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Diagnosis of Testicular Torsion and
Differentiation From Other Pathologies
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OBJECTIVE To develop a near-infrared (NIR) spectroscopy device to diagnose testicular torsion with high sen-
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sitivity and specificity. Specifically, we aim to investigate the differentiation between testicular
torsion from other pathologies such as orchidoepididymitis, varicocele, and hydrocele.
METHODS
 Two LEDs with wavelengths of 660 nm and 940 nm were used as light sources in the device. Each
wavelength was sent to the testicle successively, and a photodiode detected back-reflected diffuse
light. The ratio of the light intensities of 660 nm and 940 nm was used as a diagnostic parameter.
A multi-center clinical trial was performed in 5 different hospitals.
RESULTS
 In total, 62 patients in urology clinics with acute testicular pain have been recruited for the study.
The developed NIR spectroscopy correctly defined all 8 testicular torsion cases. Besides, 3 orchid-
oepididymitis, 1 varicocele, and 3 hydrocele cases were correctly distinguished from testicular tor-
sion. Only 1 hydrocele case was misdiagnosed as torsion. The range of the ratio was between 0.14
and 1.16 overall measurements. The ratio varied between 0.14 and 0.3 for the testicle with tor-
sion. The ratio was between 0.49 and 1.16 for the normal testicle and testicle with other patholo-
gies mentioned above.
CONCLUSION
 We have chosen the threshold ratio of 0.4 to differentiate between the normal and torsion testis
and diagnosed all the torsion cases among all normal and other pathologies. The developed optical
device to diagnose testicular torsion is inexpensive, user-friendly, and works based on objective
criteria with high sensitivity and specificity in real time. UROLOGY 00: 1.e1−1.e5, 2023.
© 2023 Elsevier Inc.
Testicular torsion is a urological emergency fre-
quently seen in men.1 Testicular torsion, which
may result in the rotation of the testis around the

vertical axis and functional tissue loss due to vascular
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occlusion, is a condition that requires an urgent approach.
Depending on the degree and duration of torsion, complete
loss of the testicle may occur due to decreased blood flow
and hypoxia in the testicle, just as in other tissues.2-3 To
maintain viability in ischemic tissues is to provide reperfu-
sion as early as possible; hence, early diagnosis and defini-
tive management are the keys to avoid testicular loss.3-5

The most commonly used diagnostic modalities in tes-
ticular torsion diagnosis are Doppler ultrasonography,
radionuclide imaging, and magnetic resonance imaging.3

However, none of them are entirely reliable, fast, and
affordable. Evaluation of testicular torsion by most radio-
logical technologies is highly dependent on the urgent
availability of the device and the experience of the tech-
nician or radiologist.6

Radionuclide imaging is a diagnostic method used in
the diagnosis of testicular torsion. Radioisotope scintigra-
phy performed with isotope technetium-99m sodium per-
technetate determines testicular blood flow. It is an
invasive diagnostic method requiring intravenous catheter
placement and exposure to radiation. Moreover, this
modality may not be easily accessible in many centers.
1.e1https://doi.org/10.1016/j.urology.2023.01.004
0090-4295
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This examination appears less optimal, as the test takes a
longer time where timely surgery is required.7 Doppler
ultrasound as a diagnostic tool is one of the essential
radiological examinations adopted by many centers to
evaluate acute scrotum. The most crucial criterion in diag-
nosing testicular torsion is a decrease or absence of blood
flow to the testicle.8,9 The sensitivity of Doppler ultra-
sound for testicular torsion varies between 70% and
89%.10 Although it is the most available device in many
centers, an experienced operator is required for reliable
evaluation.6

A fast, affordable, and operator-independent device is
desirable to detect testicular torsion. Recently we devel-
oped near-infrared (NIR) spectroscopy optical device to
detect testicular torsion in rat models.11 In this study, we
aimed to test our device’s efficacy in detecting testicular
torsion in men sent with acute scrotum.
METHODS

Measurement Methods
NIR spectroscopy can be used to calculate the oxygen saturation
of hemoglobin in tissue. For some light wavelengths, the mea-
surement uses the variation in the absorption spectra of oxyhe-
moglobin (Hb) and deoxyhemoglobin (dHb). We performed an
in-vivo noninvasive testicular torsion diagnosis using light of
660 nm and 940 nm wavelengths. Lights of the same wavelength
are used in pulse oximetry to measure the oxygen saturation of
arterial blood. For this reason, it has been proven that the light
at the wavelengths does not harm the tissue. Our previous study
showed that we could distinguish testicular torsion on an animal
model with high sensitivity and specificity by measuring light
intensity at 660 and 940 nm wavelengths passing through the
testicle. In the study, after the surgical intervention, torsion was
applied to the right testicle of the rat by turning it around 720
degrees. The left testicle was used for control. Light intensities at
wavelengths of 660 nm and 940 nm, passing through both tes-
ticles, respectively, were measured. Then, the measured light
intensities ratios were calculated for both the torsion and the
control group. We previously showed that we could detect
Figure 1. The optical probe for real-time measurements; schem
cle and back-reflection from the testis; the photodiode detects
version available online.
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testicular torsion with 100% sensitivity and specificity with the
optical mechanism we developed on the animal model.11

