by the second or "blood pool" phase; and 2 to 
3 hours later, the mineral phase, which reflects uptake in the 
bone. All three phases are helpful, especially in distinguishing 
cellulitis from osteomyelitis. The mechanism by which tech
netium-99 m bone scanning works is isotope uptake, which 
depends on vascularity and calcium phosphate deposition (87). 

To obtain the highest quality and most sensitive images, 
the bladder should be empty at the time of the scan to prevent 
accumulated isotope from obstructing the sacrum and sacro
iliac (SI) joints. Symmetrically positioned views of both sides 
should be obtained. Technetium scanning using pinhole-colli
mated views and single-photon emission computerized tomog
raphy can increase both sensitivity and specificity (88). Because 
most AHO occurs in the metaphysis adjacent to the physeal 
plate, such views are necessary to separate early metaphyseal 
changes from the large amount of uptake found in the physeal 
plate. These images ate time consuming to obtain and may 
require that the child be sedated. It is therefore imponant that 
the physician communicate the desired areas of interest to the 
radiologist. 

Technetium-99m scanning is most helpful when exam
ining patients in whom the site of suspected musculoskeletal 
infection is unclear (Fig. 12-4) or when looking for multiple 
foci of bone involvement (89). Bone aspiration and initiation 
of treatment should not be delayed for fear of affecting bone 
scan results. Using an animal modd, Canale et al. (90) demon
strated that if a bone scan is performed within 48 hours after 
bone aspiration, the bone aspiration does not cause a false
positive scan result. 

Whereas typically a bone scan is suggestive of osteomy
ditis when "hot" or showing increased uptake, a "cold" bone 
scan may provide evidence of severe osteomyelitis and has been 
reponed to have a positive predictive value of 100% (88, 91, 
92) A "cold" scan results from infection causing an area of 
bone ischemia. Pennington et al. (93) at the Medical College 
of Wisconsin reviewed 81 patients evaluated with techne
tium bone scan for osteomyelitis. Seven of the 81 patients 
had a photopenic region defect, or cold scan, consistent with 
osteomyelitis. A control group of matched patients with hot 
scan osteomyelitis was compared to the cold scan group. 
Patients with cold scan osteomyelitis had statistically increased 
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FIGURE 12-3. A: A 2-month-old infant presents following 3 days of increasing irritability, fever. and pseudoparalysis of the 
right leg. Anteroposterior pelvis radiograph demonstrates widening of the right hip joint space. B: The patient was brought 
emergently to the operating room, where the right hip was aspirated and an arthrogram was performed to document intra
articular position of the needle. Cell count of the hip joint aspirate was 65,000 per ml; open joint irrigation and debridement of 
septic arthritis were performed. Cultures later confirm group A StT8ptococcus infection. C: Two years following open surgical 
irrigation and drainage. the patient is asymptomatic but A-P pelvis radiograph demonstrates mild hip dysplasia on the right 
with acetabular index of 25 degrees compared to 22 degrees on the left, 50% femoral head coverage on the right compared to 
70% coverage on the left, and widening of the right femoral neck. D: Four years following irrigation and debridement the right 
hip dysplasia has improved, with the right acetabular index now measuring 21 degrees and with a femoral head coverage of 
70%. Mild coxa magna and femoral neck widening persists. 

B 

temperature, resting pulse rate, ESR, length of hospital stay; 
and rate of surgical intervention compared to patients w.ith hot 
scan osteomyelitis. 

differentiate infectious from noninfectious arthritis (86, 94). 
This is a particular problem in the hip, in which the differen
tial diagnoses may include transient synovitis, septic arthritis, 
or osteom~litis of the femoral neck. Septic arthritis is suggested by equally increased uptake 

on both sides of a joint. Although bone scanning may cor
rectly identify the site of joint sepsis in approximately 90% of 
infected joints, it does not separate bone from joint sepsis or 

Technetium-99m bone scanning does have its limitations. 
Technetium scanning is relatively nonspecific, and increased 
uptake may be caused by any process that increases vascularity 
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FIGURE 12-4. A 5-year-old child presents with an increasing limp over 48 hours and with suspected musculoskeletal infection. 
History and physical examination do not localize the process. ESR and CAP are elevated. A: The lateral las well as the antero
posterior) radiograph of the spine is normal. B: Technetium bone scan shows increased isotope uptake in the L4 and LS vertebral 
bodies suggestive of discitis. but neoplasm cannot be excluded. C: T2-weight9d MRI helps confinm the diagnosis of discitis. 
demonstrating that the process is centered in the L4-L5 disc with no evidence of neoplasm, bone. soft tissue, or epidural abscess. 
Intravenous followed by oral antibiotic treatment was initiated, with complete resolution of symptoms after antibiotic therapy 
duration of 3 weeks. D: Final follow-up 3 years later demonstrates a normal lumbar spine radiograph in the asymptomatic patient. 



or deposition of calcium phosphate. Tumor, trauma, and bone 
resorption due to disuse may cause increased uptake. The 
scans may be negative in the first 24 hours of infection before 
stimulation of bone turnover, and there may be a 4% to 20% 
false-negative rate with technetium scanning (64). In neonatal 
infection, the reponed sensitivity for technetium scanning has 
ranged from 30% to 86%, and standard radiography may be 
more helpful (6, 7, 95). Overall specificity and sensitivity are 
improved when the scan is interpreted with knowledge of the 
clinical findings and initial laboratory studies, compared to 
when the interpretation was a blind reading of the scan (96). 

Other radionucleotide imaging techniques have been less 
helpful in evaluating osteomyelitis in children. Gallium-67 
citrate and indium-labeled leukocytes are more expensive, 
result in more radiation exposure, take longer to complete, and 
are not often useful in the evaluation of musculoskeletal infec
tion in children (10). Indium-111-labeled WBC scanning may 
be helpful in the rare circumstance when infection is suspected 
but the technetium scan is normal. However, indium scanning 
requires preparation time and may take as long as 24 hours 
to perform (16). Granulocyte scintigraphy is an imaging tech
nique performed with a technetium-99m-labeled monoclonal 
murine antibody (MoAb) against granulocytes and has been 
shown to be an effective and a specific method of imaging 
infection in adults. Unfortunately, in children, the same imag
ing technique was neither sensitive nor specific (97). 

Magnetic Resonance Imaging. magnetic resonance 
imaging (MRI) is an increasingly valuable imaging tool used 
to evaluate musculoskeletal infection, with reponed sensitivity 
ranging from 88% to 100%, specificity from 75% to 100%, 
and a positive predictive value of 85% (98-100). MRI pro
vides better soft-tissue resolution and can be used to identify 
abscesses as well as to help differentiate cellulitis from osteo
myelitis. MRI is useful in visualizing marrow involvement and 
differentiating between malignant neoplasm and infection 
(Figs. 12-5 and 12-6). MRI findings of osteomyelitis include 
a decrease in the normally high marrow signal intensity on 
T1-weiglued images caused by replacement of marrow fat by 
inflammatory cells and edema. The inflammatory cells and 
the edema appear as increased signal intensity on T2-weighted 
images (10). Grey has described a high signal intensity feature 
of the thin layer of granulation tissue that lines the abscess 
cavity on T1-weighted magnetic resonance (MR) images, call
ing it the "Penumbra Sign." Subsequent authors have con
firmed its value in differentiating osteomyelitis from neoplasm 
with a sensitivity of73.3% and specificity of99.1% for osteo
myelitis (101). 

Administration of gadolinium provides further assistance 
in differentiating infection from other pathologic processes 
such as neoplasm, fracture, or bone infarct. Acute bone infarcts 
demonstrated thin, linear rim contrast enhancement, whereas 
osteomyelitis caused more geographic and irregular marrow 
enhancement (102). Osteomyelitis cases may also demonstrate 
subde cortical defects with abnormal signal crossing marrow 
and soft tissue. 
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Invasive community-acquired S. aureus musculoskeletal 

infection has been associated with a high incidence of 
extraosseous infection and other complications such as DVT 
that are effectively detected by MRI. In a series of 199 chil
dren with community-acquired S. aureus osteomyelitis treated 
at Texas Children's Hospital, MRI was compared with bone 
scintigraphy (1 03). The sensitivity of MRI and bone scintig
raphy for osteomyelitis was 98% and 53%, respectively. In all 
discordant cases, MRI was correct compared to bone scintig
raphy. Extraosseous complications of community-acquired 
S. aureus osteomyelitis detected only by MRI included subperi
osteal abscesses (n = 77), pyomyositis (n = 43), septic anhritis 
(n = 31), and DVT (n = 12). Therefore, MRI is the preferred 
imaging modality for the investigation of severe, pediatric 
community-acquired musculoskeletal infection because it 
offers superior sensitivity for osteomyelitis compared to bone 
scintigraphy and detects extraosseous complications that occur 
in a substantial proportion of patients. 

MRI is very helpful when evaluating suspected sepsis 
involving the hip and axial skeleton. Yang et al. (104) used 
MRI when trying to differentiate between transient synovitis 
and septic arthritis. Septic anhritis was statistically more likely 
to have signal intensity abnormalities in adjacent bone mar
row and contrast enhancement within surrounding soft tis
sue, while toxic synovitis was more likely to be associated with 
contralateral hip effusion. Karmazyn et al. (105) reponed the 
utility of MRI when differentiating conditions such as pya
myositis, and sacroiliitis from septic arthritis of the hip, while 
McPhee et al. (106) reported the value ofMRI when localizing 
infection in complex pelvis anatomy. MRI of suspected spinal 
infection allows visualization of pathology such as epidural or 
paraspinal abscesses as well as detection of the presence of soft
tissue masses that would be suggestive of neoplasm. 

Whole-body MRI has recendy been reported as a possible 
screening study that could be used to localize musculoskeletal 
infection in a manner similar to scintigraphy but with several 
potential advantages (107). Use of a moving tabletop and 
automatic direct realignment of the images after acquisition 
make whole-body MRI possible. The scan plane is coronal 
with additional planes being added depending on the indica
tion and findings. Whole-body MRI is targeted for maximum 
coverage of the body within the shonest possible time using 
the minimum number of sequences. The evaluation of the 
bone marrow has been the primary indication, and, therefore, 
inversion recovery sequences like STIR or TIRM are typically 
used with the T1-weighted sequence being added variably. 
If an area of pathology is detected, then imaging technique can 
be changed from a screening protocol to an imaging regimen 
designed to provide detailed information on the specific region 
in question. Whole-body MRI may be especially helpful in 
neonates where multifocal infection is common, scintigraphy 
is relatively insensitive, and patient size is small. 

Two recent studies have been reponed on the use of MRI 
in postsurgical patients. Kan and coauthors at Vanderbilt 
University evaluated the diagnostic efficacy and the impact of 
emergent MRI after recent surgical intervention in children 
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FIGURE 12-5. MAl may be vary helpful when 
differentiating batwean osteomyelitis and primary 
bona malignancy. A.B: This 12-yaar~ld female 
patient was referred for evaluation of femoral 
osteosarcoma. The standard anteroposterior and 
lateral radiograph shows periosteal reaction along 
the distal one-third of the femur. consistent with 
primary bone sarcoma or osteomyelitis (atrow~. C: 
T2-weighted MRI without contrast demonstrates 
preservation of some normal marrow fat within 
the intramedullary canal and a fluid-filled abscess 
cavity diagnostic of osteomyelitis. Diffuse inflam
mation is present in adjacent soft tissues without 
a discrete soft-tissue mass. Osteomyelitis was co~ 
firmed at surgery. 

with suspected osteomyelitis or septic arthritis and found that 
iatrogenic soft tissue and bone edema rdated to recent surgery in 
children with. suspected osteomyelitis or septic arthritis has min, 
imal effi:a on diagnostic accuracy of MRI (108). Spic:gd et al. 
(109) at Children's Hospital of Philadelphia evaluated the use, 
fu1ne&.; of MRI as a routine follow-up test used to assess surgicd 
ueatment of musruloskdetal infection and noted that if patients' 

B 

c 

clinicd oo\me was unremarkable. MRI did not add clinically 
significant additional infonnation. From these two studies, we 
can conclude that if patients demonst.tate clinicd improvement 
with. treatment, then routine follow-up MRI is not necessary, 
but if the treatment c:outse is complicated by clinical evidence of 
persistent or recurrent infection, then MRI can provide helpful, 
reliable information that is not degtaded by previous surgery. 



RGURE 12-6. This 13-year-old male presents with a 4inonth history 
of proximal tibial pain and normal plain film radiographs. Lateral T2 MAl 
without contnlst lacks the high signal intensity associated with marrow 
edema caused by osteomyelitis and suggests a more indolent cause. MRI 
is the only imaging modality that can provide such detailed information. 
Biopsy established the diagnosis of a diffuse, large B-celllymphoma. 

Disadvantages of MRI scanning include its cost and the 
frequent necessity for sedation or general anesthesia in small 
children. When making the decision whether or not to evalu· 
ate presumed musculoskeletal in&c:tion with MRI, in each 
clinical circumstance one must weigh these disadvantages 
against the helpful informacion and benefit provided. 

Computed Tomography. Computed tomography (C1j is 
helpful to determine the extent of bone destruction as well 
as to detect soft~tissue abnormalities and is the most sensi
tive imaging study for detecting gas in soft tissues (16, 89). 
Especially when evaluating infection of the axial skeleton such 
as the spine and pelvis, cr is very helpful in localizing the 
infection and can assist in planning the surgical approach if 
debridement is indicated. cr sc:anniag can be used to guide 
needle localization prior to surgical biopsy or debridement, to 
direct aspiration of bone or soft tissue, or to guide percutaneous 
placement of draimge tubes. Compared to MRI, its advan
tages include its greater availability and lower cost, which mUSt 
be considered along with the disadvantages of being unable to 
detect changes within the marrow in early cases and being less 
sensitive at detecting soft-tissue changes. 

Ultrasonography. The utility of ultrasonography in the 
evaluation of musculoskeletal infection has been studied 
c:nensivdy. especially with regard to septic arthritis of the hip. 
Ulaasonography is attractive because of its low cost, .relative 
availability. noninvasive natute, absence of ionizing radiation, 
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and the lack of need for sedation. However, ulttasound as a 
noninvasive means of evaluating musculoskeletal infection has 
been disappointing. The lack of specificity. the dependence on 
operator skill, and the inability to image marrow or show corti
cal detail have limited ultrasound's usefulness. 

Gonion et al. (110) reviewed hip ultrasound results in 
132 patients being evaluated for hip pain during an 18-month 
period. They fuund a false..negati~ rate of 5% in patients who 
wete determined by ultrasonography to have no effusion but 
wete subsequently diagnosed with septic arthritis. Children 
with onset of symptoms <24 hours prior to hip ultrasonog
raphy and chlldren who had bllateral hip effusions were more 
likely to have a false-negative result. Zamzan reponed similar 
findings noting a positive predictive value of ultrasound for 
the diagnosis of septic arthritis to be 87.9% and concluding 
that ultrasound cannot be used safely to distinguish between 
pediatric septic arthritis and transient synovitis. 

Benign conditions such as toxic synovitis cannot be reli
ably differentiated from septic arthritis by ultrasound alone. 
Toxic synovitis may have a higher incidence of bllateral hip 
effusions than septic arthritis, and late septic arthritis may 
have an effusion that is more echo dense and appears fibrinous 
compared to toxic synovitis, but these findings are not acru
rate enough to be diagnostic (111, 112). Ultrasonogrnphy may 
be used to guide hip aspiration when performed for patients 
where septic arthritis is suspected. 

Ultrasonography has been used to evaluate osteomyelitis, 
primarily on the basis of detection of subperiosteal abscess, 
thickening of the periosteum, and changes in the surrounding 
soft tissues (113). Sad.at~Ali et al. (114) recently reponed that 
ultrasonography can be helpful when differentiating between 
vasoocdusive crisis and osteomyelitis in patienG with sickle 
cell disease. Ultrasonogrnphy scan showed that six patients 
had periosteal thickening and devation with hypoechogenic 
regions, eight had abscesses, and three patients had cortical 
destruction. All patients were found at surgery to have osteo
myelitis. These changes are all relatively late finding of osteo

myelitis. Ultrasonography is of limited value when attempting 
to detect early changes within bone. 

Autllor"s Preferred Treabnent. A 5-year-old child with 
a 48-hour history of incteasing limp and suspected musculo
skeletal infection presents an imaging dilemma that illUStrates 
the importance of all fuur components of patient evaluation 
for iafc:ction: history, examination, laboratory evaluation, and 
imaging studies. If the 5-year.old can loc:alize the source of 
pain, and localization is confirmed by physical exam, then 
plain film radiographs, CBC, .ESR. and CRP are initial appro
priate diagnostic tests. If examination is not suggestive of septic 
arthritis, plain film radiographs are normal, and all laboratory 
values are normal, then dose observation with reexamination 
in 1 to 3 days is appropriate. If history and examination sug
gest a localized process, laboratory values suggest infection, and 
plain film radiogrnphs are normal, then aspiration and culture 
of the localized bone and/or joint is appropriate. If clinical 
evaluation suggests infec:tion but does not allow localization 
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of the process, then technetium bone scintigraphy is an appro
priate nat imaging study (Fig. 12-4). If additional imaging 
is needed to establish a diagnosis or characterize a pathologic 
process once the process has been localized, then MRI is the 
imaging study of choice to provide maximal information 
about the bone and soft~tissue pathology. For straightforward 
musculoskdetal infection in the appendicular skeleton, MRI 
is often not ne<::essary; but for patients whose history, exami
nation, laboratory evaluation, and plain film radiographs are 
not concordant. or for patients with suspected infea:ion of the 
pdvis or axial skeleton, MRI is a very helpful imaging srudy. 

Aspiration. Aspiration of bone or joint should be per
formed whenever possible and as soon as possible when 
musculoskeletal infection is suspected, because it serves two 

important pwposes: (a) aspiration may confirm the presence of 
a bone/subperiosteal abscess or septic joint that requires urgent 
surgical drainage and (b) aspiration often allows identification 
of the specific bacteria responsible for infection. Whenever 
possible and when safe ro do so, initiation of antibiotic treat
ment should be hdd until initial cultw:c:s are obtained. 

The fua that metaphyseal bone is the most common loca
tion for osteomyelitis is fortuitous and makes bone aspiration a 
relarivdy easy task to accomplish in the emergency department. 
Depending on the age and coope.r:ation of the child, sedation 
may be beneficial. Fluoroscopy is not necessary for bone or 
joint aspiration in the appendicular skeleton but is now avail
able in many emergency departments and can be helpful in 
guiding and documenting needle placement. At the point of 
maximal tenderness, the skin is sterilely prepped. Avoidance of 
cellulitic skin when possible is desirable but not mandatory; 
aspiration of bone through cellulitis has not been shown to 
cause osteomyditis, and direct culture of cellulitic areas yidds a 
positive culture in <1 0% of cases (115). Local anesthetic is used 
to anesthetize the skin and the underlying periosteum with its 
abundant nerve supply. Using a large-bore trocar needle, such 
as an 18- or 20-gauge spinal needle, the area at and beneath the 
periosteum is aspirated for possible subperiosteal abscess. 

If no purulent material is aspirated at the periosteum, 
the needle is passed through the thin metaphyseal cortex 
by rotating the needle back and forth with gentle pressure 
directed toward the center of the bone. A spinal needle with 
its solid trocar facilitates passage through bone and prevents 
the needle lumen from being plugged with bone fragments. 
Once inside the cortex, aspiration may yield purulent mate
rial but. more corwnonly, and especially in early osteomy
elitis, sanguinous fluid returns. The purulent or sanguinous 
fluid is then placed in appropriate media and sent for aerobic 
and anaerobic culture as well as for microscopic Gram stain 
analysis. Depending on the clinical situation. the aspirate may 
be sent for fungal and mycobacterial culture. Sending bone 
aspirate for cell count is less helpful than sending joint fluid, 
but if adequate aspirate fluid is available, devated WBC count 
can support the diagnosis of infection. Bone aspirate cultures 
yield organisms in 50% to 85% of patients with osteomyelitis 
(13, 16, 64, 68). 

Joint aspiration also offers the opporrunity to gather criti
cally important clinical informacion. Using an 18- or 20-gauge 
needle, the joint is aspirated and fluid is placed in appropri
ate culture media and tubes for fluid analysis. Hip aspiration 
should typically be performed under general anesthesia in the 
operating room using a spinal needle and accompanied by an 
arthrogtUl ro document the presence of the needle within the 
hip joint (Ftg. 12-3). Depending on the fucility, hip aspiration 
may be performed under conscious sedation using ultrasound 
guidance in the emergency or radiology departments. The 
most important tests for joint fluid aspirate are Gram stain, 
culture, leukocyte count, and determinacion of the percentage 
of polymorphonuclear cells. If Lyme disease is suspected, syno
vial fluid should be sent for PCR testing as well. Routine use 
of other synovial fluid tests is oflitdewlue (116. 117). Because 
fluid from an infected joint frequently clots, it may be helpful 
to rinse the syringe with heparin before aspirating the joint. 
Often, only a small amount of fluid is obtained, and care must 
be taken not to leave any significant volume of heparin in the 
syringe, which may alter the cell count. 

Much. emphasis has been given to the presence of a joint 
aspirate cell count >50,000 per mL. Although the most likely 
cause for a joint aspirate cell count to be >50,000 per mL is 
bacterial septic arthritis, it is neither 100% sensitive nor 100% 
specific (Table 12-1). In a series of 126 bacteriological1y proven 
cases of septic arthritis, Fink and Nelson (116) found leulmcyte 
counts of 50,000 per mL or less in 55%, with 34% hav
ing counts <25,000 per mL. At the same time, inllammatory 
diseases (e.g., rheumatoid arthritis) may have counts in excess of 
80,000 per mL (69). Joint fluid WBC differential provides very 
hdpful additional infonnation because a percentage of polymor
phonuclear cells >75% .is highly suggestive of joint sepsis (118). 

