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A B S T R A C T

The fascia lata (FL) is a multi-layered connective tissue with anisotropic mechanical behavior due to its fiber
organization. It plays a key role in musculoskeletal functionality, making it important in tissue engineering.
Understanding its mechanical response to stimuli like movement or applied pressure is crucial, as the elastic and
viscoelastic behavior can vary significantly based on morphological characteristics, harvesting site, and load
direction.
Thus, the aim of this review is to summarise through a gap analysis the scientific literature on the biome-

chanical properties of the human FL, identifying all those features (from the experimental set up to its inherent
structural variability) that could affect its biomechanical behaviour, and thus unveiling these emerging corre-
lations. Our research reported key mechanical properties of the FL, such as Young’s modulus, Ultimate Tensile
Strength, failure strain, and anisotropic response, which are crucial for designing and applying obtained allo-
grafts and autografts in soft tissue repair. These insights can help surgeons optimize graft applications—selecting
the proper harvesting location, technique, graft type, and suture size—and guide clinicians in rehabilitation for
personalized medicine.

1. Background

The fascia lata (FL) is a regular connective tissue, characterized by a
multi-layered structure and identified as an aponeurotic deep fascia
(Stecco, 2014). It is part of the fascial system with the superficial fascia
(Berardo et al., 2024; Stecco and Schleip, 2016), and it gives insertions
to many muscular fibers, such as the vastus lateralis and medialis,
transmitting the forces in various directions. This precise interaction
between FL and the surrounding structures, such as the underlying
muscles, guides the collagen fibre orientation inside the FL, introducing
anisotropic features (Otsuka et al., 2019, 2018). Among the many
functions of FL some authors reported its ectoskeletal role (as a soft
tissue skeleton for muscle attachments), its importance for creating
compartments for muscles, dissipating stress concentration at entheses,
and acting as a protective sheet for underlying structures (Benjamin,
2009; Wood Jones, 1944). For these reasons, the FL has long been of

interest to the medical community for its biomechanical and physio-
logical properties, such as thickness and structural stiffness, e.g., that
could be indicators related to the increment of pressure in both acute
and chronic compartment syndromes (Turnipseed et al., 1995).

In addition, another valuable point that prompted the interest of FL
biomechanics has been its growing application to tissue engineering. Its
fibrous, sheet-like nature allows the FL to be cut and shaped as required
in the surgical procedure (Flanagan and Campbell, 1981). From the
1900s onwards, the FL has been used as a key source of connective tissue
for a wide variety of surgical procedures in the field of orthopaedics
(Ding et al., 2019; McCarron et al., 2012; Polacek, 2019), plastic surgery
ophthalmology (Flanagan and Campbell, 1981; Takahashi et al., 2015),
cardiology (Ionescu et al., 1972, 1970; McEnany et al., 1972), thoracic
surgery (Molnar et al., 2003) and urology (Brown et al., 2000; Choe
et al., 2001; Powell et al., 2004), for a wide variety of applications,
including substitution of a torn anterior cruciate ligament (Khiami et al.,
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2013). Recently, human FL has been also considered for novel applica-
tions such as Critical Size Bone Defect (CSBD) treatments, demonstrating
its potential use as a periosteal-like scaffold (Manon et al., 2022).

However, some works reported the need to improve graft prepara-
tion techniques to minimize differences and increase the repeatability
(Ferro et al., 2015). Indeed, many factors usually contribute to the
success or failure of an autograft / allograft reconstruction, including
grafting preparation at the time of surgery, graft fixation, and, espe-
cially, the biomechanical suitability of the implant with the anatomical
site of the application. This being the case, experimental values such as
Ultimate Tensile Strength (UTS), Young’s (or Elastic) modulus (E) and
maximum tissue strain before breakage may represent preliminary in-
dicators of a graft successful performance in vivo, thus highlighting the
fundamental clinical importance of a clear and reliable investigation of
the FL biomechanics also for rehabilitative interventions.

Since the beginning of the XX century, some studies have been per-
formed to characterize the elastic and viscoelastic properties of human
FL when subjected to external stimuli, to simulate its biomechanical
function under tensile loads, as for example (Bonaldi et al., 2023a,
2023b; Gratz, 1931; Otsuka et al., 2018). However, from a careful
analysis of the available literature, it is clear that FL mechanical
response significantly depends on many variables, such as different
sample harvesting and preparation, mechanical test parameters, direc-
tion of the fibres with respect to the applied load, confirming among the
others its anisotropic asset and site-dependent characteristics (de Cam-
pos Azevedo et al., 2021).

Therefore, the aim of the present study was to summarise the sci-
entific literature on the biomechanical properties of the human FL and
related testing protocols, in order to correlate them with the tissue
microstructural configuration. A clear identification of possible biases
that could lead to a misleading of the results would help during test
planning and applications, to not compromising their efficiency. This
review has been focused on the tensile behaviour of human FL, from
sample harvesting and experimental setup to mechanical properties.

These insights could be useful to surgeons during daily practice in
planning fascia orientation (Chaudhry et al., 2007), selecting graft
location, applicative technique, and graft type based on site properties
(de Campos Azevedo et al., 2021), and determining the correct size of
the suture to be used in the operative procedure (Gratz, 1931).

2. Methods

2.1. Search strategy and criteria

The results of this review were reported on the basis of the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines. Using database-specific subject headings, SCIENCEDIRECT
and PUBMED were searched from inception until March 2024. Search
terms were included queries with combination of the following key-
words: (“fascia lata” OR “iliotibial band”) AND (“uniaxial tensile test”
OR “stress relaxation test” OR “mechanical properties” OR “constitutive
parameters” OR “dynamic loading” OR “cyclic behaviour”). In total 217
articles from databases and 6 articles from other sources were included
(Fig. 1). PICO framework helped in developing studies evaluation:

P (population/problem): biomechanical properties of specimens
from human donors FL (inclusive of the iliotibial band);
I (intervention or exposure): uniaxial tensile test;
C (comparison): specimen preparation, storage, experimental setup
and protocol, outcomes analysis and evaluation;
O (outcome): stiffness, Young’s modulus, stress–strain at failure,
viscosity.

Some articles were removed (e.g., duplicates), and remaining articles
have been fully revised (192). Articles were included if they described
topics in accordance with PICO description or if they reported any
relevant discussion. Finally, 32 articles were considered eligible for the
comparative analysis. Three other expert reviewers (two engineers and

Fig. 1. PRISMA flow diagram.
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one clinician) supervised the selection and supplemented this review
with additional elements and observations. This review focused on
mechanical testing and characterization of human FL, considering also
additional mechanical tests compared to uniaxial tests, e.g., biaxial tests.