The NIR spectroscopy device developed in the house was
used in the study. The device’s probe was a light-emitting diode
(LED) having wavelengths of 660 nm and 940 nm and a silicon
photodiode (OSD-35-LR_D, OSI Optoelectronics, Hawthorne,
CA, USA). The device consists of a liquid-crystal display
(LCD) and an electronic circuit card to activate the LED at
each wavelength sequence and detect back-reflected light from
the testicular tissue by the photodiode.11 The measured intensi-
ties of each wavelength’s diffuse back-reflected light are an aver-
age of 64 measurements acquired in 0.4 s. The ratio of the
measured intensities is presented on the LCD. The principle of
the device is based on the detection of increasing deoxyhemo-
globin concentration in the torsion testicle. At 660 nm, the
absorption of deoxyhemoglobin is greater than that of oxyhemo-
globin and vice versa at wavelength 940 nm.12

Therefore, the ratio to be used as a diagnostic parameter is

R ¼ I660
I940

1
K
: ð1Þ
I660 and I940 are the light intensities measured on the testis,
and K is the calibration constant defined as the ratio of powers
of the incident light of wavelengths 660 nm and 940 nm. In the
case of testicular torsion concentration of deoxyhemoglobin
increases, the absorption of light at 660 nm wavelength
increases, I660 becomes smaller, and the diagnostic parameter R
becomes smaller. This is because the ratio, R, is inversely propor-
tional to deoxyhemoglobin concentration. Therefore, increased
deoxyhemoglobin concentration in testicular torsion results in a
decreased ratio R due to high deoxyhemoglobin absorption at
660 nm.

LED emits the light into the testicular tissue, and the photodi-
ode detects the diffuse back-reflected light from the testis. The
measuring and set button on the probe was pressed, and the mea-
surement was taken approximately 3 s after the probe was lightly
touched on the testicle. Then the exact measurement was taken
on the normal testicle. The measurement results and the ratio R
presented on the LCD Display were entered in the patient fol-
low-up form for torsion and intact testicles. The device proto-
type is shown in Figure 1.
atic illustration of the light output from the LED into the testi-
the diffuse back-reflected light for both wavelengths. Color
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The Instructions for the use of the Optical Device
The device probe is elliptical, and the long axis of the probe is
lightly touched to the testicle so that it grasps the testicle, and
then the measurement button on the box is pressed. The param-
eter on the electronic display on the box is read and recorded in
the patient follow-up form after the measurement is finished.
The probe surface was sterilized by wiping the alcohol with a
cloth before acquiring the date from the next patient.

During the measurements, the light of 660 nm wavelength is
sent 10 times in 20 ms intervals for 80 ms within 1 second, and
the light intensity entering and leaving the testicle is measured.
The embedded software averaged the measurements in the elec-
tronic hardware. The same process is done in light with a wave-
length of 980 nm. The ratios of the measured average light
intensities are then calculated in the embedded software and dis-
played on the LCD.

Clinical Study
The clinical study was conducted at Akdeniz University Hospi-
tal, Antalya Education and Research Hospital, Ac{badem Uni-
versity Hospital, and Marmara University Hospital.
Measurements were taken from the patients who presented to
the clinic at any time of day with acute testicular pain and vol-
unteered to participate in the study. The protocol of the study
on patients;

� First, informed consent was obtained from the patient shortly
after being presented to the emergency department or urol-
ogy outpatient clinic without causing a delay in surgical
exploration. Then, optical measurements were acquired from
suspected testicular torsion.

� Routine diagnostics and treatment procedures were per-
formed on the patients without considering the outcomes of
the optical measurements.

� The diagnostic results were compared with the optical results
obtained.

� The threshold value of the parameter (the ratio of light
intensities back reflected from the testis) to be used to distin-
guish testicular torsion from other pathologies was deter-
mined.