Atypical organisms are less likd.y to cause joint fluid 
aspirate cell count to approach 50,000 per mL. Nine patients 
with brucdlar arthritis treated at Ben-Gurion University had 
a median synovial fluid cell count of 9500 WBC per mm3 
(range: 300 to 61,500 WBC per nun3), and only one patient 

DilliN leukocyte• Cellrlml 

Normal <200 <25 
Traumatic effusion <5000 with many <25 

erythrocytes 
Toxic synovitis 500Q-15,000 <25 
Acute rheumatic 10,()00-15,000 50 

fever 
JRA 15,()00-80,000 75 
Septic arthritis >50,000 >75 

'The leukocyte count and the percemage of polymoiJlhs can vary in most disaases, 
depending on 1he severity and duratior1 of the process. Overlap greater 1har1 shown 
in tilese averages is possible. 
From MarTi"/ RT. Shore S. Se~rtic arthritis ir1 children. lA: Gustilo RB, Gruningar AP. 
Tsukavama DT, ads. Orthopasdic infection: diagnosis and treatm9nt Philadal!ilia, 
PA: VVB Saunders. 1989:261-270. wi1h permission. 



had a cell count of >50,000 per mL. Bruc~l/a m~/itmsis was 
recovered from the synovial fluid culture in all patients (119). 

As in osteomyelitis, the frequency of positive cultures seems 
to be slighdy higher with open biopsy than with needle biopsy; 
but the difference is not great. In addition, the positive yields 
are generally not as high as in osteomyelitis, ranging in various 
reports from 30% to 80% (63, 68, 120). The importance of 
obtaining material from blood and bone or joint aspiration is 
emphasized in a repon by Vaughan et al. (121), in which many 
children with osteomyelitis had only positive blood cultures, 
whereas other patients had only positive bone cultures. 

Gram staining is the only opportunity for presumptive 
identification of the organism within a few hours of initial 
patient contact and is therefore a valuable test that should not 
be ignored. It appears from reports of both septic anhritis and 
osteomyelitis that the Gram stain demonstrates an organism 
in about one-third of the bone or joint aspirates (63, 64, 116). 

Most bacterial cultures will yield results within 48 hours 
of specimen collection. However, fastidious organisms may 
take as long as 7 days to become positive. S. aurntS remains the 
most common causative organism, causing musculoskeletal 
infection in 60o/o to 90% of patients (67, 122). Streptococci, 
pneumococci, K kingae, and gram-negative bacteria are also 
potential causative organisms. 

Several authors have questioned a distinction between 
culture-positive and culture-negative septic arthritis. Lyon and 
Evanich reviewed 76 children treated at Medical College of 
Wisconsin and Children's Hospital of Wisconsin for isolated 
joint infection between 1990 and 1997 (123). All patients 
underwent joint aspiration with fluid analysis, including cul
ture, and a causative organism was identified in only 30% of 
cases. There were no significant clinical or laboratory differ
ences between the culture-positive and culture-negative groups, 
and all patients were treated similarly with joint drainage and 
antibiotic therapy. All patients had complete resolution of 
infection following treatment. Lyon and Evanich concluded 
that, with regard to clinical presentation and response to 
treatment, culture-negative septic arthritis did not differ sig
nificantly from culture-positive septic arthritis and therefore 
warranted a similar diagnostic and treatment approach. 

Investigators from LSU Health Sciences Center did note 
several differences in the clinical presentation of culture--posi
tive septic arthritis compared to culture--negative arthritis (1). 
Patients whose cultures were positive were more likely to have 
antecedent trauma, overlying skin changes, and a shoner dura
tion of symptoms prior to diagnosis. However, treatment and 
treatment results did not differ significantly between groups. In 
summary, culture-negative septic arthritis can be treated empir
ically as presumed staphylococcal disease, perhaps with slightly 
broadened antibiotic coverage, with excellent long-term results. 

DIFFERENTIAL DIAGNOSIS 

Osteomyelitis. Trauma and neoplasm are conditions that 
may present with characteristics similar to osteomyelitis, and 
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they may be mistaken for infection. Trauma is the most com
mon and made more confusing because trauma can predispose 
patients to develop osteomyelitis. Similar features are typically 
pn:sent, including pain, tenderness, swdling, and soft-tissue 
swelling on radiographs. However, several distinguishing features 
may be present. Traumatic symptoms are usually sudden in onset 
with gradual improvement, compared to symptoms of infection, 
which are more likely to be gradual in onset and progressive in 
nature. Trauma may be associated with elevation of the CRP but 
not the ESR. whereas both are usually elevated in osteomyelitis. 

More difficult is distinguishing osteomyelitis from neo
plasia (84, 85). The most common malignancy in children 
is leukemia, and approximately 30% of these children pres
ent with bone pain (124). Approximately 40% of children 
with leukemia present with constitutional symptoms such as 
lethargy, 18% present with fever, and 60% have an elevated 
leukocyte count and elevated ESR (125). Although lucent 
metaphyseal bands are said to be characteristic of leukemia, 
other bone changes are also seen. One study found lytic lesions 
in 19%, sclerotic lesions in 4%, and periosteal new bone in 2% 
(125). A purely lytic lesion without uptake on bone scan is also 
characteristic of leukemia as well as eosinophilic granuloma 
(126). Bleeding, bone pain in multiple sites, and easy bruising 
should raise suspicion ofleukemia. A low leukocyte count may 
be present in 35% of patients with leukemia, although this can 
also be a sign of serious systemic sepsis. Anemia and an abnor
mally low platelet count should also raise suspicion. Abnormal 
WBC forms seen on manual differential is often diagnostic. 

Other less common neoplasms may mimic osteomyeli
tis (8~5). In the young child, metastatic neuroblastoma 
or eosinophilic granuloma should be considered. Older chil
dren are more likely to have Ewing or osteogenic sarcoma. 
Lymphoma may also occasionally arise primarily from bone 
(Fig. 12-6). These lesions should be approached as a malig
nancy with complete staging studies and diagnosis confirmed 
by biopsy using an approach that will not jeopardize limb 
salvage surgery. The adage "culture the tumor and biopsy the 
infection"' is wise advice to follow. 

Septic Arthritis. Establishing the diagnosis of septic 
arthritis may be more challenging than for osteomyelitis for 
several reasons. There is greater urgency because septic arthri
tis can cause permanent articular cartilage changes within 8 
hours if untreated (58), and for septic arthritis there are more 
diagnostic alternatives than for osteomyelitis. Interestingly, 
specific joints appear to be especially susceptible to permanent 
injury following septic arthritis. For example, the hip is more 
likely than the knee to progress to joint destruction follow
ing septic arthritis. The physician should always consider what 
must be diagnosed today, what can be diagnosed tomorrow, 
and what can be diagnosed nat week. For c:xample, septic 
arthritis, particularly of the hip, should be diagnosed as soon 
as possible, whereas there is little harm to the patient if juvenile 
rheumatoid arthritis QRA) is diagnosed next week. 

One of the most difficult and yet important differentials is 
between septic arthritis of the hip and toxic synovitis, a condition 
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thought to be a postinfectious arthritis. Both may present with 
a history of a few to several days of hip pain and with limp pnr 
gressing to the inability to walk. The physical signs are similar in 
both, with limited and painful internal rotation, abduction, and 
extension. A longer history of symptoms, with cyclic improve
ment and worsening, suggests toxic synovitis. The pain is usually 
worse and the motion more restricted in septic arthritis. 

Kocher et al. (127) reviewed the cases of all children treated 
at Boston Children's Hospital from 1979 to 1996 for an acutely 
irritable hip and developed a clinical prediction algorithm 
to differentiate between septic arthritis and toxic synovitis. 
Although several variables differed significantly between sep
tic arthritis and toxic synovitis, there was considerable overlap, 
making diagnosis based on individual variables alone difficult. 
However, four independent multivariate clinical predictors
history of fever, non-weight bearing. ESR of at least 40, and 
serum WBC count of more than 12,000 per mL-were identi
fied that, when combined, improved diagnostic accuracy. The 
predicted probability of septic arthritis was 3.0% if one predic
tor was present, 40o/o for two predictors, 93.1 o/o for three pre
dictors, and 99.6% if all four predictors were present. Although 
the presence of three or more predictors was very specific for 
septic arthritis, it was not highly sensitive. 

Two follow-up studies have subsequently been published 
attempting to validate the clinical algorithm proposed by 
Kocher et al. At the same institution where the clinical algo
rithm was initially formulated, Kocher et al. (128) prospec
tivdy applied the algorithm to children presenting with acute 
hip irritably. The predicted probability of septic arthritis in the 
follow-up study was 9.5% if one predictor was present, 35.0% 
for two predictors, 72.8% for three predictors, and 93.0% if 
all four predictors were present. The authors concluded that 
the four clinical predictors of septic arthritis demonstrated 
diminished, but nevertheless good, diagnostic performance in 
a new patient population. At a different institution, Luhmann 
et al. (129) applied Kocher's clinical algorithm retrospectivdy 
to 163 patients who presented with an acutely irritable hip and 
found that if all four of the clinical variables in the algorithm 
were present, the predicted probability of their patients having 
septic arthritis was 59o/o, in contrast to the 99.6% predicted 
probability reported in Kocher's original article. Most recently, 
a group from Children's Hospital of Philadelphia analyzed fac
tors associated with septic arthritis in 53 patients undergoing 
hip aspiration for presumed septic arthritis, reporting that the 
presence of five factors (oral temperature >38.5°C, elevated 
CRP, elevated sedimentation rate, elevated WBC, and refusal 
to bear weight) was associated with a 98% chance of having 
septic arthritis, while those with four factors had a 93% chance 
(130). Although the proposed algorithms may be helpful, 
differentiating between septic arthritis and toxic synovitis of 
the hip in an acutely ill child will continue to depend on the 
clinical acumen of the orthopaedist. 

JRA is frequently considered in the differential diagnosis 
with septic arthritis, but several clinical features may be used to 
distinguish between the two disorders. The hip joint is rarely 
the initial joint affected in JRA. Symptoms in JRA are typically 

more gradual in onset than septic arthritis, and the patient 
almost always remains ambulatory. A joint affected by JRA 
typically looks worse than it functions, with relatively good 
motion and modest pain despite the large amount of swelling 
and synovitis that is typically present. Initial laboratory values 
are often of little help in distinguishing between septic arthritis 
and JRA. Joint fluid cell count typically contains fewer than 
100,000 leukocytes per mL in JRA, but leukocyte counts of 
>100,000 per mL have been reported (131). In such cases, 
the treating physician has little choice but to begin treatment 
of septic arthritis while continuing to work to determine the 
diagnosis. 

Rheumatic fever has a distinctly different clinical appearance 
than JRA, typically causing exquisite joint pain that seems out 
of proportion to the normal-appearing joint. A sequela of group 
A streptococcal infection, rheumatic fever most often causes 
pain in the knees, ankles, elbow, and wrists that is evanescent 
and migratory. Detailed questioning of the patient may unearth 
a history of untreated pharyngitis, febrile illness, or rash caused 
by group A Streptococcus approximately 2 weeks befure onset of 
symptoms. Involvement of multiple joints strongly directs the 
investigator away from septic arthritis. Diagnosis of rheumatic 
fever is based on the Jones criteria. Major criteria include car
ditis, arthritis, chorea, subcutaneous nodules, and erythema 
marginatum. The minor criteria are arthralgia, devated ESR or 
CRP, heart block on dectrocardiogram, and a history of previous 
rheumatic fever. The diagnosis is made when a patient has two 
major criteria, or one major and two minor criteria. 

For patients who have a documented history of recent 
group A Streptococcus exposure, do not meet the Jones criteria, 
but have significant arthralgia without other identifiable cause, 
the diagnosis of PSRA has been used (132, 133). A recent 
streptococcal infection may be documented by the presence 
of an antibody response to group A Streptococcus or positive 
throat culture. Patients with acute rheumatic fever are treated 
with long-term prophylactic antibiotics to prevent recurrent 
rheumatic fever and associated carditis. The risk of carditis to 
children with PSRA is unclear but felt to be low, and the role 
of long-term prophylactic antibiotics following PSRA is con
troversial but not typically recommended. 

Cat-scratch disease is a clinical syndrome associated with 
Bartonella hms~lae that has been reported to be associated with 
arthropathy in approximately 3o/o of cases (134). Knee, wrist, 
ankle, and elbow joints are most frequently affected. The arthrop
athy is typically self-limited, resolving on its own at a median 
of 6 weeks. However, a small percentage can develop a severely 
painful arthropathy that can persist as long as 50 months. 

Other disorders that may cause acute arthritis and can 
mimic septic arthritis include Henoch-Schonlein purpura and 
enteroarthritis secondary to Salmon~lla or Yersinia infection. 
Kawasaki disease and serum sickness are two additional condi
tions also characterized by a rash and arthritis. Although the 
joint symptoms do not require treatment and usually disap
pear within days, patients with any of these conditions may 
require medical management for the other, sometimes more 
serious, manifestations of the disease. 



TREATMENT RECOMMENDATIONS 
Treatment options a:vailable for the eradication of musrulo
skdetal. infection consist of antibiotics and sw:gay.. The goal of 
treatment should be to select the safest, least morbid. and most 
oost-effective treatment that provides the highest likelihood 
for complete and permanent elimination of infection without 
sequelae. The treatment best able to aa:omplish this goal depends 
on multiple factors, including whether the infection is septic 
arthritis or om::omyditis, its location, the extent of involvement, 
the duration of symptoms, and the specific causat:M: organism. 

Osteomyelitis 
Nonsurgical. A distinction must be made between acute 
and chronic osteomyelitis . .Acute osteomyelitis without abscess 
formation can typically be managed successfully with antibiot
ics alone (135), whereas chronic osteomyelitis is typically most 

appropriately ueated with surgical debridement. Although 
there is not any absolute or uniformly accepted definition, it is 
reasonable to consider osteomyelitis chronic if the patient has 
been experiencing symptoms more than 3 weeks or there is 
r.uliogmphic evidence of long-standing infection. 

In the absence of a known source ofinka:ion. focal point ten

demessoverboneinafebrilechildshouldbeconsideredAHOuntil 
proven otherwise. Blood cult:un:s and appropriate lab tests should 
be obtained and bone aspiration performed 11J.lPldy. If subperi
osteal or bone ah9cess is encountered during bone aspiration, then 
sw:gical debridement is typically indicated. As soon as ailwres 
are obtained, empiric high-dose inll.'avenous antibiotic treatment 
should be initiatx:d with the antibiotic choice based on patient 
~ and clinical circumstances (Table 12-2). The most common 
organism causing AHO in patients of all ages is S. aurew, which 
must be adequately coveted. For neonatal osteomyelitis. treatment 
targeting group B streptococci and gram-negari~ rods should 
be added. Children younger than 4 ~ should be oo~ for 
H. inj/umza type b if not irrununized. Fully inununized children 
are most likd.y infected. by Staphylococcur iiUmiS, St19tiH:Oecus 
pyogmes, and Streptococcus pn~'ltUJniae (16). Ibia compared 
osteomyelitis caused by St4phylococcus aum~S, St19~¥X:oect~S pyo
gmes, and StrepttJcoccus pneu.moniae, reporting several helpful 
differences between bacteria (136). Median age at the time 
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of infection was 13.7 months for St:trptoco«''IS pnnm10nilu, 
36.0 months for Smptococcus pyogmes, and 96 months for 
Staphylococct~~ llllnUS. At presentation, both Streptococcus spe
cies had a significantly elevated mean temperawre of 38.9°C 
and elevated WBC oount of 17,000 compared to a mean tx::m

perature of 38.1°C and WBC oount of 10,600 for S. aureus. If 
bone aspirate or blood cultures are positive for a specific bactx::ria, 
the antibiotic choice is adjusted acc:onlingly. Table 12-3 lim 
antibiotics and dosages conunonly used in the treatment of pedi
atric osteomyelitis. 

There has been a .recent series of papers describing osteo
myelitis associated with cat-scratch disease (137-140). It is 
unclear if this represents a true change in the epidemiology 
of osteomyelitis or simply a greater awareness of osteomyelitis 
caused by Barttmtlla hmsta. Typically a self-limiting condition 
characteri2ed by chronic lymphadenopathy in children or ado
lescents having a history of cat contact, in separate reports the 
authors above describe a series of children ages 6 to 12 years 
experiencing osteomyelitis associated with cat-scratch disease. 
MRI was the srudy most helpful when imaging a localized 
lesion, while bone scan was ~ry useful when disseminated 
disease was suspected. The diagnosis was usually confirmed 
by serologic and PCR testing. Osteomyelitis had a predilec
tion for the shoulder girdle region and axial skeleton includ
ing the spine and pelv.is. In virtually all cases, the B. hmst!ll 
osteomyelitis was eradicated with antibiotic treatment alone. 
A variety of antibiotics were used with apparent succ:ess includ
ing rifampin, clindamycin, azithromycin, and trimethoprim
sulf.unethoxazole. 

For S. IIUre'IIS osteomyelitis. if a patient is not alle.tgic to 

penicillin, a ,8-Iactamase-resistant semisynthetic penicillin may 
be chosen. Methicillin may cause interstitial nephritis, and 
nafcillin may cause skin sloughing if subcutaneous infiltration 
occurs, so oxacillin is a good initial choice. Cefazolin is also an 
acellent option and has the advantage of being administered. 
du:ee times per day instead of the four times daily required. 
by oxacillin. At the time of conversion to an appropriate oral 
antibiotic, an acceptable choice would be cephalerin at a 
dose of 100 to 150 mg/kg/d or diclo:a:acillin at 100 mglkg/d 
divided q.i.d. For patients allergic to penicillin, clindamycin 
is an appropriate oral antibiotic choice, and vancomycin is an 

TABLE 12-2 Empiric Antibiotic Treatment Recommendations for Musculoskeletal Infection 

Age group 

Penicillin allergy or area endemic with MRSA 
Neonate 

Infants and children 3 mo to 4 yr 

Children older than 4 yr 

Probably organism 

MRSA.MSSA 
Group B Streptococcus. gram-negative 

bacilli. S. aureus 
StJJphylococcus aureus, K. kingae, 

Streptococcus pneumoniae. group A 
Streptococcus, H. influenza 
{if not vaccinated) 

S. aureus 

lnitialantibiotic 

Vancomycin or Clindamycin 
Oxacillin and Cefotaxmine or Oxacillin 

and Gentamycin or Ceftriaxone 
Oxacillin. Nafcillin. Cefazolin. 

or Clindamycin 

Nafcillin. Cefazolin. Clindamycin. 
or Vancomycin 
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TABLE 1Z-3 Antibioti" Commonly Used in 11ae Treabnent of Bone and Joint Sepsis 

Route DosageU COIDIDIIIB 

Amoxicillin Oral SQ-1 00 mg/kg/d q8h 
Ampicillin IV,IM 1 OQ-400 mg/kg/d q6h 
Dicloxacillin Oral 1 00 mg/kg/d q6h 
Nafcillin IV,IM 150 mg/kg/d q6h 
Penicillin G11 IV 150,00Q-250,000 U/kg/d q4-6h 
PenicillinV11 Oral 1 00 mg/kg/d q6h 
Oxacillin IV,IM 15Q-200 mg/kg/d q6h 
Cefazolin {Ancef, Kefzol) IV,IM 1 00 mg/kg/d q8h Max dose 6 g/d 
Cephalexin (Keflex) Oral 10Q-150 mg/kg/d q8h 
Cefotaxime (Ciaforan) IV,IM 150 mg/kg/d q6-8h 
Ceftazidime (Fortaz} IV,IM 1 oo-200 mg/kg/d q8h Max dose B g/d 

Max dose 2 g/d Ceftriaxone (Rocephin) IV,IM 5Q-75 mg/kg/d q12-24h 
Cefuroxime (Zinacef} IV,IM 10Q-150 mg/kg/d q8h 
Cefuroxime axetil (Ceftin) Oral 
Ciprofloxacind (Cipro} IV 

Oral 

60 mg/kg/d q12h 
30 mg/kg/d q12h 
30 mg/kg/d q12h 

Max800mg/d 
Max 1500 mg/d 
Not approved for patients less than age 18 yr 

Azithromycin IV, PO 5-10 mg/kg/d q12h 
Linezolid IV, PO 2Q-3(}.mg/kg/d q12h 
Rifampin IV, PO 1Q-20 mg/kg/d 
Clindamycin IV, oral 25-10 mg/kg/d q6-8h 
Gentamicin IV,IM 
Vancomycin IV 

Metronidazole IV 

7.5 mg/kg/d q8h 
40 mg/kg/d q6h 

30 mg/kg/d q6h 

Monitor peak and trough, start at third dose 
Administer over 1 h. monitor peak and trough, 

start at fourth dose 

Oral 15-35 mg/kg/d q8h 
Trimethoprim/sulfamethoxazole IV, oral 1 0 mg/kg/d (of trimethoprim 

(Bactrim} component) b.i.d. 

i'CBC should lle monitored weeklv for neutropenia or anemia in any patient on high·dose IV penicillin or cephalosporin therapy. It should ll6 monitored monthly on 
high-dose oral therapy. 
t.uoses recommeoded are for normal children with normal renal function for the treatment at llone and joint infections. Recommended doses for the treatment at other 
conditio AS may be lower or higher. 
'for dDS&S irl the neonatal period sea Nelson JD. Pocket book of psdisttic sntimicrobisl th8rspy, 17th ad. Baltimore. MD: Uppinoott Williams & Wilkins. 2009. 
~at approved for childrert used only when antibiotic susceptibility, resistance. or allergy necessitates. 

appropriate intravenous antibiotic. Similar to the antibiotic 
treatment of septic arthritis, the administration route and the 
duration of treatment of AHO are controversial and depend 
upon the clinical situation of each patient. At one time, nearly 
all children with AHO were routinely treated with 6 weeks 
of intravenous antibiotics as a hospital inpatient. Over the 
last two decades, several trends have developed: (a) treatment 
has moved from inpatient to an outpatient setting and (b) 
treatment has shifted from entirely parenteral to a parenter.d 
then oral antibiotic regimen. Intravenous therapy is initiated 
in the hospital setting, but once therapeutic response to tteat~ 

ment is confirmed. conversion to oral antibiotic treatment is 
made and continued on an outpatient basis. 

