
History, Technique and Outlook of Total History, Technique and Outlook of Total 
Ankle Replacement Ankle Replacement –– from Simple to from Simple to 

ComplexComplex
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Evolution of Ankle ProsthesesEvolution of Ankle Prostheses
(Too) Many Ankles ...(Too) Many Ankles ...
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

First GenerationFirst Generation
Lord and Marotte 1973Lord and Marotte 1973
•• ““reversed hipreversed hip””
•• cementedcemented
•• congruentcongruent
•• nono--anatomicanatomic
•• fixedfixed
•• 2 components2 components
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

First GenerationFirst Generation
St. Georg 1973St. Georg 1973
•• constrainedconstrained
•• semisemi--congruentcongruent
•• anatomicanatomic
•• fixedfixed
•• 2 components2 components
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

First GenerationFirst Generation
ProblemsProblems CausesCauses
•• early looseningearly loosening Inaccurate instrumentationsInaccurate instrumentations
•• bone collapsebone collapse excessive bone removalexcessive bone removal
•• component migrationcomponent migration cement fixationcement fixation
•• implant breakageimplant breakage constrained designsconstrained designs
•• malleolarmalleolar fracturesfractures lack of biomechanical studieslack of biomechanical studies
•• skin problemsskin problems inappropriate techniquesinappropriate techniques
•• InfectionInfection inappropriate techniquesinappropriate techniques
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

First GenerationFirst Generation
It was concluded ...It was concluded ...
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I have not the AnswerI have not the Answer
•• More studiesMore studies

•• ……..

•• I am not independentI am not independent

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Which is the Best Ankle ?Which is the Best Ankle ?
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Poet and Philosopher George Santayana 1905Poet and Philosopher George Santayana 1905

Those who cannot remember the past are Those who cannot remember the past are 
condemned to repeat it.condemned to repeat it.

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Learn from the PastLearn from the Past
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All of us were All of us were ……
•• DisappointedDisappointed 

S.T.A.R. ankleS.T.A.R. ankle 
instrumentationinstrumentation

•• Aware of need of Aware of need of 
restoring anatomy restoring anatomy 
as close as possibleas close as possible 
3 components3 components 
cementlesscementless fixationfixation 
anterior approachanterior approach

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

We Wanted an Ankle !We Wanted an Ankle !
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Ankle JointAnkle Joint
•• Complex geometryComplex geometry 

helical axishelical axis 
medial > lateral radiusmedial > lateral radius

•• Complex Complex ligamentousligamentous systemsystem 
isometric position of each isometric position of each 
ligamentligament

•• Need of Need of 
restoring anatomy restoring anatomy 
as close as possibleas close as possible

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Anatomical FeaturesAnatomical Features
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Research Fellowship University of CalgaryResearch Fellowship University of Calgary
•• BiomechanicsBiomechanics 

the kinematics of the anklethe kinematics of the ankle

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

My Thoughts Started in 1991My Thoughts Started in 1991
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Research Fellowship at University of CalgaryResearch Fellowship at University of Calgary
•• BiomechanicsBiomechanics 

kinematics of the anklekinematics of the ankle 
the effect of morphologic changesthe effect of morphologic changes

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

My Thoughts Started in 1991My Thoughts Started in 1991
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Research Fellowship at University of CalgaryResearch Fellowship at University of Calgary
•• BiomechanicsBiomechanics 

kinematics of the anklekinematics of the ankle 
the effect of morphologic changesthe effect of morphologic changes 
anatomy of the ankle jointanatomy of the ankle joint

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

My Thoughts Started in 1991My Thoughts Started in 1991
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TibialTibial ComponentComponent
•• anatomical shapeanatomical shape
•• full coverage of distal tibiafull coverage of distal tibia 

optimal force transmissionoptimal force transmission
•• resistance against resistance against torsionaltorsional forcesforces 

4 mm of thickness 4 mm of thickness 
•• minimal stress shieldingminimal stress shielding 

flat contact area with peaksflat contact area with peaks
•• bone bone ingrowthingrowth 

double coatdouble coat

HINTEGRAHINTEGRA

Ankle DesignAnkle Design
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Talar Talar ComponentComponent
•• anatomical shapeanatomical shape
•• conical shapeconical shape 

smaller radius mediallysmaller radius medially 
larger radius laterallylarger radius laterally

