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Abstract The aim of this study was
to demonstrate the ultrasonographic
features of prenatal torsion of the
testis at presentation and during fol-
low-up, with histological correlation
post-orchidectomy. Between January
1985 and December 1999, 13 neo-
nates with antenatal torsion of the
testis were examined postnatally, at
presentation and during follow-up,
with high-resolution ultrasonogra-
phy, including colour Doppler ultra-
sonography. Bilateral testis volume
was evaluated [length¥width¥depth
¥(p/6)]. Ultrasonographic findings
were correlated with histological
findings (n=8) and findings at sur-
gery. Moreover, in 1 patient the af-
fected testis was postoperatively 
examined with ultrasonography in
vitro. These findings were correlated
with preoperative ultrasonography
and corresponding histological slic-
es. All patients (n=13) presented
with a painless congenital scrotal
mass. On the affected side no flow
was found with colour Doppler ultra-
sonography. Testis volume on the af-
fected and normal side showed mean

values of 2.1 and 0.5 cc, respective-
ly. On ultrasonography all patients
showed scrotal swelling and a het-
erogeneous testis with hypoechoic
central areas (necrosis). The tunica
albuginea was thickened in all pa-
tients, with focal (n=2) or rim-like
(n=11) hyperechoic reflections (cal-
cifications) at the transitional zone
between testis and tunica albuginea.
In 9 patients follow-up ultrasonogra-
phy showed progressive testis atro-
phy on the affected side. In 10 pa-
tients a contralateral hydrocele was
found. Prenatal torsion shows a char-
acteristic ultrasonographic pattern.
In newborns with a scrotal mass,
these ultrasonographic findings
should suggest this diagnosis and 
delay in immediate surgery and/or
oncological work-up may be appro-
priate.
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Introduction

Differential diagnostic possibilities in a newborn with a
painless congenital scrotal swelling and a palpable mass
include testicular torsion, benign and malignant tumours of
the testis and epididymis, inguinal hernia with or without
incarceration, hydrocele, haematocele, torsion of the ap-
pendix of the testis or epididymis, epididymo-orchitis, 

idiopathic infarction of the testis, meconium peritonitis, ec-
topic splenic or adrenal rests [1, 2, 3, 4]. The principal 
argument to support early surgical intervention is that it en-
ables one to confirm the diagnosis and differentiate a pre-
natal torsion from testicular tumour or incarcerated in-
guinal hernia [1, 5]. The major problem with this approach
is that operative intervention and, in particular, risks from
general anaesthesia, are significant in the newborn [5].
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Ultrasonography with colour Doppler enhancement is
proposed as imaging modality of choice in the assess-
ment of a scrotal mass for identifying neonates with pre-
natal testis torsion and in excluding other scrotal patho-
logical conditions [5, 6]; however, there are no reports
on the ultrasonographic features of the testicle during
follow-up after torsion. We present a series of 13 new-
borns who presented with a scrotal swelling and a palpa-
ble mass. The purpose of this study was twofold: firstly,
to determine the ultrasonographic features of prenatal
testicular torsion at presentation and during follow-up;
and secondly, to correlate these ultrasonographic charac-
teristics with histological findings.

Materials and methods

Between January 1985 and December 1999, 13 neonates with pre-
natal torsion of the testis were examined with ultrasonography.
They were all full-time newborns with unilateral disease, except
for one who had bilateral torsion. Ten patients presented in the
first 3 days of life, and 3 patients presented at 7, 22 and 27 days of
age, respectively. Patients older than 1 month were excluded from
this study.

In this retrospective study for the ultrasonographic studies 
7- to 10-MHz (Ultramark 9 HDI, Advanced Technology Laborato-
ries, Bothell, Wash.) and 7-MHz (model 128 XP10; Acuson,
Mountain View, Calif.) linear-array transducers were used. In the
ultrasonographic study (a) colour Doppler ultrasonography was
used for testicular flow determination, (b) testis volume was eval-
uated on both sides using the formula of an ellipsoid
[length¥width¥depth¥(p/6)], and (c) transverse and sagittal ultra-
sonographic images of both testicles were obtained for evaluation
of testicular anatomy and texture.

The diagnosis was confirmed by surgery and subsequent his-
tology (n=8), surgical exploration without orchidectomy (n=3),
and clinical and ultrasonographic follow-up (n=2).

None of the patients underwent immediate surgery; therefore,
it was possible to examine 10 affected testicles in 9 patients with
ultrasonography during follow-up. During follow-up the testicular
volume was measured and the changes of the parenchyma over
time were recorded.

