






195 G. Caramia et al.! Bone andj oint infections in children 

Table l 
Principal pathogens responsible for ostcoarticular infections in the pediarric age 

Age Pathogens 

Newboms 

:s:; 5 year s 

> 5 years 

Adolescents 

Staphylococcus aureus 
Streptococcus agalactiae 
Enterobacteria 
Candida spp. 
Staph ylo coc cus aureus 
Strepto coccus pyog enes 
Streptococcus pneumoniae 
Kingella kingae 
Haemophilus infiueru ae type b (only in those immunodeficients) 
Siaph ylococcus aureus 
Streptococcus pyogenes 
Neis seria gonorrhoeae 

Staphylococcus pyogenes, Streptococcus pneumoniae 
and King ella kingae are prevalent [6,7]. 

S. pyogenes causes about 10% of osteomyelitis in 
pre-school age children [8]. Many cases of osteomyeli
tis with this organism have a history of past chicken
pox infections, As compared to disease due to S. au
reus, there is high fever and leukocytosis in S. pyogenes 
infections [8]. 

The incidence of the osteomyelitis from S. pneumo
niae is relatively low (about 1-4% ofthe cases). These 
cases usually are seen early in life with a high frequen
cy of joint involvement [9]. The protection afforded 
by multivalent anti-pneumococcal vacciues on the in
cidence of osteomyelitis from this organism requires 
study [9}. 

K. kingae, a Gram negative coccobacil1us, is emerg
ing as a cause of osteoarticular infections in pediatric 
age particularly duriug the first two years of life [lO]. 
A recent study found K. kingae second only to S. au
reus, with an incidence of 14% [lI]. This is a nor
mal saprophyte of the respiratory tract that may invade 
and spread through the blood following a damage of 
air-way mucosa. Osteomyelitis due to this organism is 
often preceded by inflammation of the air -ways or by 
stornatitis [lO]. 

Influenza type b is infrequently fouud as a cause of 
osteomyelitis since the introduction of widespread vac
cination against this organismo Pediatric osteoarticu
lar infection is rare in the completely immunized child 
although other serotypes may result in infection [5]. 

Infections due to mixed flora, Pseudomonas spp. , S. 
aureus , enterobacters and anaerobic bacteria may result 
from penetrating wounds of the feet. The source of 
infection is ofteo the spongy soles of tennis shoes [3). 

The anaerobic infections due to Bacteroides spp., 
Fusobacterium spp. , Clostridium spp. and Peptostrep
tococcus spp. rarely cause osteomyelitis but when they 
do, they result frorn chronic sinusitis or dental mastoidi

tis . Salmonella spp. , S. aureus and less frequently Es
cherichia coli, Haemophylus influenza type b, Shigel
la spp. and S. pneumoniae can cause bone infections 
in the children with severe falciparum malarial aue
mia. lnfections fromMycobacterium, Bartonella, Cox
iella burnetii or fungi aiso cause unusual cases of os
teomyelitis [5) (Table 2). Specific etiology of the os
teornyelitis may not be determined untii after empirical 
treatment for S. aureus infection [12]. 

1.4 . Clinical presentation 

In iufants, osteomyelitis is a serious infection that 
results, nearly always, iu bacteremia and infections 
involving long bones and contiguous articulations in 
70% of cases [6]. Antecedent infections are present 
in the half of the cases, usually hospital acquired. Os
teomyelitis in infants presents in two forms. The light 
form is characterized by poorly localized signs without 
evidence of systemic infection while in the severe form 
there are signs of sepsis [5,6]. 

The first form, which is the more frequently ob
served, is the result of transitory bacteremia that causes 
minirnal inflammation and suppuration. Infants display 
normal development without feeding problems. The 
clinicai signs are minimal and the temperature is nor
mal or minimally elevated. The first sign of the disease 
is the edema of the extremity or the proximal articu
lation with excessive irritability on planar extension. 
Clinicai evideoce is embodied in the classic signs of the 
inflarnrnation: rubor; filinoI; calor, dol or and lesa fun e
tio during active or passive movements of the affected 
limb (pseudoparalysis) [5-7]. 