3. Results

3.1. Design of the mechanical test

3.1.1. Micro and macrostructure of fascia lata
The correspondence between fascia microstructural configuration

and its biomechanical behaviour can be considered the first key factor
for FL evaluation through mechanical tests. The FL is an aponeurotic
fascia, formed by two–three layers of fibrous connective tissue
(Benetazzo et al., 2011; Stecco et al., 2008), divided by thin layers of
loose connective tissue, rich in hyaluronan which is responsible for loose
connective tissue viscosity (Stecco et al., 2023; Stecco, 2014). According
to the characterization of the literature, in general, the 2–3 layers of
dense connective tissue have a thickness of 277 μm ± 86 μm each and
are separated by layers of loose connective tissue of 43 μm ± 12 μm
each, which lead to an average total thickness of 944 μm ± 156 μm
(Stecco, 2014). The fibrotic component plays a role in the force trans-
mission, while the loose connective tissue guarantees the gliding be-
tween the various fibrous layers and between fascia and the underlying
muscles (Stecco, 2014).

The FL can be divided into different parts according to its position
relative to the underlying muscles (Platzer et al., 2014; Stecco, 2014).
The posterior portion covers the ischiocrural muscles and proximally is
in continuity with the gluteal muscles. The lateral portion is the thicker
one because it is reinforced by the iliotibial tract (ITT). It is important to
note that some last researchers (Stecco et al., 2013; Stecco, 2014)
highlighted that the ITT is not an isolated structure, but it is totally
embedded into the FL. In such a way, as underlined by (Benjamin, 2009)
“the ITT is part of a whole fascial stocking completely encircling the
thigh, is extensively connected to the lateral intermuscular septum”. The
anterior portion covers the quadriceps muscle and the sartorius one,
whilst the medial portion covers the adductors muscles (Benjamin,
2009; Platzer et al., 2014; Stecco, 2014).

The biomechanics of the fascial tissues is therefore influenced by the
elements mentioned above (such as the loose connective tissue and the
close relationship with the muscles through the myofascial expansions),
but it is especially a function of the arrangement of the fibres (mainly
collagen, more numerous than the elastic fibres (Pirri et al., 2022)).
Indeed, the myofascial expansions could be considered as fibrous ex-
tensions originating from the muscle and continuing beyond the muscle
itself, into the fascia (A. Stecco et al., 2009). The spatial orientation of
collagen fibres varies from layer to layer, in each layer the collagen fi-
bres run parallel in a specific direction (as also reported by (Szotek et al.,
2012)), while commonly the directions of the fibres between the layers
form an angle of 75◦-80◦ (Stecco, 2014). This arrangement leads to the
ability of the fascial system to resist tensile loads along with peculiar
directions (Stecco, 2014), as also observed for the crural fascia (C. Stecco
et al., 2009).

3.1.2. Sample collection
Samples from cadavers or even excised during surgery (e.g., (Gratz,

1931)) often come from elder subjects (> 60 y/o), however some studies
reported case studies also from younger donors even if the sample size
appears to be quite limited (early-young (<18) and young (18–40)
population)(Aurora et al., 2011; Balsly et al., 2008; Butler et al., 1984;
Caplan and Kader, 2014; Derwin et al., 2008; Erivan et al., 2018; Gratz,
1931; Hammer et al., 2012; Zwirner et al., 2019). An aspect that
randomly depends on sample availability is the donor’s sex: a clear
majority of male donors are reported, with few exceptions (Bonaldi
et al., 2023a; Manon et al., 2022; Otsuka et al., 2018). Another variable
that represents a key information is the harvesting site: in many works,

unfortunately this detail has been omitted, but (Otsuka et al., 2018)
reported differences in the mechanical response of FL from anterior,
posterior, medial and lateral legs sites. Moreover, since the FL has been
observed to be a highly anisotropic and composite material (Butler et al.,
1984), when dealing with its mechanical characterization, affecting
parameters are the fibres directions of both layers and thus how the
specimen has been cut with respect to them. It has been proved that
fibres influence the mechanical properties when they are oriented par-
allel or perpendicular to the applied load (Otsuka et al., 2018; C. Stecco
et al., 2009), thus results may be wrongly interpreted if the reference of
fibres direction, when cutting the sample, is missing. We noticed this
aspect to be highlighted in some of the analysed works, even though the
aim of some of those studies then focused on other aspects (Aurora et al.,
2011; Balsly et al., 2008; Butler et al., 1984; de Campos Azevedo et al.,
2021; Derwin et al., 2008; Hammer et al., 2012; Steinke et al., 2012).

3.1.3. Sample conservation
Storage, thawing and hydration may alter the mechanical perfor-

mances of biological materials as well. When comparing the available
protocols for FL before testing, these collateral procedures have been
also reported. Fresh samples should be the first choice when available
(to be tested within 72 h) (Crawford, 1969; de Campos Azevedo et al.,
2021; Gratz, 1931; Thomas et al., 1998), even if the most common so-
lution among the authors resulted in fresh-frozen (− 20 ◦C to − 85 ◦C)
specimens (Bonaldi et al., 2023a; Butler et al., 1984; de Campos Azevedo
et al., 2021; Derwin et al., 2008; Erivan et al., 2018; Hammer et al.,
2012; Steinke et al., 2012; Zwirner et al., 2019), sometimes with a pre-
cooling before freezing (Erivan et al., 2018; Hammer et al., 2012;
Steinke et al., 2012; Zwirner et al., 2019). Indeed, it has been reported
that freezing the samples for a short time (i.e., 5 min) before cutting
demonstrated to prevent slippage between layers (Crawford, 1969). In
addition, some works tested also some previously processed samples
(see Table 1), with evidence that these processes could alter the tissue
properties, as ice formation that potentially weaken the collagen
microstructure of the FL (Lemer et al., 1999).

Another issue during mechanical tests is sample dehydration, which
consistently changes the response of the material. The reduction of
water content in time and consequent sample drying could influence the
microscale, with macroscopic effects such as an increase in material
stiffness and a reduction of material elongation (brittle behaviour). For
these reasons, authors have suggested possible solutions, to avoid ma-
terial alterations before and during the mechanical tests. In some works
(Balsly et al., 2008; de Campos Azevedo et al., 2021; Derwin et al., 2008;
Gratz, 1931; Kubricht et al., 2001; Lemer et al., 1999), authors suggested
keeping the samples plunged into the saline solution, e.g., Phosphate
Buffered Saline (PBS) solution, and immediately testing them when
removed. Moreover, especially when the mechanical test duration ex-
ceeds tens of minutes, others (Bonaldi et al., 2023a; Butler et al., 1984;
de Campos Azevedo et al., 2021; Hammer et al., 2012; Otsuka et al.,
2020) continued pipetting the samples with alcohol or saline solution for
the entire test duration, while others (Aurora et al., 2011; Derwin et al.,
2008) kept the samples in saline bath.

