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Abstract

Recent advances in the management of septic arthritis of the hip in children
include a better understanding of the effects of infection on articular carti-
lage; improvements in diagnostic tests, including erythrocyte sedimentation
rate, C-reactive protein analysis, and ultrasonography; and more efficacious
home intravenous and oral antibiotic therapy. Early diagnosis is essential
to successful treatment. Needle aspiration is the most specific diagnostic
test; however, false-negative results are possible. Prompt surgical drainage
and postoperative antibiotic therapy until signs of infection resolve are nec-
essary to prevent late sequelae. Surgical treatment of limb-length inequali-
ty is more useful than attempts to salvage the destroyed or incongruent

joint.
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Septic arthritis in children has histor-
ically been difficult to treat success-
fully. Mortality rates were reported
to be greater than 50% at the end of
the 19th century. After the introduc-
tion of antibiotic therapy in 1935,
mortality and morbidity rates de-
clined dramatically to less than 1% in
1973.1 However, diagnosing and
managing this condition continue to
be challenging, and poor outcomes
unfortunately still occur.

Although septic arthritis of the
hip is second in frequency to that of
the knee, most disastrous results
occur in the hip. Early diagnosis,
prompt open drainage, and appro-
priate antibiotic administration
are of paramount importance in
achieving a successful result.

Anatomy and
Pathophysiology

The synovial membrane is a dis-
tinct anatomic structure separate
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from the fibrous joint capsule. The
inner layer is composed of intimal
cells arranged in an interlacing
fashion with a rich blood supply.
The main arterial supply travels
through the fibrous capsule to
enter the synovium, where rapid
division occurs to form an inter-
communicating network. The
deepest plexus of vessels lies im-
mediately beneath the intimal cells,
allowing rapid transfer of both bac-
teria and antibiotics from the arte-
rial vessels into the joint.2 Lym-
phatic vessels are also present,
located slightly deeper to the inner-
most arterial plexus.

Synovial fluid is a dialysate of
blood plasma with approximately
one third as much protein as
serum; albumin accounts for 60%
to 70% of the total protein in the
joint. The cell count is about 60
cells per milliliter, mostly mono-
cytes and some polymorphonu-
clear leukocytes, the primary func-
tion of which is phagocytosis.

Bacteria gain access into the hip-
joint cavity by two principal mech-
anisms, either directly via the he-
matogenous route or indirectly
from the proximal femoral metaph-
ysis. Trueta3 postulated that contig-
uous blood flow from the proximal
femoral metaphysis to the epiph-
ysis persists until the second year
of life, which could lead to septic
hip arthritis. However, we agree
with Chung,* who used three-
plane analysis to show that the
physis is a barrier to blood flow
between the epiphysis and the
metaphysis.

Bacteria most commonly enter
via the blood, are deposited in the
rich vascular network in the sub-
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synovial layer, and may then cross
from the permeable blood vessels
into the joint. In a rabbit model,
approximately 90% of bacteria
injected into the joint were taken
up by synovial cells, where they
multiplied and then passed into the
joint cavity.> The host’s response
to this bacterial burden, which is
dependent on the type and viru-
lence of the organism and the local
and general resistance of the
patient, determines the clinical out-
come. In the acute inflammatory
stage, polymorphonuclear cells
rapidly enter the joint cavity, fol-
lowed by passage of plasma pro-
teins across the synovial mem-
brane.¢ A tense effusion occurs
with increased intracapsular pres-
sure, resulting in pain, especially
when the hip is held in extension
and maximum internal rotation.

Articular cartilage destruction
occurs by means of two mecha-
nisms. The first is degradation by
proteolytic enzymes (e.g., collage-
nase, proteinases) elaborated by the
cells of the synovial membrane,’
activated polymorphonuclear leu-
kocytes,89 and certain bacteria.l0
The second is the cascade of events
in which interleukin-1 from mono-
cytes acts as an inflammatory hor-
mone to trigger the release of acid
and neutral proteases by chondro-
cytes and synoviocytes.11

Animal models have been used
to study the events of articular car-
tilage destruction in septic arthritis.
In a model involving an experi-
mentally produced Staphylococcus
aureus joint infection, articular car-
tilage destruction followed a se-
quence in which proteoglycan
matrix (hexosamine) was lost at 5
days, followed by a loss of collagen
by 9 days.12 In another experimen-
tal study, antibiotics administered
within 8 hours of joint infection
failed to completely prevent articu-
lar cartilage damage.13 In a study
on rabbits, open surgical lavage 4
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and 7 days after bacterial inocula-
tion did not prevent matrix degra-
dation but did limit collagen break-
down, although the inflammatory
process was still evident 11 weeks
after the joint had been lavaged to
a sterile state.l4 Continuous pas-
sive motion was beneficial in a rab-
bit model of septic arthritis.15

Clinical Presentation

The child with septic arthritis of the
hip presents with localized pain in
the anterior aspect of the hip joint
that often radiates toward the knee.
The child may be irritable and have
a limp and limited spontaneous
motion in the lower extremity
(pseudoparalysis). A history of
preceding trauma may be present;
however, data defining the exact
incidence are not yet available. A
careful history should include
information concerning recent
infections and increased suscepti-
bility to infection, such as an al-
tered immune status. Fever (tem-
perature of 39°C to 40°C) is often
present in the older child; however,
in the neonatal period and early
childhood, fever and other symp-
toms may be absent or mild.

