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Background: The authors conducted the present study to identify clinical and radiological prognostic factors in infants and neo-
nates with septic arthritis of the hip.

Methods: The authors retrospectively reviewed the records of 31 patients with septic arthritis of the hip. All of the patients were
younger than 18 months old. Follow-up periods ranged from 5 to 17 years. The following potential variables for predicting the
prognosis were included in the assessment: gender, age, underlying diseases, duration of symptoms, changes of hip joint in X-ray,
concomitant osteomyelitis, elevation of erythrocyte sedimentation rate and C-reactive protein, sepsis, pus drainage, synovial fluid
culture, and infecting organisms. Clinical and radiological prognoses were analyzed at the final follow-up.

Results: Univariate analysis demonstrated that radiological prognoses were poorer in patients who had underlying diseases, a
longer duration of symptoms, and pus drainage. However, on multivariate analysis, only the variable—duration of symptoms—
was found to be statistically related with a poor radiological prognosis.

Conclusions: Although poor prognosis for patients with several underlying diseases and radiological changes has already been

established, a favorable outcome might be expected with prompt surgical drainage and appropriate antibiotics.
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Septic arthritis remains an important infection, and is as-
sociated with significant mortality and morbidity.™ It is
well established that the prognosis of septic arthritis in
children is associated with site, age, treatment delay, and
the organism responsible.”

The hip is known to be the most frequently involved
site and has the poorest outcomes of all joints.”” This is
due to the deep location and aspiration difficulties, and
results in complications of osteomyelitis of the neck of the
femur in some cases. Many studies have reported that neo-
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nates and infants are more likely to have a poor prognosis
than children. Particularly in neonates and infants, its
diagnosis may be difficult to establish because the physical
signs are frequently minimal, laboratory findings are often
normal, and initial roentgenographic appearance is often
unhelpful or difficult to interpret, because joint structures
are primarily cartilaginous, and therefore, radiolucent.”
Accordingly, a high level of suspicion is required to make
an early diagnosis.”

The prognostic factors of septic arthritis of the hip
in infants are less frequently studied than that of the chil-
dren, and the reports are outdated.” Furthermore, to our
knowledge, no study has performed a multivariate analysis
for the prognostic factors of septic arthritis of the hip in
infancy. We speculated that the prognostic factors of sep-
tic arthritis of the hip in infancy might differ from those
previously described in children because of the recent de-
velopment of diagnostic tools, antibiotics, and other forms
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of supportive care. Therefore, we conducted the present
study to identify clinical and radiological prognostic fac-
tors in infants and neonates with septic arthritis of the hip.

METHODS

The Institutional Review Board of Samsung Medical Cen-
ter reviewed and approved this study. After informed con-
sent was obtained, we retrospectively reviewed the medical
records and radiographs of all patients treated surgically
for septic arthritis of the hip from January 1995 to Decem-
ber 2007. Only patients younger than 18 months old at
the onset of septic arthritis were included. All the patients
were followed-up for at least 5 years (range, 5 to 17 years;
mean, 74.4 months). Open drainage and irrigation under
general anesthesia were promptly performed after diag-
nosing septic arthritis of the hip in all patients. Affected
hip joints were thoroughly debrided and copiously irri-
gated, and immobilized with a continuous suction drain
in a functional position for about 2 weeks. Intravenous
empirical antibiotics were used routinely and bacteriologi-
cal cultures and sensitivity tests were performed. Changes
were noted in the results.

Inclusion and Exclusion Criteria

After surgery, a diagnosis of septic arthritis was explicitly
assigned when a patient had a positive culture finding of
joint fluid and a white blood-cell count in the joint fluid of
at least 50,000 cells/mm’ (50.0 x 10’ cells/L). If no growth
was observed during culture, we presumed a diagnosis
of septic arthritis when 2 of the major and 5 of the minor
clinical criteria described by Morrey et al."” were satisfied
(Table 1) and the diagnosis was supported by ultrasono-

10)

Table 1. Morrey’s Diagnostic Criteria for Septic Arthritis

graphic and magnetic resonance imaging findings which
showed joint distension with an increased amount of de-
bris. We excluded the patients who had osteomyelitis alone
and did not have a pathologic finding of septic arthritis in
a tissue biopsy of the joint cavity. Also, cases of Mycobac-
terium tuberculosis arthritis of the hip were excluded.