•• minimal stress shieldingminimal stress shielding 
small pegssmall pegs

•• resurfacing resurfacing 
medial guttermedial gutter 
lateral gutterlateral gutter

HINTEGRAHINTEGRA

Ankle DesignAnkle Design
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Mobile BearingMobile Bearing
•• high density polyethylenehigh density polyethylene
•• minimal thickness of 5 mmminimal thickness of 5 mm 

mechanical strengthmechanical strength
•• fully covers the fully covers the talartalar componentcomponent 

stability against  estability against  e-- / inversion/ inversion 
optimal pressure distribution optimal pressure distribution 

•• undersized to the undersized to the tibialtibial componentcomponent 
no weakeningno weakening 
optimal pressure distributionoptimal pressure distribution

HINTEGRAHINTEGRA

Ankle DesignAnkle Design
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Less Less GranulomaGranuloma Formation Formation 
•• Design of talusDesign of talus 

anatomically shapedanatomically shaped 
guides polyethylene insertguides polyethylene insert

•• Design of polyethylene insertDesign of polyethylene insert 
covers completely taluscovers completely talus 
optimal force distributionoptimal force distribution

•• Only compressive forcesOnly compressive forces 
protected against rotationalprotected against rotational 
and translational forcesand translational forces

HINTEGRAHINTEGRA

HypothesisHypothesis
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ElectromicroscopicElectromicroscopic Analysis Analysis 
•• 15 retrieved PE insert15 retrieved PE insert 

gender gender f f = 7= 7 
mm = 8= 8 

weightweight 81.9 (5381.9 (53--120)120) kgkg 
BMIBMI 27.9 (22.927.9 (22.9--37.6)37.6) kg/mkg/m22 

age at TARage at TAR 48 y (32 48 y (32 –– 74) 74) 
revision atrevision at 27 (2 27 (2 –– 67) mo67) mo

HINTEGRAHINTEGRA

WearWear--TestingTesting

3rd Foot and Ankle Symposium 
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HINTEGRAHINTEGRA

AnalysisAnalysis
Technique Technique 
•• Spluttered with goldSpluttered with gold
•• Light microscopyLight microscopy 

66--, 12, 12--, 24, 24--time magnificationtime magnification
•• Electronic microscopeElectronic microscope 

optic optic profilometryprofilometry
optic investigationoptic investigation
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Results Results 
•• AAverageverage roughnessroughness 

0,51 and 5,00 0,51 and 5,00 µµmm
•• maximum roughnessmaximum roughness 

3,60 3,60 µµm and 36,54 m and 36,54 µµmm
•• Not dependent onNot dependent on 

duration of TARduration of TAR 
weight / BMI of patientweight / BMI of patient

•• Higher (p < 0.005)Higher (p < 0.005) 
men than femalesmen than females

HINTEGRAHINTEGRA

AnalysisAnalysis
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University of Calgary (Victor Valderrabano)  University of Calgary (Victor Valderrabano)  
•• HINTEGRA HINTEGRA 

mimics physiologic mimics physiologic 
motion pattern more motion pattern more 
than other anklesthan other ankles

HINTEGRAHINTEGRA

Kinematic AnalysisKinematic Analysis
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The CaseThe Case
•• valgusvalgus tilt at tilt at tibiotalartibiotalar jointjoint 

hindfoothindfoot valgusvalgus

•• motion leftmotion left 
DF / PF 8 DF / PF 8 –– 0 0 –– 2020°°

m, 68 ym, 68 y

•• Posttraumatic OAPosttraumatic OA 
ankle fracture 42 yankle fracture 42 y 
conservative treatmentconservative treatment