The affected child typically lies
with the hip in external rotation,
abduction, and mild flexion to
maximize joint volume. In this
position, the richly innervated
joint capsule is under less tension.
Increased intracapsular pressure
occurs with the leg in extension
and internal rotation or with the
hip flexed to more than 60 de-
grees. Motion of the hip results in
pain and guarding by the hip
muscles. In the early stage of in-
fection, the child may allow mo-
tion of the hip, although abduc-
tion and extension are usually
limited. The anterior aspect of the
hip joint in a thin child may be
tender.

Careful palpation of the pelvic
region is important because two
thirds of patients with pelvic
osteomyelitis have localized ten-
derness.16 Osteomyelitis of the
greater trochanter may also be
characterized by localized tender-
ness, and the leg is held in slight
extension. The psoas sign of pain
on extension and internal rotation
of the hip is present in as many as
89% of patients with a primary
pyogenic abscess of the psoas mus-
cle, a condition often confused with
septic hip arthritis.l” An abdomi-
nal and lumbosacral spine exami-
nation should be performed to
eliminate other causes for the pre-
senting symptomes.

Evaluation

The evaluation for suspected hip
sepsis should include serologic
tests (white blood cell [WBC]
count with differential, erythrocyte
sedimentation rate [ESR], and C-
reactive protein [CRP] analysis if
available), blood cultures, and
serum glucose determination. An
anteroposterior pelvic radiograph
and a lateral view of the hip
should also be obtained.

The WBC count is elevated in
40% to 60% of patients, and the
polymorphonuclear leukocyte
count is elevated in as many as
80%. The WBC count is more often
elevated in the older child with
septic arthritis of the hip, whereas
it is often normal in affected neo-
nates.

The ESR reflects changes in the
fibrinogen concentration, increas-
ing 24 to 48 hours after the onset of
infection. In one study,!8 it was
found to be elevated in the 50 to 90
mm/Zhr range in more than 90% of
patients tested and is, therefore,
highly sensitive. However, it is
nonspecific and simply indicates
inflammation.

Journal of the American Academy of Orthopaedic Surgeons



C-reactive protein is an acute-
phase protein synthesized by the
liver. Normal serum values are less
than 20 mg/L. The CRP level
increases in response to bacterial
infection, rising earlier than the ESR
(within 6 to 8 hours) in a patient
with a septic hip and normalizing
more rapidly.1® Normalization of
the CRP concentration appears to
indicate the end of the invasive bac-
terial process and is therefore use-
ful as a monitor of duration of
antibiotic therapy. The CRP level
can be used to detect associated
septic arthritis in patients who have
acute hematogenous osteomye-
litis.20 If the CRP concentration on
the third day is more than 1.5 times
the level on admission, there is a
high likelihood that associated sep-
tic arthritis is present.20

Blood cultures should be drawn
at the initial evaluation before
antibiotics are given. Cultures are
positive in only 40% to 50% of
cases. A baseline serum glucose
level should be obtained for com-
parison with the synovial fluid glu-
cose level.

It is often difficult to distinguish
between septic arthritis and tran-
sient synovitis of the hip. Ac-
cording to Del Beccaro et al,2! the
combination of an ESR of more
than 20 mm/hr and a temperature
higher than 37.5°C can identify 97%
of cases of septic hip arthritis.

Depending on the duration and
severity of the infection, radio-
graphic changes in the hip may
include soft-tissue edema and loss
of tissue planes, widening of the
joint space and capsular distention,
and subluxation of the hip or asso-
ciated osteomyelitis of the proximal
femoral metaphyseal region (Fig. 1).

Ultrasonography is of diagnostic
value when there is uncertainty
about the presence of a septic effu-
sion (Fig. 2). Both the hip with sus-
pected infection and the normal
hip should be evaluated. Ultra-
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Fig. 1 Radiograph of an 8-month-old girl with a 4-day history of fever and a painful right
hip demonstrates soft-tissue swelling lateral to the right hip, pelvic obliquity, diminished
contrast between the bone and the soft tissues, and right hip subluxation.

sonography is performed along the
axis of the neck with the hip in
external rotation to better visualize
the fluid. Compared with the con-
tralateral hip, the affected hip will
show asymmetry of the capsule-to-
bone distance of 2 mm or more,
indicating an intra-articular effu-
sion. An echo-free effusion indi-
cates transient synovitis or fresh
hemorrhagic effusions. Echogeni-
city indicates septic arthritis or clot-
ted hemorrhagic collections. When
these criteria were used, ultra-
sonography was found to have a
sensitivity of 100% in detecting a
joint effusion.22 However, it is not
highly specific; therefore, the clini-
cal data must be combined with the
ultrasound findings to determine
whether hip aspiration should be
performed. For example, if there is
a strong clinical suspicion of septic
hip arthritis and an echo-free effu-
sion is demonstrated on ultrasound
examination, hip aspiration should
be performed. In contrast, if a
patient presents with acute onset of
hip pain but there is not a strong
clinical suspicion of sepsis and an

echo-free effusion is found on
ultrasound, close clinical observa-
tion is warranted.