Demographic Data and Perioperative Finding
Thirty-one patients met the study criteria. The following
data were assessed for all patients included in the study:
gender, age, underlying diseases including prematurity,
duration of symptoms before operation, changes of hip
joint in preoperative X-ray, concomitant osteomyelitis of
the proximal femur, elevation of erythrocyte sedimenta-
tion rate (ESR) and C-reactive protein (CRP), develop-
ment of sepsis, intraoperative pus drainage, synovial fluid
culture, and infecting organisms.

Of the 31 patients, 17 patients (54.8%) were male
and 14 patients (45.2%) were female. Patients’ ages ranged
from 10 days to 18 months (mean, 3 months). Thirteen
patients (41.9%) were neonates (< 1 month) and 18 (58.1%)
were infants (from 1 month to 18 months). Seven patients
(22.6%) had at least one underlying disease. The distribu-
tion of underlying diseases is summarized in Table 2. On
average, surgery was conducted 4.32 days (range, 1 to 15
days) after the onset of symptoms.

Changes of the hip joint in the preoperative X-rays
were observed in 12 patients (38.7%) and these changes
were either single or multiple: joint space widening in
seven, asymmetric soft tissue swelling in six, radiolucent
lesion of proximal femur in four, and joint dislocation/
subluxation in two. Four patients (12.9%) had concomi-
tant osteomyelitis of the proximal femur. Osteomyelitis

Criteria

Major criteria (at least 2 conditions)

Minor criteria (at least b conditions)

Condition
Pus aspirated from the joint
Marked elevation of the erythrocyte sedimentation rate
Specific roentgenographic changes in the involved site
Fever greater than 38.3°C
Pain (localized to the joint) made worse by gentle passive motion
Swelling of the involved joint
Systemic symptoms of lethargy, malaise, irritability
No other demonstrable pathological process

Satisfactory response to antibiotic therapy




112

Lee et al. Prognostic Factors of Septic Hip in Infants and Neonates
Clinics in Orthopedic Surgery * Vol. 7, No. 1, 2015 « www.ecios.org

Table 2. Distribution of Underlying Diseases and the Prognoses was diagnosed by the results of medullary culture and bi-

opsy after the operation and supported by the preoperative

: : Prognosis magnetic resonance imaging (MRI) or the serial follow-up
Patient Disease . . . .

Clinical  Radiological of plain radiographs, which showed the periosteal reac-

tion, b ion, and an int dull teolytic le-

1 Retinopathy of prematurity Unsatisfactory Unsatisfactory slizg ony erosion, and an Intramedullary osteolytic le

Respiratory distress syndrome At admission, ESR was elevated (> 22 mm/hr) in

Atrial septal defect 26 (83.9%) and CRP (> 0.3 mg/dL) in 28 (90.3%). Sepsis

was diagnosed based on core temperature, heart rate,

Extremely low birth weight . .
X ylowbirthweig respiratory rate, leukocyte count, and presence of infec-

2 Tetralogy of fallot Satisfactory  Unsatisfactory tion."” Thirteen patients (41.9%) had concomitant sepsis.
3 Intrahepatic arteriovenous fistula Satisfactory  Satisfactory Intraoperative pus drainage was observed in 23 patients
4 Retinopathy of i Unsatisf Unsatisf (74.2%).
etinopathy of prematurity nsatistactory  Unsatistactory Joint fluid cultures were positive in 12 (38.7%):
Respiratory distress syndrome Staphylococcus aureus in six with methicillin resistant S.

aureus (MRSA) in two, methicillin-resistant coagulase-
negative Staphylococcus, 3-hemolytic Streptococcus, Neis-
seria meningitidis, and Escherichia coli were cultured in
Bronchopulmonary dysplasia one patient each, and Haemophilus influenzae in two. No
patient was found to have multiple organisms in the hip
joint. For statistical analysis, we categorized the infecting
organisms into S. aureus, other, and none.

