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Abstract: Objective: To review the treatment experience of neonatal humeral epiphyseal osteomyelitis
retrospectively. Study design: Retrospective cohort study of infants with neonatal humeral epiphyseal
osteomyelitis. Patients were divided into conservative group and surgical group, and the surgical
group was subdivided into early and delayed surgical group. Results: In total, there were 7 patients
in the conservative group and 24 in the surgical group. The length of hospital stay and intravenous
course of antibiotic therapy were both significantly shorter in the surgical group (p < 0.001). The
full recovery rate was also higher in the surgical group (83.3%) than the conservative group (14.3%)
(p < 0.001). Early surgery group (n = 14) had an insignificantly higher positive rate of pus/aspirate
culture and full recovery rate than delayed surgery group (n = 10). Conclusion: Surgical treatment
for neonatal humeral epiphyseal osteomyelitis demonstrated significantly higher rates of positive
culture for the pathogen, a shorter course of intravenous oral antibiotics, and lower incidence of
growth abnormality than conservative treatment. In our institution, most of culture outcome Gram-
positive bacteria, and early surgical treatment was recommended with better outcome than delayed
surgical group. Empirical antibiotics should be tailored to the epidemiological characteristics of local
virulent bacteria.

Keywords: neonatal humeral epiphyseal osteomyelitis; surgery; septic arthritis

1. Introduction

Neonatal osteomyelitis is a rare entity, and the incidence is around 0.1–0.3% of hos-
pital admissions in developed countries [1,2]. If not treated promptly, it might result in
catastrophic consequences, including sepsis, chronic infection, growth disturbance, and
even multiple organ failure [3,4]. Previous reports suggested that the appropriate antibiotic
treatment alone suffices for 90% of patients with acute hematogenous osteomyelitis [5,6].
Therefore, in clinical practice, the primary choice for neonatal osteomyelitis was empiric
antibiotic treatment followed by regimen readjustment according to the bacterial culture
or PCR results. Recently, certain studies recommended surgical treatment, mostly for
patients of concomitant septic arthritis [7–10]. However, there was no consensus on the
treatment strategy for children with epiphyseal osteomyelitis. This study aims to review the
clinical outcomes of surgical intervention vs. conservative treatment for neonatal humeral
epiphyseal osteomyelitis.
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2. Materials and Methods

All 31 neonates diagnosed with epiphyseal osteomyelitis between January 2010 and
January 2018 at Union Hospital, Tongji Medical College, Huazhong University of Science
and Technology, and Zhuhai Center for Maternal and Child Health Care, were retrospec-
tively reviewed.

Neonate (<28 days old) diagnosed with the humeral epiphyseal osteomyelitis treated
either surgically or conservatively and followed-up for at least 12 months with complete
medical records were included. All included patients focused on proximal humeral epiphy-
seal osteomyelitis. They were treated according to the diagnostic algorithm (see Figure 1).
The neonate with multifocal infections in the musculoskeletal system was excluded.
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Since this study was a retrospective investigation, the Ethics Committee of Tongji
Medical College, Huazhong University of Science and Technology ruled that no formal
ethics approval was required.

2.1. Tests and Examinations

Radiological examinations, including X-ray of chest and shoulder and magnetic reso-
nance imaging (MRI) of the involved shoulder, were routinely performed as an emergency
to improve the detection of concomitant septic arthritis and osteomyelitis. Blood tests,
including routine blood test, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR),
were also performed. Other investigations included the blood culture, pus culture, and
culture from aspirate and necrotic tissues.

2.1.1. Conservative Method

Indications of conservative treatment were the patient presenting to the hospital after
more than 1 week of onset of symptoms or surgical intervention rejected by the parents
following improvements (clinical and laboratory inflammatory markers) after antibiotic
therapy (see Figure 2).
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Figure 2. Left humeral epiphyseal osteomyelitis and septic arthritis of 25-d girl. (A). AP view X-ray
of shoulder joint. (B). MR image of shoulder joint. (C). AP view X-ray of shoulder joint at 3rd month
follow-up. (D). AP view X-ray of shoulder joint at 13th month follow-up. (E). AP view X-ray of
shoulder joint at 3rd year follow-up. (F). AP view X-ray of shoulder joint at 4th year follow-up.

2.1.2. Surgical Intervention

Surgery was indicated if the patient did not show any improvement in clinical
symptoms (such as significant temperature fluctuation) and laboratory markers (such
as C-reactive protein) after empiric antibiotic therapy. Besides, early surgery was recom-
mended in cases where MRI demonstrated concomitant septic arthritis. It was divided into
two groups, i.e., early surgery group and delayed surgery group. Early surgery was re-
garded as surgery performed within 72 h of the onset of symptoms. Delayed surgery group
was regarded as surgery performed after 72 h. Most of our patients were transferred from
the local hospital. They had all already received variable doses of antibiotics (see Figure 3).