Acute scrotum (pain and/or swelling) cases of all ages who
were consulted to emergency and urology clinics in the first
6 hours of symptoms underwent physical examination and
Figure 2. Measurement results are taken from the right
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urgent Doppler scrotal ultrasonography. During the physical
examination, NIR spectroscopy optical measurement is per-
formed for both testes only in cases who agreed to participate
with informed consent from the patient or caregivers in this
study. All Doppler ultrasonography-diagnosed testicular torsions
underwent urgent surgical exploration. The value of the NIR
spectroscopy parameter (the ratio of light intensities reflected
from the testicle) was determined, recorded, and correlated with
clinical, radiological, and surgical findings.

The control group was boys and men with no scrotal com-
plaints and routine physical examination. All control cases were
measured with NIR spectroscopy for both tests and recorded.
NIR spectroscopy results were compared in the study’s control
and acute scrotum cases according to the clinical, radiologic,
and surgical findings. Hypothesis tests compare the means of a
given quantitative variable with 2 independent groups. If the
normal distribution condition is satisfied, the independent sam-
ples t-test is used. However, when the data is not normally dis-
tributed, the Mann−Whitney U test is applied to compare the
means of 2 independent groups.13-14 Therefore, we used the
Mann−Whitney U test to compare our study’s means of 2 inde-
pendent groups.
RESULTS
The mean age of the control group (50 boys and men) was
24.5 years (range: 6-34 years). 16 boys and men presented with
acute scrotum were enrolled in the study. Their mean age was
18.2 years (range: 6-33 years). Of those cases, 8 (mean age: 20.75,
range: 16-28 years) were found to have testicular torsion and under-
went surgical treatment, and other 8 (mean age: 15.7, range: 4-33
years) were found to have different pathologies: 4 hydroceles, 1 var-
icocele, and 3 orchidoepididymitis. No Doppler ultrasonography
confirmed the case was untorsed, and none of the cases with no tor-
sion developed torsion in a month of follow-up.

Figure 2 represents the measurement results taken from the
right and left testicles of the subjects in the control group. The
mean of the measurements taken from the right testicles of the
subjects in the control group was determined as 0.86 § 0.08.
The values measured from the right testicles of the subjects fit
the normal distribution. The mean of the measurements taken
from the left testicles was determined as 0.85 § 0.09. The values
measured from the left testes of the subjects fit the normal distri-
bution. There is no significant difference from person to person
and left testicles of the subjects in the control group.

1.e3



Table 1. Measurement results taken from torsion and nor-
mal testicles of patients diagnosed with testicular torsion.

Diagnosis Right Testicles Left Testicles Age

1 1.06 0.3 16
2 0.25 0.97 18
3 0.90 0.23 25
4 1.25 0.26 17
5 0.14 0.89 23
6 0.14 0.89 28
7 0.14 0.75 21
8 0.23 0.65 18
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in the control group. Only 1 case with a left hydrocele showed
bilateral low measurements but Doppler ultrasonography showed
normal vascularization on both testes and did not undergo surgi-
cal exploration.

Testicular torsion has been identified using the ratio of the
average intensities of the transmitted light at the 2 wavelengths
of 660 nm and 940 nm. Optical measurements have been taken
from both testicles in the control group to demonstrate the con-
sistency and reproducibility of the measurements. The mean val-
ues and standard deviations of the left and right testicular
diagnostic parameters show no statistically significant differences
between the measurements taken from the right and left testicles
of the subjects in the control group (P = .885).

The measurement results obtained from the torsion and nor-
mal contralateral testis of the patients diagnosed with testicular
torsion in the torsion group are shown in Table 1. The mean of
the measurements taken from the testis with torsion was deter-
mined as 0.21 § 0.07. The standard of the measures taken from
the normal testicles of the same people was determined as 0.96
§ 0.15.

A significant difference in the ratio between the measure-
ments taken from the testes with torsion and the contralateral
normal testes from the patients in the torsion groups, using the
Mann−Whitney U test (P <.0001). When the control and tor-
sion groups were compared, the difference in the ratio between
the torsion and the control groups, using Mann−Whitney U
test (P <.0001).

The measurement results obtained from the right and left tes-
ticles of patients diagnosed with a disease other than torsion are
shown in Table 2. It is seen that the measurement values taken
on the testes with varicocele, orchidoepididymitis, and hydro-
cele are close to the normal testicle. This represents that the
above-mentioned pathologies of the optic system can be distin-
guished from testicular torsion. However, in 1 hydrocele case,
Table 2. Measurement results taken from the right and
left testicles of patients diagnosed with diseases other
than torsion.

