
Pediatric Musculoskeletal Infection

Jonathan Schoenecker
Associate Professor Orthopaedics Pharmacology Pathology Pediatrics

Jeffrey Mast Chair of Trauma and Hip Surgery
Vanderbilt University

PAOS in the Music City 

https://www.jposna.org/ojs/index.php/jposna/article/view/124
Or just search JPOSNA Schoenecker



MSKI





LEARN TO 
TRIAGE THE 

SEVERITY



Team-EffortOSTEO

4 QUESTIONS



Team-Effort
Where Is It?

OSTEO

4 QUESTIONS



Team-Effort
Where Is It?
Is It A Bug?

OSTEO

4 QUESTIONS



Team-Effort
Where Is It?
Is It A Bug?

How Severe Is It?

OSTEO

4 QUESTIONS



Team-Effort
Where Is It?
Is It A Bug?

How Severe Is It?
Treat It!

OSTEO

4 QUESTIONS



Team-Effort
Where Is It?
Is It A Bug?

How Severe Is It?
Treat It!

OSTEO

4 QUESTIONS



PHYSICAL
EXAM





























Osteomyelitis

Septic Arthritis





Pyomyositis







Septic Joint





Prepatellar
Bursitis





Tibial Osteo



Tibial Osteo



Tibial Osteo

Femoral Osteo



Pyomyositis



PHYSICAL
EXAM



PHYSICAL
EXAM

+ IMAGING



XRAY

















ULTRASOUND



A B



A B

Epiphysis Epiphysis



A B

Epiphysis Epiphysis

Capsule

Capsule



A B

Epiphysis Epiphysis

Capsule

Capsule

Effusion



MRI



MRI



Osteomyelitis

Septic Arthritis



Pyomyositis





PHYSICAL
EXAM

+ IMAGING



Team-Effort
Where Is It?
Is It A Bug?

How Severe Is It?
Treat It!

OSTEO



Team-Effort
Where Is It?
Is It A Bug?

How Severe Is It?
Treat It!

OSTEO



Aspiration

Is it a Bug?



Is it a Bug?



Is it a Bug?

Staph & Strep



Is it a Bug?

Staph & Strep
Kingella



Labs

Is it a Bug?



Team-Effort
Where Is It?
Is It A Bug?

How Severe Is It?
Treat It!

