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THE LONG-TERM EFFECT OF FLEXIBLE SHOES ON CHILDREN͛S FOOT STRENGTH AND FUNCTIONAL PERFORMANCE 
Shayan Quinlan1, Peter Sinclair1, Adrienne Hunt 1 and Alycia Fong Yan1 

1 Discipline of Exercise and Sport Science, School of Health Sciences, Faculty of Medicine and Health, The University of 
Sydney, Sydney, Australia. 

INTRODUCTION 
Barefoot childhood results in better foot strength and 
performance outcomes than shod childhood [1-2]. 
Laboratory studies have established standard school shoes 
restrict foot motion and alter foot kinematics [3].  

No long-term studies into the effect of different 
childƌen͛Ɛ ƐhŽe deƐign Žn fŽŽƚ and lŽǁ limb Ɛƚƌengƚh 
development exist to date. The aim of this prospective, 
longitudinal, randomised controlled trial was to establish 
ǁheƚheƌ a child͛Ɛ fŽŽƚ Ɛƚƌengƚh and low limb functional 
performance improves with flexible shoe use. 

METHODS 
Seventy 9-12 year old healthy children were recruited from 
a Sydney School and randomly assigned control or 
experimental shoes. Exclusion criteria were: < 3-month-old 
foot/ankle injury, orthotic use, general ligament laxity, > 4 
hours/week of gymnastics/dance, BMI > 95th percentile.  

The control group wore standard school shoes. 
The experimental group wore shoes previously established 
in pilot laboratory studies to have minimal foot motion 
restriction. The shoes were worn for non-sports days, 
during school hours (±18hrs/wk) for 9 months. Pre- and 
post-intervention measures were taken. 

Primary outcome measures were cross-sectional 
areas (CSA) of Abductor Hallucis (AH) and Flexor Digitorum 
Brevis (FDB) muscles, and toe flexor strength (TFS) of hallux 
and lesser toes separately. Single leg balance (SLB), Y-
balance test (YBT) and standing long jump (SLJ) were 
secondary outcome measures. 

RESULTS AND DISCUSSION 
Flexible shoes resulted in moderate but not significant 
improvement in CSA (AH K2

p = .04, FDB K2
p = .05) and TFS 

(hallux K2
p = .05, lesser toes K2

p = .04) differences.  
The experimental group had significantly greater 

reach during the YBT in the postero-medial (P = .04, K2
p = 

.07) and postero-lateral (P = .01, K2
p = .10) directions (Table 

1). YBT performance (anterior, postero-medial and postero-
lateral) was positively correlated with hallux TFS (R = .29, .27 
and .33 respectively), lesser toes TFS (R = .28, .35 and .38 
respectively) and SLJ (R = .30, .39 and .57 respectively). CSA 
of FDB was positively correlated with SLJ (R = .34) and SLB 
(R = .42). 

This was the first study to establish long-term effects 
of different shoe designs Žn childƌen͛Ɛ fŽŽƚ deǀelŽƉmenƚ 

and low limb functional performance. There is strong 
potential for flexible shoes to positively influence the 
gƌŽǁƚh and deǀelŽƉmenƚ Žf childƌen͛Ɛ feeƚ͕ ǁiƚh added 
performance benefits to balance and lower limb power. 
Children would benefit from a growing awareness of the 
impact of shoe design amongst parents, health 
ƉƌŽfeƐƐiŽnalƐ and childƌen͛Ɛ ƐhŽe manƵfacƚƵƌeƌƐ͘  

*P < 0.05

CONCLUSIONS 
Wearing flexible shoes long-term improves balance in 
children. Toe flexor strength in children is correlated with 
better balance and standing long jump performance. 
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OPTIMISATION OF RUNNING GAIT COORDINATION TESTING FOR APPLICATION TO FIELD-BASED ATHLETE MONITORING 
Joel Fuller1, Dominic Thewlis2, Jonathan Buckley3, John Arnold3 and Clint Bellenger3 

1 Department of Health Professions, Macquarie University, Sydney, Australia. 
2 Centre for Orthopaedic & Trauma Research, University of Adelaide, Adelaide, Australia. 
3 Allied Health & Human Performance, University of South Australia, Adelaide, Australia. 

