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A B S T R A C T   

Introduction: and Importance: Acute hematogenous osteomyelitis (AHO) poses a public health problem in severe 
forms from the outset or with delayed diagnosis. The aim of this work is to describe the management of pan
diaphysitis with extensive bone destruction by the Ilizarov external fixator and antibiotics and to evaluate the 
results. 
Methods: This is a retrospective, descriptive, cross-sectional and single-center study. It was performed over a 
seven-year period. We included children with acute hematogenous osteomyelitis complicated by pandiaphysitis 
of the long bones with extensive bone necrosis. All patients underwent stabilization with an Ilizarov external 
fixator and antibiotic therapy adapted to the antibiogram in ten cases. One patient had the induced membrane 
technique. All the patients underwent dynamization of the Ilizarov external fixator followed by immobilization 
with a cast or a splint for the lower limb. 
Outcomes: 13 medical files were collected during the study period. The sex ratio was 1.6, the average age was 
7.56 years. Three localization sites: humerus for 3 cases, femur for 3 cases and tibia for 7 cases. The germ has 
been identified in ten cases. Methicillin-resistant staphylococcus aureus was the most common. Bone consoli
dation is obtained in all cases with an average delay of ten months. 
Conclusion: The Ilizarov external fixator associated with antibiotics has proven its effectiveness in the manage
ment of pandiaphysitis with extensive bone destruction. This method is an alternative in the therapeutic arsenal 
available to pediatric orthopedic surgeons. 
Level of evidence: IV, Case series.   

1. Introduction 

Acute hematogenous osteomyelitis (AHO) is a bone infection that 
spreads hematogenously [1]. Usually caused by the hematogenous 
dissemination of septic emboli carried to the terminal blood vessels of 
bone from distant infectious processes during transient bacteraemia [2]. 
It poses a public health problem in severe forms from the outset or with 
delayed diagnosis [3]. Several therapeutic techniques are used. Finan
cial expenses of antibiotics and the functional and psychological 

repercussions are high. The objectives of this work are to describe our 
strategy in the management of pandiaphysites following AHO and 
evaluate clinical and radiological results. 

2. Methods 

This is a retrospective, descriptive, cross-sectional and single-center 
study of consecutive case series. It was performed over a seven-year 
period, from January 2013 to December 2019 in a multidisciplinary 
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pediatric hospital-university center. The diagnostic and therapeutic 
management (medical and surgical) was carried out by a senior pediatric 
orthopedic surgeon, expert in this field, for all patients after the meeting 
of the medical staff cross-speciality. We included children with AHO 
complicated by pandiaphysitis of the long bones with extensive bone 
necrosis. Children with sickle cell disease were excluded. All children 
had a physical examination, an inflammatory laboratory investigation 
(erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and 
white blood cell (WBC) count), a series of blood cultures, an X-ray and 
an ultrasound. Technitium 99 m (⁹⁹ᵐTc) bone scintigraphy and MRI were 
performed. Bone CT is done in all children when the images of bone lysis 
appear on an x-ray. After the diagnosis of AHO was confirmed, all of the 
children underwent surgery: under general anesthesia, we performed 
surgical drainage of the periosteal abscess, bipolar trepanation of the 
bone, washing from proximal to distal of the bone marrow with physi
ological serum. A closure of the various planes on one or two large- 
caliber drains, placed in direct contact with the bone. We end with 
immobilization of the limb in a splint. 

A probabilistic antibiotic therapy based on Clavulanic acid- 
Amoxicillin and Gentamicin by the parenteral route is started after the 
bacteriological samples in all the patients. It is adjusted after 48 hours 
depending on the result of the antibiogram. When signs of pan
diaphysitis with extensive bone necrosis appeared, the Ilizarov external 
fixator was used. Bone grafting has also been used using the induced 
membrane technique. Analysis of the results was based on bone 
consolidation and functional recovery. We performed a literature search 
on PubMed using the keywords: Acute hematogenous osteomyelitis, 
Antibiotic, Children, Ilizarov external fixator, Induced membrane, 
Othofix, Bone graft. The most recent and relevant articles have been 
selected. 

This case series has been reported in line with the PROCESS Guide
line [4] Agha RA, Sohrabi C, Mathew G, Franchi T, Kerwan A, O’Neill N 
for the PROCESS Group. The PROCESS 2020 Guideline: Updating 
Consensus Preferred Reporting Of CasE Series in Surgery (PROCESS) 
Guidelines, International Journal of Surgery 2020; 84:231–235. 

3. Results 

13 medical files were collected during the study period (7 years). The 
sex ratio was 1.6 with 8 boys and 5 girls. The average age was 7.56 years 
with extremes ranging from 3 to 11 years. The average time between the 
onset of clinical signs and surgery is 72 h with extremes of 18 hours to 4 
days. 5 children had prior antibiotic therapy of which 3 children had 
corticosteroid therapy. Fever above 39 ◦C, circumferential and trans
fixing bone pain and infected fascies were present in all children. Three 
localization sites were identified: the distal femoral metaphysis in 3 
cases, the proximal tibial metaphysis in 4 cases and distal in 3 cases and 
the proximal humeral metaphysis in 3 cases. 

