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Structural Characteristic of Selected Ankle Structures in Healthy and Chronic Ankle Instability
Abdeen, R, Comfort P, Starbuck C, Nester CJ.
University of Salford, Manchester,UK
r.abdeen@edu.salford.ac.uk
Introduction: Lateral ankle sprains are one of the most common musculo-skeletal injuries encountered both in
clinical practice and in the sporting community. Even though it is understood that scar tissue forms in the
ligament following a sprain, little is known about the morphologic alteration in the ligaments and tendons
around the ankle after the injury. The objectives of the study were to (1) characterise and compare selected ankle
structures in healthy and injured cohorts and (2) quantitatively measure the echogenicity of the anterior
talofibular ligament (ATFL) in healthy and injured ankles.
Methods: 40 healthy participants and 30 participants with chronic ankle instability (CAI) were recruited from a
university population. A musculoskeletal sonographic image of ATFL, calcenofibular ligament (CFL), peroneal
tendons, tibialis posterior tendon and Achilles tendons was obtained using a Venue 40 ultrasound system with a
5-13 MHz transducer. Thickness, length, and cross sectional area (CSA) of each structure was measured for
each ankle in a neutral and tension position. The analysis of ATFL echogenicity was implemented in Matlab and
involved: image pre-processing, clustering segmentation of the image, and feature extraction. A series of
independent T-test statistical was compared structural differences between healthy and injured ankles.
Results: The ATFL was significantly longer by 10% in CAI compared to healthy ankles with p-value of 0.04
and effect size Cohen’s d =1.53. The thickness of ATFL and CFL were significantly thicker in injured compared
to healthy participants by 57% (p-value= 0, and Cohen’s d =2.688) and 10% (p-value= 0.003 and Cohen’s d =
0.8) respectively. The intensity and contrast of the injured ATFL was statistically lower than normal ligament
with p-vale ˂0.01 and Cohen’s d= 0.726. There were no statistically significant differences in the peroneal
tendons, tibialis posterior tendon and Achilles tendon between healthy and injured groups.
Discussion: Lengthening of the ATFL will likely lead to reduced constraint on the talus relative to the fibula
and tibia, allowing it to translate anteriorly or rotate medially relative the fibula (Croy et al., 2013). The
thickness of ATFL was increased but by far more than other observed (15% in Liu et al., 2015). Differences in
remodelled ligament matrix might explain a difference between healthy and CAI. These include changes in the
types of collagen, decreased collagen crosslinks, increased vascularity, abnormal innervation, and presence of
inflammatory cell pockets (Hauser et al., 2013). The scar tissue of the remodelled ATFL in the CAI group
would explain the lower intensity data and be associated with weakness in the ligament strength, which is
believed to persist for years after the initial injury (Hauser & Dolan, 2011). This may result in abnormal
biomechanical, biochemical and ultrastructural properties and risk of further injury (Hauser & Dolan, 2011).
Clinical relevance: Understanding the structural differences between healthy and injured ankles and having a
framework to use ultrasound to evaluate ligament tissue quality (as well as morphology) may improve
objectivity in the clinical assessment of lateral ankle injuries. This may lead to clinical insights in terms of injury
classification and treatments.
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Figure.1: Developed framework for ATFL segmentation
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Multi-segment foot kinetics in Chronic Ankle Instability and healthy subjects during barefoot running with
a rearfoot-striking pattern
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KULeuven, Department of Rehabilitation Sciences, Belgium 2KULeuven, Department of Development and Regeneration,
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INTRODUCTION: Up to 32-74% of lateral ankle sprains (LAS) can result in chronic ankle instability (CAI) (1).
Biomechanical abnormalities are a potential intrinsic risk factor in the occurrence of LAS. Recent evidence and personal clinical
expertise highlighted that foot-striking patterns during running potentially impact lower limb kinetics and may result in runningrelated injuries, such as LAS. A review of literature exposed a lack of multi-segment kinetic foot measurements in a CAI
population. Therefore, we aimed to investigate differences in joint kinetics of the rearfoot, Chopart, Lisfranc and Hallux
segments between healthy and CAI subjects while running barefoot with a rearfoot-striking pattern.
METHODS: Seven healthy (4 men/ 3 women) and twelve CAI (5 men/ 7 women) participants signed the informed consent
and the ethical committee of the University Hospital of Leuven approved the protocol. Reflective markers were placed on foot
and lower limb anatomical landmarks according to the Rizzoli Foot Model (RFM) (2). All participants performed a running
analysis at a speed of 3.3 m/s (±10%) in a clinical motion analysis laboratory that is instrumented with a 3D motion analysis
system (Vicon®, 100 Hz) and a plantar pressure platform place (RSscan international, 200 Hz) on top of a force platform
(AMTI®, 1000Hz). The kinetic computation combines the marker position, ground reaction force, and pedobarograph data.
