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Introduction

Even though the incidence of septic arthritis (SA) in afflu-
ent countries has fallen significantly, it is still an important 
cause of morbidity and lasting sequelae. The estimated 
incidence of SA in Europe is between 2 and 7 per 100,000 
children,1 and most commonly involves hip and knee 
joints. Making a correct diagnosis followed by early and 
appropriate treatment is key to avoiding long-term sequelae 
that can be very disabling.

Diagnosis

The diagnosis of SA is not always easy, and recent works 
have been directed toward identifying those signs and 
symptoms that could be more relevant for the diagnosis 
and management of this condition.

Since Kocher’s original work2 established the criteria 
for differentiation between hip SA and irritable hip, there 
have been many attempts to find better parameters  
to determine a diagnostic of certitude. While the five 
Modified Kocher-Caird criteria3 predictive of SA are 
widely used, difficulties in establishing a diagnosis are 
well reflected in a recent review of monoarthritis in chil-
dren below 6 years of age, where clinical and biological 

parameters did not allow differentiation between an infec-
tious and inflammatory etiology. In this recent work, 95% 
of patients with juvenile idiopathic arthritis (JIA), 100% of 
SA, and 95.4% of unknown arthritis (UA) received anti
biotics, while 66.7% of JIA patients, 79.6% of SA, and 
71.1% of UA eventually underwent surgery.4

The Kocher criteria have also been shown to be of lim-
ited value for predicting knee SA in general, particularly  
in infections with Kingella Kingae.5 The most valuable 
parameter in predicting knee SA appears to be an inability 
to weight bear combined with an elevated C-reactive pro-
tein (CRP), which has an 89.7% positive predictive value 
for the septic knee: the inability to weight bear is the stron-
gest independent risk factor for a septic knee.6
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Correct diagnosis and treatment of septic arthritis (SA) are essential to achieve satisfactory results and avoid lifelong 
consequences. Diagnosing septic arthritis is not always easy, which is why new biomarkers have been sought. Another 
difficulty in diagnosis is the increase in septic arthritis due to Kingella Kingae, which does not show the same signs and 
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suggests that the results should be taken cautiously. Although most of the published studies focus on the hip and knee, 
there have also been recent publications on SA in the upper limb, foot, and ankle. Finally, the literature also pays 
attention to SA in young children due to its different etiology and the greater difficulties in its diagnosis.
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Finding parameters to establish a diagnosis is not an 
easy task. Some systematic reports have shown that the 
main problem is that the overall quality of the current lit-
erature is relatively low. The definitions and cutoff values 
used for the clinical, laboratory, and imaging findings vary 
between series, making comparisons difficult.7

Serological markers have value in identifying the sever-
ity of the infection, but many times fail to reflect the course 
of the infection because of the immaturity of the immuno-
logical system, characteristics of the infecting organism, 
or confounding factors such as patients reaching the hos
pital after having already received antibiotic treatment. 
These difficulties have led to the search for new biomark-
ers more sensitive to identify the diagnosis and the evolu-
tion of musculoskeletal infections. Alpha defensin, which 
is an innate part of the immune system and plays an impor-
tant role in our defense against infection, has shown to be 
much superior to other biological markers, with a sensitiv-
ity and specificity of 97% and 96%, respectively, and the 
added advantage is that its values are not affected by anti-
biotic use.8 Alpha defensin has recently been approved by 
the Food and Drug Administration (FDA) for use in peri-
prosthetic infections. However, it may yield false-positive 
results in the presence of metallosis or false-negative 
results in the presence of low-virulence organisms. Further
more, a fluid or tissue sample of the affected joint is 
needed, so while this marker is non-viable as a predictor of 
infection, it is useful for confirmation of the diagnosis.9

Altogether 50% of infections have no pathogen identi-
fied, and diagnosis cannot be confirmed. Kingella kingae 
infection reflects very well the problems associated with 
establishing a diagnosis of SA. Kingella kingae is a Gram-
negative coccobacilli, found to be the main organism 
responsible for bone infection in children aged between  
6 and 48 months. K. kingae SA is characterized by a mild 
clinical presentation and a moderate biological inflam
matory response to infection. Theoretically, these children 
do not require invasive surgical procedures and a shorter 
antibiotic treatment leads to a favorable prognosis.10 
Unfortunately, clinical differentiation between infections 
by Kingella or by Staphylococcus aureus, which requires 
much more aggressive treatment, is impossible to establish 
clinically or with laboratory tests.11 In a study of 198 
patients with SA with 37 cases associated with acute osteo-
myelitis (AO), it was found that children with SA and no 
fever, low CRP, and negative culture for Staphylococcus 
aureus respond simply to a course of combined intrave-
nous (IV) and oral antibiotics, with no other investigations 
or invasive procedures being necessary.12