•• painpain

HINTEGRAHINTEGRA

First Case  First Case  -- 02. May 200002. May 2000

no no -- weightweight--bearingbearing
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The ResultThe Result
•• implantsimplants 

after 6 weeks stableafter 6 weeks stable

HINTEGRAHINTEGRA

First CaseFirst Case
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The ResultThe Result
•• implantsimplants 

after 6 weeks stableafter 6 weeks stable

•• motionmotion 
after 12 mo very satisfactoryafter 12 mo very satisfactory

HINTEGRAHINTEGRA

First CaseFirst Case
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HINTEGRAHINTEGRA

First CaseFirst Case
The ResultThe Result
•• implantsimplants 

after 6 weeks stableafter 6 weeks stable

•• motionmotion 
after 12 mo very satisfactoryafter 12 mo very satisfactory

•• medial painmedial pain 
after 10 yearsafter 10 years 
increased increased valgusvalgus 
deformitydeformity

10 10 yearsyears
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The ResultThe Result
•• implantsimplants 

after 6 weeks stableafter 6 weeks stable

•• motionmotion 
after 12 mo very satisfactoryafter 12 mo very satisfactory

•• medial painmedial pain 
after 10 years increased after 10 years increased valgusvalgus deformitydeformity

•• final followfinal follow--upup 
after 11 yearsafter 11 years 
pain freepain free

HINTEGRAHINTEGRA

First CaseFirst Case

10 10 yearsyears

11 11 yearsyears
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SurvivorshipSurvivorship--Analysis : HINTEGRA Ankle (n = 576)Analysis : HINTEGRA Ankle (n = 576)
•• single coatedsingle coated 

without pegs without pegs 
(n = 48)(n = 48) 

12 revisions (25.0%)12 revisions (25.0%)

•• double coateddouble coated 
without pegs without pegs 
(n = 140)(n = 140) 

9 revisions (6.4%)9 revisions (6.4%)

•• double coateddouble coated 
with pegs with pegs 
(n= 388)(n= 388) 

4 revisions (1.0%)4 revisions (1.0%)

HINTEGRAHINTEGRA

Encouraging ResultsEncouraging Results

At 10 yearsAt 10 years 
72.2%72.2%

At 9 yearsAt 9 years 
91.1%91.1%

At 8 yearsAt 8 years 
98.2%98.2%
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BoneBone--Implant StabilityImplant Stability
•• PrimaryPrimary 

sufficientsufficient

f, 43y: pref, 43y: pre--opop 3 years3 years

HINTEGRAHINTEGRA

TibialTibial BoneBone--Implant InterfaceImplant Interface
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BoneBone--Implant StabilityImplant Stability
•• PrimaryPrimary 

sufficientsufficient
•• No stressNo stress-- 

shieldingshielding

HINTEGRAHINTEGRA

TibialTibial BoneBone--Implant InterfaceImplant Interface

3 years3 years
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LongLong--Term Stability ?Term Stability ?
•• BoneBone--implant interfaceimplant interface 

stable ?stable ? 
stressstress--shielding ?shielding ?

prepre--opop 5.6 years5.6 years

f, 48 yf, 48 y
•• chronic pain syndromechronic pain syndrome 

2 x 2 x mosaicoplastymosaicoplasty 
2 x 2 x osteotomyosteotomy med mall med mall 

•• stiffnessstiffness 
equinusequinus 33°°

•• refused proposed fusionrefused proposed fusion

HINTEGRAHINTEGRA

TibialTibial BoneBone--Implant InterfaceImplant Interface
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GoalsGoals
•• APAP--viewview 

alignment of tibiaalignment of tibia 
ligament tensioningligament tensioning

•• Lateral viewLateral view 
tibiotalartibiotalar alignmentalignment 
centercenter of rotationof rotation

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Ligament BalancingLigament Balancing

2 years2 yearsPrePre--OPOP
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Ligament BalancingLigament Balancing
Not Balanced Not Balanced ……
•• Asymmetric LoadAsymmetric Load 

implants   implants   PE wearPE wear 
looseningloosening 

soft tissuessoft tissues painpain
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non non weightweight--bearingbearing weightweight--bearingbearing

Insufficient Intrinsic StabilityInsufficient Intrinsic Stability
•• Overload of ligamentsOverload of ligaments 

progressive progressive 
instabilityinstability 
impingementimpingement 
painpain