INTRODUCTION 
Assessing stride interval long-range correlations can be 
used to monitor motor control in running athletes during 
heaving training [1]. This can identify athletes at risk of 
overtraining during planned heavy training prescriptions 
designed to promote training adaptation (functional 
overreaching) [1]. However, this method has relied on 
wearable devices with high sampling rates (2000 Hz) that 
are difficult to obtain in common commercial devices. 
Additionally, identifying the minimal stride number needed 
to monitor motor control is important to inform field 
testing, which must be time-efficient. Therefore, the aim of 
this study was to investigate the effect of lowering 
sampling rate and stride number on the ability to detect 
changes in athlete motor control during heavy training.   

METHODS 
Data were obtained from a past study [1] assessing stride 
intervals before and after 2 weeks of heavy training, and 
after a 10-day taper. The heavy training was designed to 
induce functional overreaching. Times series of 300 strides 
were originally collected at 2000 Hz using in-shoe force-
sensitive resistors ;TrignoΡ, Delsys Inc, Natick, MA). 
Treadmill tests were performed at speeds equivalent to 
65% and 85% maximum heart rate (HRmax).  

The force-sensitive resistor data were re-sampled at 
1600, 1200, 800, 400, and 100 Hz using custom MATLAB 
code (R2018a, MathWorks, Natick, MA). The original 300 
stride time series were reformatted to 200 and 100 strides. 
This produced six time series sampling rate iterations and 
three time series length iterations for secondary analysis.  

Long-range correlations (α) in each time series were 
determined using detrended fluctuation analysis [2]. 
Strides with long-range correlations across all times 

produce an α value of 1.0, while stride-to-stride 
fluctuations that are unpredictable are associated with α 
values closer to 0.5. Linear mixed models were used to 
determine the effect of sampling rate and series length on 
α values across the three assessment timepoints (baseline, 
heavy and taper) and two speeds.  

RESULTS AND DISCUSSION 
There were training*speed interactions (p<0.03) whereby 
α values at the 65% HRmax speed were decreased after 
heavy and remained low after taper training (Figure 1). This 
indicates that stride interval monitoring detects changes in 
running gait coordination during functional overreaching 
and these changes are best detected at lower (65% HRmax) 
compared to higher intensity (85% HRmax). These 
coordination changes may have implications for injury risk. 

Sampling rates between 400-2000 Hz resulted in 
equivalent α values but α values were reduced at 100 Hz 
(Figure 1). Series lengths of 200 and 300 strides produced 
equivalent α values but the 100-stride series length 
reduced α values (Figure 1). Lower sampling rates and 
shorter series lengths should facilitate field-based 
applications of these testing methods. 

CONCLUSIONS 
Wearable devices monitoring running stride coordination 
can use low sampling rates of 400 but not 100 Hz and 
testing should collect a minimum of 200 strides. These 
technical specifications and testing requirements appear 
feasible for field-based athlete monitoring applications.  

REFERENCES 
[1] Bellenger CR et al. J Sci Med Sport 22: 294-9, 2019.
[2] Hausdorff JM et al. Physica A 302: 138-47, 2001.

Figure 1 Sampling rate effects on detrended fluctuation analysis (DFA) of running strides captured at 65% maximum heart 
rate during overreaching. Symbols indicate difference (p<0.05) from baseline (#), 400-2000 Hz (*) and 200-300 strides (^). 
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INTRODUCTION 
Upper airway dilatory movement is critical to 

maintain pharyngeal airway patency during inspiration. 
Previous studies using tagged magnetic resonance imaging 
(tMRI) have shown that the posterior region of the tongue 
moves anteriorly during inspiration [1], and movements 
differ between people with and without obstructive sleep 
apnoea (OSA) [2, 3].  

Dilatory movement measured with tMRI is thought 
to be the biomechanical result of neural drive to the 
genioglossus, the largest dilatory muscle of the upper 
airway, but knowledge of the relationship between neural 
drive and muscle mechanics is incomplete. Thus, this study 
aimed to examine the relationship between inspiratory 
tongue movement, as measured by tMRI, and genioglossus 
neural drive, as quantified by electromyography (EMG), 
and investigate how this is related to OSA pathophysiology. 
We hypothesised that muscle activation would peak before 
peak airway dilation and that greater dilatory movement 
would be associated with greater genioglossus EMG 
activity since upper airway muscle EMG has been 
previously related with task requirements [4].  
 