Mitral regurgitation

5  Prematurity Satisfactory  Unsatisfactory

6  Ventricular septal defect Satisfactory  Unsatisfactory
Coarctation of aorta

7 Retinopathy of prematurity Satisfactory  Unsatisfactory

Evaluation at Last Follow-up

Clinical and radiological outcomes were analyzed at the
final follow-up. The final results were each classified into 4

Omphalocele

Extremely low birth weight

Table 3. Merle D'Aubigne’s Clinical Grade'”

Range of motion

Grade Pain o Motion limitation Walking ability
degree (°) Flexion, extension, internal & external rotation Abduction
6 Nothing Over 90 Nothing Nothing  Normal
5 Slight pain 80-70 Nothing Nothing - Slight limitation
- Limping at prolonged walking
- Cane for long distance
-No instability
Revealed time (min) of pain at walking
4 30-60 70-50 Least Least - Frequent cane use
- Limping always
- Slight instability
3 10-20 50-30 1 Point 2 Points  Always cane walking due to
instability
2 <10 <30 Walking with two canes
1 Immediate Crutch walking
0 Resting pain Impossible

Total: 18 points, excellent (18, 17 points), good (16, 15 points), fair (14, 13 points), poor (< 12 points).
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Table 4. Bennett's Radiological Grade and Number of Hips”

Grade No. of hip
| (excellent) Normal 10
Il (good) Minimal distorsion of trabeculae 6
[1l (fair) Coxa magna with or without shortening and thickening of femur neck and coxa valga or vara 10
|V (poor) Joint space narrowing 3

Avascular necrosis of proximal femoral epiphysis

Complete destruction of joint

grades (excellent, good, fair, poor) clinically using the scale
put forth by Merle D’Aubigne et al."” (Table 3) and radio-
logically by the grading system of Bennett and Namnyak”
(Table 4). For statistical analysis, patients with excellent
or good results were grouped as satisfactory, and patients
with poor or fair results were grouped as unsatisfactory.

Statistical Analysis

We calculated overall summary statistics in terms of
means and standard deviations for continuous variables
and frequencies and percentages for categorical variables.
After the descriptive analysis, we performed univariate
comparisons for the independent associations between
variables and the prognosis of septic arthritis. All variables
were tested for normality using the Kolmogorov-Smirnov
test. The intergroup differences were determined by use
of either the Student ¢-test or Mann-Whitney U-test for
continuous variables depending on the result of normality
test and the chi-square or Fisher exact test for categorical
variables. Thereafter, we included all the variables in the
multivariate models and performed regression analysis
in a stepwise manner to identify the factors influencing
the prognosis of septic arthritis. All statistical analyses
were performed with the use of two-tailed tests, and sig-
nificance was considered to be indicated by a p-value of <
0.05. The statistical software MedCalc ver. 11.6 (MedCalc
Software, Ostend, Belgium) and R ver. 2.12 (GNU General
Public License; Comprehensive R Archive Network, Bos-
ton, MA, USA) were used for all statistical analyses.

RESULTS

The clinical results showed 26 patients (83.9%) in the sat-
isfactory group, with 14 excellent and 12 good. The other
5 patients (16.1%) were grouped as unsatisfactory with 3
fair and 2 poor. Univariate analysis demonstrated that no
parameter was significantly associated with a worse clini-

cal prognosis (Table 5).

