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Introduction To investigate the effectiveness of manual detorsion (MD) and applicability of extra-scrotal
fixation for testicular torsion in a rabbit model.
Material and methods Twelve New Zealand male rabbits were randomized into six groups of two
rabbits each. A single-side testicular torsion (TT) model (different degrees, time and sides) was performed in all groups except the Sham group. The groups included: Group 1 (180°; 4 h), Group 2
(720°; 6 h), Group 3 (1080°; 9 h), Group 4 (540°; 1 h), Group 5 (900°; 2 h), and Group 6 (sham-only).
Testes were examined by another urologist and radiologist with Color Doppler Ultrasonography
(CDU). MD was performed with CDU until blood flow was observed in the affected testis.
Extra-scrotal fixation was then conducted in these animals. The testes were then harvested for
blinded histopathological examinations.
Results TT was detected in all animals except the control group. The CDU examination detected
decreased blood flow only in Group 1. An opposite rate was observed between the spermatic cord
diameter and torsion degree. A wrong direction of MD in the first step was observed in two rabbits
in Groups 4 and 5. Torsion signs were observed only in Group 3. Rest torsion was observed in Groups 3
and 5 after extra-scrotal fixation. Histopathological examinations showed that testicular damage
increased in parallel to torsion duration.
Conclusions Extra-scrotal fixation after MD along with CDU may be a simple and minimally invasive treatment option in TT therapy. However, this must be verified with further studies.
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INTRODUCTION
It is currently possible to make a diagnosis with almost 100% accuracy for testicular torsion (TT) on
physical examination with the help of using colour
Doppler ultrasonography (CDU) [1–5]. Manual detorsion (MD) in a TT case is a way of simple and noninvasive management to save the testicles. Testicular
fixation is recommended to prevent intermittent torsion, since MD has not been a enough therapy, even
in the cases of successful MD [6]. Although many successful results have been reported [7–13], MD is not
Cent European J Urol. 2016; 69: 411-416

widely implemented. Owing to the risk of recurrence
and the possibility of MD failure, surgical orchiopexy
is recommended in patients after MD. These data
might be the underlying reason for use of MD rarely
in the clinical practice. However, MD may be important for testicular viability, especially in patients who
has not undergone the operation immediately [13].
Is it possible to prevent intermittent torsion without
the extra-scrotal method after MD? If this is the case,
then this method may be completed with this non-invasive maneuver. Furthermore, this method would not
only be minimally invasive, but also the general anesdoi: 10.5173/ceju.2016.888
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The applicability of this new technique was evaluated with the present pilot study. The experimental
protocol was reviewed and approved by the Local
Animal Research Committee.

beginning of the study. The main purpose of the study
was to generate as much as different models of torsion and to evaluate their results rather than comparing the torsion models to each others. Therefore,
based on a previous study [14] different degrees from
180° to 1080°, side and duration time of TT were assigned and the rabbits were randomly divided into six
experimental groups: Group 1 (180°: 4 h), Group 2
(720°: 6 h), Group 3 (1080°: 9 h), Group 4 (540°: 1 h),
Group 5 (900°: 2 h), and Group 6 (sham-only scrotal
exploration). All animals were maintained at room
temperature (22 ± 2°C) in a controlled 12/12-hour
light/dark cycle. Standard laboratory feed and water
were given during the study.

Animal subjects and handling

Torsion model

This study is a prospective, randomized, single-blinded, controlled trial in an animal model. Twelve New
Zealand white male rabbits with similar ages and
weights (range: 2.5–3 kg) were included in this study.
They were taken to the surgery unit 7 days before the

All of the animals were anesthetized intramuscularly via xylazine (5 mg/kg) and ketamine hydrochloride (30 mg/kg). The testicle was reached through
a 2-cm inguinoscrotal vertical incision. For the
groups, the testicle torsion model was implemented

thesia risks during scrotal exploration would be prevented [3]. In this animal model, by testing the extrascrotal fixation technique along with MD after CDU,
we aimed evaluate the results of testicular fixation
following MD to offer a new approach for TT therapy.