The optimal duration of antibiotic treatment of AHO 
is not known and varies with clinical circumstances. Previous 
authors have reponed that total treatment duration of <3 
weeks is associated with an increased likelihood of recurrence 

(35), and antibiotic treatment of at least 3 weeks has now 
become accepted (13, 29, 64, 70). The route and duration 
of antibiotic tteatment are individualized for each patient, 
considering factors such as the age and overall health of the 
patient, duration of infection, whether a bacterial organ
ism has been isolated, the susceptibility of the organism, 
the amount of tissue destruction present, previous surgery, 
adequacy of debridement, and the site of involvement. If a 
susceptible organism is cultured and the patient experiences 
a good clinical response to treatment, then conversion to an 
appropriate high--dose oral antibiotic as early as 3 to 5 days 
after initiating treatment is appropriate. If there is no clini
cal response to medical management within approximately 
48 hours, the presence of an abscess becomes a possibility. 
Reevaluation of the patient with consideration of additional 
imaging stUdies such as Cf or MRI and contemplation of 
surgical treatment is appropriate. 



Favorable clinical response to antibiotic tteannent is the 
most important factor to consider when making the decision 
to convert to oral antibiotics; it may be defined as the absence 
of fever with improvement in symptoms such as tenderness, 
limp, malaise, anorexia, and night pain, and reduction in CRP. 
Ultimatdy, it is the antibiotic serum concentration rather than 
the route administration that corrdates with treatment success 
(141). To achieve adequate serum antibiotic levels with oral 
therapy, several prerequisites have been suggested including the 
patient's ability to swallow and absorb oral antibiotics, the ability 
to follow serum bactericidal levels, and the resistance or suscep
tibility of the organism to available oral antibiotics. (67, 141). 
Peak antibiotic serum levels are obtained by drawing a blood 
sample 1 hour after oral administration of the drug. A bacteri
cidal level ofl:S has been recommended (122). Recent literature 
suggests that if high recommended dosages are followed, moni
taring bactericidal levels is not necessary to achieve excellent 
treatment results (29). More chronic infections caused by viru
lent or resistant organisms in patients experiencing a slow clinical 
response warrant a longer duration of intravenous antibiotics. 

In addition to clinical response to treatment, previous 
authors have suggested that treatment continue until ESR 
normalization (141). Because ESR may require 4 to 8 weeks 
before normalization, antibiotic therapy may be unnecessarily 
prolonged if ESR normalization is a prerequisite for discon
tinuation of antibiotic therapy. Pdtola and the Finnish Study 
Group discontinued antibiotic therapy before ESR normalized 
with no increase in infection recutrence rate (29). 

Song and Sloboda recommend a protocol in which 
empiric treatment is begun using intravenous cef.u:olin at 
a dose of 100 to 150 mglkg/d divided every 8 hours, after 
obtaining local bone and blood cultures (16). Serial values for 
CRP are monitored daily (or every other day) and in uncom
plicated AHO should normalize within 5 to 7 days following 
initiation of parenteral treatment. Good clinical response, as 
demonstrated by absence of fever, lack of tenderness, improve
ment in swelling, resolution of limp, return of appetite, and 
absence of night or rest pain, should coincide with normal
ization of CRP. Once CRP normalizes and clinical improve
ment is seen, oral cephalexin therapy is begun at a dosage of 
150 mglkgld divided every 6 hours. For uncomplicated AHO 
that responds rapidly to the regimen described in preceding 
text, a total duration of 3 weeks of antibiotic therapy is appro
priate. Additional authors have similarly demonstrated a high 
level of efficacy with low rates of failure or complication after 
early conversion to oral antibiotics (142, 143). 

Whether the patient is on parenteral or oral outpatient 
therapy, we recommend weekly laboratory testing, including 
CBC, ESR, CRP, aspartate aminotransferase (AST), and 
alanine aminotransferase (ALn, to monitor for continued 
response to treatment and antibiotic-related side effects such 
as neutropenia or alteration in liver function tests. 

Surgical. The primary indication for surgical treatment of 
AHO is the presence of an abscess within bone (10, 16, 135). 
Surgery for osteomyelitis should remove the purulent material 
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as well as necrotic or avascular bone and all possible grossly 
infected and nonviable soft tissue. When the bacterial mass 
and the necrotic tissue are dramatically reduced, host defense 
mechanisms work more effectivdy and antibiotic delivery to 
the region is facilitated. When possible, surgical debridement 
is performed before antibiotics are administered, and bone cul
tures taken at the time of surgery provide another opportunity 
to identify the causative organism. 

Specimens should also be sent for routine histology. The 
importance of routine histologic examination of material from 
the bone is twofold. Some tumors have a tendency to become 
necrotic and, when surgically explored, may look similar to 
pus; the most common is metastatic neuroblastoma, followed 
by Ewing sarcoma. In addition, if positive identification of the 
organism is not obtained, it is reassuring to have a histologic 
diagnosis of osteomyditis. 

Failure to respond to appropriate high-dose, parenteral 
antibiotic therapy is a second and important indication for 
surgical treatment of acute osteomyelitis. Before proceeding 
immediatdy to surgical exploration and debridement, the 
treating physician should evaluate more carefully why antibi
otic treatment alone was not sufficient. The most likely caus
ative organism should be reexamined, antibiotic choice and 
dose reviewed, possible alternative source of infection consid
ered, and evaluation for bone or soft-tissue abscess performed. 
If no explanation other than insufficiently treated local mus
culoskdetal infection can be found, local imaging with CT or 
MRI is often hdpful to identify possible abscess and to plan 
surgical debridement. Because it provides the greatest soft-tis
sue detail and marrow edema imaging, MRI is becoming the 
study of choice if readily available. 

Surgical debridement of AHO can usually be dosed pri
marily over drains. Intravenous antibiotic treatment is initiated 
immediatdy after cultures are obtained, and conversion to oral 
antibiotics is made after clinical response to treatment has been 
documented. 

In contrast to AHO, osteomyditis is defined as being 
chronic if the patient has been experiencing symptoms for 
more than 3 weeks or there is radiographic evidence of 
long-standing infection. Aggressive osseous debridement is 
the most important aspect of chronic osteomyditis surgical 
treatment (10). Whether to perform a single debridement or 
multiple debridements is a decision made based on clinical 
circumstances and surgeon judgment at the time of the oper
ation. A small area of infection that is aggressively debrided 
can be dosed primarily over drains. Whenever in doubt, the 
safe course is to return for a second look with repeat debride
ment 2 to 3 days later. A common mistake and natural ten
dency is to perform inadequate debridement. The status of 
the periosteum overlying infected bone is significant (144). 
The presence of an involucrum confirms periosteum viabil
ity and its ability to form new bone. Involucra form when 
infection elevates the periosteum off of underlying infected 
bone, and the periosteum begins to form bone in its new 
position. Infected, with its periosteal blood supply no lon
ger intact, the underlying cortical bone quickly becomes a 



~ ..... CHAPTER 12 I MUSCULOSKELETAL INFECTION 

necrotic sequestrum. A valuable general treatment principle 
is to aggressively debride the necrotic sequestrum but to leave 
in place the viable involucrum. 

The ability to form bone in young children is truly remark
able, such that large defects created by debridement will reossify 
without bone grafting. Unfortunately, older patients are less able 
to reossify extensive bone defects created by chronic osteomy
elitis and debridement. Depending on the size and location of 
the lesion, children younger than 10 years will occasionally ben
efit from bone grafting, children between ages 1 0 and 15 will 
often require bone grafting, and patients 16 years and older will 
almost always benefit from bone grafting, especially in weight
bearing bones. The timing and source of bone graft are a matter 
for discussion. Bone grafting at the time of initial debridement 
risks persistent infection by placing nonviable tissue into an area 
where high bacteria counts are known to exist. Primary bone 
grafting may be acceptable in situations where radical debride
ment of infection caused by a susceptible organism is performed. 
In most situations, bone grafting is best performed at a second 
operation. In favorable clinical situations, bone grafting may be 
done 2 to 3 days following the initial debridement. 

The issue of whether to use autologous bone graft, allo
genic bone graft, or another material to stimulate bone forma
tion in large osseous defects continues to evolve and is beyond 
the scope of this chapter. Factors that should be considered 
when choosing a material include safety, effectiveness, avail
ability, and cost. Unfortunately, there currently is no manufac
tured substance that clearly surpasses autologous or allograft 
bone material, and therefore bone grafting remains the most 
appropriate means of filling large osseous defects following 
osteomyelitis debridement. Powdered antibiotic such as tobra
mycin, gentamicin, or vancomycin may be mixed with bone at 
the time of grafting. 

In less favorable situations, bone grafting may be delayed 
a full month while clinical and laboratory parameters con
firm successful treatment by continued parenteral antibiotics. 
If delayed bone grafting is anticipated, placement of antibi
otic-impregnated polymethylmethacrylate (PMMA) at the 
conclusion of the initial series of debridements may be con
sidered. The antibiotic-impregnated PMMA is removed at the 
time of bone grafting. 

Indications for the use of antibiotic-impregnated PMMA 
have not been clearly established, but the use of antibiotic
impregnated PMMA is increasing. Antibiotic-impregnated 
PMMA should not be used for uncomplicated metaphyseal 
osteomyelitis. Adequate surgical debridement and appro
priate parenteral and/ or oral antibiotic therapy has such a 
high success rate that antibiotic-impregnated PMMA adds 
no significant benefit. Relative indications for antibiotic
impregnated PMMA include 

1. Recurrent/persistent infection despite a course of reason
able and appropriate treatment 

2. Extensive chronic infection that cannot be completely 
debrided surgically 

3. Extensive osseous defects and dead space to be treated by 
delayed bone grafting (Fig. 12-7) 

Antibiotic-impregnated PMMA does allow delivery of very high 
concentrations of antibiotic locally while maintaining low sys
temic levels. An acceptable antibiotic cement mixture consists 
of 4.8 g of gentamicin (1.2 g per vial) or 4.8 g of tobramycin 
(1.2 g per vial), 4.0 g of vancomycin (1.0 g per vial), and one 
full batch ofPMMA. Methylene blue may be added to facilitate 
mixing the large volume of powdered antibiotic and PMMA as 
well as to aid in visualization of PMMA at the time of removal. 
In situations where antibiotic-impregnated PMMA is used, 
patients typically receive 6 to 8 weeks of parenteral antibiotics. A 
reasonable protocol is to place antibiotic-impregnated PMMA 
into the infection bed at the time of initial closure. Four weeks 
after closure, the PMMA is removed, and bone grafting is per
formed if necessary. This protocol allows for 2 to 4 weeks of par
enteral antibiotics to continue after antibiotic PMMA removal. 

Distraction osteogenesis has also been used successfully 
to treat large osseous defects. Kucukkaya et al. (145) used 
the Ilizarov method in seven children, aged 6 to 8, with tibial 
defects averaging 7.4 em in length following osteomyelitis 
debridement. All patients had complete healing without bone 
grafting. 

Unfortunately infection, including chronic osteomyelitis, 
remains one of the most common musculoskeletal disorders 
in the underdeveloped world. The principle of debridement 
of severe, chronic osteomyelitis remains true, but in resource
poor circumstances, where drains and appropriate antibiotic 
may not be available, wound closure by dressing changes and 
secondary intention has been shown to be more effective than 
primary closure at successfully eradicating chronic osteomyeli
tis (146). 

Septic Arthritis 
Nonsurgical. Empiric antibiotic therapy should begin 
immediately following blood culture and culture of bone 
or joint. Understanding the relative incidence of causative 
organisms in particular clinical situations is very important 
because it allows for selection of an effective antibiotic before 
an organism is positively identified by culture (Table 12-2). 
Neonates are at risk for septic arthritis caused by group B 
Streptococcus, gonococci, S. aureus, and coliform bacteria; thus, 
initial therapy should consist of ceftriaxone or cefotaxime and 
oxacillin. For unimmunized infants younger than 2 years, H. 
injlumzae, group A Smptococcus, K kingae, and S. aureus are 
likely pathogens, and initial therapy should consist of cefurox
ime, ceftriaxone or cefotaxime, and oxacillin. Septic arthritis 
in immunized infants and older children is most likely caused 
by Staphylococcus, pneumococcus, or group A Streptococcus 
species and can be treated initially with oxacillin or cefazolin. 
Table 12-3 lists antibiotics and dosages commonly used in the 
treatment of pediatric bone and joint sepsis. 

Initial therapy should be intravenous, resulting in imme
diate and elevated serum antibiotic levels. The timing for tran
sition to oral medication remains controversial. Ampicillin, 
cephalexin, cloxacillin, didoxacillin, and penicillin G all 
penetrate into pus and synovial fluid in children with septic 
arthritis in concentrations several times greater than the mean 



inhibitory and mean bactericidal concentrations for S. aureus 
(147). However, because toxic products of septic arthritis may 
cause irreversible damage to anirular cartilage within 8 hours 
of infection onset, septic arthritis should be treated with joint 
irrigation and debridement in addition to antibiotic treatment. 

Long-term parenteral antibiotic has been the gold stan
dard fur treatment of musculoskeletal infi:ction. Although 
parenteral administration of antibiotics ensures an immedi
ate and high serum concenttation, this is achieved with some 
risk. inconvenience, and expense. Outpatient parenteral anti· 
biotic therapy (OPAn has reduced hospital stays and expense, 
but not without potencial problems (148). In a study of 184 
patients with musculoskdetal infection treated using OPAT. 
investigators at the University of Florida Health Science 
Center identified several diffirulties associated with OPAT 
(149). Only 64% of patients completed their OPAT course 
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without interruption, and rehospitalization ocx:urred in 26% 
of patients. Early discontinuation of parenteral antibiotics 
because of adverse drug reactions occurred in 24% of patients. 
There were 128 complications, approximately half of which 
were related to catheter malfunction, and catheter malfunction 
was more common in peripheral intravenous central catheters 
(PICCs) than in central catheters. 

As an alternative to parenteral antibiotics, clinicians 
have examined the efficacy of oral antibiotic therapy. In the 
1970s, Nelson and others demonstrated that adequate bac
tericidal activity in bone and joint tissue of children could 
be obtained using oral antibiotics (141, 147). The ability to 
confirm adequate serum antibiotic concenttations has led 
many physicians to use high-dose oral therapy following ini
tial intravenous antibiotic therapy as standard practice, with 
excellent results. 

A ~ 

RGURE 12-7. A: An 8-year-old girl is placed in a cast after an ankle sprain. Multiple trips to the local emergency depan
mem for increasing pain were treated with narcotic pain medication. Three weeks following the injury, the cast was removed 
to reveal a swollen, erythematous leg. The anteroposterior radiograph demonstrates an infiltrative, destructive process in the 
distal tibial metaphysis suggestive of osteomyelitis. Periosteal reaction can be seen over the distal half of the tibia (affows). 
B: A CT image at the metaphyseal-diaphyseal junction shows the infection eroding through the conex and elevating the peri
osteum. The elevated periosteum fonns an involucrum as the distal tibia becomes a sequestrum. 
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C D 
FIGURE 12·7. (continued) C: Thorough debridement of osteomyelitis created a very large Se{Jmental defect that was filled 
with antibiotic-impregnated PMMA beads to deliver local antibiotics, fill dead space, and prepare for future bone grafting. A 
circular fixator was placed to maintain stability, length, and alignment. D: One year after initial debridement, the patient is free 
from evidence of infection, and bone graft continues to consolidate, but varus deformity of the distal tibia caused by partial 
physeal arrest is present. 

Investigators at San Diego Child.retis Hospital and Case 
Western Reserve in Oevdand reviewed records of 186 chil· 
d.re.n treated for septic arthritis with parenteral followed by oral 
antibiotics (28). Initial parenteral the.r:apy consisted of cefuzo. 
lin administered at 75 to 100 mglkgld divided every 8 hours. 
Children who demonstrated clear improvement on parenteral 
therapy-decreased swelling. tenderness, and erythema and 
decreasing or absent fever-and who had families judged to be 
compliant with oral the.r:apy were placed on an oral antibiotic. 
Children with sterile cultures or whose cultures were positive 
for staphylococci were administered cephal.exin or cloxacil· 
lin at a dose of 100 to 150 mg/kgld or dicloxacillin at 75 to 
100 mg kgld divided q.i.d. For streptococcal or pneumococcal 
infections, penicillin V or amoxicillin at 75 to 100 mglkgld 
was used. Bactericidal titers were dr.rwn 60 to 90 minutes fol
lowing the second or third oral dose of antibiotic. If the titer 

was <1:8. the oral dose of the P.lactum antibiotic was increased 
to a maximum of 150 mg/kgld. and n::peat bactericidal testing 
was performed to ensure that a titer of at least 1:4 to 1:8 was 
achieved. Using this protocol. no child required readmis
sion for parenteral therapy due to inadequate serum baaeri
cidal activity. Average total duration of therapy was 30 days, 
with nonnali2ation of ESR at a mean of 33 days. Infection 
was eradicated without sequelae in all except one patient for 
a n::curtence rate of 0.5%. Additional authors report similar 
results with conversion to oral antibiotic after clinical response 
to a short duration of pan::nteral antibiotics in the tn::atment of 
acute septic arthritis or acute osteomyelitis (150-152). 

Pdtola et al. (29) questioned the need for peak l>a.ca:ri· 
cidal titers in the treatment of musculoskeletal in&ction. In a 
prospective study of acute S. IIUM~S osteomyelitis performed at 

eight tertiary pediatric hospitals in Finland. peak bactericidal 



titers were not measured, instead utilizing empiric high-dose 
clindamycin or cephalosporin and monitoring clinical response 
to treatment, leukocyte count, ESR, and CRP. All patients 
received initial parenteral antibiotic therapy and switched to 
high-dose oral therapy within 5 days. No treatment failures 
were detected at 1-year follow-up, suggesting that early con
version to oral antibiotic treatment without monitoring serum 
bactericidal levels can simplify treatment and reduce labora
tory costs. 

The serum level of other antibiotics (e.g., gentamicin 
and vancomycin) can and should be monitored in all cases. 
These antibiotics can be measured directly in the blood. Not 
only does the blood level of these intravenous antibiotics 
vary significantly between individuals, but their toxic side 
effects are significant. Both the peak and the trough levels 
need to be measured and monitored. For gentamicin, blood 
is drawn approximately 30 minutes after administration and 
just before the next dose. The peak level should be between 5 
and 10 ).Lg/mL, and the trough should be 1.9 ).Lg/mL or less. 
For vancomycin, blood is drawn 1 hour after administration 
and just before the next dose. The peak level should vary 
between 20 and 40 ).Lg/mL and the trough between 5 and 
10 ).Lg/mL. 

Generally, blood levels of gentamicin or vancomycin 
should be measured every 3 to 4 days, as should the levels of 
blood urea nitrogen and creatinine. For prolonged (longer 
than 3 weeks) or recurrent therapy with these drugs, it is wise 
also to monitor the patient for ototoxicity. Vancomycin should 
be infused over no <1 hour to avoid the release of histamine 
by the drug (red man syndrome) or serious hypotension. If 
a rash occurs, it usually can be circumvented by administer
ing the drug over 90 to 120 minutes or by the use of intrave
nous diphenhydramine (Benadryl) 1 mglkg (total dose not to 
exceed 50 mg) just before the infusion. 

Recent reports have focused on reducing variability 
and cost while maintaining a high treatment success rate for 
patients with septic arthritis. Utilizing early conversion to oral 
antibiotics, Kocher et al. ( 15 3) created a clinical practice guide
line for treatment of septic arthritis (see Appendix). Thirty 
consecutive patients with septic arthritis of the hip man
aged before utilization of the guideline were compared with 
30 consecutive patients treated according to the guideline. 
There were several statistically significant differences noted 
between groups. Patients treated according to the guideline 
were much more likely to have a follow-up CRP performed, 
had a lower rate of initial bone scanning, a lower rate of pre
sumptive surgical hip drainage, a greater compliance with 
recommended antibiotic therapy, a faster change to oral anti
biotics, and a shorter hospital stay. There were no significant 
differences with regard to outcome variables, including read
mission to the hospital, recurrent infection, recurrent drain
age, development of osteomyelitis or septic osteonecrosis, and 
limitation of motion. Patients treated according to the clinical 
practice guideline had less variation in the process of care and 
improved efficiency of care without adverse outcome. 
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MRSA is becoming increasingly prevalent among pedi

atric and adolescent patients and will be discussed in greater 
detail later in the chapter (154, 155). Musculoskeletal infec
tion caused by MRSA has been associated with a significantly 
increased risk of sequelae (17). The choice of antibiotics for 
treatment of MRSA is critical and limited. Vancomycin and 
clindamycin have been the antibiotics of choice for MRSA. 
Martinez-Aguilar et al. (155) examined the effectiveness of 
clindamycin treatment in 46 children with MRSA infec
tion of bone, joint, and sites outside the musculoskeletal 
system. No significant difference could be detected between 
the patients with MRSA infection and the group of patients 
with methicillin-sensitive S. aureus (MSSA) infection, with 
successful eradication of infection in all groups allowing 
the authors to conclude that clindamycin is an acceptable 
antibiotic choice for the treatment of MRSA. Emergence of 
vancomycin-resistant S. aureus in Japan and in parts of the 
United States has raised the possibility of musculoskeletal 
infection caused by bacteria for which there is no known 
effective antibiotic treatment (156). Continued develop
ment of new antibiotics such as linezolid offers hope that 
effective antibiotic options will continue to be available in 
the future (157). Linezolid is the first of a new class of anti
biotic agents, the oxazolidinones, and is particularly effective 
against gram-positive infections. Little resistance has been 
reported even among methicillin- and vancomycin-resistant 
bacteria (158). 

Antibiotic treatment does have several potential harmful 
side effects. Pancytopenia, leukopenia, impaired liver function, 
or impaired renal function may occur and should be moni
tored by weekly determination of levels of creatinine, ALT. 
AST, and CBC. ESR and CRP should also be checked weekly 
to monitor response to treatment. Antibiotic choice and dos
age are adjusted on the basis of side effects that may arise. 

Surgical. Despite our ability to deliver antibiotics to the 
site of infection and to achieve serum concentrations that 
should be sufficient to kill bacteria, antibiotic treatment alone 
is not sufficient. Factors that may reduce antibiotics' effective
ness include possible interference by purulent material from 
gram-negative organisms with the action of certain antibiot
ics (159, 160), as well as the production of large amounts of 
P,.lactamase by bacteria, rendering semisynthetic penicillins 
and cephalosporins ineffective (161-163). These factors sug
gest that the local environment is important to the effective 
action of the antibiotic. It makes sense, then, that altering the 
local environment by irrigation and debridement improves 
antibiotic effectiveness. 