Radiologically, 16 patients (51.6%) were grouped as
satisfactory with 10 excellent and 6 good. The other 15 pa-
tients (48.4%) were grouped as unsatisfactory with 10 fair
and 5 poor (Table 4). The underlying diseases, including
prematurity, the duration of symptoms before operation,
and intraoperative pus drainage were significantly associ-
ated with a worse radiologic prognosis. The radiologic
results were worse when the patients had the underlying
diseases (p = 0.037), when the operation was delayed (p =
0.009), or when the pus was drained during the operation
(p = 0.047). Among the 7 patients with underlying diseas-
es, only 1 patient was classified into the satisfactory group,
and among the 23 with intraoperative pus drainage, only
9 were satisfactory (Tables 2 and 6). Because the duration
of symptoms before operation does not follow the normal
distribution statistically, we calculated the median value. It
was 2.5 days (95% confidence interval, 1.00 to 4.36) in the
satisfactory group and 5.0 days (95% confidence interval,
3.00 to 8.47) in the unsatisfactory group (Fig. 1). The other
variables were not found to affect to the radiological prog-
nosis significantly (Table 6).

However, the stepwise multivariate logistic regres-
sion analysis showed only one variable—the duration of
symptoms before operation—to be statistically related with
the radiological poor prognosis. The model was checked
for goodness of fit with the Hosmer and Lemeshow test,
which ensured that it was well specified and fit the data.
The regression equation was as follows: prob (unsatisfac-
tory radiological prognosis) = exp(-2.3754 + 0.5038 x du-
ration of symptoms before operation) / [1 + exp(-2.3754 +
0.5038 x duration of symptoms before operation)] (Fig. 2).

DISCUSSION

The present study was designed to identify clinical and
radiological prognostic factors of septic arthritis of the
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Table 5. Results of Univariate Analysis of the Possible Variables for Predicting the Clinical Prognasis

Characteristic Satisfactory (n = 26) Unsatisfactory (n = 5) p-value
Gender 0.344
Male 13 4
Female 13 1
Age (mo) 1.000
Neonate (< 1) 11 2
Infant (1-18) 15 3
Underlying diseases 0.312
Yes 21 3
No 5 2
Duration of symptom before operation® (mean + SD) 26 (4.69 +4.21) 5(5.00+1.87) 0.125
Changes of hip joint in preoperative X-ray" 1.000
Yes 10 2
No 16 3
Concomitant osteomyelitis of proximal femur 1.000
Yes 4 0
No 22 5
Elevation of ESR (> 22 mm/hr) 0.560
Yes 21 5
No 5 0
Elevation of CRP (> 0.3 mg/dL) 0.422
Yes 24 4
No 2 1
Development of sepsis 1.000
Yes 15 2
No 11 3
Intraoperative pus drainage 0.562
Yes 19 4
No 7 1
Synovial fluid culture 0.060
Yes 8 4
No 18 1
Infecting organism 0.117
Staphylococcus aureus 4 2
Others 4 2
None 18 1

ESR: erythrocyte sedirqentation rate, CRP: C-reactive protein.
*Continuous variable. Including the suspicious findings of osteomyelitis.
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Fig. 1. Box plots of symptom duration before operation between groups. The arrow denotes the average days of each group. (A) Satisfactory and
unsatisfactory groups. (B) Radiological grade by Bennett and Namnyak™: excellent, good, fair, and poor.

hip only in neonates and infants. Several studies have sug-
gested prognostic factors of septic arthritis in childhood,
and the putative indicators of poor prognosis include: a
young age, treatment delay, septic arthritis associated with
osteomyelitis, and the infecting organism.*”"”

In particular, septic arthritis of hip can lead to seri-
ous musculoskeletal sequelae, which include: premature
closure of the triradiate cartilage, acetabular dysplasia,
limb-length discrepancy, premature or asymmetrical
closure of the proximal femoral physis, subluxation, dis-
location, necrosis of the cartilage, ischemic necrosis of the
femoral head, pseudoarthrosis of the femoral neck, and
complete destruction of the femoral head and neck.>"*"
In the present study, 5 patients had poor radiologic results
and operative correction was performed in all five for the
following reasons: leg length discrepancy, pathologic hip
dislocation, a hip joint surface irregularity, and coxa mag-
na (Fig. 3).