The severe form is the result of an extended and in
tense bacteremia. Newborns are lethargic, show feed
ing problems, icterus and other signs of sepsis. In 
these cases the bone and articular infection can appear 
sirnultaneously [5,6]. 
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Table 2 
Pathogens responsible for osteoartieular infections in the pediatrie age group [5] 

Risk faetors Pathogens 

Osteomyelitis 
Small farm animal exposure 
Exposure to eats 
Travels/Contact with travelers 
Sinusites/mastoiditesldental abseesses 
Penetrating wounds to the feet 
Bites of animals or men 
Anemia falciforme 
Travels or residenee in endemie areas ± immunosuppression 

Chronie granulomatose disease arthritis 

Arthritis 

Coxiella bumetii
 
Bartonella
 
Mycobacterium
 
Anaerobes
 
Pseudomonas spp., Staphylococcus aureus
 
Pasteurella multocida, Eikenella corrodens
 
Salmonella spp., S. aureus
 
Coccidioides immitis, Blastomyces dermatitidis, Histoplasma capsulatum,
 
Cryptococcus neoformans
 
Aspergillus, S. aureus, Serratia spp. 

Exposure to mints in endemie areas Borrelia burgdorferi 
Travels/Contact with travelers M. tubercolosis 
Rat exposure Streptobacillus moniliformis, Spirillum minus 
Viral infections Rosolia, Parvovirus B19, Varicella zoster; Hepatitis B 
Travels or residenee in endemie areas ± immunosuppression Coccidioides immitis, Blastomyces dermatitidis, Histoplasma capsulatum, 

Cryptococcus neoformans 
Babies with eentral venous eatheter Candida spp. 

The osteomyelitis of the pelvis occurs between 1% 
to Il % of alI the acute hematogenous osteomyelitis 
mostly in the older children [13]. All the bones of 
the pelvis can be involved but more often infection is 
centered in the ileum because of the wealth of blood 
flow. The symptoms include pain in the hip, buttocks, 
sacral and abdominal region. Fever may be absent. The 
physical examination demonstrates pain on movements 
of the hip and during ambulation. The symptoms are 
nonspecific, poorly localized and often are attributed to 
other diseases like the arthritis ofthe hip or appendicitis. 
Diagnosis often is delayed [13]. 

The spinal osteomyelitis can involve both the inter
vertebral discs and the vertebral bodies. Spinal os
teomyelitis is seen in children less than five years old 
in either sex and mainly involves the lumbar region [3]. 
The average duration of symptoms prior to diagnosis 
is lO weeks. Infection of thoracic vertebral bodies 
may result in symptoms that simulate abdominal dis
ease with vomiting and abdominal pain. Fever may 
be absent or of low degree. In many patients, there is 
a history of infection of the upper airway. Vertebral 
osteomyelitis that is seen in children older than 8 years 
occurs above the lumbar area [3]. Hospital admission 
results from high fever often preceded by persistent 
low fever and dull and constant pain in the involved 
region. In approximately 2% of the cases, vertebral 
osteomyelitis resu1ts from urine tract infection. Pseu
domonas aeruginosa has been recognized as the cause 
ofvertebral infection in heroin abusing adolescents [3, 
5]. 

Osteomyelitis from penetrating wounds occurs most 
frequently following injury to the foot or ankle. The 
osteomyelitis of the foot is seen in children, 9 to 18 
years old and is defined as an osteocondritis [3]. Signs 
of infection occur approximately 48-72 hours after the 
wounding incident and appear as local pain, edema and 
erythema. Systemic symptoms are few, with or without 
low fever. In 90% of the cases, the etiologic agent is 
p. aeruginosa recovered in the spongy sole of tennis 
shoes. The osteomyelitis of the rotula is observed in 5 
to 15 years old children during period of vasculariza
tion [3]. The clinical signs appear a week after perfo
rating injury and are characterized by pain on the front 
face of the rotula followed by extension to the leg [3, 
5]. 

The recurrent multifocal chronic osteomyelitis is 
characterized by recurrent multiple, focal inflammatory 
lesions of the bone with fever and pain involving girls 
less than lO years old (female/male ratio: 4/1) [14]. 
Lesions are mainly in the long bones and the c1avi
c1e, symrnetrical at the beginning. In 20% of cases, 
the syndrome is associated with a pustular eruption of 
the palms and soles. Some patients have an associated 
Sweet syndrome (cutaneous, hardened, painful soles 
accompanied by fever and leukocytosis) and psoriasis 
vulgaris [14]. 

