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Ankle OA
Å Disabling Condition 

Å Comparable to Hip and Knee OA

Å Lower Prevalence 

oComparison of health-related quality of life between patients with end-stage ankle and hip arthrosis, Glazebrooket al, JBJS Am,(2008)90:499-505

oConservative treatment for osteoarthritis of the ankle, Witteveenet al Cochrane Library 2013 issu



Ankle OA

oComparison of health-related quality of life between patients with end-stage ankle and hip arthrosis, Glazebrooket al, JBJS Am,(2008)90:499-505

oConservative treatment for osteoarthritis of the ankle, Witteveenet al Cochrane Library 2013 issu

Å Younger patient
Å 75% Post-Traumatic OA

Å 60% Asymmetricalwear of the TT joint



Ankle OA

oComparison of health-related quality of life between patients with end-stage ankle and hip arthrosis, Glazebrooket al, JBJS Am,(2008)90:499-505

oConservative treatment for osteoarthritis of the ankle, Witteveenet al Cochrane Library 2013 issu

Å Post-traumatic Group
Å Previous rotational Trauma

Å Single or Recurrent sprains 



Simulated Displacement

Influence on Contact Mechanics

Bony Congruency : Small Contact Surface Area





Å 70 - 80% post traumatic
Å 55 - 65 y.o. Male
Å Deformity:

- 27.5 % SM Varus
- 8.2 % SM Valgus
- 21.9 % IM Varus
- 18.9 % IM Valgus

Wang et al. CORR 2015

Ankle OA 



Progressive disease:
Å Deformity > 2°
Å Morphological bony degeneration pattern

- Bone ware
- Osteophytes
- Increasing deformity

Å Vicious circle

Ankle OA 



Anatomical risk factors:
Å Deformity
Å Incongruency

- 4°talar tilt
- ìŔĬĲŰŔŰŊШŸŉШƣőĲШљΠШůċũũĲŸũŔШůĲŰŔƚĦƨƚњШ

Rammelt et al. JBJS 2022

Å Instability
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Article

Introduction

Osteoarthritis (OA) is a degenerative joint disease that 

causes dysfunction, especially in the elderly, and affects 

more than 250 million people worldwide.12 OA causes a 

decline in the quality of life, and increased health care costs 

impact economic productivity. With the recent increase in 

life expectancy, the prevalence of OA is also expected to 

increase and become a social problem.

Owing to the large number of patients, knee or hip OA 

has received considerable attention. In contrast, the preva-

lence of ankle OA is lower, affecting approximately 1% of 

the population.1 Therefore, ankle OA has been neglected. 

However, mental and physical disability and diminished 

quality of life associated with end-stage ankle OA are 

reportedly comparable to those associated with end-stage 

hip.3

The main etiology of ankle OA is intra-articular fracture, 

and its progression depends on the severity of injury.7,15 The 

other risk factors, including primary and secondary, were 

reported to be smoking, comorbidity of other joint disease, 

and high body mass index (BMI).7 Varus ankle OA without 

prior trauma or a general disorder is rare. Chronic lateral 

instability of the ankle is thought to be one of the major 

causes of ankle OA, particularly on the medial side.4,6 

Radiologic features of varus ankle OA include a character-

istic varus deformity combined with the anterior opening of 

1178763FAOXX X10.1177/24730114231178763Foot & Ankle Orthopaedics Kurokawa et al
resear ch-article 2023

1Nara Medical University, Kashihara, Nara, Japan

Corresponding Author:

Hiroaki Kurokawa, MD, PhD, Nara Medical University, 840 Shijo-cho, 

Kashihara, Nara 634-8522, Japan. 

Email: blackandriver@hotmail.co.jp

Risk Factors for the Progression of Varus 
Ankle Osteoarthritis

Hiroaki Kurokawa, MD, PhD 1 , Akira Taniguchi, MD, PhD 1, Yuki Ueno, MD 1 , 
Takuma Miyamoto, MD, PhD 1, and Yasuhito Tanaka, MD, PhD 1

Abstract

Background: With the increase in life expectancy, the prevalence of ankle osteoarthritis (OA) is also expected to increase 

in the future. Functional disability and diminished quality of life associated with end-stage ankle OA are comparable to 

those associated with end-stage hip or knee OA. However, there are few reports on the natural history and progression of 

patients with ankle OA. Hence, this study aimed to evaluate the risk factors for progression in patients with varus ankle OA.

Methods: We evaluated 68 ankles from 58 patients diagnosed with varus ankle OA using radiography performed at 

intervals over at least 60 months. The mean follow-up period was 99 Ñ 40 months. Narrowing of the joint space and 

increasing osteophyte formation were defined as ankle OA progression. Multivariate analysis was performed using logistic 

regression to predict the odds of progression; the model included 2 clinical variables and 7 radiographic variables.