METHODS 

The study was approved by the South Eastern Sydney 
Local Health District Human Research Ethics Committee 
(HREC/13/POWH/745). Forty-two participants (10 women, 
aged 20–68 years) were studied. The severity of OSA was 
measured by the apnoea hypopnoea index (AHI), which is 
the number of apnoeas and hypopnoeas per hour of sleep. 
Eight participants had no OSA [AHI < 5 events h–1], 12 had 
untreated mild OSA (5 < AHI ≤ 15 events h–1), 11 had 
untreated moderate OSA (15 < AHI ≤ 30 events h–1) and 11 
had untreated severe OSA (AHI > 30 events h–1).  

tMRI and EMG measurements were obtained for the 
anterior and posterior regions of the horizontal and 
oblique neuromuscular compartments of genioglossus 
during nasal breathing in the supine position awake. These 
regions are innervated by different branches of the 
hypoglossal nerve and may function independently. Airway 
dilatory movement was quantified over 3 inspirations as 
the genioglossus anterior-posterior movement using 
harmonic phase methods. Neural drive was measured as 

the phasic EMG, peak EMG, and inspiratory EMG activity 
during inspiration and was normalised to a maximum 
voluntary contraction (tongue protrusion) over 54±33 [14-
195] breaths. Timing of peak EMG and maximal dilatory 
movement were measured relative to the respiratory 
cycle. 
 
RESULTS AND DISCUSSION 

tMRI and EMG measurement were obtained for 115 
neuromuscular compartments out of 168 (i.e 4 
compartments for every 42 participants, 68%). Across all 
these compartments and after statistically accounting for 
the fact that several measurements were made within the 
same participants, three main results were observed. 

First, peak EMG occurred prior to maximal dilatory 
movement (16.8 ± 5.5% vs 21.4 ± 13.4% of the respiratory 
cycle, general linear model, n = 115, P= 0.02).  

Second, for a given neuromuscular compartment, 
larger dilatory movement was associated with larger 
inspiratory EMG activity (partial Pearson, n=112, r=-0.19, 
P=0.04), but not with peak and inspiratory EMG (P= 0.07, 
and P= 0.24). 

Third, when also controlling for age and BMI, a higher 
AHI was associated with larger dilatory movement (n=110, 
partial Pearson, r=-0.24, P= 0.01), but not with increased 
EMG (phasic: P= 0.40, peak: P= 0.66, inspiration: P= 0.94).  
 
CONCLUSIONS 

These results show that larger dilatory movement 
during inspiration reflects increased drive to genioglossus. 
This suggests that the biomechanical function of the 
tongue in OSA patients remains closely linked to the drive 
to the muscle. However, while dilatory movement appears 
to be increased with increasing OSA severity, this was not 
the case for EMG. This suggests that airway patency is 
adequatley preserved during wakefulness in people with 
OSA despite relatively lower neural drive in people with 
severe OSA. 
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INTRODUCTION 
Magnetic resonance elastography (MRE) provides a non-
invasive method for quantifying changes in the mechanical 
properties of soft tissues. The implementaion of MRE 
commonly used in clinical practice assumes that soft 
tissues are isotropic. This limits the abitlity of these 
methods to capture chages in anisotropic tissues, such as 
muscles.  

Previous methods for anisotropic reconstruction 
have introduced bias into their estimates, by either relying 
on an assumed fibre direction [1], or selectively fitering the 
MRE wave data [2]. The reconstruction technique used in 
this study prevents this by including the local fibre 
orientation to estimate the stiffness at each image voxel.  

This study aimed to validate the proposed 
reconstruction technique against in silico and ex vivo 
phantoms, and demonstrate its application with image 
data of the human calf muscles in different states of stretch. 
METHODS 
To validate the estimated shear moduli, the reconstruction 
was performed with simulated wave data corresponding to 
a range of material properties, fibre structure, and additive 
noise.  

To test the method with real data, ex vivo samples of 
bovine muscles were imaged in a 3T MRI scanner (Philips 
Ingenia CX). To assess the accuracy of the estimate, 
eccentric rheometry was also used to estimate the muscle 
stiffness. 