OSTEO

4 QUESTIONS



MSK Infection



ACUTE PHASE RESPONSE



FRACTURE

ACUTE PHASE RESPONSE



FRACTURE

ACUTE PHASE RESPONSE



FRACTURE

Breach of 
Compartments

ACUTE PHASE RESPONSE



FRACTUREBleeding



FRACTUREBleeding Infection



FRACTURE

O2

Bleeding Infection

Hypoxia



FRACTURE

O2

Bleeding Infection

DysfunctionHypoxia



FRACTURE

O2

Bleeding Infection

DysfunctionHypoxia



FRACTURE

O2

Bleeding Infection

DysfunctionHypoxia

IL-6



FRACTURE

O2

Bleeding Infection

DysfunctionHypoxia

IL-6

1,000 Acute Phase Reactants



O2

Bleeding Infection

DysfunctionHypoxia

Hemostasis
Inflammation

IL-6

1,000 Acute Phase Reactants



O2

Bleeding Infection

DysfunctionHypoxia

Hemostasis
Inflammation

Hemostasis
Inflammation

IL-6

1,000 Acute Phase Reactants



O2

Bleeding Infection

DysfunctionHypoxia
Angiogenesis

Hemostasis
Inflammation

Hemostasis
Inflammation

IL-6

1,000 Acute Phase Reactants



O2

Bleeding Infection

DysfunctionHypoxia
Angiogenesis Ossification

Hemostasis
Inflammation

Hemostasis
Inflammation

IL-6

1,000 Acute Phase Reactants



O2

Bleeding Infection

DysfunctionHypoxia
Angiogenesis Ossification

Hemostasis
Inflammation

Hemostasis
Inflammation



O2

Bleeding Infection

DysfunctionHypoxia
Angiogenesis Ossification

1
Hemostasis
Inflammation

Hemostasis
Inflammation



O2

Bleeding Infection

DysfunctionHypoxia
Angiogenesis Ossification

1 2
Hemostasis
Inflammation

Hemostasis
Inflammation



O2

Bleeding Infection

DysfunctionHypoxia
Angiogenesis Ossification

1 2
3

Hemostasis
Inflammation

Hemostasis
Inflammation



O2

Bleeding Infection

DysfunctionHypoxia
Angiogenesis Ossification

1 2
3 4

Hemostasis
Inflammation

Hemostasis
Inflammation



O2

Bleeding Infection

DysfunctionHypoxia
Angiogenesis Ossification

1 2
3 4

SURVIVE

Hemostasis
Inflammation

Hemostasis
Inflammation



O2

Bleeding Infection

DysfunctionHypoxia
Angiogenesis Ossification

1 2
3 4

SURVIVE

Hemostasis
Inflammation

Hemostasis
Inflammation



O2

Bleeding Infection

DysfunctionHypoxia
Angiogenesis Ossification

1 2
3 4

SURVIVE

Hemostasis
Inflammation

Hemostasis
Inflammation



O2

Bleeding Infection

DysfunctionHypoxia
Angiogenesis Ossification

1 2
3 4

SURVIVE

Hemostasis
Inflammation

TEMPORARY 
SEALANTHemostasis

Inflammation



O2

Bleeding Infection

DysfunctionHypoxia
Angiogenesis Ossification

1 2
3 4

SURVIVE

Hemostasis
Inflammation

TEMPORARY 
SEALANT

REPAIR

Hemostasis
Inflammation



O2

Bleeding Infection

DysfunctionHypoxia
Angiogenesis Ossification

1 2
3 4

SURVIVE

Hemostasis
Inflammation

TEMPORARY 
SEALANT

REPAIR

Hemostasis
Inflammation

PERMANENT
SOLUTION



Hemostasis

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

Survival-APR Repair-APR



Survival 
Inflammatory

Hemostasis

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

Survival-APR Repair-APR



Survival 
Inflammatory

Hemostasis

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

Survival-APR Repair-APR



Survival 
Inflammatory

Hemostasis

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

Survival-APR Repair-APR

FIBRIN & DNANets
CONTAINMENT



Reparative 
Inflammatory

Survival 
Inflammatory

Hemostasis

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

Survival-APR Repair-APR

FIBRIN & DNANets
CONTAINMENT



Reparative 
Inflammatory

Matrix
Remodeling

Survival 
Inflammatory

Hemostasis

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

Survival-APR Repair-APR

FIBRIN & DNANets
CONTAINMENT



Angiogenesis
Reparative 

Inflammatory

Matrix
Remodeling

Survival 
Inflammatory

Hemostasis

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

Survival-APR Repair-APR

FIBRIN & DNANets
CONTAINMENT



Angiogenesis
Reparative 

Inflammatory

Tissue RepairMatrix
Remodeling

Survival 
Inflammatory

Hemostasis

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

Survival-APR Repair-APR

FIBRIN & DNANets
CONTAINMENT



Angiogenesis
Reparative 

Inflammatory

Tissue RepairMatrix
Remodeling

Survival 
Inflammatory

Hemostasis

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR Repair-APR

FIBRIN & DNANets
CONTAINMENT



Angiogenesis
Reparative 

Inflammatory

Tissue RepairMatrix
Remodeling

Survival 
Inflammatory

Hemostasis

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR Repair-APR

FIBRIN & DNANets
CONTAINMENT

TURN THE 
CORNER



Angiogenesis
Reparative 

Inflammatory

Tissue RepairMatrix
Remodeling

Survival 
Inflammatory

Hemostasis

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR Repair-APR

FIBRIN & DNANets
CONTAINMENT

CONTAIN
TURN THE 
CORNER



Angiogenesis
Reparative 

Inflammatory

Tissue RepairMatrix
Remodeling

Survival 
Inflammatory

Hemostasis

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR Repair-APR

FIBRIN & DNANets
CONTAINMENT

CONTAIN RESTORE FUCTION
TURN THE 
CORNER



Musculoskeletal
Infection



Musculoskeletal
Infection

Why Injured Tissue?