The differential diagnosis of the bone pain inc1udes 
trauma, tumors (acute leukemia, Ewings' sarcoma,os
teosarcoma) and bone infarcts in patients with falci
form anemia. The differential diagnosis between bone 
infarct and infection in the children with falciform ane
mia is difficult because initial symptoms of fever and 



197 G. Caramia et al. / Dane and j oint infections in children 

pain are cornmon; moreover infarcts predispose to in
fection [3,5]. 

The duration of syrnptoms before hospital adini ssion 
ranges from 1 to 14 days with an average of 4 days [5]. 
The most frequent syrnptoms are the local pain (95% 
of the cases), fever (80%), signs like calar, tumor and 
rnbor(75 %) andreduced articu lar motility (60 %) [5,6]. 
The nature offever does not correlate with the severity 
of osteomyelitis [5] . 

1.5. Diagnosis 

The diagnosis of osteomyelitis is mainly based on 
the clinical characteristics confirrned by laboratory and 
radiological investigations , The white blood celi counts 
can be normal or increased . The C-reactive protein 
(CRP) ìs elevated in 98% of the cases while the ery
throcyte sedimentation rate (ESR) is elevated in 80
90% of cases [5,6,15]. The peak of the CRP OCClifS 48 
hours afte r onset while peak ESR is observed 3- 5 days 
after onset [16]. The CRP returns to the normal range 
7-10 days after appropriate antibiotic therapy while the 
ESR rernains elevated for 3-4 weeks in spite of the 
treacment [16]. Patients needing surgical intervention 
or drainage procedures are those with cootinuous ele
vation of the ESR and of the CRP. A bacteriological 
diagnosis can be made io approximately 60% of the 
cases with bone or blood cultures taken [6]. In os
teomyel itis cases with negative microbial culture who 
do not benefit from empirical antibiotic therapy req uire 
a bone biopsy for bacterial culture, my cobacteria and 
fungi [4]. The direct inocula tion of biopsy material 
into an aerobic culture improves the rate of isolation of 
the K. kingae, requiring a long incubation period [ IO]. 

During the early period of the disease, convention
al radiological examioatioo shows a swelli ng localized 
deep in soft tissue. The bone destruction and periostal 
neoformation of bo ne appears 10-21 day s after onset 
of syrnptorns [5, 15]. In some cases of demonstrat
ed osteomyelitìs the booe lesions cannot be visualized 
because prompt diagnosis and ear ly treatment prevent 
bone destruction. In the first week afte r onset of syrnp
toms, on1y 42 % of conventional X-rays are diagnos
tic [6]. 

The sen siriviry of booe scintigraphy, using gamma
issuing isot opes, diphosphonate technetium 99m, is be
tween 80% and 100% whiJe the specificity is of 70
96 % [5,6 ,15]. Bone scintigraphy can confirm the di
agnosis 24-48 hours after onset of symptoms even in 
the presence of low mineralizati on of the bone. Some 
authors prefer scintigraphy rather than magnetic res 

onance imaging (MRI) because the procedure is less 
expensive, generaLly does not require sedation and is 
usefuI to diagnose multifoca l types or in cases when 
the exact localization of the infection is not obv iou s on 
physical examination [17]. Bone scintigraphy can be 
positive in diseases with increased osteoblastic activity 
such as tumors, fractures , ce llu lites and arthritis [15, 
17]. 

The MRI prov ides an excellent resolution of bone 
and soft tissues with a sensitivity of 97% and a speci
ficity of 92% [15] . The MRI can detect early abscesses 
of the soft tissues , edema of the bone marrow aod bo ne 
destruction. In suspected spinal or peIvic osteomyeIi
tis the MRI is the techn.ique of choice [5]. The MRI 
show s a better spatial resolut ion than does scintigraphy 
and it is preferable in cases scheduled for diagnostic or 
therapeutic surgery. The limitations of the MRI include 
high costs, the need to sedate young children and its 
inability to detect tissue damage in regions not included 
in study [5, 15]. 

The ultrasonography and tomography are not par
ticularly usefu l in the diagnosis of the suspected os
teomyelitis . However, ultrasonography shows fluid de 
posits (i.e. abscess) or an anomaly on the surface ofthe 
bone (i .e. periostitis) , while the tornography can find 
smaLlquantity of gas of osteolysis in the cortical bone 
or small strangers bodies [3]. 

