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Abstract

Background: To evaluate the stiffness of the tunica albuginea (TA), we used a new noninvasive diagnostic technique
called shear wave elastography (SWE). We determined whether SWE values are correlated with the degree of penile
curvature, the time of disease onset, and pain severity experienced by patients during erection. This study analyzed
the elasticity of the TA of patients with Peyronie's disease compared to that of the control group. We also analyzed
any correlations between the stiffness of the cavernous bodies and the degree of curvature, time from diagnosis to
curvature onset, and erectile pain severity. This was a prospective case—control study involving 100 men enrolled
from September 2020 to August 2021. Participants were divided into group A (case group, n=>50), which included
men with PD, with or without pain, and with penile curvature, or group B (control group, n=>50), which included
healthy patients older than 18 years who visited the urology clinic for reasons other than PD. The medical history
was collected for all patients who also underwent objective examination, B-mode ultrasound evaluation, and SWE.
The International Index of Erectile Function (IIEF-15) visual analog scale (VAS) questionnaire was administered to all
participants.

Results: There were no significant between-group differences regarding age, weight, and height (p>0.05); however,
there was a significant difference in the stiffness values (p < 0.05). An inverse correlation was observed between stiff-
ness and the VAS score (p < 0.0001). A positive correlation was observed between the degree of curvature (p <0.0001)
and the time of curvature onset (p <0.0001). The IIEF-15 scores were poorer in group A than in group B (p <0.0001).

Conclusion: SWE is an inexpensive, noninvasive method that can be used to measure the stiffness of PD patients.
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Résumé

Contexte: Pour évaluer la rigidité de la tunique albuginée (TA), nous avons utilisé une nouvelle technique de diag-
nostic non invasive, appelée élastographie par ondes decisaillement (EOC). Nous avons déterminé si les valeurs de
EOC étaient corrélées avec le degré de courbure du pénis, le moment d'apparition de la maladie de Lapeyronie (MP)
et la gravité de la douleur ressentie par lespatients pendant I'érection. Cette étude a analysé I'élasticité de la TA des
patients atteints de MP par rapport a celle d'un groupe témoin. Nous avons également recherché toute corrélation
entre la rigidité des corps caverneux et le degré de courbure, le temps écoulé entre le diagnostic et I'apparition de
lacourbure, et la gravité de la douleur érectile. Il s'agit d'une étude cas-témoins prospective impliquant 100 hommes
enrolés de septembre 2020 a aolt 2021. Les participants ont été assignés au groupe A (cas, n = 50), quicomprenait
des hommes atteints de MP, avec ou sans douleur, et présentant une courbure du pénis, ou au groupe B (témoins, n
= 50), qui comprenait des patients en bonne santé agés de plus de 18 ans qui venaient a la clinique d'urologie pour
des raisons autres que la MP. Les antécédents médicaux ont été recueillis pour tous les patients qui ont également
subi un examen objectif, une évaluation échographique en mode B et une EOC. Le questionnaire de I'échelle visuelle
analogique (EVA) de I'Indice international de la fonction érectile (IIEF-15) a été administré a tous les participants.

Résultats: Il n'y avait pas de différences significatives entre les groupes en ce qui concerne I'age, le poids et la taille ;
toutefois, il y avait une différence significative dansles valeurs de rigidité (p<0,05). Une corrélation inverse a été observée
entre la rigidité et le score EVA (p<0,0001). Une corrélation positive a été observée entre le degré de courbure (p<0,0001)
et le moment de l'apparition de la courbure (p<0,0001). Les scores lIEF-15 étaient plus faibles dans legroupe A que dans

le groupe B (p<0,0001).

Conclusions: Lélastographie par ondes de cisaillement (EOC) est une méthode peu colteuse et non invasive qui
peut étre utilisée pour mesurer la rigidité des patients atteints de MP.