Children 2022, 9, 527 4 of 11

Children 2022, 9, x FOR PEER REVIEW 4 of 12 
 

 

 
Figure 2. Left humeral epiphyseal osteomyelitis and septic arthritis of 25-d girl. (A). AP view X-ray 
of shoulder joint. (B). MR image of shoulder joint. (C). AP view X-ray of shoulder joint at 3rd month 
follow-up. (D). AP view X-ray of shoulder joint at 13th month follow-up. (E). AP view X-ray of 
shoulder joint at 3rd year follow-up. (F). AP view X-ray of shoulder joint at 4th year follow-up. 

 
Figure 3. Humeral epiphyseal osteomyelitis and septic arthritis of shoulder joint of 12-day girl. (A). 
AP view of shoulder joint. (B). MR image of shoulder joint. (C). Intraoperative image of decompres-
sion and drainage. (D). AP view of shoulder joint at 1st month follow-up. (E). AP view of shoulder 
joint at 3rd month follow-up. (F). AP view of shoulder joint at 12th month follow-up. 

Figure 3. Humeral epiphyseal osteomyelitis and septic arthritis of shoulder joint of 12-day girl.
(A). AP view of shoulder joint. (B). MR image of shoulder joint. (C). Intraoperative image of
decompression and drainage. (D). AP view of shoulder joint at 1st month follow-up. (E). AP view of
shoulder joint at 3rd month follow-up. (F). AP view of shoulder joint at 12th month follow-up.

2.1.3. Antibiotic Therapy

The empirical intravenous (IV) antibiotic regimen included Oxacillin (25 mg/kg, Q6h)
alone or Cefuroxime (50–75 mg/kg/d, Q8h) combined with Clindamycin (20–30 mg/kg/d,
Q8h). Sometimes, Linezolid (10 mg/kg, Q8h) was added to target Gram-positive bacteria.
An appropriate antibiotic is adjusted after the culture and sensitivity report. Empirical
antibiotic therapy is continued if the culture and sensitivity report was negative. After
the resolution of clinical symptoms and normalization of inflammatory markers, oral
antibiotics were continued for 2–4 weeks.

2.1.4. Surgical Technique

The patient was placed supine on the operative table under general anesthesia. An an-
terior approach to the shoulder was adopted to expose the capsule and the proximal
humerus. The pus and necrotic tissues were removed and sent for culture and sensitivity
test. The incision was secured with vacuum-assisted closure (VAC) dressing. The secondary
closure of the wound was performed within 1–2 weeks.

2.1.5. Follow-Up at Out-Patient Visit

Follow-up visits were scheduled every 2 weeks for the first 3 months, then 6 months,
12 months, and yearly after that. Routine blood tests, CRP, and ESR were evaluated at
each of the follow-up visits. X-ray was also taken in each of the follow-up visits. Clinical
examinations, including gross appearance, range of motion (ROM) of the shoulder joint,
and length of upper extremities, were also assessed and recorded at every visit.

Full recovery required the following criteria to be met: (1) unrestricted ROM of
shoulder joint without pain; (2) no growth disturbance; (3) appearance of normal X-ray of
the infected shoulder joint.
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2.2. Data Collection

Baseline information for patients, including age, sex, duration from onset to admis-
sion, duration from onset to surgery, length of antibiotic treatment, length of hospital
stay, and other predisposing factors, were recorded from the hospital database. Other
laboratory parameters, including blood investigations and inflammatory markers, blood
and pus/aspirate cultures, were also recorded from the hospital database. Both the clinical
and radiological data were recorded in every follow-up visit.

2.3. Statistical Analysis

Statistical analysis was performed using SPSS (SPSS Inc, Chicago, IL, USA). All de-
scriptive data were presented as the mean ± SD. A p-value of <0.05 was regarded as
statistically significant.

3. Results

In total, 31 patients were included in this study (study flowchart in Figure 4). There
were 7 patients (4 male, 3 female) in the conservative group and 24 (16 male, 8 female) in
the surgical group (see Table 1). All patients were followed-up for more than 12 months,
ranging from 14 to 68 months. The duration from onset to admission was significantly
longer in the conservative group (11.0 ± 1.9 days) than the surgical group (2.4 ± 1.6 days)
(p < 0.001). There were no significant differences between the conservative and surgical
groups concerning age, sex, routine blood tests (leukocyte, neutrophil, lymphocyte and
platelet counts), CRP, and ESR level.