MATERIAL AND METHODS
Study design

Figure 1. Steps of the surgical technique. (A) TT model in the counter-clockwise direction in the right testicle after an inguinoscrotal
incision. (B) Fixing the twisted testicle within the scrotum in a way that left the node out of the skin. (C, D) Execution of MD along
with single blind CDU via the Linear B mode probe. (E) Extra-scrotal fixation in the right testicle via MD allowing for blood flow. (F)
Assessment of extra-scrotal fixation sutures between the tunica albuginea and scrotal wall in scrotal exploration.
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in different directions (inward-outward), at different
angles (180°–1080°) and for different durations (1–9 h)
(Figure 1, part A). The 4/0 polyglactin fixation sutures passing through the tunica albuginea were fixed
in a way that allowed the nodes to stay out of the scrotum. The skin incision was then closed (Figure 1B).
This entire step was performed by one urologist.

Color Doppler Ultrasonography and Manual
Detorsion
At the end of the duration period for each group
a bedside B-mode ultrasound and CDU were performed by a radiologist by using a 12-5 MHz linear
array transducer (Xario 200; Toshiba, Tokyo, Japan).
A consultant radiologist and another urologist (second) attended the consultation. By the use of the
CDU, the testicular blood flow, the presence of peritesticular liquid , spermatic cord diameter, testicular echogenicity and the twist direction (clockwise
or counter-clockwise) were recorded (Figure 2A).
A craniocaudal examination of the spermatic cord with
CDU was performed to show the direction of torsion.
After finishing the examination, by opening the fixation sutures previously created, MD was performed
by observing the testicular blood flow (Figure 1, parts
C and D). Spectral analysis of the central artery was
confirmed by CDU following MD (Figure 2B).
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Extra-scrotal fixation
The testes were manually fixed at the point where
the arterial flow within the testicles was restored.
With the other hand, an extra-scrotal entrance
was executed through a 4/0 polyglactin surgical
suture. By passing through the tunica albuginea,
the needle was removed from the scrotum at another point. They were fixed to the scrotal wall
at two points via surgical nodes at the inlet and
outlet points (Figure 1E). At the end of the extrascrotal fixation, scrotal exploration was performed
on all rabbits under anesthesia. We examined
the relationship between the tunica albuginea and
scrotal wall, and residual rotation of the spermatic
cord (Figure 1F). After the confirmation of extrascrotal fixation, orchiectomy was performed about
1 hour later and the testis samples were obtained
for histopathological examination. The MD, extrascrotal fixation and orchiectomy steps were performed by the second urologist who was blind to the
rotation degree, side and duration of TT. Radiologists also were blind to this data.

Histological procedures
The testicular samples were fixed in 10% buffered
formalin and routinely processed for histopathologi-

Figure 2. CDU evaluations of the testicles and spermatic cord during the procedures. (A) The longitudinal image of the torsive right
testis shows no blood flow by color Doppler examination. (B) Spectral analysis of the central artery by CDU following MD shows
the immediate occurrence of central perfusion. (C) The diameter of the neutral spermatic cord in the Sham group, where no torsion
was observed. (D, E and F) Spermatic cord diameters decreasing as the torsion degree increases in Groups 1, 2 and 3. A: Transverse
diameter; B: Antero-posterior diameter.
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cal evaluation by embedding them in paraffin wax.
Sections were cut in 5-μm thicknesses and stained
with hematoxylin and eosin (HE). The entire testicular histology was assessed blindly by two different pathologists. Light microscopy (Olympus CX41;
Olympus Corporation, Tokyo, Japan) was utilized
for the evaluation. Morphometric evaluations were
performed by using the Database Manual Cell Sens
Life Science Imaging Software System (Olympus
Corporation, Tokyo, Japan). Testicular damage was
evaluated and compared according to the duration
of torsion in all groups.
Johnsen’s tubular biopsy score (JTBS) was used for
the semi-quantitative evaluation of spermatogenesis in 20 seminiferous tubules from each testicular
section.15 In each of the groups, testicular tubule
sections were classified by degrees, ranging from
1 to 10. In this classification, the value ‘10’ indicates
complete spermatogenesis and regular structures;
a ‘9’ indicates many spermatozoa present and disorganized tubules; an ‘8’ indicates the presence of only
a few spermatozoa; a ‘7’ indicates no spermatozoa,
but many spermatids are present; a ‘6’ indicates
no spermatozoa and only a few spermatids are present; a ‘5’ indicates no spermatozoa or spermatids, but
many spermatocytes are present; a ‘4’ indicates the
presence of a few spermatocytes; a ‘3’ indicates the
presence only spermatogonia; a ‘2’ indicates no germ
cells, but only Sertoli cells; and a ‘1’ indicates the
complete absence of germ cells and spermatogenesis.

