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Different clinical settings of BJI

Fracture-related infections
(FRI)
Trauma-related fracture
Accident in general population
War for soldiers (and potential civilians) Prosthetic joint infection

(PJI)Post-trauma osteomyelitis

Hematogenous
BJI



Significant burden

• By using the French National Hospital Discharge Database, 
• Bone and joint infection (BJI) prevalence rate of 22 per 100 000 in child <15 years
• Estimated that the cost of paediatric BJI care is approximately €16 million per year
• The mean hospital stay was 8.6 days, costing approximately €5200 per BJI stay
• Rehospitalization rate was 9.7%



2018





54.6 cases per 100,000 population
Case fatality was 4.6%
Readmissions to hospital in 19%
The cost of BJIs €259 million
€7,000 per hospitalization
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Implant-associated bone and joint infections (BJI)
• Infrequent in elective surgery such as ARTHROPLASTY (1-2%, 

but increase to 30% in particular population such as in 
smokers, obese and diabetic patients)
•More frequent in TRAUMA surgery (up to 30-50%)

• Iterative surgeries (i.e. the number): significant risk factor for 
acquisition of an infection

• Infection considerably influence the outcome, especially in 
patients for whom a reconstruction is done (such as big 
prosthesis or bone graft)

Chronic or persistent from native BJI



The two bacterial lives after reaching bone

Replicative state Dormant state

Largely unknown
As it is microscopic

BIOFILM



Bacteria are living as a community in biofilm

Adhesion, dormant state

Gallery for nutriments

Resistant to physical and chemichal agresssion

No detected by the immune system

No penetration of antibiotics

Indissociable from the surface

Reawakening bacteria

Implant/dead boneSequestrum



Acute infection
Intensive bacterial replication
Suppurative infection
Vascular congestion

Chronic infection
Ischaemic bone tissue
Bone sequestrum
Slowing the bacterial growth
Bacterial persistence in biofilm

T. Ferry

Sequestrum
NEJM



Waldvogel et al. New Engl J Med 1970



Fractured Biofilm on electronic microscopy at sequestrum surface
Evans et al. Clin Orthop 1998: 243-249

X 2940

Huge thickness!

Little gallery

No penetration of
antibiotics

Not detected by
immune system



Indissociable
from the

material surface

24h in vitro with perfct conditions

1 month in humans



S. aureus

Staphylocoques 
à coagulase 

négatif

Propionibacterium 
acnes



T. Ferry et al. Chapter in the book “Infection in Knee Replacement” on behalf of Springer and ISAKOS, 2021
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The two bacterial lives after reaching bone

Replicative state Dormant state

Largely unknown
As it is microscopic

BIOFILM



PJI for sure



Bourgeon charnu

PJI for sure



Fistula

BJI for sure



2020

• 37 patients
• Median time between osteomyelitis in 

childhood and the relapse in adulthood
was 26 years (13–45)!

• Surgical debridement, microbiological
diagnosis and effective antimicrobial
therapy during 12 weeks

• All patients had a favorable outcome
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Chronic infection
due to 

Cutibacterium acnes

Prosthesis loosening

Pain with no fistula
No fever
Low CRP



Bone samples
Collected during surgery (individual sterile tubes)
Lot of caution to avoid bacterial contamination!



Vacutainer collection tube Biomérieux BactAlert

1 mL
4 mL

Pediatric bottles
(blood culture)

1 mL

EDTA Tube
Cell count

Synovial fluid
Collected during puncture or during surgery
Lot of caution to avoid bacterial contamination!
Courtesy
Dr. T. Roussel-Gaillard

Microbiological
diagnosis



Microbiological analysis 

1. Pre - analytical process

Before sampling 
• Avoid antimicrobial therapy before sampling

Sample collection
• Special indications -Date & time of collection / localization 
• Transportation - Transportation time & storage conditions after 

collection 

In collaboration with Dr. Roussel-Gaillard, microbiologist



Set up of bone
Microbiologcal diagnosis

in Armenia



2. Analytical process

Equipment 
Microbiological safety station 
Homogenization before cultivation 
Appropriate culturing media 
Atmosphere conditions / CO2 /anaerobic 
Incubation time & temperature 
Susceptibility testing 

Microbiological analysis





Clin Infect Dis. 2008, 47(11):1403-9.

14 DAYS OF INCUBATION!

Little window if you
cultivate only 2 days!