Mots-clés: Courbure, Elastographie, Erectiondouloureuse, Indurationpénienne, Maladiede La Peyronie, Rigidité

Introduction

Peyronie’s disease (PD) is an acquired connective tissue
disorder of the penis named in honor of Francois de la
Peyronie, who reported a first case in 1743 [1]. PD is char-
acterized by the formation of a fibrous scar in the tunica
albuginea (TA) of the penis, resulting in penile curvature.
This plaque is formed because of the altered production
of the extracellular matrix caused by the upregulation of
tissue inhibitors of matrix metalloproteinases and myofi-
broblast activity [2, 3]. The cause of PD is unknown; how-
ever, it has been established that repeated episodes of
trauma cause microvascular injuries and the deposition
of inelastic fibrin, collagen types I and III, and calcium
[4]. Additionally, PD patients often exhibit other fibrotic
changes, such as Dupuytren’s contracture, which could
suggest a possible genetic predisposition [5].

PD occurs in 3.2% to 8.9% of the male population, and
it typically presents at 55 to 60 years of age; however, it
can occur at any age [6, 7]. Traditionally, men with PD
experience pain during sexual intercourse, erectile dys-
function, and emotional and physical distress [8]. Fur-
thermore, erectile dysfunction caused by pathological
disease progression greatly affects the sexual activity of
men and their partner [8].

Two phases of pathology can be distinguished. The first
is the acute inflammatory phase during which plaque
develops in the TA and begins to alter the anatomy of the

penis. Pain is usually felt when the penis is in the flaccid
state or during erection. The subsequent chronic phase
involves the formation of a hard, palpable plaque and the
stabilization of penile curvature [9]. Pain usually resolves
in 90% of patients within 12 months of disease onset [10].

The diagnosis of PD is based on the medical history,
sexual history, autophotography, clinical examination,
and ultrasound imaging modalities. The diagnostic
examination should begin with the detection of plaque;
then, it should extend to the hands and feet to identify
possible Dupuytren’s contracture. To perform a more
complete evaluation, ultrasonography is the primary
imaging technique used to detect plaques and identify
calcification in lesions [11]. Additionally, penile Dop-
pler ultrasound enables the identification of potential
concomitant vascular compromise through the analysis
of the penile vasculature and flow [12].

Shear wave sonoelastography (SWE) is a noninva-
sive technique that provides encouraging results for
PD patients. It has been applied in other andrological
fields, such as for the diagnosis of erectile dysfunction
or for supporting the diagnosis of male infertility [13].
Additionally, SWE is a painless technique that quan-
titatively measures tissue elasticity by computing the
modulus of elasticity (or Young’s modulus) expressed in
kilopascals (kPa) or meters per second (m/s) and local-
izing the most rigid areas of the penis, such as penile
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plaques that are not visible using B-mode ultrasonog-
raphy [14].

This study aimed to analyze the elasticity of the TA of
PD patients compared to that of the control group and
to determine any statistically significant differences. The
secondary aim of this study was to analyze any correla-
tions between the stiffness of the cavernous bodies and
the degree of curvature, time to curvature onset, and
erectile pain severity. Additionally, we tested whether
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there were significant differences in male sexual function
using the International Index Erectile Function (IIEF-15)
long-form questionnaire.

Materials and methods

This was a prospective case—control study. From Septem-
ber 2020 to August 2021, a total of 104 men at our urology
clinic were considered eligible. However, four subjects
were excluded (three had undergone pelvic surgery and

104 patients recruited in the
study.

excluded

100 patients enrolled in the study.

3 pts undergone pelvic surgery.
1 pts did not perform consent to
perform SWE

Case Group:
Group A (n=50)

Fig. 1 Flowchart of the study

Control Group:
Group B (n=50)