Table 1. Characteristics of the patients.

Parameters Non-Surgical (n = 7) Surgical (n = 24) p Value

Age (days) 19.6 ± 6.3 18.2 ± 5.5 0.641

Sex
male 4 16

0.654
Female 3 8

From onset to admission (d) 11.0 ± 1.9 2.4 ± 1.6 <0.001 *

Leukocyte (109/L) 17 ± 4.9 20.6 ± 6.4 0.157

Neutrophil (109/L) 15.0 ± 6.7 15.5 ± 5.1 0.626

Lymphocyte (109/L) 5.1 ± 1.0 5.6 ± 1.3 0.334

Platelet (109/L) 411.9 ± 62.6 387.1 ± 60.7 0.407

CRP (mg/L) 44.7 ± 22.4 56.5 ± 19.9 0.272

ESR (mm/h) 31.9 ± 7.4 38.3 ± 13.0 0.133

Predisposing factors 1 (14.3%) 4 (16.7%) 0.906
d = day; * < 0.05.

As shown in Table 2, no statistically significant differences were observed in the
two groups regarding the blood culture, as two (28.6%) cases in the conservative group
and five (20.8%) cases in the surgical group had positive blood culture (p = 0.68). However,
17 (70.8%) of the patients in the surgical group had positive pus/aspirate culture, whereas
only one (14.3%) case in the conservative group had positive pus/aspirate culture (p < 0.001).
The length of hospital stay was significantly shorter in the surgical group (24.8 ± 2.8, d)
than in the conservative group (45.6 ± 2.4, d) (p < 0.001). The IV course of antibiotic therapy
was significantly shorter in the surgical group (24.8 ± 2.8, d) than in the conservative
group (45.6 ± 2.4, d) (p < 0.001). The oral course of antibiotic therapy was significantly
shorter in the surgical group (19.1 ± 5.3, d) than in the conservative group (27.7 ± 1.2, d)
(p < 0.001). The full recovery rate was higher in the surgical group (20/24, 83.3%) than in
the conservative group (1/7, 14.3%) (p < 0.001). There was a significant difference between
the conservative and surgical group concerning limb length discrepancy (0.7 ± 0.5 vs.
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0.4 ± 0.2, CM), ROM of the shoulder joint, and appearance of normal X-ray (14.3% vs.
83.3%) (p < 0.001). Only one patient in the conservative group was completely recovered
with aggressive and appropriate antibiotic therapy. In this patient, the diagnosis was made
based on a culture and sensitivity test. MRI was not routine in our follow-up to ascertain
the percentage of physical injuries in patients without full recovery.
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Figure 4. Flowchart of this study.

The surgical group was divided into two subgroups (see Table 3): 14 patients (male 9,
female 5) in early surgery and 10 patients (male 7, female 3) in delayed surgery. The
duration from onset to surgery was shorter in early surgery (1.7 ± 1.2, d) than delayed
surgery (4.4 ± 0.8, d) (p < 0.001). There were no significant differences between early and
delayed surgical groups concerning age, sex, routine blood tests (leukocyte, neutrophil,
lymphocyte, and platelet counts), CRP, ESR level, and other predisposing factors.

As shown in Table 4, 11 (78.6%) patients in the early surgery group had a positive
pus/aspirate culture, whereas only six (60.0%) patients in the delayed surgery group had
positive pus/aspirate culture (p = 0.316). Staphylococcus aureus was the most commonly
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detected microorganism. The length of hospital stay was significantly shorter in the early
surgery group (23.4 ± 2.4, d) than in the delayed surgery group (26.9 ± 1.9, d) (p < 0.001).
The IV course of antibiotic therapy was significantly shorter in the early surgery group
(23.4 ± 2.4, d) than in the delayed surgery group (26.9 ± 1.9, d) (p < 0.001). The oral course
of antibiotic therapy was significantly shorter in the early surgery group (15.6 ± 3.5, d) than
in the delayed surgery group (24.1 ± 2.7, d) (p < 0.001). The full recovery rate was higher
in early surgery (12/14, 85.7%) than in the delayed surgery group (8/10, 80%) (p = 0.739).
There was no significant difference between early surgery and delayed surgery groups
concerning limb-length discrepancy (0.4 ± 0.17 vs. 0.35 ± 0.21, CM), ROM of shoulder
joint, and appearance of normal X-ray (85.7% vs. 80.0%).

Table 2. Clinical outcome of the patients.