Finally, six healthy controls underwent (aged 49±13 
years; weight 88±17 kg; height 170±9 cm) underwent 
imaging of their lower right leg. Images were collected 
while the participant͛s ankle was in a neutral position. 
Scans were repeated with the ankle maximally plantarflex 
and thendorsiflexed, to passively stretch the anterior 
(tibialis anterior, TA) or posterior (soleus, SOL; medial 
gastrocnemius, MG) muscles, respectively. 

The same imaging pipeline was used for the ex vivo 
and in vivo data. MRE: the transducer coil excited the 
tissue, and the sinusoidal displacements were sampled at 
multiple time dynamics. Diffusion weighted imaging (DWI): 
33 gradient directions collected, with the same FOV and 
voxel size as the MRE images. mDIXON images were 
acquired at a higher in plane resolution, but same slice 
thickness to provide an anatomical reference image for 
registration. 

To correct for small distortions in the DWI, an affine 
transform was applied to align the DWI with the MRE. 

Muscle fibre tracts were then estimated from the aligned 
DWI images. The fibre tracts were used to provide a voxel 
wise vector map of the fibre orientation for the 
transversely isotropic reconstruction. 
RESULTS AND DISCUSSION 
The new method robustly extracted the transverse shear 
moduli from the in silico phantom. Minimal bias was 
introduced by noise in the fibre orientation or wave data, 
and the method produced quantitatively accurate 
estimates of all moduli.  

There was greater variation in the estimated shear 
moduli for the ex/in vivo data sets, as blood vessels and 
connective tissues violate the assumption of local 
homogeneity. 

Figure 1 Mean stiffness and 95% confidence intervals for 
the estimated group stiffness of the TA, SOL and MG, in 
different stretched states. From left to right, plots show the 
parallel shear sƚorage ;G͛Ϳ͕ perpendicƵlar shear sƚorage͕ 
and ƚhe shear loss modƵli ;G͛͛Ϳ͘ 

Fig. 1 shows the group data highlighting the change 
in muscle stiffness with ankle position͘ On average͕ G͛ was 
greater in the TA while plantarflexed compared to 
dorsiflexed, whereas the SOL and MG G͛ was greater in 
dorsiflexion, consistent with expected muscle stretch. 
CONCLUSIONS 
In silico testing showed the anisotropic reconstruction 
method can reliably reproduce the shear moduli with 
realistic levels of noise in the MRE and DWI data. This 
imaging pipeline was applied to imaging data of the human 
lower leg, demonstrating it could detect changes in 
stiffness due to stretch. This indicates that this method can 
detect changes in anisotropic tissue mechanics. 
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INTRODUCTION 
Biomechanical properties of the extracellular matrix (ECM) 
play a significant role in regulation of central nervous 
system (CNS) cell behaviours after spinal cord injury (SCI) 
[1]. Recently, Brillouin microscopy, a non-destructive, 
label- and contact-free method has been applied 
successfully to probe mechanical properties of cells and 
tissues on a microscopic scale [2]. In this work, the 
viscoalastic behaviour of 3D printed cellular and acellular 
GelMA hydrogels with varoius solid fractions was 
charactized using Brillouin microscopy. 
 
METHODS 
Different GeLMA hydrogel solid fractions (polymer 
concentration) of 5%, 10% and 15% (w/v) were prepared 
with mixing GeLMA powder and LAP photoinitiator, 
followed by mixing with cells at a ratio 10:1. GeLMA 
bioprinting was performed using a BIO X 3D Bioprinter and 
rapidly crosslinked by UV light irradiation to maintain the 
bioprinted desired structure. The live/dead assays was 
performed to analyse the viability of the NG 108-15 
neuronal cell line (Mouse neuroblastoma x Rat glioma 
hybrid) in hydrogels over time.  
The Brillouin microscopy system consisted of a single-
frequency solid-state laser (Torus by Laser Quantum, 660 
nm), a confocal microscope, a 3D scanning microscopy 
stage and a tandem Fabry-Perot interferometer (TFP1, 
Table Stable Ltd). The spectrometer resolution is 
approximately 70 MHz and the spectra extinction ratio is 
above 1010 [3]. 
 
