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Etiology of OLT

• Most common ankle articular cartilage injury

• Most common in young males (25 - 30 yo)

• Most commonly result of ankle trauma

– Up to 50% of acute ankle sprains

– 17-79% of all ankle fractures

– Sports-related injuries

• 54% prevalence of hypovitamnosis D in 
patients with OLT

Leontaritis et al, JBJS ’09; Telleria et al, FAI ‘18



Etiology of OLT

• Frequently present with pain 
and mechanical symptoms
– “deep” pain, worse with 

ambulation

• PM 57%, AL 43% (Berndt & Harty
‘57) 

• Articular cartilage lacks ability 
to support intrinsic repair



Imaging Helps To Plan Treatment

• High quality views of the ankle
– AP, lateral, mortise

• Stress radiographs to r/o 
instability

• MRI, CT 
– Characterize OLT location, size

– Integrity of overlying cartilage

– Quality of the subchondral bone

• Review prior surgical reports



Treatment of OLT

• Clinical symptoms

• Age

• Mechanism of injury

• Lesion size, depth

• Lesion location, containment

• Subchondral edema, cyst

• Instability, malalignment?

• ?previous treatment



Talus Osteochondral Injury: 
Non-operative Treatment

• Acute stable lesions (< 6 wks)
• Non-displaced
• Skeletally immature patients

– >8 mos to physeal closure

• Rest, immobilization, NSAIDs
• NWB x 6 wks  WBAT
• ? HA, PRP

Tol et al, FAI ‘00



Talus Osteochondral Injury: 
Non-operative Treatment

• Evidence supports trial of non-operative 
treatment for all non-displaced lesions
– Zengerink et al, Knee Surg SportsTraum 2010

• 45% success rate with WBAT
• 53% if NWB 3 wks – 4 mos

• No conclusions:
– Duration of non-op treatment
– Method of immobilization
– Weightbearing status
– Use of NSAIDs
– Role of physical therapy

McGahan & Pinney, FAI ‘10



PRP, HA for OLT

• Smyth et al, JBJS ’13, syst review
– Increase chondrocyte, MSC proliferation, 

PG deposition, type II collagen deposition

– Inhibits local catabolic cytokines

– Attract MSCs to site of interest

– Reduced pain, improved function

• Mei-Dan et al, AJSM ‘12
– PRP significantly better than HA



Operative Treatment for OLT



Lesions Affecting Bone with Intact 
Cartilage



Operative Treatment: Retrograde Drilling

• Lesions with intact cartilage
• Drilling +/- bone grafting

– Repair subchondral bone
– Local bone graft

• Improved function
• Lack of lesion degeneration on 

2nd look arthroscopy

Steele et al, FAI ‘18; Anders et al, Intl Orth ‘12



What To Do With Subchondral Marrow 
Edema?

• Cuttica et al, FAS 2011
– The more severe the marrow 

edema on MRI, the worse the 
clinical outcome



Address Bone But Not Cartilage?

• Trial NWB

• Bone stimulator

• Pulsed EMFs



Operative Treatment: Subchondral Cyst

• Depends on size

• Additional bone graft or bone void substitutes to fill 
defect and provide support

• Retrograde drilling + bone graft

• OATS + osteotomy +/- bone graft

• Autologous chondrocyte implantation/sandwich



Address Bone But Not Cartilage?
• Subchondroplasty

– Chan et al, Ortho ’18, +BMAC

– Lesion size 1.3 x 1.4 cm



Lesions Affecting the Bone and 
Cartilage



Treatment of OLT

Steele et al, FAI 2018



OLT: Operative Treatment
• Symptomatic lesions <10mm

– Conservative

– Debridement 

– Microfracture with arthroscopy

• Symptomatic lesions >10mm

– OATS autograft, allograft

– ACI

– Bulk allograft

Consensus paper Society Cartilage Repair of the Ankle, 2018, Cuttica et al, FAI ‘11 



OLT: Operative Treatment

• ? Address malalignment
– Varus? Valgus? Instabililty?

– Correction of deformity above 
and/or below

– Correct cause of eccentric 
loading that can result in 
degenerative cartilage 
changes

• ? Biologics



Operative Treatment: Microfracture
Arthroscopic bone marrow stimulation

• Subchondral drilling releases 
mesenchymal stem cells, growth factors 

• Stimulates vascular ingrowth

• Lesion fills with fibrocartilage

• Satisfactory clinical results

• Less morbidity than open surgery



Operative Treatment: Microfracture

• Tourniquet, gravity

• Heel at edge of bed, 
bolster to flex hip

• 2.5/3.5 mm 30°
Arthroscope, +/- distractor



Arthroscopic Access

• Arthroscopy can access 
most lesions
– AM, AL, PL portals

• Supine position

• Bolster under ipsilateral
buttock
– Bolster to flex hip

• Noninvasive distraction



Arthroscopic Access

• Should be able to access anterior 50% 
of talar dome 

• More posterior access
– Straight posterior portal (Voto et al)

