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Abstract

Introduction: Erectile dysfunction (ED) affects to some degree approximately 52% of the male population aged 40–70 years. Many men do not
respond to, or are precluded from using, pharmaceutical treatments for ED and are therefore advised to consider penile prostheses. Different
types of penile prosthesis are available, such as inflatable penile prostheses (IPPs). IPPs consist of a pair of inflatable cylinders inserted into the
corpora cavernosa (CC). During inflation/deflation of these cylinders, the CC and other surrounding tissues such as the tunica albuginea (TA) are
highly impacted. Therefore, it is critical to understand the mechanics of penile tissues for successful implantation of IPPs and to reduce tissue
damage induced by IPPs.
Objectives: We explored the importance of the biomechanics of penile tissues for successful IPP function and reviewed and summarized the
most significant studies on penile biomechanics that have been reported to date.
Methods: We performed an extensive literature review of publications on penile biomechanics and IPP implantation.
Results: Indenters have been used to characterize the mechanical behavior of whole penile tissue; however, this technique applied only local
deformation, which limited insights into individual tissue components. Although one reported study addressed the mechanical behavior of TA,
this investigation did not consider anisotropy, and there is a notable absence of biomechanical studies on CC and CS. This lack of understanding
of penile tissue biomechanics has resulted in computational models that use linear-elastic materials, despite soft tissues generally exhibiting
hyperelastic behavior. Furthermore, available benchtop/synthetic models do not have tissue properties matched to those of the human penis,
limiting the scope of these models for use as preclinical testbeds for IPP testing.
Conclusion: Improved understanding of penile tissue biomechanics would assist the development of realistic benchtop/synthetic and
computational models enabling the long-term performance of IPPs to be better assessed.

Keywords: erectile dysfunction; inflatable penile prostheses; penile biomechanics; animal models; benchtop/synthetic models; computational model; IPP
complications.

Introduction

Erectile dysfunction (ED) is a commonly undiagnosed and
undertreated male disease whereby the patient suffers from
the inability to achieve or maintain a satisfactory penile
erection during intercourse.1 Approximately 52% of men in
the age range of 40 to 70 years suffer from some degree of
ED,2 while for men older than 70 years the rate of ED ranges
from 50% to 100%.3 Erectile dysfunction may lead to mental
anguish and depression in patients, with reduced quality of life
for both the patients and their partners. Several treatments
exist, including oral pharmacotherapy, intracavernous injec-
tion (intraurethral pellets and cream), low-intensity shock-
wave therapy and vacuum erection devices, among others.4

However, patients with underlying diseases (such as diabetes,

vascular disease, or previous pelvic trauma/injury) might not
respond to pharmacotherapies, necessitating the option of
permanent surgical implantation.4 Different types of penile
implants are available; namely malleable penile prostheses
(MPPs) and 2- and 3-piece inflatable penile prostheses (IPPs).
All of these implants consist of a pair of cylinders inserted
into the corpora cavernosa, while the 2- and 3-piece IPPs are
composed of additional elements: a pump and both a pump
and reservoir, respectively.

Penile anatomy

The penis is composed of 3 cylindrical shafts: a pair of corpora
cavernosa (CC) and a corpus spongiosum (CS) along the
dorsal and ventral penis, respectively. The CS originates from
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Figure 1. Penile anatomy: Sagittal (a) and cross-sectional (b) views (where).5 (c) Schematic of the cross-section of the penis. CC, corpora cavernosa; CS,
corpus spongiosum; TA, tunica albuginea; Ur, urethra.

the penile bulb (proximal penis) and runs along the midline
of the penis to the distal penis or glans (Figure 1a).5–7 Corpus
spongiosum is a spongy tissue that encompasses the urethra.
The cavernosa diverge at the penile root to form the crura,
which adhere to the ischial tuberosities.8 Corpus spongiosum
and CC contribute to the erection,9 with the latter being
partially entrapped by the skeletal muscles.7

