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Adaptive Mechanism 

Flatfoot in Running 



Overuse syndrome
• Stress Fracture Navicular Bone
• Muller Weiss Syndrome 



Injury Driven 
• Chronic Ankle Instability

Soccer Ankle
• Varus Ankle 
• Evolution from 

• Supple
• Rigid 

What Changes my Practise ? 







Epidemiology :
• 1/10 000 sprains per day
• Male/Female
• Residual symptoms : 25-72 %
• 55% do not seek medical attention

There is no such thing as a simple Ankle Sprain 

Functional Anatomy, Pathomechanics and Pathofyisiology of LAI, Hertel J, 2002 Journal of Athletic  Training 



Trauma Biomechanics 



Trauma Biomechanics 



Etiology
• Position of the foot during impact.              
• Direct contact
• Direction of the deformiting force 



Mechanism of injury  

Exorotation
Talair inversion 

Chronology 
• AITFL
• Lateral ligamentous complex 



Mechanism of injury  

Exorotation
Dorsiflexion 
Talar Eversion

Chronology 
• AITFL
• Deltoid/Medial malleolus
• Interosseus ligament 
• PITFL 

Syndesmotic Lesions 



Chronology
• Deltoid
• AITFL/PITFL
• ATFL / CF 

Exorotation Knee
Talair Eversion 
Internal rotation Tibia 



Is there a way to predict the Severity of the lesion ? 



Imaging 

Initial X-ray • Avulsions 
• Occult fractures
• Diastasis 
• Calcifications 



Imaging 

Stress X-ray Weightbearing 
• Contra-lateral views
• Tibiofibular clearspace 

>6mm

>6mm



Imaging 

Ultra sound Dynamic evaluation
Syndesmosis
• Neutral vs Exorotation >0,7mm

• Sens/Spec : 89%
• VS contralateral side >0,9 mm
ATFL
Peroneal Tendons /CF
Very User dependent



• Small Handheld US devices 
• Specific look at the pathology 

What Changed My Practice 



Imaging 

CT scan • Avulsion sequellae
• Discrete diastasis 
• Compare contra-lateral
• Occult Fracture
• With Injection    
side  
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All measurements were performed by 2 independent 
observers (N.H., research fellow; S.C., orthopedic foot and 
ankle surgeon) using IMPAX AGFA software with an accu-
racy of 0.1 mm.

Statistical Analysis
A descriptive analysis was performed to summarize the base-
line characteristic variables, which are presented with fre-
quencies and percentages for categorical variables and with 
means and standard deviations and medians and ranges for 
continuous variables. Dichotomous and categorical demo-
graphic data were compared using a chi-square test and con-
tinuous variables were compared using a t test. To assess a 
correlation between separate weightbearing CT measure-
ments, a linear mixed effects model was built, with subject 
and measurement maker as random factors. This model 
allowed us to use the collected data from both observers for 
analysis.

All measurements were independently performed by 2 
observers to assess interobserver agreement using the intra-
class correlation coefficient (ICC) through a 2-way mixed 
effects model with absolute agreement. Absolute agreement 
in an ICC assesses how much each measurement performed 
by one observer differs from that of the other observer. 
Interpretation of the ICC values was carried out according to 
the guidelines proposed by Shrout and Fleiss18: 0.00 to 0.10 
virtually none, 0.11 to 0.40 slight, 0.41 to 0.60 fair, 0.61 to 
0.80 moderate, 0.81 to 1.00 substantial. P values of <.05 
were considered significant. All analyses were performed 
with Stata 13.0 for Mac (StataCorp LP, College Station, TX).

Results

Weightbearing CT Measurements
Among patients with unilateral syndesmotic injuries, mea-
surements including the syndesmotic area, direct anterior 
difference, middle difference, and direct posterior differ-
ence differed between the injured and uninjured side (Table 
2). The bilateral syndesmotic area values of the syndes-
motic injury group are graphically presented per patient in 
Figure 2. Patient 9 had a larger area in the uninjured side 
and did not show a rotational or translational malposition of 
the fibula; potentially this may have concerned an overcom-
pression of the syndesmosis by the syndesmotic screw 
fixation.