Clinical Outcomes Non-Surgical (n = 7) Surgical (n = 24) p Value

Culture
Blood 2 (28.6%) 5 (20.8%) 0.682

Pus/aspirate 1 (14.3%) 17 (70.8%) <0.001 *

Length of hospital stay (d) 45.6 ± 2.4 24.8 ± 2.8 <0.001 *

IV antibiotics (d) 45.6 ± 2.4 24.8 ± 2.8 <0.001 *

Oral antibiotics (d) 27.7 ± 1.2 19.1 ± 5.3 <0.001 *

Full recovery 1 (14.3%) 20 (83.3%) <0.001 *

Length Discrepancy, cm 0.7 ± 0.5 0.4 ± 0.2 <0.001 *

ROM of shoulder

Flexion 130 ± 14.4 160 ± 16.2 <0.001 *

Extension 30 ± 12.1 45 ± 12.4 <0.001 *

Abduction 95 ± 11.4 146 ± 14.4 <0.001 *

Adduction 40 ± 10.4 60 ± 12.4 <0.001 *

IR 40 ± 11.7 55 ± 12.5 <0.001 *

ER 60 ± 12.4 75 ± 11.4 <0.001 *

Normal Radiograph 1 (14.3%) 20 (83.3%) <0.001 *
ROM = range of motion; IR = internal rotation; ER = external rotation; d = day. * < 0.05.

Table 3. Parameters of surgical intervention.

Parameters Early Surgery
(n = 14)

Delayed
Surgery (n = 10) p Value

Age(days) 19.9 ± 4.7 15.8 ± 5.6 0.089

Sex
male 9 7

0.792
Female 5 3

From onset to admission (d) 1.3 ± 1.1 3.9 ± 0.7 <0.001 *

From admission to surgery (d) 0.43 ± 0.49 0.5 ± 0.5 0.744

From onset to surgery (d) 1.7 ± 1.2 4.4 ± 0.8 <0.001 *

Leukocyte (109/L) 20.5 ± 6.9 20.9 ± 5.6 0.887

Neutrophil (109/L) 15.5 ± 4.8 15.5 ± 5.4 0.993

Lymphocyte (109/L) 5.4 ± 1.3 5.8 ± 1.2 0.551

Platelet (109/L) 371.4 ± 64.8 409.0 ± 46.4 0.127

CRP (mg/L) 55.9 ± 19.4 57.3 ± 20.6 0.877

ESR (mm/h) 37.9 ± 12.5 38.8 ± 13.7 0.881

Predisposing factors 2 (14.3%) 2 (20.0%) 0.739
d = day; * < 0.05.
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Table 4. Clinical outcome of surgical intervention.

Clinical Outcomes Early Surgery
(n = 14)

Delayed
Surgery (n = 10) p Value

Culture
Blood 3 (21.4%) 2 (20.0%) 0.919

Pus/aspirate 11 (78.6%) # 6 (60.0%) 0.316

Length of hospital stay (d) 23.4 ± 2.4 26.9 ± 1.9 <0.01 *

IV antibiotics (d) 23.4 ± 2.4 26.9 ± 1.9 <0.01 *

Oral antibiotics (d) 15.6 ± 3.5 24.1 ± 2.7 <0.01 *

Full recovery 12 (85.7%) 8 (80.0%) 0.739

Length Discrepancy, cm 0.4 ± 0.17 0.35 ± 0.21 0.354

ROM of shoulder

Flexion 160 ± 15.9 159 ± 16.2 0.687

Extension 45 ± 12.7 44.5 ± 12.6 0.778

Abduction 146 ± 13.7 145 ± 14.2 0.232

Adduction 60 ± 12.1 58 ± 11.4 0.114

IR 55 ± 11.9 54 ± 12.5 0.089

ER 75 ± 10.8 75 ± 11.7 0.078

Normal Radiograph 12 (85.7%) 8 (80.0%) 0.739

d = day; * < 0.05. # Only one patient in early surgery group demonstrated Gram-negative bacteria of culture outcome.

4. Discussion

Surgical intervention led to a higher rate of full recovery, shorter course of intravenous
antibiotics and better shoulder ROM. In addition, the percentage of positive pus/aspirate
culture was higher in the surgical group (70.8%). Early surgical intervention was recom-
mended, with a shorter course of intravenous antibiotics and lower incidence of growth
abnormality than delayed surgical intervention.

The infection of bone and joint is relatively rare in neonates [11]. Predisposing factors
include perinatal asphyxia, chorioamnionitis, and prolonged rupture of membranes [12].
However, only 15% of the patients in our study had clear predisposing factors. Early
diagnosis of neonatal infection is mandatory for better outcomes; therefore, both the
surgeon and pediatrician should always suspect the possibility of osteomyelitis.