3.1.4. Sample preparation
Among the analysed literature, a wide variability has been noticed

about the specimen cut and shape after removal from the donor (Fig. 2).
Results are usually normalized by sample length and cross-sectional area
(as reported in the following), thus sample shape and size should not
influence the results. However, these details help in understanding the
sample availability and measure repeatability, especially when other
quantities, like stiffness or maximum force, are reported. Authors from
(Choe et al., 2001; Dwyer and Kreder, 2008; Polacek, 2019) referred to
surgical protocols guides with reference to graft dimensions/shape/fibres
orientations. Additional information as the sample cutting into a specific
shape (i.e., dog-bone shape, (Zwirner et al., 2019), dumbbell (Balsly et al.,
2008)) or the removal of other close tissues (i.e., adipose tissue) (Balsly

L. Bonaldi et al. Journal of Biomechanics 176 (2024) 112369 

3 



et al., 2008; Hammer et al., 2012; Otsuka et al., 2020, 2018) provided the
reader with a full procedure description. When cutting the specimens for
the tests, some works referred also to fibres directions (Bonaldi et al.,
2023a; Derwin et al., 2008; Szotek et al., 2012). One difficult quantity to
measure before testing could be the FL sample thickness. For this reason,
some authors proposed the use of a digital calliper (Bonaldi et al., 2023a;
de Campos Azevedo et al., 2021; Otsuka et al., 2020, 2018) or eventually
the Digital Image analysis (Hammer et al., 2012; Taylan et al., 2022) to
evaluate the thickness of the samples.

3.1.5. Experimental setup
Last but not least, also the machine setup for mechanical tests could

affect the final results. FL is a slippery tissue due to its constitution and
multilayer organization (Stecco, 2014). During tensile testing slippage
could happen, leading to an underestimation of the material response to
the applied stimulus. This being the case, many authors experimented
and then suggested valuable solutions to avoid this difficulty. Sandpaper
(de Campos Azevedo et al., 2021; Otsuka et al., 2020, 2018) or resin
fixation (Caplan and Kader, 2014; Hammer et al., 2012; Steinke et al.,

Table 1
Specimen harvesting, conservation and protocol as reported within the analysed works. If details were not within the manuscripts, the reference was omitted.

Sample collection

Donors Equal gender distribution (Bonaldi et al., 2023c; Manon et al., 2022; Otsuka et al., 2018; Steinke et al., 2012)

<60 y/o (Aurora et al., 2011; Balsly et al., 2008; Butler et al., 1984; Caplan and Kader, 2014; Derwin et al.,
2008; Erivan et al., 2018; Gratz, 1931; Hammer et al., 2012; Wytrykowski et al., 2016; Zwirner
et al., 2019)

Sample size Single subject (Choe et al., 2001; Crawford, 1969; Thomas et al., 1998)
Multiple subjects with specified number of legs (de Campos Azevedo et al., 2021; Otsuka et al., 2020, 2018)

Tissue quality Alterations (if reported, e.g., long term steroids) (Thomas et al., 1998)
No alterations (if specified) (Balsly et al., 2008; Birnbaum et al., 2004; Bonaldi et al., 2023c; Butler et al., 1984; de Campos

Azevedo et al., 2021; Derwin et al., 2008; Ferro et al., 2015; Otsuka et al., 2018, 2020; Taylan et al.,
2022; Wytrykowski et al., 2016)

Body harvesting Specified harvesting site (with reference to the
body anatomy)

(Aurora et al., 2011; Balsly et al., 2008; Butler et al., 1984; de Campos Azevedo et al., 2021; Derwin
et al., 2008; Hammer et al., 2012; Manon et al., 2022; Otsuka et al., 2020, 2018; Smeets et al., 2017;
Steinke et al., 2012; Taylan et al., 2022; Wytrykowski et al., 2016; Zwirner et al., 2019)

Sample conservation
Hydration Before testing (Saline solution immersion e.g.,

PBS)
(Balsly et al., 2008; Bonaldi et al., 2023c; Gratz, 1931; Hammer et al., 2012; Kubricht et al., 2001;
Lemer et al., 1999; Gordon et al., 2017; Milks et al., 2018)

During testing (pipetting/bath) (Aurora et al., 2011; Bonaldi et al., 2023c; Butler et al., 1984; de Campos Azevedo et al., 2021;
Derwin et al., 2008; Ferro et al., 2015; Gratz, 1931; Hammer et al., 2012; Otsuka et al., 2018, 2020;
Smeets et al., 2017; Steinke et al., 2012)

Treatments Irradiation/freeze drying/fixation (e.g.,
formaldehyde)/solvent-dehydrated

(Aurora et al., 2011; Balsly et al., 2008; Choe et al., 2001; Crawford, 1969; Derwin et al., 2008;
Erivan et al., 2018; Kubricht et al., 2001; Lemer et al., 1999; Otsuka et al., 2020, 2018; Steinke et al.,
2012)

Freezing Temperature (− 20 ◦C, − 30 ◦C, − 80 ◦C, − 85 ◦C) (Bonaldi et al., 2023c; Butler et al., 1984; Derwin et al., 2008; Erivan et al., 2018; Hammer et al.,
2012; Smeets et al., 2017; Steinke et al., 2012; Taylan et al., 2022;Wytrykowski et al., 2016; Zwirner
et al., 2019; Gordon et al., 2017)

Precooling before freezing (Erivan et al., 2018; Hammer et al., 2012; Steinke et al., 2012; Zwirner et al., 2019)
More freezing cycles (Derwin et al., 2008)

Thawing and testing Within 72 h after death/harvesting (Crawford, 1969; de Campos Azevedo et al., 2021; Gratz, 1931; Thomas et al., 1998)
Testing immediately after thawing (Erivan et al., 2018)

Sample preparation
Specific shape Dog-bone (Smeets et al., 2017; Zwirner et al., 2019)

Dumbbell (Balsly et al., 2008)
Adipose tissue removal (Balsly et al., 2008; Ferro et al., 2015; Hammer et al., 2012; Otsuka et al., 2020, 2018; Taylan et al.,