RESULTS AND DISCUSSION 
Brillouin microscopy provides a viable alternative to 
rheology for measurement of material elasticity and 
viscosity, allowing determination of the complex 
longitudinal modulus in the GHz frequency range [2]. The 
viscoelasticity of cellular and acellular GelMA hydrogels 
was investigated, as shown in Fig 1. The Brillouin frequency 
shifts based on the averaged Stokes and anti-Stokes peaks 
were 6.2245 ± 0.0027 GHz, 6.3868 ± 0.003 GHz and 6.5366 
± 0.0032 GHz for the hydrogel concentrations of 5, 10 and 
15% (w/v), respectively. A positive correlation between the 
Brillouin frequency shift/linewidth and the hydrogel solid 
fraction was observed, as depicted in Fig 1(a). 
Furthermore, to investigate effect of encapsulation of cells 
in a hydrogel, the stiffness of cellular GelMA hydrogels and 
acellular hydrogels was compared. Before the Brillouin 
measurements, live/dead viability assay was performed 

and confirmed the high viability of cells in 3D printed 
GelMA hydrogels with 5% (w/v) concentration. Then, the 
Brillouin measurement results obtained from lateral line 
scans across the gel containing cells, confirmed the lower 
stiffness (a6.20 GHz) of cellular GelMA hydrogels 
compared with acellular hydrogels (a6.37 GHz), as shown 
in Fig. 1(b). It seems that the cells may be remodelling the 
matrix as they do in vivo. 

 

 
Figure 1. (a) Brillouin spectra of acellular GelMA hydrogels 
with 5, 10, and 15% (w/v) concentrations. (b) Lateral 
scanning of cellular (red line) and acellular (black line) 
GelMA hydrogels. 
 
CONCLUSIONS 
In conclusion, we have demonstrated that Brillouin 
microscopy can be used to map the mechanical properties 
of hydrogel constructs immersed in a liquid solution. In this 
study, Brillouin microscopy successfully resolved 
differences between 5, 10 and 15% (w/v) solid fraction 
gels, as well as gels containing neural cells. Ultimately, this 
finding may lead to the development of future therapies 
for neural regeneration after SCI. 
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INTRODUCTION 
Osteoarthritis (OA) is a leading, global cause of disability. 
OA is characterised by chronic pain, progressive 
degeneration and loss of function of the synovial joint. 
The precise pathogenesis of OA remains elusive and 
involves a complex interplay between the musculoskeletal 
compartments of articular joints, as well as the 
cardiovascular and the immune systems.  No 
TGA/FDA-approved pharmaceutical interventions are 
currently available to attenuate and reverse OA 
progression [1]. 

Local and systemic inflammatory events are 
implicated in the pathogenesis of OA. However, it remains 
unknown how acute increases in inflammatory cytokines 
affect tissue barrier function at tissue interfaces within 
the joint and with the circulatory system. Yet, molecular 
transport underpins the joints’ physiologic function. We 
hypothesise that disruptions to transport within and 
between joint tissue compartments plays an important 
role in OA pathogenesis. 

METHODS 
To investigate impact of inflammatory events on 
molecular transport, a single mixed bolus of 70kDa tagged 
dextran (Texas-Red) with one of two inflammatory 
cytokines (TNF-α or TGF-βͿ was administered 
intracardially to 11–13-month-old Dunkin-Hartley guinea 
pigs, a spontaneous model of OA. After allowing five 
minutes' circulation, animals were euthanised and whole 
knee joints were resected.  

Left hindlimbs were cryo-embedded then imaged 
using near-cell resolution 3-D fluorescent blockface 
cryo-imaging, enabling visualisation of tracer within the 
entire joint. The tissue compartments were segmented to 
quantify tissue permeability within the joint. Contralateral 
hindlimbs were resin embedded (PMMA) and underwent 
confocal and scanning electron microscopy. Tracer 
intensity were quantified within knee joint 
compartments.  

RESULTS AND DISCUSSION 
Cryo-imaging revealed significant decreases in tracer 
within the entire joint in groups where TGF-β was 
administered. TNF-α and TGF-β significantly decreased 
tracer in bone, cartilage and marrow space, 
compartments where tracer was abundant in control 
animals. However, cytokines to not appear to alter tracer 
concentrations within other tissue compartments 
including muscle, muscle vasculature and bone 
vasculature, which implicates the periosteum as a 

functional tissue barrier between the circulatory system 
and the joint.   

