












8/7/23

1

Tibial Fractures
&

Surgical Approach to 
the Tibia

Philip Allen DVM, Diplomate ACVS-SA
Gulf Coast Veterinary Specialists

Houston, TX
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Incidence

• 10-20% fractures

• 50% occur in immature 
patients

• Majority are diaphyseal

• Concurrent fibular fracture
• Rarely repaired
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Tibial Anatomy

• Anatomy
• Sigmoid shape on the frontal plane
• Nominal soft tissue envelope 

medially
• Proximally shaped like a triangle
• Distally cylindrical

• Quadriceps insertion for stifle 
extension
• Fibula important for lateral 

collateral ligaments of stifle and 
tarsus
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Patient Assessment

• Complete physical exam
• HBC common cause of tibial 

fx

• Cardiovascular system

• Urinary bladder

• Other orthopedic injury

• 2 view radiographs 
affected bone
• Craniocaudal & 

mediolateral
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Fracture Pattern

• Simple Transverse

• Oblique
• Short
• Long

• Spiral

• Butterfly

• Comminuted
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Open Fractures

• Common in the tibia
• Limited surrounding soft 

tissue

• Contamination and 
vascular compromise
• Increased infection risk
• Delayed bone healing

Gun Shot Injury
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Methods of Fracture Stabilization

• Bone plate

• Bone plate with IM pin

• IM pin with cerclage wire

• External fixator
• Linear

• Circular

• Interlocking nail
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Forces Acting on a Fracture

Compression BendingTorsion
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Forces Acting on a Fracture

Compression BendingTorsion
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Forces Acting on a Fracture

Compression BendingTorsion
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Plate-Rod Construct

• Addition of an IM pin to a 
bone plate construct

• Decreases stress on plate

• Increases fatigue life of plate

• “Two-beam” system

• IM pin ~ 40% canal diameter
• Interferes with screw insertion
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Reduction in Plate Strain by 
Addition of an Intramedullary Pin

• Femoral gap model
• Bridge plate

• Bridge plate and IM pin

• Addition of rod decreased stress by 
1/2 in plate-rod construct

• Implant fatigue life increased 10x

Hulse D, Hyman W, Nori M, et al.
Veterinary Surgery, 1997
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Plate-Rod

• Commonly utilized for 
tibial fx
• Pin resists bending

• Plate resists axial collapse 
and rotation

• Increased construct 
stiffness
• Increased AMI

14

Decision Making

Compression Neutralization Bridging

15

Compression Plating

• Application
• Simple transverse

• Short Oblique

• Bone segments 
compressed

• Reconstructed bone 
column resists the majority 
of forces acting on fracture
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Neutralization Plating

• Application

• Long oblique

• Butterfly

• Compression 
provided by screws

• Cerclage wire

• Bone splinting 
provided by plate.
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Neutralization Plating

• Load sharing 

• Bone plate

• Reconstructed bone 
column
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Bridging Plate

• Application
• Comminuted 

• Major bone segments 
aligned and stabilized

• Gap at fracture site

19



8/7/23

7

Bridging Plate

• Bone column not 
reconstructed

• Plate bears load across 
fracture site
• No load sharing
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Pre-Op Planning

• Radiographs

• Implant selection
• Size & system

• Plate pre-contouring
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Pre-Operative Radiographs
• Orthogonal views

• Affected & contralateral

• Positioning critical
• Anatomic landmarks

• Magnification marker

Contralateral

22
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Implant Selection

• Locking vs. non-locking
• Locking preferred for bridging

• Implant size
• Screw diameter

• Plate length

• Span majority of bone

• IM pin
• < 40% medullary diameter

vs.

23

Pre-
Operative 
Planning
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Patient Positioning

• Dorsal recumbency

• Rear end at edge of table

• Table tilted down caudally

• Vacuum bag
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Patient Positioning

26

Patient 
Preparation
• Clip limb from hip to hock

• Aseptic scrub

• Duraprep

• Adhesive drape
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Surgical Approach

• Medial approach for all 
fractures

• Landmarks

• Medial tibial condyle
• Medial malleolus

• Incision straight or curving 
cranially in middle

• Neurovascular bundle

• Saphenous A,V,N
Medial saphenous
vein
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Reduction Techniques

• Direct, open reduction
• Anatomic reconstruction

• Indirect reduction
• Limb alignment

• Joint above and below 
fracture

• Fracture not anatomically 
reconstructed
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Direct Reduction Strategies
• Open surgical approach

• Bone holding forceps grip 
primary segments

• Distract and reduce

• In comminuted fracture 
work on 2 segments at a 
time
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Reduction Tools

Kern Verbrugge
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Reduction Tools

Kern
AO Point to Point 
Reduction Forceps

Clamshell Reduction 
Forceps- Speedlock
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Direct Reduction

• Fracture has 2-4 fragments

• Repair 2 fragments at a time

• Interfragmentary compression

• Lag screws, cerclage

• Primary fixation

Direct reduction
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Indirect Reduction Strategies
• Principle:  Traction restores 

length, soft tissue tension 
reduces fragments
• Applicable to comminuted 

fractures

• Hanging limb technique

• IM pin reduction assistance

• Temporary external fixator
+/- gear
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IM Pin Reduction