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Ligament BalancingLigament Balancing
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M, 68 yM, 68 y

prepre--opop

7 7 yearsyears

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Clinical Case Clinical Case -- ValgusValgus
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M, 68 yM, 68 y

prepre--opop

1 1 yearyear

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Clinical Case Clinical Case -- ValgusValgus
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M, 70 yM, 70 y

prepre--opop

5 5 yearsyears

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Clinical Case Clinical Case -- VarusVarus
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My Believe        ProvenMy Believe        Proven……
•• Coronal plane stabilityCoronal plane stability 

mandatory for mandatory for instrinsicinstrinsic 
stability of the anklestability of the ankle

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Ligament BalancingLigament Balancing

8 8 yearsyears
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Misaligned ankleMisaligned ankle
•• TibialTibial osteotomyosteotomy 

valgisationvalgisation 
lateral translationlateral translation

•• Fibular Fibular osteotomyosteotomy 
valgisationvalgisation 
lateral translationlateral translation

•• TibiotalarTibiotalar jointjoint 
resurfacingresurfacing

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Osseous BalancingOsseous Balancing
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Misaligned ankleMisaligned ankle
•• TibialTibial osteotomyosteotomy 

extensionextension

•• Fibular Fibular osteotomyosteotomy 
extensionextension

•• TibiotalarTibiotalar jointjoint 
resurfacingresurfacing

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Osseous BalancingOsseous Balancing
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PrePre--OPOP 2 mo post OP2 mo post OP

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Osseous BalancingOsseous Balancing
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f, 73 yf, 73 y

•• Posttraumatic OAPosttraumatic OA 
TAR 26 monthsTAR 26 months

•• PainPain 
medial medial malleolusmalleolus

•• Limited load toleranceLimited load tolerance 
walking distance < 1 h walking distance < 1 h 

66°°

VarusVarus--ValgusValgus--MisalignmentMisalignment
•• Medial shift of talusMedial shift of talus 

medial pain syndromemedial pain syndrome

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Osseous BalancingOsseous Balancing
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AfterAfter OsteotomiesOsteotomies
•• Decompressed medial Decompressed medial 

ankle jointankle joint 
regular position regular position 
of of talartalar componentcomponent

•• Decreased stress Decreased stress 
soft tissuessoft tissues

•• PatientPatient 
pain reliefpain relief 
better feelingbetter feeling Pre-OP 12 mo

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Osseous BalancingOsseous Balancing
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f, 58 yf, 58 y

•• Posttraumatic OAPosttraumatic OA 
TAR 20 monthsTAR 20 months

•• PainPain 
medial medial malleolusmalleolus

•• Limited load toleranceLimited load tolerance 
walking distance < 1 h walking distance < 1 h 

1212°°

VarusVarus--ValgusValgus--MisalignmentMisalignment
•• Medial shift of talusMedial shift of talus 

medial pain syndromemedial pain syndrome

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Osseous BalancingOsseous Balancing

1414°°
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Osseous BalancingOsseous Balancing

6 6 monthsmonths
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Osseous BalancingOsseous Balancing

4 4 yearsyears
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Usable as a Revision Ankle ?Usable as a Revision Ankle ?

f, 52 yf, 52 y
•• posttraumatic ankle OAposttraumatic ankle OA 

ankle fracture 5 yearsankle fracture 5 years
•• S.T.A.R. ankle 5.6 years S.T.A.R. ankle 5.6 years 

some painsome pain 
strange feelingstrange feeling

•• problemsproblems 
bone lossbone loss

ChallengesChallenges
•• Bone defectBone defect 

stable anchorage of implants ?stable anchorage of implants ?
3rd Foot and Ankle Symposium 
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Usable as a Revision Ankle ?Usable as a Revision Ankle ?
IntraoperativeIntraoperative TechniqueTechnique
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Usable as a Revision Ankle ?Usable as a Revision Ankle ?
Radiologic EvolutionRadiologic Evolution

prepre--opop 2 months2 months 8 years8 years
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Usable as a Revision Ankle ?Usable as a Revision Ankle ?