The cross-sectional view of the penis (Figure 1b and 1c)
shows CC being surrounded by the fibrous TA layer,5,8 which
contains a high percentage of collagen fibers.10 A superficial
and less dense fibrous sheath (Buck’s fascia) envelops the
TA,8 which resembles the superficial and deep fascia of the
extracellular matrix. The glans is covered by the prepuce (also
known as the foreskin), which is rich in free nerve endings. The
urethral tissues are surrounded by a spongy mass of CS.5

The assessment of penile dimensions is important for andro-
logical evaluation and penile reconstruction. The most rele-
vant dimensions during the treatment of erectile dysfunction
(ED) include penile length and girth. Previous studies have
investigated the changes in these penile dimensions which can
affect the quality of life in diabetic patients.11 The measure-
ments (length and girth/circumference) of penis are performed
in the flaccid, stretched, and erect stages.11-13

History and development of IPPs

The first attempt in the development of a penile prosthesis
was made by Borgoras in 1936 using rib cartilage, which
was resorbed into the body over time.14 The first artificial
acrylic penile prosthesis was developed in 1952 by Goodwin

and Scott and was later (in 1964) modified to a silicone-
based penile implant by Lash and colleagues.15 These early
inventions in the field of erectile restoration paved the way for
the later evolution of the IPPs. The history of the evolution of
the IPPs is illustrated in Figure 2a.

In 1973, Scott et al, succeeded in fabricating the 3-piece
IPP, offering functional similarity during both the erect and
flaccid state.19 This type of IPP consists of a pair of cylinders,
a pump (for inflation and deflation of the cylinder), and a
reservoir (to store the saline fluid), which are implanted in
the penile corporal bodies, the scrotum, and the abdomen or
abdominal wall, respectively (see Figure 2b). A 2-piece “self-
contained” IPP, manufactured by American Medical Systems
(AMS) in 1985, consisted of a pair of cylinders (placed in
the corporal bodies) and a pump (placed in the scrotum,
Figure 2b) and was especially useful for patients who had
undergone multiple abdominal surgeries.16 Another relevant
type of penile implant is the malleable penile prosthesis (MPP)
which consists of 2 semi-rigid cylinders which are inserted
in the corpora cavernosa. First developed in 1975, the early
MPPs were composed of a semirigid rod,20 while Jonas and
Jacobi were the first to introduce silicone cylinders with a
twisted core.21 This device showed a satisfactory result and
was operated manually to provide an erection (similar to a
“goose-neck” device). In 2003, AMS improved the MPP by
adding segmented articulating polyethylene rods (Dura II) for
better range of motion and rigidity.22 Further developments
included increased distal shafts and customized products with
various cylinder lengths and diameters (Coloplast). Later,
in 2009, AMS introduced MPPs with alternating titanium
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Figure 2. (a) Development of IPPs over the years16,17 and (b) positioning of the 3- and 2-piece IPP in the pelvis.18

and polyethylene segments for enhanced concealment. The
Tactra MPP was launched by Boston Scientific in 2019 and
consists of a dual–silicone layer cylinder with nitinol core
for better durability. Recently, researchers have been try-
ing to develop shape-memory “touchless” malleable penile
prostheses (from nickel-titanium), which uses temperatures
above normal physiological temperature (42◦C)17 or mag-
netic induction23 for activation. Shape-memory alloys can
change their shapes when they are subjected to temperature
or magnetic field effects and come back to their original form
when these environmental factors are removed. Therefore, the
shape-memory penile prosthesis can imitate the flaccid and
erect state of the human penis.

Several advancements have been introduced to innovate the
design of the different components of the IPPs and MPPs over
the years. The world-leading manufacturers of IPPs, Coloplast
and AMS/Boston Scientific, have reported overall patient
satisfaction of about 90% to 95%,24 while still striving to
further improve IPP components.