The sine qua non for identifying
septic hip arthritis is large-bore (20-
gauge or larger) needle aspiration
performed via an anterior or medial
approach. Performing aspiration in
conjunction with arthrography or
with ultrasound guidance can en-
sure that the needle is inside the hip
joint. Cytologic and chemical exam-
ination of the joint fluid should be
performed. The WBC count is most
diagnostic and can be considered
positive for bacterial infection if it
exceeds 50,000 cells per milliliter,
with 90% usually being polymor-
phonuclear cells.z® In septic arthri-
tis, the glucose level in synovial
fluid is generally 40 mg/dL less
than the serum level. In contrast,
lactate levels are usually higher, ex-
cept in gonococcal arthritis, in which
lower levels are demonstrated.

A positive Gram stain will con-
firm the diagnosis in as many as
50% of cases and is an important
finding because it can be used to
guide the choice of antibiotic ther-
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apy. Synovial fluid should be plated
on agar medium, and a specimen
should be sent for culture in broth
medium. Synovial fluid yields posi-
tive cultures in 50% to 80% of
patients with septic hip arthritis.
Study of synovial fluid for bacterial
antigen by agglutination or immu-
noelectrophoresis techniques can
also be used to identify Haemophilus
influenzae, meningococcus, pneumo-
coccus, and group B Streptococcus
organisms.24

Isotope bone scanning is rarely
needed to diagnose septic hip
arthritis, but it can be useful in the
difficult case in which the diagno-
sis remains uncertain despite clini-
cal, radiographic, and ultrasono-
graphic examination. It also has
utility in establishing the diagno-
sis of isolated proximal femoral
osteomyelitis in a child with mild
signs and symptoms. Three radio-
pharmaceuticals are currently

used: technetium 99m diphospho-
nate, gallium 67 citrate, and indi-
um 111. The technetium bone
scan is not useful in differentiating
infectious from noninfectious
arthritis. However, in one study
of delayed uptake images,?s the
predictive value was 100% for
low-uptake (“cold”) scans and
82% for high-uptake (“hot™) scans
for both osteomyelitis and septic
arthritis.2¢ In the subgroup of
patients with a septic hip in that
study, the positive predictive
value for both hot and cold scans
was 78%, and the sensitivity was
93%. In a septic joint, the distribu-
tion of uptake is uniform within
the joint capsule (Fig. 3, A); asym-
metric uptake indicates osteo-
myelitis. If the clinical signs indi-
cate a septic hip or osteomyelitis, a
normal technetium scan should
not be relied on to rule out infec-
tion.

A

B

Fig. 2 A, Longitudinal sonogram of the proximal left femur of a 7-year-old child with a
septic hip joint. The joint space is increased to 5.6 mm at the physis (1) and 7.0 mm at the
femoral neck (2). The capsule is also thickened. B, Comparison view of the normal right
proximal femur demonstrates a 2.1-mm joint space at the level of the femoral neck (1).
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Scintigraphy performed with
Ga-67 citrate, which preferentially
localizes in bacteria, polymor-
phonuclear leukocytes, and inflam-
matory exudative proteins, is more
sensitive than technetium scintigra-
phy in identifying a localized in-
flammatory response. Borman et
al?6 demonstrated a 91% diagnostic
accuracy for gallium scintigraphy
in detecting acute osteomyelitis or
septic arthritis. Because they found
gallium more sensitive than tech-
netium, they recommend its use in
difficult cases, such as deep pelvic
and spinal infections, when the
diagnosis cannot be established
clinically or with other imaging
studies. Gallium scintigraphy re-
sults in average whole-body dosi-
metric values up to three times
greater than those with technetium
scintigraphy and should not, there-
fore, be used routinely. In-111-
labeled WBC studies have not been
used in children because of the rel-
atively large blood specimen need-
ed, the longer imaging time, and
the difficulties with the labeling
technique.

We have used magnetic reso-
nance (MR) imaging in patients
with septic hip arthritis that has not
responded to conventional therapy.
This modality is useful in delineat-
ing areas of residual infection and
defining associated osteomyelitis
(Fig. 3,Band C).

Differential Diagnosis

The spectrum of disorders in the
differential diagnosis of septic hip
arthritis is broad, ranging from very
common to relatively rare disorders.
Because septic hip arthritis carries a
poor prognosis when the diagnosis
is delayed, it is critical to prioritize
the differential diagnosis and deter-
mine the likelihood of each condi-
tion. The threshold for performing
needle aspiration should be low if
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Fig. 3 A, Technetium bone scan of a 13-year-old boy with persistent hip pain and a limp for 3 days after receiving a direct blow to the
hip. Radiographs were normal. The scan demonstrates increased uptake in the proximal femur. Open arthrotomy was performed on the
right hip with drainage of pus and irrigation of the joint. B, A T1-weighted coronal MR image obtained 5 days after arthrotomy, when the
patient had persistent fever, hip pain, and swelling despite antibiotic therapy. There is loss of signal in the right femoral head and neck,
representing osteomyelitis associated with septic arthritis. C, A T2-weighted fast spin-echo transverse MR image demonstrates consider-
able soft-tissue edema with residual infection and loss of muscle-plane definition.

there is a strong possibility that a
septic hip is present on the basis of
the clinical history and examination
findings.

