4“?

GRENOBLE
ALPES

Pseudarthroses Septiques

Dr Brice RUBENS-DUVAL
Service de Chirurgie de I'Arthrose et du Sport
CRIOAC CHU GRENOBLE - ALPES
DIU des Infections Ostéo-Articulaires
6 — 7 Décembre 2022




Définitions

e PSEUDARTHROSE : Défaut de consolidation osseuse > 6 mois

 SEPTIQUE : Origine infectieuse ...



Problématiques

* Faire consolider la fracture ARC (A.C. Masquelet)

A : Assechement
R: Réparation des parties molles

° Eradiquer I’infection... C : Comblement / Consolidation

e Rétablir la fonction

=> Infection ostéo-articulaire complexe / difficile a traiter



Prise en charge

* Approche Multi - Disciplinaire +++ : CRIOAC
 Chirurgiens : Orthopédiste / Plasticien
* Infectiologue
* Micro - biologiste

* Traitement personnalisé +++
* Localisation et Résection
e Pathogene (s) => Projet thérapeutique
* Type(s) de fixation



Bone defect Aetiology

Traumatic Infective
pre operative assessment
clinical Investigations
History, clinical examination of the limb: AP and Lateral radiographs of the
Assess: neurovascular status of the limb, involved bone with a joint above and Bil R
state of surrounding soft tissue. below, full length films and weight B lan RX
bearing x rays if possible of both limbs - TDM
Any signs of infection? . . .
CT scan/ MRI or bone scan according to - Scmtlgraphle osseuse + PNN
Previous surgery? the cause of bone defect. - CRP
Range of movements? Bio chemical investigations (FBC, - Bilan nutritionnel +++
Limb length discrepancies? Electrolytes, CRP, ESR, bone chemistry, - NFS / Bilan hépatique (Antibiotiques)
Vitamin D).
Patient Comorbidities?
Contents lists available at ScienceDirect ‘
Diagnosis; Is the limb salvageable? Discuss with patient and family Injury ¢ Inury
Options of treatment available? Decision to proceed with IM technique — - =
Patient's expectati ons? Multidisciplinary group meeting Efgigzzﬁigﬁgi{izﬁrzzge defects treated with the induced membrane technique:
Peter V. Giannoudis®?*, Paul J. Harwood?, Theodoros Tosounidis®®, Nikolaos K. Kanakaris?




Pseudarthrose septique

* Procédure en Un Temps :
e Rare +++ => Risque d’échec
* Perte de substance osseuse modérée
* Germe identifié
* Pas de probleme de couverture cutanée

* Procédure en Deux Temps :
* Le plus souvent +++
* Gestion de l'os infectée et de |la perte osseuse
* Gestion téguments
* Gestion de l'infection



Dans tous les cas

* Abord précautionneux : Décortication

* Ablation de tout le matériel et des corps étrangers +++

* Excision large « carcinologique » de |'os infecté et des tissus mous
=> Séquestres +++

 Comblement éventuel par matériel inerte => Spacer en ciment (Ml)

* Drainage et Fermeture => Lambeaux (Méme temps / Différé)

 Stabilisation => Fixateur externe / Autres...



Dans tous les cas

* Prélevements bactériologiques multiples (5-7) : avant toute ..‘?
antibiothérapie . j

* Prélevement anatomo-pathologique : recherche de signes d’ostéite

* Prélevements fongiques +++

* Antibiothérapie a discuter avec I'équipe d’infectiologie (RCP+++)

* Prévoir couverture cutanée — Lambeaux +++




Dans tous les cas

e Lutte contre la Dénutrition +++ LUTTE CONTRE
LA DENUTRITION

* Arrét du tabac +++

* Equilibration Diabete

* Revascularisation (Echo-Doppler artériel)




Défects Osseux : Plusieurs Moyens
» Greffe spongieuse / cortico-spongieuse

* GITF : Greffe Inter-Tibo-Fibulaire

* Transfert osseux vascularisé : Fibula vascularisé

* Technigue membrane induite de Masquelet

e Substitut osseux ?



Défects Osseux : Plusieurs Moyens

 Greffe spongieuse / cortico-spongieuse

Perte de substance modérée
Pas de probleme de revétement cutané
Un temps possible

Ostéosynthése interne stable (Plaque / Clou)

Single-stage treatment of infected tibial non-unions

Prise de créte ilia que and osteomyelitis with bone marrow granulocytes precursors
protecting bone graft

Philippe Hernigou' - Arnaud Dubory® - Yasuhiro Homma' -
Charles Henri Flouzat Lachaniette’ - Nathalie Chevallier" - Helene Rouard '

Association avec précurseurs de granulocytes
=>de 70% (n=40) a 90% (N=40) de SUETiSON...| i umuummoesromenn

© SICOT aisbl 2017




Défects Osseux : Plusieurs Moyens

* Greffe inter-tibio-fibulaire (GITF)

=> Ponter perte de substance tibiale a I'aide d’un greffon créte
iliaque




Défects Osseux : Plusieurs Moyens J

* Fibula libre / vascularisée |3

=> Ponter perte de substance tibiale p  ar fibula
vascularisé homo ou contro-latérale

-de 5a 25 cm environ de perte de substance
- Meilleur taux de consolidation si vascularisation

- Palette cutanée

- Morbidité du site donneur ( => jusqu’a 89%...)