Surgery is indicated for culture and biopsy, for evacua
tion and elimination of bone or joint abscess, and for stopping 
tissue destruction. Antibiotic therapy is always used in addi
tion to surgery when musculoskeletal infection is confirmed. 
By eliminating dead space, nonviable tissue, and bacterial 
and host by-products, abscess debridement and evacuation 
facilitates antibiotic delivery and effectiveness. By removing 
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harmful bacterial and host by-products, debridement prevents 
further cartilage and tissue damage as well ( 164-166). 

In experimental staphylococcal septic arthritis in rab
bits that were treated with antibiotics, the beneficial effect of 
surgical lavage has been demonstrated (61). During the first 
arthrotomy at 4 days, the material generated by infection in 
the knee could be washed out; at 7 days, it had to be removed 
manually. All cultures were negative at 7 days. Both the surgi
cally treated and the nonsurgically treated animals showed loss 
of glycosaminoglycan. There was no collagen degradation in 
those treated by surgical lavage, however. A similar study has 
shown that arthrotomy and irrigation may be more effective 
than repeated aspirations (167). 

The stakes are high, risking life-long arthritis in a child or 
an adolescent. Erring on the side of surgical joint debridement 
is appropriate. At the time the decision is made whether or not 
to treat septic arthritis, culture results are rardy available. The 
decision to treat (and usually to operate) is based primarily 
on history; examination, and several laboratory tests, as dis
cussed in preceding text. The most helpful test is synovial fluid 
cell count (Table 12-1). Although rheumatoid arthritis may 
cause a WBC count to become elevated to more than 50,000 
per mL, in most patients a synovial fluid WBC of more than 
50,000 per mL is caused by septic arthritis and warrants irriga
tion and debridement. 

ANTERIOR DRAINAGE OF THE SEPTIC HIP 
(FIGS.12-8 TO 12-12) 

In most situations, bacterial septic arthritis is an urgent indi
cation for surgery, and in septic arthritis of the hip, a true 
surgical emergency. Once the decision has been made to surgi
cally drain and debride the hip, a second question arises as to 
whether the hip should be approached anteriorly or posteri
orly. There are several reasons to prefer an anterior approach, 
although a posterior approach may also be used. The transverse 
anterior skin incision is cosmetically superior to a posterior 
incision. The anterior approach provides a distinct anatomic 
landmark-the anterosuperior iliac spine-which is not the 
case in the chubby buttocks of an infant with a septic hip. 
Throughout the anterior hip dissection, there are distinct ana
tomic intervals to facilitate the surgical approach. Perhaps most 
importantly, the incision for hip drainage should be placed in 
the anterior capsule. Septic arthritis is a recognized risk fac
tor causing hip instability, and a posterior capsular incision 
may contribute further to instability. Finally, a dosed suction 
drainage catheter should be placed within the hip joint at the 
time of closure, exiting laterally and percutaneously through 
the skin. 

Postoperative Care. There are many options for 
care after hip drainage and debridement, depending on 
the surgeon's preferences and the circumstances of the case. 
Closed suction drainage should be maintained for 24 to 48 
hours following surgery or until drainage subsides. Suction 

drainage provides continuous decompression of the joint. 
Spica casting, split Russell traction, pediatric hip abduc
tion pillow, or no immobilization at all may be used follow
ing surgery. The decision whether or not to immobilize the 
patient following surgical drainage is based on the perceived 
risk of hip instability. If the hip is subluxated or dislocated, it 
is often desirable to achieve a dosed reduction at the time of 
wound closure and to place the patient directly into a spica 
cast. Many surgeons prefer to treat all children with septic 
arthritis of the hip with a single-leg spica cast for 2 to 3 weeks 
to avoid late subluxation secondary to capsular laxity. If the 
cast is not applied at the time of surgery, it may be applied 
before discharge. If the septic arthritis is acute and the hip is 
stable during intraoperative exam, then no immobilization 
is necessary. 

Open surgical debridement remains the gold standard 
for treatment of septic arthritis. It is a procedure with which 
most orthopaedists are familiar and that can be performed 
on short notice, in a short amount of time, through a small 
incision with little specialized equipment, yielding a high 
success rate. Debridement of all nonviable, grossly infected 
tissue is indicated. Acute septic arthritis does not require 
synovectomy and often can be closed over drains after a 
single surgical procedure, whereas more chronic infections 
may benefit from serial debridement. Gordon et al. (168) 
in St Louis performed a retrospective analysis comparing 
primary closure with delayed closure in patients having 
septic arthritis, finding a similar failure rate in both groups. 
Surgical treatment failure was associated with patient age 
> 7 years, with a polymorphonuclear leukocyte count in the 
synovial fluid >100,000, and with osteomyelitis adjacent 
to the joint. Chronic infection or recurrent septic arthritis 
may result in a thick rind of tissue that lines the joint cavity 
and must be removed. Several tissue cultures should be sent 
during surgery before antibiotics are administered. Sending 
specimens to pathology for microscopic examination may 
also be helpful in establishing a diagnosis, especially if all 
cultures turn out to be negative. 

There have been several recent reports of successful 
arthroscopic joint debridement for septic arthritis of the knee, 
hip, and shoulder (144, 145, 169-171). The specific joint 
involved, chronicity of the infection, experience of the surgeon, 
and experience of the allied health staff available at the time 
of surgery should be considered before deciding to perform 
arthroscopic joint debridement. In the hands of an experienced 
arthroscopist, debridement of relatively inaccessible areas such 
as the posterior compartment of the knee can be performed, 
and the joint can be irrigated with a very large volume of fluid. 
One distinct disadvantage of arthroscopic debridement is that 
because the arthroscope is looking out from the inside of the 
joint, it may be very difficult to accurately assess the depth of 
the purulent material and the extent of infection, especially in 
chronic cases. This may lead to inadequate debridement and 
persistent infection. 

Most recently, in a randomized prospective study of cul
ture positive acute septic arthritis in children, Peltola et al. 

Text continued on page 395 
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Anterior Drainage of the Septic Hip (Figs. 12-8 to 12-12) 

FIGURE 12-8. Anterior Drainage of the Septic Hip. The 
patient is positioned supine with a generous bump placed beneath 
the affected hemipelvis to elevate the hemipelvis and hip 30 to 45 
degrees from the table. Prepping and draping the entire leg and 
buttocks into the surgical field allows full movement of the hip 
intraoperatively to thoroughly debride and irrigate the hip. The 
incision, placed about a finger breadth beneath the anterosuperior 
iliac spine, can be transverse or oblique and can be smaller than 
an incision used for other major hip procedures because it is not 
necessary to expose the outer table of the ilium. 

Lateral 
femoral 

nerva 

Alternative 

FIGURE 12-9. The interval between the sartorius and the tensor 
muscles is identified and separated up to the anterosuperior iliac 
spine. If necessary, the periosteum can be elevated from the outer 
table of the ilium in the region of the anterosuperior iliac spine: 
however, after some experience with this approach, this step is 
usually not required. 
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RGURE 12-10. At the base of the exposure between 
the sartorius and the tensor muscles is the rectus femo
ris muscle. In this area, close to the anteroinferior iliac 
spine, its tendinous portion can ba identified. A perios
teal elevator can be used to separate the fatty tissue 
covering this tendon. The lateral border of this tendon 
with its muscular origin is freed and retracted medially. 

RGURE 12-11. The hip capsule now lies in the 
base of the field. It is covered by the precapsular fatty 
tissue, which may be thick and edematous in the sep
tic hip. This can also be separated with a periosteal 
elevator, scissors, or scalpel to expose the hip cap
sule, and the capsule is then incised. A cruciate inci
sion has been used with good effect, but the author 
prefers to excise a window of capsule to allow free 
and unhindered drainage. Whether a cruciate incision 
or a capsular window is used, care must be exercised 
to incise the capsule over the anterior femoral neck 
and the base of the femoral head, avoiding vessels 
that supply the epiphysis as they ascend along the 
superior aspect of the femoral neck. To prevent insta
bility, excessive capsular and/or labral incision must 
be avoided 

TENSOR 
FASCIA --~ 

MUSCLE 

ANTERIOR 
CAPSULE-~~ 



FIGURE 12·12. A small red rubber catheter. with multiple per
forations cut into the tip, may be passed around the femoral neck 
and into the various recesses of the joint to provide thorough irri
gation. Pulsatile lavage while moving the hip through full ROM is 
also effective. Inspection should ensure that no fibrinous clots of 
inflammatory material remain in the joint. Often these have to be 
removed with a forceps. After complete irrigation and debridement, 
a drainage catheter is place inside the hip joint, exiting the patient 
percutaneously through the hip abductors and the skin anterolater
ally. The muscles are allowed to fall back together and the deep 
fascia and skin are closed. 

(172) evaluated whether~ is necessary in all patiena. 
Patiena were r.utdomized to receive clindamycin or a fint
generation c:ephalosporin for 10 or 30 days (inttavenously for 
the first 2 to 4 days), and monitored for clinical response to 

treatment. All patients underwent an initial joint aspiration, 
but only 12% required subsequent surgical debridement after 
fuiling to improve with antibiotic treatment. All patients 
recovered uneventfully. and there was no difference between 
the 10- and the 30-day treatment group. This stUdy is pro
vocative and should stimulate further research to analyze when 
acute septic arthritis may be effectively and safely managed by 
aspiration and antibiotics alone. 

Whether irrigation and debridement is performed with 
open surgery or arthrosoopically, dr.Uns should be p.laccd at 
the conclusion of the proc:edure and appropriate empiric par
enteral antibiotic therapy initiated. 
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AUTHQR•s PREFERRED TREATMENT 
RECOMMENDA'nONS 
kute septic arthritis: The author recommends open surgical 
debridement and initial parenteral antibiotics with conver
sion to oral antibiotics after favotable treatment response. 
Total treatment duration of approximately 3 weeks is appro
priate, depending on clinical and laboratory response to 
treatment . 

.AHO: Bone aspiration and culture should be performed. 
If no abscess is present, then surgical debridement is not indi
cated. Parenteral antibiotics should be initiated, with conver
sion to oral antibiotics after favorable clinical response for total 

treatment durarion of approximately 3 weeks, depending on 
clinical and labo~ry response to treatment. 

AHO with abscess: If the patient presena with a history 
of acute in&aion (e.g., 4 days of increasing symptoms) and 
aspiration demonstrates subperiosteal or bone abscess, then 
surgical debridement of the absc:ess is indicated. aosure over 
drains and initiation of parenteral, then oral, antibiotic treat
ment for .AHO, as described. is appropriate. 

Chronic hematogenous osteomyelitis: When symptoms 
have been present for more than 3 weeks, in association 
with bone abscess or destruction, swgical debridement is 
indicated. Both preoperative MRI and Cf are often help
ful for determining the extent of infection and planning sur
gical debridement. Tissue cultures are obtained at surgery, 
and depending on culture tesults, extent of infection, and 
response to treatment, a long· term cow:se of parenteral anti
biotics for 6 to 8 weeks is often appropriate. If the infec
tion is recurrent or cannot be completely debrided, the use 
of antibiotic-impregnated PMMA is acceptable. Bone graft
ing or bone transport may be used to fill large bone defects 
and can be performed 3 to 4 weeks after initiating parenteral 
antibiotic treatment. 

COMPLICA'nONS 
The predilection of osteomyelitis for metaphyseal bone places 
infection in close proximity to the physis. Physeal involvement 
by osteomyelitis may injure a region of the physis or destroy 
the physis completely, causing growth inhibition and angular 
deformity or limb--length discrepancy. Prompt, appropriate 
treatment of infection and avoidance of bone grafting across 
the physis may prevent growth disturbance (Fig. 12-1). 
Children who experience systemic sepsis such as meningococ
cemia or purpura fulminans may develop multiple physeal 
arrests and extensive soft-tissue injury with distressing con
sequences. Failure to completely eradicate osteom~litis may 
result in chronic pain or draining sinus tract. 

Sequelae of septic arthritis include permanent joint 
desauction, joint cont.tacrure, gait abnormality, and abnor
malities of bone growth. Avascular or osseous necrosis of the 
femoral head is a known complication of hip septic arthritis. 
Most likely caused by occlusion of inttacapsular ascending 
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vessels by increased intracapsular pressure or involvement by 
infection itself, osseous necrosis of the femoral head can be 
a devastating complication for which there is no good treat
ment. Femoral head osseous necrosis typically results in col
lapse, fragmentation, and growth retardation of the femoral 
head. Both the femoral head and the acetabulum may become 
dysplastic with subluxation and dislocation possible. These 
events lead to limb-length discrepancy, stiffness, and end-stage 
joint destruction. 

Complications associated with antibiotic treatment are 
typically minor and treatable when appropriate monitoring 
is performed (16). Diarrhea, nausea, rash, thrombocytopenia, 
transient changes in liver enzymes, and antibiotic-induced 
neutropenia have been observed (141). Checking weekly ESR, 
CRP, CBC, and liver function tests ALT and AST can monitor 
for adequate response to treatment and for adverse side effects 
associated with antibiotic treatment. Long-term intravenous 
antibiotic treatment has been associated with a higher com
plication rate than long-term oral antibiotic treatment (143, 
173, 17 4), including additional procedures required to replace 
catheters that have become obstructed or infected. 

Musculoskeletal infection caused by drug-resistant organ
isms has resulted in increased use of new antibiotics, such as 
Linezolid, which come with their own potential problems and 
complications. Although very effective against gram-positive, 
antibiotic-resistant organisms, Linezolid has been associated with 
bone marrow suppression and optic neuropathy (158, 175). 
Flucloxacillin has been linked with the development of neutro
penia (176), and Ciprofl.oxicillin has been associated with carti
lage abnormality in a skeletally immature animal model, but its 
clinical significance in children has been questioned. 

Invasive strains of MSSA and MRSA have emerged. In 
addition to significantly increased local tissue destruction, 
these aggressive bacteria have been associated with compli
cations including septic emboli, DVf, empyema, and pneu
monia (177- 180). At Texas Children's hospital in Houston, 
Texas, nine children with DVf associated with musculoskel
etal infection ~re studied (179). Seven of the nine children 
had infection caused by community-acquired MRSA carrying 
the Panton-Valentine leukocidin (PVL) gene and seven of nine 
children belonged to the same clonal group, USA300. Their 
findings strongly suggest that bacteria from specific genetic 
strains have a unique propensity to cause DVf in association 
with musculoskeletal infection. 

Osteomyelitis of the proximal upper or lo~ extremity, 
pelvis, and vertebral osteomyelitis are locations that have been 
associated with increased risk ofDVf. The DVf typically (but 
not always) occurs adjacent to the site of infection (177, 179). 
Central access catheters are often necessary for antibiotic 
administration in patients with musculoskeletal infection and 
have also been identified as a risk factor for DVf formation 
(179). Clinicians should consider vascular thrombosis in chil
dren with musculoskeletal sepsis who experience severe limb 
swelling, axial skeleton osteomyelitis of the proximal upper or 
lo~r extremity MRSA or invasive MSSA associated with the 
PVL antigen and/or the USA300 genetic strain. 

SPECIAL CONDITIONS 

Methicillin-Resistant S. sureus. The most important 
recent development in pediatric and adolescent musculoskel
etal infection has been the emergence of community-acquired 
MRSA. In a study performed at University of Texas Southwest 
Medical Center, in Dallas, Texas, all children admitted with 
acute osteomyelitis between January 1999 and December 2003 
~rc: reviewed {181). A dramatic increase occurred in the per
centage of children admitted with MRSA from 6% during 
time period from January 1999 to June 2001, to 31% during 
time period from July 2001 to December 2003, and virtually 
identical findings have been reported by other authors 
(182, 183). MRSA musculoskeletal infections have been 
reported on all continents (except Antarctica) {155, 184--188) 
and in patients of all ages from neonates (189) to adults. 

The genetic basis for methicillin resistance arises from 
the mecA gene, which confers methicillin resistance by encod
ing penicillin-binding protein PBP2a (184, 190). The mecA 
gene is contained within a mobile genetic element called the 
staphylococcal chromosome cassette (SCCmec). SCCmec has 
5 subtypes, I to V. Hospital-acquired MRSA is typically caused 
by SCCmec subtypes I to III. SCCmec subtypes I to III usu
ally contain multiple genes that mediate resistance to nonlac
tam antibiotics and confer Clindamycin and Erythromycin 
resistance through the erm gene. Community-acquired MRSA 
infection is typically caused by SCCmec types Nand V, which 
lack additional antibiotic resistance genes and therefore are 
usually Clindamycin sensitive. The erm gene is large and not 
translocatable, but antibiotic pressure can cause SCCmec types 

N and V to take up mn containing plasmids, thereby induc
ing Clindamycin resistance in community-acquired MRSA. 

Compared with most MSSA strains, a very imponant 
distinction between MSSA and MRSA is the tendency for 
MRSA to cause more aggressive and fulminant infection. This 
is evidenced by significandy greater degree and duration of 
elevated temperature, elevated acute-phase reactants {WBC, 
ESR, and CRP), increased length of hospital stay, increased 
duration of antibiotic therapy, increased number of septic 
foci, increased number of surgical intervention, increased rate 
of complications, and worse clinical outcomes (181, 182) 
{Fig. 12-13). Failure to resolve after routine surgical debride
ment and the occurrence of septic emboli resulting in necro
tizing pneumonia, which can be lethal in otherwise healthy 
children, are additional characteristics of community-acquired 
MRSA. DVf associated with MRSA infection is much more 
common as well {191). 

Invasive MRSA infections are typically caused by bacteria 
sharing specific genetic characteristics including the USA300 
genetic strain and the PVL gene (192). These same genetic 
elements can be found in aggressive MSSA infections as 
~11. PVL is a pore-forming cytolytic toxin with an affinity 
for leukocytes that causes the release of inflammatory media
tors that cause severe tissue damage. In a study of 85 patients 
with acute, community-acquired S. aureus osteomyelitis, 
Bocchini and coauthors found that all MRSA patients were 



PVL positive (56 out of 56 MRSA patients) and that a small 
minority of MSSA patients were a1so PVL positive (3 of 29 
MSSA patients). MSSA patients who were PVL positive had 
the same virulent infection characteristics as MRSA patients. 
Independent of whether patients were MRSA or MSSA. the 
presence of the PVL antigen was associated with increased ESR 
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and CRP levels. increased likelihood of having positive blood 
cultures, and a greater chance of having myositis or pyomyo
sitis associate with osteomyelitis (193). In France, where only 
a minority of PVL-positive cases are associated with MRSA, 
infection severity has been linked to PVL secretion rather than 
antibiotic resistance (184). 
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FIGURE 12-13. A: A 2-year-old child presents to the emergency department with a 3-day history of increasing left arm pain 
and swelling. fever to 39.5, WBC count of 17,000, ESR of 95 and CAP of 37 and normal standard radiographs. B-0: Based on 
the physical exam and the laboratory evaluation. the patient was brought emergently to the operating room where aspiration 
revealed the presence of a subperiosteal abscess B. and intraosseous abscess C. but negative shoulder joint aspiration D. 
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FIGURE 12·13. {continued) E: The abscesses were drained and a trough was created 
in cortex to allow curettage decompression of the intramedullary cavity. Pulsavac lavage 
was used to irrigate the bone and the surrounding soft tissues. F: Blood and bone cultures 
grew MASA. After initial improvement, the patient clinically worsened 48 hours after 
wound closure. Bone scan performed to search for other foci of infection demonstrates 
increased uptake in the distal left fibula. G: MRI scan confirms the presence of a second 
focus of osteomyelitis that was treated with irrigation and debridement. 

In .Austtalia. MRSA cases ocx:urring in the Western region 
of the country have bc:cn maial:y caused by PVL-negative 
strains, while PVL-positive sttains have predominated in the 
east (187). Thirty separate MRSA genetic clones have been 
identified, typically causing skin and soft-tissue infections, 
except PVL-positive st:rains that have a predilection for caus
ing furunculosis, necrotizing pneumonia. and osteomyelitis, 
occasionally being lethal in healthy children. 

The increasing prevalence of community~acquired MRSA 
has necessitated a change in empiric antibiotic treatment recom
mendations. In the past, a synthetic penicillin or first-generation 
cephalosporin has been recommended for initial parenteral 
trc:atment fur suspected musculoskeletal .infi:aion, but this 
has resulted in a delay of appropriate therapy when infection 

G 

is caused by MRSA strains (188). The two antibiotics com
monly recommended for suspc:cted .MRSA are Clindamycin and 
Vancomycin (155, 181, 184, 188). 1here is some controversy 
as to whether Clindamycin or Vancomycin is the best initial 
choice. Clindamycin resistance has been reported in up to 10% 
of MRSA infections (188). The use of newer antibiotics such 
as linezolid and daptomycin holds promise for the treatment of 
MRSA but requires further swdy (194). 

As in all cases of musculoskeletal infection, every opportu
nity should be taken w culture an organism from blood, joint 
Ruid, and/or bone. In cases of suspected MRSA or invasive 
MSSA. obtaining an .MRI scan early in the c:valuation is very 
hdpfut w determine the precise location of the infection, w 
determine the atent of the infection in bone and surrounding 



soft tissues, as well as to detect other associated consequences 
within the region such as DVf (195). If septic arthritis, bone 
abscess, or soft-tissue abscess is detected, then urgent surgical irri
gation and debridement is recommended. In cases of aggressive 
infection, packing the wound open decompresses the infected 
area and returning in 1 to 3 days pennits a second thorough 
irrigation and debridement. Fluoroscopic guidance is hdpful to 
ensure adequate debridement of the infected region as demon
strated on preoperative MRI and to avoid injury to the adjacent 
physis during debridement. Closure over drains is important to 

prevent abscess recurrence. Drains that are properly placed and 
managed may function as long as 7 to 1 0 days until output is 
minimal and clinical improvement has been demonstrated. 