Usually, patient age is identified as an important
poor prognostic factor. Septic arthritis in infancy of-
ten presents with atypical symptoms, and moreover in
neonates, clinical findings can be minimal or absent,>'
leading to a delayed diagnosis. Another reason for poor
prognosis in infancy is that infants are vulnerable to os-
teomyelitis. In the present study, we included only infants
younger than 18 months old and the analysis revealed that
both the neonate and infant groups (by age) did not have
a significant difference in prognosis (p = 1.00 in clinical
results, p = 0.47 in radiological results).

In a series of 33 cases with acute septic arthritis in
children, Chen et al.” found that the two factors most as-
sociated with poor results were a treatment delay of more
than 5 days and the presence of osteomyelitis of the proxi-

mal femur. Early diagnosis and therapy has been reported
to be the most important course of action for achieving a
favorable outcome in cases of septic arthritis.>'*"” The av-
erage delay between diagnosis and arthrotomy and irriga-
tion was 4.32 days in this study, and multivariate analysis
revealed that the duration of symptoms before undergoing
the operation significantly affected the prognosis. Accord-
ing to our logistic regression curve, when the operation
was delayed by a greater number of days, the probability
of an unsatisfactory radiological outcome gradually in-
creased. If the duration of symptoms before the operation
is about 5 days, then the probability of unsatisfactory ra-
diological prognosis was 50% (Fig. 2).

Osteomyelitis of the proximal femoral metaphysis
may spread directly to the epiphysis through open trans-
physeal vessels in those aged less than 18 months,” and
conversely, if effective treatment is delayed, the septic
arthritis spreads into the bone marrow through the me-
taphyseal vessels because the development of cartilaginous
materials of the physis is immature in infancy. It was previ-
ously reported that joint infections with osteomyelitis have
a poorer prognosis.2’5’7’13) In the present study, 4 patients
had concomitant osteomyelitis. However, in contrast to the
previous studies, according to our analysis, concomitant
osteomyelitis was not the indicative of poor prognosis. We
speculated that this result might be associated with the
development of diagnostic tools, such as ultrasonography
and MRI.

Only 12 of our patients (38.7%) had positive growth
on culture which might be influenced by the antibiot-
ics administered in previous hospitals. Nineteen patients
(61.3%) had been treated in another hospital in our study.
In terms of infecting organisms, S. aureus has been well
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Table 6. Results of Univariate Analysis of the Possible Variables for Predicting the Radiological Prognosis

Characteristic Satisfactory (n = 16) Unsatisfactory (n = 15) p-value
Gender 0.722
Male 8 9
Female 8 6
Age (mo) 0473
Neonate (< 1) 8 5
Infant (1-18) 8 10
Underlying diseases 0.037
Yes 1 6
No 15 9
Duration of symptom before operation* (median) 16 (2.50) 15(5.00) 0.009
Changes of hip joint in preoperative X-ray" 0.149
Yes 4 8
No 12 7
Concomitant osteomyelitis of proximal femur 1.000
Yes 2 2
No 14 13
Elevation of ESR (> 22 mm/hr) 0.333
Yes 12 14
No 4 1
Elevation of CR (> 0.3 mg/dL) 1.000
Yes 14 14
No 2 1
Development of sepsis 1.000
Yes 7 6
No 9 9
Intraoperative pus drainage 0.047
Yes 9 14
No 7 1
Synovial fluid culture 0.149
Yes 4 8
No 12 7
Infecting organism 0.270
Staphylococcus aureus 2 4
Others 2 4
None 12 7