* Ascenseur
* Fixateur externe (llizarov)

 Combler la perte de substance : Ostéogénese en distraction

=> Mobiliser au niveau méme du segment lésé un cylindre osseux
vivant avec ses attaches musculo-aponévrotiques pour combler une

perte de substance osseuse.



Défects Osseux : Plusieurs Moyens

* Technique de la Membrane Induite (MASQUELET) +++

* 2 temps.

* ler Temps:
* Débridement et excision complete des tissus infectées
* Fixateur externe pontant la perte de substance osseuse
» Réalisation d’une entretoise en ciment (+ AB) recouvrant les extrémités osseuses saines
* Couverture cutanée

e 2°Me temps : Aprés 6 — 8 semaines.
* Incision Membrane induite (Facteurs de croissance +++)

* Ablation du ciment
» Greffe osseuse massive (Créte iliaque / Reamer)

» Ostéosynthese (plaque vissée / Clou)

=> Consolidation en 6 — 17 mois...




Membrane Induite : Résultats

Elsevier Masson France

* 84 patients => 41 pseudarthroses septiques

ORIGINAL ARTICLE

° 90% CONSO | |d atlons (76/84) Treatment of posttraumatic bone defects by the

induced membrane technique

* Délai moyen consolidation : 14,4 mois Ehe French Society of Orthopsedic Surgery and Trsumatalops (SoFCOTY
 Pas d’effet perte osseuse sur la consolidation Symposium SoFCOT 2010

* Tendance consolidation plus rapide sur membre supérieur
* 6,1 ITV avant consolidation => GRAVITE +++

* 6 amputations (Tibia) !



Membrane Induite : Résultats

» 18% d’échecs (Infections et/ou Pseudarthroses)

* Complications sites donneurs
e Créteiliaque : 19,37%

Outcomes and follow up

Injury, Int. ). Care Injured 4756 (2016) S68-576

Contents lists available at ScienceDirect

Injury

journal homepage: www. elsevier.com/locate/Injury

Masquelet technique: myth or reality? A systematic review and meta-analysis

Ilaria Morelli*#*, Lorenzo Drago¢, David A. George, Enrico Gallazzi*®, Sara Scarponi?, Carlo L. Romand*®

“Department of Reconstructive Surgery and Osteo-articular Infections CR..0. Unit, IR.CCS. Galeazzi Orthopaedic Institute, Via R Galeazzi 4, 20161, Milan, Italy
BUniversita degli Studi di Milano, via Festa del Perdono 7, 20122 Milano, Italy
“Laboratory of Clinical Chemistry and Microbiology, LRC.CS. Galeazzi Orthopaedic Institute, Via R. Galeazzi 4, 20161, Milan, Italy
“Department of Trauma and Orthopaedics, University College London Haspitals, London, UK

* RIA (tibia / Fémur) : 6% i

Time to heal (weeks)

Follow up (months)