Kingella kingae is present in the oropharynx after 
6 months of life and gradually increases to reach a preva-
lence of 10%–12% among children at 24 months, decreas-
ing thereafter. It is rarely detected by Gram stain due to its 
low bacterial concentration, and blood cultures are of lim-
ited help in its diagnosis, as it appears that the bacteremia 

phase is very short and cultures are rarely positive once the 
signs of arthritis have already appeared. To improve posi-
tive culture rates of synovial fluid for Kingella, adequate 
blood-agar or chocolate-agar plates should be used. Due to 
these inherent difficulties, the most reliable diagnostic aid 
is a PCR, which combined with nucleic acid amplification 
tests (NAATs) makes the test more specific increasing 
grossly the power of detection. The negative predictive 
value of specific DNA sequences virtually excludes the 
bacterium as the cause of infection. However, the problem 
with NAATs is that they cannot replace cultures, as NAATs 
give no information about the strain and its antibiotic 
sensitivity.13

When no joint fluid is available for NAATs, and in the 
presence of arthritis in a group risk, an oropharyngeal 
specimen could be obtained and, if the specific molecular 
assay is positive for Kingella, the patient could be treated 
as a confirmed infection.7,10

While PCR has proven efficacy for Kingella kingae,  
it has not been developed with similar success for 
Staphylococcus aureus,8 so we need new techniques that 
allow us a more reliable diagnosis. One of the emerging 
techniques is whole-genome sequencing, which focuses 
on the whole genome, and a branch of this is metagenomic 
next-generation sequencing (mNGS), this a novel cell-
free DNA technology and able to detect any non-human 
sequence of DNA that could be considered the responsible 
pathogen. It can detect about 1400 species in a 1- to 3-day 
period and has the advantage of not only determining the 
causing agent but also identifying the genes responsible 
for pathogen resistance. Needing a very small sample is 
another perk for small children, and even if the patient has 
been started on antibiotics, it does not decrease its ability 
to detect the responsible pathogen. Finally, this test may 
allow the start of antibiotic treatment as soon as the child 
is seen and the diagnosis is suspected, potentially, dimin-
ishing the harm to the joint tissues.10,13

Imaging

The criteria for imaging in SA remains controversial, and 
the exact role of magnetic resonance imaging (MRI) is still 
to be defined. Although MRI may be very specific in 
detecting SA and the associated AO, there are no clear pro-
tocols for its use (Figure 1). A recent consensus guideline 
published by the BSCOS (British Society of Children 
Orthopaedic Surgery) concluded that all children should 
have an X-ray of the suspected bone or joint involved and 
MRI should be the gold standard second-line imaging, 
leaving ultrasound reserved for those cases where obtain-
ing a MRI promptly is not possible.14 However, MRI is not 
readily available in many institutions and often requires 
general anesthesia in young children, factors that need to 
be considered in the management and decision-making 
concerning these patients.
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A recent study found that the combination of hip effu-
sion on ultrasound and two or more Kocher criteria may 
lead to unnecessary surgery in a high percentage of 
patients. When MRI was added to the diagnostic workup 
of these patients, it was found that only about 35% of 
patients with ultrasound (US) positive and Kocher criteria 
had hip SA. The use of MRI in these patients could have 
saved unnecessary surgery in 65% of the cases.15

MRI is an important tool to help with diagnosis. 
However, sometimes the differential diagnosis between 
toxic synovitis (TS) and SA may be extremely difficult. 
The changes seen in these entities are highly dependent  
on evolution over time, and assessment should take into 
account whether the patients were early presenters 
(<2 days) or late presenters (>2 days). In the early group 
contralateral hip effusion and the late presenter’s group, 
the absence of enhancement of signal in soft tissues was 
the most significant predictor of TS (Figure 2).16

A meta-analysis concluded that the most specific finding 
for hip SA in MRI is the bone marrow changes, followed by 
the femoral head changes, while the most sensitive MRI 
findings for SA were synovial enhancement, conversely, 
the femoral head changes are the less sensitive as these 
changes need time to occur.17 Also, worth keeping in mind 
in cases where contrast-enhanced gadolinium cannot be 
used, that the diffusion-weighted (DWI) MRI sequences 
may be a good alternative, as it has a high ability to detect 
abscesses, its drawback is, its limited value to evaluate 
chondroepiphyseal involvement of the femoral head, espe-
cially in children below age 30 months.18

SA and associated pathology

One issue of debate in SA is the frequency of associated 
osteomyelitis and other musculoskeletal infections, and 

their role in the prognosis and management. Controversy 
exists about the criteria that should lead to the suspi-
cion, and what protocols should be implemented to 
detect it.