1.6. Therapeutic management 

The success of the tre atment in osteomyelitis de
pends on choice and adrninistration regimen of antibi
otics and by integration of surgical approaches when 
necessary. Better results are obtained when the an
tibi otic therapy is performed both early and systemi
cally. In a Canadian srudy, 87% of the patients were 
treated with a single antibiotic with a resolution rate of 
96% [16]. 

The choice of the initial antìbioric therapy mu st take 
into consideration the pathogens that , based on age , 
are the expected cau se, as well as ph armacodynarnic 
and pharmacokinetic factors, such as the bactericidal 
activity, bone penetration, and individuai tolerance to 
the drug [18] . 

Data showing antibiotics in relation to bone pene
tratìon are summarized in Table 3. Although antibi
otic s differ in time to achieve sterility and percent reso
lution, ali antibiotics result in effective concentrations 
in bone [18]. Clindamycin prov ides bone concentra
tions of 98% compared 1.0serum values and adverse ef
fects such as pseudomembranous colitis from Clostrid
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Tab1e 3 
Concentration of se1ected antibiotics in bone following tbeir adrninistration in exper
imental osteomyelitis caused by Staphylococcus aureus [18] 

Antibiotics Serum Infected bone Concentration bonelserum 
(/-LglmL) (/-Lglg) (%) 

Flucloxacillin 15 0.9-1.3 8 
Nafcillin 21.8 0.21 0.9 
Amoxicillin clavulanate 3-4 0.35 lO 
Cefazolin 67.2 0041 0.6 
Clindamicin 12.1 11.9 98 
Rifampicin 6.4 1.7 28 
Vancomicin 57 804 14 
Teicop1anin 110 71 65 
Linezolid 12-18 8.5 45 

Tab1e 4
 
Empirical parenteral antibiotic tberapy in acute osteomyelitis and in septic arthritis
 

Age Drugs Severe al1ergic reaction 
ortoxicity 

Newborn AmpicillinlSulbactam* + Aminog1ycosides Linezolid + Aztreonam 
2 months - 5 years ** Ampicillin/Sulbactam" + Cefotaxime or Linezolid or Clindarnicin 

Ceftriaxone or Ceftazidime"?"* or Rifampicin + Aztreonam" * 
> 5 years*** AmpicillinlSulbactam* + Ceftazidime"*** Linezolid or Clindarnicin or 

Rifampicin + Aztreonarn'"?" 

"Use teicop1anin or vancomycin if organisms suspected are metbicillin-resistant staphy1ococcus or if tbe
 
rate of methicillin-resistant stocks is > 5-10%.
 
**Use cephalosporin only in chi1dren who have not been comp1etely vaccinated against Haemophilus
 
influenza type b.
 
***To associate tbe Ceftriaxone in tbe suspicion of an infection from Neisseria gonorrhoeae.
 
***"In foot and vertebra! osteomyelitis.
 

ium difficile in the 5-8% of the cases. The Iast gen
eration quinolones, generalIy contraindicated in pedi
atrics, show good concentration in bones although in
creased resistance of treated S. aureus organisms has 
been reported [18]. Rifampicin is an ideal drug to treat 
osteomyelitis (bone concentrations are 30% of serum 
concentration). It is tak:en up by Ieukocytes that have 
ingested bacteria and it is effective against adherent 
bacteria such as S. aureus [18]. Its use is sometimes 
limited due to the deveIopment of resistance and its fre
quent adverse effects on liver. The gIycopeptides, van
comycin and teicoplanin, are used in the case of MRSA. 
Effective concentrations can achieve therapeutic IeveIs 
in the bone even though vancomycin exhibits decreased 
antimicrobial activity under anaerobic conditions. The 
vancomycin is superior in treatment of staphyIococci 
because they express more killing with the Iow binding 
protein than does teicoplanìn, However, vancomycin 
cannot be adrninistered in bolus because it may cause 
the "red man syndrome" and high serum concentrations 
result in nephrotoxicity. Teicoplanin can be adminis
tered in bolus and also intramuscuIarIy. The appear
ance of stocks of S. aureus with intermediate sensitivi
ty to the gIycopeptides has resulted in the introduction 
of new antibiotics, quinupristinldalfopristin and line