ESR: erythrocyte sedimentation rate, CRP: C-reactive protein.
*Continuous variable. It does not follow the normal distribution. 'Including the suspicious findings of osteomyelitis.
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described as the most destructive and common pathogen,
but H. influenzae and Pneumococcus have been found to
be pathogens less likely to produce irreversible damage.
The destructive nature of S. aureus may be associated with
its virulence and the associated cell-mediated immuno-
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Fig. 2. Logistic regression analysis showing the relations between
duration of symptoms before the operation and radiological prognosis.
The line is the curve fit from logistic regression, and represents the
probability of an unsatisfactory radiological prognosis with the duration
of symptoms before the operation. If the duration of symptoms before
the operation is 2.53 days, the patient has an unsatisfactory radiological
prognosis in 25% of cases; 4.72 days, in 50% of cases; 6.9 days, in 75%
of cases; and 13.84 days, in 99% of cases.

logical reaction to bacterial exoprotein.'” According to
our analysis, although S. aureus was the most common
pathogen in accordance with the previous reports, it was
not associated with a poor prognosis. This may be due to
the recent development of specific antibiotics and the early
application of antibiotics targeted to S. aureus. We always
used the first generation of cephalosporin for empirical an-
tibiotics. Recently, Yamagishi et al.'” reported that MRSA
was the most common septic arthritis pathogen among
healthcare-associated and community-acquired infections,
and suggested that empiric treatment should include first-
line antibiotics against MRSA in Japan. However, only 2 of
our patients had a MRSA infection.

Underlying diseases, for example, respiratory dis-
tress syndrome and congenital anomalies, have been
recognized as a risk factor, but not a prognostic factor, of
septic arthritis in childhood.™ All 7 patients with underly-
ing diseases had at least more than one cardiopulmonary
or gastrointestinal anomaly in our series, and it was not
found to be a poor prognostic factor in multivariate logis-
tic regression analysis.

We assumed that the pus drainage during the opera-
tion might reflect the severity of infection, so we analyzed
it as a potential poor prognostic factor. The pus was al-
ready established in 23 of the 31 cases during operation.
However, because the formation of pus would be affected
by a delay in operation, our multivariate analysis revealed

Fig. 3. A ten-day-old boy born on the
28th week of gestation and weighing
650 g was treated for septic arthritis
of the right hip by prompt surgical
drainage and antibiotics 5 days after
symptoms developed. He also had
congenital heart disease and respiratory
distress syndrome. (A) Preoperative
plain radiograph of the hip joint showed
soft tissue swelling (arrows). (B) Radio-
graph of pathologic dislocation of the
femoral head at age 3 years (arrows).
(C) He underwent open reduction, vari-
zational and derotational osteotomy of
the proximal femur, and trochanteric
arthroplasty (arrows). (D) At age 10
years, flexion of the right hip was limited
to 90°, and the clinical result was fair
and radiological grade was poor.
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that the pus was not a poor prognostic factor, while a delay
of operation was a poor prognostic factor.

The present study has limitations that should be not-
ed. First, our findings may not be generalizable due to the
low incidence of septic arthritis of the hip combined with
inadequate patient numbers. The sample size could not be
determined a priori due to the retrospective nature of the
study. This limits the power of the study and increases the
risk of a type II error in presuming some factors are not
associated with septic arthritis of the hip: that is, some of
these factors might be associated with septic arthritis of
the hip with a greater numbers of patients. However, a ret-
rospective case study is often the most feasible method for
prognostic factor identification and quantification in the
surgical literature, because randomized controlled trials
are mostly not possible.

In summary, because of the development of anti-
biotics and an increasing understanding of the nature of
the disease, the prognostic factors of septic arthritis of the
hip might have changed. In the present study, no variables
except the duration of symptoms before the operation
were associated with poor prognosis. It was a poor prog-

nostic factor not clinically, but radiologically. However, it
is reasonable that the radiological structural changes could
result the pain or loss of motion in the long term, clini-
cally. So we would like to emphasize that, although infants
with poor general conditions and the radiological changes
have already been established, a favorable prognosis might
be expected by prompt surgical drainage and appropriate
antibiotics.
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