• Pin inserted 
normograde

• Guides fracture 
reduction

• Distract bone to 
proper length
• Blunt distal pin tip

• Cut short or 
countersink for plate-
rod
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Tibia Technique

• Approach to tibial plateau

• Medial or lateral

• Insert pin cranial to 
intermeniscal ligament

• Drive pin distally, medially, 
and slightly caudally
• Reduction forceps on shaft

• Blunt pin tip to prevent 
cortical penetration

Intermeniscal
Ligament

M L

Pin Insertion
Site
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Tibial IM Pin 
Technique
• Insertion can be challenging

• Premature cortical penetration
• Lateral
• Cranial

• Tibial morphology
• Recurvatum
• Sigmoid shape

Med Lat Caudal Cranial
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Tibia

Pin Insertion
Site
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Temporary Ex-Fix

• Simple 2 ring circular fixator 
construct

• Single wire proximal and 
distal

• Wires parallel with joint 
surfaces

• Distract and align bone 
segments

• Remove after plate 
application
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Temporary Ex-Fix
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Stepwise Tibial Fx Repair
• Evaluate radiographs
• Develop plan

• Surgical approach

• Reduce fracture

• Insert IM pin

• Apply bone plate

• Close 
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Case Example:  10 y.o. M Beagle HBC
Radiograph Evaluation

• Mid diaphyseal

• Comminuted

• Open
• Subcutaneous emphysema

• Minimally displaced
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Surgical Plan

• Minimize disruption of 
fracture site

• Indirect reduction
• Pre-contoured plate

• Bridge plate
• Plate-rod

• Possible delayed healing
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Surgical Approach & Reduction
• Full approach to medial 

shaft of tibia

• No disruption of fracture 
site

• Indirect reduction
• Manual traction

• Normograde IM pin 
insertion

• Blunt pin tip

45

Bone Plate Application
• Locking plate selected
• Pre-contoured

• Contralateral limb 
radiographs

• Plate application improves 
fracture alignment

46

Temporary Stabilization With K-
wires
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Contoured plate
assists limb alignment

Drilling for 
locking screws

48

Post Op Radiographs

• Diaphysis straight

• Joint alignment good

• No screws in joint

49

6 Wk Post 10 Wk Post

50



8/7/23

17

Interlocking nails
• Initially used simple intramedullary nails

• Current locked nails: union rates >90% in humans (Wiss, J Bone Joint 
Surg Am, 2001); 

• Common characteristics

• Solid intramedullary rods

• Transverse holes (cannulations)

• Locked in place with bone screws or partially threaded bolts
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Interlocking nails
• Initially used simple intramedullary nails

• Common characteristics

• Benefits:

• Greater resistance to torsional forces than plates and standard IM pins 
(Kyle, Clin Orthop Rel Res 2001)

• Superior fatigue resistance, bending stiffness compared with standard 
plate fixation (M uir, Vet Com p Orthop Traum atol 1995)

• AMI of a solid 6-mm diameter ILN is almost 4 times that of a 3.5 mm 
dynamic compression plate (flat surface) (Bernarde, Vet Surg 2001)
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Concerns:

• Weaker in mediolateral bending d/t AMI 

• smaller in a bending plane parallel to the nail hole = stress 
concentration

• Screw failure - initially larger holes (3.5, 4.5), now 2.7, 3.5

• Increased nail fatigue life 8x, decreased screw AMI by 40%

• Switched to partially threaded bolts

53
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Interlocking nails
• Initially used simple intramedullary nails

• Common characteristics

• Currently available products (US):

• Innovative Animal Products - Original Interlocking Nail 
System

• BioMedtrix - I-Loc Angle Stable ILN

54

Innovative ILN
• Modified Steinmann IM pin with 

single trocar point

• 4-, 4.7-, 6-, 8-mm

• 3- or 4- hole design

• Initially used screws, now use 
partially/cis threaded bolts

• 2-, 2.7-, 3.5-mm

• fixed length, cut to size
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Innovative ILN

• 83% initial success (105 dogs)

• 10% nail breakage d/t fatigue 
failure

56
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Biomedtrix I-Loc
• Hourglass profile IM pin

• minimize damage to endocortices?

• Bullet tipped  

• minimize penetration into joint space 

• Locking nail cannulations

• self-centering, self-locking

• threaded Morse taper

• Locking bolt

• threaded conical central section

• matches cannulation

57

Implantation technique

• Use temporary smooth locking posts

• creates rigid frame between alignment 
guide and nail

• Trial nail for accurate length estimate

• Threaded cannulation can confirm 
appropriate drill placement

58
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Toy Breed Considerations
• Relatively small medullary 

canal

• May be difficult to utilize IM 
pin/ plate-rod

• Small bone plates relatively 
weak
• Stacked plates- not preferred

• Double plating

• Consider bone graft

82

• Philip Allen DVM, Diplomate ACVS

• Gulf Coast Veterinary Specialists

• Houston, TX

Proximal & Distal Tibial 
Fractures
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Immature Tibia 