Failure to improve following treatment warrants careful 
reexamination of the patient and reevaluation of the treatment 
regimen. Inspection and palpation of the patient from head to 
toe may demonstrate a previously undetected focus of infec
tion. If Clindamycin is being used, consider the possibility 
of antibiotic resistance and changing to Vancomycin. Check 
Vancomycin peak and trough levels to ensure therapeutic 
blood levds are present. Bone scan may be hdpful to identify a 
second or third infection site (Fig. 12-13). Consider reimaging 
the known focus of infection with MRI for possible abscess 
formation. Chest x-ray or Chest CT should be performed in 
all patients with pulmonary symptoms to evaluate for lung 
involvement. Obtain duplex ultrasound to evaluate for DVf 
in patients with significant persistent limb swelling, especially 
in children older than age 8 years (180). 

The duration of antibiotic treatment for MRSA should be 
longer than for uncomplicated musculoskeletal infection. In 
general, osteomyelitis should be treated for 4 to 6 weeks, septic 
arthritis for 3 to 4 weeks, and pyomyositis for 2 to 3 weeks. 
Although one appealing aspect of Clindamycin treatment is the 
ability to convert to high-dose oral administration, it is com
mon for the entire course of antibiotic treatment to be admin
istered intravenously via PICC or central line. Once sustained 
clinical improvement occurs with convincing downward trend 
in CRP and absence of fever above 38.5°C, antibiotic treat
ment may be continued as an outpatient. Following discharge 
from the hospital, weekly laboratory testing is imperative to 
monitor for side effects from the antibiotic and to confirm 
favorable response to treatment. Regular outpatient follow-up 
should occur approximately every other week to permit physi
cal examination and confirm compliance with antibiotic treat
ment. Plain radiographs should be obtained at the conclusion 
of antibiotic treatment and as clinically indicated to monitor 
for the sequelae if infection such as chondrolysis, osteonecro
sis, or physeal arrest. 

Autho(s Recommendations. For all patients present
ing with symptoms of musculoskeletal infection, assess very 
thoroughly for MRSA or PVL-positive MSSA infection. 
Carefully examine and palpate all extremities and the axial 
skeleton looking for multiple infection sites. Obtain labora
tory tests including CBC with differential, CRP and ESR, 
looking carefully for marked elevation in the values. Culture 
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blood and aspirate all suspected foci of infection as well as 
the adjacent bone or joint whenever possible. If no septic 
arthritis, bone or soft-tissue abscess is encountered, begin 
Vancomycin immediately at a dose of 40 mglkg! d divided 
every 6 hours, adjusting dose as necessary based on the peak 
and trough results. Clindamycin is an acceptable second 
choice. If an abscess is strongly suspected but not clinically 
apparent, or if the axial skeleton is involved, obtain an MRI 
of the affected region but do not delay antibiotic adminis
tration. If aspiration or MRI confirms the presence of an 
abscess, urgently surgically debride the region of infection. 
During surgery, if the septic joint or the musculoskdetal 
abscess appears extensive or aggressivdy involved, pack the 
wound open and return 1 to 2 days later for repeat irrigation 
and debridement. Follow the patient carefully while on IV 
antibiotics and if there is evidence of persistent infection as 
suggested by persistent devated temperature, increased CRP, 
repeatedly positive blood cultures or persistent malaise, 
anorexia or night pain, obtain a technitium bone scan to 
look for undetected foci of infection. Evaluate the lungs by 
chest x-ray or CT for septic emboli or pneumonia if pulmo
nary symptoms are present. Consider mechanical DVf pro
phylaxis for MRSA infection of the lower extremity or pelvis 
and evaluate using Doppler ultrasound when clinical sus
picion for venous thrombosis exists. For confirmed MRSA 
infection, continue parenteral Vancomycin or Clindamycin 
for 4 to 6 weeks depending on the severity of infection and 
patient clinical response. 

Axial Skeleton. Infection of the spine and pdvis presents 
unique diagnostic and treatment challenges (196). Discitis, a 
relatively uncommon infection in adults, is the most common 
spinal infection in children ( 197). Over the past several decades, 
various descriptions in the literature of venebral osteomyditis 
and discitis reflect the uncertainty that these are indeed two 
separate conditions (198, 199). Modern imaging modalities, 
such as scintigraphy, Cf, and MRI, have helped resolve the 
confusion by demonstrating evidence of bone involvement in 
children with the clinical presentation of discitis (200, 201). It 
therefore appears that both vertebral osteomyditis and discitis 
are the result of a hematogenous infection beginning in the 
bone adjacent to the cartilaginous vertebral end plate. 

Studies of venebral body and disc vascular anatomy have 
demonstrated that the blood supply to the disc comes from 
the contiguous bone of the vertebral bodies (202-205). In the 
young child, vessels can be identified traversing the cartilagi
nous vertebral endplate and entering the annulus. By the age 
of 8, these vessels have largely disappeared. It is likely that dis
citis and venebral osteomyditis represent two slightly different 
clinical manifestations of a similar disease process affected by 
changes in vascular anatomy with growth and development. 
Immature venebral endplate and disc-space vascular anatomy 
result in a clinical focus of infection within the discs of young 
children, whereas older children are more likely to have a pri
mary focus of infection within the venebral body. This is con
sistent with the observation that the average age at onset in 
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patients with discitis is 2.5 years compared to the mean age at 
presentation for vertebral osteomyelitis, which is 7.5 years of 
age (206). 

Children with discitis infrequently present with systemic 
signs of illness such as fever, malaise, anorexia, or sleep distur
bance (207). Patients often refuse to walk but have a normal 
lower extremity exam. Frequently, children will refuse to bend 
forward to pick up a toy or an object ftom the floor. Back pain 
or abdominal pain may, or may not, also be present. Spine 
exam frequently demonstrates decreased ROM and discomfort 
to palpation and percussion. Laboratory parameters, includ
ing ESR and CRP, are usually; but not always, elevated. Plain 
film radiographs are typically normal but may show subtle ver
tebral endplate irregularity and, later, slight reduction in disc 
height at the suspected level. In confusing clinical situations, 
bone scan is often the most helpful test to localize infection of 
the axial skeleton (Fig. 12-4). If the clinical situation strongly 
suggests a pathologic process of the spine, but additional 
imaging is necessary to confirm the diagnosis, MRI is recom
mended as it provides the greatest amount of information in a 
single imaging study (200, 201). 

There is no complete agreement as to whether discitis 
is the result of bacterial infection. Blood cultures are usually 
negative, disc aspiration and culture are rarely performed, 
and there have been several reports of patients recovering 
completely after treatment with immobilization alone. When 
positive, the biopsy results show a preponderance of S. aureus 
as the causative organism (207-210). Most agree that disci
tis is a bacterial infection that is best treated with high-dose 
intravenous followed by oral antibiotics and immobilization as 
necessary to control symptoms. Empiric intravenous antibiotic 
therapy is directed at the most common offending organism, 
S. aureus. Following clinical response to treatment, transition 
to an appropriate oral antibiotic is made, and treatment is con
tinued for approximately 3 to 5 weeks. Weekly lab testing is 
performed to monitor for antibiotic side effects and response 
to treatment. 

Resolution of symptoms usually occurs within the first 
72 hours. If this is not the case, the physician should begin 
to question the diagnosis or the specific bacterial etiology. 
Further imaging studies, such as Cf or MRI, may be justified 
in such circumstances to search for tumor or abscess forma
tion. Biopsy may be indicated in a patient who fails to respond 
to antibiotics and bed rest and is indicated in any child whose 
imaging studies suggest a diagnosis other than typical discitis. 

In contrast to discitis, vertebral osteomyditis is less com
mon in children than in adults (211). Compared to discitis, 
children with osteomyditis are older, are more often febrile 
and ill-appearing, and have a longer symptom duration (206). 
Standard radiographs are often normal during the first few 
weeks of symptoms in patients with vertebral osteomyelitis, 
and either bone scan or MRI is often helpful in establishing 
the diagnosis. The abundant vertebral blood supply provides 
outstanding antibiotic delivery. Vertebral osteomyelitis can 
almost always be eradicated by antibiotics alone unless abscess 
formation occurs. 

Epidural abscess is a rare but very serious spinal infection 
(197). Usually presenting with back pain, patients can present 
with neurologic deficit. MRI is the preferred imaging modality 
for evaluation of suspected epidural abscess. When present and 
correlative with neurologic deficit, emergent decompression of 
the epidural abscess is indicated. If there is no neurologic defi
cit or displacement of the spinal cord caused by the epidural 
abscess, antibiotic treatment alone can be effective. 

Patients with osteomyelitis of the pelvis may present with 
vague hip or back pain and have difficulty localizing their 
symptoms. Their physical exam is often nonspecific, often 
resulting in a delay in diagnosis (212). Nonarticular pelvic 
abscess or SI joint infection may present with symptoms sug
gesting septic arthritis of the hip or appendicitis (196, 213). 
Pelvic osteomyelitis and SI joint infection are generally seen 
in older children (214, 215) with the mean age of 10 years, 
whereas septic hip is more common in the younger child. 
Despite complaints of pain around the hip, children with SI 
joint infection often remain ambulatory. SI joint infection 
patients often have relatively pain-free internal rotation of the 
hip and have increased pain with external hip rotation. This is 
in contrast to patients with septic arthritis of the hip who typi
cally have greater discomfort with internal hip rotation than 
external hip rotation. If the FABER test (flexion, abduction, 
external rotation) is performed, it usually elicits pain in the 
presence of SI joint sepsis, as does compression of the pelvis 
(Gaenslen test). Tenderness almost always is found over the SI 
joint, if sought. Other areas (e.g., the ischium, pubis, ilium) 
should always be palpated for tenderness in children with gait 
disturbance or hip pain. 

Standard imaging studies may not be helpful. In most 
cases of SI joint infection or pelvic osteomyditis, the initial 
radiographs are normal. This is especially true when symptoms 
have been present for fewer than 1 or 2 weeks. The earliest 
sign of infection on the radiograph is disappearance of the sub
chondral margins and erosion; however, this should be consid
ered to be a late finding. If radiographic changes are present 
within <1 week of symptoms, careful consideration should 
be given to other disorders, such as tumor or chronic inflam
matory SI disease. Radionucleotide bone scan may be helpful 
in localizing the infection. Because of the complicated three
dimensional pelvic anatomy, CT or MRI should be performed 
in all patients with pelvic osteomyelitis to determine the extent 
ofbone and soft-tissue involvement as well as to detect possible 
abscess formation (Fig. 12-8). MRI is coming to the forefront 
as the imaging modality of choice for suspected musculoskel
etal infection of the pelvis because of its ability to berter dem
onstrate the extent of bone involvement early in the course of 
infection, before abnormality is visible on CT (216, 217). 

Schaad et al. (214) reported that the bacterial etiology was 

established in 57% of the pelvic osteomyditis cases they stud
ied ftom their own patients and in a literature review. In most 
cases, S. aureus is the organism that is cultured ftom blood, 
direct aspiration, or biopsy (218-222), while Streptococcus spe
cies K kingae, Pseudomonas aeruginosa, Enterobacter cloacae, and 
Salmonella species have also been reported (212, 214, 222-224). 



Reports in the literature demonstrate that surgical debride
ment of pelvic osteomyelitis or soft-tissue abscess about the 
pelvis is usually unnecessary (215, 223, 225, 226). Complex 
anatomy often makes surgical approach and debridement dif
ficult. In a comprehensive recent review, Davidson et al. (227) 
described the most frequent locations fur osteomyelitis to occur 
within the pelvis and reported treatment results in 62 children. 
The most common pelvic sites of infection were the ilium in 
21 and the acetabulum in 20 patients, fOllowed by the pubis 
and ischium in 11 and 1 0, respectively. Osteomyelitis typically 
involved the metaphyseal equivalent sites within the pelvis. 
Fifty-seven patients were treated with antibiotics alone, and five 
were treated with antibiotics and surgical debridement, suggest
ing that surgery is indicated in a minority of patients with pel
vic osteomyelitis. Indications fur surgery include the need fur 
biopsy in the case of suspected tumor, an unusual presentation, 
or failure to respond to appropriate antibiotic treatment in a 
reasonable period of time. Pyomyositis and abscess fOrmation 
may accompany pelvic osteomyelitis (216, 217). Abscess drain
age can often be perfOrmed percutaneously under image guid
ance, with a reported success rate in children of 85% to 90% 
(33, 228). 

Initial antibiotic therapy should be with an intravenous 
semisynthetic penicillin or first-generation cephalosporin, as 
used in the treatment of AHO (Table 12-2). If MRSA is sus
pected, Vancomycin or Clindamycin are preferred. If symp
toms resolve and the CRP begins to fall, the patient may be 
switched to high-dose oral antibiotics in 5 to 7 days. Initial 
and subsequent antibiotics should be adjusted to reflect infOr
mation from blood and tissue cultures as well as from biopsy 
material if that has been obtained. 

Autho(s Preferred Treatment. When treating patients 
with suspected infection of the axial skeleton, we recommend 
a three-step approach: 

1. Localize the infection. If history, exam, and standard radio
graphs do not allow localization of the infection, techne
tium bone scan should be perfOrmed. 

2. Determine the extent of infection. Once localized, CT or 
MRI should be perfOrmed in virtually all patients with sus
pected osteomyelitis of the pelvis or spine. Discussion with 
your radiologist is often helpful when making the deci
sion whether to use MRI or CT. MRI provides the great
est amount of infOrmation regarding bone and soft-tissue 
pathology; but it may require general anesthesia for young 
children, is more expensive than Cf, and is not as readily 
available as CT is at some institutions. CT may allow aspi
ration or placement of percutaneous drains under image 
guidance. 

3. Treat the infection. Although epidural abscess with neu
rologic compromise or large abscess with systemic sepsis 
requires immediate surgical treatment, almost all other 
infection of the axial skeleton can be treated effectively 
with parenteral antibiotics. Failure to respond to paren
teral antibiotic therapy warrants abscess drainage. This 
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may be perfOrmed percutaneously or surgically, depending 
on abscess size, location, and availability of interventional 
radiology. 

Foot. Simply because the foot is where we come into con
tact with the earth, it is susceptible to trauma and puncture 
that can result in infection (Fig. 12-14). The fuot is more 
likely to be inoculated with bacteria from the local environ
ment and therefOre is more likely to have infection caused by a 
spectrum of bacteria different from those causing the hematog
enous osteomyelitis seen in long bones. Since Johanson's 1968 
report, orthopaedic surgeons have become increasingly aware 
of the association between puncture wounds of the fuot and P. 
aeruginosa as the causative organism of deep infections that fOl
low (229). It was subsequently demonstrated that Pseudomonas 
can be recovered from the inner spongy sole of nearly all well
worn tennis shoes (230). P. aeruginosa is a gram-negative aero
bic organism with anaerobic tolerance, which is fOund widely 
in soil, water, and on the skin. As a human pathogen seen in 
orthopaedic conditions, it seems to have an affinity fur cartilage. 

Despite the relative increased prevalence of Pseudomonas 
from the fuot environment and from puncture wounds of 
the foot, it is important to remember that S. aureus is still 
the most common soft-tissue infection following a punc
ture wound. In addition, Aeromonas hydrophilia is common 
when puncture wounds or lacerations occur in fresh water, for 
example, ponds (231). 

Fortunately, most children who sustain puncture wounds 
to the foot do not develop bone or joint infection. Fitzgerald 
and Cowan (232) reviewed records of children younger than 
age 15 who presented to the emergency department fur evalua
tion of a puncture wounds to the foot. Only 0.6% of those who 
were presenting fur initial evaluation subsequently developed 
osteomyelitis. Of 132 patients seen with soft-tissue infection 
after puncture wound of the fuot, 112 had a prompt response 
to soaks, rest, elevation, and antibiotics. 

Given the low incidence of osteomyditis and serious soft-tis
sue infection, a conservative approach to the initial management of 
a punctUre wound is warranted. Superficial cleaning and debride
ment of the skin and inspection fur a fOreign body is appropriate. 
Tetanus prophylaxis is important. There does not seem to be any 
solid evidence either fur or against the routine use of antibiotics in 
the initial management. Treatment with soaks, devation, and an 
oral antistaphylococcal antibiotic is warranted and if the patient 
has cellulitis, this regimen usually results in a cure. 

Significant persistence of pain and swelling despite soaks, 
rest, elevation, and oral antibiotic treatments suggests the pres
ence of septic arthritis, osteomyelitis, or retained fOreign body 
(233). Careful clinical examination is helpful in establishing 
the presence and location of infection. Comparison with the 
contralateral fuot is helpful, looking fur fOcal swelling, skin 
changes, or tenderness on palpation. Pain on motion of a spe
cific metatarsophalangeal joint is usually indicative of a septic 
arthritis in that joint. Dorsal swelling on the fOrefoot, or swell
ing laterally and medially around the heel, is often an addi
tional sign of a serious deep infection. 
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RGURE 12-14. This patient was seen with pain 
2 weeks after a puncture wound of the heel. He ini
tially came to the emergency department 3 days after 
the puncture wound because of increasing pain and 
swelling. Therapy was begun with a firstiJeneration 
cephalosporin antibiotic. He experienced temporary 
improvement, but later the pain became worse. A: 
Note the swelling of the affected heel, compared with 
the opposite contralateral heel side. B: The swelling 
and erythema on the lateral side of the heel indicate 
deep infection. C: A radiograph demonstrates a lytic 
lesion of the heel. in addition to the soft-tissue swell
ing. P.. aeruginosa was cultured from the infected site. 

Plain radiographs are tately hdpful in detecting early 
osteomyelitis or septic arthritis, but should be obtained to 

look for bone changes or a metallic foreign body. MRI may 
be the most cost-dfeaive way of identifying deep infection 
of the foot following puncture wounds (234). If deep infec, 
cion is identified, surgical debridement is indicated to evacuate 
infected material and search for a foreign body. 

Pserulomonas infection of a bone or joint is a swgical 
disease; the failure of antibiotics alone to resolve these infec
tions has been adequately demonstrated (235). The swgical 
approach may be either dorsal or volar but must give adequate 
access to both the bones and the joints in the region of the 
puncture, because P. uruginora is a cartilage--seeking organ
ism. Some surgeons believe that the volar approach leaves a 
potentially painful scar. When properly placed. however, this 
should not be the case. This approach has the advantage of 
dirc:ctly exposing the puncture track. which is an essential 
part of the surgery, because of the high incidence of foreign 
material found at swgica1 debridement (232, 236). The dorsal 
approach allows direct access to the joints and bones through 
a more anatomic and extens:ile approach and can be combined 
with a limited debridement of the volar puncture wound. The 
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calcaneus should be approached from a medial or latttal inci
sion, or from both. 

Infections due w puncture wounds are often caused by 
multiple organisms. For this n:ason, it makes sense to begin 
antibiotic therapy with a combination of antibiotics dfec. 
ti~ against both gwn-positive organisms and gram-negaci~ 
organisms, including P. lle1'Uf}nosa. An initial choice may be 
ceftazidime (Fonaz) and gentamicin or oxacillin and gentami
cin (Table 12-3). Jacobs et al. (235, 236) suggest that 7 days of 
intravenous antibiotics after adequate surgical debridement is 
sufficient, although others recommend longer treatment, from 
10 days to 2 weeks. 

Ciproflox:acin is antibiotic that is effective against 
Preudo1111)1UIS. However, its use in c.bil.dren has been limited by 
reports of interfering with the growth plate in animal studies. 
Despite this, it has been used in cystic fibrosis and in other 
serious infi::a:ions in children, without reports of ill effc:cts on 
cartilage or growth. 

In addition to puncture wounds, AHO can occur in 
the foot as well and may have a predilection for the calca
neus. Puffinbarger et al. (237) reported a series of 11 cases 
of osteomyelitis of the calcaneus and noted that cases of 



hematogenous osteomyelitis were most commonly cawed 
by S. aureus, whereas all puncture-related cases were positive 
for P. aeruginosa. Several factors make treatment of calcaneal 
osteomyelitis especially challenging. The calcaneus does not 
have investing musculature to provide blood supply and anti
biotic delivery or to provide soft-tissue coverage following 
surgery. Eggshell-like bone and limited ability to regenerate 
itself following debridement limit surgical options for cal
caneus debridement. These factors do not limit what needs 
to be done but may cawe increased morbidity with surgery. 

Prompt diagnosis and treatment of calcaneal osteomyeli
tis allows effective treatment with antibiotics alone. Jaakkola 
and Kehl (238) reported successful antibiotic treatment of 
hematogenous calcaneal osteomyelitis without surgical inter
vention. If the diagnosis of calcaneal osteomyelitis is delayed, 
significant complications may result including shonening of 
the foot, tarsal bone fusion, adjacent bone osteomyelitis, and 
avascular necrosis that can require radical surgery such as cal
canectomy (239-241). 

Neonate. The neonate, defined for our purposes as any 
child up to 8 weeks of age, is susceptible to a variety of muscu
loskeletal infections unique to this age group. Their immature 
immune system makes neonates swceptible to a wide range of 
organisms that are less virulent under normal circumstances 
and prevents them from expressing symptoms and signs that 
allow early diagnosis. Metaphyseal and epiphyseal vascular 
anatomy of the neonate is unique resulting in frequent involve
ment of the physis and adjacent joint, and multiple distant 
sites are often involved. 

Two types of infection typically appear in the neonate: 
infection recognized in the hospital often occurring in prema
ture infants and infection that becomes apparent after discharge 
from the nursery in otherwise healthy, full-term neonates. The 
type manifest in the hospital wually occurs in premature infants 
undergoing invasive monitoring. These neonates remain in the 
intensive care unit in the presence of nosocomial pathogens, 
coupled with invasive monitoring, intravenow feeding, drug 
administration, and blood sampling. Indwelling vascular cath
eters, particularly those in the umbilical vessels, have long been 
recognized as one of the main sources of infection (242). These 
neonates are more likely to have infection cawed by S. aureus 
or gram-negative organisms and more than 40% have more 
than one site of involvement (243, 244). 

The other type is wually manifest between 2 and 4 weeks 
of life (sometimes as late as 8 weeks), in infants who are not 
systemically ill and are developing and feeding normally. These 
infections are more likely to be due to group B Streptococcus 
and involve a single site. Infants delivered by vaginal delivery 
are exposed to potential pathogenic bacteria during delivery. 
Before vaginal delivery, women undergo culture of the birth 
canal for group B Streptococcus. If positive, women are treated 
prophylactically with antibiotic coverage at the time of deliv
ery to prevent transmission of group B Streptococcus infection 
to the newborn. Should transmission of group B Streptococcus 
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to the newborn occur, the newborn is at risk of developing 
osteomyelitis or septic arthritis. 