Post-IPP implantation complications

IPP implantation is generally a safe procedure having high
success rates for both user and partner satisfaction. Post-
implantation complication rates are usually low, with 0.46%–
5.3% of cases due to infection,25 0.2%–3.6% of patients
presenting with bleeding/hematoma,26 and 0.8%–3.1% of
outcomes resulting in mechanical failure.27

Infections occurring from medical devices are a major issue
causing medical complications and physiological trauma.28

Computed tomography (CT) scans have exhibited severe skin

thickening (irregularity and ulceration), tissue swelling, and
fat stranding,18 most often requiring surgical removal of the
device. As such, antibiotic-coated IPPs were developed which
reduced the transmission of infections compared to non-
coated IPPs.29 Postoperative hematomas (accumulation of
blood with fat stranding, which are usually mild and generally
settle spontaneously) have been observed in patients within
2 weeks post-surgery.18,30 Hematoma formation can be
prevented by use of drains post-operatively and compression
dressings.

Cylinder complications may lead to buckling within intact
TA, whereas perforation/erosion results in herniation, disrupt-
ing the TA.31 Migration of cylinders can occur in medial
and anterior-posterior directions, the latter being associated
with the asymmetric position of the rear tip extenders.18

Similar complications of erosion, migration/malposition, and
hematomas have been observed in patients using pumps and
reservoirs.18,31,32 Another type of failure – system leakage—is
generally observed years after device implantation and might
occur due to cracking, rupturing, or failure of the connector
tubes.18 The complications related to post-IPP implantation
are shown in Figure 3.

Better understanding of the complications of post-IPP
implantation from a biomechanics perspective would be
highly beneficial for engineers and would enable design
changes to reduce tissue damage over time. Despite the fact
that post-IPP complications have been reported by several
clinicians, as yet, no computational or benchtop model exists
which would be capable of capturing the tissue damage
mechanics responsible for these complications or failures.
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Figure 3. Post-operative complications.18,31,32

Such models would clearly aid manufacturers and clinicians
in minimizing the associated tissue damage, likely reducing
the effect of hematomas and erosion from implantation and
device failures.

Biomechanics of penile tissues

Biomechanics is the study of the movement or structure of bio-
logical tissues from a mechanical perspective. In other words,
biomechanics employs mechanical theories/approaches to
describe the responses of biological tissues to mechanical
loading or any kind of structural stimulation. Having knowl-
edge of the mechanics of biological tissues can provide key
insights into the interactions between different components
inside organs, the interpretation of pathological studies,
the relationships between structures and their functions,
and better predictions of tissue strength, lifetime, etc. This
section focuses on the biomechanics of penile tissue, including
various measuring techniques and quantitative values that
were obtained during whole-penis testing and its segregated
tissue components (CC, CS, TA, fascial layers, urethra, and
foreskin) which are impacted by IPP implantation.

Limited work is reported on the biomechanics of the whole
penis and its different tissue components. The biomechanics
(axial rigidity) of an erect penis during vaginal intromis-
sion was investigated with different commercially available
IPPs.33 The circumferential expansion of IPPs creates higher
resistance during biomechanical testing, which is important
when choosing a penile implant for a patient.34 Another
study showed the pressure-dependent rigidity of different
IPPs during expansion and their overall longitudinal and
horizontal resistance.35 Ex vivo experimentation on different
commercially available IPP cylinders under different loading
conditions is essential for a physician and patient to decide
on the type of cylinders.36 However, all these studies did
not consider the individual tissue mechanics, or the tissue
damage linked to the usage of these devices but were limited
to exploring the levels of stress/pressure generated to the
IPP cylinders during expansions. Timm et al.,37 designed a
penile external fixator with four indenter tips to record the
applied force along with the respective displacements. The
applied force and displacement on the tissue varied in the

range 0.7–1.1 N and 7–10 mm, respectively, assisting in the
development of a finite element model (FEM) for urinary
incontinence. The stiffness of the whole penis was estimated at
0.014 MPa from the experiments and use of an inverse finite-
element technique. While this is the first mechanical charac-
terization of the whole penis, the indenter tips created very
localized tissue deformation and hence generated only limited
knowledge regarding the whole organ tissue characterization.
A finite-element (FE) study by Levy et al.,38 investigated
tissue deformation in the whole penis to explore the effect of
various urinary incontinence device designs during urethral
compression. The study focused on developing incontinence
devices to prevent urine leakage in males.

