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Goals of Treatment

• 1) Anatomical reduction of the joint surface

• 2) Restoration of alignment:
– Mechanical Axis
– Length
– Rotation

• 3) Minimal surgical trauma

Goals of Treatment

• Stable fixation of the meta‐diaphyseal
fracture

• Avoid complications: malunion, nonunion, 
infection, arthrofibrosis

• Allow early movement and rehabilitation

Achieving goals
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Achieving goals

Achieving goals

Tornetta, J Trauma 1995

DFV DFL

417 Femur Fractures

No Difference: DFV ‐ based on BMI

July 2014
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SOLVED ‐ Summary

• 126 Patients

• Malalignment >5°
– 22% Nails

– 32% Plates
• Valgus Common (p = 0.05)

• No difference
– WB, ROM, revision, 
outcomes

• Improvement over time
– Surgical Learning Curve

• Revision

– 5% Nails

– 8% Plates

• Hardware removal

– 15% Nails (90% screws)

– 10% Plates

Courtesy Paul Tornetta III

AXIAL LOADING:

IMN < LISS
LOAD‐TO‐FAILURE
LOW BMD

IMN > LISS
LOAD‐TO‐FAILURE
HIGH BMD

Retrograde IMN
Technique
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Position

• Supine, radiolucent flat table
–Jackson, OSI®

• Knee triangle
–Knee flexion allows entry portal

• Free drape to ASIS
–Proximal locking
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• Knee triangle
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Entrance portal
Just medial to 
center on AP

Tip of Blumensaat’s
line on lateral
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Must hold 
fracture 
reduced while 
reaming to 
avoid 
malreduction

Distal locking

• Through jig

• Be careful not to make 
screw too long
– Distal femur is a trapezoid
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Nail must be buried deep to cartilage

Evaluation of Distal Femur Fractures

Don’t forget the CT scan!

– 38% of supracondylar/intercondylar distal femur fractures 
have a coronal plane fracture 
(Nork et al, J Orthop Trauma, 87:564, 2005)

– Most precisely diagnosed via CT scanning

Intra‐articular Simple Split

• Usually require open 
reduction

• Rigid fixation

• Intercondylar spits

• Address joint FIRST

One posterior to nail

One anterior to nail
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Proximal locking

• Free hand technique

– Radiolucent drill

Check on lateral

Proximal locking

• Femoral artery branches cross anterior more 
than 4 cm distal to lesser

• Femoral nerve branches cross proximal to 
lesser trochanter and start 4cm distal to 
piriformis

• Lock near lesser trochanter
– Less risk to neurovascular structures

Tornetta, 1998

Is There an Optimal Proximal Locking Screw Length in 
Retrograde Intramedullary Femoral Nailing?
Collinge C, Yoon RS, Liporace FA ‐ JOT 2015

>1cm Prox LT

Level of LT     

>1cm Distal LT
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When you can’t do IMN…

GOALS

• Biologic preserving !!!
– Respect soft tissues

• Restoration of:
– Mechanical axis
– Length
– Alignment / Rotation

Biologic
Felony

Saving the Blood Supply
• 10 cadaveric femurs

• CPO vs MIPPO
– 16 hole LC-DCP

• Dye injection

• ALL MIPPO specimens 
w/ intact nutrient and 
perforating arteries

MIPPO - peri

CPO - peri

MIPPO - IM

CPO - IM

(Farouk & Krettek, JOT, 1999; Injury 1997)
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Indirect Reduction of Metaphyseal Component

Effect of Keeping Periosteum

• Maintenance of b.s.

• Higher union rates

• Lower complications

• Less bone grafting

(Wenda, Injury, 1997; Krettek, Injury 1997; 
Krettek, Unfallchirurg, 1996; Bolhofner JOT 1996
Kinast & Bolhofner, Clin Orthop, 1989)

Non-articular or Simple Split

• Lateral approach

• ***Limited surgical dissection

• Percutaneous  plate insertion

• Metaphysis Indirect Reduction

– Bumps
– Femoral Distractor
– Percutaneous Pins
– External fixator
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Results of polyaxial locked-plate fixation of periarticular fractures of the knee. 
Surgical technique.
Haidukewych G, Sems SA, Huebner D, Horwitz D, Levy B.
J Bone Joint Surg Am. 2008 Mar;90 Suppl 2 Pt 1:117-30.