Among patients without syndesmosis injury, no differ-
ences were found based on laterality when comparing any 
of the syndesmotic measurements (Table 3).

Interobserver Agreement
Two observers performed all measures independently. The 
ICCs were 0.83 for fibular rotation (95% CI, 0.73-0.89), 0.80 
for fibular sagittal plane position (95% CI, 0.68-0.88), 0.97 
for syndesmotic area (95% CI, 0.95-0.98), 0.86 for anterior 
difference (95 CI, 0.77-0.91), 0.92 for middle difference 
(95% CI, 0.87-0.95), 0.87 for posterior difference (95% CI, 
0.80-0.92), and 0.91 for incisura depth (95% CI, 0.85-0.94). 
The ICCs indicated substantial agreement for all measures 
except for the position measurement of the fibula in the sagit-
tal plane, which demonstrated moderate agreement.

Figure 1. Tibiofibular joint measurements. (A) Syndesmotic area (shaded area). (B) Direct anterior (a), middle (b), and direct 
posterior (c) differences. (C) Fibular rotation. (D) Sagittal translation (dark line). (E) Incisura depth (dark line). The patient had right-
sided syndesmosis instability after an acute posterolateral ankle dislocation.



What Changed My Practice 

Weight Bearing Cone Beam CT scanning
Combining 

• CT Imaging
• Weight Bearing

Low Radiation Dose
Fast examination 
Available Software 



Weight Bearing Cone Beam CT scan

• Imaging physiological conditions of the foot and ankle

• Precise alignment of the hindfoot 

• Difference WBCT and non WBCT

• Fibular Calcaneal distance

• Lateral Talar calcaneal joint width

• Navicular Calcaneal distance

• Talar Calcaneal Overlap



• Mimics more clinical correct position than NWBCT

• Bilateral Imaging  

• Presence of occult/avulsion fractures 

Measuring Hindfoot Alignment in Weight Bearing CT: A Novel Clinical Relevant Measurement Method, Burssens , Buedts et al, FAS 2016 doi: 10.1016/j.fas.2015.10.002

Weight Bearing Cone Beam CT scan



Distance mapping of the foot and ankle joints using weightbearing CT: The cavovarus configuration, Lintz et al FAS 2021 doi : 10.1016/j.fas.2020.05/007





WBCT

Rendering, 3D imaging 

• Possibility to recognise
• Rotation 
• Translation 
• Predicts 
• Syndesmotic lesion
• LLC lesion

Burssens et al 5

analysis of variance (ANOVA) and nonparametric 
Kruskal-Wallis test were used for analysis of normally 
and nonnormally distributed data, respectively. The 
Tukey test and the Mann-Whitney U test were used for a 
post hoc analysis of normally and nonnormally distrib-
uted data, respectively.

Intraobserver and interobserver variability was assessed 
as the distance between the mean position of a landmark to 
the observed position of the landmark by the first author 
(A.B.) and second author (H.V.) after obtaining training 
with the software.5 The assessment was repeated once after 
a 1-month interval to assess the intraobserver variability.

Figure 3. Description of the fibular deviations in all 6 degrees of freedom. Following deviations were defined in the coronal plane. 
(A) Mediolateral translation or tibiofibular diastasis based on the coordinate of the apex malleolus lateralis. (B) The valgus/varus tilt 
based on the deviation of the best-fitted axis through the fibular shaft. The following deviations were defined in the sagittal plane: (C) 
the anteroposterior translation based on the coordinate of the distal fibular tip and (D) the anterecurvatum/recurvatum tilt based on 
the deviation of the best-fitted axis through the fibular shaft. The following deviation was defined in the axial plane: (E) the internal/
external rotation of the normal toward the pathological fibular position was based on the angle between the axis connecting the 
anterior tubercle of the fibula (ATF) with the posterior tubercle of the fibula (PTF).
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Templating of Syndesmotic Ankle Lesions by Use of 3D Analysis in Weightbearing and Nonweightbearing CT , Bursssens, Buedts, FAI 2018



Imaging 

MRI

• Most Performed 
• ATFL signal changes
• Hypertrofic ant. Impigment
• Lamba Sign 
• Impigment syndromes
• Tendons problems 
• Etc 

The Lambda Sign: A New Radiographic Indicator of Latent Syndesmosis Instability, Ryan et al, FAI  20143-T MRI of the Ankle Tendons and Ligaments, Pezesck Et al, 2021 Clinic Sport med DOI 10.1016.j.csm.2021.05.009 

But
• Availability
• User dependent/ Sequence dependent 



Epidemyology ? 

