Open Fractures

Ivan S. Tarkin, MD
Professor, Chief of Orthopaedic Trauma
University of Pittsburgh Medical Center (UPMC)

Core Curriculum V5



Objectives

Open Fracture “Take-Home Points”
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BUT... We have made pro
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Mechanism - Low Energy

Portable
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Mechanism - High Energy
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Open Fracture from Lawn Mower

Open midfoot fracture/dislocation from lawn mower injury managed with serial
. ) I&D, limited internal fixation, trans-articular wire fixation, and hybrid ex fix :
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Presentation Notes
Open fracture secondary to lawn mower injury is deserved of special consideration as these cases are grossly contaminated with environmental debris in conjunction with massive injury to bone and soft tissue envelope.


Open Fracture from Gunshot Wound (GSW
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Fig. 4. For unstable distal humerus fractures, such as this open wvariant with
metaphyseal bone loss (a), dual column lateral plating is am alternative to exposure
and instrumentation of the medial column (k).
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Presentation Notes
It is critical to determine whether an open fracture has been caused by a low or high energy velocity weapon.  Often open fracture secondary to low energy gunshot wound can be managed similarly to a closed injury.  Only local wound care is required in low energy cases.  In contrast, high energy gunshot wounds have a large zone of injury requiring formal I and D to remove any devitalized tissue which can serve as a nidus for infection.


High-Energy GSW

50-caliber
muzzleloader rifle at
short range with
sabot (plastic) from
projectile in thigh
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Presentation Notes
High energy gunshot wounds (>2000 feet per second) are associated with a large zone of injury and devitalized bone and soft tissue.  Formal operative debridement necessary.


Impending Open Fract
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Presentation Notes
Fractures that threaten the skin require prompt reduction and stabilization to avoid skin necrosis/conversion to open fracture. 


Open Fracture Mechanisms

Inside Out vs Outside In
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Presentation Notes
Open fracture can be caused by a variety of mechanisms including inside out vs outside in.  Inside out case are caused by the fracture penetrating the soft tissue sleeve with eventual laceration of the overlying skin.  In contrast, outside in cases are the result of an environmental object piercing the skin and soft tissue sleeve then casusing fracture.


Epidemiology
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Classification of Open Fractures
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Disadvantages of Gustilo-Anderson Open
Fracture Classification

Gustilo-Anderson Type???
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Gustilo-Anderson Type | & || Open Fractures

Rate of complications such as infection and nonunion for Type |-
Il injuries, however, are significantly less than Type Il Injuries
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Gustilo-Anderson Type |l Open Fractures

Significant debridement of crushed dysvascular
tissue, particularly muscle, is typically the rule!
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Type llIC - Open Fracture with Vascular Injury
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Presentation Notes
Type IIIC open fractures require multidisciplinary decision making and treatment.  The decision for limb salvage in these cases is based on health of host, associated injuries, degree of bone and soft tissue injury as well as ischemia time.  Amputation should be considered as a definitive reconstructive option as complication associated with limb salvage is commonplace.


Classification of Open Fractures (OTA
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Open Fracture-Associated Conditions
Nerve Injury
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Open Fracture-Associated Conditions
Vascular Injury
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Open Fracture-Associated Conditions
Tendon and Ligament Injuries
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Open Fracture-Associated Conditions
Compartment Syndrome

Floating knee (open fractures
i, |of the femur and tibia)
managed with 1&D of open
wounds, retrograde femoral
nail, antegrade tibial nail, and
fasciotomies of the thigh and
leg for associated compartment
syndrome
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Antibiotics — Timing & Type
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Antibiotics - Duration

Judgment!... Duration of therapy dictated on host and injury factors (ie severity of wound, patient co-morbidities)

Core Curriculum V5




Antibiotics - Local

PORTABLE
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Initial Care in Emergency Department

Type 1?77 .
Determine after debridement!
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Timing of Operative Debridement
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rinciples of Open Fracture Wound Car
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Debride Open Fracture Through Surgical Wound
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Debridement of Open Fracture
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Osseous Debridement