REDUCTION CLAMP
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Results of polyaxial locked-plate fixation of periarticular fractures of the knee. 
Surgical technique.
Haidukewych G, Sems SA, Huebner D, Horwitz D, Levy B.
J Bone Joint Surg Am. 2008 Mar;90 Suppl 2 Pt 1:117-30.

Plate Placement Problems

• Prior to complete plate 
fixation, must confirm 
appropriate location 
distally and 
proximally!!!

Plate Placement Problems

• Prior to complete plate 
fixation, must confirm 
appropriate location 
distally and 
proximally!!!



11/28/2017

14

Plating Technical Flaws

VALGUS – Plate off bone

Locked Distraction

VALGUS – Plate on bone

Multi-factorial

RESULT:
-Nonunion
-Loss of Fixation
-FAILURE

Complete Articular

Pre-op
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Post-op

OTA 2017: Nail  +  Plate ???

‐IMMEDIATE WB’ing

‐98.7% UNION

‐NO significant axis deviation

OSTEOPOROSIS

‐Nonunions

‐Acute Fractures

‐Simple Intra‐articular

‐Peri‐prosthetic Fxs

NEUTRAL AXIS
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Change location of
NEUTRAL AXIS:
INCREASE 
COMPRESSIVE
SIDE
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STEP 1 – BIOPSY (significant history)

NEGATIVE FOR INFECTION

NOTE ALLOGRAFT FIBULA INTRAMEDULLARY STRUT ?!?!?!?!?

B.S. signBone Stimulator
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2 years

LINKED CONSTRUCT

Appropriate Stability

HEALED

NO PAIN !!!

Proximal Tibia Fractures
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Options with IMN

• Starting hole location

• Nail in extension / Suprapatellar

– Proximal fx’s

• Femoral distractor / Ex‐fix

• Blocking screws

• Fibula plating

– Distal fx’s

• Percutaneous clamping

• Limited combination plating

Hospital for Joint Diseases ●Department of Orthopaedic Surgery

Starting Point ‐ Considerations

• Too Low‐ cortex 
perforation

• Too High‐ articular 
penetration

• Too medial/lateral‐
meniscal damage

• Safe zone: 23mm wide / 
9mm lateral to midline

Proximal 
Fractures‐

Malalignment

• Valgus
– Pes
– Starting point

• Procurvatum
– Patella tendon

• Accentuated with 
flexion of knee

Lang GJ et al Clin. Orth 1995
Gibbons et al. J.O.T 1995
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Lateral Starting Point

Buehler KC, et al, JOT 1997

•Lateral starting point
-14 proximal tibial shaft fractures

-Avg. anterior displ 3.0mm

-Avg. coronal alignment 2 deg valgus

-One nonunion

Femoral 
Distractor/Exfix

• Indirect fracture reduction 
before IM nailing

Techniques: Blocking Screws
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Hospital for Joint Diseases ●Department of Orthopaedic Surgery

Blocking screws

• Acutely

– Aid reduction
– Proximal
– Distal

• Malunion correction

• Concavity of proximal frag

• Restricts canal

Beware w/ osteoporosis, GSW’s, 
unrecognized fx lines

Hospital for Joint Diseases ●Department of Orthopaedic Surgery

Blocking screws

Beware w/ osteoporosis, GSW’s, 
unrecognized fx lines

• Acutely

– Aid reduction
– Proximal
– Distal

• Malunion correction

• Concavity of proximal frag

• Restricts canal

Proximal Third Tibial Shaft Fractures

Blocking Screws
• 12 patients with 
proximal tibia 
fractures treated 
with IMN and 
blocking screws