Despite the fact that hip SA associated with AO has a 
similar clinical picture to isolated hip SA, treatment and 
prognosis are completely different to the point that certain 
authors consider them as distinct entities and some studies 
suggest that AO is the primary disease process that potenti-
ates osteonecrosis and joint destruction.19 In general 
patients with associated AO are older, have a higher initial 
CRP, a higher rate of bacteremia, and are more likely to be 
Staphylococcus aureus infections. Others have found that 

Figure 1.  MRI pictures (STIR sequence) show hip septic arthritis associated with osteomyelitis of the femoral neck.

Figure 2.  STIR sequence MRI shows an isolated MRI with 
intraarticular effusion and increased uptake of the sin.
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when pain is present for longer than 4 days and there is a 
positive joint culture, there is a significant risk of concom-
itant AO.20,21

MRI may help in the diagnosis of associated AO, but 
most of the time, it is not performed routinely before hip 
irrigation, and there is no consensus for its preoperative 
indication. Griswold studied the implementation of a 
preoperative MRI protocol in patients with musculo-
skeletal infection: 53 patients with osteoarticular infec-
tion were compared to 40 cases in whom the preoperative 
MRI protocol was implemented. In the preoperative MRI 
group, the number of repeated and unplanned surgeries 
was significantly reduced and there was a decrease in the 
overall length of stay because the MRI detected concomi-
tant AO with subperiosteal abscesses and pyomyositis 
with abscesses, allowing for adequate treatment at first 
surgery.22

The association of SA with osteomyelitis is not only 
common at the level of the hip but is also encountered in 
other joints.23,24

Treatment

A systematic review of different techniques of treatment 
of hip SA showed that the less invasive the techniques 
were, the higher the risk of requiring a repeated proce-
dure. On the other hand, they found that arthrotomy may 
have inferior outcomes in the long term. When hips were 
treated with arthrocentesis, a repeat procedure was 
needed in 15% of cases, and if no drain was left behind, 
the need for additional arthrocentesis increased still fur-
ther up to 71%. When arthroscopy was the method of 
choice, only those treated without in situ drainage needed 
additional arthroscopy (14%). Finally, in the arthrotomy 
group, only 3% required additional surgery. Clinical and 
radiological results were superior in the arthrocentesis 
and arthroscopy group with only 4% and 9%, respec-
tively having radiographic sequelae. These findings con-
trast with the arthrotomy group where 8% had a poor 
clinical outcome, and up to 30% presented radiological 
changes.25 A possible explanation for these differences 
could be the characteristics of the patients treated, while 
arthrocentesis and arthroscopy only include patients with 
short presenting symptoms, arthrotomy also included 
patients who presented late; therefore, these results 
should be interpreted with caution. In a similar study, 
Caldaci et al.26 found that 70% of patients treated with 
arthrocentesis required an additional arthrocentesis and 
15% eventually required an arthrotomy. Of those treated 
by arthroscopy, 12% needed an additional procedure, 
while among those treated by arthrotomy only 3% pre-
cise further procedures. Remarkably, in this study, the 
clinical and radiological sequelae were quite similar 
between all the groups.

One of the theoretical disadvantages of arthrotomy over 
arthrocentesis is the surgical aggression and leaving a scar 
behind. This issue has recently been analyzed, and the 
authors concluded that although significant differences 
existed in the perception of the scar, the scar in itself was 
not an important issue for the patients.27

The adequacy of the drainage techniques for the knee 
joint has also been studied. A systematic review of 279 
knee SA, including 171 (64%) treated by arthrocentesis, 
96 by arthroscopy (34%), and 12 (7%) by arthrotomy, 
found that repeated drainage was needed in 35% of arthro-
centesis (including 13 arthrotomies), 4% of arthroscopies, 
and 17% of arthrotomies. The functional outcomes show 
that up to 15% of the arthrocentesis group were left with 
some functional limitation, while 10% of patients with 
arthrotomy had limitations. Bone sequelae were present in 
25% of patients in both the arthrocentesis and the arthrot-
omy group. The arthroscopy group showed the best results 
with no permanent radiological changes.28 However, 
Caldaci et al.26 using the same methodical found that mid-
term bone changes were more common in the arthrocente-
sis and arthroscopy group.