An in vitro study was performed using one testicle: the affect-
ed testicle was examined with ultrasonography at the first day of
age, day 11, day 38 and at day 73 prior to surgery and immediately
after surgery being submerged in a saline solution. The same tech-
nique and equipment as in the in vivo study was used. Subse-
quently, the testicle was fixed in formalin and embedded in paraf-
fin for histological examination. The histological slices were com-
pared with the corresponding ultrasonographic images.

Results

All patients with prenatal torsion of the testis presented
with a painless congenital scrotal swelling and a palpa-
ble mass. The mass was left sided in 4 patients, right sid-
ed in 8 and bilateral in 1 patient. Colour Doppler ultraso-
nography demonstrated flow in the contralateral normal
testicles in all infants with unilateral disease, whereas no
testicular flow could be depicted on the affected side in
all 13 patients.
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The mean volume of the affected testis and contralat-
eral normal testicle was 2.1 ml (range 0.7–4.6 ml) and
0.5 ml (range 0.2–0.7 ml), respectively. The difference
was statistically significant (p=0.001, paired t test). At
presentation in all 13 newborns, on ultrasonography the
affected testicles showed a heterogeneous pattern with
hypoechoic areas; however, immediately around the tes-
tis a thickened layer was seen, assumed to be a thickened
tunica albuginea, which showed partially hypoechoic
and partially hyperechoic, often even rim-like altera-
tions. At the transitional zone between thickened tunica
albuginea and affected testis parenchyma also sharply
demarcated hyperechoic reflections were seen focally
(n=2) and mostly even rim-like (n=11; Figs. 1, 2a). No
calcifications or cysts were found in the testis parenchy-
ma and the epididymis was not separately recognizable.
In all patients with unilateral disease the contralateral
hemiscrotum demonstrated a normal testis with homoge-
neous parenchyma and testicular flow, slight collateral
swelling of the scrotal wall and a recognizable epididy-
mis. In 10 patients a hydrocele was found on this side.

In 9 patients follow-up ultrasonography was done to
evaluate testicular alterations in time. Mean number of
studies was 3.7, with a mean follow-up of 75.2 days and
time ranging between ultrasonographic controls of
3–85 days. All these patients showed progressive atro-
phy of the affected testis. Moreover, in time the testis be-
came more hyperechoic and more homogeneous. We
also noticed gradual progression of the hyperechoic re-

Fig. 1 The first day after delivery, an ultrasonographic image of
the left testicle shows a heterogeneous pattern consisting of a hy-
perechoic rim-like layer (long arrows) surrounding a centre of de-
creased inhomogeneous echogenicity assumed to be necrotic tes-
ticular tissue. Note the hyperechoic reflections (short arrows) at
the border of the rim-like layer and the centre
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flections to a more rim-like configuration at the transi-
tional zone between tunica albuginea and the affected
testis (Fig. 2).

Testis wasting and volume half-time is shown in
Fig. 3. Volume half-time ranged between 8 and 65 days
and there was a mean volume half-time of 28.5 days for
these 9 patients, including the one with bilateral torsion
of the testis.

In 8 patients orchidectomy was performed between
3 weeks and 11 months (mean 4.4 months) after birth. In
all these patients a preoperative ultrasonographic study
was performed within 3 weeks of operation. In 1 patient
with bilateral torsion of the testis, the left testis was left
in situ, because some colour improvement after detorsion
suggested a viable testis. Subsequent ultrasonography,
however, showed progressive testis atrophy.

The in vitro ultrasonographic study of an affected tes-
tis shows heterogeneous testis parenchyma surrounded
by a hyperechoic rim at the transitional zone between
testis and the thickened overlying tunica albuginea
(Fig. 4).

Histology shows that the atrophic testicle is com-
posed of a necrotic centre surrounded by a thickened, fi-
brotic tunica albugninea. Punctate calcifications are
found at the inner layers of the tunica albuginea and at
the border between tunica and necrotic centre (Figs. 4c,
5). Hemosiderin deposits are also found. Correlation
with ultrasonographic findings suggests that the calcifi-

Fig. 2a–c Ultrasonographic images of the right testicle. All imag-
es are comparable with regard to magnification factor. a At birth,
volume was 2.4 cc. Note heterogeneous pattern of testis parenchy-
ma, although some rim-like structures can already be detected (ar-
rows). b Ultrasonography after 26 days, volume 0.4 cc. Develop-
ment of a hyperechoic rim at the transitional zone between tunica
albuginea and affected testis (arrows). c Ultrasonography after
54 days, volume 0.1 cc. Progressive volume loss, and the hyper-
echoic rim persists

Fig. 3 Volume loss of 10 affected testicles in 9 patients with pre-
natal torsion of the testicle as a function of time
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er, ultrasonographic findings in these patients also were
correlated with histologic findings. Two patients were
surgically treated in an early stage (3 and 6 weeks), the
others between 4 and 11 months of age. Histology
showed typical punctate calcifications at the transitional
zone between thickened tunica albuginea and affected
testis in the patients who were surgically treated early,