CRP and ESR are routine inflammatory markers in the evaluation of osteomyeli-
tis [4,13]. However, these inflammatory markers are nonspecific. CRP changes more rapidly
than ESR and is usually the preferred test to monitor the course of illness [4]. In our study,
all patients displayed elevated CRP levels at admission, but not all patients manifested an
increased number of leukocyte count, consistent with previous reports [3,4].

Identifying the causative pathogen is imperative for the proper treatment of infec-
tion [4,14]. However, the blood culture for pathogen showed a positive result of 28.6% in the
conservative group and 20.8% in the surgical group, consistent with previous studies [4,14].
Blood and joint fluid aspirate samples should be obtained before the administration of
antibiotics, but certain patients were transferred from the local hospital after the admin-
istration of variable doses of antibiotics. Previous studies showed the positive rate of
bacterial culture taken from bone and joint samples to be 40%-50%, but in our result, this
was 83.3% [15]. A probable explanation for this difference is the fact that multiple samples
were obtained for culture and sensitivity during the surgery.

X-rays were routinely taken to exclude fracture and malignancy, and were usually
inconclusive for the diagnosis of osteomyelitis at an early stage. Ultrasound is highly
sensitive in detecting joint effusions [4,16]. Sometimes, ultrasound-guided aspiration was
performed at our institute to obtain the samples. MRI is the preferred choice of imaging
modality, with high sensitivity and specificity [16]. Therefore, MRI was performed at
our institute for patients with suspected acute osteomyelitis. However, the computed
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tomography (CT) scan was usually avoided in the neonates, as CT is inconclusive in
cartilaginous bone and exhibits high radiation exposure.

In the classical paradigm, osteomyelitis usually occurs at the metaphysis. However,
due to the unique anatomy in the neonatal long bones, osteomyelitis usually occurs at the
epiphysis, resulting in a high probability of septic arthritis [17–20]. This warrants prompt
treatment to avoid catastrophic outcomes, including epiphyseal cartilage destruction,
growth disturbances, and functional impairment [16]. Therefore, early surgical intervention
was proposed at our institute.

No single test could confirm or rule out septic arthritis or osteomyelitis [5]. A com-
bination of careful history, physical examination, imaging, laboratory tests, and aspira-
tion/biopsy is typically required to make a definitive diagnosis [5]. Ultrasound is useful for
assessing effusion in suspected septic arthritis. If increased fluid is identified, arthrocentesis
can be performed under image guidance [21]. As for osteomyelitis, PET/CT has been
described as superior to MRI in monitoring response to treatment, since it is better at
distinguishing between ongoing infection and reparative activity [22]. However, PET/CT
is not accessible in average hospital. Higher sensitivity for both diagnoses was found when
combining ESR and CRP tests [13].

Antibiotic therapy is the cornerstone of the treatment of neonatal osteomyelitis. Before
identification of the causative organism, empiric therapy was implemented. Empiric
antimicrobial treatment should cover Staphylococcus aureus, group B Streptococci, and
gram-negative bacteria [23]. Therefore, oxacillin or linezolid, combined with cephalosporin,
was used at our institute. After the isolation of the causative pathogen, antibiotic therapy
should be adjusted based on the culture and sensitivity profile [23]. In our study, the
most common microbes were Staphylococcus aureus; only one patient in early surgery
group demonstrated Gram-negative bacteria. Therefore, the empiric antimicrobial of Gram-
positive bacteria, in accordance with our local epidemiology, was the primary treatment
in our institution. Empirical antibiotics in accordance with local epidemiology should be
implemented in other institutions before the identification of causative pathogen.

The transition from intravenous to oral antimicrobial therapy remains debatable.
There is a growing literature advocating a shorter course of IV antibiotics, followed by oral
antibiotics [24–28]. In this study, inflammatory markers changed faster in the surgical group,
and a shorter course of IV antibiotic therapy was implemented in the surgical group. For
oral antibiotic therapy, a shorter course was also observed in the surgical group. However,
these findings should be interpreted with caution, because we believed that surgery leads
to a better eradication of pathogens in this series without corroborative evidence.

The management of neonatal osteomyelitis requires a multidisciplinary approach. Pe-
diatricians, radiologists and orthopedic surgeons must act promptly for early diagnosis. In
this study, the early surgical intervention resulted in a higher rate of bacterial identification,
leading to a shorter hospital stay and a lower rate of growth disturbances. Isolation of the
causative microorganism is conducive to accurate antimicrobial therapy; a shorter length
of hospital stay reduces the risk of nosocomial infection and lowers the emotional and
financial burden on the family members; a low risk of growth disturbance is possibly due
to the early drainage of pus and decompression of intra-articular pressure during surgery.
Concomitant septic arthritis was not uncommon in epiphyseal osteomyelitis in neonates;
therefore, early surgical intervention was warranted in this special group of patients.