RESULTS
All rabbits survived without major complications
throughout the experiment. In groups 1 to 5, testicular torsions were completely observed. There was
no torsion in the Sham group. In CDU, while decreased blood circulation was observed in Group 1,
there was no blood circulation seen in the other torsion groups (Figure 2A). Spermatic cord diameters
were inversely proportional to the degree of torsion
(Figure 2C–F; Table 1). The residual degree of the
torsion was measured as 180° in Group 3 and 90°
in Group 5. The twisted direction of torsion was
found in only Group 3 in CDU. A wrong direction
of MD in the first step was observed in two rabbits
in Groups 4 and 5.
Histopathological scores of the groups are given
in Table 1. At the histopathological examination,
while severe hyperemia and slight hemorrhage were
observed in Group 1, no necrosis was detected.
Spermatozoa, spermatogonia and Sertoli cells were
normal in appearance and very slight neutrophil
leukocyte infiltrations were observed (Figure 3A).
In Group 2, marked hemorrhages and moderate ne-

Figure 3. Histopathological evaluation of the testes. (A)
In Group 1, there was slight hyperemia (thin arrows), normal
tubulus seminiferus contortus and numerous spermatozoa
in the tubular lumen (thick arrows). Bar: 100 µm (B) In Group 2,
there was a severe hemorrhage at the interstitial tissue (thin arrows), mild degeneration at spermatogonia (thick arrows) and
Sertoli cells marked with necrosis (arrow head) in spermatozoa
in the tubular lumen. Bar: 200 µm (C) In Group 3, there was hyperemia and hemorrhage at the interstitial tissue with marked
degeneration and a complete loss of the mature spermatozoa
(thick arrows), but the basal membranes were intact. Bar:
100 µm (D) In Group 4, there was a slight hemorrhage (thin
arrows), spermatozoa in the lumen were still visible, spermatocytes, spermatogonia, Sertoli cells and basal membranes were
intact. Bar: 200 µm (E) In Group 5, the spermatocytes, spermatogonia (thick arrow), Sertoli cells and basal membranes
were intact with no inflammatory reactions and tubulus seminiferous contortus were generally full with spermatozoa. Bar:
200 µm (F) In Group 6, there was a normal appearance of the
control testicles, tubular lumens completely full of spermatozoa
(thick arrows) and no pathological findings in any cells. Bar:
400 µm; H&E.

crosis were diagnosed. Slight degeneration was seen
in the spermatogonia and Sertoli cells, while mild necrosis was observed in spermatozoa and spermatids.
A slight inflammatory reaction was also observed
in Group 2 (Figure 3B). In Group 3, while the tubular basal membranes were intact, marked necrosis was observed in spermatozoa, spermatids, spermatogonia and most of the Sertoli cells (Figure 3C).
In Groups 4 and 5, spermatozoa were observed
in only a limited number of tubules, but spermatocytes, spermatogonia, Sertoli cells and basal mem-
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Table 1. Study design and results
Degree of TT
Duration of TT (Hours)
Direction of TT
Side of affected testis
Conformation of TT with CDU
Arteriel blood-flow velocity with CDU
Diameters of SC
(TV *AP) mm
The residue degree of the TT
JTBS score

Group 1
n=2
180°
4
clockwise
Right
decreased
4.8*3.1
5.0*3.7
–
8

Group 2
n=2
720°
6
clockwise
Right
absent
3.5*3.3
3.5*3.1
–
5

Group 3
n=2
1080°
9
counter-clockwise
Left
+
absent
2.5*2.4
2.3*2.2
180° (n=1)
3

Group 4
n=2
540°
1
counter-clockwise
Right
absent
4.0*3.2
4.0*3.4
–
9

Group 5
n=2
900°
2
clockwise
Left
absent
2.9*2.6
3.1*2.5
90° (n=1)
9

Sham
n=2
0°
8
–
Right-Left
normal
5.8*3.6
5.7*3.5
–
10

TT; Testicular torsion, SC; spermatic cord, JTBS; Johnsen's testicular biopsy score, CDU; colour Doppler ultrasonography, AP; Antero-posterior, TV; Transverse, mm; millimeter

branes had a normal appearance. Although hyperemia and slight hemorrhages were observed,
no inflammatory reactions were seen (Figure 3D
and E). A normal testicle seminiferous tubule morphology was observed in the Sham group (Figure 3F).