3. Post -analytical process

Reporting results 
• Interpret antibiogram
• Comment in case of possible

contamination to help physician
and surgeon decision

Microbiological analysis



Chronic infection
due to 

Cutibacterium acnes

Prosthesis loosening

Pain with no fistula
No fever
Low CRP

All positive in culture
C. acnes

After 14 days of incubation



Similar concepts

DiagnosisPathophysiology

Clinical evidence

Suspect
low grade
infection

Perform bone sampling for
microbiological diagnosis

Slow-growing
bacteria

Biofilm

Bacteria reach
the bone



Similar concepts

Diagnosis
Personalized

treatmentPathophysiology

Clinical evidence

Suspect
low grade
infection

Perform bone sampling for
microbiological diagnosis

Richness of 
multidisciplinar

approach
Slow-growing

bacteria

Biofilm

Bacteria reach
the bone



Referral center for the management of 
complex bone and joint infections (BJI)



Referral center for the management of 
complex bone and joint infections (BJI)

Orthopaedic surgeon

Plastic surgeon

Infectious diseases physician

Microbiologist

Pharmacist

Pharmacologist

Epidemiology / Hygene



Referral center for the management of 
complex bone and joint infections (BJI)

to my plastic 
surgeons 
colleagues!



Similar concepts

Diagnosis
Personalized

treatmentPathophysiology

Clinical evidence

Suspect
low grade
infection

Perform bone sampling for
microbiological diagnosis

Richness of 
multidisciplinar

approach
Slow-growing

bacteria

Biofilm

Bacteria reach
the bone



Similar concepts

Diagnosis
Personalized

treatmentPathophysiology

Clinical evidence

Suspect
low grade
infection

Perform bone sampling for
microbiological diagnosis

Richness of 
multidisciplinar

approach

Surgery

Antibiotics

Follow-upSlow-growing
bacteria

Biofilm

Bacteria reach
the bone



Different clinical settings of implant-associated BJI

Fracture-related infections
(FRI)

Prosthetic joint infection
(PJI)

Septic non-union Osteomyelitis

w/o
Soft tissue

injury



Different clinical settings of implant-associated BJI

Fracture-related infections
(FRI)

Prosthetic joint infection
(PJI)

https://ebjis.org/



Conservative approach:
DAIR: ‘Debridement, Antibiotics
and Implant Retention’ 

Prosthesis exchange
(1-stage or 2-stage)

And antibiotics

S. Lustig

T. Ferry

BIOFILMACUTE INFECTION

CHRONIC INFECTION



Management of Bone and joint infections

• Implementation of bone diagnosis of infection (microbiology)
• Sampling in operating room
• To not contaminate the sample
• Culturing in dedicated media for 14 days

• Implementation of empirical antimicrobial therapy
• Just after surgery
• Pending the results of culture
• Oral or intravenous, depending on the clinical situation

• Implementation of the use of PICC line (if IV required)
• Implantation under sonography
• Management for the outpatient setting

• Adapt the antimicrobial therapy depending on the surgical strategy and on 
the pathogen(s) involved



PICC line
Peripheral
Inserted
Central 
Catheter





Elastomedic infusor

Vancomycin or ceftazidime

For continuous
infusion during 24h









Bone and joint infection

• Medical care in patients with complex bone and joint infections
• The concept of biofilm and latent infection 
• Bacteria is the enemy, the enemy is vicious (pus vs. biofilm)
• Absolute need to know about the enemy, and to identify him
• Need for microbiological diagnosis (bone culturing)
• Need for immediate empirical intravenous antibiotics that need

to be changed adequatly depending on the enemy profile
• Prolonged antimicrobial therapy targeted the enemy (3 months)

Could help to keep the function (bone healing) and avoid
occurrence of more complex situations, and amputation

Without that, you may totally

loss the benefit of surgery



Online multidisciplinary meetings 

Useful for multidisciplinary teams outsite our hospital
to share clinical cases and decisions











• « Slow growing » state of 
bacteria

• Biofilm production
• Need for identification
• Antimicrobial treatment
• Has to be started at the 

time of explantation 
(empirical treatment)

• Has to be adapted
(targeted treatment)

• Has to be prolonged 3 
months

• To avoid a failure 
(contamination of the 
next prosthesis)

Pseudomonas aeruginosa
prosthetic joint infection 



Conclusion
• A better understanding the disease is one of the key
• Accept that the patient is infected, the surgeon is not the culprit!
• Suspect, recognize and diagnose implant-associated infection is crucial for the patient prognosis
• Multidisciplinary management is complex to set up, but essential for the patient management (enjoy 

to understand your colleague’s position and share point of views!)

There is a huge place for ID/pediatrician to participate to the patient care,
as the medical management of the patient should not be the surgeon’s job and responsibility

• The standard of care if patients with complex BJI is:
• Surgical expertise (orthopaedics, plastic surgery)
• Multidisciplinar discussions (physical and on line)
• Bone sampling with adequate methodology for culturing
• Empirical antibiotics (IV with piccline) with development of outpatient program to make it possible
• Active oral antibiotics during several months

T. FerryWe are learning from each other!
We are stronger together to improve the patient care!
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Post graduate course ‘Bone and joint infections’

Project with YSMU

Orthopaedic surgeon

Plastic surgeon

Infectious diseases physician Microbiologist

Pharmacologist

Epidemiology

Hygene

radiologist



Coordinator: Tristan Ferry
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Croix-Rousse Hospital



Aram Gazarian
Armenian colleagues

French ambassy and healthcare autority



http://www.crioac-lyon.fr
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