– 1 or 2 posteromedial portals (Maffulli et al)

– Coaxial portals medial or lateral

– Prone position, posterior arthroscopy with 
PM, PL portals



Operative Treatment: Microfracture

• Anterior portals (+/- PL 
(Ferkel))

• Specialized instruments

• Excise loose bodies, unstable 
cartilage, necrotic bone



Operative Treatment: Microfracture

• Debride cartilage to stable rim

• Perpendicular marrow clot attachment

• Debride calcified cartilage layer

• Puncture lesion, peripheral to center

• 3-4 mm apart, 3-4 mm deep 

• Subchondral bone bleeding, fat drops



Operative Treatment: Microfracture

• Post-op 
– When to start WB?

– When to remove boot?

– Activity restrictions?



Operative Treatment: Microfracture

• Gold standard for lesions <1.0cm²

• 85% pts G/E functional outcomes at short to 
intermediate f/u
– Zengerink et al Knee Surg Sp Tr ‘10, Chuckpaiwong et al 

Orth ‘08, Ferkel et al AJSM ‘08, Hannon et al AJSM ‘13

• 75% G/E l-t results after microfracture
– Vanbergen et al JBJS ’12: 50 pts, 141 mos f/u, AOFAS 

88/100

– Polat et al Knee Surg Sp ’16: 82 pts, 121 mo f/u, 42.6% 
no symptoms/23% pain after 2 hrs of competitive sports



Operative Treatment: Microfracture

• Microfracture does better
– Lesion size < 10-15 mm

– More acute, focal lesions

– Contained (non-shoulder) 
lesions

Choi et al, AJSM ‘12; Chuckpaiwong et al, Arthr ‘08; 



Microfracture: Return to Sport

• Limited studies

• Need to individualize 
treatment

• Hurley et al, Knee Surg Sp Tr 
‘19
– RTS 86.8% at 4.5 mos

– RTS accelerated with early 
WB, ROM



Despite successful short –term 
outcomes, over time……

• Fibrocartilage inflow over time

– vanBergen et al, JBJS 2013

• Decreased outcome scores, cartilage quality

– Ferkel et al, AJSM ’08: in 35% pts at 5 yrs

• Only 30% integration with native cartilage

– Lee et al, AJSM ’09 (12 mo 2nd look)

• Dedifferentiation Type III, loss of PGs leads 
to cartilage wear, and progression to ankle 
OA to 1/3 of pts after BMS in mid/long term



BMS Damages The Subchondral Bone



BMS & Damage To Subchondral Bone

• Subchondral bone provides the mechanical 
and metabolic support of articular cartilage

• Structural alterations occurs with BMS

– Subchondral bone resorption, cysts, intra-
lesional osteophytes

• “Cross talk” signaling not restored btw 
subchondral bone and articular cartilage

Orth et al, J Orth Res ‘13; Reilingh et al, Knee Surg Sp Tr ’16; Shimozono et 
al, AJSM ‘18 



BMS & Damage To Subchondral Bone

• Satisfactory early clinical 
outcomes 

• MRI evaluation of defect repair at 
intermediate f/u

– Inhomogenous structure of 
cartilage repair in all patients

– Excessive or insufficient filling 
in 2/3

– High rates of subchondral
changes

Becher et al, Knee Sports Tr ‘10



Does Microfracture Negatively Impact 
The Bone? 

• Reilingh et al, Knee Sp Traum 2016
– CT at baseline, 2 wks, 1 year

– OCD increased in size in all directions @ 2 wk

– Only depth decreased signif at 1 year

– Only 14/58 “well healed” (but no difference in 
outcome scores vs “poorly healed”)

– 78.6% subchondral bone not filled @1 yr



Subchondral Bone Degradation After 
Microfracture

• Shimozono et al, AJSM 2018

• Short-term BME may be physiologic

• Persistent BME after microfracture
leads to worse outcomes

• Decreased functional outcomes, poor 
radiographic results >2 yrs after surgery



Avoid Damage To Subchondral Plate
Gao et al, Scien Rpts 2017 (knee)

• Loss of subchondral bone below defects exceeds 
the original microfracture holes

• Significant peri-hole bone resorption, decreased 
BMD of subchondral bone plate

• Debridement alone still affects subchondral bone 
but not as much
– Early balance to bone resorption, ↑ osteoclast density



Avoid Damage To Subchondral Plate
Gao et al, Scien Rpts 2017 (knee)