zolid [18]. Synercid quinupristinldalfopristin is a bac
tericidal streptogramine with action on MRSA and on 
vancomycin-resistant Enterococcus faecium. For ad
ministration, a centraI vein is required and the main ad
verse effect is the myalgia that may terminate treatment. 
The linezolid is a oxazolidinone that inhibits protein 
synthesis and is active towards the Gram positive bac
teria, including the MRSA and vancomycin-resistant. 
This drug beIongs to a new class of antibiotics that do 
not show cross-resistance with other compounds. Line
zolid can be adrninistered through a peripheral vein; the 
oral bioavailability is of 100%. In bone, it achieves con
centrations approximateIy 40% of those in sera. The 
drug weak1y inhibits monoamino-oxidase and therefore 
can interfere with other drugs (such as ephedrine and 
dopamine antidepressants) and moreover causes pan
cytopenia after extended treatments. Adequate moni
toring of these effects requires week1y hematological 
controIs [19]. 

In neonates, osteomyelitis shouId be treated with an
tibiotics that have a good efficacy against S. aureus, S. 
aga!actiae and the enteric Gram negatives (TabIe 4). 
After the neonatal age and until the 5 years oId chil
dren, bone infections are usualIy empirically treated 
with antibiotics active against S. aureus, S. pneumo



niae, S. pyogenes, K. kingae and Hib (if the patient 
has not completed immunization with conjugated Hib 
vaccine) (Table 4) . K. kinga e is generally sensitive to 
many beta-Iactarnic antibiotics, including last genera
tion cephalosporins. Such bacteria are often resistant 
to clindamycin and there have been cases of resistance 
to cotrimoxazol [IO). After age 5 years , S. aureus is 
effectively the only etiology of osteomyelitis while in 
the adolescents Neisseria gonorrhoeae must also be 
considered [5,6] (Table 4) . 

During the last few years, there has been an increase 
in infections caused by community-acquired MRSA. 
ALternative drugs for the empirical treatment of MRSA 
osteomyelitis are vancomycin, teicoplanin and linezol
id. The use of these drugs do not depend on the sever
ity of the disease but on the history of MRSA in the 
commuoity [7]. 

When bacterial cultures are perfonned, antibiotic can 
be tailored to the sensitivity of the organismo In the 
cases in which an organism has not been isolated but 
the patient shows clinical improvernent on empirical 
therapy, treatment should be continued. lf the patient 
does not improve additional ìnvestigations are required 
(bone biopsies for culture and radiological imaging) 
in arder to decide on surgery. Surgery is indicated if 
there is no clinical improvement, persistent bacterernia 
in spite of appropriate therapy, evidence of subperiostal 
or soft tissues abscesses, inter- and intra-rnedullary pu
rulent collections and presence of necrotic bone [3]. 

During the last few years , severa! studies have 
dernonstrated good results using parenteral antibiotics 
for a short time (5- 10 days) with subsequent oral ther
apy [20). The decision to modify the therapy from par
enteral to oral depends on avaiJability of an appropriate 
oral antibiotic, the ability/possibility of the child to re
sponsibly take the drug or the reliability of the parents 
to maintain treatment and appropriate follow-up [16]. 
Generally, oral therapy starts when the patient is not 
febrile, the signs and the symptoms of the infection are 
resolved and CRP is in the normal range. Sequential 
therapy is not indicated for bone infections in new
boms , in osteomyelitis secondary to trauma or in sub
jects with immunodeficiency [16] . Oral beta-lactamic 
antibiotic doses are generally two-three times higher 
than those nonnally recommended [5). 

The duration of the antibiotic therapy depends on 
clinical improvement and risk factors. In general , 3-6 
weeks of antibiotic treatment is required [5,21,22] . In
fections secondary to trauma, infections in newboms 
and in immunodeficient patients require extended an
tibiotic therapies . For spinal osteomyelitis treatments 

may last for many months [16]. Treatrnent durarions 
of less than 3 weeks have a high relapse rate . Chronic 
infections are reported in 19% of the children treated 
for less than 3 weeks in comparison with 2% of those 
treated for more than 3 weeks [5]. The incidence of se
quelae in osteomyelitis of the newbom ranges from 6% 
to 50% [5]. The risk factors for complications (abnor
malities of bone growth, discrepancies of length of the 
lirnbs, arthritis, sailing point anomalous and pathologi
cal fractures) derive from delay in the diagnosis, a short 
duration of treatment and low age at onset of the dis
ease [5,6]. Chronic osteomyelitis develops in less than 
5% of cases and they are more frequent with invasive 
infections [23]. The signs and the symptorns of chronic 
infections vary from vague pictures of swel1ing, pain or 
intennittent emission of infected material from the in
volved bone to acute exacerbation with fever, swelling 
or erythema. Treatment of chronic diseases requires 
surgical as well as medicai treatment with extended 
anribiotic therapy [23]. 