FRACTURE



FRACTURE



Bleeding



Bleeding
Hemostasis



Bleeding
Hemostasis

Procoagulants

Fibrinogen FIBRIN

Fibrin Fracture
JCI- 2015



Bleeding
Hemostasis

Procoagulants

Fibrinogen FIBRIN

Fibrin Fracture
JCI- 2015



Bleeding
Hemostasis

Procoagulants

Fibrinogen FIBRIN

Fibrin Fracture
JCI- 2015

COMPARTMENTALIZATION



Bleeding
Hemostasis

Infection



Bleeding
Hemostasis

Infection



Bleeding
Hemostasis

Infection

Hemostasis



Bleeding
Hemostasis

Infection

Hemostasis



Bleeding
Hemostasis

Infection

Hemostasis

Hijacking The APR
JBJSReviews- 2016



FIBRINFibrinogen

Infection

Hemostasis

Hijacking The APR
JBJSReviews- 2016



FIBRINFibrinogen

Fibrin Web

Infection

Hemostasis

Hijacking The APR
JBJSReviews- 2016



Infection

Hemostasis

Frontiers in Cellular and Infection Microbiology
Sep 2014



Fibrin Web

Infection

Hemostasis
Inflammation

Immune

Hijacking The APR
JBJSReviews- 2016



Macrophage

Fibrin Web

Infection

Hemostasis
Inflammation

Immune

Hijacking The APR
JBJSReviews- 2016



Macrophage

Fibrin Web

Infection

Hemostasis
Inflammation

Immune

Hijacking The APR
JBJSReviews- 2016



Macrophage

Killer CellsFibrin Web

Infection

Hemostasis
Inflammation

Immune

Hijacking The APR
JBJSReviews- 2016



Macrophage

Killer Cells

DNA Net

Fibrin Web

Infection

Hemostasis
Inflammation

Immune

Hijacking The APR
JBJSReviews- 2016



Macrophage

Killer CellsFibrin Web

DNA Net

Web Technique - Very Effective

Infection

Hemostasis
Inflammation

Immune



Macrophage

Killer Cells

Almost All Multi Cellular Organisms

DNA Net

Fibrin Web

Web Technique - Very Effective

Infection

Hemostasis
Inflammation

Immune



Musculoskeletal
Infection
Hijacks The 

Acute Phase Response



Streptococcus PyogenesStaphylococcus Aureus



Angiogenesis
Reparative 

Inflammatory

OsteogenesisMatrix
Remodeling

Survival 
Inflammatory

Hemostasis

FIBRIN
CONTAINMENT

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR Repair-APR



Angiogenesis
Reparative 

Inflammatory

OsteogenesisMatrix
Remodeling

Survival 
Inflammatory

Hemostasis

FIBRIN
CONTAINMENT

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR Repair-APR



Web Technique - Very Effective



Web Technique - Very Effective

Staph Aureus Has Evolved



Staph Aureus Has Evolved



Coagulase
Staph Aureus Has Evolved



Staph Aureus Has Evolved
Coagulase
Prothrombin



Staph Aureus Has Evolved
Coagulase
Prothrombin



Staph Aureus Has Evolved
Coagulase vWbp
Prothrombin



Staph Aureus Has Evolved
Coagulase vWbp
Prothrombin



Staph Aureus Has Evolved
Coagulase vWbp
Prothrombin

Abscess



Staph Aureus Has Evolved
Coagulase vWbp
Prothrombin

Abscess



Staph Aureus Has Evolved
Quorum

Abscess







Angiogenesis
Reparative 

Inflammatory

OsteogenesisMatrix
Remodeling

Survival 
Inflammatory

Hemostasis

FIBRIN
CONTAINMENT

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR Repair-APR



Angiogenesis
Reparative 

Inflammatory

OsteogenesisMatrix
Remodeling

Survival 
Inflammatory

Hemostasis FIBRIN
CONTAINMENT

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR Repair-APR



Angiogenesis
Reparative 

Inflammatory

OsteogenesisMatrix
Remodeling

Survival 
Inflammatory

Hemostasis FIBRIN
CONTAINMENT

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR Repair-APR

Thrombosis
MODS



Staph Aureus Has Evolved

SAK
Quorum



Staph Aureus Has Evolved

SAK
Quorum

Plasmin



Staph Aureus Has Evolved

SAK
Quorum



Staph Aureus Has Evolved

SAK
Quorum



SAK
Quorum

Staph Aureus Has Evolved

Dissemination





Angiogenesis
Reparative 

Inflammatory

OsteogenesisMatrix
Remodeling

Survival 
Inflammatory

Hemostasis FIBRIN
CONTAINMENT

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR Repair-APR

Thrombosis
MODS



Survival 
Inflammatory

Hemostasis FIBRIN
CONTAINMENT

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR

Thrombosis
MODS



Survival 
Inflammatory

Hemostasis FIBRIN
CONTAINMENT

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR

Thrombosis
MODS



Survival 
Inflammatory

Hemostasis

FIBRIN
CONTAINMENT

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR

Thrombosis
MODS



Survival 
Inflammatory

Hemostasis

FIBRIN
CONTAINMENT

1 2 3 4 5 6 7 8 9 10 11 12 13 14Trauma
Days after injury

FIBRINOLYSIS

Survival-APR
Thrombosis

MODS
Death



Musculoskeletal
Infection
Hijacks The 

Acute Phase Response



Team-Effort
Where Is It?
Is It A Bug?

How Severe Is It?
Treat It!

OSTEO

4 QUESTIONS



Team-Effort
Where Is It?
Is It A Bug?

How Severe Is It?
Treat It!

OSTEO

4 QUESTIONS



Knife



Subperiosteal abscess



Subperiosteal abscess



Subperiosteal Abscess Aspiration



Very thick purulence



Superiosteal Space Debrided
(Connected with Metaphysis)



Drain Placed in Superiosteal Space



Wound closed around drain



Wound Vac Applied



Wound Vac Applied



Dressing



Antibiotics



Antibiotics





Team-Effort
Where Is It?
Is It A Bug?

How Severe Is It?
Treat It!

OSTEO

4 QUESTIONS























LAB 1

Presentation



LAB 1

Presentation

WHERE IS IT?
WHAT IS IT?



LAB 1 LAB 2

WHERE IS IT?
WHAT IS IT?



Progression?

LAB 1 LAB 2



LAB 1 LAB 2

Peak Values

How Severe is It?



LAB 1 LAB 2

CRP At Time of 
Debridement

48 Hour Delta in 
CRP

Are We Winning?

TREAT IT!

ESCALATION?



LAB 1 LAB 2 LAB 3

TREAT IT!



LAB 1 LAB 2 LAB 3 LAB 4

Off 
Antibiotics?

TREAT IT!



Team-Effort
Where Is It?
Is It A Bug?

How Severe Is It?
Treat It!

OSTEO

4 QUESTIONS



THANK YOU

https://www.jposna.org/ojs/index.php/jposna/article/view/124
Or just search JPOSNA Schoenecker


