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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
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Predicting Which Tibial Fractures Should Heal
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Predicting Which Tibial Fractures Should Heal

Why does this Matter?
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Predicting Which Tibial Fractures Should Heal

Why does this Matter?

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

Brinker, Skeletal Trauma. 2009

‘Will My Tibial Fracture Heal? Predicting Nonunion at the Time
of Definitive Fixation Based on Commonly Available Variables

Kevin O'Hallorsn MD, Max Ceale BA, Timothy Costales 58,
Timsothy Zerhuses Jr 15, Henss C. Castifls PRD, Jasen W. Nascone M,
ket V. O Tuoke MD
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‘Will My Tibial Fracture Heal? Predicting Nonunion at the Time
of Definitive Fixation Based on Commonly Available Variables

i imothy Costales BS,
y Zerhusen Jr BS, Honam €. Castils PRI, Jasom W, Nascone MDD,
Robert V. ('Toole MD
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Defining the Lower Limit of a “Critical Bone Defect” in Open
Diaphyseal Tibial Fractures

Nikkole M. Haines, MD,* William D, Lack. MD,? Rachel B. Sevmour, PRD,® and Michael J. Bosse, MD*

AP Radiographs Lateral Radiographs

Latersl  Medial Anterior  Posterh ) .
, sea 2 Radiographic Apparent Bone Defect = average defect

If RABG < 25 mm: greater th % of achieving union

The Radiographic Union Scale in Tibial Fractures:
Reliability and Validity

Banke W Kooistra, 85¢,*} Bernadette G. Dijkman, BSc,*? Jason W Busse, DC, PRD,*1}
Sheila Sprague, MSe, *t Emil H. Schemitsch, MD, FROSC, § and Maobhis Bhandari, MD, MSe, FRCSC®?

Radiographic Criteria

Score Per Cortex* Callus Fracture Line
Absent Visible
Present Visible

Present Invisible

*The individual cortical scores (anterior, posterior, medial, and lateral) are added to
IST value for a sct of radiographs of 4 (definitely not healed) 1o 12 {definitely
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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

Cincinnati

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

Patient Factors s 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 Instability
Anatomical Poor bone-to-bone contact

Biological ———— Inadequate vascularity

A Clinical Staging System for
Adult Osteomyelitis

George Cierny III, MD; Jon T. Mader, MD;
T and Johan J. Penninck, MD T

Physiologic Class

* Normal Host pr—

* Compromised
* Local
* Systemic

* Treatment is worse than
systemic disease

Smoking

* Decreases peripheral Oxygen
* Dampens peripheral blood flow

* Known difficulties with wound
healing
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History: Personality of the Injury

* Open Fracture

* External Fixation Pins

* Prior Surgery

* Compartment Syndrome
* Redness, Drainage

Metabolic and Endocrine Abnormalities in Patients
With Nonunions

Mark & Brinker. MD,* Da Ca D Yomna T. Mowka, MDL
amd 3 L

* Unexplained nonunion with no
obvious technical error

* History of multiple low-energy
fractures

* Nonunion nondisplaced ramus
or sacral ala fracture

Metabolic and Endocrine Abnormalities in Patients
With Nonunions

Mark & Brinker. MD,* Daniel P € Connor, PRDL? Yomna T. Monks, MDY
» M

TSH

* Unexplained nonunion with no PTH

obvious technical error CcMP
* History of multiple low-energy 25(0H) Vit D

fractures GH
Testosterone

* Nonunion nondisplaced ramus
or sacral ala fracture . .
Endocrinologist referral




Treatment Algorithm

Nonunion

Infection?

Treatment Algorithm

Nonunion

Single Two
Stage 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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Preoperative Diagnosis of Infection
in Patients with Nonunions

* At risk nonunions
* Blood tests

* Radiology
* Intra-operative tests

Preoperative Diagnosis of Infection
in Patients with Nonunions

a . Obizewskd, MID, MPH, Williaen R, Creevy, MIL,
Aurakami, MD), and Faul Tornetta [11, MD

Pre operative Intra operative
* CBC, ESR, CRP ¢ Gram Stain
* Bone Scan  Pathology: WBC/HPF
* White Cell Scan

Positive Tests

* WBC > 11,000

¢ ESR > 30 mm/hr

* CRP > 1.0 mg/dI

* Gram stain: any bacteria
* WBC/HPF >3

* Bone/Indium: MSK radiologist
confirmed

10
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Preoperative Diagnosis of Infection
in Patients with Nonunions

FH, Williaen B Creevy, ML,
netta [11, MD

Number of Positive Tests Predicted Probability
Under Consideration of Infection (%)

19.6
88
56.0
100.0

*The predictors include only WBC count, ESR, and CRP level.