Transient synovitis typically
presents with a history and physi-
cal examination findings similar to
those seen with septic arthritis.
Initial complaints of hip pain pro-
gress over several days to a limp
and then the inability to walk.
Physical examination demonstrates
a painful range of motion; however,
there is generally less acute pain
and less restricted motion than
found in a patient with septic hip
arthritis. The WBC count and ESR
are less often elevated than in sep-
tic arthritis. In the study by Del
Beccaro et al,2! 28% of patients with
toxic synovitis had an ESR greater
than 30 mm/hr, compared with
79% of patients with septic hip
arthritis. An ultrasound examina-
tion is helpful in determining
whether fluid is present in the joint
and whether it is echo-free (indicat-
ing toxic synovitis) or echogenic
(indicating septic arthritis). Needle
aspiration should be performed if
any doubt remains.
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Other infectious diagnoses to
consider include psoas abscess,
pelvic acetabular osteomyelitis, piri-
formis or adductor pyomyositis,
pyogenic sacroiliitis, and Lyme dis-
ease. Sickle cell disease should be
considered in the differential diag-
nosis of any young black child pre-
senting with a painful extremity.

Pyogenic abscess of the psoas
muscle is uncommon. In children,
it most frequently occurs in associ-
ation with infection of the abdomi-
nal viscera. The diagnosis is often
delayed because of unfamiliarity
with the condition and because it
can mimic disorders of the hip.
There is a flexion deformity of the
hip with a tender mass in the flank
just cephalad to the inguinal liga-
ment. A psoas sign is present, and
the pain is relieved by flexion,
external rotation, and adduction of
the hip. The posterior aspect of
the hip is not tender, and a fully
flexed hip can be rotated without
pain. A rectal examination may
elicit tenderness to palpation. A
plain abdominal radiograph may
show enlargement or loss of defi-
nition of the psoas shadow, al-

though the latter finding is some-
times present in healthy patients.2’
Ultrasonography is the best diag-
nostic test due to its accuracy, the
ease with which it can be per-
formed, and its low cost.28 Fur-
thermore, it can image the hip joint
to help exclude septic hip arthritis.
In our clinical experience, we have
found that MR imaging can depict
the early stages of myositis in a
variety of muscles about the hip.
The preferred treatment of a pri-
mary pyogenic psoas abscess is
operative drainage through a ret-
roperitoneal approach, followed
by intravenous antibiotic therapy
to cover S aureus, the most com-
mon pathogen.2®

Pyomyositis of the piriformis or
adductor muscles is very rare. It
usually occurs in tropical regions
and is typically caused by S aureus.
The patient has pain with active
movement through the range of
motion and tenderness on palpa-
tion of the affected muscles. An
MR imaging study will clearly
define the extent of the infection.
Treatment is a combination of sur-
gical drainage and antibiotics.
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Acute hematogenous pelvic
osteomyelitis is uncommon. It pre-
sents in much the same way as sep-
tic arthritis but with a more insidi-
ous onset. In the study by Mustafa
et al,16 75% of patients presented
with the triad of fever, pain, and
limp. On physical examination,
83% had pain through the range of
motion, and 70% had point tender-
ness. The ESR was greater than 20
mm/hr in 95% of cases, but a
pelvic radiograph was positive in
only 25%. Intravenous antibiotic
therapy alone was successful for
75% of patients, and 25% required
surgical drainage. Therefore, the
differentiation of pelvic osteomye-
litis from septic hip arthritis should
begin with a careful physical exam-
ination looking for less pain
through the range of motion and
for point tenderness in the affected
area of the pelvis. Technetium
bone scans are useful in early diag-
nosis when radiographs reveal no
abnormalities.30

Lyme disease is a growing pub-
lic health problem in the United
States and should be a considera-
tion when evaluating a patient who
lives in an area where the disease is
endemic and who presents with
unusual findings. The infectious
agent is a spirochete, Borrelia burg-
dorferi, which is transmitted by the
deer tick Ixodes during the summer
months, especially in the North-
east, northern Midwest, and West.
Of the five patterns of articular
involvement, the acute pauciarticu-
lar (“pseudoseptic”) type most
closely resembles septic arthritis.
Articular involvement is preceded
by a rash (erythema chronicum
migrans), which is associated with
myalgias, arthralgias, fatigue, and
malaise, followed by cardiac and
neurologic abnormalities. Twenty
percent of children recall being bit-
ten by a tick, and 20% to 70%
exhibit erythema migrans,3! which
is often associated with fever. We
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recommend that a serologic evalua-
tion for Lyme disease be performed
on any child with an irritable hip
who resides in an area where the
disease is endemic. Such an evalu-
ation includes testing for antibod-
ies to B burgdorferi conducted with
the use of both enzyme-linked
immunosorbent assay (ELISA) and
Western blot techniques. A decline
in the ELISA titer throughout the
treatment period indicates a good
response to therapy. Various anti-
biotic regimens have been recom-
mended, among them amoxicillin,
doxycycline for children older than
8 years of age, and intravenous cef-
triaxone followed by either amoxi-
cillin or doxycycline. The progno-
sis for children is better than for
adults, with chronic arthritis devel-
oping in approximately 2% of chil-
dren older than 6 months.3!
Juvenile rheumatoid arthritis
can present with single joint
involvement. The onset of pain is
generally more gradual and less
severe than is seen with septic hip
arthritis. The child does not have
severe constitutional symptoms
and continues to walk. The hip is
not as sensitive to movement and
can be put through a nearly normal
range of motion. An effusion is
typically present, with a leukocyte
count of less than 100,000 per milli-
liter. Aspiration of the joint may
yield purulent-appearing material.
Less likely to cause confusion
are Legg-Perthes disease, acute
slipped capital femoral epiphysis,
rheumatic fever, leukemia, and
Henoch-Schonlein purpura. Legg-
Perthes disease has a more pro-
longed onset of symptoms, less
severe physical examination find-
ings than seen in a case of septic
hip, and fairly typical radiographic
changes. Acute slipped capital
femoral epiphysis can mimic the
acute onset and exquisite pain of
infection, but trauma is a common
antecedent, and the radiographic