ﬁ Non
Infect N*® union/ Non ' After
cases Yes (%) No (%) Casesj Union % amput %  union Amput % § Min Max Mean SD stage Min Max Mean SD
Apard 7 6 857 1 143 12 1 917 1 83 1 0O 00§48 3% 158 1112 ns 12 94 395 278
Azi b 16 696 7 304 33 30 909 3 91 2 1 30§16 60 34 9.2 1 12 61 27 159
Donegan 4 3 750 1 250 1 10 909 1 91 1 0 oof - - 3229 0 2 12 48 - -
L4 4 ° o H Alfy 17 15 882 2 18 17 14 824 3 176 3 0 00f24 76 40 - 2 14 38 23 -
® co n so I I d at I o n 8 9 7 /o Gupta 8 6 750 2 250 9 6 667 3 333 0 0 O00f32 52 42 - 2 18 24 215 -
° y / Karger 41 4 1000 0 00 84 7% 905 8 95 2 6 71f - - 576 0 1 12 264 - =
Kawakami 6 6 1000 0 00 6 6 1000 0 00 0 0 oOoof12 24 1533 4.68 2 36 72 507 0
Luo 7 7 1000 0 00 7 7 1000 0 00 0 0 oof - - - - - 41 150 867 372
0 . Masquelet 24 22 917 2 83 31 29 935 2 65 0 2 65 - - 16 0 ns 12 168 - -
[ ) 4 / A m u ta t I O n S Moghaddam 35 32 914 3 86 50 40 800l 0 200 7 3 6012 60 3440 116 2 12 12 12 0
0 Obert 0o - - - - 9 6 667 3 333 2 1 mf12 s6 32 - ns 12 - - -
Olesen 3 3 1000 0 00 8 8 1000 0 00 0 0 O00f237 407 3177 701 ns 9 208 132 -
Scholz 13 13 1000 0 00 13 13 1000 0 00 0 0 o012 24 1892 - ns 9 24 13 (]
Stafford 7 6 857 1 143 27 24 889 3 111 2 1 378 - - - 0 ns 12 12 12 0
Taylor 7 5 714 2 286 69 62 899 7 101 5 2 2906 208 266 293 2 12 64 238 142
Wang 2 32 1000 0 00 32 32 1000 0 00 0 0 O0o0f12 36 196 735 ns 24 32 275 -
Zappaterra 3 3 1000 0 00 9 9 1000 0 00 0 0 00f 184 2108 6404 63.76 2 6 527 1601 1594
Weighted Mean 1575
Total 237 216 911 21 89 427 § 383 897f 44 103 25 6 4

Legend: %=% of total patients for each study; amput=amputations; ns=non specified.




Membrane Induite : Résultats

e 12 patients (9 T/ 2F / 1 Arthrodése genou)
* Masquelet + Clou + Greffe (RIA)

> Orthop Traumatol Surg Res. 2022 Nov;108(7):103395. doi: 10.1016/j.0tsr.2022.103395.

Epub 2022 Sep 6.

Masquelet's induced membrane technique associated
with Reamer Irrigation Aspiration grafting and
intramedullary Nailing (MaRIAN) for chronic
diaphyseal osteomyelitis of the lower limb

Marianne Cuvillier ', Jean-Frangois Meucci 2, Céline Cazorla 2, Anne Carricajo 2, Thomas Neri 2,
Bertrand Boyer 2

Affiliations + expand
PMID: 36084914 DOI: 10.1016/j.0tsr.2022.103395

* 100% consolidation => Corticalisation 1,6 mois / Consolidation 9 mois

Tableau 4 of
fratde l'art de la




Table 2. Different surgical techniques for treating chronic osteomyelitis

Surgical technique Advantages Disadvantages
Conventional reaming of the - Clearance of intramedullary sepsis - Risk of fracture
IM canal - Risk of bleeding
- Need for fenestration of the distal diaphysis to allow drainage of
the irrigation fluids

RIA technique - Clearance of intramedullary sepsis - Risk of fracture

- Less traumatic than convectional reaming - Risk of bleeding
Primary bone graFtIng /bone - Single-stage procedure - Confined to small defects / limited availability of bone graft
graft substitutes - Superior osteoconductivity and osteoinductivity of - Risk of early resorption / highly depends on the soft tissue bed

the bone graft

Risk of relapse of infection
Graft incorporation is slow and unreliable

- Donor site morbidity
Antibiotic-impregnated cement - Slow release of high concentrations of antibiotics, - Lack of biodegradability in some carriers / need for two-stage
spacers / cement nails / avoiding their systemic effects procedures

antibiotic beads - Easy to mix - form into various shapes and sizes - Concern that they can act as a foreign body, therefore harbouring
- Cement nails can provide some stability to infection
associated fractures - Increased risk of antibiotic resistance
Bioactive glass - Anti-microbial, osteoconductive and angiogenic - Depends on good soft-tissue coverage

Induced membrane

properties

- Combines the advantages of antibiotic-impregnated
cement spacers with those of delayed bone grafting

- The induced membrane is highly vascularised, rich in
growth and osteoinductive factors -

- Offers a confined space for the application of the

bone graft

Increased blood flow in the area of corticotomy

Minimally-invasive nature

Two-stage procedure

Increased risk of antibiotic resistance

Limited availability of bone graft

Can be associated with prolonged healing and recovery time

(Masquelet) technique

Distraction is often limited because of the neurovascular bundle
contracture
- Can be associated with pain for distraction > 2 cm
- Pin-site complications
i - pecialised equipment

- Need for re-interventions
Michalis Panteli
Peter V. Giannoudis

Circular external fixation .
devices and bone transport -

Chronic osteomyelitis: what the surgeon
needs to know
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IM canal - Risk of bleeding
- Need for fenestration of the distal diaphysis to allow drainage of
the irrigation fluids