Corpus cavernosa, a pair of cylindrical spongy erectile tis-
sues, are a major part of penile tissue that is affected during IPP
implantation. Histological analysis has shown the presence
of trabeculae separated by collagen, connective tissues and
smooth muscle cells (SMCs).39,40 Some researchers used shear
wave elastography (SWE) to determine the stiffness of corpora
cavernosa.41,42 The same technology also demonstrated an
increase in the stiffness of CC with increasing age.43 The study
by Zhang et al., showed no significant differences between
the stiffness of the left and right CC.44 Recently, researchers
developed a 2D penile ultrasound vibro-elastography system
to quantify the stiffness of penile tissues and the associ-
ated cardiovascular risks for patients with ED or Peyronie’s
disease (PD).45 The stiffness of the cavernosum for healthy
participants ranged from 18.5–25.2 kPa43,44 while a much
lower stiffness (approximately 2–12 kPa) was observed in case
of patients suffering from ED/PD.45 CS is a spongy tissue
composed of collagen, elastin, and muscle cells, which encom-
passes the urethral tissue.46 Ultrasound vibro-elastography
has also been used to quantify the stiffness of CS, but elastog-
raphy does not provide the force-displacement curves needed
to extract the full range of material properties.41 Although
these techniques have been used to measure the stiffness of
CC and CS, full characterization of the mechanical behavior
of the tissues is still lacking for the range of deformations for
IPP implantation.

Surrounding the corpora cavernosa and spongiosum is a
thick bilayered fibrous layer (ranging from 1.7 to 3.3 mm
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Figure 4. The range of stiffness of penile tissues.37,43,51 The tensile/compressive strength and strain generation are important parameters to fully
understand penile mechanics, yet these are not reported in most studies. The major drawbacks are also highlighted.

in thickness) called tunica albuginea.8,10 It contains a very
high percentage of collagen fibers and a low level of elastin,10

significantly contributing to the load-bearing component of
the penis.47

Most of studies on TA have focused on molecular patholo-
gies such as PD.48-50 Although some studies quantified the
biomechanical properties of TA (stiffness: 100 MPa and ten-
sile strength: 0.001–0.01 MPa), these studies were performed
with tensiometers which did not report the levels of strain
generation.10 Recently, Brady et al. 51 estimated the mechan-
ical properties (tensile strength (2–4.5 MPa) and strain at
ultimate tensile strength (20%–25%) of TA specimens with
a calcification of 0–28% volume ratio. A dramatic difference
in the properties, especially modulus (11.8–55.3 MPa) and
failure mechanism (measured using digital image correlation),
was observed which was attributed to the level of calcification
and irregular mineralization of the specimens, respectively.
This study provided considerable new insights into the tissue
mechanics of the TA, yet, the tissue anisotropy was not consid-
ered. Furthermore, the irregular specimen geometry (neither
dog-bone nor rectangular strips) used during the tensile tests
might have resulted in a wide variation in the results reported.

Other tissue components include fascial layers and prepuce
(foreskin). Fascia is a soft connective tissue enveloping the
organs, bones and muscles, thus forming a connective network
throughout the body. Fascia is subdivided into 3 different cate-
gories—superficial, deep and epimysium—of which the latter
is not present in the penis.8 Several studies have quantified
the mechanics of fascial layers of different organs; however,
the mechanics of penile fascia has not yet been reported.
A wide variation in the mechanical behavior of fascia from
different organs exists. While nasal fascia is soft with stiffness
of approximately 1 MPa,52 thigh fascia is highly anisotropic
with stiffness ranges from 3.2–41.9 MPa to 71.6–275.9 MPa

depending on the fibrillar orientation.53 Considering the high
variability of the stiffness of fascial layers based on their
anatomical position, it is important to investigate the mechan-
ical behavior of penile fascial layers for a better understanding
of the whole penile tissue response to mechanical loading.52