“Tug Test”
(Southam et al.
JOT 2017)

Novel Technique- Lindvall E
JOT. 2015 Dec;29(12):558-62.
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Debridement and Irri

Traditional Teaching
3L for Type |

- 6L for Typel
oL for Type Il
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Fracture Reduction

Take advantage of traumatic wound to
obtain fracture reduction
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Traumatic Wound Care
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Case 2
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Principles of Open Fracture Care
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Remove Environmental Contamination
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Skeletal Stabilization of Open Fracture - External Fixation
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External fixation

Definitive skeletal stabilization for severe open fracture
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Internal Fixation for Open Fracture
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Intramedullary Nailing for Open Fracture
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Intramedullary Nailing for Open Fracture
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Intramedullary Nailing for Open Fracture

Positioning plate as adjunct in open tibia

SRS LEFT

69yo s/p fall down steps with Type Il open distal 1/3 tibia fracture
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Segmental Open Tibia Fracture
Nailing adjuncts

* Small fragment plate used
as preliminary reduction
tool prior to nailing

* Plate prevents segmental
piece from “spinning”
during reaming process

* Increases construct
rigidity
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Nailing for Open Femur Fracture
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Presentation Notes
Skeletal stabilization of open fracture using an intramedullary nail is advantageous as this technique can be performed with a biologic friendly approach.  Thus, nailing minimally disrupts the already traumatized soft tissue sleeve.


Open Peri-Articular Fracture - Goals of Care
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Managing Bone and Soft Tissue Defects
after Open Fracture
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Negative Pressure Wound Therapy (NPWT

Temporizing option for critical-sized soft tissue defect associated with open
fracture
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Soft Tissue Coverage after Open Fracture
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Management of Bone Defect Associated with Open Fracture
Autogenous bone grafting (delayed!)
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Posterolateral Bone Grafting
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Management of Bone Defect after Open Fracture
Masquelet technique
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Open Distal 1/3 Tibia with Bone Defect

Induced membrane technique
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Open Supracondylar Femur Fracture

Masquelet technique

Figures from — Dugan, Tarkin et
al. Open supracondylar femur
fractures with bone loss in the
polytraumatized patient-Timing
is everything! Injury 2013

(with permission from Elsevier)

Core Curriculum V5



Management of Bone Defect after Open Fracture
Acute shortening (+/- lengthening)

* Bone transport options include
those such as the llizarov
technique (Cattaneo et al. CORR
1992) or newer techniques using
magnetic intramedullary limb
lengthening system (Barinaga et al.
JAAQOS 2018)
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Salvage for Severe Open Fracture
(limb threatening)

Clinical judgment!!!
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Arthroplasty for Open Fracture

Lower extremity

78yo with open femur fracture after

» horseback riding accident failed ORIF
' nfected nonunion - staged DFR
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Innovative Treatment Solutions for Open Fracture
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Formal Arthrodesis
for open peri-articular fracture
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Unconventional Open Fracture Stabilization
Temporary trans-articular fixation
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Decision for Limb Salvage
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| The decision for amputation vs
[ | salvage is typically not as clear
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Amputation

Definitive reconstructive option after severe open fracture (ieBKA)
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Complications after Open Fracture
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Open Fracture Complications

Infection

Are you on call? One of my
partners at| has an open
pilon. Pt fell from a roof into
mulch. He washed it out, ex
fixed, but still needs definitive
fixation and plastics

This is all mulch...
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Open Fracture Complications

N O n u n I O n Sands, Siska, Tarkin. Reconstructive strategies for skeletal complications in the polytrauma
: patient. In The Poly-Traumatized Patient with Fractures 2011 (pp. 333-344). Springer, Berlin,
Heidelberg.
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Open Fracture Complications
Deformity/Malunion
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Open Fracture Outcomes
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Thank you for your attention...
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