1 E 26.46 kPa

Fig.2 Example of a shear wave elastography image of Tunica Albuginea (TA) including quantitative measurement data expressed in kilopascal
(kPa) in a patient with Peyronie’s Disease (PD) (case group). The elastosonography mode simultaneously provides two images of the same area: The
left image is in US—B—mode while on the right image is simultaneously displayed for stiffness measurement. The yellow box indicates the region
of interest (ROI) observed in the shear wave elastography image, and the yellow circles indicate the intensity of the stiffness expressed values in

kPa. In addition, the software provides a colorimetry map of the stiffness of the ROI. In particular, the red color indicates high stiffness while the blue
color indicates lower stiffness. TA: tunica albuginea; kPa: kilopascal; PD: Peyronie’s Disease US: ultrasound; ROI: region of interest
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one did not provide consent to undergo SWE). The par-
ticipants were divided into two groups: group A (case
group, n=50), which included subjects older than age
18 years who were diagnosed with PD at any stage, with
or without pain, and with penile curvature, and group B
(control group, n=50), which included healthy patients
older than 18 years who visited the urology clinic for
benign pathologies (Benign Prostatic Hyperplasia, uri-
nary lithiasis, male infertility and IVU) excluding PD
and neoplasia of the genitourinary system (Figs. 1 and
2). The exclusion criteria for both groups were as follows:
diagnosis of PD; history of pharmacological or surgical
treatments; previous pelvic or penile trauma; neurologi-
cal diseases or peripheral neuropathy; treatment with
phosphodiesterase-5 inhibitors within the last 3 months
before the study; and use of a vacuum device as a rec-
reational or therapeutic tool. Additionally, subjects with
alterations in triglyceride, low-density lipoprotein choles-
terol, and blood glucose levels were excluded.

The study protocol was reviewed and approved by
the Bioethics Committee of University of Perugia(IRB
N°54,895)Informed consent was confirmed by the Institu-
tional Review Board. The study was conducted in accord-
ance with the Privacy Act and the Declaration of Helsinki.

The clinical histories of all of patients were collected. All
patients underwent a physical examination. SWE of the
TA was performed using the Logiq Healthcare Sq8 ultra-
sound system (GE, Chicago, IL, USA); a single urology spe-
cialist with at least 3 years of experience conducting SWE
performed the examinations. The obtained images were
analyzed by a second urologist using the Picture Archive
and Communications System to ensure that the previously
collected measurements were accurate. SWE was per-
formed in a separate quiet room so the participants would
be relaxed. All patients were placed in the supine position
with the glans facing the pubic symphysis. SWE was con-
ducted with the penis in an erectile state by performing an
intracavernous injection of alprostadil 10 mcg.

The TA of two corpora cavernosa (CC) were analyzed
separately. The linear probe (7.5-13 MHz) was placed
parallel to each CC. Each CC was divided into three sec-
tions longitudinally from the base of the crura of the
penis to the glans to create the proximal, middle, and dis-
tal sections (all were 2 cm in length).

Subsequently, a region of interest with a radius of 0.5 cm
was selected and positioned in the previously identified
individual sections of the left CC and right CC correspond-
ing to the TA. The TA was identifiable as a hypoechogenic
band of measurable thickness bordered by two thin hyper-
reflective interfaces. Additionally, we maintained a field of
view slightly wider than the lesion so that surrounding tis-
sues could be assessed. We kept the transducer in a direc-
tion perpendicular to the skin surface.
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We kept the transducer stationary and asked the
patients to not breathe during the measurements. We did
not apply any precompression with the transducer. We
allowed several seconds for the image to stabilize before
performing the measurement. Additionally, areas with
cysts or vascular structures in the organ were excluded
from the measurements. Three serial measurements were
performed and the arithmetic mean was determined.
With the use of a software, the extent of stiffness of the
selected area (expressed in kPa) was displayed. SWE
results are based on the speed of the transverse wave
that is generated in the direction of the ultrasonic beam;
therefore, it is possible to estimate the modulus of elastic-
ity (or Young’s modulus) [15].

A single operator at the clinic induced an erection in
subjects with PD using alprostadil (10 mcg) and used a
dedicated goniometer to measure the degree of penile
curvature. Erectile pain was assessed using the visual
analog scale (VAS) with scores ranging from 0 (no pain)
to 10 (maximum perceived pain) [16].