The center of pressure and resultant ground reaction force were distributed over each segment of the RFM (Ankle=CalcaneusShank, Chopart=Calcaneus-Midfoot, Lisfranc=Midfoot-Metatarsus and hallux) using the proportionality scheme validated by
Saraswat et al. (3). Inertial parameter calculations of foot segments were based on the mass of the segments and on their
geometric solids, whereas the mass of the foot was distributed at 30/30/30/10 percent. An inverse dynamic analysis program
written in Matlab computed joint moments and powers starting from the hallux segment and progressing proximally using
Newton-Euler equations, similar to a recent methodology published by Deschamps et al (4). The maximum and minimum
peaks of moment and power values of the four segments in three planes (sagittal, frontal and transverse) of both cohorts were
statistically compared using the non-parametrical Mann-Whitney U test (α=0.05).
RESULTS: CAI subjects have maximum and minimum peak moments and powers that are similar to healthy subjects, except
for a significant difference in their rearfoot minimum peak power in frontal plane, where CAI subjects absorb 0.33 Watt/kg in
comparison to 0.56 Watt/kg in healthy subjects (table 1).
DISCUSSION: After visual inspection of the kinetic waveform data, the significant difference in rearfoot absorption in the
frontal plane was found during the late stance phase. This phenomenon is in line with the study of Santilli et al. (2005), which
highlighted a decreased activity of the Peroneus Longus (PL) during late stance phase in subjects with CAI. The impaired
function of PL may result in lower rearfoot power absorptions in the frontal plane during the late stance phase in CAI subjects.
SIGNIFICANCE/CLINICAL RELEVANCE: A first step has been taken towards understanding and unraveling the
biomechanical and kinetic characteristics of multiple foot segments during barefoot running in a CAI population, aiding in the
optimization of clinical-decision making and interventional strategies.
REFERENCES: 1) Hiller et al. Arch Phys Med Rehabil. 2012:93;10:1801-1807; 2) Leardini et al. Gait Posture. 2007:453–
462; 3) Saraswat et al. Gait Posture. 2014:39, 339–345; 4) Deschamps et al. J Biomech. 2017:16;61:168-175; 5) Santilli et al.
Am J Sports Med. 2005;33:1183–7.
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Effects of Speed, Grade, and Shoe Stiffness on Plantar Fascia Strain During Walking
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INTRODUCTION: Plantar fasciitis afflicts approximately 2 million people each year1 and is thought to occur due to
repetitive tensile overload of the plantar fascia. Both toe dorsiflexion due to the windlass mechanism2,3 and arch collapse4
contribute to plantar fascia strain (PFS). Arch collapse is caused by ground reaction forces as well as Achilles tendon
forces1,2. Walking and running at various treadmill inclines results in increased Achilles tendon strain5, suggesting that gait
speed and incline may affect PFS. In addition, the windlass effect may be reduced by shoe selection due to decreased toe
dorsiflexion6. Therefore, the purpose of the study was to use a musculoskeletal model to determine the effects of speed,
grade, and shoe stiffness on plantar fascia strain.
METHODS: 15 healthy subjects (age: 25.8±8.2yrs; height: 1.8±0.1m; mass: 72.2±16.2kg) completed the study while walking
on a treadmill. Subjects were fitted with marker triads glued over the right calcaneus, navicular, and hallux via holes cut in the
shoe. Experimental conditions included all combinations of 2 speeds (preferred walking speed (PS) and 20% greater than
preferred walking speed (PS+20%)), 3 inclines (0°, 5°, and 10°), and 2 shoe forefoot bending stiffnesses (stiff and flexible
midsole). A four segment (rearfoot, forefoot, hallux, sesamoid) model of the foot (Figure 1) was used to deform the foot
according to triad movement. Translation of the hallux and translation/rotation of the sesamoid were visually matched to the
contour of the 1st metatarsal head and then calculated as a function of the first metatarsophalangeal (MTP) joint angle. PFS was
then estimated as the change in length of the plantar fascia from normal standing and was due to both the windlass effect of the
MTP joint and collapse of the arch (rearfoot-forefoot angle). A repeated measures ANOVA was used to determine statistical
significance (=0.05) with trend analysis used to compare the incline effect.
