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Keypoints

Non-union treatment:

• The host

• Patient expectations

• Principles of treatment = individualized



Definition of non-union is an inexact science:

• Definition of time from fracture (6 months?): 

• large variation in healing time as multiple factors affect healing.

• Definition of healing: when is healing sufficient ?



• Clinical: pain, swelling, (mobility)

• CT (Bhattacaryya, JBJS Am 2006)
• 100% sensitivity
• 62% specificity:

• risk of intervention on healed fracture

Diagnosis: non-union

• X-ray

Radiographic union score in tibial
fractures (Whelan, J Trauma 2010): 

• Reliable (Leow, Bone Joint Res 2016)

• Union vs. non-union ?(Litentra, J 

Orthop Trauma 2015)
Minimum score: 4

Maximum score: 12



Indication for non-union surgery:

• Symptoms (pain,…) and:

• When progress in healing will not occur without surgery

• Earlier surgery if healing will result in significant malalignment

4 months:
• Pain
• 15 varus



Classification: Septic versus Aseptic

20% of aseptic non-unions have positive intra-operative cultures (Moghaddam et 
al. Injury 2015).

Infection screening
• History: 

• wound drainage
• sinus formation
• previous infection treatment

• Clinical evaluation
• X-ray
• CRP, (SR, blood-count)

Option
• MRI: no implants
• PET-CT

• Sensitivity: 95%
• Specificity: 87%

• Leucocyte scientigraphy /SPECT
Specificity dependent on time from trauma/surgery



Non-union scoring system (Calori et al. Injury 2008):
• Non-union personality: Bone, soft tissue, patient (infection, smoking).
• 15 parameters: score from 0-100



Non-union scoring system: Calori et al. Injury 2008



The classification should guide treatment !

• Abumunaser and Al-Sayyad, Orthopedics, 2011

Chi-squared test: p<0.0001; Contigency coefficient: 0.76

Validation of the Calori
non-union scoring system (NUSS)

NUSS Treatment

< 25 Autograft/IMN/plate 3/3

25-75 Circular fix., vascularized bone 
graft, free flap, BMP, bone 
transport

33/33

> 75 Amputation 4/4



BASIC treatment principles





1. Mechanical alignment

2. Rotation

3. Limb length (often shortening)



Biological stimulation

Osteo-inductive/osteogenic/(osteoconductive)

• Autograft (gold standard)

• Bone transport

• Masquelet

• BMP/BMA(C)

• Mechano-biology

• Vascularized bone graft

• Free flap (vascularity)



Mechano-biology



Mechano-biology
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Five pillars of non-union management

Optimisation of modifiable risk factors

Mechanical alignment

Stable fixation

Biological stimulation (mechano-biology)

Early functional rehabilitation

Ferreira and Malais. Injury. 2015



Optimise modifiable host factors:
• Smoking

• Diabetic control

• antiretroviral for HIV positive

Additional:
• Anaemia

• Malnutrition

• Endochrine/metabolic:

• Vitamine D

• Hypothyoidism

• Medications

• NSAIDs, steroids, 
methotrexate, biological
anti-rheumatoid



Circular fixator: 122/122 non-unions !

Internal fixation when safe:

• soft-tissues

• degree of correction

• stability
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• 49 aseptic tibial non-unions
without defect

• 97% follow-up

• NUSS (Calori): 38+/-12

• Treatment:
• Plate: 65%

• IMN: 26%

• Ext. fix. 0%

• Screws: 2%

• Union: 41/49

• Amputation: 2/49

Atrophic tibial non-union: diamond concept

Moghaddam et al. Injury. 2015

20% intraoperative
positive cultures



Mobile, oligotrophic, non-union



Mobile, oligtrophic, non-
union

• Removal of ext. fixation
and prox. screws

• 4 weeks in a cast

• Debridement, reaming, 
gentafleece, IMN, autograft



Majority of patients:

Goal is to achieve fracture union

1. Reduction in symptoms: (pain, swelling)

2. Improvement in function 



Minority of patients:

• Amputation

• ”Stable”/”pain-reduced” non-union



Mechanical solution ?

Biological solution ?

Both?



Mechanical Axis Correction AND Bone Grafting AND Shortening



• Are you sure it is aseptic ?

• Read the patient and the non-union

• Broad armementarium of treatments
availaible

• Treatment principles:

• Five pillars

• Diamond concept

Summary: ASEPTIC non-union



Thank You



Bone graft

Need of graft depends on treatment strategy:
• Significant bone defect
• Biology (atrophic non-union)

Seldom alone

Autograft is gold standard



When is bone 
grafting needed ?



When is bone 
grafting needed ?



When is bone grafting needed ?

Depends on treatment strategy:

• Masquelet (always)

• Bone transport (often at docking site)

• Significant bone loss? Graft or shortening ?

• Biology needed: Mechano-biology or graft or both ?

• Seldom only grafting



Osteogenesis
• Bone formation by viable cells

– Bone marrow, bone autograft

Osteoinduction
• Bone formation at extraskeletal site by mitogenesis of undifferentiated 

perivascular mesenchymal cells, leading to the formation of osteoprogenitor cells 
and osteoblasts

– Autograft, bone marrow, demineralized bone matrix, BMP’s, platelet rich
plasma, autologous growth factors 

Osteoconduction
• Enhanced bone formation due to a favorable structural environment, where the 

osteoconductive material serves as a passive scaffold onto which bone is formed. 

– Autograft, allograft, bone substitutes (demineralized bone matrix, NRS 
cement, trabecular metal, tricalcium phosphate)

Autograft is gold standard



Iliac Crest Bone Graft
versus

RIA

Which autograft ?



Autograft: ICBG versus RIA

Similar union rates.

RIA: less donor site pain.

RIA: greater volume compared

with anterior ICBG

RIA: iatrogenic fracture ?



Take home message

Need of graft depends on treatment strategy:
• Significant bone defect
• Biology (atrophic non-union)

Seldom alone

Autograft is gold standard