2022)
Reference to specific
protocol guides

Sling (Dwyer and Kreder, 2008)
Capsular (upper limb) reconstructions (Polacek, 2019)
Labral (hip) reconstruction (Ferro et al., 2015)
Suburethral patch (Choe et al., 2001)

Measurements Multiple measurements (e.g., different
operators or different points of measure)

(Bonaldi et al., 2023c; Butler et al., 1984; Choe et al., 2001; de Campos Azevedo et al., 2021; Derwin
et al., 2008; Otsuka et al., 2018, 2020; Smeets et al., 2017; Gordon et al., 2017)

Digital Image Analysis / digital calliper (Bonaldi et al., 2023c; de Campos Azevedo et al., 2021; Ferro et al., 2015; Otsuka et al., 2018, 2020;
Smeets et al., 2017; Steinke et al., 2012; Taylan et al., 2022)

Initial preload (de Campos Azevedo et al., 2021; Ferro et al., 2015; Gordon et al., 2017; Wytrykowski et al., 2016)

Experimental setup
Specific grips and
anchoring solutions

Sandpaper (de Campos Azevedo et al., 2021; Ferro et al., 2015; Otsuka et al., 2020, 2018; Smeets et al., 2017)
Resin (Caplan and Kader, 2014; Hammer et al., 2012; Steinke et al., 2012)
Aluminum strips (Thomas et al., 1998)
Glue (Otsuka et al., 2020, 2018)
roughened surface clamps (Gordon et al., 2017)
3D-printed clamps (Taylan et al., 2022; Zwirner et al., 2019)
Other solutions (Balsly et al., 2008; Bonaldi et al., 2023c; Butler et al., 1984; Derwin et al., 2008; Ferro et al., 2015;

Lemer et al., 1999; Manon et al., 2022; Smeets et al., 2017)
Other considerations Balance of the gripping force to not alter tissue (Caplan and Kader, 2014; Erivan et al., 2018)

Marking the sample near grip to evaluate
slippage (e.g. with pins)

(Butler et al., 1984)

Top-bottom fixation performed in sequence to
align specimens due to gravity

(Erivan et al., 2018; Gordon et al., 2017)
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2012) appeared to be the most adopted alternatives, combined or
substituted by aluminium strips (Thomas et al., 1998), with glue (Otsuka
et al., 2020, 2018) or available customized techniques e.g., roughened
surface clamps (Gordon et al., 2017), 3D-printed clamps (Taylan et al.,
2022; Zwirner et al., 2019), gripping system reinforced with heavy steel
clamps (Lemer et al., 1999) or others, (Balsly et al., 2008; Butler et al.,
1984; Derwin et al., 2008). (Butler et al., 1984) also suggested marking
the samples near the grips, to evaluate any slippage, while (Ferro et al.,
2015) used galvanized wire. An efficient sample fixation to the machine
grips could prevent the specimen also from possible unexpected stresses,
alterations, and damage.

3.2. Implementation of mechanical testing

In the following section, an overview of the studies which have
characterized the mechanical properties of human FL by mainly per-
forming uniaxial tensile tests have been collected, compared, and dis-
cussed. Also preconditioning procedures have been included as a
fundamental step prior to tensile tests, since in biological tissue as FL it
contributes to a preliminary collagen fibre reorganization (Cheng et al.,
2009; Ebrahimi et al., 2019). Indeed, when crimped collagen fibres
become straightened, the tissue tensile response stabilizes, for more
repeatable and consistent results (Bonaldi et al., 2023a).

3.2.1. Preconditioning
When dealing with biological materials, preconditioning has been

observed to provide a first loading history to the specimen with
repeatable and comparable subsequent testing results, thus reducing
experimental variability (Cheng et al., 2009; Ebrahimi et al., 2019). In
particular, it causes microstructural changes as collagen fibres re-align
along the same direction as one of the ensuing mechanical tests. How-
ever, to test human FL, preconditioning appears to be not a common
practice, and, in addition, it showed a protocol variability. In some
works, the reported assumption was to address the first tensile curve
(Otsuka et al., 2018) or the first two loading–unloading cycles (de
Campos Azevedo et al., 2021; Otsuka et al., 2020) as sample preloading,
since they differed from the other curves (with stiffness 17.5–25.5 %
lower (de Campos Azevedo et al., 2021)). The majority of the works
adopted n cycles of loading–unloading, and the most frequent choice
was a sequence of 10 cycles with fixed applied maximum strain as
sample preloading (Aurora et al., 2011; Bonaldi et al., 2023a; Gordon
et al., 2017; Hammer et al., 2012; Manon et al., 2022; Smeets et al.,
2017), even if also n = 5 (Balsly et al., 2008; Derwin et al., 2008), 7
(Steinke et al., 2012), up to even 20 (Taylan et al., 2022; Zwirner et al.,
2019) were also observed. Maximum elongation strain has been set
within the range of 0–7% of the initial specimen length adopting a strain
rate from 0.1 %/s to 10 %/s (Table 2). The number of loading–unloading
cycles and the strain rate should be set depending on the viscoelasticity
of the tested material, in order also to minimize the energy dissipated in

one cycle and thus allow repeatable measurements, which is improved
by adjusting the preconditioning protocol with a high number of repe-
titions and a relatively high strain level (Ebrahimi et al., 2019).

3.2.2. Tensile tests and mechanical properties
An uniaxial tensile test is usually performed by applying a controlled

displacement to the sample in a single tensile direction, where the force
is measured from the sensor i.e., the load cell. As a common practice, the
imposed displacement and the recorded force are usually converted into
the engineered strain ε and the nominal stress σ, as follows:

ε =
l − l0
l0

σ =
F
A

The engineering strain is the length variation of the specimen in the
direction of the applied displacement, with respect to the gauge length
(l0), while the nominal stress is the measured force normalized by the
cross-sectional area of the specimen. These two quantities are not
affected by the sample dimensions and are usually plotted one with
respect to the other in the so-called stress–strain curve (Fig. 3d), for a
direct comparison with results obtained from different authors. An
additional (indirect) mechanical quantity that describes the elastic
response of materials is the elastic modulus or Young’s modulus (E),
defined as the ratio between the stress and the associated strain. For an
almost linear stress–strain curve, E represents the slope of that curve.
Biological materials such as the FL are usually strongly non-linear
(Bonaldi et al., 2023a; Singh and Chanda, 2021), thus E is a value
which usually describes a portion of the stress–strain, the linear region
(Fig. 3d, orange region) and in particular the region that appears almost
linear (i.e., the slope of the stress–strain curve in the linear region as part
of body physiological working range):

E =
Δσ
Δε

However, especially when referring to older works, maximum force
measured, maximum displacement and material stiffness (i.e., the slope
of the force–displacement curve) were reported instead, as for example
(Caplan and Kader, 2014; Gratz, 1931; Thomas et al., 1998). The stiff-
ness (N/mm) is related to E with respect to the specimen initial length
and the cross-sectional area:

k =
F
Δl

=
AE
l0

To be thorough, these results were also included (Table 2) but not
compared among the others.