RESULTS: There were no significant interactions. The main effect of stiffness was not significant (stiff = 1.86 ± 2.85%,
flexible = 1.92 ± 2.51%; p = 0.69) (Figure 2C), but speed was significant (PS = 1.81 ± 2.58%, PS+20% = 1.96 ± 2.74%;
p=0.016) with greater strain in the PS+20% condition (Figure 2A). In addition, there was a linear trend to the incline effect
(Figure 2B), with greater strains in the higher inclines (0° = 1.59 ± 2.68%, 5° = 1.86 ± 2.71%, 10° = 2.22 ± 2.66%; p=0.014).
DISCUSSION: As the MTP is extended, it tightens the plantar fascia and helps to re-establish the arch which has collapsed
during mid-stance. The cross-correlation between the MTP angle and the rearfoot-forefoot angle was -0.58 over all
conditions in this study. Changes in PFS appeared to be more greatly influenced by the MTP joint (r=0.57) than by the
rearfoot-forefoot angle (r=-0.25).
SIGNIFICANCE/CLINICAL RELEVANCE: This study was conducted to better understand causative agents associated
with increased tension in the plantar fascia, which may lead to the development of plantar fasciitis. Clinically, the results can
be applied when recommending exercise or rehabilitating patients with plantar fasciitis.
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Histological and biomechanical study of tendinopathy induced by serial injections of collagenase: a new
experimental model in the Achilles tendon of rabbits.
1
1
1
1
2
2
Cesar de Cesar Netto ; Lauren Roberts ; Scott Ellis ; Guilherme Honda Saito ; Alexandre Godoy-Santos , Tulio Diniz Fernandes
1
2
Hospital for Special Surgery, NY, University of Sao Paulo, Brazil
NOTHING TO DISCLOSE
ABSTRACT
PURPOSE: To compare biomechanical and histological findings of a new animal model of Achilles tendinopathy, induced
by serial low-dose injections of bacterial collagenase, to the traditionally used single high-dose injection model and to
controls.
METHODS: Forty-five rabbits were randomly assigned to three groups. Low-dose Group (LD) (n=18) underwent three
serial low-dose (0.1mg) injections of collagenase in both Achilles tendons, High-dose Group (HD) (n=18) underwent
single high-dose injection (0.3mg) and Control Group (C) (n=9) served control. Injections were separated by 2 weeks. Six
rabbits were sacrificed from each experimental group (LD and HD) at 10, 12 and 16 weeks. Animals in Group C were
sacrificed after 16 weeks. Histological and biomechanical properties were compared. P-values <0.05 were considered
significant.
RESULTS: At 10 weeks, HD Group animals, when compared to LD Group, showed increased histological score and
tendon cross sectional area, with impaired biomechanical properties, demonstrating an acute onset of the disease. At 12
weeks, histological score was higher in the LD Group, with similar biomechanical findings between the groups. After 16
weeks, histological score was significantly increased for both LD (11,8±2,28) and HD Groups (5,6±2,51), when compared
to controls (2±0,76). Regarding biomechanical findings, groups differed in cross sectional area of the tendon, Young’s
modulus, yield stress and ultimate tensile strength, with more pronounced findings in animals from Group A.
CONCLUSIONS: The animal model of Achilles tendinopathy induced by serial injections of low-dose collagenase showed
more pronounced histological and biomechanical findings after 16 weeks, reproducing better the progressive
characteristic of the chronic tendinopathy in humans.
CLINICAL RELEVANCE: The development of a proper animal model of Achilles tendinopathy is essential in the understanding of the
pathology and search for better treatment options.
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The influence of prolonged weight bearing physical activities on plantar tissue behavior
Jee Chin Teoh1, So Young Eom1, Jina Kim1, Taeyong Lee1
1
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INTRODUCTION: Activity level influences amount of accumulated mechanical trauma to the foot [1]. As high as 39% of
marathon runner were reported to suffer the epidermal split [2]. The constant pounding on hard surfaces and shearing forces
cause the localized injury frequently found at the foot [2]. Nonetheless, majority of investigations of plantar tissues focus on
diseased population. The purpose of this study is to investigate the relationship between the localised cumulative stress due to
prolonged weight bearing activities and plantar tissue stiffness in healthy individuals with the use of in-vivo indentation
technique. It is hypothesized that excessive and repeated mechanical stress will alter the tissue properties over time.
METHODS: Subjects were recruited from engineering (control) and ballet schools (15 each). IRB approval and informed
consent were obtained. The indenter probe had a 5mm diameter hemispherical tipped stylus which was driven by a stepper
motor. The stylus was connected to a miniature compression load cell. 2nd sub metatarsal head (MTH) and heel pad were
indented with maximum deformation depth of 2.65mm and a constant speed of 12.3mm/s. Tissue behaviour was
characterized via stiffness constant (K). Barefoot plantar pressure distribution was recorded in standing mode.