The initial X-ray was without abnormalities in all patients. The 
biological inflammatory syndrome was constant with polynuclear 
neutrophilic hyperleukocytosis (mean WBC = 15,000 ele/ml), mean 
CRP at 103 mg/ml, mean ESR = 49 mm at the 1st hour. The initial ul
trasound revealed localized periosteal detachment in 3 cases and 
extensive circumferential periosteal detachment in 4 cases. Bone scin
tigraphy, performed in 5 children, showed hyperfixation. MRI per
formed in 6 children demonstrated extensive circumferential periosteal 
detachment and pandiaphysitis. Bone CT assessed the extent of bone 
necrosis and revealed intramedullary bone abscesses that were present 
in all 13 patients. The average time to perform CT is 20 days post
operatively, with extremes ranging from 15 to 28 days. 

Bacteriological samples were positive in 10 children: 2 cases of 
Methicillin-Susceptible Staphylococcus aureus (MSSA), 5 cases of 
Methicillin-Resistant Staphylococcus aureus (MRSA) and 3 cases of 
staphylococcus epidermidis (SE). Antibiotic tolerance monitoring was 
based on the search for digestive signs such as vomiting and abdominal 
pain. No treatment-related complications were observed. 

Faced with bone fragility associated with a pathological fracture in 4 
cases, diaphyseal immobilization was performed with an Ilizarov 
external fixator. We didn’t do a bone resection. The bone graft in two 
stages according to the Masquelet technique is performed in one case 
because there was a bone defect, allowed consolidation. 

The average duration of external fixation was 10 months (the ex
tremes ranging from 8 to 13 months) including a period of energization 
of 2 months. For the lower limb, after removal of the external fixator, a 
cast or an orthosis is put in place for two months. 

Table 1 summarizes the epidemiological, clinical and complications 
data. 

4. Discussion 

In our study, 13 patients with infected nonunion of the long bone 
secondary to pandiaphysitis in AHO were treated by antibiotic and Ili
zarov external fixator (IEF) without bone resection. The goal of treat
ment was to eradicate infection and achieve union while maintaining a 
good function of the upper members and legs [5]. Management of AHO 
requires appropriate antimicrobial treatment to eradicate the infection. 
The child’s clinical features, age, and the microbiological profile of the 
geographic area should be evaluated for diagnosis and in the choice of 
antibiotic treatment [6]. This typically begins with intravenous (IV) 
antibiotics to cover the most likely causative organism until culture or 
sensitivity data are available [7,8]. Several recent studies have exam
ined treatment strategies, including a rapid transition to oral antimi
crobial therapy and a shortened overall course of therapy [9]. 

The culture yield in children with AHO is low [10]. The microbio
logical etiology was identified in 76% of the children. Staphylococcus 
was the only pathogen identified. The prevalence of MRSA infection is 

Table 1 
Summary table of epidemiological data and results.  

Patients Age (years) Sex Bone Secondary sites Germs antibiotic EF Bone graft Follow-up (months) complications 

1 3 F Femur Non MRSA T/G Ilizarov Non  LLLI 
2 3 M Tibia heart, lungs, knee, ankle MRSA T/G Ilizarov Yes  LLLI 
3 5,5 M Tibia Non SE T/G Ilizarov Non  – 
4 6 M Humerus Non MSSA AC-A/G Ilizarov Non  – 
5 6,2 F Tibia Non MSSA T/G Ilizarov Non  – 
6 7 M Tibia Non – AC-A/G Ilizarov Non  – 
7 7 M Femur Non MSSA AC-A/G Ilizarov Non  JS-Knee 
8 9 F Humerus Non SE T/G Ilizarov Non  – 
9 9,5 M Humerus Non MSSA AC-A/G Ilizarov Non  JS-Knee 
10 10 F Femur Non SE AC-A/G Ilizarov Non  – 
11 10,2 F Tibia Non MSSA AC-A/G Ilizarov Non  – 
12 10,9 M Tibia Non – AC-A/G Ilizarov Non  – 
13 11 M Tibia Non – AC-A/G Ilizarov Non  JS-Ankle 

F: Female, M: Male, MRSA: Methicillin-resistant staphylococcus aureus, MSSA: Methicillin-sensitive staphylococcus aureus, SE: staphylococcus epidermidis, T/G: 
Teicoplanine/Gentamicine, AC-A/G: Acide clavulanique-Amoxicilline/Gentamicine, LLLI: lower limb length inequality, JS: joint stiffness. 
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Fig. 1. X-ray of the right tibia: pathological fracture with extensive bone 
destruction following acute osteomyelitis. 

Fig. 2. Coronal CT scan showing the extent and importance of the bone lesions.  
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high in our setting, 20% isolates of S. aureus. The rate of MRSA acquired 
in the community is increased in the United States of America [7,11], 
but in Europe is still low and less than 2% [12]. 