f, 49 yf, 49 y
•• posttraumatic ankle OAposttraumatic ankle OA 

ankle fracture 22 yearsankle fracture 22 years
•• S.T.A.R. ankle 6 years S.T.A.R. ankle 6 years 

asymptomaticasymptomatic
•• problemsproblems 

bone lossbone loss 
cyst formationcyst formation

ChallengesChallenges
•• Bone defectBone defect 

stable anchorage of implants ?stable anchorage of implants ?
3rd Foot and Ankle Symposium 
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Revision TalusRevision Talus
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Revision TalusRevision Talus

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Usable as a Revision Ankle ?Usable as a Revision Ankle ?
IntraoperativeIntraoperative TechniqueTechnique
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prepre--opopprepre--opop 4 months4 monthsintraintra--opop

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Usable as a Revision Ankle ?Usable as a Revision Ankle ?
Radiologic EvolutionRadiologic Evolution

3 years3 years
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

At the End At the End ……

3rd Foot and Ankle Symposium 

 
Arthritic Disorders of  the Foot and Ankle 

Diagnosis and Management 

 
UNIKLINIK BALGRIST 

 
  September 9th, 2011



There is Need for There is Need for ……
•• Ongoing longitudinal observation of patientsOngoing longitudinal observation of patients 

longlong--term stability of interfaceterm stability of interface 
wear of PE insertwear of PE insert

•• Improved techniquesImproved techniques 
safe and reliable implantationsafe and reliable implantation 
use the prosthesis as a part of use the prosthesis as a part of hindfoothindfoot reconstructionreconstruction

•• Controlled studies Controlled studies 
indications / contraindicationsindications / contraindications 
limit of the procedurelimit of the procedure

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

Not at All !Not at All !
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We are on the Way !We are on the Way !
•• Successful toolSuccessful tool 

to replace the ankleto replace the ankle

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

But the 11 Years have Proven But the 11 Years have Proven ……

m, 63y: m, 63y: prepre--opop

8 8 yearsyears
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We are on the Way !We are on the Way !
•• Successful toolSuccessful tool 

to replace the ankleto replace the ankle 
to restore to restore hindfoothindfoot functionfunction

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

But the 11 Years have Proven But the 11 Years have Proven ……

F, 66 y: F, 66 y: prepre--opop
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2 2 yearsyears

prepre--opop
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TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

But the 11 Years have Proven But the 11 Years have Proven ……

f, 55 y: 22 y f, 55 y: 22 y afterafter arthrodesisarthrodesis -- preoppreop

We are on the Way !We are on the Way !
•• Successful toolSuccessful tool 

to replace the ankleto replace the ankle 
to restore to restore hindfoothindfoot functionfunction 
to make the patient happyto make the patient happy
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4 4 monthsmonths

prepre--opop
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We are on the Way !We are on the Way !
•• Successful toolSuccessful tool 

to replace the ankleto replace the ankle 
to restore to restore hindfoothindfoot functionfunction 
to make the patient happyto make the patient happy 
to make the surgeon happyto make the surgeon happy

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

But the 11 Years have Proven But the 11 Years have Proven ……

m, 67 y: m, 67 y: prepre--opop
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1 1 yearyear

prepre--opop

Thank you !
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TARTAR
•• Rarely simple surgeryRarely simple surgery

•• Mostly part of itMostly part of it 
reconstruct the reconstruct the hindfoothindfoot

•• Challenges me Challenges me 
every day !every day !

•• I am still on the wayI am still on the way 
discovering morediscovering more 
getting more insightgetting more insight

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

SummarySummary
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Why do Use Another Prosthesis ?Why do Use Another Prosthesis ?
•• More bone resectionMore bone resection 

difficulties to revisedifficulties to revise

•• Not anatomicNot anatomic 
difficulties to balancedifficulties to balance

•• No intrinsic stability in frontal planeNo intrinsic stability in frontal plane 
ligament overstressligament overstress

•• IntramedullarIntramedullar fixation fixation 
not physiologic load transfernot physiologic load transfer

•• ………………………………..

TAR TAR –– History, Technique and OutlookHistory, Technique and Outlook

SummarySummary
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