2. Septic arthritis 

Septic arthritis refers to bacterial infections of the 
articular space . In pediatric age groups such infections 
are frequently the result of bacterernia although they 
can spread from a contiguous site or after a trauma [3]. 
The incidence of septic arthritis is approxiruately 5.5
12/J 00,000 children involving all ages peaking around 
age 3 years [6]. Most studies show no sex preference 
although some authors report a high incideoce in rnales 
and a maleifemale ratio of 211 [3,5]. Children can de
velop reactive arthriti s-like consequence of a localized 
bacteri al infection in various sites [5]. 

2.1 . Pathophysiology 

As with osteornyelitis certain pathophysiological as
pects are of interest in order to better understand mech
anisms and contribute to a better therapeutic approach. 
In babies , the synovial membrane is richly vascular
ized and Iacks a lirniting membrane. The most com
mon pathogen, S. aureus, possesses receptors (adesine) 
that bind to elements of the bone matrix (fibronectin, 
laminin, collagen and syalo-glycoprotein) [24]. The 
pathogen binds to cartilagin. When the bacteria invade, 
the synovial membrane bacteri al endotoxins stimulate 
the release of cytokines such as tumor necrosis factor 
aod the interleukin-l. This stimulates release of pro
teolytic enzymes from synovial cells and condrocyt.es 
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increasing Ieukocyte in-migration. Neutropbil elastase 
increases the destruction ofthe cartilage's matrix while 
the pressure exerted by accumulation of purulent ma
terial increases the destruction of the synovia and the 
cartilage. Septic arthritis can occur by spread of the 
infection from a contiguous site. In the newboms bIood 
vesseIs that connect the epiphysis and metaphysis from 
which purulent material can pass from into the articular 
space. Moreover the articular cap ofboth bip covers the 
metaphysis of the femur and humerus, facilitating the 
directed extension of infection of bone to the articular 
space [24,25]. 

ApproximateIy 75% of the septic arthritis involves 
the articulations of inferior Iimbs [24,25]. Knee and 
bip joints are most frequently involved (35--45% and 
14-30%, respectiveIy) although eIbow and shouIder 
can be affected. More than 90% of the cbiIdren have a 
monoarticular involvement despite the fact that infec
tions, by Neisseria gonorrhoea, by Neisseria menin
gitidis, from Salmonella spp. and very rareIy from S. 
aureus, can cause poliarticular infections [3]. 

2.2. Etiology 

S. aureus is the most common cause of septic arthri
tis in alI the age groups. Infections with MRSA or
ganisms are becoming more frequent [25] (TabIe 1). 
In neonates S. agalactiae and the Gram negative en
terobacter may be causative. Very rareIy N. gonor
rhoeae and Candida infections are involved. From 2 
months to 5 years, S. pneumonaie, S. pyogenes and K. 
kingae are possible etiological agents [10,11,26]. In 
children ~ 5 years oId, S. aureus is the most frequent 
cause of septic arthritis; S. pyogenes must be consid
ered while N. gonorrhoeae may be seen in sexualIy 
active adolescents [27]. There is evidence that H. in
fiuenzae was responsible of 7% of the septic arthritis 
in children in the past but today, with the widespread 
use of vaccine, H. infiuenzae is not found [7,25]. S. 
pneumoniae has been the cause of nearIy 6-20% of 
the septic arthritis in pediatric age groups [28]. After 
the introduction of the multivalent anti-pneumococcal 
vaccine there has been a clear reduction of invasive 
pneumococcal diseases, in particular bacteremias and 
pneumonias, caused from the serotypes included in the 
vaccine [29]. Since the incidence of pneumococcal 
arthritis following bacteremia occurs in approximateIy 
0.6% of cases, vaccines only produce a small reduc
tion in septic arthritis from S. pneumoniae [28]. In en
demic areas, Borrelia burgdorferi causes cases of sep
tic arthritis. Weeks or months following initial arthri-

Table 5
 
Pathogens causing reactive arthritis [5]
 

Site of infeclion Pathogens 

Gastrointestinal apparatus Salmonella spp. 
Shigella spp. 
Campylobacter spp. 
Yersinia enterocolitis 

Genitourinary apparatus Chlamydia trachomatis 
Neisseria gonorrhoeae" 

Others Mycoplasma spp. 
Streptococcus pyogenes" 
Neisseria meningitidis" 

*Pathogens that can direct1y infect the articular space. 

tis cbiIdren may manifest a pauci-articular arthritis of 
major joints, in particular the knee [30]. 