In the all cases, extensive osteomyelitis was associated with perme
ative destruction of cortical and medullary bone, without soft tissue 
defect. The idea of Ilizarov external fixator consists of bipolar stabili
zation of long bone and systemic antibiotic were eradicating bacteria. 
Being circular, the Ilizarov fixator allows uniform compression of the 
nonunion site which stimulates bone healing and corrects axis defects in 
the event of limb deformity [5,13,14]. 

In the presence of a significant spontaneous bone defect, we 
recommend the induced-membrane technique of bone reconstruction 
described by A.C. Masquelet to shorten the healing period and prevent 
septic nonunion [15]. Masquelet technique is an efficient procedure for 
long bone reconstruction after severe infection [16]. However, to obtain 
optimal results, it is essential to follow the principles of the two stages of 
the procedure. After debridement, the technique involves separately 
placing a foreign body membrane using a cement methyl methacrylate 
polymer spacer followed by a second procedure to fill the defect with 
cancellous bone. The induced membrane is like a biological chamber 
that protects the autograft and induces new bone formation promoting 
growth factors secretion [17]. This technique is used in the tibia for one 

case. The induced membrane technique can achieve bone healing in 
large bone defects secondary to infected non-union in children and ad
olescents [18,19]. 

Unlike adults [20,21], extensive bone resection should not be done 
because the child’s bone tissue is rich in progenerator cells and the 
potential for romodeling is great. This tissue can resist infection and will 
undergo remodeling which gives it strength. Furthermore, this approach 
was able to provide new bone formation in a limb resulting in full 
weight-bearing [20]. 

Monitoring of IEF was clinical (by looking for compartment syn
drome and skin condition near the pins) and radiological (progression of 
calcification and bone union). 

After bone consolidation, a two-month IEF dynamization period is 
observed for better bone ossification and prevents the risk of fracture. 

When the IEF is removed, a plastered immobilization or the use of an 
orthosis is placed in the lower limb for two months to ensure a transition 
from removal of the IEF to full weight bearing. 

At the mean follow-up of 4 years 7 months, all the bones have 
consolidated. There was a lower limb length inequality in two cases and 
were replaced by high shoes. Joint stiffness in 5 cases (2 elbows and 3 
knees) treated by physiotherapy. 

Our strategy is illustrated by a clinical case in Figs. 1–8. 
Several limitations to the present study need to be addressed. This 

Fig. 3. Bone consolidation underway 3 months after placement of the Ilizarov 
external fixator and antibiotic therapy. 

Fig. 4. X-ray at 6 months of Ilizarov external fixator.  
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report represents a retrospective study, single-center series and a limited 
case series. The experience of more groups is mandatory to gather 
enough clinical evidence regarding this issue. 

5. Conclusions 

The Ilizarov external fixator associated with antibiotic therapy rep
resents an effective and safe solution for the management of acute he
matogenous osteomyelitis of long bones complicated by pandiaphysitis 
with extensive bone lesions. It helps to preserve the bone capital of the 
child and guide bone consolidation. This strategy makes us the most 
effective and the least expensive in the management of a pathology that 
is relatively common in poor countries. 
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Fig. 7. Frontal right tibia x-ray: bone consolidation after 10 months 
of treatment. 

Fig. 8. Profile x-ray of the right tibia: bone union after 10 months of treatment.  
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[1] C. Thévenin-Lemoine, J. Vial, J.L. Labbé, B. Lepage, B. Ilharreborde, F. Accadbled, 
MRI of acute osteomyelitis in long bones of children: pathophysiology study, 
Orthop Traumatol Surg Res 102 (7) (2016) 831–837. 

[2] G. Autore, L. Bernardi, S. Esposito, Update on acute bone and joint infections in 
paediatrics: a narrative review on the most recent evidence-based 
recommendations and appropriate antinfective therapy, Antibiotics 9 (8) (2020) 
486. 

[3] A.A. Mohseni, R. Boussetta, M. Zairi, W. Saied, A. Msakni, S. Bouchoucha, M. 
N. Nessib, Management of septic non union and discrepancy of humerus in a child: 
a case report, Int J Surg Case Rep 77 (2020) 472–475. 

[4] R.A. Agha, C. Sohrabi, G. Mathew, T. Franchi, A. Kerwan, O’Neill N for the 
PROCESS Group, The PROCESS 2020 guideline: updating Consensus preferred 
reporting of CasE series in surgery (PROCESS) Guidelines, Int. J. Surg. 84 (2020) 
231–235. 

[5] B.S. El-Alfy, M. Maaty, T. Niazy, Reconstruction of infected nonunion of the distal 
humerus by Ilizarov external fixator, Injury 52 (6) (2021) 1418–1422. 

[6] S. Congedi, C. Minotti, C. Giaquinto, L. Da Dalt, D. Donà, Acute infectious 
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