Nevertheless, the reasons for these differences, as 
pointed out by Royer et al.,29 may not be related to the 
technique of drainage. The need for a second procedure 
may have more to do with factors such as associated mul-
tiple infections, the virulence of the germs, and the pres-
ence of a positive blood culture.26

Unfortunately, the limitations of the treatment literature 
are similar to those found in diagnosis, as most studies are 
based on poor retrospective reviews, with short follow-ups, 
and rarely reporting the delay of treatment. Therefore, on 
this ground, comparisons are unreliable. Advancements in 
the field of SA are going to require the application of more 
unified criteria to make information comparable. The use of 
such implementations may ease the sharing of information 
but also may impact the welfare of our patients. A study30 
showed that by introducing guidance for the use of central 
intravenous lines, the incidence decreased which also, con-
sequently, reduced the global number of sedations required.

Unusual locations

Most of the literature on SA is focused on the hip and knee 
as the most common locations.

Despite its rarity, upper limb SA should be suspected in 
any child with persistent upper limb pain and functional 
limitation, especially when associated with systemic 
symptomatology. On a search of over 18 major institu-
tions, the authors were only able to identify 68 patients, 
representing about 10% of all SA, and about 1 single case 
per institution per year.23 The most common infected joint 
was the elbow (53%) followed closely by the shoulder 
(41%). Patients with shoulder SA were found to be younger 
(1 year) than those with elbow involvement (4.6 years). 
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The rate of positive blood culture in these patients was 
34%, while samples taken during surgery yielded a posi-
tive result in 72% of patients. The most common organism 
grown at the shoulder was Streptococcus, while at the 
elbow was Staphylococcus non-methicillin resistant, and 
as much as 46% of these patients presented an associated 
adjacent musculoskeletal infection or persistent bactere-
mia. Surgical debridement was the treatment most used, 
with some patients requiring repeated debridement. The 
outcome was generally good with 3 patients having com-
plications secondary to avascular necrosis (1 at shoulder 
and 2 at elbow) and 1 patient sustaining a humerus patho-
logical fracture.

The best method for drainage in upper limb SA is also a 
matter of controversy. In a systematic review, no conclu-
sive differences between treatment with aspiration or 
arthrotomy were found,31 but again the authors concluded 
that due to the low quality of the studies, it was impossible 
to reach any definitive conclusions.

Another unusual location in children is the foot and 
ankle. A report of 23 children with foot and ankle musculo-
skeletal infections found 9 SA, 8 of them located at the 
ankle joint and 1 at the cuneiform-cuboid joint. The aver-
age age of patients was 8.5 years, and nearly half of them 
had no fever on arrival. Cultures were negative in 3 patients, 
while Staphylococcus aureus followed by Streptococcus 
was the most common infecting organism. Two of the ankle 
SA presented with associated distal tibial AO and both 
ended with spontaneous ankle joint fusion.24

SA in young children

While SA beyond 6 months is commonly produced by 
Kingella kingae, it normally does not affect younger 
patients. In a series from New Zealand, 11 cases of SA in 
children below 3 months of age, they found that Strepto
coccus agalactiae was the most commonly responsible 
organism, representing nearly 50%, followed by Staphylo
coccus aureus in 36% of cases. In patients between the 
ages of 3 and 12 months, Streptococcus pneumoniae was 
the most frequent pathogen.32

When we deal with SA in neonates, the diagnosis may 
be difficult, due to the vague signs of infection and bio-
logical biomarkers inside the normal range. Therefore, 
most protocols include methods of evaluation assessing 
the presence of fluid inside the joint and the use of ultra-
sound-guided aspiration to confirm diagnosis. However, a 
recent report warns about the possibility of obtaining false-
negative results despite the presence of active infection.33

Conclusions

The criteria of Kocher applied to patients susceptible to 
having a Kingella infection should be used cautiously, as 
they are more unreliable than in other types of infections. 

New infection markers, such as alfa defensin, or technolo-
gies, such as mNGS, may prove of value in doubtful cases, 
even if already under antibiotic treatment.

Identifying SA with associated osteomyelitis is para-
mount as both entities seem to be different diseases with 
different prognoses, even if the infecting organism is the 
same. In this context, MRI is emerging as the gold stan-
dard for imaging diagnosis in SA, regardless of whether 
bone infection is associated.

While surgery has been considered the cornerstone 
of treatment for hip SA, the literature has failed to con-
firm such an approach; larger and better-quality studies 
would be needed to define the role of each therapeutic 
resource, although there is a trend toward less aggres-
sive techniques.

Although most joint infections happen in the knee and 
hip, they may also happen in other joints; joint infections 
may also present outside the typical age range, such as in 
neonates. Atypical infections, either by location or age, 
have a much lower incidence and are frequently produced 
by different infecting organisms; the explanations for this 
behavior are poorly understood.
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