From uniaxial tensile tests the relationship between the stress and
the strain in FL, with reference to the strain rate adopted during the

Fig. 2. (a) Cadaveric study: FL is detached from the quadriceps muscle and lifted medially. FL is easily separated from the underlying muscle due to the loose
connective tissue (image taken from (Stecco, 2014)). (b) FL patch with indication of cutting strips (image taken from (Bonaldi et al., 2023a)). (c) Microstructure of FL:
2 layers of dense connective tissue separated by a layer of loose connective tissue. The directions of the fibres between the layers form an angle of 75◦-80◦.
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Table 2
Mechanical properties of human FL and protocols by different authors. Colors refer to the reported quantity for each analyzed work.

Authors Including the influence of: Type of
test

Preconditioning Results

Gender
(n◦)

Conservation Sample shape Site Loading directions
(Longitudinal of
trasverse with
respect to fibers
directions)

no of cycles of
loading–unloading

strain
rate
(%/s)

Elastic
Modulus
(MPa)
(strain
interval)

Stiffness
(N/mm)
(strain
interval)

UTS
(MPa)

Strain at break
(%)

(strain rate) velocity
(mm/s)

Max
Force
(N)

Max
displacement
(mm)

Aurora, A. et al.
2011

N/A (30) Decellularized,
lyophilized, PLLA
reinforced

50 × 50 mm Iliotibial tract Longitudinal Biaxial 10 (0.1 mm/s) 0.5 N/A 22 ± 2 315 ±

23
16.2 ± 2

Decellularized,
lyophilized, PLLA/
PGA reinforced

27 ± 4 415 ±

51
18.6 ± 2.9

Balsly, C. L.
et al. 2008

N/A freeze-dried Dumbbell Lateral thigh Longitudinal Uniaxial 5 (1 %/s) 10 371.9 ± 99.8 N/A 93.4 ±

28.2
N/A

18.3–21.8 kGy
irradiation

366.27 ±

87.4
97.3 ±

17.1
24.0–28.5 kGy
irradiation

238.5 ±

113.4
70.9 ±

19.0
Birnbaum, K.
et al. 2004

N/A (6) Fresh N/A Iliotibial tract N/A Uniaxial N/A N/A N/A 17 860 65

Bonaldi L. et al.
2023

Female
(2) &
Male (2)

Fresh-frozen 30 × 4 mm Lateral thigh Longitudinal, along
layer 1

Uniaxial 10 (1 %/s) 0.5 102.2 ± 60.6 N/A 6.3 ±

4.1
14 ± 4

Transverse along layer
1

8.0 ± 3.6 0.9 ±

0.4
16 ± 11

Longitudinal, along
layer 2

12.7 ± 11.4 1.3 ±

0.8
18 ± 6

Transverse, along
layer 2

67.0 ± 65.2 6.6 ±

3.1
19 ± 7

Choe, J. M.
et al. 2001

N/A (1) freeze-dried,
gamma- irradiated

Full strip sling
20 × 50 mm

N/A N/A Uniaxial N/A 0.08 N/A N/A 217 ±

66
1.36 ± 0.78

Patch suture
sling 20 × 50
mm

58 ±

22
31.5 ± 3.49

Crawford, J. S.
1969

N/A (1) Fresh Rectangular N/A Longitudinal Uniaxial N/A N/A N/A N/A 31.9 ±

17.6
15

Irradiated 29.8 ±

13.5
de Campos
Azevedo, C. I.
et al. 2021

Female
(4) &
Male (6)

Fresh Graft (6-
layered thrice-
folded)

Lateral
proximal thigh

Longitudinal Uniaxial 2 0.5 32.9 ± 19.6 489.0 ±

267.8
N/A N/A

Lateral mid-
thigh

44.0 ± 31.3 562.4 ±

294.8
Derwin, K. A.
et al. 2008

N/A (10) Fresh-frozen 12 × 45 mm Iliotibial tract Longitudinal Uniaxial 5 0.17 389 ± 189
(2–5 %)

85.1 ± 15.4
(4.5–5.5 %)

N/A N/A

Antibiotic soak
treatment

532 ± 106
(2–5 %)

98.2 ± 16.2
(4.5–5.5 %)

Accellularized +

antibiotic soak
treatment

440 ± 326
(2–5 %)

71.2 ± 38.9
(4.5–5.5 %)

Erivan, R. et al.
2018

Female
(2) &
Male (5)

Cryopreservation 30 × 10 mm N/A N/A Uniaxial N/A 0.17 319.7 ±

206.9
N/A 26.2 ±

14.5
16.9 ± 11.2

(continued on next page)
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Table 2 (continued )

Authors Including the influence of: Type of
test

Preconditioning Results

Gender
(n◦)

Conservation Sample shape Site Loading directions
(Longitudinal of
trasverse with
respect to fibers
directions)

no of cycles of
loading–unloading

strain
rate
(%/s)

Elastic
Modulus
(MPa)
(strain
interval)

Stiffness
(N/mm)
(strain
interval)

UTS
(MPa)

Strain at break
(%)

(strain rate) velocity
(mm/s)

Max
Force
(N)

Max
displacement
(mm)

Hammer, N.
et al. 2012

Female
(2) &
Male (8)

Fresh-frozen 170 × 15 mm Iliotibial tract Longitudinal Uniaxial 10 N/A 335.47 ±

101.9 (4–11
%)

N/A 35.8 ±

16.4
10.3 ± 5.4

Lemer, M. L.
et al. 1999

N/A Solvent dehydrated Rectangular N/A N/A Uniaxial N/A 100 N/A 114.5 ±

11.8
319 ±

34
N/A

Freeze-dried 89.2 ± 9.5 250 ±

29
Manon et al.
2022

Female
(3) &
Male (3)