Hip joint infection usually results in an unsatisfactory outcome and, therefore, requires
aggressive treatment. In contrast, the outcome of shoulder joint infection is better [29,30].
Still, the easy extension into epiphyseal cartilage and concomitant septic arthritis in the
shoulder joint warrants early surgical treatment for neonatal humeral osteomyelitis [31,32].

There were several limitations to our study. Firstly, it was a retrospective study with
a modest sample size, and the results should be interpreted with caution; secondly, long-
term follow-up on the growth and development has yet to be investigated. Therefore,
we are not able to offer management advice on the long-term complications, such as
a physis compromise. The assessor was the surgeon in charge, and this might cause
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bias. Furthermore, there is no validated function evaluation form for shoulder joint in
neonate and infant, and only ROM was recorded in our study [33]. The subdivision of
surgical group was arbitrary, and 3 days happened to be the length from Friday to Monday,
because only emergency surgeries were allowed during the weekend in our hospital. To our
knowledge, this is the first study that solely discusses humeral epiphyseal osteomyelitis in
neonates. In the future, a prospective multiple center collaboration might produce a more
convincing conclusion.

5. Conclusions

Surgical treatment for neonatal humeral epiphyseal osteomyelitis demonstrated sig-
nificantly higher rates of positive culture for the pathogen, a shorter course of intravenous
oral antibiotics, and lower incidence of growth abnormality than conservative treatment. In
our institution, most of the culture outcome was Gram-positive bacteria, and early surgical
treatment was recommended, as it led to a better outcome than delayed surgical groups.
Empirical antibiotics should be tailored according to the epidemiological characteristics of
local virulent bacteria before the identification of the causative pathogen.

Author Contributions: P.H. was in charge of the main idea and the guarantor of integrity of the
entire study; Y.G. and R.L. were in charge of the study concepts, design, manuscript preparation and
editing; Q.L. and Y.L. were in charge of data extraction and statistical analysis. X.X. and S.R. were in
charge of the language polishing and the grammar revision. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Since this study was a retrospective investigation, the Ethics
Committee of Tongji Medical College, Huazhong University of Science and Technology ruled that no
formal ethics approval was required.

Informed Consent Statement: Written consent was obtained from the legal guardians of patient for
publication of this paper.

Data Availability Statement: Data sharing is not applicable to this article as no datasets were
generated or analyzed during the current study.

Conflicts of Interest: The authors declare no competing interest.

References
1. De Boeck, H. Osteomyelitis and septic arthritis in children. Acta Orthop. Belg. 2005, 71, 505–515. [PubMed]
2. Thakolkaran, N.; Shetty, A.K. Acute Hematogenous Osteomyelitis in Children. Ochsner J. 2019, 19, 116–122. [CrossRef] [PubMed]
3. Dartnell, J.; Ramachandran, M.; Katchburian, M. Haematogenous acute and subacute paediatric osteomyelitis: A systemic review

of the literature. J. Bone Jt. Surg. Br. 2012, 94, 584–595. [CrossRef] [PubMed]
4. Saavedra-Lozano, J.; Falup-Pecurariu, O.; Faust, S.N.; Girschick, H.; Hartwig, N.; Kaplan, S.; Lorrot, M.; Mantadakis, E.; Peltola, H.;

Rojo, P.; et al. Bone and joint infections. Pediatr. Infect. Dis. J. 2017, 36, 788–799. [CrossRef]
5. Dodwell, E.R. Osteomyelitis and septic arthritis in children: Current concepts. Curr. Opin. Pediatr. 2013, 25, 58–63. [CrossRef]
6. Peltola, H.; Pääkkönen, M.; Kallio, P.; Kallio, M.J. Osteomyelitis-Septic Arthritis Study Group. Short-versus long-term antimicro-

bial treatment for acute hematogenous osteomyelitis of childhood: Prospective, randomized trial on 131 culture-positive cases.
Pediatr. Infect. Dis. J. 2010, 29, 1123–1128. [CrossRef]

7. Kaplan, S.L. Recent lessons for the management of bone and joint infections. J. Infect. 2014, 68, 51–56. [CrossRef]
8. Dohin, B.; Gillet, Y.; Kohler, R.; Lina, G.; Vandenesch, F.; Vanhems, P.; Floret, D.; Etienne, J. Pediatric bone and joint infections

caused by Panton-Valentine leukocidin-positive Staphylococcus aureus. Pediatr. Infect. Dis. J. 2007, 26, 1042–1048. [CrossRef]
9. Kim, J.; Lee, M.U.; Kim, T.H. Nationwide epidemiologic study for pediatric osteomyelitis and septic arthritis in South Korea:

A cross-sectional study of national health insurance review and assessment service. Medicine 2019, 98, e15355. [CrossRef]
10. Brischetto, A.; Leung, G.; Marshall, C.S.; Bowen, A.C. A Retrospective Case-Series of Children With Bone and Joint Infection

From Northern Australia. Medicine 2016, 95, e2885. [CrossRef]
11. Gkentzi, D.; Dimitriou, G. Antimicrobial Stewardship in the Neonatal Intensive Care Unit: An Update. Curr. Pediatr. Rev. 2019,

15, 47–52. [CrossRef] [PubMed]
12. Castellazzi, L.; Mantero, M.; Esposito, S. Update on the management of pediatric acute osteomyelitis and septic arthritis. Int. J.

Mol. Sci. 2016, 17, 855. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/16305073
http://doi.org/10.31486/toj.18.0138
http://www.ncbi.nlm.nih.gov/pubmed/31258423
http://doi.org/10.1302/0301-620X.94B5.28523
http://www.ncbi.nlm.nih.gov/pubmed/22529075
http://doi.org/10.1097/INF.0000000000001635
http://doi.org/10.1097/MOP.0b013e32835c2b42
http://doi.org/10.1097/INF.0b013e3181f55a89
http://doi.org/10.1016/j.jinf.2013.09.014
http://doi.org/10.1097/INF.0b013e318133a85e
http://doi.org/10.1097/MD.0000000000015355
http://doi.org/10.1097/MD.0000000000002885
http://doi.org/10.2174/1573396315666190118101953
http://www.ncbi.nlm.nih.gov/pubmed/30657041
http://doi.org/10.3390/ijms17060855
http://www.ncbi.nlm.nih.gov/pubmed/27258258


Children 2022, 9, 527 11 of 11

13. Pääkkönen, M.; Kallio, M.J.; Kallio, P.E.; Peltola, H. Sensitivity of erythrocyte sedimentation rate and C-reactive protein in
childhood bone and joint infections. Clin. Orthop. Relat. Res. 2010, 468, 861–866. [CrossRef] [PubMed]

14. Cherry, J.; Demmler-Harrison, G.J.; Kaplan, S.L.; Steinbach, W.J.; Hotez, P.J. Osteomyelitis. In Feigin and Cherry’s Textbook of
Pediatric Infectious Diseases, 7th ed.; Elsevier Saunders: Philadelphia, PA, USA, 2014; pp. 711–727.

15. Moumile, K.; Merckx, J.; Glorion, C.; Pouliquen, J.C.; Berche, P.; Ferroni, A. Bacterial etiology of acute osteoarticular infections in
children. Acta Paediatr. 2005, 94, 419–422. [CrossRef]

16. Iliadis, A.D.; Ramachandran, M. Paediatric bone and joint infections. EFORT Open Rev. 2017, 2, 7–12. [CrossRef]
17. Offiah, A.C. Acute osteomyelitis, septic arthritis and discitis: Differences between neonates and older children. Eur. J. Radiol.

2006, 60, 221–232. [CrossRef]
18. Ogden, J.A. Pediatric osteomyelitis and septic arthritis: The pathology of neonatal disease. Yale J. Biol. Med. 1979, 52, 423–448.
19. Gilbertson-Dahdal, D.; Wright, J.E.; Krupinski, E.; McCurdy, W.E.; Taljanovic, M.S. Transphyseal involvement of pyogenic

osteomyelitis is considerably more common than classically taught. AJR Am. J. Roentgenol. 2014, 203, 190–195. [CrossRef]
20. Erkilinc, M.; Gilmore, A.; Weber, M.; Mistovich, R.J. Current Concepts in Pediatric Septic Arthritis. J. Am. Acad. Orthop. Surg.

2021, 29, 196–206. [CrossRef]
21. Vieira, R.L.; Levy, J.A. Bedside ultrasonography to identify hip effusions in pediatric patients. Ann. Emerg. Med. 2010, 55, 284–289. [CrossRef]
22. Warmann, S.W.; Dittmann, H.; Seitz, G.; Bares, R.; Fuchs, J.; Schäfer, J.F. Follow-up of acute osteomyelitis in children: The possible

role of PET/CT in selected cases. J. Pediatr. Surg. 2011, 46, 1550–1556. [CrossRef] [PubMed]
23. Hong, D.K.; Gutierrez, K. Osteomyelitis. In Principles and Practice of Pediatric Infectious Diseases, 5th ed.; Long, S.S., Prober, C.G.,

Fischer, M., Eds.; Elsevier: Philadelphia, PA, USA, 2018; pp. 480–486.
24. Tamma, P.D.; Milstone, A.M. Out-patient antibiotic therapy for acute osteomyelitis in children: Balancing safety and efficacy.