The most common cawe of sepsis in the neonate is 
still S. aureus. In addition to group B Streptococcus, group A 
Streptococcus, Streptococcus pneumoniae, Eschmchia coli, and 
Staphylococcus aureus, gram-negative bacilli and Streptococcus 
pneumonia also may cause mwculoskeletal infection in neo
nates (245, 246). 

In the neonate, before the secondary centers of ossifica
tion appear, metaphyseal vessels penetrate directly into the 
chondroepiphysis. Osteomyelitis originating in the metaphysis 
can spread into the epiphysis and joint, with a reported associ
ation as high as 76% (243, 244). The transphyseal vessels per
sist until 6 to 18 months of age, when secondary ossification 
centers begin to form and the physis becomes a mechanical 
barrier to infection. Permanent growth arrest, physeal injury, 
and joint destruction can result. The lesson for the physi
cian is that when a septic joint is diagnosed in the neonate, a 
thorough search for osteomyelitis in an adjacent metaphysis or 
epiphysis is mandatory. 

The neonate cannot mount a normal immune response to 
infection, so typical symptoms, signs, and laboratory indica
tors of infection are often absent, and multiple sites of infec
tion are common. Physical examination often demonstrates 
swelling and pain or irritability with movement, but findings 
are often unremarkable, compared to what they would be in an 
older child. The leukocyte count and the differential leukocyte 
count are not reliably elevated, and patients may present with 
leukopenia (246). The blood cultures are positive in approxi
mately 50% of patients with proven infection. In a study by 
Klein examining the sensitivity of objective parameters in 
patients with septic arthritis of the hips, none of the neonates 
in the study group were febrile or had an elevated leukocyte 
count, but all did have an elevated ESR (65). 

Technetium bone scans may be helpful in detecting mul
tiple sites of infection, but false-negative studies often occur, 
and bone scan may not reveal all infected sites. The literature 
varies as to the sensitivity of technetium-99 scanning in neo
nates. In one repon on the value of bone scintigraphy in detec
tion of neonatal osteomyelitis, the sensitivity for diagnosing 
focal disease by clinical findings was 20%, radiography 65%, 
and bone scintigraphy 90% (247), but other investigators have 
found the bone scan to be less sensitive. Ash and Gilday (249) 
found that only 32% of proven sites of osteomyelitis in 10 
neonates were positive on bone scan. Higher resolution scin
tigraphy equipment and magnification views of all suspected 
areas appear to provide improved results (249). 

Aspiration of all suspected sites of bone or joint sepsis 
should be performed, and fluid aspirate sent for analysis 
including Gram stain and culture. One can make a strong case 
for aspirating both hips in any neonate with known osteomy
elitis or septic arthritis because 

• Multiple sites of involvement are common. 
• The proximal femur and the hip joint are frequently 

involved. 
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• Symptoms and signs are often subtle or lacking. 
• The hip is the most difficult joint to examine. 
• The window of opportunity for effective treatment is small. 
• The hip joint is the most frequent site of permanent 

sequelae. 

Treatment varies slightly from that in older children and 
should be managed in conjunction with a neonatologist or a 
pediatric infectious disease consultant whenever possible. Most 
importantly, initial antibiotic selection must cover bacteria 
unique to neonatal musculoskeletal infection (Table 12-2). In 
this age group, choices may include oxacillin along with genta
micin or a third-generation cephalosporin such as cefotaxime 
(Claforan). Ceftriaxone (Rocephin) is also a good choice in a 
child without jaundice. Because neonates are more prone to 
generalized sepsis, have less consistent oral antibiotic absorp
tion, and have less predictable radiographic and serologic 
response to treatment, it has been generally recommended that 
the entire course of treatment be intravenous (16, 95). 

Surgical debridement of septic arthritis and bone abscess 
is appropriate. To reduce the risk of permanent growth altera
tion or joint abnormality, cautious debridement of the chon
droepiphysis is indicated. 

Gonococcal Arthritis. Gonococcal arthritis is usually a 
sexually transmitted disease caused by the gram-negative dip
lococcus Neisseria gonorrhoeae. In the newborn, the disease is 
contracted from the mother during passage through the birth 
canal and results most commonly in conjunctivitis and scalp 
abscesses (250, 251). Gonococcal infection is also frequently 
seen in the adolescent age group. Although gonococcal infec
tion can take many forms, the orthopaedist is most likely to 
encounter this infection as septic arthritis following dissemina
tion of genitourinary disease. The delay between the genitouri
nary infection and the arthritis is variable, ranging from a few 
days to several weeks (252). 

When the disease is noted after the newborn period, 
before puberty, and in sexually inactive adolescents, sexual 
abuse should be suspected. Sexual abuse may occur in as many 
as 10% of all abuse cases, and it is estimated that between 5% 
and 20% of sexually abused children have a sexually trans
mitted disease, most commonly gonococcal infection (253, 
254). Children who are identified with or suspected of hav
ing a gonococcal infection should have cultures of all mucous 
membranes, including pharynx, vagina, and rectum, before 
the administration of antibiotics. These cultures should be 
handled in a manner that permits them to be used as evidence 
in coun. In addition, reponing of suspected cases is mandated 
by the Child Abuse Reponing Law. For all of these reasons, 
the orthopaedist should involve a knowledgeable pediatrician 
in the evaluation of these patients. 

The initial skin lesion seen in gonococcal infection is a 
small erythematous macule present on the genitalia. This may 
disappear or develop a small vesicle, followed by a necrotic 
center that may form a pustule. Approximately one-third of 
patients develop a distinctive rash that is the result of gonococcal 

septicemia. Additional associated S}'litemic symptoms include 
fever, tenosynovitis, and migratory polyarthralgia (255). 

Joint involvement is polyarticular in 80% of cases. The 
knee is most often affected, but it is important to remember 
that any joint, large or small, can be involved. The size of 
the effusion may vary widely and may even be absent. The 
involved joints are usually painful. The nature of the arthritis 
does not appear to have changed over the past several decades, 
although treatment with antibiotics has resulted in the vinual 
elimination of joint destruction (256-260). Osteomyelitis still 
may be seen as an occasional complication (261). 

Culture is the only way to confirm the diagnosis. Culture 
and Gram staining of joint fluid, and of the cervix of post
pubertal girls and the vagina of prepubertal girls, should be 
performed. Any urethral or prostatic discharge in boys should 
also be cultured and examined by Gram staining. Blood cul
tures should be routine. The organism may occasionally be 
isolated from skin lesions, but Gram staining gives a higher 
yield. 

N. gonorrhoeae is a difficult organism to grow, and spe
cial care is needed in the handling of the material for culture. 
Because the organism is sensitive to cold, material for culture 
should be plated directly onto a warm medium whenever pos
sible (262). Special culture tubes for transpon of gonococcal 
cultures are available and should be used; specimens should be 
delivered promptly to the bacteriology laboratory when direct 
plating is not feasible. Cultures from sterile sites (e.g., blood, 
synovial fluid) are plated on chocolate blood agar. Cultures 
from nonsterile sites (e.g., the vagina, skin lesions) should 
be plated on selective media (e.g., Thayer-Martin agar) that 
contains antibiotics to inhibit the growth of other organisms. 
Cultures are grown in a 5% to 10% C02 atmosphere. 

Increasing resistance of N. gonorrhoeae to penicillin 
and tetracycline makes parenteral administration of a third
generation cephalosporin (e.g., ceftriaxone, 50 mglkgld intra
muscularly or intravenously, once daily) the initial drug of 
choice (262) (Table 12-2). If the organism is demonstrated 
to be sensitive to it, penicillin can be used. Involvement of 
the hip joint requires surgical drainage. Recommendations for 
drainage of other joints remain variable. In other large joints 
with large amounts of purulent fluid, surgical drainage may 
be preferable to repeated needle aspiration. If surgical drain
age is used, it is wise to leave a closed suction drain in the 
joint, because the tendency to reaccumulate fluid in gonococ
cal infection is greater than with other forms of septic arthritis. 

Human Immunodeficiency Virus. Children with 
human immunodeficiency virus (HIV) infection have a pro
pensity for infection by S. pneumoniae (16). Fonunately, there 
is no information to date suggesting that the presenting signs or 
symptoms or recovery from infection are affected by HIV coin
fection; however, broad-spectrum antibiotic coverage is recom
mended due to the wide range of causative organisms that have 
been reponed in children with HIV infection (6). HIV infec
tion can have several musculoskeletal manifestations. Patients 
may experience rheumatologic manifestations of HIV as well 



as susceptibility to atypical musculoskeletal infection (263). 
Rheurn.atologic manifestations including Raynaud phenomenon, 
vasculitis, and arthralgia were identified by Maninez-Rojano in 
5 of 26 HIV-infected children (263, 264). All rheurn.atologic 
changes were seen in advanced stages of HN disease. 

Lyme Disease. Lyme disease is an atypical infection 
caused by the organism Borrelia burgdorfori. The organism is 
spread to humans through the bite of the deer tick, endemic to 
northern states in the upper Midwest and New England. The 
hallmark clinical feature of Lyme disease is the appearance of 
single or multiple expanding skin lesions, erythema migrans, 
which expand to at least 5 em and may have partial central 
dearing. The most common orthopaedic manifestation caused 
by B. burgdorfori is an intermittent reactive arthritis that does 
not cause the joint destruction seen in bacterial septic arthritis 
but causes recurrent intermittent swelling, stiffness, and pain. 
Arthralgia can occur in the acute or late phases of Lyme dis
ease and typically affects the knee (265). The clinical picture 
is often more similar to JRA than to bacterial septic arthritis, 
with swelling and stiffness but less severe pain. When com
pared to patients with septic arthritis, Lyme arthritis patients 
are less likely to have a history of elevated temperature, and 
tend to have a lower ESR and lower CRP (266). 

Standard anteroposterior and lateral plain film radio
graphs are appropriate as part of the routine evaluation of joint 
pain. MRI is not routinely indicated, but when performed, 
three features have been suggested to differentiate Lyme arthri
tis from acute septic arthritis: the presence of myositis, ade
nopathy, and the lack of subcutaneous edema (267). 

The diagnosis of reactive Lyme disease arthropathy is 
most often made by positive blood serology in a patient with 
a history of possible exposure and in whom other causes have 
been excluded. Almost all untreated patients have high levels of 
serum immunoglobulin G antibodies and sometimes low levels 
of immunoglobulin M antibodies to B. burgdorfori. At many 
centers, screening is done by EUSA and confirmed by Western 
blot. Serologic immunoglobins may persist after effective anti
biotic treatment and do not accurately distinguish between 
active or past infection. Joint aspirate fluid can also be tested 
for Lyme disease but is not necessary to make the diagnosis. 
Treatment in children is simply amoxicillin 25 to 50 mg/kgld 
divided b.i.d. for 3 weeks and is very effective at completely 
eliminating the organism and all musculoskeletal symptoms 
(268). A small percentage of patients have persistent knee syno
vitis that may be caused by intrasynovial autoimmunity (265). 

Occasionally, patients may present with acute arthritis that 
mimics septic arthritis. Willis et al. (267) reported a series of 10 
cases in which Lyme arthritis presented as acute painful arthritis. 
None of these 10 patients had a known history of a tick bite 
or had evidence of erythema migrans. Five patients were febrile 
at presentation, and all patients had limited joint motion with 
pain at motion endpoints. All the patients were able to ambulate 
independently at home, although two patients refused to bear 
weight at initial presentation to the orthopaedic surgeon. One
third of patients had an elevated serum WBC, but only one had a 

CHAPTER 12 I MUSCULOSKELETAL INFECTION m 
significant left shift. The ESR was elevated beyond 40 mm/hour 
in 60% of the cases and beyond normal (20 mm/hour) in 90% 
of cases. The CRP was elevated in 9 of 10 patients. 

Joint aspiration was performed in all cases and sent for cell 
count and differential as well as culture. The joint WBC count 
in this series of 1 0 patients with Lyme arthritis averaged 82,900 
cells per mm3 (range: 40,900 to 140,500), and 60% of the aspi
rates had more than 80,000 cells per mm3. In all patients, the 
percentage of polymorphonuclear cells was more than 80%. All 
patients had positive screening and confirmatory serologic test
ing for B. burgdorfori. Based on initial history, examination, and 
laboratory and joint aspirate data, seven patients underwent 
surgical joint irrigation. The factors that best differentiated 
cases of Lyme arthritis from septic arthritis in this series were 
the ability to ambulate and normal serum polymorphonuclear 
cell count. Rapid 1-hour Lyme immunoassays are now becom
ing available, which will greatly facilitate prompt diagnosis. 

Because Lyme arthritis shares features with both septic and 
nonseptic, non-Lyme arthritis, and because there is considerable 
overlap between septic, nonseptic, and Lyme arthritis, a clini
cally useful predictive model for Lyme arthritis has not been 
developed. Therefore, in endemic areas, Lyme testing should 
be performed on all patients presenting with acute monoarticu
lar arthritis (266). If the patient is ambulatory and has a nor
mal serum WBC and differential, and the rapid Lyme enzyme 
immunoassay (EIA) results are available and positive, the phy
sician may choose to initiate Lyme-specific antibiotic therapy 
while awaiting final joint aspiration cultures and confirmatory 
Lyme Western blot serologic testing. However, if rapid Lyme 
EIA results are not available or if there remains significant 
clinical suspicion regarding the diagnosis of septic arthritis, we 
recommend proceeding with immediate irrigation and debride
ment of the affected joint, and later altering the treatment regi
men appropriately based on the final results of preoperatively 
obtained bacterial cultures and two-stage Lyme serology. 

Varicella. Varicella zoster has been associated with sig
nificant musculoskeletal infection in children, most frequently 
caused by group A /3-hmwlytic Streptococcus (270-273). Group A 
/3-hemolytic Streptococcus may have a selective advantage in 
patients who have varicella because of its ability to gain access 
to deeper tissue through the varicella vesicle itsel£ The vesicle 
is created by a split in the epidermis that fills with a protein
aceous fluid. This may provide a route from the surface of the 
skin to the subcutaneous tissues, with subsequent bacteremia, or 
local spread, and musculoskeletal infection. Trauma to the skin 
from scratching may contribute to bacterial contamination of 
the varicella vesicle. Group A /3-hemolytic Streptococcus possesses 
tissue-dissolving enzymes such as hyaluronidase and streptolysin, 
which facilitate penetration of the tissue. In addition to local fac
tors, varicella appears to cause a transient systemic suppression of 
immunity, making patients susceptible to infection (274). 

Recent availability and use of a vaccine against varicella 
may lead to a decrease in musculoskeletal infection associated 
with varicella, but no studies have been published to confirm 
this hypothesis. Physicians should have a high level of suspicion 
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of musculoskeletal infection when examining children with 
varicella who have localized warmth and erythema, swelling, or 
pain or who refuse to bear weight. Prompt evaluation, appro
priate operative intervention, and adjunctive systemic antibi
otic therapy may prevent the spread of infection and the loss 
of life or limb. Because of transient immune suppression and 
susceptibility to infection, it is prudent to avoid elective surgery 
within 1 month of varicella infection or definite exposure. 

Sickle Cell Disease. Patients with sickle cell disease 
demonstrate a unique predilection for Salmotulla osteomy
elitis, and multiple sites may be involved (275-279). Patients 
with sickle cell disease have significant impairment in splenic 
function and are also at increased risk for infection caused by 
encapsulated organisms such as H. influenza~ and S. pn~
monia~. Musculoskeletal infection caused by such encapsulated 
organisms, however, is not as prevalent as Salmon~lla infection 
and typically occurs in children younger than 3 years com
pared with infection caused by Salmotulia, which has a peak 
onset between 5 and 10 years of age (274, 277, 278). In addi
tion to osteomyelitis, patients with sickle cell anemia are also 
at increased risk of developing septic arthritis, but Salmonella is 
not the most common causative organism. Staphylococcus spe
cies are the most common cause of septic arthritis in patients 
with sickle cell disease. 

Why patients with sickle cell anemia are predisposed 
to Salmonella infections has not been conclusively deter
mined. In&rction of intestinal mucosa may facilitate entry of 
Salmotulla into the circulatory system. Impaired splenic func
tion and decreased specific antibiotic production may con
tribute to susceptibility. Preceding episodes of bone avascular 
necrosis have been found to be more frequent in patients with 
osteomyelitis, suggesting that ischemic bone may provide a 
favorable environment for localized infection (280). Despite 
these clues, there is not a clear understanding why sickle cell 
disease causes susceptibility to Salmotulla infection. 

The incidence of osteomyelitis in patients with sickle cell 
anemia in the United States is low, despite the attention it 
receives in the literature. In 1971, Specht (281) found only 
82 cases in the literature, and the relatively few cases reported 
over several years in other large centers attest to the infrequent 
occurrence (282, 283). This low incidence is important to the 
orthopaedist when considered relative to the number of admis
sions for sickle cell crisis (283, 284). It is important to remem
ber that patients presenting with sickle cell ischemic crisis 
outnumber those with osteomyelitis associated with sickle cell 
disease 50: 1. 

Patients with sickle cell disease present a challenging 
diagnostic and treatment dilemma. Sickle cell disease causes 
patients to experience vasoocclusive crises and predisposes 
patients to musculoskeletal infection. Bone in&rction and 
bone infection may have identical clinical presentations but 
are treated with very different therapy; vasoocclusive crisis is 
treated with hydration and analgesia, whereas musculoskeletal 
infection requires antibiotics and occasionally emergent surgi
cal debridement. 

Considerable effort has been expended to develop a 
reliable means of differentiating between these two events. 
Clinical examination provides little help in differentiating 
between infarction and infection, because both patient groups 
tend to present with focal tenderness to palpation, swelling, 
and severe limp. Fever, elevated ESR, and elevated CRP are 
also commonly found with both conditions. 

Thoughtful consideration of sickle cell disease pathophysi
ology may be the most powerful tool in helping to differentiate 
between in&rction and infection. Clinically, the exquisite pain 
of ischemia associated with fever, swelling, and limp may show 
signs of improvement within 48 hours of initiating hydration 
therapy and appropriate analgesia, whereas clinical symptoms 
may continue to worsen, and ESR and CRP continue to rise, if 
the patient is experiencing musculoskeletal infection. 

Technetium bone scan is typically cold in the very early 
ischemic phase of a sickle cell crisis, whereas osteomyelitis is 
much more likely to immediately show increased uptake in 
the early stages of infection. As the sickle cell crisis evolves 
and local inflammation surrounds the area of infarction, bone 
scanning will show increased uptake within 36 to 48 hours, 
making serial scanning more helpful than a single isolated scan. 

MRI is emerging as the preferred imaging study used to 
differentiate between vasoocclusive crises and acute osteomy
elitis (285, 286). MRI findings of cortical defects, fluid collec
tions in adjacent soft tissue, and bone marrow enhancement 
are suggestive of infection over in&rction. Unfortunately, mar
row and soft-tissue changes seen with sepsis are not always 
reliably differentiated from ischemia on MRI (102, 287). As 
our knowledge and interpretation skills improve, MRI has the 
greatest promise to allow early identification of osteomyelitis 
in patients with sickle cell disease. 

Several investigators have found ultrasonography to be 
useful in differentiating vasoocclusive crises from osteomy
elitis (114, 288). Ultrasonographic scans in patients with 
vasoocclusive disease were totally normal, whereas those with 
osteomyelitis showed a variety of changes such as periosteal 
elevation, subperiosteal or intramedullary abscess, and corti
cal erosions. However, these are relatively late changes caused 
by osteomyelitis, and ultrasound may be less helpful in the 
early stages of infection. Ultrasonography is attractive because 
of its availability, relatively low cost, safety, and the short time 
needed to complete the evaluation. 

A unique manifestation of this disorder is a condi
tion known as sickle cell dactylitis, or hand-foot syndrome 
(39, 289). The condition occurs in infants and young children, 
usually those younger than 4 years. No case of a child older than 
7 years has been reponed. It may precede the diagnosis of sickle 
cell disease. The actual incidence is probably between 10% and 
20% of children with sickle cell disease, and it seems to be 
more common in Africa. Patients present with acute, painful 
swelling of the hands and feet. Although sickle cell dactylitis is 
considered to be a benign condition requiring no further evalu
ation (289), Salmonella osteomyelitis has been associated with 
this condition (290, 291). Laboratory tests do not help in the 
differential diagnosis. Radiographic findings in the hand-foot 



syndrome at first demonstrate only soft-tissue swelling, but 
after 7 to 14 days, periosteal new bone formation is visible, fol
lowed by medullary resorption, coarsening of trabeculae, and 
cortical thinning. The changes revert to normal in weeks to 
months. Chronic radiographic changes associated with sickle 
cell disease include biconcave deformity of the vertebral end 
plates and avascular necrosis of the femoral and humeral heads. 

With so few objective findings and tests to help differ
entiate between bone infarction and osteomyelitis, the ability 
to isolate a causative organism and confirm the diagnosis of 
infection becomes of great importance. Blood cultures should 
always be obtained, and aspiration ofbone should be performed 
whenever infection is suspected. Because sickle cell osteomyeli
tis has a predilection for diaphyseal location, it requires aspira
tion through cortical bone, which is a difficult procedure best 
performed in the operating room under sterile conditions. 

In the literature, recommendations for or against surgi
cal debridement are variable: some believe it to be the best 
treatment (292), some believe that patients do well without 
surgery (293--295), and others report surgery without specific 
indications (294, 295). A dose look at the outcomes and 
complications of this disease leads the modern orthopaedist 
to conclude that the most predictable treatment with high
est likelihood of rapid and complete eradication of infection 
and the lowest chance of late sequelae utilizes surgical drainage 
in addition to antibiotic therapy. Early diagnosis and prompt 
drainage of an abscess, especially in an area of infarction, may 
result in outcomes comparable with normal children having 
the usual course of pyogenic osteomyelitis. 