• 11/12 had less 
than 5 degrees of 
angular 
deformity

Ricci WM, et al., JOT, 2001
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Blocking screws +
Articular Injury

Techniques: Nailing In Extension

‐Tornetta P, et al, Clin Orth 1996

• Medial parapatellar approach

• Laterally sublux patella

• Straight awl using trochlear 
groove as a conduit

• Awl must be directed 
anteriorly

– 25 proximal tibia fractures
– None with more than 5 

degrees anterior angulation

– 23/25 with less than 5 
degrees angulation in 
coronal plane

Semi‐extended (suprapatellar) IMN

• Increased contact pressure  Cartilage Apoptosis ???

• 4.5 MPa – point of death !!! 

• ~1.84 MPa – patella 
• ~2.13 MPa – femoral condyle

• OBSERVED
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Alternative to suprapatellar IMN

Alternative to suprapatellar IMN

Alternative to suprapatellar IMN
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What about comminution & 
osteoporosis…

• Large canal – limited stability

• Hoop stresses – fx propogation

• Blocking screw “cut‐out”

• Pre‐existing knee stiffness / contracture

LA

LA
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LA

LA

Done through MIPPO technique
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JOT 2015

• 100% high energy 
‐Segmental
‐Proximal 1/3

• 100% union

• NO change in alignment from surgery  healing

COMPLICATIONS
-1 ROH

G III B

-1 infection

Articular Injuries

1st Step is “soft tissue” reduction with Spanning 
Ex Fix
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Knee Spanning Ex‐Fix

• Fixation Points

– Femur
• Lateral 

• Anterior

– Tibia
• Anterior Subcutaneous border

3

Definitive Plates Overlapping Provisional 
External Fixator Pin Sites:  Is the Infection 
Risk Increased?.
Shah, Chirag; Babb, Patricia; McAndrew, 
Christopher; Brimmo, Olubusola; 
Badarudeen, Sameer; Tornetta, Paul; Ricci, 
William; Gardner, Michael

Journal of Orthopaedic Trauma. 28(9):518‐
522, September 2014.

24 % Overlapping vs 10% NOT Overlapping

Infection Risk?

Where to place exfix?

Femur Anterior vs Lateral
DOESN’T MATTER!
I LIKE ANTERIOR FOR DISTRACTOR

Femoral 
Distractor Useful
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Reduce the Joint, No Condylar 
Widening

LATERAL LATERAL

Reduce the Joint, No Condylar 
Widening

LATERAL MEDIAL

Reduce the Joint, No Condylar 
Widening
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Fragment Specific Fixation

Ensure Meta-Diaphyseal Stability

Instability can also be BONY
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Instability can also be BONY

Ensure Meta-Diaphyseal Stability

5 months
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Don’t forget the MENISCUS!

Potential 
Incarcerated
Meniscus

Complex articular involvement

JOT 2015
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Consider
Grafting 
Metaphyseal Void

“Close the book”: 
Subchondral 

Screw 
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Assess Ligamentous Stability
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Assess Ligamentous Stability

Assess Ligamentous Stability

Assess Ligamentous Stability
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Filling the Void

• Compressive strength 
required

• Biologic properties 
secondary

• Calcium sulphates

• Calcium phosphates

• Bone Graft

Support Reduction with k‐wires from 
opposite side or pass through to be flush 

laterally

Courtesty Bill Ricci, MD

Courtesty Bill Ricci, MD
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Courtesty Bill Ricci, MD

Courtesty Bill Ricci, MD

Courtesty Bill Ricci, MD
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Courtesty Bill Ricci, MD

Courtesty Bill Ricci, MD

Courtesty Bill Ricci, MD
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Courtesty Bill Ricci, MD

Bicondylar:  Fix 
medial side and 

build to it.
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Double Plating – Medial Buttress 

Take Home Points

• Soft tissue is Primary

• Need to restore

– Mechanical Axis

– Meniscus

– Articular Surface

• Don’t Forget the Medial Side

• Recognize Ligamentous Instability

• Be Biologically Friendly

Thank You