The prepuce is a highly vascularized and densely innervated
bilayer tissue occupying the distal end of the skin of the
penis. Despite the rigorous biomechanical forces it experiences
during intercourse, mechanical characterization of this tissue
is rather limited. The mean (±SD) values of Young’s mod-
ulus of fresh and decellularized human foreskin have been
reported to be approximately 2.85 (±0.28) MPa and 3.01
(±1.26) MPa, respectively.54 This study did not consider the
effect of anisotropy or strain rate which may have a profound
effect on human skin.55,56

It is evident that there is generally a lack of knowledge
on the mechanics of the penile tissues. Indentation has been
used to predict the mechanical response of the whole penis,
with a view to ascertaining the stiffness of the different penile
tissues and their interaction, but the highly localized defor-
mation of the tissue precludes this. In addition, the degree
of tissue anisotropy in CS, CC, and TA has been completely
overlooked. Furthermore, the complex viscoelastic response
of penile tissues needs to be quantified to better understand
the tissue mechanics relevant to the design of preclinical
testbeds for IPPs/MPPs. In addition, understanding penile
mechanics would aid in detection of penile pathologies. The
range of stiffness of penile tissues is presented in Figure 4.
The mechanical response of the major tissues—CC, CS and
TA—are either estimated by direct measurements (tensile test,
external fixator) or imaging techniques (SWE). The gap in the
knowledge of penile mechanics severely limits the develop-
ment of both computational and benchtop models which can
be used as pre-clinical testbeds for future generation IPPs.
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Figure 5. The available animal and synthetic models do not have mechanical properties equivalent to the human penis. Therefore, these models are not
ideal for preclinical testbeds for IPPs to understand the impact of the pressure generated during inflation/deflation.65,66

Progress in modelling

Animal/synthetic model

Animal models used as benchtop models provide a good
estimation about the operation of a medical device in vivo
and are also useful for surgical training. It is worth noting,
however, that the assessment of ED in any model has generally
been limited to the recording of the intracavernosal pressure
(ICP). Therefore, the effects of both electrical stimulation and
pharmacological drugs on ICP have been studied, especially
on freely moving animals,57,58 yet any associated tissue dam-
age has been overlooked. Some of the animals widely used
for the treatment of ED include rats, mice, and rabbits.59

However, due to the mismatch in the anatomical features
and dimensions of the penis in these animals compared to
human beings, these animals are unsuitable for biomechanical
preclinical testbeds of IPPs.

Some limited studies have considered larger animals such
as the dog and bull for urological treatments. The dog model
was employed for penile girth60 and urethral61 augmentation,
which showed promising post-operative outcomes. Neverthe-
less, a significantly different penile anatomy (presence of bony
or “os penis”) limits the use of IPP implantation in the dog
model. Interestingly, a bullock cadaver model has been used
for intracavernosal (IC) therapies for ED treatment via needle-
free injection.62 Still, large domestic animal models such as
horse and bullock would not be suitable as an IPP implanta-
tion model, as the penile dimensions do not match the human
penis. As such, it is evident that no current animal model exists
having anatomical features and dimensions analogous to the
human penis.

In the light of the limited suitability of animal models,
cadaveric or synthetic models should be employed. Some
researchers used cadaveric models to demonstrate the treat-
ments of ED62,63; however, their high cost, availability, ethical

concerns, and the risk of transferable disease limits their
applicability. Commercially available synthetic models have
often been used to understand the key pinch strength involved
in inflation/deflation of IPP devices for older patients.64,65

Recently, Renterghem and Ghazi designed a penile model
from polyvinyl alcohol (PVA) polymer by varying the viscos-
ity of the powder mix and freeze–thaw cycles. This model
was processed to create a male genital structure which was
layered around a 3D-printed pelvic bone.66 This model is
suitable as a surgical tool, but it still does not replicate the
biomechanical properties of the various penile tissues. The
absence of matched tissue properties in the model would limit
the accuracy of any results obtained during inflation/deflation
(pressure-related) of IPPs.