findings are characteristic. Rheu-
matic fever, due to group A strep-
tococcal infection, results in migrat-
ing arthritis or arthralgias typically
involving the knees, ankles, el-
bows, and wrists; the hips are less
commonly affected. Pharyngitis or
a febrile illness 2 weeks before the
onset of joint pain is often remem-
bered.

Acute leukemia, the most com-
mon cancer in childhood, may
mimic many orthopaedic condi-
tions. Bone pain or musculoskele-
tal symptoms or both are present-
ing complaints in approximately
30% of cases. The clinical findings
are less likely to raise suspicion of a
septic hip because the local signs
and symptoms are mild. The most
important clues to the diagnosis of
leukemia are prolonged preceding
symptoms, anemia, a low leuko-
cyte count, and inconsistent find-
ings on sequential technetium bone
scans.32

Henoch-Schoénlein purpura is a
vasculitis of unknown etiology. Its
manifestations include arthritis, a
purpuric rash, abdominal pain, and
nephritis. The arthritis typically
involves the knees and ankles and
is characterized by periarticular
swelling with minimal joint effu-
sion. The purpuric rash may begin
as small hemorrhagic lesions
involving the buttocks and legs
and often precedes the arthritic
symptoms. Henoch-Schonlein pur-
pura is self-limiting, and treatment
is directed toward prevention of
ischemic changes in the kidneys
and intestines.

Treatment

Several treatment principles are
important for a successful outcome.
First, the diagnosis must be made
early in the course of the illness.
Second, synovial fluid should be
obtained for culture to confirm the
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diagnosis before antibiotic admin-
istration. Third, hip arthrotomy is
the definitive therapeutic proce-
dure. Finally, empirical antibiotic
therapy should be based on the
clinical situation and the age of the
patient; the final choice of antibi-
otic is dependent on the culture
reports.

Antibiotic Therapy

The causative organism can gen-
erally be predicted accurately on
the basis of the age of the patient
(Table 1).

In the high-risk, low-birth-
weight neonate, the most common
infectious organism is S aureus, fol-
lowed by group B Streptococcus.
Catheterization of umbilical vessels
or another invasive procedure
often precedes the infection. Care
must be taken to identify sites of
other invasive procedures that may
have become infected, such as the
scalp (secondary to fetal monitor-
ing), the calcaneus (secondary to
heel puncture), and the symphysis
pubis (secondary to bladder punc-
ture).

In neonates, septic hip arthritis
may be the result of invasion of the
joint by osteomyelitis extending
from the proximal femur. The
most common findings are swell-
ing, flexion contracture, and over-
lying inflammation of the hip. In
the otherwise healthy neonate,
group B streptococcal infection is
most common, usually presenting
with only single joint involvement.
In one series of 92 patients with
septic arthritis who were less than
3 months old, streptococci were the
most common organisms (52%) in
community-acquired septic arthri-
tis, followed by staphylococci
(26%) and gonococci (17%); in con-
trast, in hospital-acquired septic
arthritis, the most common organ-
ism was Staphylococcus (62%).33
Initial antibiotic coverage should
consist of nafcillin or oxacillin, with
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Table 1
Most Common Pathogens and Initial Parenteral Antibiotics of Choice, by
Age Group
Age Pathogen Antibiotic
Neonate Group B streptococci, S aureus,  Nafcillin or oxacillin
Gram-negative bacilli
1 month to S aureus, Streptococcus Nafcillin, oxacillin,
3 years pneumoniae, Streptococcus cefotaxime, or ceftriaxone
pyogenes
3 years to All the above and Nafcillin or oxacillin
13 years H influenzae type B
Adolescent S aureus, Neisseria Nafcillin or oxacillin

gonorrhoeae

gentamicin added for the high-risk
neonate.