All patients completed the IIEF-15 long-form question-
naire that analyzes the following aspects of male sexual-
ity: erectile function; orgasmic function; sexual desire;
intercourse satisfaction; and overall satisfaction [17].

Statistical analysis

Statistical analyses were performed using the unpaired
t-test and Levene’s test for continuous parametric vari-
ables and an analysis of variance to investigate any sta-
tistically significant differences in scale-level dependent
variables and nominal-level variables with two or more
categories. Pearson’s correlation test was used for quan-
titative variables. All calculations were performed using
SPSS (version 22.0; IBM Corporation, Armonk, NY,
USA). Statistical significance was set at p <0.05.

Results

There were no statistically significant differences regard-
ing age, weight, and height between case and control
group’ (Table 1).

Table 1 Demographic characteristics of the subjects

Group A (n=50) Group B (n=50) p-value®

Age, (mean £ SD) 56.2+12.8 5214178 0.197
Weight, kg 784+11.1 786+10.8 0.928
(mean=£SD)
Height, cm 17461144 175.6+13.7 0.745
(mean=£SD)

Group A is the case group. Group B is the control group
SD standard deviation

2 Determined using the t-test
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Table 2 Mean values (kPa) of the TA of the left and right CC in the two groups

Group A (n=50) Group B (n=50) p-value®
TA of the left CC (mean £ SD) (kPa) 61+19.7 228458 0.0001*
TA of the right CC (mean %= 5D) (kPa) 5324213 227456 0.0001*
Average TA of CC (mean = SD) (kPa) 5714205 227457 0.0001*

Group A is the case group. Group B is the control group
? Determined using the t-test (p < 0.05)

SD standard deviation, TA tunica albuginea, CC corpus cavernosum, kPa kilopascal

Table 3 Pearson’s correlation obtained from both CC of the TA and the degree of curvature, time from diagnosis to curvature onset,

and VAS score
General score Curvature Time of onset of curvature VAS score
(degrees) (months)
General score (kPa) Pearson’s correlation 1 0.657 0.757 -0.714
p-value 0.0001" 0.0001" 0.0001"
Curvature (degrees) Pearson’s correlation 0.657 1 0.788 -0.747
p-value 0.0001 0.0001" 0.0001"
Time of onset of curvature Pearson’s correlation 0.757 0.788 1 -0.873
(months) pvalue 0.0001" 0.0001" 0.0001°
VAS score Pearson’s correlation -0.714 -0.747 -0.873 1
p-value 0.0001" 0.0001" 0.0001"

CC corpus cavernosum, TA tunica albuginea, VAS visual analogue scale
Group A is the case group. Group B is the control group
" Pearson'’s correlation p <0.05

Statistically significant differences were observed
between the mean of the left TA of groups A and B
(p<0.0001) and between the mean of the right TA of
groups A and B (p<0.0001) (Table 2). Additionally, the
averages of the results of the left and right TAs of groups
A and B were calculated, and the differences were statisti-
cally significant.

Moreover, in group A, 28 subjects presented the follow-
ing characteristics: 53.5% (n=15) had dorsal curvature;
17.8% (n=>5) had left lateral curvature; 14.2% (n=4) had
right lateral curvature; and 14.2% (n=4) had ventral cur-
vature. Furthermore, the mean curvature was 53.5 degrees
(standard deviation [SD],+ 16.3 degrees). Subjects reported
that the mean time from the diagnosis of the condition to
curvature onset was 8.5 months (SD,14.6). Subjects in
group A had a mean VAS score of 4.7 (SD, £+ 2.6).

Correlations were observed by analyzing the stiffness of
the TA of the right CC and left CC. The time from diag-
nosis until curvature onset, curvature, and VAS scores
are shown in Table 3. All correlations were statistically
significant (p <0.0001).

Table 4 shows the scores of the various domains
of the IIEF-15 questionnaire for both groups. In all
the domains, statistically significant differences were
observed between groups (p <0.0001).