Results: Of the 68 ankles, 39 (57%) progressed. In multivariable logistic regression analyses, patientôs age (odds ratio [OR] 

0.92, 95% CI 0.85-0.99, P <  .03), and the talar tilt (TT; OR 2.2, 95% CI 1.39-3.42, P = .001) were found to be independent 

factors for progression. The area under the curve (AUC) of the receiver operating characteristic curve for TT was 0.844, 

and the cutoff value was 2.0 degrees.

Conclusion: TT was found to be a primary factor associated with varus ankle OA progression. The risk appeared higher 

in patients with a TT more than 2.0 degrees.

Level of Evidence: Level III, retrospective case control study.

Keywords: ankle osteoarthritis, progression, natural history, risk factors.

Tillmannet al. Arch Orthop Trauma Surg1985

Hintermann B. Springer  2005

Ankle OA 





Importance of malleolar congruency 



1. Conservative treatment 

2. Ankle Fusion 

2. Total Ankle Replacement 



SupramalleolarOsteotomy 22Y old 

RTA 

Biplanar deformity 

Not Shoe able



Is there any Proof 

Progressive Collapsing Flatfoot Deformity : Consensus on Goals for Operative treatment, Sangeorzanet al, FAI 2020 DOI:10.1171/1071100720950759

Approach to bony procedure in fixed equinovarus deformity in CP : ThamkunanonJournal of Orhopaedics, 2018 DOI: : 10.1019/1j.or.2018.09.001 

Supramalleolarosteotomy in post-traumatic valgus OA, Krähenbühlet al, Int Orth 2020 DOI/10.1007/s00264-019-04476



Is there any Proof 

Progressive Collapsing Flatfoot Deformity : Consensus on Goals for Operative treatment, Sangeorzanet al, FAI 2020 DOI:10.1171/1071100720950759

Approach to bony procedure in fixed equinovarus deformity in CP : ThamkunanonJournal of Orhopaedics, 2018 DOI: : 10.1019/1j.or.2018.09.001 

Supramalleolarosteotomy in post-traumatic valgus OA, Krähenbühlet al, Int Orth 2020 DOI/10.1007/s00264-019-04476

Flatfoot : 

Equino-varus: 

Supra-malleolar Osteotomies : 



Aim

Shift load away from degenerated joint part 

Å Unloading lateral compartment in Valgus

Å Unloading medial compartment in Varus 

Mid - to long term results of Supramalleolar osteotomies , Krähenbühl et al, FAS( 2017)38(2)124-132



Goal

Å Restore joint Biomechanics

Å Centralizing the talus in the TrimalleolarMortise 

Å Slow down degenerative process 

Mid - to long term results of Supramalleolar osteotomies , Krähenbühl et al, FAS( 2017)38(2)124-132

Reducing IA Stress 



Goal

Å Decrease Pain 

Å Improve function 

Å Slow down degenerative process

Å Propone need for TAR or Fusion 

Mid - to long term results of Supramalleolar osteotomies , Krähenbühl et al, FAS( 2017)38(2)124-132



Paradox

Lower incidence Younger patients Deformities

Joint Congruency

Cartilage properties 
Joint Incongruency

Å Instability 

Post-traumatic OA

Å Previous Rotational trauma (37,0%)

Å Recurrence sprains (14,6%)

Å Single sprains (13,7%)

Å Pilon fracture (9,0%)

Å Tibial Shaft fracture (8,5%)

Å Osteochondral lesion of the talus (4,7%)

Osteoarthritis of the ankle, Choe et al. J am Acad Orthopod Surg.(2008)16:249-259



My Preference 

When Possible : Joint Preserving Strategy

Depends 

Å Patients Selection

Å Deformity Selection 

Å Cartilage Stock 



My Preference 

When Possible : Joint Preserving Strategy

Depends 

Å Patients Selection

Å Deformity Selection 

Å Cartilage Stock 

If not possible : TAR

Same outcome as AA regarding to pain

Better function

Better Quality of life

Protection of ST and ChopartJoint 

ÅWeightbearing X-ray

ÅWeightbearing CT scan

ÅMRI scan 



Iatrogenic Varus Malunion

Secondary OA Subtalar Joint 





Measurementon ConeBeam CT Scan 

48 Patients

IC: the densestpoint (Wolff's law)

Å Neutral Alignmentin WBCT

Å VS 5°Valgus in RX (Saltzmanview)

Å OverlappingStructures on ClassicRXs

WeightbearingCT in normal hindfootalignement, presenceof a constitutionalvalgus ? Burssens, Buedts et al, FAS 2018 DOI 1016/j.fas.2017.02.006 



Osteotomy around  the Apex of deformity 

Å Deformities above the Ankle Joint : Supra-malleolar Osteotomy

Å Deformities below the Ankle Joint : Infra-malleolar Osteotomy

Å Deformities around the Joint Line : Combined Osteotomies



What do we need to understand 

The Deformity 



What do we need to understand 

The Deformity 

Å PERI-TALAR STABILITY

Å CONGRUENCY

Å STABILITY

Å APPLY OSTEOTOMY RULES







MAT

Malalignment 
Test 





Relation  Full leg AP, WBCT

Is Lower-limb Alignment Associated with Hindfoot Deformity in the Coronal Plane? A Weightbearing CT Analysis n BurssensBuedts, Corr2019, DOI 10.1097/CORR.0000000000001067 