In patients between the ages of 3
months and 3 years, H influenzae
type B has, in the past, been the
most common organism, followed
by Staphylococcus and Streptococcus.
However, with the widespread use
of the H influenzae type B vaccine in
the late 1980s, there has been a dras-
tic decline in the incidence of infec-
tions due to this pathogen, especial-
ly in patients aged 6 to 11 months.34
As many as 20% of patients may
have concomitant H influenzae
meningitis; therefore, a cere-
brospinal fluid examination is
important. The preferred antibi-
otics are cefotaxime and ceftriaxone,
which cover the pathogens most
commonly seen and display good
penetration across the blood-brain
barrier, achieving high concentra-
tion in the cerebrospinal fluid.

In children older than 2 or 3
years, septic hip arthritis is most
commonly caused by S aureus
(50%) or streptococci (25%). The
initial choice of antibiotic is either a
semisynthetic penicillin (oxacillin)
or a first- or second-generation
cephalosporin (cefazolin or cefu-
roxime).

Recently, there have been an
increasing number of reports of
sepsis due to Kingella kingae, a
Gram-negative coccobacillus that
appears in pairs or short chains.
This organism was first described
in 1960 and most likely has re-
mained unrecognized or has been
dismissed as a pathogen because of
its slow, fastidious growth in cul-
ture. Colonization occurs in the
nasopharynx, with later dissemina-
tion into the bloodstream and dis-
tal localization in skeletal tissue,
the endocardium, and the vascular
space.35 Septic arthritis usually
occurs in children less than 4 years
of age who have no underlying ill-
ness. Suppurative arthritis due to
K kingae is an acute illness with
symptoms occurring more than 4
days before diagnosis in 70% of
cases. Fever is present in 85% of
patients with septic arthritis. All
cases reported to date have been
monarticular; the knee is most
commonly affected, followed by
the hip and ankle. The culture
yield for K kingae is 87% for joint
aspirates, but only 5% to 7% of the
patients with joint infections have
positive blood cultures.3¢ It may
take up to 14 days to isolate, with a
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greater rate of recovery if the speci-
men is inoculated in a BACTEC
culture bottle (Johnston Labora-
tories, Towson, Md).368 The treat-
ment of choice is penicillin therapy.

Gonococcal septic arthritis is
caused by the Gram-negative
diplococcus Neisseria gonorrhoeae. It
predominantly affects two age
groups: newborns (contracted dur-
ing birth) and sexually active ado-
lescents (disseminated from a geni-
tourinary tract infection). In ado-
lescents, the typical presentation is
tenosynovitis of the hands and feet,
rash, and migratory polyarthral-
gias. The knee is most commonly
affected, followed by the hip. The
involved joints are painful but gen-
erally less so than in other forms of
septic arthritis. Special care is
needed in the handling of cultures
from children suspected of having
gonococcal arthritis. Cultures
should be placed on warm media
(chocolate agar for sterile sites
[blood and synovial fluid] and
Thayer-Martin agar for nonsterile
sites [vagina, rectum, and throat]).
Ceftriaxone, administered either
intravenously or intramuscularly,
is the drug of choice because of
increased resistance to penicillin
and tetracycline.

Antibiotic therapy is begun only
after all specimens have been
obtained for culture. Guidelines
based on the patient’s age and his-
tory and the likely source of the
infection (i.e., hospital-acquired or
community-acquired) can be useful
in selecting empirical antibiotic
coverage until culture results are
available. Antibiotics should ini-
tially be administered parenterally
to achieve high concentrations
quickly in the vascular plexus sur-
rounding the hip joint. This reli-
ably exposes the synovium to a
therapeutic concentration of the
drug. Joint fluid concentrations
average 30% of serum drug con-
centrations soon after administra-
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tion and can exceed those in serum
just prior to the next dose. Because
the concentration of antibiotics is
high within the joint fluid during
parenteral administration, monitor-
ing of serum levels is rarely needed.
The disadvantage of intravenous
administration is that it is more ex-
pensive and far more inconvenient
for the patient.

Oral administration of antibi-
otics is instituted after an initial
good clinical response is seen dur-
ing intravenous administration.
Fever should subside, and the child
should demonstrate an increased
energy level and appetite, improve-
ment in range of motion of the hip,
and increased weight-bearing ability.
We generally use parenteral antibi-
otics for the first 7 days and then
switch to oral antibiotics, provided
the child has responded well to
parenteral antibiotics. Oral admin-
istration is more convenient and
less expensive and has been shown
to be successful in the treatment of
septic arthritis when used after
parenteral antibiotics. Generally,
oral doses for septic arthritis are
two to three times the customary
dose for a less serious infection and
are equivalent to the parenteral

Table 2

dosage (Table 2).37 Because serum
levels are dependent on intestinal
absorption, clinical and laboratory
monitoring should be performed.
Serum bactericidal activity, defined
as the greatest dilution of the
patient’s serum that remains bacte-
ricidal for a particular pathogen,
correlates best with a successful
outcome. It is generally agreed
that a serum bactericidal level of at
least 1:8 is needed for a successful
result. In addition to serum bacte-
ricidal levels, the minimum inhi-
bitory concentration of the organ-
ism and the peak serum antibiotic
concentration (equal to three to five
times the minimum inhibitory con-
centration) are used at our institu-
tion.