Table 4 IIEF-15 scores of group A (n=>50) and group B (n=50)

Mean (kPa) SD (kPa) p-value

IIEF erectile function Group A 13.92 5979 0.0001"
GroupB 2742 2.749

IIEF orgasmic Function GroupA 628 1,666 0.0001"
Group B 8.26 1.440

IIEF sexual desire Group A 4.76 1.733 0.0001"
Group B 846 1.446

IIEF intercourse satisfaction Group A 542 2.635 0.0001"
Group B 13.34 2.096

IIEF overall satisfaction Group A 4.78 1.930 0.0001"
Group B 8.00 1.604

Group A is the case group. Group B is the control group
IIEF International Index of Erectile Function
* Determined using the t-test (p < 0.05 is statistically significant

Discussion
PD is an insidious condition that has been underdiag-
nosed and underestimated by both patients and physi-
cians for many years. Various diagnostic techniques have
been used to diagnose PD [18].

Some radiological methods, such as radiography and
computed tomography, have the ability to correctly
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visualize calcified plaques, but they are unable to prop-
erly investigate tissues without calcified plaques [19].
Magnetic resonance imaging is an appropriate tech-
nique for visualizing soft tissues and studying the CC and
noncalcified plaques, and it can visualize areas of active
inflammation usually present during the early phase of
the disease [20]. However, it is less useful for visualizing
calcific plaques and, more importantly, it is expensive and
cannot be performed in an office [20].

The use of B-mode ultrasonography is currently the
most preferred method in terms of cost and time, and
it is advantageous because of its optimal visualization of
calcified plaques. However, it fails to visualize noncalci-
fied plaques located in complex areas such as the base
of the penis. Moreover, it is unable to visualize areas of
active inflammation and is operator-dependent. Fur-
thermore, it is difficult to use as a follow-up method [21,
22]. Therefore, we are investigating new diagnostic tech-
niques that are simple and easy to use. SWE results are
based on the speed of propagation of sound waves gener-
ated by the probe through the tissues. Stiffer tissues with
less elasticity will produce a higher speed of propagation
of the wave, but more elastic tissues will produce a lower
speed of propagation of the wave.

SWE has been applied in other areas. For example, it
has been used in the field of endocrinology to study the
thyroid and discriminate between benign nodules and
malignant tumors [23], and in the field of breast cancer to
distinguish between fibroadenomas and invasive tumors
[24].

Additionally, the SWE technique, compared to other
elastosonographic techniques, is operator-independent,
is useful for monitoring patients after drug therapy, and
can obtain values expressed in kPa.

Cavernous body biopsy is the gold standard for the
study of histological changes in patients with PD. How-
ever, it may be infeasible because of ethical implications
and the invasiveness of the procedure. Our study demon-
strated that PD patients with elastic tissues of the CC and
TA that were replaced by stiffer and less elastic tissues
had statistically higher kPa values obtained by SWE than
the control group.

Riversi et al. [25] showed that the use of a real-time
elastography technique for PD patients allowed the
detection of areas with less elasticity that were not vis-
ible with B-mode ultrasound. In fact, they analyzed 75
PD patients and observed that the combination of elas-
tography and B-mode ultrasound was able to detect the
lesion in 93% of subjects [25]. However, lesions were
only detected in 86% of patients when using the B-mode
technique and objective examination alone [25]. Moreo-
ver, similar to our data, SWE was able to identify lesions
in the absence of palpable plaques. In fact, our results
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indicated that, regardless of the presence or absence of
palpable plaques, PD patients had consistently higher
stiffness values than the control group. The most plausi-
ble hypothesis is that the stiffness of the tissue increases
with PD because of the abnormal production of the
extracellular matrix, increased number of myofibroblasts,
and production of collagen types I and III with fewer
elastic fibers. Iacono et al. [26] reported that patients who
undergo radical prostatectomy, which is associated with
a PD incidence of approximately 15.9%, have decreased
trabecular elastic fibers and smooth muscle fibers and
significantly increased collagen content compared with
patients who undergo preoperative biopsies [26]. More-
over, organized collagen and trabecular protocollagen
deposits increased. This possibly occurs because of perio-
perative penile trauma and the release of cytokines that
activate the abnormal wound healing process [5].