CLAI
10-30% after acute LLC 

Syndesmotic injury
5,7-17%

• High impact sports
• Blocked Foot/ankle 



Soccer Ankle
• Varus Ankle 
• Evolution from 

• Supple
• Rigid 



Combined pathology 
• Pain : Pain inhibition
• Peroneal muscle weakness
• Chronic laxity of lateral ligamentous complex
• Subtalar instability
• Multidirectional instability : Medial Complex, Syndesmotic injury
• Hindfoot deformities 

Functional

Mechanical 

Functional Anatomy, Pathomechanics and Pathofyisiology of LAI, Hertel J, 2002 Journal of Athletic  Training 



• Bony Stability 
• Morphology
• Individual Variation 



• Ligamentous Stability 
• Lateral Ligaments
• Medial Ligaments
• Syndesmotic Ligaments



• Muscular stability
• Peroneal tendons
• Tibialis posterior
• Proprioceptive function



Stability Coxa Pedis 
Anatomic congruency 
• No muscular attachements
Passive Ligamentous stability
• Superomedial
• Plantar
• Lateral
• Interosseous
Active Indirect Muscular 
• Tibialis posterior muscle
• Flexor Hallucis Longus
• Flexor Digitorum Longus

Coxa Pedis, today, Pisani , FAS 2016 DOI10.1016/jfas.2015.05.004
Anatomy of the ST joint , Bartonicek et al, Foot and Clinic N Am 2018, DOI 10.1016/j.fcl.2018.04.001
Subtalar Joint Biomechanics, Sangeorzan et al, Foot and Clinic N am, DOI10.1016/j.fcl.2018.04.002

Talus as a bony meniscus
• Maximal ankle stability
• Closed-pack position
• TT in max dorsiflexion
• ST eversion
• Calcaneal valgys

ST stability
• Cervical ligament 
• Interosseous TC ligament 
• CF ligament 
• ATFL prevents talar rotation



Failure of CFL
• Adduction of the ankle in neutral position 
• Decreased rotational stiffness                                

Failure of ITCL
• ST instability along the unconstrained subtalar axis 

Failure ICTL and ATFL 
• Anterolateral laxity 

Failure medial Spring and 
Deltoid
• Peritalar subluxation

• Forefoot supination
• Midfoot abduction 
• Hindfoot valgus 

PERITALAR INSTABILITY

Current Concept on ST instability , Pereira et al , 2021 The Orthopaedic Journal of Sport medicine, doi 10.1177/23259671211021352



Hysteresis of ligaments 
• Develops along the length axis 
• Ligament length limits increases with each cylce

• Gradual Development of joint laxity
• Reducing Joint stability
• Increased risk of Injury 

Repetitively stimulation with constant peak 

Solomonw et al, 2003







CLAI, evolution of the Model, Hiller et al 2011 Journal of athletic training, DOI 10.4085/1062-6050-46.2.133



1. Patho-mechanical Impairment 
2. Sensory-Perceptual Impairment
3. Motor-Behavioral Impairment 

Neuro-Signature  :

• Tissue Damage
• Pain/ Impairment
• Neuro-endocrine response
• Environmental factors ( work related)

Coper :

Restore neurosignature



Basis of Conservative treatment 
• Understanding Coping mechanism
• Initial 6 weeks of conservative treatment

RICE
• Rest 
• Elevation 
• ICE
• Reevaluation after 5-7 days 



Basis of Conservative treatment 
• Understanding Coping mechanism
• Initial 6 weeks of conservative treatment
• Focus on Ankle Mechanoreceptors 