We observed separation of the tracer throughout 
joint tissue compartments at multiple length scales, down 
to pericellular spaces. Quantification of tracer revealed no 
significant differences in knee joint tissue compartments 
between TNF-α or TGF-β groups. TNF-α animals exhibited 
significant differences between the vasculature and a 
greater number of tissue compartments than TGF-β 
animals (p < 0.05).  

Figure 1. (A)Tracer intensity across tissue compartments 
and (B) tracer intensity within tissue compartments.   
CONCLUSIONS 
This study implicates the acute spike in circulating 
cytokines for a near instantaneous modulation of barrier 
function at the interfaces between the tissues of the 
circulatory and musculoskeletal system; this change in 
barrier function is observed to modulate molecular 
transport between and within the tissue compartments of 
the joint as well. The data provide further evidence for 
the role of systemic inflammation and crosstalk in OA 
pathogenesis. Cytokine-modulated transport to and 
within the joint warrants further study, given its 
implications for joint patho-/physiology and its potential 
for the development of novel pharmaceutical and physical 
therapeutic strategies to mitigate OA progression. 
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INdRODhCdION 
The anterior cruciate ligament (ACL) is a major stabilising 
knee structure restraining tibial translation and rotation. 
Several risk factors for ACL rupture are known (e.g. gender 
and participation in certain sports) but despite programs 
targeting these, the rate of ACL rupture is increasing [1]. 
Rupture has associated social, economic and physical 
burdens and the traumatic event is likely to lead to early 
onset Osteoarthritis (OA), a debilitating musculoskeletal 
disease [2]. Mild injuries (e.g. joint sprains) are more 
prevalent amongst sports players than severe ones but the 
consequence of these on ACL biomechanics is under-
investigated [3].  

With knowledge of the role of prior mild knee 
injuries, intervention that could prevent rupture may be 
possible. This could be achieved through improved tracking 
and management of sports players who have sustained a 
mild knee injury. This study employed a mouse model of 
mild knee injury to better understand if previous 
injury/injuries may predispose the ACL to rupture. 

MEdHOD^ 
A randomised, blinded study was performed. Mice were 
assigned to receive zero (naïve mice), one, or two mild 
knee injuries (n с 110). Those undergoing two injuries, 
sustained their second at either 2- or 4-weeks after the 
first. A mouse knee loading apparatus was used to cause 
injury under anaesthesia without acutely failing structures 
within the joint. Mice were euthanised 4, ϲ, or ϴ weeks 
after first injury, and an isolated ACL tensile test was 
performed to measure ACL stiffness and failure load.  

Biomechanical analyses were conducted on force-
displacement data using a customised MATLAB script. 
Statistical analyses in the form of mixed model linear 
regression were carried out followed by Benjamini-
Hochberg adjustment for multiple pair-wise comparisons. 

RE^hLd^ AND DI^Ch^^ION 
Mild injury loading and joint stiffness measurements 
during injury did not differ significantly between injury 
groups. This indicates that there were no variances in the 
injury inductions that would need to be accounted for in 
subsequent ACL failure data analyses.  

ACL failure load was not significantly different 
between any of the study arms (Figure 1). There were no 
trends in the mean failure load between age similar injury 

groups. Significant intra-group differences in ACL stiffness 
were found for naïve, one and two (with 4-weeks recovery) 
mild injury mice. However, the intra-group nature of these 
differences and the changes observed in the naïve group 
suggests that these variances are unlikely to stem from 
mild injury exposure.  

FŝŐƵƌĞ ϭ Isolated ACL failure load 
The finding in this study that ACL strength is not 

affected by prior mild knee injuries differs from other 
results from our research group [4]. Slight changes made 
to the apparatus may have had inadvertent effects on the 
repeatability of the methods followed and should be 
explored further. The mean and standard deviation (SD) of 
the ACL failure load in each naïve group was ϴ.ϳϵ r 0.ϱ0N, 
ϵ.ϳ0 r 1.3ϱN and ϵ.34 r 1.22N (Figure 1), where SD 
indicates variability. This may tell of the natural biological 
variation that exists within a population and/or experiment 
variability in the ACL failure testing. 