RIA technique - Clearance of intramedullary sepsis - Risk of fracture

- Less traumatic than convectional reaming - Risk of bleeding
Primary bone grafting /bone - Single-stage procedure - Confined to small defects / limited availability of bone graft
graft substitutes - Superior osteoconductivity and osteoinductivity of - Risk of early resorption / highly depends on the soft tissue bed

the bone graft
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antibiotic beads - Easy to mix - form into various shapes and sizes - Concern that they can act as a foreign body, therefore harbouring
- Cement nails can provide some stability to infection
associated fractures -__Increased risk of antibiotic resistance
Bioactive glass - Anti-microbial, osteoconductive and angiogenic - Depends on good soft-tissue coverage

Induced membrane
(Masquelet) technique

Circular external fixation
devices and bone transport

Instructional Lecture: General Orthopaedics

Chronic osteomyelitis: what the surgeon
needs to know

properties

Combines the advantages of antibiotic-impregnated
cement spacers with those of delayed bone grafting
The induced membrane is highly vascularised, rich in

growth and osteoinductive factors

Offers a confined space for the application of the
bone graft

Increased blood flow in the area of corticotomy
Minimally-invasive nature

Michalis Panteli
Peter V. Giannoudis

Two-stage procedure

Increased risk of antibiotic resistance

Limited availability of bone graft

Can be associated with prolonged healing and recovery time

Distraction is often limited because of the neurovascular bundle
contracture

Can be associated with pain for distraction > 2 cm

Pin-site complications

Need for specialised equipment

Need for re-interventions
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Conventional reaming of the - Clearance of intramedullary sepsis - Risk of fracture
IM canal - Risk of bleeding
- Need for fenestration of the distal diaphysis to allow drainage of
the irrigation fluids

RIA technique - Clearance of intramedullary sepsis - Risk of fracture

- Less traumatic than convectional reaming - Risk of bleeding
Primary bone grafting /bone - Single-stage procedure - Confined to small defects / limited availability of bone graft
graft substitutes - Superior osteoconductivity and osteoinductivity of - Risk of early resorption / highly depends on the soft tissue bed

Antibiotic-impregnated cement
spacers / cement nails /
antibiotic beads

Bioactive glass

the bone graft

Slow release of high concentrations of antibiotics,
avoiding their systemic effects

Easy to mix - form into various shapes and sizes
Cement nails can provide some stability to
associated fractures

Anti-microbial, osteoconductive and angiogenic

properties

Risk of relapse of infection

Graft incorporation is slow and unreliable

Donor site morbidity

Lack of biodegradability in some carriers / need for two-stage
procedures

Concern that they can act as a foreign body, therefore harbouring
infection

Increased risk of antibiotic resistance

Depends on good soft-tissue coverage

(" Induced membrane - Combines the advantages of antibioticiimpregnated - Two-stage procedure )
(Masquelet) technique cement spacers with those of delayed bone grafting - Increased risk of antibiotic resistance
- The induced membrane is highly vascularised, richin - Limited availability of bone graft
growth and osteoinductive factors - Can be associated with prolonged healing and recovery time
- Offers a confined space for the application of the
\_ bone graft J
Circular external fixation - Increased blood flow in the area of corticotomy - Distraction is often limited because of the neurovascular bundle
devices and bone transport - Minimally-invasive nature contracture

Instructional Lecture: General Orthopaedics

Chronic osteomyelitis: what the surgeon
needs to know

Michalis Panteli
Peter V. Giannoudis

Can be associated with pain for distraction > 2 cm
Pin-site complications

Need for specialised equipment

Need for re-interventions



Severity of fracture

Host physiology

Bacteria

Systemic risk factors

Local riskfactors

Soft tissue envelope

Injury, Int. J. Care Injured xxx (2016) xxx-Xxx

Contents lists available at ScienceDirect

Injury

£ 80
FI SEVIFR

journal homepage: www.elsevier.com/locate/injury
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Injury

-

Review
Infection after fracture fixation: Current surgical and microbiological
concepts

WJ. Metsemakers™”, R. Kuehl®, TF. Moriarty®, RG. Richards, M. Verhofstad®, 0. Borens®,
S. Kates', M. Morgenstern®

Infection after fracture fixation

Non-union lacking signs of infection

Achieve sjability and control infection!

+ Debridement/
Biopsy

+ Retain or
remove/exchange
implant!

* Antibiotic therapy*

Treatment of local and systemic risk factors/Soft-tissue management




Take Home Message

* Prise en charge difficile +++
* Approche multi-disciplinaire +++

e Lutte contre les tares médicales :
* Dénutrition
e Diabete
* Probleme artériel

* Antibiothérapie(s) prolongées +++

* Technique(s) chirurgicale(s) rigoureuse(s) :
=> Excision/Comblement/fixation/couverture

* Chaque cas est unique +++