• Physes
• Proximal 
• 40% growth in length

• Distal 

• 60% growth in length

• Apophysis
• Tibial tuberosity

• Medial malleolus

85
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Apophysis

• Normal bone outgrowth arising 
from a separate ossification 
center
• Fuses with primary bone over 

time

• Apophysis is site of tendon or 
ligament attachment
• Also called traction epiphysis

• Epiphysis is a component of a 
joint

Apophysis
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Fracture Categories

• Immature patients
• Physeal fractures
• Salter Harris types

• Skeletally mature patients
• Proximal & distal 

metaphyseal fractures
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Physeal Fractures

• Salter Harris Classification
• Five Types

88
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Proximal Physis 
Fractures
• Salter Harris I
• Slipped physis

• Epiphysis & apophysis 
remain together

• Displace proximally & 
caudally

• Anatomic reduction
• Preferred if possible

• Open or minimally invasive

Normal

Fractured Fractured
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Proximal Physis Type I
• Stabilization options
• Acute
• Cross pins

• Parallel pins through 
tuberosity

• Chronic
• Cross pins

• Lag screw(s)
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Reduction Techniques

• Open, direct reduction
• Remove hematoma from 

fracture site

• Minimally invasive 
reduction
• Acute time period
• Often possible to obtain 

anatomic reduction

C-Arm Guided Reduction
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Proximal Physeal Fx Reduction
• Point to point forceps on 

tuberosity

• Hyperextend stifle joint

96

Proximal Physis Stabilization
• Drive K-wire through 

apophysis
• Center wire on segment

• Direct caudal & distal

• Needle used to identify 
wire insertion site

Needle used to identify wire 
insertion site
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Proximal Segment Stabilization

98
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Insert Additional Wires

• Medial & lateral tibial 
plateau

99

Additional Wire Insertion

100

3 Wires Inserted
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Cut Wires & Countersink

102

Post Op

103

4 Wks
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Proximal Physis Fracture
• Salter Harris type I

• Separation of 
apophysis from 
epiphysis

105

Post Op

• Divergent K-wires
• K-wire through cranial 

epiphysis

• Tension band on tuberosity
• Chronic injury

• Patient almost skeletally 
mature

106

Explanted 6 Wk Post4 Wk Post
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Salter Harris II

Pre Op Post Op

108

Tibial Tuberosity 
Avulsion
• Apophysis avulsion

• Salter Harris I

• Quadriceps pull displaces 
tuberosity proximally

• Anatomically reduce

Normal

AvulsionAvulsion
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Tibial Tuberosity Avulsion
• Stabilization Options
• K-wires only
• At least two pins (Welsh et al Vet Surg)

• Leave in situ immature dogs (Miller et al 

JAVMA)

• K-wires & tension band

• Wire vs. suture

• Lag screw stabilization

• Older patients
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Tibial Tuberosity 
Avulsion
• Pins placed perpendicular 

to fracture line

• Tension band wire 
• Converts distraction forces 

to compression

• Closure of tuberosity 
growth plate

Post Op Post Op

4 Wk Post 4 Wk Post
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Biomechanics

• Tension band applies 
opposing force to muscle 
pull

• Opposing forces create 
compression

114

Biomechanics

• K-wires
• Prevent rotation

• Compression force directed 
along K-wires

• Insert perpendicular to 
fracture line

• Orthopedic wire
• Counters tension loads

115
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Distal Physeal Fractures

• Salter Harris I, II, III, IV

• Repair options
• Cross pins
• Type I

• Lag screws +/- plate

• Type II, III, or IV

116

Distal Physeal Reduction
• Open, direct

• Minimally invasive
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Reduction Techniques

Hyperflexion of tarsus 
helps achieve reduction

Army navy helps
maintain reduction

118
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K-Wire Insertion

119

Post Op 4 Wks
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Distal Physeal Fracture

• Metaphysis, physis and 
epiphysis affected
• Salter Harris type IV

• Anatomic 
reconstruction

• Rigid stabilization

• Plate and lag screws

121
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Healed at
4 Wks

122

Malleolar Fracture

• Avulsion fracture
• Collateral 

attachment

• Tibia or Fibula

• Pin & tension 
band stabilization

• Supplement with 
external 
coaptation
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Metaphyseal Fractures

• Usually occur in skeletally mature 
patients

• Similar principles to shaft fractures
• Stabilization can be challenging

• Limited bone available for implants

• Strategies

• “T” plates

• CBLO plates

• Double plating

124
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Specialized Function Plates

May be utilized for proximal or distal tibial fractures
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Post Op

• Double plating
• At each fracture site

• Increase number of screws 
per segment

• TPLO plate proximally

126

Pre Op Planning

• Midshaft diaphyseal 
fracture

• Distal metaphyseal 
minimally displaced 
fracture

• Implant type & location

• Determine location of 
physis

127
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Post Op

• Double plating
• Cranial notched head T 

plate

• Medial LCP

• Distal cortical screw

• Angled to avoid growth 
plate

• Cerclage to control fissure 
lines
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4 Wk Post

• Fractures healed by 4 wks

• Physis still open proximally

• Distal physis?

129

Thank you
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