CbiIdren may also experience a reactive arthritis 
based upon infections at othersites [5]. TabIe 5 reports 
the pathogens associated with reactive arthritis. 

2.3. Clinical presentation 

Traumas or infections of the airways often occur pri
or to onset of joint symptoms. The onset of septic 
arthritis is generally more acute than that of osteomyeIi
tis [24]. Pain and reduction in motility are presenting 
complaints in 100% of patients [6,7,27]. Signs such 
as swelling and calor occur in 65% and 37% of cas
es, respectiveIy [24,27]. The fever is present only in 
57% of cases [6,27]. In the newbom the onset of septic 
arthritis may be acute, presenting with fever, Iethargy, 
Iack of appetite and the pseudoparalysis of the extrem
ities even if such Iocal signs as swelling and heat are 
absent [24]. The most common clinical sign in babies 
is the reduction in movement of the affected Iimb and 
irritability when the affected joint is manipulated. In 
newboms with arthritis of the bip the Iegs are fiexed, 
abducted and rotated extemally [24]. 

The differential diagnosis of septic arthritis in
c1udes transitory sinovitis, reactive arthritis, rheuma
toid arthritis, trauma, tumors, Legg-Calvè-Perthes dis
ease and sliding of the epiphyses of the head of the 
femur [5]. 

Transient sinovitis is the most common cause of 
hip pain in cbiIdren typicalIy being seen in individuals 
between the 5 and IO years old. Children generalIy 
present with Iow fever or no fever and unilateral pain, 
in some cases bilateral. Pain varies from mild to se
vere, but enough to wake the cbiId during the night. On 
physical examination, the child is not compromised but 
has reduced movement of the involved bip. The Legg
CaIvè-Perthes disease is a avascular idiopathic necro
sis of the head of femur. Sliding the epiphysis of the 
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Table 6 
Differential diagnosis for septic arthritis and transient sinovitis of the bip 

Diagnostic criteria	 Number of criteria
 
occurring (+) and
 
probability of septic
 
arthritis(%)
 

Kocher et al. (Ref. no 32) 
History of fever 
Hip rotation 
Erythrocyte sedimentation rate> 40 mmIh 
White blood cell count > 12.000/_ 

Jung et al. (Ref. no 34) 
Fever » 37°C 
Erythrocyte sedimentation rate> 20 mmIh 
C-reactive protein > l mgldL 
White blood cell count > 11.000/_ 
Increased articular space > 2 mm 

4 + (99.8%) 
3 + (93-95.2%) 
2 + (33.8-62.2%) 
1+(2.1-5.3%) 
0+(0.1%) 

5 + (99.1%) 
4 + (84.8-97.3%) 
3 + (24.3-77.2%) 
2 + (4.3-22.7%) 
1+(0.3-9.9%) 
0+(0.1%) 

head of the femur is a disorder in which the epiphysis 
is moved from the metaphysis producing a deforma
tion of proximal femur. Both pathologies begin with 
painand shaky and require surgical treatment. The first 
condition involves children, 4-10 years old while the 
secondinvolves 10-14 year olds [5]. 

2.4. Diagnosis 

It is important to diagnose septic arthritis as early as 
possibleto prevent damage to cartilage. Blood cultures 
are positive in approximately one third of the patients 
while synovial fluid cultures are positive in approxi
mately50-60% of cases [24,27,31]. The synovial fluid 
inseptic arthritis often is turbid or frank1ypurulent [27]. 