• Still get bleeding w/debridement 
and formation of super clot (bm
ECM, progenitor cells,MSCs)

• Equivalent short term cartilage 
repair debridement vs microfx

• Losses can be minimized with 
use of BMA
– Protective effect of BMA on 

subchondral bone



Avoid Damage to Subchondral Plate

• Smaller diameter of microfx awl reduces 
damage to subchondral bone
– 1.0 mm diameter awls

• Improves quality of cartilage repair 
tissue and clinical outcomes

Gianakos et al, Arth ‘16; Eldracher et al, AJSM ‘14



Subchondral Bone Degradation After 
Microfracture

• Seow et al, Cartilage 2019

• Subchondral bone not restored completely 
histologically or morphologically after BMS 
at short and midterm f/u
– Bone density significantly reduced

• Biologics adjuvants improve the postop
morphology of subchondral bone and 
articular cartilage compared w/BMS alone



Biologic Augmentation: BMAC
• Robust osseous regenerative capacity

– MSCs, growth factors, cytokines

• Combined with BMS, preserves bone and 
marrow cavity, decreased BME

• Decreases action of osteoclasts

• Minimize cystic formation (OATS)

Gao et al, Sci Repts ‘17



Biologic Augmentation: BMAC

• Hannon et al, AJSM ’16
– BMS +/- BMAC

– Improved articular cartilage repair tissue and 
outcomes and MOCART scores with use of BMAC 
as adjunct to microfracture



Biologic Augmentation: PRP

• Role with op and non-op treatment

• Guney et al, Knee Surg Sp Tr ‘15
– BMS-PRP improved functional outcomes

• Doral et al, Knee Surg Sp Tr’15
– BMS-HA improved functional outcomes

• Gormeli et al, FAI ’15
– Improved outcomes BMS w/PRP or HA, PRP 

more effective than HA



Biologics Augmentation To Microfracture
Particulate Juvenile Cartilage Allografts

• Juvenile Cartilaginous 
Allograft Tissue
– ? failed BMS, lesions>15mm

– Scaffold with live juvenile 
chondrocytes and fragmented 
juvenile cartilage

– Fibrin glue into defect

– Coetzee et al, FAI 2013
• 12 mo f/u, improved pain, function



Biologics Augmentation To Microfracture
Particulate Juvenile Cartilage Allografts

• Drakos et al, FAI ’18: BMS vs
JACI/BMAC

• Both had fibrocartilage repair 
tissue, improved outcomes but not 
normal

• Subchondral bone not intact 86.3%

• MOCART scores similar

• JACI/BMAC no improvement vs
BMS alone



Biologics Augmentation To Microfracture
Extracellular Matrix Cartilage Allografts

• Biologic adjuvant to BMS

• Allogenic cartilage 
extracellular matrix 

• Type II collagen, PG, 
cartilage growth factors

• BMS lds to stem cell 
migration to defect

Seow et al, AJSM ‘18



Biologics Augmentation To Microfracture
Extracellular Matrix Cartilage Allografts

• EMCA facilitates 
chondrogenesis by acting 
as a tissue network 
promoting cell interaction

 Combined with PRP or BMAC

MSC’s can mix with the 
matrix and potentially form 
hyaline cartilage



Biologics Augmentation To Microfracture
Extracellular Matrix Cartilage Allografts

• Fransa et al, FAI ’17

• Lesions < 1.5 cm²

• Excision, BMS, allograft cartilage ECM

• 97% clinical, radiographic healing

• 90% patient satisfaction

• Deposition of the allograft acted as a 
“bio-scaffold” to promote cartilage 
healing at the microfracture site



Biologics Augmentation To Microfracture
Extracellular Matrix Cartilage Allografts
• Fansa , Drakos et al, FA Orth’18

– Lesions < 10mm, f/u 15 mo

– Improved functional, pain, MOCART scores with 
BMS/Biocartilage/BMAC

• Drakos et al, OJSM 2019
– ECMA/BMAC vs BMS vs BMS/BMAC

– Improved function in all groups

– Significantly higher MOCART in ECMA/BMAC



Microfracture 2020:
How To Best Assess Our Results?

• MOCART, ICRS



Microfracture 2020:
How To Best Assess Our Results?

• Lee et al, AJSM 2009

• 2nd look scope

• 20 ankles 12 mos
after microfracture

• 90% G/E clinical 
outcomes

• BUT 40% repair 
tissue abnormal



Microfracture 2020:
How To Best Assess Our Results?

• Yang & Lee, JBJS 2019
– 3.6 yr f/u, MOCART, 2nd

look scope

– 36% lesions incompletely 
healed with inferior non-
hyaline-like tissue at 2nd

scope

– 24% mismatch btw MRI 
and scope assessment 
of lesion healing



Microfracture 2020:
How To Best Assess Our Results?