Consequently, there is a clear lack of availability of a penile
model which has biomechanical properties similar to human
penile tissues. The currently used animal and synthetic models
(Figure 5) would not be the best for understanding the tissue
stress or damage developed during the IPP cycling process. The
growing interest in improved outcomes with male urological
devices for treating ED demands the development of benchtop
models capable of replicating human penile properties.

Computational modeling

Experimental analysis can determine tissue properties;
however, a proper understanding of the tissue mechanics on
implantation of medical devices is crucial to estimate potential
tissue damage. A biomechanical computational model can
be used to estimate tissue damage under the influence of
various loading conditions. In this section, the progress on
computational modelling of the penis and relevant devices is
reviewed.

Udelson and team compared the structural rigidity of the
penis to straight columns,67 according to which they modeled
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Figure 6. The state-of-the-art penile models. 2D and 3D penile models developed to date use linear-elastic tissue properties. Initial 2D models were
developed for both the healthy and diseased penis with and without IPPs71 while others demonstrated the effect of soft and hard IPP materials.70 The
later 3D models showed the generation of von Mises stress of different penile models during erection.73,74

it as a cylinder composed of an isotropic, homogenous, and
linear elastic material.68 Following this study, Chen et al.
developed a penis model with “blood-filled circular cylinders”
where TA (represented as cylindrical walls) contributed to the
load-bearing of the organ.69 In that study the authors also
considered the penile tissues to be isotropic and linear-elastic.
Another study developed penile models beneficial for under-
standing biomechanical compatibility and surgical decisions
while selecting IPP cylinders for implantation (i.e. cylinder
positioning and alignment).70 An isotropic, homogenous, and
linear-elastic 2D penile model with an idealized anatomical
geometry was modelled by Gefen et al., which showed the
various different penile tissue components.71 Furthermore,
that study also demonstrated the impact of IPPs on the internal
stresses generated in normal and diabetic patients. In Zhu et
al., tissue characterization data obtained from various partici-
pants was used to develop a penis model to better understand
the effect of geometry for urinary continence,37 and again,
linear elasticity was assumed for the soft tissues. Another
study by Levy et al. also focused on the different device designs
for treatment of urinary incontinence, considering the TA and
skin as orthotropic materials, and the fat, CC, and CS as
isotropic materials, and all as linear elastic.38 Orthotropy in
TA was discussed by Kelly in 1999, where the presence of lon-
gitudinal and transverse collagen fiber directions supports TA
being an orthotropic material,72 and skin is well known to be
anisotropic.55 The results in the Levy et al. study suggest that a
minor misalignment in the penile compression clamps (PCCs)
would generate increased tissue strains and skin stresses due
to misuse of the device and asymmetries of the human penis. A
3D-penile model with similar material properties (TA and skin
as orthotropic-elastic materials; CC and CS as isotropic-elastic
materials) was developed to predict the stress distribution
within various penile tissue components for asymmetric and
PD cases.73 A study of a 2- versus 1-compartment 3D penile
model showed that the former is better for use in understand-
ing the biomechanical properties of the penis during erection
due to lateral forces acting on the TA.74

In summary, the literature presents several studies focused
on developing a realistic penile model (see Figure 6), yet none
have included consideration the penile tissues as hyperelas-
tic anisotropic materials (despite soft tissues generally being
considered hyperelastic). To date, penile components have
been modeled as isotropic-linear-elastic or orthotropic-linear-
elastic materials. In addition, these studies have generally
considered idealized geometrical models and not used med-
ical imaging, such as magnetic resonance imaging (MRI) or
computing technology (CT)-based images to establish the best
anatomical geometry of the organ. Furthermore, the complex
viscoelastic properties of penile tissue have not been measured
experimentally, and thus it has not been possible to implement
them into computational models.