STAR
• Manipulation and Massage
• Strength Exercises
• Proprioceptive training 
• Bracing : prevention 



Myolux



Predictors of CLAI after first ankle Sprain
• at 2 week : Jumping 
• At 6 months

• Loss of Dorsiflexion of the ankle Joint 
• Loss of movement/ stability Hip joint  

Recovery From a First-Time Lateral Ankle Sprain and the Predictors of Chronic Ankle Instability, Doherty et al 2016 The American Journal of Sport Medicine , DOI 10.1177:0363546516628870 



Sectioning ATFL
• Anterolateral rotational instability 



Sectioning ATFL-CF
• Anterolateral Extrusion talus
• Varus Tilt  



Ankle Sprains 

Chronic lateral Instability
• anterior translation of talus
• Internal rotation 



Ankle Sprains : Rotational Theory 

Chronic lateral Instability
• anterior translation of talus
• Internal rotation 

• Augmentation if CF lesion
• Subtalar instability
• Deltoid lesion 



• Ankle Sprains 
• Cartilage damage on impact

• Antero medial portion of talus : 88% 
• Shear forces 
• Impaction 

Visualisation and quantification of the degenerative pattern in  unilateral varus ankle OA, Hiroyuki et al, 2020 scientific reports doi: 10.1038/s41598-020-60514-4

https://dx.doi.org/10.1038%2Fs41598-020-60514-4


• Ankle Sprains 
• Cartilage damage on impact

• Rapid degeneration on rotational Instability 

Visualisation and quantification of the degenerative pattern in  unilateral varus ankle OA, Hiroyuki et al, 2020 scientific reports doi: 10.1038/s41598-020-60514-4

https://dx.doi.org/10.1038%2Fs41598-020-60514-4


• Ankle Sprains 
• Incongruity



and had a condensed, oval-shaped attachment site. The
attachment site of the deep fibers along the tibial plafond
was 8.0 mm (95% CI, 7.1-8.8 mm) distal, medial, and
slightly anterior to the center of the superficial attachment
and coursed parallel to their superficial counterparts to
attach to the fibula 7.8 mm (95% CI, 6.8-8.9 mm) anterior
and distal to the superficial attachment, immediately prox-
imal to the posterior fibular fossa.

Interosseous Tibiofibular Ligament

The ITFL was identified in all specimens (Table 4, Figures
3 and 4). The ITFL was a pyramidal ligamentous network
of fibers and intercalating adipose tissue originating from
the distal expansion of the interosseous membrane
49.4 mm proximal to the center of the plafond on the tibia

and 70.4 mm proximal to the inferior tip of the lateral mal-
leolus on the fibula. Distally, fibers terminated along the
superior border of the synovial recess 9.3 mm proximal to
tibial plafond and 34.5 mm superior to the inferior tip of
the lateral malleolus. The majority of fibers coursed disto-
laterally from the tibia to the fibula; however, a few of the
more superficial fibers coursed in the opposite direction.

Synovial Recess/Tibiofibular Contact Areas

A synovial-lined joint space was identified in all specimens
(Table 5, Figures 3 and 4). The synovial recess began at the
tibiotalar joint line and extended proximally to the distal
border of the ITFL. The anterior and posterior borders of
the recess were defined by the osseous ridges of the inci-
sura fibularis tibiae, which was concave in all specimens
with a maximum depth of 4.7 mm (95% CI, 3.9-5.5 mm).
Distally, an area of tibial articular cartilage was identified
in all specimens that extended 3.6 mm (95% CI, 2.8-
4.4 mm) proximally from the lateral extent of the tibial pla-
fond. In 14 of the 16 (87.5%) specimens, there were corre-
sponding tibial and fibular articulating cartilage facets at
the anterior-most aspect of the distal tibiofibular intersec-
tion. These surfaces of direct tibiofibular articulation along
the anterior portion of the tibiofibular joint line were
located 5.2 mm posterior to the anterolateral corner of
the tibial plafond. These facets had mean anterior-
posterior and superior-inferior dimensions of 7.9 mm
(95% CI, 6.9-8.8 mm) and 4.3 mm (95% CI, 3.9-4.7 mm),
respectively, as measured by the tibial cartilage facet of
the articulation. In the 2 specimens in which direct contact
was not observed, similarly oriented cartilage facets were
observed; however, they were separated by a fold of syno-
vial tissue originating from the fibula.