In the peripheral, a blood neutrophilic leukocytosis 
is seen in approximately 90% of cases. Neutrophilia 
may also be present in chronic inflammatory joint dis
eases [5]. Other inflammatory indexes (ESR and CRP) 
are positive in alI cases [6,24]. The ESR is generally 
elevated 3-5 days after the beginning of the disease 
thereafter it slowly returns to the normal range with
in 4 weeks after beginning antibiotic treatment. The 
CRP peaks 2 days after onset of disease and usually 
returns to normal one week after the start of antibiot
ic therapy. In infections with K. kingae the CRP may 
always be normal [5]. It may be useful to measure the 
anti-streptolysin O titer and obtain pharyngeal cultures 
exarnining for S. pyogenes. Antibody tests for Lyme 
disease should be performed if there is a history of pos
sible exposure. X-rays are always needed to investi
gate causes of articular pain such as trauma, tumors or 
osteomyelitis. It is important to identify the nature of 
arthritis of the hip early so as to avoid sequelae. Fail

ure to treat infections may lead to ischernic necrosis of 
the femoral head. Suggestions for evaluating clinical 
and laboratory aspects in order to distinguish these two 
pathologies are given in Table 6. Kocher et al. [32] find 
that when pain in the hip is associated with four vari
ables, fever, lameness, elevation of ESR (> 40 mm/h) 
and white blood cells (> 12.000/rom3), the arthritis is 
septic in more than 99%. A recent study however finds 
the diagnosis of septic arthritis based upon such crite
ria is less reliable (of 60%) [33]. Jung et al. [34] has 
evaluated children with coxalgia associated with fever 
(> 37°C), ESR (> 20 mm/h), CRP (> 1 mg/dL), white 
blood cells (> Il.OOO/mm3) and radiological evidence 
of an increase in articular space (> 2 rom). If four or 
five of these criteria are satisfied, the child has a high 
probability of septic arthritis of hip (> 99%) and is a 
candidate for articular aspiration. Ultrasound exarni
nation is to be preferred as it detects fluid in the artic
ular space and provides a guide for the aspiration of 
fluid [6]. However, ultrasonography does not differen
tiate between infectious and non-infectious joint fluido 
Bone scintigraphy is useful when there is suspicion of 
osteomyelitis [17]. 

2.5. Therapeutic management 

Therapeutic success in septic arthritis depends on 
decompressing the articular space plus instituting ap
propriate antibiotic therapy. Aspirating synovial fluid 
represents both a diagnostic and therapeutic approach 
particularly in arthritis of the hip or shoulder if surgi
cal drainage is indicated [4]. Initial antibiotic therapy 
is empirical and depends on age, clinical presentation 
and known antibiotic resistance of local flora. Many 
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antibiotics penetrate well the articu1ar fluid, achieving 
30% of serum concentrations. Thus, it is not necessary 
to instill antibiotics into joints, as that risk is chem
ical arthritis [18]. In the babies, antibiotics shou1d 
be se1ected to treat both S. aureus and Gram negative 
enterobacteria (Table 4). Recent studies have shown 
that organisms causing septic arthritis in neonates are 
MRSA and coagu1ase-negative staphy1ococci in 10% 
to 18% of cases [24,31,35-39]. Therefore, g1ycopep
tides (vancomycin and teicoplanin) shou1d be select
ed in preference to anti-staphylococcus penicillins. In 
septic arthritis seen after the neonatal age antibiotics 
should be selected that act on Gram positive organisms 
(S. aureus, S. pneumoniae and S. pyogenes) and on K. 
kingae (Table 4). Both osteomyelitis and septic arthri
tis are initially treated with parenteral antibiotics for 
3-4 days followed by oral treatment if there is clinical 
improvement inc1uding a retum to normal inflamma
tion indices [5,22,34--39]. Oral therapy is not indicated 
for children with risk factors or those that have not re
sponded to parenteral therapy [40]. Good results have 
been obtained with oral pristinamycin although treat
ment may be accompanied by gastrointestinal discom
fort. The drug is used only in adu1ts [41]. 

The duration of antibiotic therapy in complicated 
cases of septic arthritis depends on response to initial 
antibiotic therapy and on the infectious agent. The in
fections with S. pneumoniae, K. kingae, H. infiuenzae 
and N. gonorrhoeae require at least 2-3 weeks of ther
apy while infections with S. aureus and Gram nega
tive bacteria require a minimum of 3-4 weeks of treat
ment [21]. 

The complications of septic arthritis inc1uding ab
normal bone loss, instability of joints and reduced joint 
motility are reported in 10-25% of cases [5]. Risk 
factors are a de1ay in diagnosis (more than 4--5 days), 
young age ofthe patient, concomitant osteomyelitis and 
the infections with S. aureus or Gram negative enter
obacteria [24]. Dexamethasone treatment given togeth
er with appropriate antibiotic therapy reduces the dura
tion of the symptoms and the articular sequelae [42]. 
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