Frozen Rectangular, 2
× 5 cm

Median to
lateral lip of the
linea aspera
including
iliotibial tract

Longitudinal Uniaxial 10 (0.25 mm/s) 0.25 1533.6 ± 0.4 N/A 96.8 ±

3.2
N/A

0.5 1545 ± 55.0 N/A N/A

Otsuka, S. et al.
2018

Male (6) Formaline-fixed Square (40 ×

40 mm)
Anterior Longitudinal Uniaxial 1 0.42 264.3 ± 90.3 109.6 ±

40.9
N/A N/A

Transverse 33.2 ± 16.5 13.3 ± 6.4
Lateral Longitudinal 289.9 ±

109.1
279.0 ±

61.1
Transverse 2.8 ± 2.4 2.6 ± 2.1

Medial Longitudinal 81.4 ± 36.1 24.1 ± 9.1
Transverse 20.0 ± 15.5 4.8 ± 2.5

Posterior Longitudinal 135.2 ± 71.2 39.7 ± 18.8
Transverse 41.9 ± 13.2 12.6 ± 4.0

Female
(6)

Anterior Longitudinal 166.3 ± 94.7 55.6 ± 24.3
Transverse 54.1 ± 34.1 17.8 ± 7.9

Lateral Longitudinal 260.2 ± 41.3 286.9 ±

49.3
Transverse 3.6 ± 2.2 3.2 ± 1.4

Medial Longitudinal 60.6 ± 23.5 14.9 ± 6.5
Transverse 45.4 ± 22.6 11.1 ± 5.7

Posterior Longitudinal 76.9 ± 36.7 27.1 ± 15.7
Transverse 22.2 ± 12.6 7.7 ± 4.8

Otsuka, S. et al.
2020

Male (12) Formaline-fixed 40 × 20 mm Proximal Longitudinal Uniaxial N/A 0.42 site 1 337.9
± 103.3

N/A N/A N/A

site 2 362.7
± 50.5

30 × 10 mm Distal site 3 219.4
± 68.8
site 4 113.4
± 63.7
site 5 130.4
± 73.7

Smeets, K. et al.
2017

N/A (11) Fresh-frozen Dog-bone (100
× 20 mm)

Iliotibial tract N/A Uniaxial 10 (0.1 %/s) 2 610 ± 171 N/A 75 ±

11.8
17.6 ± 4.8

Steinke, H.
et al. 2012

Female
(6) &
Male (7)

Fresh-frozen Rectangular Iliotibial tract Longitudinal Uniaxial 7 0.42 564.7 ±

193.8 (4–11
%)

N/A N/A N/A

Ethanol-fixed 951.4 ±

383.6 (4–11
%)

(continued on next page)
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Table 2 (continued )

Authors Including the influence of: Type of
test

Preconditioning Results

Gender
(n◦)

Conservation Sample shape Site Loading directions
(Longitudinal of
trasverse with
respect to fibers
directions)

no of cycles of
loading–unloading

strain
rate
(%/s)

Elastic
Modulus
(MPa)
(strain
interval)

Stiffness
(N/mm)
(strain
interval)

UTS
(MPa)

Strain at break
(%)

(strain rate) velocity
(mm/s)

Max
Force
(N)

Max
displacement
(mm)

Ethanol-rinsed 555.4 ±

201.3 (4–11
%)

Formaline-fixed 675.3 ±

150.9 (4–11
%)

Formaline-rinsed 630.5 ±

117.8 (4–11
%)

Thomas, O. L.
et al. 1998

M (1) Fresh Tubulized N/A N/A Uniaxial N/A N/A N/A 6.2 ± 1.06 35.7 ±

14.1
3.5 ± 0.2

Rectangular 3.3 ± 0.58 N/A 4.8 ± 0.5
Voskerician, G.
et al. 2009

N/A N/A 10 × 55 mm N/A Longitudinal Uniaxial 1 (0.17 mm/s) 8.33 N/A N/A 30 < 15
Transverse 5

Zwirner, J.
et al. 2019

Female &
Male (33)

Fresh-frozen Dog-bone (60
× 12 mm)

Iliotibial tract N/A Uniaxial 20 0.33 408 ± 232 N/A 29 ±

17
15 ± 5

Female
(10)

502 ± 284 35 ±

22
13 ± 5

Male (23) 366 ± 198 26 ±

13
15 ± 4
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tests, can be observed (in both its linear or non-linear intervals), in order
to quantify mechanical parameters such as the maximum strain, the
strength and the elastic modulus. Due to the viscoelastic behaviour
which characterizes the biological tissues, the adopted strain rate usu-
ally plays a significant role in the final tests output, with a considerable
increase in both the strength and E, and a consequent reduction in the
maximum strain, when increasing the strain rate. For example, as re-
ported in Table 2, if considering fresh-frozen donors, Bonaldi et al.
(Bonaldi et al., 2023a) implemented a uniaxial tensile test with a strain
rate of 0.5 %/s, lower than Smeets et al. (Smeets et al., 2017), who
adopted 2 %/s. When comparing the elastic modulus, it can be evinced
that a higher value (six times) can be obtained with an incremental
strain rate (four times higher). (Smeets et al., 2017) observed that a
strain rate of 2 %/s minimized the viscoelastic effects during static
failure.

With reference to the mechanical characterization of FL, most of the
analysed works stretched the samples up to failure, while few works
focused on other aspects, as (Otsuka et al., 2020, 2018), where cycles of
loading and unloading were performed also to quantify the hysteresis of
the samples, and (Steinke et al., 2012), in which the interest was mainly
on the linear elastic part of the curve and the influence of the experi-
mental test setup. In (Bonaldi et al., 2023a) stress-relaxation tests were
even performed, to study the viscoelastic properties of the tissue, while
in (Aurora et al., 2011) a different stress distribution was analysed
thanks to a biaxial setup. If failure was reached, the rupture should
happen in the almost central part of the sample; on the contrary, a
breakage close to the grips or the attachments points of the sample could
highlight possible issues related to the sample mounting or preparation
(Crawford, 1969). Indeed, variations among rupture locations could be
potentially influenced also by the fibres directions.