DISCUSSION

The most significant findings of this study were that the
syndesmotic ligaments were uniform in location and sites
of attachment and that the distal tibiofibular joint was
a synovial-lined joint with articular cartilage.

The findings in this study were consistent with previous
qualitative anatomic descriptions.1,13 Bartonicek1 described
a multifascicular AITFL, a PITFL with both superficial and

Figure 1. Anterolateral view of a left foot and ankle in neutral
plantar flexion and dorsiflexion depicting the anatomic sites
of attachment and course of the anterior inferior tibiofibular
ligament (AITFL). The capsular ridge is defined as the ridge
along the anterior tibia coincident with the superior attach-
ment of the anterior joint capsule. ATFL, anterior talofibular
ligament; CFL, calcaneofibular ligament.

TABLE 5
Quantitative Anatomic Features of the Synovial Recessa

Structure

Tibiofibular Contact Surface Synovial Space Total Cartilage Surface

Tibial articular surface
Area, mm2 22.0 (17.9-26.1) 199.1 (174.8-233.4) 91.6 (82.8-100.3)
Distance to of tibial plafond, anterolateral corner, mm 5.2 (4.6-5.8) —

Fibular articular surface
Area, mm2 14.1 (11.1-17.1) 145.0 (129.0-160.9)
Distance to inferior tip, lateral malleolus, mm 30.9 (28.6-33.2) —

aValues are reported as mean (95% CI, lower limit–upper limit).

92 Williams et al The American Journal of Sports Medicine

 at FRESNO PACIFIC UNIV on January 13, 2015ajs.sagepub.comDownloaded from 

Ankle Syndesmosis A Qualitative and Quantitative Anatomic Analysis. Williams et al, 2018American Journal of Sports Medicine, 43(1), 88-97







Injection Therapy : 

The Effect of Intra-articular Corticosteroids on Articular Cartilage: A Systematic Review, Wernecke et all , AOSSM, 2015, Doi 10,1177/2325967115581163

Evidence on ankle injections for osteochondral lesions and osteoarthritis: a systematic review and meta-analysis,  Boffa et al In,t Orhtop 2021, doi10.1077/s00264-020-04689-5 



Injection Therapy : 

Corticoid steroids :
• Reduces Inflammation
• Reduces Pain 
• Can Improve Rehab
• BUT : Possible Harmful Cartilage  

The Effect of Intra-articular Corticosteroids on Articular Cartilage: A Systematic Review, Wernecke et all , AOSSM, 2015, Doi 10,1177/2325967115581163

Evidence on ankle injections for osteochondral lesions and osteoarthritis: a systematic review and meta-analysis,  Boffa et al In,t Orhtop 2021, doi10.1077/s00264-020-04689-5 



Injection Therapy : 

Corticoid steroids :
• Reduces Inflammation
• Reduces Pain 
• Can Improve Rehab
• BUT : Possible Harmful Cartilage  

The Effect of Intra-articular Corticosteroids on Articular Cartilage: A Systematic Review, Wernecke et all , AOSSM, 2015, Doi 10,1177/2325967115581163

PRP :
• Mono Therapy : Not proven 
Hyaluronic Acid : 
• Superiority 
• High Molecular Weight  

Evidence on ankle injections for osteochondral lesions and osteoarthritis: a systematic review and meta-analysis,  Boffa et al In,t Orhtop 2021, doi10.1077/s00264-020-04689-5 



Injection Therapy : 

Corticoid steroids :
• Reduces Inflammation
• Reduces Pain 
• Can Improve Rehab
• BUT : Possible Harmful Cartilage  

The Effect of Intra-articular Corticosteroids on Articular Cartilage: A Systematic Review, Wernecke et all , AOSSM, 2015, Doi 10,1177/2325967115581163

PRP :
• Mono Therapy : Not proven 
Hyaluronic Acid : 
• Superiority 
• High Molecular Weight  