The question of using a tourniquet in patients with sickle 
cell disease who are undergoing extremity surgery is frequently 
raised because of the possibility that the ischemia may provoke 
thrombosis. This does not seem to be a problem; when the 
patient is properly prepared for surgery, no complications from 
the use of a tourniquet should result (296, 297). Appropriate 
precautions to reduce the incidence of vasoocdusive events 
include adequate preoperative hydration, avoidance of intra
operative hypothermia, and maintenance of adequate blood 
volume and oxygenation. Recent evidence suggests that preop
erative transfusion to achieve a hemoglobin of at least 1 0 g/ dL 
is recommended and is as effective at preventing vasoocclusive 
events as more aggressive exchange transfusion protocols that 
attempt to lower the sickle cell hemoglobin to a specific per
centage (298}. 

The literature is contradictory as to whether S. aur~ or 
Salmorulla is the more common infectious agent in patients 
with sickle cell anemia (293, 294, 297}, but this question has 
little clinical significance because both organisms must be cov
ered by antibiotic therapy. An article reviewing the world lit
erature since 1959 found Salmonella to be the most common 
(299). Initial antibiotic choices are cefotaxime (Claforan) or 
ceftriaxone (Rocephin), each of which covers both S. aur~ and 
Salmorulla species, including those Salmorulla resistant to ampi
cillin, chloramphenicol, or trimethoprim-sulfamethoxazole 
(Bacrrim) (Table 12-3). Initial antibiotics are administered 
intravenously; and conversion to oral antibiotic is made after 

CHAPTER 12 I MUSCULOSKELETAL INFECTION ICiDI 

clinical and laboratory signs of effective treatment response for 
a total duration of therapy of approximately 4 to 6 weeks. 

Arthritis may be seen in various forms in patients with 
sickle cell disease (300). The most common is an aseptic arthri
tis, most likely due to the sickle cell disease. It may be seen 
during crisis but is more often a transient synovitis, usually 
involving the knee, which resolves within 5 days (301, 302). A 
second form of aseptic arthritis is that associated with a remote 
Salmonella infection. This may he seen with other organisms, 
and the exact mechanism is not clear. Finally; the patient with 
sickle cell disease may have a septic arthritis. When this is the 
case, Salmonella is not the most likely organism. Salmonella 
is a rare organism in septic arthritis (302); when it occurs, 
it is most often in patients without sickle cell disease. When 
Salmonella septic arthritis occurs in patients with sickle cell 
anemia, it is most often from contiguous spread of osteomyeli
tis. More likely organisms in septic arthritis are Staphylococcus 
species (292, 303). As with osteomyelitis, there is a difference 
of opinion on the advisability of arthrotomy for drainage 
(292, 303). 

Autho(s Preferred Treatment. A 10-year-old child with 
known sickle cell disease presents following 24 hours of severe 
increasing bone pain. 

The initial evaluation in the emergency department 
should include CBC with differential, ESR, CRP, blood cul
tures, plain film radiographs, technetium hone scan, and MRI. 
Admission to the hospital is recommended with initiation of 
hydration therapy, appropriate analgesia, and transfusion if 
necessary to achieve a hemoglobin of 10 g/dL. If the patient's 
symptoms improve significantly with initial therapy, manage
ment of the ischemic episode is continued. If symptoms are 
unchanged or worsen, laboratory studies, technetium bone 
scan, and MRI are repeated approximately 48 hours after 
admission. If laboratory values or imaging studies are equivo
cal or suggest osteomyelitis, hone aspiration for culture and 
Gram stain is performed. Bone aspiration is performed in the 
operating room because it is very difficult to aspirate through 
diaphyseal hone where osteomyelitis associated with sickle cell 
disease is most likely to reside. Empiric antibiotic therapy cov
ering Salmonella and S. aureus is initiated and continued until 
culture results are available. If subperiosteal or bone abscess is 
encountered, surgical debridement is performed with wound 
closure over drains. 

Tuberculosis. Endemic in developing countries, there has 
been a recent resurgence of musculoskeletal infection caused 
by tuberculosis in devdoped countries as well (304). These 
data, which include patients of all ages, found 1985 to he the 
year with the lowest number of reported tuberculosis cases 
since the reporting began in 1953. However, since 1985, the 
incidence of tuberculosis has risen sharply. The largest increase 
has been reported for patients horn outside of the United 
States and its territories. In 1993, these patients comprised 
almost 30% of the reported cases. California, New York, and 
Texas saw the largest increases. The increased incidence has 
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been accompanied by HN infection and multidrug-resistant 
organisms. 

Because extrapulmonary tuberculosis is more common 
among children, particularly those younger than 5 years, the 
orthopaedic surgeon must again become aware of this possi
bility when evaluating chronic joint inflammation or chronic 
bone lesions. Patients who are exposed to tuberculosis may or 
may not become infected, and those who are infected may or 
may not become diseased. There is a time lag between infec
tion and diagnosis of the extrapulmonary disease of approxi
mately 1 year. 

Most patients are infected by human contact following the 
inhalation of droplets containing Mycobactmum tuberculosis. 
In developing countries, bovine tuberculosis may occur follow
ing the ingestion of unpasteurized milk. The tubercle bacilli 
may disseminate to bones or joints during the lymphatic and 
hematogenous spread of the initial infection. If the initial lung 
infection remains untreated, involvement of the bones and/or 
joints occurs in 5% to 10% of children (304, 305). The devel
opment of the lesions in bone is time- and location-related. 
Dactylitis may occur within a few months in younger children. 
Long-bone involvement may occur in 1 to 3 years. 

Compared with bacterial osteomyelitis, patients expe
riencing tuberculous osteomyelitis have a less acute onset 
with less severe symptoms, and delayed diagnosis is com
mon. Patients with tuberculosis osteomyelitis are typically 
afebrile, have less pain, and may have normal laboratory val
ues. Patients often experience local swelling, and initial radio
graphs may be normal (306). Osteolytic lesions develop with 
the focus of osteomyelitis usually in the metaphysis, occasion
ally in the epiphysis, and rarely in the diaphysis of long bones. 
Involvement of virtually any bone can occur (240, 307). 

As the osteomyelitis develops, it enlarges the area of bone 
destruction in a centrifugal fashion, producing a characteris
tic round lytic lesion with ill-defined margins. These lesions 
are filled with an inflammatory granulation tissue, creating a 
reactive hyperemia, which produces a wide area of osteopenia 
surrounding the lesion. This process is almost purely destruc
tive or lytic, with little or no bone reaction, no sclerotic mar
gins, and no periosteal response. Because of the chronicity and 
hyperemia, widening and accelerated growth of the epiphysis 
may be seen. Similar to pyogenic infection, the physeal plate 
offers little resistance to the spread of the infection. 

Skeletal tuberculosis most often affects the spine (308), 
usually in the anterior third of a vertebral body in the lower 
thoracic or the upper lumbar spine. The first lumbar vertebra is 
most commonly involved, whereas T1 0 infection is most com
monly associated with neurologic deficit (309). Paravertebral 
abscess formation is characteristic, and calcification developing 
within the abscess is almost diagnostic of a tuberculous abscess. 
The discs become involved when two adjacent vertebral bodies 
are affected. The bone lesions in the vertebral bodies are mainly 
destructive. This frequently leads to kyphotic deformity, which 
becomes rigid when chronic. Patients with significant kyphosis 
often present with neurologic deficit (310). 

Tuberculous arthritis usually affects the major JOints, 
particularly the hip and knee (Fig. 12-1 0). Involvement of 
the hip may be especially debilitating (311). Isolated joint 
infections, unusual in childhood, are initially characterized by 
effusion in addition to synovial proliferation and thickening. 
In the early stages, there are no radiographic characteristics 
that separate tuberculous arthritis from any chronic inflam
mation of the joint. As with the bone lesions, the hyperemia 
causes widespread osteopenia and may cause overgrowth of 
the epiphyses. The infection proceeds both by pannus forma
tion over the articular cartilage and by erosion of the sub
chondral bone, beginning at the synovial margins (312, 313). 
The result is joint space narrowing and subchondral cystic 
erosion. MRI may demonstrate central and peripheral ero
sions, active and chronic pannus, abscess, bone chips, and 
synovial changes (314). 

.As the infection continues untreated, large amounts of 
caseous material and pus accumulate and dissect along nor
mal tissue planes. Eventually, a sinus track to the surface is 
formed-a hallmark of a long-standing neglected case. The 
abscess formed by tuberculous infection is called a cold abscess 
because of the lack of any signs of acute inflammation. 

Two other presentations occur in childhood. The first, 
tuberculous dactylitis, may resemble sickle cell dactylitis, 
with swelling of the phalanges, metacarpals, and metatarsals. 
Tuberculous dactylitis is usually not very painful, however, and 
onset is usually consecutive rather than simultaneous. Before 
the availability of radiographs, this was called spina (Latin for 
"a short bone") vmtosa (meaning "inflated with air"). The 
radiographs show a cyst-like expansion of the tubular bones, 
with thinning of the cortex (315). A second presentation is 
with multifocal cystic involvement of the bone. This is char
acterized by areas of simultaneous destruction in the shafts of 
long bones and in flat bones, with a strong tendency to sym
metry (316). 

The first and most important step in the diagnosis of tuber
culous infection of the bone or joint is to consider it as a possi
bility. In addition, when tuberculosis is diagnosed, underlying 
HN infection must also be considered. Tuberculosis should 
be considered whenever a chronic-appearing bone lesion is 
encountered. Early diagnosis is important to prevent spread to 
a contiguous joint. The clinical picture is variable, depending 
on the location and the stage of the disease. It is characterized 
by its insidious onset; lack of characteristic inflammatory fea
tures, such as erythema; and bone destruction or joint involve
ment greater than the symptoms would suggest. 

Laboratory studies usually show a normal leukocyte count 
and an elevated ESR (311). The purified protein derivative 
skin test usually is positive. Radiographic changes are usually 
present at the time of presentation. The diagnosis depends on 
the identification of the organism M. tuberculosis. Positive cul
tures are obtained in 85.5% of patients who have both pul
monary and extrapulmonary diseases, in 83.5% of those with 
only pulmonary disease, and in 76.5% of those who have only 
extrapulmonary disease (317). M tuberculosis is one organism 



that can be reliably diagnosed by PCR (318--320), and tissue 
should be sent for PCR testing whenever possible. 

Tuberculosis produces a widespread synovial inflamma
tion, which may lead the surgeon to obtain biopsy material 
that does not contain mycobacteria and results in negative cul
tures. In tuberculosis arthritis without bone involvement, the 
biopsy should be taken from the peripheral junction of the 
synovium with the bone, or preferably from the junction of 
the synovium with a cyst (321). In cases with bone lesions, the 
granulation tissue filling the destructive bone lesion is the best 
material for biopsy. 

The treatment of skeletal tuberculosis is medical. Surgical 
debridement of the bone lesions is not necessary for a cure, 
although drainage of large abscesses often improves the 
patient's overall constitutional symptoms (316, 321, 322). 
In addition, open surgical biopsy is often necessary. Surgical 
treatment of the knee for early disease has been reported to 
achieve favorable results (323), whereas later-stage disease with 
joint space narrowing at presentation did not benefit from sur
gical treatment. Because of the effectiveness of drug therapy, 
there is little chance that surgical biopsy will lead to sinus for
mation. It is important to always be aware that superinfection 
with pyogenic organisms can occur, and this may be a reason 
for apparent treatment failure with antitubercular drugs. This 
is particularly true when a sinus has formed (322). 

Patients with active tuberculosis infection of the spine 
often benefit from surgical treatment (310). Indications for 
surgery include neurologic involvement, spinal instability, 
and failure of medical treatment (324). Although patients 
with neurologic involvement can recover with medical man
agement, they seem to do so faster with surgical management 
(325). Surgical treatment of the kyphosis produces a higher 
rate of union and less deformity than regimens without sur
gical stabilization (326, 327). Therefore, it appears that with 
contemporary surgical and anesthetic techniques, tuberculous 
kyphosis is best treated early with anterior surgery for debride
ment and strut grafting if indicated, as well as posterior instru
mentation. The treatment of spinal instability, especially that 
spanning more than two disc spaces, is difficult and requires 
both anterior arthrodesis with strut grafting and posterior 
arthrodesis with instrumentation (328). Surgical treatment 
must be accompanied by antituberculous treatment for at least 
a year, as shorter treatment duration has been associated with 
recurrent disease (310). 

Surgical treatment of chronic spine involvement is 
controversial and has shown inconsistent benefit over antitu
berculous treatment alone. Many cases do well with medical 
management only (325-327). 

Although the effectiveness of ambulatory drug treat
ment has been demonstrated (326, 327), there is evidence of 
an increasing incidence of resistant strains, due most likely 
to inadequate treatment of the initial infection (317). This 
emphasizes both the need for constant surveillance for drug 
resistance and the importance of careful supervision of out
patient oral therapy to be certain that compliance is optimal. 
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Antimicrobial therapy should be of at least 9 months' dura
tion, longer in children and immunocompromised hosts. 

Initial antimicrobial agent selection depends on the likeli
hood of drug-resistant organisms, whereas long-term selection 
should be guided by susceptibility testing. In those who are not 
at high risk for drug-resistant organisms, various regimens of 
isoniazid, rif.unpin, and pyrazinamide are recommended (329). 
In children who come from areas where antibiotics are sold 
over the counter, where high rates of drug-resistant tuberculo
sis occur, and when incomplete treatment may have resulted in 
multidrug-resistant strains, ethambutol or streptomycin should 
be added to the standard three-drug regimen. Treatment of bone 
and joint tuberculosis in children should be continued for 1 year. 

Subacute Osteomyelitis. Subacute osteomyelitis is 
characterized by insidious onset of pain, absence of systemic 
signs, and radiographic presence of a bone lesion at the time 
of presentation with no previous acute episode to suggest 
evolution of an acute osteomyelitis to a chronic form (330). 
Subacute osteomyelitis is becoming an increasingly prevalent 
form of musculoskeletal infection and often results in a diag
nostic and treatment dilemma (11). Because symptoms are 
often insidious in onset and less severe than in acute osteomy
elitis, diagnosis is often delayed (331). 

The atypical nature of subacute osteomyelitis is presumed 
to result from an increased host resistance, decreased virulence of 
the causative organism, and possible antibiotic exposure, causing 
alteration in the host-pathogen relationship. As a result, children 
typically present without the typical features of osteomyelitis, 
having only a mild limp or an intermittent pain of at least 1- to 
2-week duration. Systemic symptoms such as fever, malaise, and 
anorexia are absent. Supportive laboratory data are often incon
sistent. The leukocyte count is usually normal or only slighdy 
elevated. The ESR is usually elevated, although usually not as 
high as in AHO, and CRP is often normal (332). Blood cultures 
are usually negative (333), although curettings from the lesions 
are frequendy culture positive, usually for S. aureus. Histology is 
compatible with acute and chronic inflammation. 

Subacute osteomyelitis most frequendy involves lower 
extremity long bones, but the upper extremity, axial skeleton, 
hand, or foot may be involved {241, 333-335). Technetium-99 
bone scintigraphy is very sensitive for subacute osteomyelitis 
and can be helpful when the location of a suspected lesion is 
unclear. 

Standard radiographs show an abnormality in most 
patients, but the lesions often appear similar to neoplasm or 
other diagnoses. The radiographic classification system initially 
proposed by Gledhill (336) and modified by Roberts et al. (335) 
(Fig. 12-15) facilitates establishing a diagnosis. The most com
mon type of subacute osteomyelitis in the pediatric age group 
is the metaphyseal lesion (types IA and IB) {337). This repre
sents a true Brodie abscess, a localized abscess of bone without 
previous acute illness. The lesion is located eccentrically in the 
metaphysis, with frequent visible extension into the epiphysis. 
The second most common type is the epiphyseal lesion (type V) 
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RGURE 12-15. The variety of presentations of subacute hematog
enous osteomyelitis in the classification of Roberts et al. A:. Type lA is a 
punched-out metaphyseal lesion resembling an eosinophilic granuloma. 
B: Type IB is similar to type lA. but has a sclerotic cortex. C: Type II 
lesions erode the metaphyseal bone. often including the cortex. and 
appear as aggressive lesions. D: Type Ill lesions are localized cortical 
and periosteal reactions. simulating osteoid osteoma. E: Type IV lesions 
produce onionskin-like periosteal reactions in the diaphysis and resem
ble Ewing sarcoma. F: Type V lesions are epiphyseal erosions. G: Type 
VI lesions involve the vertebral bodies. (From Roberts JM. Drummond 
DS. Breed AL. et al. Subacute hematogenous osteomyelitis in children: 
a retrospective study. J Psdiatl Orthop 1982;2:2~254.) 
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(338-340). The radiographic appearance is similar to the lesion 
in the metaphysis, and it also may extend across the physis into 
the metaphysis. Despite crossing the physis, subacute osteomy
elitis rarely causes permanent growth alteration (332). 

The differential diagnosis for subacute osteomyeli
tis is dependent upon the radiographic appearance and the 
subtype of the lesion. The differential diagnoses for type I 
lesions include eosinophilic granuloma and, rarely, giant cell 
tumor. Type II metaphyseal lesions can mimic osteosarcoma, 
if aggressive, or metastatic neuroblastoma. Type III lesions 
cause cortical reaction and thickening and can be mistaken 
for an osteoid osteoma. The periosteal reaction seen in type 
IV lesions is a finding also seen with Ewing sarcoma. The dif
ferential diagnoses for type V lesions in the epiphysis include 
chondroblastoma, osteoid osteoma, eosinophilic granuloma, 
or enchondroma. 

MRI and CT are helpful when characterizing an unknown 
lesion. CT has the advantage of being relatively inexpensive 
and more readily available, whereas MRI provides greater 
information about soft tissues, bone, and marrow edema. A 
characteristic "penumbra sign," which is reportedly helpful in 
differentiating subacute osteomyelitis from neoplasm, has been 
described on T1-weighted MR images (341). 

Ross and Cole (309) divided the lesions into two catego
ries: aggressive lesions and more benign-appearing cavities in 
the region of the metaphysis and epiphysis. All of the lesions 
in the aggressive group that were in the diaphysis or metaphy
sis demonstrated onionskin periosteal new bone. The other 
lesions were all in the metaphysis or epiphysis and had the 
typical radiologic features of type I and V lesions described 
in the preceding text. Benign-appearing epiphyseal and 
metaphyseal cavities were treated with 48 hours of intravenous 
semisynthetic penicillin or first-generation cephalosporin fol
lowed by 6 weeks of oral antibiotic. Eighty-seven percent of 
the children treated with antibiotics alone healed their lesion. 
Antibiotic treatment failure was associated with increased 
patient age. Hamdy reported similar successful results with 
antibiotic treatment alone for benign-appearing lesions (333). 
Aggressive lesions, where the diagnosis cannot be conclusively 
determined, should be biopsied and treated with curettage if 
osteomyelitis is confirmed (342). 

Therefore, subacute osteomyelitis is distinctly different 
from acute or chronic osteomyelitis in that it responds predict
ably to antibiotic therapy, and surgical debridement is often 
unnecessary (11, 241, 309, 332, 333). Recommendations 
for route and duration of antibiotic treatment may vary, but 
the choice of antibiotic should cover S. aureus and typically 
consists of 2 to 7 days of parenteral antibiotics followed by 
oral antibiotics for a total treatment duration of 4 to 6 weeks. 
Surgery should be reserved for aggressive lesions and cases that 
do not respond to antibiotic therapy. 

Myositis. Myositis is a spontaneous muscle infection prev
alent in the developing world, accounting for up to 3% to 5% 
ofhospital admissions (11, 343). Because pyomyositis is being 
reported with increased frequency in developed countries and 
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commonly affects the musculature about the hip, where it may 
confound the diagnosis of septic arthritis, all orthopaedists 
should be aware of the condition (344-348). 

Because skeletal muscle inherently is resistant to bacterial 
infection, pyogenic muscle abscesses are infrequent. The devd
opment of pyomyositis, in the absence of penetrating trauma, 
presumably requires the coexistence of bacteremia and altera
tions in the microenvironment that facilitate the sequestration 
and proliferation of organisms. Many patients report a recent 
history of strenuous physical activity, which may in some 
way initiate the infectious process (217, 349). Once bacterial 
proliferation hegins, pyomyositis may progress through three 
stages during which clinical findings parallel the progression 
from diffuse inflammation to focal suppuration. The initial, 
invasive stage involves the insidious onset of dull, cramping 
pain, with or without low-grade fevers that progresses over 1 0 
to 21 days. An increase in the magnitude of symptoms, associ
ated with systemic signs, heralds the suppurative phase of the 
disease. Most patients present during this stage, and physical 
findings are more focal. The late stage includes fluctuations 
and more profound systemic manifestations that require urgent 
treatment (350). 

Although there does appear to be a propensity for involve
ment of muscles in the thigh and hip regions, other sites of 
involvement in children have included the chest wall, psoas, 
glutei, adductors, obturator internus and externus, quadriceps, 
hamstrings, gastrocsoleus, paraspinals, infraspinatus, subscap
ularis, biceps, triceps, and forearm muscles. 

The differential diagnoses included with myositis typi
cally include neoplasm, osteomyelitis, hematoma, and deep 
muscle contusion. The diagnosis is often delayed, and treat
ment mistakenly directed at incorrect diagnoses is common 
(1 09). Sedimentation rate is almost always elevated, and WBC 
count often is abnormal. Clinicians may have a strong sense of 
the presence of an infection but have difficulty localizing the 
source. Blood cultures are occasionally positive, and wound 
cultures frequently grow a causative organism, most often 
S. aureus (217, 351, 352). Streptococcus pyomyositis has been 
associated with varicella infection in children (353). 

Ultrasonography and CT can identify fluid collections 
and provide guidance for placement of a drainage catheter. 
MRI provides excellent soft-tissue detail and can identify 
abscesses and coexisting regional pathology such as septic 
arthritis and osteomyelitis and therefore is the imaging modal
ity most ideally suited for evaluation of myositis (217, 352, 
354). MRI with gadolinium enhancement may be able to 
differentiate between the invasive and purulent stages of the 
disease. This distinction is important because nonsuppurative 
myositis can usually be treated with antibiotic therapy alone, 
while abscess formation is typically an indication for surgical 
or percutaneous drainage (109). 