Fig. 3. Mean and standard deviation (when reported) of the mechanical properties of human FL among the authors. (a) Elastic (or Young’s) modulus, E; (b) uniaxial
tensile strength (UTS); (c) strain at break; (d) an example of a stress–strain curve from an uniaxial tensile test of human FL. UTS and strain at break are identified
when the breakage occurs, while E corresponds to the slope of the curve in the linear region. Legend of symbols: “+” and “++” stand for mechanical properties of FL
allografts, irradiated on dry ice at a low absorbed dose (18.3–21.8 kGy) and a moderate absorbed dose (24.0–28.5 kGy), respectively. “⊥” and “//” refer to
experimental tests performed perpendicular or parallel to fibers directions, respectively. “♀” or “♂” identify tests realized on female or male groups, respectively. “*”
refers to the work of Otsuka et al. 2020.
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3.2.3. Effectiveness of mechanical testing
Focussing on the strength, only few works analysed the ultimate

tensile stress (UTS) (Balsly et al., 2008; Bonaldi et al., 2023a; Erivan
et al., 2018; Hammer et al., 2012; Manon et al., 2022; Zwirner et al.,
2019), but results appear to be not always comparable (Fig. 3a): indeed
(Zwirner et al., 2019) reported the strength of ITT equal to 29.0 ± 17.0
MPa as a mean value, while (Manon et al., 2022) referred to a UTS of
96.8 ± 3.2 MPa, but also differentiated between the genders, while
(Hammer et al., 2012) did not differ between female and male subjects,
but the mean value (35.9 ± 16.4 MPa) was obtained from a specific age-
range donors (19–44 y/o).

Bonaldi et al., (Bonaldi et al., 2023a) observed a strong anisotropy if
adopting as loading direction the main fibres orientation of one layer
with respect to the other, while (Erivan et al., 2018) observed a strength
of 26.2 ± 14.5 MPa for FL without treatments and, testing the influence
of different preservation methods, they found no significant difference
between dry cryopreserved and freeze-dried samples; on the contrary,
dimethylsulfoxide (DMSO) solution or gamma radiation were observed
to alter biomechanical properties. Only (Balsly et al., 2008) showed a
greater strength, equal to 93.4 ± 28.2 MPa, which deviates from the
other results, but still in the range for that kind of biological tissue. One
hypothetic reason could be a higher test velocity to perform the failure,
which could have slightly stiffened the material, as well as the different
conservation methods.

Among the considered articles, it has been found that the ultimate
strain at break of human FL can vary between 3.5 % (Thomas et al.,
1998) up to 19 % (Bonaldi et al., 2023a) in different scenarios (Fig. 3c).
Indeed, also the strain may depend on many factors as use of steroids in
donor clinical history (Thomas et al., 1998), fibres direction orientation
(Bonaldi et al., 2023a), age and even height (Hammer et al., 2012;
Zwirner et al., 2019), thus for these reasons its variation is quite broad.

As it was stated in the previous, the human FL is characterized by a
globally non-linear stress–strain response, mainly due to the presence of
collagen fibres, which strongly influence its mechanical behaviour. By
considering the strain range between on average 2 and 5 % (Bonaldi
et al., 2023a; Derwin et al., 2008; Hammer et al., 2012; Steinke et al.,
2012)(Hammer et al., 2012; Steinke et al., 2012), the stress–strain curve
appears quasi-linear and a value of E can be extracted, usually by linear
fit of the curve slope, as reported in Table 3 and illustrated in Fig. 3d.
Other authors preferred to consider the stress range, and the linear part
was found between 4 and 11 MPa (Hammer et al., 2012; Steinke et al.,
2012). In particular, the influence of the fibres directions, which

provides this tissue with strong anisotropy, was explored by (Otsuka
et al., 2018), who studied the mechanical response of human FL when
stretched parallel to the fibres and along the transversal direction of
anterior, lateral, medial and posterior thigh compartments, with refer-
ence to both genders. A clear difference in the mechanical response was
observed, between directions (up to two orders of magnitude of varia-
tion between parallel and transverse direction) and also among the sites,
revealing the lateral one as the stiffest one with the strongest anisotropy.
However it should be noticed that the authors tested formaline-fixed
samples, that, as investigated by (Steinke et al., 2012), it is a treat-
ment that may stiffen the specimens with respect to fresh-frozen tissue,
due to the formation of irreversible cross-links between the amino
groups of the collagen. Indeed (Steinke et al., 2012) observed no sta-
tistical differences between fresh and formaline-rinced samples, thus
concluding that this latter solution might also provide acceptable data
for the elastic modulus of the FL. Despite the absolute values obtained in
(Otsuka et al., 2018), Otsuka et al. threw a spotlight on the peculiar link
between fibres orientation and tissue performance, as also demonstrated
in the recent work by Bonaldi et al., (Bonaldi et al., 2023a) where dif-
ferences were also observed between the mechanical behaviour of the
two parallel connective layers which form the FL. In particular, from the
failure tests, results suggested that the two parallel layers (Fig. 2c)
contribute differently with reference to tissue strength, being charac-
terized by a different tensile stiffness (Fig. 3a, results by (Bonaldi et al.,
2023a)). These insights were supported by the different functional roles
played by the two layers, since one the connection of the knee-hip axis or
the adaptation to the muscular contraction. These difference may be
observed also for the UTS (Fig. 3b), but minimal variations were found
for the strain at break of the FL even if different loading directions were
considered (Fig. 3c) (Bonaldi et al., 2023a).

When considering other features that could influence the FL
biomechanics, a work by Otsuka et al. (Otsuka et al., 2020) pointed out a
not negligeable variability of the mechanical properties along the ITT by
analysing five different sites. Results highlighted a decrease in the elastic
modulus from proximal to distal, suggesting that the tissue appear more
compliant at the distal (patella) than other regions. In the study by
Zwirner et al. (Zwirner et al., 2019), the elastic modulus appeared to be
also influenced by gender, being correlated with height (for males),
either with weight (for females). Additional alterations could be caused
by other treatments and conservation (Steinke et al., 2012), but also
hydration and adopted strain rate during the tests, resulting in a wide
variability among authors, especially due to different protocols. Each

Table 3
Details of the evaluation process of the elastic (or Young’s) modulus among the authors and stress or strain range considered on average (when reported).