CONCLh^ION^ 
In this study, ACL biomechanics was not affected by prior 
mild knee injuries, nor varying the length of the recovery 
period between the first and second injury. Whilst 
significant intra-group differences were found between 
failure stiffness for some study arms, this is unlikely to be 
attributed to exposure to injury/injuries. 

REFERENCE^ 
[1] Zbrojkiewicz D et al. MJA ϮϬϴ;ϴͿ: 3ϱ4-3ϱϴ, 201ϴ.
[2] Sutton K et al. JAAOS Ϯϭ;ϭͿ: 41-ϱ0, 2013.
[3] Lathlean T et al. JSAMS Ϯϭ;ϭϬͿ: 1013-101ϴ, 201ϴ.
[4] Blaker C et al. AJSM Accepted 2ϴ Aug 2020.
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INTRODUCTION 
In Australia alone approximately 17,000 anterior cruciate 
ligament (ACL) reconstructions are performed each year, 
with numbers continuing to rise [1]. Surgical repair of 
tendon and ligament injuries commonly involve the use 
of various autograft and allograft tendons with similar 
morphometry and mechanical properties to that of the 
native tendon or ligament. In vivo remodelling of 
implanted tendons has the potential to alter the tensile 
strength and lead to early graft failure.  

In vitro enzymatic degradation assays are 
commonly used as an indicator of in vivo resorption and 
remodelling rates [2] . This study aimed to compare in 
vitro degradation rates of different tendons commonly 
used as grafts for anterior cruciate ligament 
reconstruction. 
 
METHODS 
Tendons were retrieved from fresh-frozen human 
cadavers (3 male, 3 female; 49-62 years). For each donor, 
samples of ~10 mm × 2 mm × 2 mm were dissected from 
the patellar, semitendinosus, gracilis, achilles, tibialis 
anterior, and tibialis posterior tendons. The initial dry 
weight was recorded before rehydration and exposure to 
100 U of bacterial collagenase under constant agitation 
for 1, 2, 4 or 8 hours (n=4-6/tendon/time point). Final dry 
weight was measured after inactivation of collagenase 
activity by 0.025M EDTA.  

The change in dry weight was evaluated using 
mixed model linear regression, accounting for paired 
donors, and including time, sex and initial dry weight as 
covariates. Benjamini-Hochberg adjustments were 
performed on the comparisons between tendons. 
 
RESULTS AND DISCUSSION 
All tendons demonstrated a significant reduction in 
tissue mass over time which is evident in Figure 1. At 1 
hour the average loss in mass was greatest in the patellar 
tendon (degraded by more than 25%) compared to all 
other tendons which retained more than 75% of their 
initial mass. After 4 hours, the patellar tendon continued 
to degrade more rapidly, losing 77.2% of its mass 
compared to less than 46.89% for all other tendons. 
Despite the higher degradation rate the patellar tendon 

is still one of the most used tendons for ACL 
reconstruction [3].  

By 8 hours, the average percentage loss was 
greater than 90.45% for patellar, tibialis anterior and 
tibialis posterior tendons. Gracilis, achilles and 
semitendinosus tendons were reduced by 81.53%, 
70.31% and 70.08% respectively. The greater resistance 
to degradation in the latter three tendons may suggest a 
more favourable graft option. Overall, change in mass 
was significantly greater in the patellar tendon compared 
with all other tendons (PчϬ.ϬϬ4). Tissue loss was also 
significantly higher in tibialis posterior compared with 
semitendinosus (P=0.0128). 
 

 
Figure 1 Mean degradation rate of common tendons used 
for ACL reconstruction (Achilles, Tibialis Anterior, Tibialis 
Posterior, Patellar, Semitendinosus and Gracilis) when 
exposed to bacterial collagenase 
 
CONCLUSIONS 
The patellar tendon degraded at an increased rate when 
compared to the other tissue samples. Despite this, the 
patellar tendon is one of the most common and 
successful grafts for ACL reconstruction. This suggests 
that in vitro enzymatic degradation may therefore not act 
as an effective indicator for in vivo performance. 
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