Conclusions and future perspective

IPPs have been used by patients suffering from ED for
decades, with only limited improvement in the design and
mechanism of operation since their original launch. Designing
an ideal IPP with good long-term performance requires
preclinical testing of these devices in both ex vivo and in
silico environments. Testing in these environments would help
to predict levels of the internal tissue stresses and strains
(during inflation/deflation of IPPs), and help to predict
the degree of tissue remodeling likely in the penile tissues
post implantation. Understanding the various penile tissue
properties is important but even more so is the way they work
in concert with one another as the penis transitions between
the flaccid and erect state, both the natural penis and those
with an IPP implanted. Focus on these properties is important
as to-date very little knowledge exists on the biomechanics of
penile tissues, especially with an IPP in place.

Creating multiple test bed approaches, such as benchtop
and in silico models, can enable an understanding of the role
various penile tissues play in the erect and flaccid behavior of
the penis. Benchtop models can enable evaluation of a given
solution in a physical manner, while the computer modeling
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Figure 7. Future directions that would assist in improving IPPs for next-generation applications.5,38,51,66,73,75,76

can enable hypothesis testing and/or parameter variation
studies of the tissues or devices to quickly evaluate a large
range of parameters (device or anatomical).

To build both the benchtop and computational models,
a clear understanding of the experimental tissue mechanics
is required. Using unrealistic material parameters to develop
these models does not help in estimating the mechanical
performance of IPP during implantation. Therefore, knowl-
edge and understanding of penile tissue properties in impor-
tant for creating these models. Interestingly, the experimental
mechanics of penile tissues are relatively unexplored—to our
knowledge no deformation analysis has been performed for
the CC, CS, prepuce, or fascial layers. Using indentation
techniques to measure the mechanics of the whole penis
has produced only local tissue deformation, hence, a more
suitable testing protocol should be considered. While the
material properties of TA were recently studied, the study
did not explore the effects of tissue anisotropy or strain
rate. The determination of tissue damage during IPP implan-
tation using computational models, however, requires anal-
ysis of the time-dependent viscoelastic properties of these
tissues.

As discussed, animal models used for treatment of ED
do not replicate the dimensions (geometries) and anatomy
of human penis. Few attempts have been made to develop
synthetic/benchtop penile models that match penile tissue
properties, while some simplified models do exist which match
the anatomy. One of the best ways to detect the damage
in the tissues from the implantation of a medical device is
the use of FE (computational) models. To date, researchers
have developed penile models considering the tissues to be
either linear-elastic or transverse-orthotropic elastic materials,
which do not fully replicate the soft tissue behavior. The clear
lack of experimental penile tissue properties to inform the
computational models severely limits their implementation.
Additionally, none of the existing models are based on medical
imaging data.

Future research focused on exploring experimental penile
tissue mechanics needs the development of accurate preclinical

test beds. Generally, medical devices are tested on in-vitro, in-
vivo, ex-vivo, custom-built, and in silico models (Figure 7).
However, in-vitro and in vivo preclinical testing of IPPs would
not be possible due to their dimensions and the unsuitable
anatomy of animal models. Ex vivo models produced from
biological tissues generally offer several restrictions, such as
ethical issues and storage and transfer of infectious disease
to avoid mishandling. Therefore, custom-built and in sil-
ico (computational) models are the best preclinical testbeds
for IPP testing. Successful implementation of these models
requires knowledge of tissue mechanics (from experiments)
and medical imaging (from MRI/CT scans) from human IPP
patients. This would enable the creation of benchtop and com-
putational models with mechanical properties and anatomy
similar to that of the human penis, delivering a platform for
design improvements of IPPs.

These realistic preclinical test beds could offer a means to
evaluate IPPs and other implantable solutions for patients
suffering from ED by providing a platform (1) to test the safety
and efficacy of the devices, i.e., to ascertain if the devices cause
acute or chronic damage to the surrounding penile tissues in
the short- or long term, and (2) to develop device solutions
that better mimic the healthy human penis, both flaccid and
erect. These steps would generate safer implants that would
be developed to reflect native biomechanical behavior, as
well as providing an implant with more natural performance
and feeling, ultimately improving both clinical outcomes and
patient satisfaction.
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