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Tibial Shaft Fractures

•Constitute a major problem to 
orthopaedic trauma care

• Estimated 492,000 tibial fractures per 
year in U.S.

• 9‐12% Nonunion rate in those injuries 
treated with an intramedullary rod
•Approx 50,000 Tibial Nonunions
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Objectives

• Predicting which fractures should heal

• Identify deficiencies in the “Healing Equation”

• Treatment strategies to address nonunions

Predicting Which Tibial Fractures Should Heal

Predicting Which Tibial Fractures Should Heal

Why does this Matter?
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Predicting Which Tibial Fractures Should Heal

Why does this Matter?

Nonunion: a fracture, that in the 
opinion of the treating physician, 
has no possibility of healing without 
further intervention

Brinker, Skeletal Trauma. 2009
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If RABG < 25 mm: greater than 50% of achieving union

Radiographic Apparent Bone Defect  = average defect
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Advanced Imaging

MRI can play a role in identifying soft 
tissue component; however, bone edema 
is too sensitive to be accurate

Advanced Imaging

MRI can play a role in identifying soft 
tissue component; however, bone edema 
is too sensitive to be accurate

CT very helpful when fracture 
obliquity/pattern or implants produce 
doubt

Patient has a Nonunion…..now what?
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Factors Leading to Nonunion

Patient Factors Injury Characteristics

Fixation Strategy

Nonunion Workup

Radiographic findings

• Hypertrophic
• Oligotrophic
• Atrophic

Etiology of Nonunions

Multifactorial Phenomenon

Mechanical

Anatomical

Biological
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Etiology of Nonunions

Multifactorial Phenomenon

Mechanical

Anatomical

Biological

Instability

Poor bone‐to‐bone contact

Inadequate vascularity

Physiologic Class

• Normal Host

• Compromised
• Local 

• Systemic

• Treatment is worse than 
systemic disease

Smoking

• Decreases peripheral Oxygen

• Dampens peripheral blood flow

• Known difficulties with wound 
healing



5/16/2017

8

History: Personality of the Injury

• Open Fracture

• External Fixation Pins

• Prior Surgery

• Compartment Syndrome

• Redness, Drainage

• Unexplained nonunion with no 
obvious technical error

• History of multiple low‐energy 
fractures

• Nonunion nondisplaced ramus 
or sacral ala fracture

• Unexplained nonunion with no 
obvious technical error

• History of multiple low‐energy 
fractures

• Nonunion nondisplaced ramus 
or sacral ala fracture

TSH    
PTH    
CMP
25(OH) Vit D
GH
Testosterone

Endocrinologist referral
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Treatment Algorithm

Nonunion

Infection?

Treatment Algorithm

Nonunion

Infection?

Single 
Stage

Two 
Stage

Infection and Nonunions

Infection

May be obvious
‐ Open draining wounds
‐ Erythema
‐ Inadequate soft‐tissue 
coverage

Subclinical is more difficult
‐ High index of suspicion
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• At risk nonunions

• Blood tests

• Radiology

• Intra‐operative tests

Pre operative
• CBC, ESR, CRP

• Bone Scan

• White Cell Scan

Intra operative
• Gram Stain

• Pathology: WBC/HPF

Positive Tests
• WBC > 11,000

• ESR > 30 mm/hr

• CRP > 1.0 mg/dl

• Gram stain: any bacteria

• WBC/HPF > 3

• Bone/Indium: MSK radiologist 
confirmed
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Treatment Algorithm

Nonunion

Infection?

Single 
Stage

Two 
Stage
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Fixation Strategy Options

Plate

Nail

Plate

Nail
• Dynamization

• Exchange IMN

Fixation Strategy Options

Plate

Nail

Plate

Nail
• Dynamization

• Exchange IMN

Provide Biology

Fixation Strategy Options

Healing Potential

Provide Biology

Remove Fibrous Tissue
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Fixation Strategy Options

Healing Potential

Provide Biology

Remove Fibrous Tissue

Debride Dead Bone

Fixation Strategy Options

Healing Potential

Provide Biology

Remove Fibrous Tissue

Debride Dead Bone

Ream Canal and Drill Cortices

Fixation Strategy Options

Healing Potential

Provide Biology

Remove Fibrous Tissue

Debride Dead Bone

Ream Canal and Drill Cortices

Autogenous Bone Graft
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Exchange Nailing

• Increase IMN by > 2 mm

• Ream

• Statically locked

• Correction of Endocrine 
abnormalities

Exchange Nailing

• Increase IMN by > 2 mm

• Ream

• Statically locked

• Correction of Endocrine 
abnormalities

98% Effective by 5 months

Exchange Nailing

• Two Commonly Used Procedures

• 97 Tibias in each arm

• No difference in pre‐op RUST 
scores

• Result: No difference between 
techniques in achieving union

Presence of a cortical ”gap” favors Exchange Technique
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Treatment Algorithm

Nonunion

Infection?

Single 
Stage

Two 
Stage

Infected Nonunions

Cure Infection

Provide Stability
Provide Biologic 
Stimulus when 
Necessary

Correct 
Deformity if 
Present

Infected Nonunions

Cure Infection

Provide Stability
Provide Biologic 
Stimulus when 
Necessary

Correct 
Deformity if 
Present

• Removal Implants

• Numerous Cultures

• Debride Non‐viable bone

• Local Abx (Spacer)

• Systemic culture specific Abx

• Temporary Stabilization
• External Fixation

• Antibiotic Rod
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Infected Nonunions

Cure Infection

Provide Stability
Provide Biologic 
Stimulus when 
Necessary

Correct 
Deformity if 
Present

Bone Graft

Personal Preference In the Setting of 
Infection: Circular Fixation

Personal Preference In the Setting of 
Infection: Circular Fixation
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Personal Preference In the Setting of 
Infection: Circular Fixation

Remove Hardware
Debride
Infection Eradication
Bone Graft

Personal Preference In the Setting of 
Infection: Circular Fixation

Debride dead bone
Infection Eradication
Bone Transport



5/16/2017

18

Gradual deformity correction in the setting of poor tissues

Gradual deformity correction in the setting of poor tissues

Gradual deformity correction in the setting of poor tissues
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Gradual deformity correction in the setting of poor tissues

Following Final Fixation

Culture returns positive

Following Final Fixation

Culture returns positive

• Series of 661 Consecutive Nonunions treated 
with internal hardware

• 20% rate of surprise (+) culture

• 83 patients treated with 6‐8 weeks systemic abx

• 79 (95%) healed

• 4 persistent nonunions
• 2 BKA
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Concluding Remarks

•Understand what went wrong
•Biologic response
• Stability
• Systemic Factors

•Restore what is missing
•Anatomy
•Biology: local or systemic
• Stability

•Have an algorithm for treatment

•Minimize Complications

Thank You