TKA in varus knee
Å Adverse impact on ipsilateral ankle osteoarthritis
Å Adverse impact on contralateral ankle osteoarthritis

Total Knee Arthroplasty in Patients With Ankle Osteoarthritis Affects Contralateral Ankle Alignment
and Postoperative Outcome of Total Knee Arthroplasty , koyomaet al, FAI 2024 Doi : 10.1177/1071100724283783





Peri-Talar Stability 





Treatment Goal

Stable Tripod Reconstruction 



Coxa Pedis 3 separate anatomical  joints  

Å TC 

Å TCN

Å CC

2 Functional Units

Å TC-TCN

Å TCN-CC 

TriplanarMovement 

Plantarflexion

Å Inversion

Å Adduction

Dorsiflexion

Å Eversion

Å Abduction

Motion between hindfoot and midfoot 





Compensatory Mechanisms ST joint  

Varus Valgus 



Morphology of the Posterior facet 

88% convex

Å More protective power (valgus deformation

Å Less effect of Calcaneal Osteotomy                 

PeritalarInstability, Hintermanet al, FAI 2012, DOI10.113/FAI.2012.0450



Morphology of the Posterior facet 

PeritalarInstability, Hintermanet al, FAI 2012, DOI10.113/FAI.2012.0450

12% flat 

Å Risk of tilting talus

Å Rigid Hindfoot and loss of Compensatory function  TT joint     



Talo-Navicular Joint.          

Å Subtalar Complex

Å Translate forefoot rotation to create a plantigrade foot 

Å Varus

Å Hindfoot locked in Inversion



Talo-Navicular Joint.          

Å Subtalar Complex

Å Translate forefoot rotation to create a plantigrade foot 

Å Valgus

Å PCFD : PeritalarInstability 



Mechanical Factors :
Å Instability 
Å Secondary Osteophyte formation 





Debridement Mortise

Take of osteophytes

Joint releases ( TN)

Ligament Reconstruction 



TT joint arthritis will not improve after a COT     
Å ST Joint 
Å has not OA
Å Convex
Å Unstable  

Where to put osteotomy SM or IM ? 



Effect of the SMOT

More effective when
Å Mobile ST Articulation
Å Closer to the joint

Effet of the COT 

More effective when
Å RigidST

The Effect of the Mobile Subtalar Joint on Calcaneal and Supramalleolar Osteotomies ,  Krause et al FAI 2021 DttOpsI ://1d0o.i1.o1r7g/71/01.1017171/10007712101017022171202975295 



KnuppM. Foot & Ankle International 2017

Hintermannet al. Foot AnkleClin N Am 

2018

BurssensA. Foot & Ankle International 2022



Failing to plan, is Planning to fail 

Paley et al, Principles of deformity correction, 1st edition ; Springer 2002





Apex of Deformity
Tibial Articular Surface Angle 

Å Normal : 88-95°

Å >95°:varus

Å <88°: valgus  

Congruency 



Congruency 

Degree Of Tilt : <TASñTTS>

<4° = Congruent

>4° = Incongruent 

TAS: Tibial Articular Surface Angle

TTS : Tibio Talar Surface Angle 



Do we need additional surgeries ? 

INCONGRUENT DEFORMITY 

Å TT and ST Correction in  3D 

Å But maximum correction at the ST Joint 4 °

Å Coxa Pedis  

Å Apex of the Deformity near the ankle Joint 

Correction of the Hindfoot Alignment after SupramalleolarOsteomyin Ankle Varus Deformity - A 
Three-Dimensional Analysis Using Weightbearing CT , BurssensHintermanFAO 2022 DOI 10.1177/247301421iso000009



Takakura Classification Radiological Classification

Stage 1 No Joint space narrowing, early sclerosis

Stage 2 Narrowing Joint space ( medial)

Stage 3 Obliteration of the joint space with subchondral bone contact (medially)

Stage 4 Obliteration of complete bone space 





Determination CORA
CORA 

Intersection  anatomical axis of the distal and proximal part of the bone

TRANSVERSE BISSECTOR

Line dividing the angle made at the intersection at the level of the CORA

An Osteotomy at any point of this line will correct the deformity 



Center of rotation of angulation 













Congruent Joint 

Dome Osteotomy

Fibula Osteotomy

Types of SMOT 



Congruent Joint 

Dome Osteotomy

Fibula Osteotomy

<10° angularDeformity

Varus: Medial Opening wedge

Valgus : Medial Closing Wedge

Fibula ? 

Types of SMOT 



Congruent Joint 
Dome Osteotomy

Fibula Osteotomy

>10° Angular Deformity
Varus: Lateral Closing Wedge

Valgus : Lateral Opening  Wedge

Fibula Osteotomy

<10° angularDeformity
Varus: Medial Opening wedge

Valgus : Medial Closing Wedge

Fibula ? 

Types of SMOT 