Diagnosis
Right

Testicles
Left

Testicles Age

Left varicocele 0.81 0.73 10
Left hydrocele 0.85 0.87 4
Right orchidoepididymitis 0.76 0.78 8
Right orchidoepididymitis 0.57 0.63 32
Left orchidoepididymitis 0.71 0.78 9
Left hydrocele 0.47 0.54 14
Left hydrocele 0.49 0.97 33
Left hydrocele 0.25 0.19 28
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the measurement values of both testes are low, which may result
in a human-source measurement error.
CONCLUSION
It is desirable to have an affordable and easily used device for
clinicians in emergency settings to detect testicular torsion
quickly during the physical examination. We presented our
easy-to-use and affordable NIR spectroscopy device that
could detect testicular torsion in animal models. In this
study, we report our findings of this optical device in acute
scrotum cases and healthy control subjects of all ages. It is
important to note that each measurement was done during
the physical examination and took only a few seconds, even
by physicians without experience with the device.

The findings of our device have not changed the
approach to the acute scrotum case; urgent Doppler ultra-
sonography was performed in each to detect testicular tor-
sion. Only Doppler ultrasonography confirmed torsion
cases were surgically explored and treated accordingly.
However, NIR spectroscopy successfully differentiates all
torsions before the Doppler ultrasonography in each case.
NIR spectroscopy also can differentiate testicular torsion
from other scrotal pathologies such as orchitis, hydrocele,
and varicocele.

To summarize, there is no statistically significant differ-
ence between the measurements taken from the right and
left testicles of the subjects in the control group
(P = .885). However, there is a statistically significant dif-
ference between the measurements taken from the testicu-
lar torsion and the measurements taken from the normal
testicle from the patients in the torsion group (P <.0001).
When the control and torsion groups were compared,
there was a statistically significant difference between the
measurement values in the control group and the meas-
urements obtained from the testicle with torsion (P
<.0001), as seen in Table 1. As seen in Table 2, the meas-
urements obtained in hydrocele, orchidoepididymitis, and
varicocele differ from those acquired from normal testicles
except for only 1 hydrocele case. We guess that it is a
human-sourced error where good contact of the probe
with the testicle is not achieved.

Several studies used spectroscopy to diagnose testicular
torsion in literature, some of them were conducted on an
animal model,11,15,16 and some were conducted in clin-
ics.17-21 Burgu et al17 used NIR spectroscopy in a pilot
study to evaluate acute adult scrotum by measuring testic-
ular oxygen saturation (StO2). The mean value of the
StO2 of unaffected testes was 69.03%, and in the torsion
case, the StO2 level lowered by 11.5 units more than the
contralateral unaffected testis. They successfully differen-
tiated testicular torsion from unaffected testis.

In a case study, the tissue saturation index of the right
and left spermatic cord was measured, and a significant
reduction of oxygen saturation was found in the spermatic
cord with testicular torsion.21 Schlomer et al20 conducted
a NIR spectroscopy study to diagnose testicular torsion in
the pediatric acute scrotum group of 121 patients with 36
UROLOGY 00 (00), 2023
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testicular torsions and showed that NIR spectroscopy suc-
cessfully discriminates torsion and non-torsion testis.
However, none of the above studies investigated NIR
spectroscopy’s ability to differentiate different testicular
pathologies, such as orchidoepididymitis, varicocele, and
hydrocele, from testicular torsion. In the presented study,
we have successfully determined 5 pathologies from testic-
ular torsion for a patient group under age 15 and 2
patients above 30. In 1 patient, the measurements result
from the hydrocele, and normal testis was below the
threshold value of testicular torsion. It may be due to an
inappropriate measurement. These studies show that spec-
troscopy systems operate with high sensitivity and specific-
ity. Schoenfeld et al19 reported no significant difference
between NIR spectroscopy measurements between normal
and torsed testis. The authors stated that this might be
related to the device or patient heterogeneity. The present
study used only 2 wavelengths of light and measured the
intensity of light at each wavelength that interacted with
the testicle. Thus, we have represented that the cost of
the system is much lower and has the potential to be used
in clinics.
The study has some limitations; patients were not com-

pared according to the duration of symptoms. Another
point is age heterogeneity. In pediatric patients, we did
not evaluate the results of NIR spectroscopy in terms of
Tanner stages. Patients with and without scrotal edema
were not compared. Postoperative NIR spectroscopy mea-
surement was also not made.
The presented clinical trial showed that the dual-wave-

length optical device successfully diagnosed testicular tor-
sions in real-time and noninvasively. Besides, the optical
device also differentiated between testicular torsion and
other pathologies such as varicocele, hydrocele, and
orchidoepididymitis. Furthermore, the dual-wavelength
optical device employed in the clinical trial is user-
friendly, inexpensive, and works based on objective crite-
ria and may require only brief training.
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