JAMA Pediatr. 2015, 169, 108–109. [CrossRef]
25. Brady, P.W.; Brinkman, W.B.; Simmons, J.M.; Yau, C.; White, C.M.; Kirkendall, E.S.; Schaffzin, J.K.; Conway, P.H.; Vossmeyer, M.T.

Oral antibiotics at discharge for children with acute osteomyelitis: A rapid cycle improvement project. BMJ Qual. Saf. 2014, 23,
499–507. [CrossRef] [PubMed]

26. Le Saux, N.; Howard, A.; Barrowman, N.J.; Gaboury, I.; Sampson, M.; Moher, D. Shorter courses of parenteral antibiotic therapy do
not appear to influence response rates for children with acute hematogenous osteomyelitis: A systematic review. BMC Infect. Dis.
2002, 2, 16. [CrossRef] [PubMed]

27. Keren, R.; Shah, S.S.; Srivastava, R.; Rangel, S.; Bendel-Stenzel, M.; Harik, N.; Hartley, J.; Lopez, M.; Seguias, L.; Tieder, J.; et al. Pe-
diatric Research in Inpatient Settings Network. Comparative effectiveness of intravenous vs oral antibiotics for acute osteomyelitis
in children. JAMA Pediatr. 2015, 169, 120–128. [CrossRef]

28. Grimbly, C.; Odenbach, J.; Vandermeer, B.; Forgie, S.; Curtis, S. Parenteral and oral antibiotic duration for treatment of pediatric
osteomyelitis: A systemic review protocol. Syst. Rev. 2013, 2, 92. [CrossRef]

29. Bergdahl, S.; Ekengren, K.; Eriksson, M. Neonatal hematogenous osteomyelitis: Risk factors for long-term sequelae.
J. Pediatr. Orthop. 1985, 5, 564–568. [CrossRef]

30. Xu, H.W.; Li, Y.Q.; Zhou, Q.H.; Liu, Y.Z.; Chen, W.D.; Li, J.C.; Yu, L.J. Treatment strategies for septic arthritis with a neonatal onset.
Chin. J. Pediatr. Surg. 2016, 37, 582–588.

31. Zhan, C.; Zhou, B.; Du, J.; Chen, L. Clinical analysis of 17 cases of neonatal osteomyelitis: A retrospective study. Medicine 2019, 98,
14129. [CrossRef]

32. Chou, A.C.; Mahadev, A. Acute bacterial osteomyelitis in children. J. Orthop. Surg. 2016, 24, 250–252. [CrossRef]
33. Heyworth, B.; Cohen, L.; von Heideken, J.; Kocher, M.S.; Iversen, M.D. Validity and comprehensibility of outcome measures in

children with shoulder and elbow disorders: Creation of a new Pediatric and Adolescent Shoulder and Elbow Survey (Pedi-ASES).
J. Shoulder Elbow Surg. 2018, 27, 1162–1171. [CrossRef] [PubMed]

http://doi.org/10.1007/s11999-009-0936-1
http://www.ncbi.nlm.nih.gov/pubmed/19533263
http://doi.org/10.1080/08035250410023278
http://doi.org/10.1302/2058-5241.2.160027
http://doi.org/10.1016/j.ejrad.2006.07.016
http://doi.org/10.2214/AJR.13.11279
http://doi.org/10.5435/JAAOS-D-20-00835
http://doi.org/10.1016/j.annemergmed.2009.06.527
http://doi.org/10.1016/j.jpedsurg.2010.11.037
http://www.ncbi.nlm.nih.gov/pubmed/21843723
http://doi.org/10.1001/jamapediatrics.2014.2850
http://doi.org/10.1136/bmjqs-2013-002179
http://www.ncbi.nlm.nih.gov/pubmed/24347649
http://doi.org/10.1186/1471-2334-2-16
http://www.ncbi.nlm.nih.gov/pubmed/12181082
http://doi.org/10.1001/jamapediatrics.2014.2822
http://doi.org/10.1186/2046-4053-2-92
http://doi.org/10.1097/01241398-198509000-00011
http://doi.org/10.1097/MD.0000000000014129
http://doi.org/10.1177/1602400225
http://doi.org/10.1016/j.jse.2017.11.009
http://www.ncbi.nlm.nih.gov/pubmed/29307670

	Introduction 
	Materials and Methods 
	Tests and Examinations 
	Conservative Method 
	Surgical Intervention 
	Antibiotic Therapy 
	Surgical Technique 
	Follow-Up at Out-Patient Visit 

	Data Collection 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