Authors Elastic modulus calculation

Method Range Comments

Balsly, C. L. et al. 2008 BlueHill software (Instron, Norwood, MA) N/A ​
Bonaldi L. et al. 2023 Linear fit with a custom Matlab script (Matlab

2021b, MathWorks)
3–6 % strain on
average

​

de Campos Azevedo, C. I.
et al. 2021

Bilinear curve fit with a custom Matlab script
(Matlab, MathWorks)

N/A Obtained from the average stiffness of the linear region in each of the last 3 cycles
of loading–unloading

Derwin, K. A. et al. 2008 Slope of the stress–strain curves in the linear
region

2–5 % strain ​

Erivan, R. et al. 2018 Software of the traction device (MTS 20 M) N/A ​
Hammer, N. et al. 2012 Secant stiffness in a constant range 4–11 MPa stress ​
Manon, J. et al. 2022 Slope of the regression line in the linear region

of the stress–strain curve
N/A Obtained from the loading curves at two different velocities

Otsuka, S. et al. 2018 Slope of the regression line in the linear region
of the stress–strain curve

N/A ​

Otsuka, S. et al. 2020 Slope of the linear region of strain–stress curve
(regression line)

N/A ​

Smeets, K. et al. 2017 Slope of the regression line in the linear region
of the stress–strain curve

N/A ​

Steinke, H. et al. 2012 Secant of the linear part of the stress–strain
curve

4–11 MPa stress ​

Zwirner, J. et al. 2019 Regression in the linear slope of the nominal
stress–strain curve

N/A The linear elastic response of each sample was evaluated in the final load cycle,
after preconditioning and until material failure
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authors’ results are reported in Table 2 and the variability is stressed in
Fig. 3a, with values for E ranking from 1 to 500 MPa, with a few ex-
ceptions (especially for (Manon et al., 2022) where a value around 1500
MPa has been found). This being the case, FL appears to be well known
from a clinical point of view, but its several biomechanical aspects still
under identification.

As biological soft tissue, FL has been shown to exhibit viscoelasticity.
Viscoelasticity is related to the remodelling process of the extracellular
matrix, and to the proper orientation of the collagen fibres. During stress
relaxation tests, stress decay for a time interval of 100 s–300 s has been
observed (Bonaldi et al., 2023a; Chaudhry et al., 2007). Bonaldi et al.
(Bonaldi et al., 2023a) were the first authors that investigated the
viscoelastic properties of human FL, observing on average a stress
relaxation of about 60 %, independently of loading directions, thus
anisotropy seemed to not affect the viscous properties of this connective
tissue (as also confirmed for the superficial fascia (Berardo et al., 2024)).
The stress reduction after 300 s for the FL resulted greater with respect to
other fascial tissues such as crural fascia (Stecco et al., 2014).

Moreover, also cycling loading protocols can be used as an indicator
of the tissue viscoelasticity, simulating the physiological daily-living
activities as well as the rehabilitation process. Indeed, (Ferro et al.,
2015) performed dynamic tests (600 cycles) on tubularized ITT grafts
and evinced that their elongations increased almost proportionally with
increasing maximum load (from 50 N to 300 N of applied load, a
displacement of 0.68–4.65 mm was measured, respectively). Wytry-
kowski et al. and Taylan et al. realized comparisons between the dy-
namic behavior of ITT grafts with respect to the gracilis (Taylan et al.,
2022; Wytrykowski et al., 2016). In particular, the first tested ITT
samples by adopting a 100 cycles protocol (0.5 Hz uniaxial tensile test
up to 200 N), then up to failure, resulting in almost comparable
maximum load and elongation between the two tissues. Meanwhile,
Taylan et al. (Taylan et al., 2022) with a different protocol (200 cycles
loading–unloading at 1 Hz followed by a creep test of 10 N/s up to 12

MPa for 100 s) reported the evidence that ITT showed a higher tissue
hysteresis with respect to gracilis that means consequent higher heat
damage and energy dissipation, while higher dynamic creep for ITT (of
0.7 ± 0.2 MPa) revealed tissue attitude to deform permanently.

4. Conclusions

The identification of possible biases that could lead to misleading of
the results concerning the biomechanical properties of the human FL
and related testing protocols have been presented. Considering the in-
fluences of material (e.g., donors, harvesting, cutting into strips),
methods (e.g., protocols), mother nature (e.g., storage, thawing, hy-
dration), operator and measure (e.g., manual measurements), machine
set up (e.g., gripping system) in comparing literature works, the vari-
ability of the results highlighted the importance of defining a good
practice for design, implementation and interpretation of experimental
results (as example, current review tables could be used as checklist for
tests management as well as literature articles analysis and comparison).

From a clinical point of view, the peculiar properties of the FL have
made this tissue suitable for grafting, and consequently thrown a spot-
light on its biomechanical behaviour, that has been investigated by some
authors along the years. In many works, the application of FL grafts as
substitutes of human tissues appeared to be a well-known procedure,
even if the biomechanical aspect of this tissue is often omitted nor
considered. Indeed, the different biomechanical characteristics of the FL
with respect to the harvesting site, the gender, and the directions of the
fibres, would require the definition of surgical protocols that guide its
application in accordance with the biomechanical properties of FL as a
multi-layered structure. Being an anisotropic and viscoelastic composite
material, its response was observed to be influenced especially by its
micro and macrostructure. Moreover, the mechanical properties of
human FL could be altered by other factors, such as conservation, testing
procedure, hydration and setup that sometimes appear to be a missing

Fig. 4. Examples of application of FL auto- and allografts for surgical reconstruction from literature, with reference to Elastic Moduli of human soft tissues (reference
values taken from (Singh and Chanda, 2021)).
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information, even if this variability could result in a different biome-
chanical behaviour of the resultant construct graft.

Indeed, in many surgical procedures, the main focus is usually the
thickness of FL grafts during strips preparation, since FL in the distal
direction is thicker than proximal ones (de Campos Azevedo et al., 2021;
Khiami et al., 2013), but no mechanical parameters, such as the UTS or
E, are usually considered. In Fig. 4 it has been reported E of FL as found
from the literature analysis with reference to various human soft tissues
(Singh and Chanda, 2021) to highlight the most suitable fields of ap-
plications. Until now, only a few works reported the development of a
novel reinforced fascia patch considering also fibres orientation to
require adequate stiffness properties in accordance with the different
directions (Aurora et al., 2011). An in-depth discussion on these topics
may guide surgeons in the choice of the optimal location, harvesting
technique and type of graft design, as well as in the development of
synthetic or tissue-engineered alternatives. The characterization of graft
properties for the comparison between different clinical treatments and
their use in biomechanical models (Gordon et al., 2017) are both key
requirements for risk assessment. Moreover, the biomechanical char-
acterization of the fascia lata tissue, through experimental tests, is a
milestone towards its in-vivo (i.e., though bioimaging (Bonaldi et al.,
2023c)) and in-silico characterization. Within this review a collection of
those features that could affect the mechanical properties and behaviour
of human FL were analysed, in order to provide the reader with a clear
overview of all the aspects that should be considered when planning a
mechanical test for FL autograft or allograft. All these insights would
contribute to improve the biomechanical knowledge of FL and thus
optimize graft applications for tuneable surgical and rehabilitation
practices towards an effective personalised medicine.
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