RESULTS: As shown in Fig. 1a, plantar tissue of ballet students were found to be significantly higher as compared to the
control at the forefoot region. The finding was the opposite the at the heel, with higher stiffness observed in control group.
Similar results were obtained from plantar pressure measurement (Fig. 1b).
DISCUSSION: The occupational behavior of ballet dancers with anteriorly shifted COP during standing resulted in higher
mechanical stress on the forefoot region. Apart from the process of tissue glycation due to ageing and metabolic disease, high
frequency and large magnitude of localized stresses due to high impact physical activities may also stiffen the plantar tissue
excessively [3].
SIGNIFICANCE/CLINICAL RELEVANCE: The relationship between localized mechanical stress and tissue stiffness was
established. Excessive and repeated stresses stiffen the planter tissue not only in diseased population, but also healthy
individuals who engages in high impact sports activities.
REFERENCES:
1. Cavanagh, P.R.U. et al. Diabetic Medicine. 1996; 13: p. S17.
2. Mailler-Savage, E.A. et al. Journal of the American Academy of Dermatology. 2006; 55(2): p. 290-301.
3. Brand, P.W. Macmillan Education UK. 1976; p. 19-23.
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Figure 1. (A) Plantar tissue stiffness and (B) plantar pressure distribution at the heel and forefoot regions of control and ballet
subjects.
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The Effects of Posterior Tibial Tendon Dysfunction on Foot Function
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INTRODUCTION
Numerous clinical studies and research articles have implicated the posterior tibial tendon1-2 as being an integral
component in the development of flexible flatfoot deformity. Therefore, it was the aim of this study to determine if loss
of function of the posterior tibial tendon does indeed significantly increase calcaneal eversion2-3 as well as impart
increased strains upon the plantar fascia4and the spring ligament1,4-5.
METHODS
An intra-medullary rod was driven into the tibia of 4 fresh cadaveric specimens connecting the specimen to a dynamic
gait simulator. Eight extrinsic muscles crossing the ankle were connected to load cells in series with motors to simulate
muscle activity. MicrostrainR micro strain gauges were placed in the medial and lateral bands of the plantar fascia as
well as in the superomedial portion of the spring ligament. Two 0.062 inch k-wires were driven into the posterior
calcaneus and two into the posterior tibia. A marker was attached to each k-wire for collecting kinematics. Each foot
was walked 5 trials for 2 conditions (normal and posterior tibial tendon dysfunction (PTTD)). The PTTD condition was
created by detaching the posterior tibial tendon from the simulator. Data were analysed using Cohen effect sizes which
are 0.20, 0.50 and 0.80 representing small, medium and large differences respectively.
RESULTS
An increase in calcaneal eversion from forefoot loading to heel off and decreased inversion from heel off to toe off
was observed during simulated PTTD with an effect size of 0.990 and 0.984 respectively (figure 1). The strain in the
superomedial portion of the spring ligament was, also, observed to increase in PTTD with a large effect size of 0.982
(figure 2). The strain in the lateral band of the plantar fascia increased in 3 feet with an effect size of 0.412. However,
the strain in the medial band of the plantar fascia only increased in 1 foot with an effect size of 0.076.
DISCUSSION
This study confirmed that the function of the posterior tibial tendon is essential to the function of the foot. Kinematic
changes associated with PTTD were confirmed with an increase in calcaneal eversion, as well as the inability of the
calcaneus to invert in late midstance (figure 1). The study also demonstrates, for the first time, that strains increase in
the superomedial spring ligament early during gait with PTTD and is consistent with injuries observed to the spring
ligament on MRI of PTTD patients. No data previously existed for plantar fascial strain and PTTD. The authors
hypothesized there would be an increase in plantar fascial strain due to abnormal kinematics. However, there was only a
small increase in plantar fascial strain which appears to be consistent with MRI results for PTTD patients4. The study is
limited by a small number of specimens.
SIGNIFICANCE/CLINICAL RELEVENCE
The study confirmed both kinematic data from gait studies on patient’s with PTTD as well as what is observed
clinically with MRI results from PTTD patients.
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Figure 1 –Calcaneal eversion

Figure 2-Spring ligament change in strain

1.5
Spring
Ligament
PT

1
0.5

Spring
Ligament
PTTD

0
Foot 1 Foot 2 Foot 3 Foot 4