The duration of antibiotic thera-
py for septic hip arthritis is contro-
versial, but it is shorter than that
required for osteomyelitis and is
longer when the pathogen is a
more virulent organism, such as S
aureus or a Gram-negative bacillus.
A total of 2 weeks of antibiotic
treatment is used for less virulent
bacteria. Two to three weeks of
antibiotic treatment is added if
either S aureus or a Gram-negative
bacillus is the causative organism.

Dosages of Oral Antibiotics Used for Treatment of Serious Infections

Drug Daily Dose, mg/kg Maximum Dosage
of body weight Daily Dose, g Interval®
Amoxicillin 100 4 g6h
Ampicillin 150 4 g6h
Cefaclor 120-150 4 qg6h
Cefuroxime 75-100 4 g8h
Cephalexin 100 4 g6h
Chloramphenicol 75 2-4 g6h
Clindamycin 30-40 1.2-1.8 g6h
Cloxacillin 100 4 g6h
Dicloxacillin 75-100 4 qg6h
Penicillin V 100 4 géh

*Abbrevations: g6h = once every 6 hours; q8h = once every 8 hours.
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If prolonged parenteral antibiotic
administration is needed, a periph-
erally inserted central catheter is
safe and very effective and does
not carry the risks associated with
direct central access.

Surgical Management

Operative intervention should
be performed expeditiously in all
cases of septic hip arthritis regard-
less of patient age or causative
organism. If purulent fluid is
obtained by aspiration in the oper-
ating room, we generally perform
arthrotomy immediately without
waiting for the laboratory fluid
analysis. Surgical intervention
includes open arthrotomy, evacua-
tion of purulent material, and thor-
ough irrigation of the joint with
normal saline. Drilling or curettage
of the proximal femoral metaphysis
may be necessary if associated
osteomyelitis is likely. Arthrotomy
thus achieves several objectives:
removal of the products of the
inflammatory response more
rapidly than achievable by the
host’s response; reduction of the
bacterial inoculum, allowing more
efficient antibiotic action; and
debridement of dead tissue, includ-
ing the thick fibrinous exudate
within the joint, along with joint
decompression.

We use a modified anterolateral
(Watson-Jones) approach through
the interval between the tensor fas-
ciae latae and the gluteus medius.
An oblique transverse incision is
made just anterior to the tip of the
greater trochanter. The tensor fas-
ciae latae is retracted anteriorly,
and the gluteus medius is pulled
posteriorly. The small fat pad evi-
dent in this interval is entered
bluntly. This leads one directly
onto the anterior capsule at the
level of the midportion of the
femoral neck. A partial capsulec-
tomy (approximately 0.5 to 1.0 cm?)
should be performed to allow
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drainage after surgery. Drains
placed into the joint to aid in clear-
ance of fluid that has leaked into
the adjacent soft tissue should be
left for 24 to 48 hours or until the
drainage is minimal. All fascial
layers should remain open, al-
though subcutaneous and skin lay-
ers may be closed.

A direct anterior (Smith-Petersen)
approach between the sartorius and
the rectus femoris can be used. This
avoids the femoral vessels while
giving a direct approach to the joint
and the proximal femoral metaph-
ysis. More soft-tissue dissection is
necessary, and the planes of dissec-
tion may be obscured by the edema
associated with a septic hip. A pos-
terior approach allows for depen-
dent drainage postoperatively; how-
ever, it does not give direct access to
the hip joint and may compromise
the blood supply of the femoral
head.

Postoperatively, external immo-
bilization with a cast or splint is not
recommended unless there is insta-
bility of the hip. In neonates and
infants, instability is more likely; a
spica cast or Pavlik harness can be
used for several weeks. Bed rest
for 24 hours allows time for the
synovial inflammation to subside.
Passive range-of-motion activity is
begun as soon as possible to avoid
the deleterious effects of joint
immobilization, including prolifer-
ation of connective tissue, atrophy
of cartilage, and decreases in colla-
gen content.38

The incidence of associated
osteomyelitis in septic hip arthritis
is greater in young infants. Be-
cause the proximal femoral metaph-
ysis is intracapsular, direct spread
may occur from metaphyseal
osteomyelitis into the joint space.
The rate of coexisting joint and
bone infection is approximately
15%,3940 with poor results in 50% to
57% of cases. The presentation of a
dual infection is similar to that of
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an isolated septic hip; however, the
diagnosis is not considered in more
than 50% of cases. Plain radio-
graphs usually fail to demonstrate
changes early in the course of the
disease. Technetium bone scan-
ning is useful in diagnosing an
associated bone infection. Special
attention should be paid to the
delayed images. This modality has
a high sensitivity (90%) but a low
specificity.

A high index of suspicion for
associated osteomyelitis is warrant-
ed in all cases of septic hip arthritis,
especially in young children, those
who do not respond to arthrotomy,
and those with a prolonged onset
of symptoms before hospitaliza-
tion. If there is a strong suspicion
of osteomyelitis, drilling of the
proximal metaphysis can be per-
formed at the time of arthrotomy.