Combination 
• PRP with High Molecular Weight HA
• Promising results 

Evidence on ankle injections for osteochondral lesions and osteoarthritis: a systematic review and meta-analysis,  Boffa et al In,t Orhtop 2021, doi10.1077/s00264-020-04689-5 



How to Prevent CLAI

History
• Trauma Mechanism
• First time
• If not : total recuperation

Physical Examination
• Hematoma
• Swelling 
• Stability Testing 
• Pain trigger points 
• Ultra Sound  

Imaging
• WBCT
• MRI  

Rehabilitation
• Propriocepsis
• Cartilage lesion : HA 



How to Prevent CLAI

What changes in the last years in my athletic population

Needle Scoop



2mm Artroscope
• Single Use
• 120° Visualisation
• Inflow Canulaes



Indications : 
• Abnormal Swelling 
• Pain over Syndesmotic area
• Painful inhibition or not able to start rehab after 2 weeks max
• Suspicion talar fractures
• Suspicion Peroneal Tendon Pathology 



Evaluation
• OCD lesion 
• Impingement syndromes
• Subtle Syndesmotic Instabilities ( AITFL/IO)
• Evaluation talar fractures : TT and ST joint
• Abnormal swelling or pain
• Tendon lesion and localization 



Advantage

• Almost complete view of the ankle 
• Minimal Soft Tissue Trauma
• Minimal Chondral Lesion
• Rapid time to diagnosis
• Early Rehab program 

Ambulatory
• Ankle Block
• Wallant

In-Office Needle Arthroscopy for Anterior
Ankle Impingement, Colasanti et al, AS Technique 2021 doi 10.1016/j.east.2021.10.15



Treatment
• Loose Bodies
• Synovitis
• Impingement resection
• Smaller OCD lesions
• Talar fractures
• Percutaneous ATFL repair
• Percutaneous Anatomic Repair 



Shepherd’s Fracture 

• Fracture Posterior Facet Talus 

• Forced Hyper plantar flexion and 
inversion

• Compression fracture 

• Forced Hyper dorsiflexion and 
inversion 

• Avulsion fracture 



Cedell’s Fracture 
• Fracture Posterior Medial process Talus 

• Forced pronation and dorsiflexion of 
the foot

• Avulsion 

• Direct trauma 

• Impingement sustentaculum Tali







All-in Side ATFL repair
• Ankle Block 





Bony landmarks available for minimally invasive lateral ankle stabilization surgery: a cadaveric anatomical study, Matusi et al Knee Surg Sports Traumatol Arthrosc (2017) 25:1916–1924 DOI 10.1007/s00167-016-4218-7 



Fibular Tunnel 

• Oblique tunnel
• 30 ° Longer Tunnel 

Retaining more surrounding bones
Medial from the obscure tunnel 

An oblique fibular tunnel is recommended when reconstructing the ATFL and CFL , Michels et al, Knee Surgery, Sports Traumatology, Arthroscopy 
https://doi.org/10.1007/s00167-019-05583-3 



Tarsal Tunnel
• Blind tunnel, guide pin 
• Directed to the most post part of MM
• Fluoroscopy 

Endoscopic Ankle Lateral Ligament Graft Anatomic Reconstruction , Michels et al, Foot Ankle Clin N Am 21 (2016) 665–680  http://dx.doi.org/10.1016/j.fcl.2016.04.010 



Delivering graft  :

• Use of tensioning wires
• Fibular tunnel
• Talar tunnel
• Calcaneal tunnel : underneath peroneal tendons 



Take Home 

Prevention of CLAI : what changes of the last years 
How to treat the Athlete / High Demand patient 



Take Home 

Prevention of CLAI : what changes of the last years 
How to treat the Athlete / High Demand patient 

Try to understand to coping mechanism/ neurosignature of specific athlete
Imaging 
• WBCT
• US/MRI
Rapid Revalidation program 
• Propriocepsis/ Myolux
Low threshold for hyaluronic infiltration 
In Doubt 
• Needle scoping 
Goal of Surgery 
• Rapid Recovery program
• Early ROM