The treatment of pyomyositis depends on the stage in 
which it is diagnosed. Early stages of disease may be treated 
successfully with antibiotics. Later stages in which abscesses 
have formed require drainage. Although historically 
open surgical drainage has been used, recent reports have 
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suggested that percutaneous drainage in conjunction with 
appropriate antibiotic therapy is efficacious (109). Empiric 
intravenous antibiotic therapy with good Staphylococcus 
coverage is recommended. Conversion to oral antibiotic 
is appropriate following clinical response to treatment. 
Becawe of the excellent healing potential of skeletal muscle, 
antibiotic therapy should not need to be continued for as 
long as it would be for osteomyelitis. Duration of antibiotics 
should range from 2 to 4 weeks. With appropriate drainage 
and antibiotic treatment, persistent or recurrent infection is 
uncommon. 

Psoas Abscess. Psoas abscess is a bacterial infection that 
furms within or on the surface of the iliopsoas mwcle. Psoas 
abscess may arise primary or secondary to associated condi
tions such as appendicitis, inflammatory bowel disease, disci
tis, or vertebral osteomyelitis. Differentiation of a psoas abscess 
from septic arthritis of the hip can be a diagnostic challenge 
made difficult by the wide variability in clinical presentation 
of children with psoas abscess and the uncommon occurrence 
of the condition. 

Investigators in eastern Ontario reviewed 20 years of 
clinical data at 2 major pediatric hospitals and identified 
11 children with an average age at presentation of 8 years 
who were treated for psoas abscess (355). All 11 patients 
had pseudoparalysis of the hip with apparent flexion con
tracture and pain with active or passive motion in all planes. 
Additional symptoms may include limp, groin pain and 
swelling, back pain, abdominal pain, genitourinary pain, 
and thigh pain (356). 

The "psoas sign" has been described as being useful in dif
ferentiating septic arthritis from psoas abscess. It is performed 
by determining hip pain during ROM when the hip is in a 
flexed versus an extended position. When the hip is flexed, 
tension on the psoas is relaxed, and the patient with a psoas 
abscess may have minimal pain with hip internal and external 
rotation, whereas the patient with septic arthritis will have sig
nificant pain with the same motion. Extending the hip places 
the psoas muscle and the hip capsule under tension, result
ing in severe pain with internal and external rotation in both 
patient groups. This sign is useful when present but is not 
very specific, with many patients ultimately diagnosed with 
psoas abscess having significant hip irritability in all positions, 
including flexion. Other patients may have no hip pain what
soever. Atypical features such as femoral nerve neuropraxias or 
bladder irritability associated with hip pain are signs that may 
assist clinicians in differentiating between septic arthritis of the 
hip and psoas abscess. 

Sedimentation rate and leukocyte count have been 
elevated in more than 98% of patients reported in the 
literature (355). Plain film radiography is rarely useful in 
establishing a diagnosis; CT, MRI, and ultrasound are most 
helpful. Frequently the hip is aspirated, and occasionally 
debridement is performed before the diagnosis of psoas 
abscess is made. 

Once identified, a psoas abscess requires appropriate 
antibiotic treatment and, typically, drainage. The most com
mon infecting organism is S. aureus (356). Traditionally, 
drainage has been performed surgically, but more recently 
CT or ultrasound-guided percutaneous drainage has 
achieved equally successful results (357). Duration of antibi
otic therapy has varied from 3 weeks to 6 months depending 
on clinical response and normalization of sedimentation rate. 
Typically, most psoas abscesses can successfully be eradicated 
with adequate drainage and 3 to 6 weeks of appropriate anti
biotic therapy. 

Necrotizing Fasciitis. Necrotizing fasciitis is a rare but 
life-threatening infectiow process that involves the deep der
mis and the underlying fascia that must be treated emergently 
to avoid devastating consequences. Mortality associated with 
necortizing fasciitis in children has been reported in 5% to 
20% of cases (358-361). Necrotizing fasciitis may occur 
without identifiable trauma, minor trauma, major trauma, 
or postoperatively. In 70% of cases, the lower extremity is 
involved (362), but upper extremity involvement has been 
described as well (363). Group A f3 -hemolytic Streptococcus 
is the most common bacteria but MRSA is becoming more 
common and up to 75% of infections may be polymicrobial 
(359). Varicella infection been identified as a predisposing 
risk factor in Streptococcal necrotizing fasciitis (358, 360). 
Group A Strep species containing the speC gene and 
ST-15/emm-3 genetic sequences have been associated with 
necrotizing fasciitis as well (364, 365). The we of nonsteroi
dal anti-inflammatory drugs (NSAIDs) has been questioned 
as a possible risk factor for developing necrotizing fasciitis and 
while an association has been established a cawal relationship 
has not (366). 

Initial clinical findings are often unimpressive, fre
quently consisting of merely a painful area of cellulitis. 
Necrotizing fasciitis, more fulminant cellulitis, skin bullae, 
ecchymoses, fever, tachycardia, and hemodynamic instabil
ity may follow (358, 361). It is the combination of rapidly 
progressive soft-tissue infection associated with hemody
namic instability that suggests the presence of necrotiz
ing fasciitis. Ultrasound, CT, and MRI have been used to 
demonstrate fascial involvement, but definitive diagnosis is 
made by biopsy demonstrating involvement of skin, subcu
taneous tissue, and underling fascia. Early diagnosis surgi
cal treatment is imperative and should not be delayed by 
imaging studies. Emergent aggressive surgical debridement 
of all nonviable tissue is essential. Skin and subcutaneous 
tissue are often involved, muscle is typically spared, while 
the fascia is the primary focus of infection. "Dirty dishwa
ter" -like fluid is wually encountered in fascial planes, which 
mwt be decompressed and irrigated. Open wound packing 
prevents reaccumulation of infected fluid, allows contin
ued tissue decompression, and is followed by repeat irrita
tion and debridement. Initial antibiotic treatment should 
include high-dose penicillin for Strep coverage as well as 



Vancomycin for possible MRSA and then adjusted based on 
culrure results. 

Chronic Recurrent Multifocal Osteomyelitis. 
Chronic recurrent multifocal osteomyelitis (CRMO) is an 
inflammatory bone disease of uncertain etiology character
ized by an unpredictable and prolonged course with exacer
bations and spontaneous remissions occurring over a period 
of at least 6 months. Some affected children do not have 
multiple lesions or a recunent course and the term "chronic 
nonbacterial osteomyelitis" has been suggested (367). It is a 
nonpyogenic inflammatory process with a lack of demon
strable causative agent, occurring predominandy during 
childhood and adolescence (368). An increasing body of 
evidence is accwnulating that suggests CRMO is an auto
immune process that may have a genetic basis. Reviewing 
89 patients with CRMO, Jansson et al. (369) in Munich 
noted that 20% of all the patients demonstrated associ-
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ated autoimmune disorders, particularly of the skin and the 
bowel, and 30% of patients had elevation in ANAs. The 
presence of autoimmune diseases in 40% of all the families 
and multiply affected family members led authors to suggest 
a genetic basis for CRMO. 

At initial presentation, CRMO is often indistinguish
able from bacterial osteomyelitis. The most common pre
senting symptom is local bone pain at one or more sites, 
often associated with fever. Girls are affected in approxi
mately 70% of the cases (370). WBC is typically normal, 
but ESR and CRP are often elevated, and radiographs 
frequendy show a lytic destructive lesion in a long bone 
metaphysis (368). 

The characteristic metaphyseal lesions are usually wdJ. 
developed. These lesions consist of poorly delimited eccentric 
metaphyseallucencies along the physeal border (Fig. 12-16). 
The lesions have been shown to cross into the epiphysis (371, 
372). As healing occurs, sclerosis surrounds the lesion. When 
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FIGURE 12-16. A: A 12-year-old girl pre
sented with a returrent limp over a period of 18 
months. She complained of pain in the right knee. 
Examination demonstrated tenderness about the 
right knee. but no other signs of inflammation. 
Radiograph of the right knee showed metaphy
seal irregularity of the proximal tibia. B: Skeletal 
survey demonstrated additional similar lesions in 
the opposite knee, distal tibia, and radius. These 
lesions were asymptomatic. C: Radiographs 1 
year later show diffuse metaphyseal changes of 
the distal femur and proximal tibia of both legs. 
No antibiotics were administered, and the symp
toms resolved over the next several months. 
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the lesion extends into the conex, periosteal reaction may 
occur. This is more likely to be seen early in the course in the 
small tubular and flat bones. This picture can be confused with 
bony neoplasm, such as leukemia, Ewing sarcoma, or eosino
philic granuloma. 

The most common sites for these lesions are the distal and 
proximal metaphyses of the tibia and femur, and there may be 
a tendency for symmetric involvement. Other affected sites 
are the distal radius and ulna, the distal fibula, and the meta
tarsals, as well as the medial aspect of bones in the anterior 
chest wall. When the clavicle is involved, it typically presents 
as a chronic sclerosing osteomyelitis originating at the medial 
end and may demonstrate both lucencies and an onionskin 
periosteal reaction (373). Multifocal involvement is present 
in over 90% of patients but is often not simultaneous (368). 
Frequently, patients may experience a single symptomatic 
lesion but have other asymptomatic lesions that are identifi
able with bone scan, making technetium-99 bone scintigra
phy very helpful at establishing multifocal involvement and 
the diagnosis of CRMO, sometime before lesions are visible 
on plain film radiographs. CRMO is associated with a vari
ety of other curious disorders of bone and skin, including 
chronic sclerosing osteomyelitis of Garre, hyperostosis of the 
clavicle (374), sternocostoclavicular hyperostosis (375), and 
palmoplantar pustulosis (376-378). Because CRMO may 
be indistinguishable from bacterial osteomyelitis at initial 
presentation, bone culture and biopsy are often performed. 
Histopathologic features include chronic inflammation with a 
variety of cell types, occasional necrotic bone fragments, and 
fibrosis without the acute inflammation associated with bac
terial osteomyelitis. Infiltration with fibrovascular tissue and 
inflammatory cells, followed by osteoblast proliferation and 
trabecular thickening, have been noted in later stages of the 
disease (261, 370, 377). 

Response to anti-inflammatory drugs is predictable, 
with 90% of patients experiencing significant improvement 
in symptoms (368). Conicosteroids and interferon-y have 
also been used on a limited basis with success (379). The 
mainstay ofCRMO treatment is scheduled NSAID use dur
ing periods of exacerbations. A recent report suggests that 
Indomethacin may be especially effective (380). For those 
patients having inadequate response to NSAID therapy, 
the use of bisphosphonates is a promising new treatment 
(381-383). 

The time from onset of illness to remission of symptoms 
is 3 to 5 years, by which time CRMO seems to burn itself 
out, but a minority of patients may experience a prolonged 
course despite intensive treatment (384). No association has 
been observed between the number of lesions and the response 
to treatment or outcome. Long-term sequelae are rare, but pre
mature closure of a physis, bone deformity, kyphosis, chronic 
pain, and thoracic outlet syndrome have been reponed (356, 
385-387). 

When associated with synovitis, acne, pustulosis, 
hyperostosis, and osteitis, the condition is called SAPHO 

syndrome (388). Like CRMO, SAPHO etiology has not 
been determined. There is speculation of a genetic predis
position, with immunologic response to an infective agent. 
Propionibacterium acnes, a skin saprophyte, has been detected 
in the cutaneous lesions of severe acne and in the articular 
and osseous lesions associated with pustulosis. However, most 
biopsies of involved areas are negative, demonstrating non
specific inflammatory infiltrate. CRMO has also been associ
ated with psoriasis and inflammatory bowel disease, lending 
funher circumstantial evidence for an autoimmune-mediated 
cause (389, 390). 

Almost certainly a variation in expression of the same 
disease, the SAPHO clinical course is similar to CRMO, 
characterized by recurrences and remissions; it is benign and 
self-limiting, with NSAID treatment usually effective at con
trolling symptoms. Chronic bone changes may persist, with 
the initial inflammatory changes being replaced by Paget-lik.e 
features, including hypertrophic but inactive bone and fibrosis 
of the bone marrow (391). 

Sclerosing osteomyelitis of Garre may be considered a 
unifocal form ofCRMO and typically presents as an enlarged, 
painful segment of bone. The metaphysis of long bones and 
the mandible are the most commonly involved sites (11). 
Symptoms may fluctuate over time, resolving and then 
reappearing periodically over several years. Treatment typically 
consists of the symptomatic use of NSAIDs and bisphospho
nates should be considered for refractory cases. 

APPENDIX: A CLINICAL PRACTICE 
GUIDELINE FOR TREATMENT OF SEPTIC 
ARTHRITIS IN CHILDREN1 

Clinical Practice Guidelines Disclaimer Statement: This 
Clinical Practice Guideline {Algorithm 12-1) is designed 
to provide clinicians an analytical framework for evaluation 
and treatment of a particular diagnosis or condition. It is not 
intended to establish a protocol or to identify all patients 
with a particular condition, nor is it intended to replace a 
clinician's clinical judgment. A clinician's adherence to this 
Clinical Practice Guideline is voluntary. It is understood that 
some patients will not fit into the clinical conditions contem
plated by this dinical Practice Guiddine and that the rec
ommendations contained in this Clinical Practice Guideline 
should not be considered inclusive of all proper methods or 
exclusive of other methods of care reasonably directed to 
obtaining the same results. Decisions to adopt any specific 
recommendation of this Clinical Practice Guideline must be 
made by the clinician in light of available resources and the 
individual circumstances presented by the patient. 

1 From Kocher MS, Mandiga R, Murphy JM, et al. A clinical prac
tice guideline for treannent of septic arthritis in children: efficacy in 
improving proce.o;s of care and effect on outcome of septic arthritis of 
the hip. J Bone Joint Surg 2003;85A:994-999, with permission. 



CHAPTER 12 I MUSCULOSKELETAL INFECTION l1lJI 

Septic Arthritis CPG Algoritltm 

Patient batwaen 6 months aoo 18 years of 
age with suspicion of septic 811Mtis (refer to 

Signs}Symptnms and Exclusion Cl'iteria) 

Sig~nc 
• solitary joirrt pain 
-limited ROM 
·limping. inability tD bear 
weight (I.E! 

IEJ:clniDI c:tiiiiM: 
·major <»eXisting disease' 
• post-operutive infuction' 
·chronic joint infection' 1CollSultiD 

·fiMlr 
• petfon~ting injurieS~ 
·psoriasis! 2Colllult Rhau1111tology 

·polyarthritis 

2 3 

PE consistent with septic arthritis (includi~ 8bsence of 
specific rashes, such as psoriasis, etythema migransl7 

PA'nENT OR= CPC: 
amsult Rheumatology 01ID 

4 

5 

ub !Annotation A): 
·CflP 
·ESA 
• CBC with differential 
·Lyme tatalantibDdy titer 
·nasal and ~aryngeel swab for MASA 
(send 10ge1iletl 

·no contact precol!lions needed 
·blood culture 

rm.gint: 
• radiogra~s 
• colllider UJS fOI' joint affusion. esptJCialfr 
if hip is involved 

8 

Lab/imoging findi~' suggastiva of $8plic arthritis? No PA'nENT OFF CIIG: 
1reul 8$ clinically indicated 

7 

Alpi1'1111DI 
• seod in whole syringa 10 lab control (Annotation Bl. 
• Ol'det' cell coont. gram stain. and culture 
• Orthopaedics consult 
·if involvud joirrt other !hun hip, aspirution by !l'daril'(l sar¥ice 
·if hip involved. Radiology 8llpilllt83 via U/S guidance 

Clinic.! Pnctic1 Guidlli111 Dilclairnr S.111a• 
"This Clinical Practice Guideline is designed to JJOVide clinicians 8n analytical fnll'JeWOI'k for mluatian and 
treatment of a particular diagoosis or condition. This Clinical Practice Guideline is not intended to establish a 
protocol for all patients with a particular condition, nor is it intended 10 replace a clinician's clinical judgment. A 
clinicim's adhecfloce to this Clinical Pmctioe Guideline is volunterv. It is undarswod that some patients will not 
fit the clinical conditions contemplat8tt by this Clinical Practice Guideline and that the lllCOillmendatians 
contained in this Clinical Practice Guideline should not be consmed ioclusive of all proper methods or 
mlusive of otllef methods of care reasonabl'{ direct 10 obtainil'(l the same results. Decisions to adopt any 
:specific recgmmendBtion of this Clinical Pre~;tice Guideline must be made by the clinician in light of available 
rl*!urces and the indMdual circumstanoes presented by 1ha patient. • 
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Septic Arthritis CPG Algorithm 

8 9 

AJpiration results: 
Aspirstion result1: 25,000 to 50,000 'MIC'I 

10 

<25.000 'NBC-........, 
.,_till: 

> 50,000 WBC Oil po1itive Gram min? t---
--------~------~~ --------~------~ 

- considllr Rhaumutolow 
consult 

- patlllll lllf CPG 

Yes 

leplll: Artllrltll: 
-if hip. shoulder. or knee, to OR for I&D; 
- if ather joint lnvo lved, Orthopaedics may 
t:Onsidar OR. 

- 10 consuh for all patientl 
- rJ antibioti~ par CPG ordln x n h: 
- rJ wnt:O~in ami ceftrillxons 
-If PCN allergy, rJ clindamycin and 
c;eftriaxone 

-Initiate physical ther&P'f prn on hospital 
day2 

16 

Is patient lhowing cl inica I improvement 
(afebrile, decrasud IOC81izad SWI!IIin~~o 
decreaaedlno pe in. irma111C1 ROM) afiBr n h 
of rJ antibioti:s and MRSA negative? 

18 Yet I 
Does putient meet cril!ria ftlf PO antibiotics? 
-diagno1i1 within 4 daYI of onset of 

l'/lllp!Qms 
- no concurrent osteomyelitis 
-able to tolerate P01 
- negllive MRSA 
- negllive L)me 

Yet 

20~----------L------------

21 

H patient on: 
- rJ eefazulin. switl;h to PO caphalaxin 100 

rrcJikgfday in 4 daily dosesx 21 days 
(max dose: 4g/day) 

- If pt not on rJ cafmolin or eeftriaxone. 
t:Onsuh ID rs: PO antibioti:s selection 

Was peti&nt able to tollnta PO antibiotic(/ 

23 

Doss patient mea1 diJC:harga criteria? 

25 Yes 

Di~elllr,.llo111: 
- if patierrt unable to ambulate, mrta in PT 
- BIT8RUB follow-up 1-2 W88~ 

No 

No 

r 

r 

No 

No 

Yes 

15 

Potllbltll!lllc althrtlll 
-obtain Rheumatology consult 
-got tll box 12 or 14 balled on clinical suspicion 

17 

Pllli•• on CI'C 
wrify antibiotic do1e i1 t:Orrect 

Yes 

Wait ftlf Lyme li1Br and/or Mill affectad joint 

13 

- if bacl8ria not •nsitiw tll antibiotic•. obtllin ID con1ult 

Lyme disease diagnosis off CPG 
- umoxici IIi n < 8 yr old as par 

Intact ion Contro I -if synovial W9C rising. consider surgical 

19 

drainage !if drainage indicated. send 
cultures and putholowl 

~'~~~•• on era: 
mrtinue rJ antibioti~ and 1reet IS clinically indicated 

22 

·G PadlntonCPti: 
' _ 11'881 as clinically indicatad 

24 

•G c.tlluel-enlc:.e 
· _until petierrt meets discharge ail!ria 

D jw;burnu crjtBrip· 

) 

) 

- daxycyd ine > B yr old IS per 
Infection Contro I 

- patierrt showing clinical improvement x 72 h (af!!llrile, decreased 
IOC81izad IWI!IIin~~o inm~a.ud ROM, decreaaud/no pain) 

- patient tlllefllling PO antibiotics 
- caregiver able tll administer PO antibiotics as ordered 
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Septic Arthritis CPG Algorithm Annotations 

Annotation A: Prel im inary work-up la boratory information 

Test Blood Specimen Type of Tube Used Form to Complete: For: Send Specimen Resul ts returned: 
Amount with Patient Label To: 

CRP Minimum 1 mL Mint green top tube Hematology/ Core Lab Lab Control ~d 
C-Reaction Protein Chemistry 

Sed Rate (ESR) ~ ml Lavender top tube Hematology/ Hematology Lab Control f<4 h 
Erythrocyte Chemistry 
Sedimentation Rate 

~,;6C/Pit + Diff Minimum 1 mL Lavender top tube Hematology/ H'ematology Lab Control !Stat 30 min 
Complete Blood Count, Mix speci men by Chemistry Routine: 1 h 
Platelets and ~erttle inversion 
Differential ~10 

Lyme Titer ~mL Red top tube Children's Hospital ARUP laboratory Lab Control ~d 
Misc. Form 

Blood Culture ~ ml: Blood culture bottles Bacteriology Bacteriology Lab Control Prelim: 24 h and 48 h 
1 mL minimum into •state cl inical 
~erobic btl diagnosis Final negative· 6 d 

Rapid Strep Throat N/A Culturette Swab 1. Mise form Hematology Lab Control f48 h 
Culture (two swabs) 2. Bacteriology Bacteriology 

ASLO 1 mL Red top tube Herne/Chern ARUP laboratory Lab Control 12-5 d 

Annotatton l:i: AspiratiOn Laboratory lntormatton 

Aspirates Blood Specimen Type of Tube Used with Form to Complete: For: Send Specimen Results 
Amount Patient Label To: returned: 

Cell count 1-2 mL Sterile tube or send joint Hematology/Chemistry Hematology Lab Control Stat: 1 h 
!aspirate in its syringe Us.e Other Fluid co1umn Routine: 2 h 

Requisition must state 
specific s ite of specimen, 
age of patient and c linical 
diagnosis 

Gram stain Minimum 2 (lrQpS or !Sterile specimen Bacteriology Bacteriology Lab Control $tat ; 1 h 
one swab ~ontainer, or sterile tub Rout ine : 8-12 h 

p r appropriate tub for Use wound, t issue, fluid, asap 
' tlf culture to be fswab. Or send joint bone, bone marrow section 
included, m inimum !aspirate in its syringe C&S(gram) 
wo swabs and 

O.S ml Requisit ion must state 
specific s ite of specimen, 
age of patient and clinical 
diagnosis 
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