Outcome and Management of
Sequelae

Of the reported poor results
from septic arthritis involving all
joints, the hip accounts for approxi-
mately 75%. The hip is deeply situ-
ated and difficult to assess; further-
more, associated proximal femoral
osteomyelitis is common in neo-
nates, and osteonecrosis and patho-
logic dislocation are unique to the
hip.! Risk factors for a poor prog-
nosis are patient age less than 6
months, delay in treatment greater
than 4 days, associated osteo-
myelitis of the proximal femur, and
infection with S aureus.1.37

The severe sequelae of septic hip
arthritis most often occur in new-
borns and infants. These include
premature closure of the proximal
femoral physis or triradiate carti-
lage, subluxation, dislocation, os-
teonecrosis of the femoral head,
pseudarthrosis of the femoral neck,
complete destruction of the femoral
head and neck, acetabular dyspla-
sia, and limb-length discrepancy.
A classification of these sequelae
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was first described by Hunka et al4!
(Fig. 4).

A review of the literature dis-
closed four long-term follow-up
studies evaluating late sequelae of
septic hip arthritis.4-44 In one multi-
center study,42 28 patients were
grouped into two categories on the
basis of age.#2 Group | consisted of
18 patients (19 hips) in whom the
onset of infection occurred at less
than 3 months of age; group Il con-
sisted of 10 patients (13 hips) in
whom the onset of infection oc-
curred after age 3 months. Group |
patients retained more mobility than
group Il patients and had less pain.
In group I, reconstructive surgery
resulted in stiffer and more painful
hips. The authors recommended
avoiding surgical procedures, with
the exception of epiphysiodesis and
lengthening procedures for residual
limb-length discrepancies.

Because of the small numbers of
patients reported on in the litera-
ture, it is difficult to provide specific
treatment plans. However, on the
basis of the five-part classification
developed by Hunka et al,*! we rec-
ommend the following guidelines:

In type | hips, there is minimal
femoral head collapse, and the
most common findings are radio-
graphic changes indicating ische-
mia or reossification. When this is
evident, the treatment is much like
that for Perthes disease, with main-
tenance of hip motion or use of an
abduction orthosis or both. The
prognosis is generally very good.

Type IIA hips have deformity of
the femoral head with an intact
physis and should be treated like
type | hips. Type IIB hips are char-
acterized by premature fusion of
the physis with or without femoral
head deformities. Because the pre-
mature physeal closure is asymmet-
ric, a residual valgus or varus align-
ment results, which should be treat-
ed with a proximal femoral osteot-
omy. An acetabular osteotomy
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Fig. 4 Radiographic classification of the sequelae of septic hip in children, as developed

by Hunka et al.4!

may be needed for residual dyspla-
sia. The rate of good results has
been reported to be 60% to 70%.43

Type Il hips are characterized by
pseudarthrosis of the femoral neck.
Bone grafting of the pseudarthrosis
should be attempted only if there is
a viable femoral head. If grafting is
unsuccessful, the hip should be con-
verted to a type V hip, followed by
a greater trochanteric arthroplasty
or Girdlestone resection.

Type IVA hips are characterized
by complete destruction of the prox-
imal epiphysis with a stable neck
segment. The results of treatment
are largely dependent on the status
of the neck remnant and its relation-
ship to the acetabulum. If the neck
remnant is well seated in the acetab-
ulum, adductor and psoas releases
will allow greater range of motion.
Type IVB hips have a small unstable
neck fragment that is not seated in
the acetabulum. Hunka et al4! had

three patients with type IVB hips;
two underwent proximal femoral
osteotomies, and the third was
treated with a Chiari osteotomy.
All three patients had a successful
result.

Type V hips have complete loss
of the femoral head and neck and
no articulation with the hip. In the
review of Choi et al,43 the only
patients with a type V hip who did
well were four of seven patients
who underwent a trochanteric
arthroplasty, which was combined
with varus osteotomy and pelvic
osteotomy to obtain coverage of the
trochanteric arthroplasty. The
authors predicted that their pa-
tients would eventually have pro-
gressive degenerative changes and
an unsatisfactory result. On the
basis of the experience of the senior
author (R.G.), we recommend mini-
mal reconstructive surgery, which
may result in weakness and an
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abductor lurch but leaves the
patient with a pain-free hip with a
nearly full range of motion.44

Summary

Septic hip arthritis in children con-
tinues to be a challenge because of
the devastatingly poor results when
treatment fails or is begun late. A
high index of suspicion is needed
when any child presents with a
painful hip. A detailed history and

careful physical examination,
together with a serum analysis and
radiographs, help to define the like-
lihood of septic hip arthritis.
Ultrasonography is a powerful
diagnostic tool when used in combi-
nation with clinical examination.
Open drainage, when performed
early, offers the best result. Anti-
biotic therapy is administered for at
least 2 weeks and can usually be
completed at home. Poor prognos-
tic factors are a patient age less than
1 year, a duration of symptoms
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longer than 4 days, and associated
proximal femoral osteomyelitis.
Severe sequelae are best managed
with minimal surgical intervention,
with the exception of equalization
of limb-length discrepancies, soft-
tissue releases for a well-seated neck
remnant, and realignment proce-
dures in the adequately formed
head. Long-term follow-up of all
patients is necessary, including the
patient with an apparently good
early result, because late degenera-
tive changes of the joint may occur.
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