Fig. 4a–c In vitro study of an atrophied testicle after prenatal tor-
sion, at the age of 4 months. a, b Thickened tunica albuginea
(small arrows) and hyperechoic rim, calcifications between tunica
albuginea and necrotic testis (long arrow) are clearly visible. a Ul-
trasonographic image prior to orchidectomy (same as Fig. 2c,
turned upside down for better comparison). b In vitro ultrasono-
graphic image, the testicle submerged in a saline solution. c Low-
power photomicrograph of the corresponding histological section
(arrows). T atrophied testicular parenchyma

Fig. 5a, b High-power photomicrograph of the testis. a Normal
testicle. Tunica albuginea (arrows) constitutes a thin layer sur-
rounding the homogeneous testicular parenchyma. b Testicular at-
rophy after prenatal torsion. Tunica albuginea (arrows) is marked-
ly thickened. Calcifications are seen at the inner border of the tu-
nica (arrowheads) causing the hyperechoic rim

cations cause the hyperechoic rim-like reflections
(Fig. 4a, b).

No in vitro study was done in the other 7 patients who
underwent orchidectomy for torsion of the testis; howev-



becoming more rim-like in time in the remaining 
patients. Also, the tunica albuginea itself became more
fibrotic in time. These findings match the results of the
in vitro study.

Discussion

Clinically, patients with prenatal testicular torsion pres-
ent with a scrotal swelling and a palpable mass immedi-
ately after birth. The majority of torsions occur prenatal-
ly in utero and are manifest at birth [1, 7, 8, 9]. At this
age torsion occurs at the level of the spermatic cord (ex-
travaginal) as opposed to the usual intravaginal torsion
occurring in adolescence [6, 7, 8, 9]. Extravaginal tor-
sion of the spermatic cord involves both the testis and 
tunica vaginalis [6, 7] and results in haemorrhagic in-
farction of the testis. The cause of extravaginal torsion is
unknown [8].

Traditionally, surgical exploration for suspected torsion
of the testis has been the only definitive diagnostic modal-
ity, because reliance solely upon the physical findings in-
creases the potential for error in diagnosis [5]. Because the
potential for testicular salvage is remote, the principal rea-
son for early surgical intervention is to confirm the diag-
nosis and differentiate a prenatal torsion of the testis from
other intrascrotal pathological conditions [5]. The major
problems in early operation are the potential risks inherent
with surgery in newborns, and in particular, risks from
general anaesthesia [5]. To avoid unnecessary surgery, ul-
trasonography (including colour Doppler) was proposed
as the imaging modality of choice [5, 6].

Colour Doppler ultrasonography of the newborn testis
may assist in the differential diagnosis of newborn scro-
tal masses [3, 4, 6, 8, 9, 10]. In our study colour Doppler
ultrasonography revealed no testicular flow on the af-
fected side in all 13 patients, which is a consistent find-
ing in patients with torsion of the testis [2, 3, 5, 7, 9].
Zinn et al. stated that the absence of colour flow signal is
diagnostic of acute testicular torsion [7]. We agree, how-
ever this seems only to be true when testicular flow is
present on the contralateral normal side, which can be
extremely difficult in neonates without state-of-the-art
ultrasonographic equipment; thus, absence of testicular
flow on both sides in the same study does not necessarily
indicate bilateral torsion of the testis [6].

Moreover, although the sensitivity of absence of flow
for the diagnosis of testicular torsion is high, the speci-
ficity is unknown for neonates.

On the other hand, colour Doppler ultrasonography
can be very useful in differentiating torsion of the testis
with absence of flow from haemangiomas and other sol-
id tumours that most likely show flow on colour Doppler
ultrasonography [4].

Subsequent grey-scale ultrasonography in our patient
group showed scrotal swelling and the testis was more

voluminous on the affected side, a finding also frequent-
ly seen by others [3, 6, 8].

In our study all patients showed heterogeneous testic-
ular parenchyma with hypoechoic areas at presentation.
In patients who were surgically treated in a relatively
early stage (3 weeks) the ultrasonographic findings
showed preoperatively an even more demarcated hypo-
echoic area in the affected testis, which proved to be 
infarction and necrosis of testicular parenchyma on his-
tology. Torsion in neonates results in hemorrhagic infarc-
tion with necrosis resulting in a more heterogeneous 
parenchymal pattern than torsion in adolescents in whom
the testis has a more homogeneous appearance [8].