DISCUSSION
Since the degree and direction of testicle's rotation
in TT case were not known, MD may be accepted
as a blind process in clinical practice. However, immediately upon resolution of scrotal pain and restoration of blood flow after MD, there was greater confidence in performing this procedure [7, 8, 16]. Many
successful MD procedures have been reported in the
literature [7–13]. Knowing the direction of torsion
before the MD may ease the implementation of this
procedure. While the direction may be determined
in certain cases [13], spermatic cord assessments
are often overlooked or ignored since the radiologist
and urologist focus on scrotal exploration.
Although the testes rotate generally inwards, a significant amount of outward rotation has also been
reported [14]. The first choice for many MD implementations in the literature is an outward derotation [7–12]. However, in atypical torsions, this selection may result in an increased torsion [17]. In our
study, the torsion direction could be observed
in only Group 3. This may be because the fine cord
structures of rabbits are more difficult to observe
than those of humans. In our study, all of the torsion groups were determined via CDU, and arterial
flow restoration was observed in all animals following MD and extra-scrotal fixation. In contrast
with the general direction of rotation, the first
preference in MD was clockwise in the left testicle
and counter-clockwise in right testicle. Thus, during MD implementation in two groups (Groups 4
and 5), detorsion was started in the wrong direction
for four rabbits. Since no flow was observed in the
CDU, detorsion was continued in the reverse direction until a flow was observed in the CDU. Because

the torsion direction could be predicted before
MD only in Group 3, this error is considered inevitable. Moreover, the execution of MD under general
anesthesia in this study might have contributed
to the occurrence of this error because a sudden removal of the pain in humans was accepted as the
proof of performing MD in the correct direction.
Therefore, general anesthesia has not been used
during this procedure [7, 8, 10–13].
One of the important results of this study was the
inverse proportion between the degree of torsion
and the cord diameter. The decrease in cord diameter due to an increased torsion degree may be
an important finding for pre-MD in clinical practice.
To the best of our knowledge, this finding has not
been sufficiently discussed in the TT literature.
This may be because this topic has been overlooked
since the priority in TT cases is scrotal exploration.
Clinically, this finding may contribute to the practice
through its prediction that MD may be done better
with finer measurements of the spermatic cord.
An important disadvantage of this technique is the
residual torsion that may occur. In two rabbits
in Groups 3 and 5, although arterial flow was observed in the spectral examination after MD, 180°
and 90° residual torsions were observed. The presence of high torsion degrees in these groups may
have played a role in this result. However, the exact reason for this is the insufficient execution
of MD with a failure to ensure a neutral position
of the spermatic cord.
Torsion duration is of vital importance in saving the
testicle because durations exceeding 4–6 hours may
result in testicular necrosis [18]. Depending on the
pain duration, pathological changes may vary from
congestion in the early period to hemorrhagic infarction in the late period [19]. It has been reported that
irreversible ischemic changes occur at the 6th hour
of scrotal pain [20]. In our study, in parallel with
the literature, while no necrosis was observed
in 4th hour and earlier (Groups 1, 4 and 5), irreversible changes were observed at the 6th hour (Group 2).
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Again at the 9th hour (Group 3), there was significant
necrosis observed. These histopathological findings
corroborate the findings that the interventions that
are made after the 6th hour may be less useful for
saving the testicles [8, 14].
In actual approaches, even if the MD is successfully
performed in TT, scrotal exploration and testicular
fixation are recommended for preventing intermittent torsions. Although many methods have been
described for this purpose, many surgeons use one
or more absorbable or non-absorbable sutures through
the tunica albuginea pathway [21–24]. We preferred
using polyglactin sutures. Thus, the testicles were
fixed at two points out of the scrotum through the tunica albuginea. Here, to the best of our knowledge,
this technique has been described for the first time.
The main limitation of this animal study was the
use of a relatively low number of experimental rabbits. Another limitation is that we did not wait long

enough for the formation of adhesive tissue that may
form between the tunica albuginea and scrotal wall.
Furthermore, the potential effects of this method on
fertility were not examined. Another important limitation is that all of the procedures were performed
under general anesthesia. This is a limitation because, in humans, the pain response during MD
is an indicator that the maneuver is in the appropriate direction [7, 8, 10–13].

CONCLUSIONS
Extra-scrotal fixation after MD along with CDU may
be a simple and minimally invasive treatment option
in TT therapy. However, this method should be confirmed with further – larger studies.
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