• 2nd look arthroscopy

• Intravu
– Small bore needle arthroscopy

• NanoScope
– 1.9 mm “chip on tip” camera



Larger Lesions: Cartilage 
Regeneration and Replacement



Operative Treatment:
Autologous Chondrocyte Implantation (ACI)

• Contained, larger lesions (>1 -
2cm2)
– Focal, stable cartilage rim

• Failed BMS

• Regenerate damaged cartilage 
with hyaline-like tissue

• 2 surgeries

• Open harvest chondrocytes, 
expand



Operative Treatment:
Autologous Chondrocyte Implantation (ACI)

• Reimplant under periosteal flap 
that stimulates autologous 
chondrocytes to enter defect, 
repair and fill with new hyaline-
like cartilage

• The new cartilage is more 
durable than fibrocartilage over 
the long-term

Steele et al, FAI ‘18; Giannini et al, JBJS ’05; Baums et al, JBJS ‘06



Operative Treatment:
Autologous Chondrocyte Implantation (ACI)

Indications

• Age 15-55

• Focal defect

• Unipolar (talus only)

• Contained

• Edge loading

• Failed previous surgery

• Larger lesions with 
subchondral cysts

Relative Indications

• Multifocal unipolar lesions

• Uncontained lesions

Steele et al, FAI 2018



Operative Treatment:
Autologous Chondrocyte Implantation (ACI)

Contraindications

• Kissing (bipolar) lesions

• No previous surgery

• Early degenerative 
changes

Relative contraindications

• Osteoarthritis

• Malalignment

• Instability



Operative Treatment:
Autologous Chondrocyte Implantation (ACI)

• Lack of controlled trials

• Kwak et al, AJSM 2014
– 29 s/p failed BMS, mean size 18x11 mm, 

f/u 70 mo

– Improved outcomes, 86% 2nd look scope

• Costly

• Multiple procedures

• Overgrowth of repair tissue 
(periosteal hypertrophy)



MACI
(Matrix-Induced Autologous Chondrocyte Implantation)

• Recently FDA-approved

• 3rd generation ACI

• ? For failed BMS

• Culture chondrocytes from talus OLT

• Cultures expanded 6-12 weeks



MACI
• Debride lesion down to 

subchondral bone, removed 
calcified cartilage, stable 
borders

• Expanded chondrocytes
embedded in a biodegradable 
type I/IIIcollagen scaffold
– Chondrocyte viability up to 5 yrs

• Cut matrix in OR, implant



MACI Benefits

• All-arthroscopic, no osteotomy needed

• Suture free

• Reduced OR time

• Decreased risk of cells leaking

• Decreased risk of uneven distribution of 
chondrocytes

• Generate hyaline-like tissue

• ?improved short and long-term treatment



MACI
• Kreulen et al, FA Spec 2019

– 10 patient cohort 7 yr f/u

– Improved clinical outcomes

– No re-ops

• Giannini et al, Knee Surg Sp Tr 2014
– 7 yr f/u, 38/42 E/G

• MACI provides stable midterm chondral
replacement strategy for OLT that fail 
initial microfracture



Other Modalities To Improve Outcomes?

• Focused ESWT
– Early stages of adult OCD

– Some success with avascular
femoral head necrosis

– Need electrohydraulic high-
energy ESWT

– More difficult to focus in the 
ankle than in knee

Thiele 2015



Other Modalities To Improve Outcomes?
PEMF

• ?stimulate osteoblast activity in 
OLT healing

• Decrease use of NSAIDs

• No earlier resumption of sports

• No higher % of patients 
resuming sports 

• No difference in bone repair

Reilingh et al, AJSM 2016; Zorzi et al, Knee Surg Sp Tr 2007



Conclusions

• Successful management of OLT still 
challenging

• BMS gold standard for lesions < 1.0cm²

• Operative treatment of OLT G/E 
outcomes 85%
– Try to maintain long-term improvement and 

avoid biologic deterioration of repair



OLT 2020

• Concerns with longer term outcomes

– Fibrocartilage infill over time
• Hypertrophy, incomplete filling

– Deterioration of cartilage, subchondral
bone

– Subchondral bone not restored completely 
histologically or morphologically after BMS

• Do mechanical and/or biological insufficiency 
cause the deterioration of fibrocartilage?



OLT 2020

• Trend now to minimize the damage 
subchondral bone to improve l-t 
oucomes

• Optimal treatment technique

• Use of biologic adjuncts

• Help restore native hyaline cartilage in 
minimally invasive fashion



Conclusions

• Need better assessment of long term 
outcomes
– Higher quality studies

– Patient outcomes

– MOCART scoring

– Use of minimally invasive techniques to 
better visualize healing?
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