Preoperative Diagnosis of Infection
in Patients with Nonunions

Chasivon Stacken, MDD, Dina C. Obizewskd, M, MPH, Willisen R, Creevy, MIL,
Akira M. Murakami, MD), and Faul Tornetta [11, MD

Test itivi Specificity (%) “

Gram stain

=3 WBCs per
high-powered field

Treatment Algorithm

Nonunion

Infection?
e

Single
Stage

11



Fixation Strategy Options

Plate ——— Plate

Nail ——— Nail

* Dynamization
* Exchange IMN

Cincinnati

Fixation Strategy Options

Plate Plate

Provide Biology
7

(NP1 je—— \\ F-T] |

* Dynamization
* Exchange IMN

Cincinnati

Provide Biology

Healing Potential

Remove Fibrous Tissue

5/16/2017
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Provide Biology

Healing Potential
Debride Dead Bone

Remove Fibrous Tissue

Provide Biology

Ream Canal and Drill Cortices

Healing Potential
Debride Dead Bone

Remove Fibrous Tissue

Provide Biology

Autogenous Bone Graft

Ream Canal and Drill Cortices

Healing Potential
Debride Dead Bone

Remove Fibrous Tissue

5/16/2017
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Results of a Systematic Approach to Exchange Nailing for
the Treatment of Aseptic Tibial Nonunions

Eli A, Swanson, MD,* Elt C. Gareard, MD,* Daniel P. O Connor, PRD, 1 and Mark R. Brinker, MD*}

* Increase IMN by >2 mm
* Ream
« Statically locked

* Correction of Endocrine
abnormalities

Results of a Systematic Approach to Exchange Nailing for
the Treatment of Aseptic Tibial Nonunions

Eli A, Swanson, MD,* Elt C. Gareard, MD,* Daniel P. 0" Connor, PRD, 1 and Mark R. Brinker, MD*}

* Increase IMN by >2 mm
* Ream
« Statically locked

* Correction of Endocrine
abnormalities

98% Effective by 5 months

Dynamizations and Exchanges: Success Rates
and Indications

Jody Litrenta, MD,* Paul Tornetta I, MD.* Heather Vallier, MD,1' Reza Firoozabadi, MDD}

Les Kenneth Egol. MD, || Christiane Kruppa, MD.¥ Clifford B. Jores, MDY

Coary Collinge, MD,** Mohit Brandari, MD,F1 Emil Schemitsch, MD,f# David Sanders, MD,§§
and Brian Mullis, MD)

* 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

5/16/2017
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Treatment Algorithm

Nonunion

Single Two
Stage Stage

Infected Nonunions

Cure Infection

Infected Nonunions

Cure Infection

» Removal Implants

* Numerous Cultures

» Debride Non-viable bone

» Local Abx (Spacer)

» Systemic culture specific Abx

» Temporary Stabilization
* External Fixation
* Antibiotic Rod

5/16/2017
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Infected Nonunions

Provide Biologic Correct
Provide Stability Stimulus when Deformity if
Necessary Present

Bone Graft

Personal Preference In the Setting of
Infection: Circular Fixation

Personal Preference In the Setting of
Infection: Circular Fixation

5/16/2017
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Pers

Infe
Remove Hardware
Debride
Infection Eradication
Bone Graft

?

Debride dead bone
Infection Eradication
Bone Transport

5/16/2017
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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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correction in the setting of poor tissues

Following Final Fixation

Culture returns positive

Fate of Patients With a “Surprise” Positive Culture After
Nonunion Surgery

Dang ezewskd, MD* Philipp N. Streubel, MD, 1 Charfton Stucken, MD.* William M. Ricei, MD,f
Martin F. Hoffmann, MD.§ Clifford 8. Jones, MD,|| Debra L. Sietsema, PhID,|| and Paul Tornetia 1, MD*

* 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
* 2BKA
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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
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