On ultrasonography the thickened layer immediately
around the testis parenchyma, partially hypoechoic and
often more rim-like hyperechoic, proven to be the tunica
albuginea on histological findings, also showed sharply
demarcated hyperechoic reflections at the transitional
zone between thickened tunica albuginea and affected
testis parenchyma (Fig. 1). These hyperechoic reflections
were also described by Cartwright et al. [3] and Brown
et al. [6]. According to these authors the hyperechoic 
reflections were caused by calcifications in the tunica 
albuginea.

In the present study, histological examination showed
these small calcifications mostly found at the transitional
zone between tunica albuginea and residual atrophic tes-
tis parenchyma. When the testis was more atrophied at
time of pathological investigation, also the rim-like cal-
cifications were more pronounced. Our study was the
first to perform an in vitro ultrasonographic study of a
surgically removed testis after torsion, which confirmed
that the rim-like reflections shown with ultrasonography
corresponded with calcifications at the transitional zone
between tunica albuginea and testicular parenchyma
(Fig. 5). To our knowledge, no systematic ultrasono-
graphic studies have been performed to investigate the
testicular changes over time after prenatal torsion of the
testicle. As shown in Fig. 3, 9 patients, the one with bi-
lateral torsion of the testis included, had follow-up ultra-
sonographic studies. All 9 patients showed progressive
testis atrophy on the affected side. The variation in tes-
ticular volume at presentation probably reflects the time
interval since the initial event. Grey-scale ultrasonogra-
phy showed the testis eventually to become more homo-
geneous and more hyperechoic with progression of the
hyperechoic reflections, becoming continuous rim-like in
time, due to progressive calcification.

Grey-scale ultrasonography of the normal hemiscro-
tum in patients with unilateral torsion revealed a normal
testis with homogeneous parenchyma. The tunica albu-
ginea itself cannot be visualized separately. In 10 pa-
tients a hydrocele was found in the normal hemiscrotum,
a finding also described by others [6, 9, 10]. It is likely
that these findings are secondary to inflammatory chang-
es after contralateral torsion of the testis or represents a
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congenital abnormality, which can occur when there is
an incomplete closure of the processus vaginalis, com-
monly reported in prenatal torsion [9].

The differential diagnosis of a scrotal swelling and a
palpable mass in neonates includes hydrocele, haemato-
cele, inguinal herniation, torsion of the appendix of the
testis or epididymis, epididymo-orchitis, syphilitic orchi-
tis, ectopic splenic or adrenal rests, meconium peritoni-
tis, and benign and malignant tumours of the testes and
epididymis [1, 2, 3, 4]. Ultrasonography can diagnose
many of these entities: a primary differentiating factor
that facilitates the diagnosis of a scrotal hernia in pa-
tients with a scrotal swelling is the observation of peri-
stalsis within the scrotum at real-time sonography [4],
hydroceles and hematoceles are manifested by a fluid-
filled space within the scrotum next to the testes [4].

However, the most important diagnosis to exclude is a
congenital testicular neoplasm. During the same period
as the neonatal torsion study we reviewed all patients
younger than 1 year of age with a testicular neoplasm
who were referred to our hospital. Seven patients were
identified, and all testicular neoplasms were confirmed
with surgery and histology. At time of presentation they
all were considerably older, the youngest 106 days of
age and the oldest 319 days of age. Apparently, congeni-
tal testicular neoplasm is rare, or does not manifest dur-
ing the neonatal period. In only three of these patients
was a preoperative ultrasonographic study performed.
Ultrasonography showed a cystic tumour in a swollen
testis in 1 patient, a solid hypoechoic tumour in another
patient and a partially solid and partially cystic tumour in
the third patient.

Although the number of patients does not justify sta-
tistical analysis, it seems that young age (<1 month) and
ultrasonographic appearance (heterogeneous parenchy-
ma, thickened tunica albuginea and rim-like calcifica-
tions) strongly favours the diagnosis prenatal testicular
torsion above testicular neoplasm.

Conclusion

Colour Doppler ultrasonography is the diagnostic modal-
ity of choice in a newborn with a painless congenital
scrotal swelling and a palpable mass. Scrotal ultrasonog-
raphy shows characteristic ultrasonographic features in
diagnosing prenatal torsion of the testis: an enlarged tes-
tis; heterogeneous testis parenchyma; a thickened sur-
rounding tunica albuginea; and diffuse or rim-like hyper-
echoic reflections (calcifications) at the transitional zone
between testis and overlying tunica albuginea. These
findings in combination with absence of testicular flow
on the affected side are highly suggestive of prenatal tor-
sion of the testis. Moreover, emergency surgical explora-
tion can be postponed, because testicular salvage is not
to be expected. In follow-up ultrasonographic studies
progressive testis atrophy can be easily depicted and
concomitant pathology can be studied.

However, asynchronous bilateral torsion is very rare,
the contralateral testis can be evaluated as well in the
follow-up ultrasonographic studies.
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