Hamidi et al. analyzed subjects who underwent radi-
cal prostatectomy with or without preservation of the
nerve bundle [27]. They showed that patients with dam-
aged nerve bundles had a statistically significant increase
in penile stiffness and a consequent decrease in bundle
length [27].

In PD patients, the normal structures of the TA and CC
are essentially lost [12]. Specifically, it has been shown
that there is an accumulation of myofibroblasts with sub-
sequent activation and release of growth factors such as
transforming growth factor-f1 and oxygen free radicals
with the development of fibrosis and accumulation of col-
lagen types I and III, thus leading to plaque formation over
the long-term, curvature, and reduced penile length [27].

Moreover, Zhang et al. [28] reported that as stiff-
ness measured by SWE increased, smooth muscle cells.
Smooth muscle cells comprise a main component of the
CC and approximately 50% of the penile microarchitec-
ture; therefore, they have an important role in the erec-
tion process.

In another study, Zhang et al. [29] measured penile
elasticity in erectile dysfunction patients and PD patients
before and after a pharmacologically induced erection.
They reported that there was a significant increase in vis-
coelasticity in patients with pharmacologically induced
erections, demonstrating that SWE could be used to
measure dynamic changes in erection [30].

Illiano et al. [30] analyzed 270 patients with various
degrees of erectile dysfunction and observed a correla-
tion between the worsening of IIEF-15 score and a higher
degree of penile stiffness demonstrated by the erection
hardness score; they also observed a reduction in elastic-
ity demonstrated by an increase in kPa values diagnosed
by SWE.

Qiao et al. [31] demonstrated an age-related increase in
collagen fibers with an increase in penile stiffness. These
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data are in agreement with the epidemiology of PD,
which has an incidence that increases with age.

SWE was able to detect an early increase in tissue
stiffness, even in the absence of morphological features
and detectable changes during objective examination,
such as the presence of palpable plaque. Furthermore,
it was found that as the VAS score increased, there was
a negative correlation between the stiffness value of the
TA, which concurs with the pathophysiology of the dis-
ease. During the acute phase of the disease, there are
no structural changes in the TA and CC; these changes
are usually present during the stable phase of PD, which
is characterized by an increase in inelastic fibers com-
pared to the quantity of elastic fibers.

Moreover, we found that with an increase in time
from diagnosis to curvature onset and an increase in
the degree of curvature, there was an increase in the
stiffness (positive correlation) of the TA. This is because
there is greater involvement of diseased tissues of the
penis and diffuse fibrosis involving the total organ.

Our results are also in agreement with those of Illiano
et al. [10], who studied men affected by PD who under-
went surgery to plicate the TA. During that study,
worsening of all areas of male sexual function (orgas-
mic, sexual desire, intercourse satisfaction, and overall
satisfaction) was observed, but erectile function did not
vary in a statistically significant manner preoperatively
or postoperatively [10].

The limitations of this study include the small sample
size and the failure to perform biopsies of the TA and
the CC to correlate them with the kPa values obtained.
Another limitation was that diagnostic confirmation
with SWE was not performed after oral, local,or surgi-
cal therapy; therefore, any changes in kPa values could
not be compared. In addition, the method is subject to
inter/intra observer variability and therefore further
studies are necessary to help Clinicians in standardiz-
ing the diagnostic procedure. The strengths of the study
include the presence of a control group, the possibility
of using stiffness as a reference to determine a possible
conservative therapy response.

Conclusions

SWE is a noninvasive and inexpensive ultrasound
method that could be useful for evaluating PD patients.
The measurement of TA stiffness in kPa could help
monitor the pathology even after conservative thera-
pies. Additionally, SWE could be used to diagnose
PD earlier than B-mode ultrasonography alone. PD
patients could be distinguished from the control group
using the SWE and kPa values, which were correlated
in a statistically significant manner with the degree of
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curvature, the time from diagnosis to curvature onset,
and patient-perceived pain.
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