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Abstract

Background: Magnetic resonance (MR) imaging, have become more frequently used in the diagnosis of ovarian torsion, particularly in subacute
cases.
Objectives: To assess the characteristic findings and diagnostic performance of preoperative MR imaging for ovarian torsion.
Patients and Methods: Twenty-three patients (age range, 10 - 58 years; mean age, 28.4 ± 12.5 years) with suspected ovarian torsion underwent
preoperative MR imaging. Fifteen patients exhibited ovarian torsion, whereas the remaining eight did not. Two radiologists evaluated the MR imag-
ing data in relation to six previously-described characteristics associated with ovarian torsion, and the sensitivity, specificity, and accuracy of this
approach was determined.
Results: Ovarian enlargement (maximum ovarian diameter > 4.0 cm) and a twisted pedicle were significantly more common findings in patients
with ovarian torsion compared with those without (regarding ovarian enlargement, P = 0.032 for both readers and considering twisted pedicle, P =
0.0094 for first reader and P = 0.0013 for second reader). The respective sensitivity, specificity, and accuracy of a twisted pedicle for the diagnosis of
ovarian torsion were 73%, 88%, and 78%, respectively for reader 1 and 73%, 100%, and 83%, respectively for reader 2.
Conclusion: Identifying a twisted pedicle in a patient is therefore, suggestive of ovarian torsion.

Keywords: Magnetic Resonance Imaging, Ovary, Ovarian Torsion, Twisted Pedicle

1. Background

Ovarian torsion is a serious but uncommon condition
that can result in pain in the lower abdomen and pelvis
in women. This condition is often difficult to distinguish
from other differential diagnoses (1). Early diagnosis of
ovarian torsion can help prevent irreversible ovarian dam-
age and may allow conservative treatment. Urgent surgery
is required in cases where complete ovarian torsion is sus-
pected because of the risk of hemorrhagic infarction, a
deleterious condition that can ultimately lead to peritoni-
tis and even death (2). However, it is often difficult to
make an accurate preoperative diagnosis of ovarian tor-
sion. This is largely because this condition occasionally
presents with symptoms that are associated with other
causes of acute abdominal or pelvic pain.

Ultrasonography (US) is often used to detect ovarian
torsion (3), although the validity of this particular tech-
nique is restricted by interoperator variability and the lim-
ited ability to diagnose other conditions associated with
acute abdominal or pelvic pain. Over the recent years, al-
ternative techniques, such as computer tomography (CT)
and magnetic resonance (MR) imaging, have become more
frequently accepted in the diagnosis of ovarian torsion,

particularly in subacute cases (4-6). Existing literature
indicate that a number of different characteristic find-
ings such as ovarian enlargement, twisted pedicle, ovar-
ian hemorrhage, abnormal ovarian enhancement, ascites,
deviation of uterus to the twisted side, and thickening of
the fallopian tube are associated with ovarian torsion (6-9).
Our literature search did not unearth any previous studies
that assessed the diagnostic performance of preoperative
MR imaging for the diagnosis of ovarian torsion.

2. Objectives

The purpose of this study was to assess the character-
istic findings and diagnostic performance of preoperative
MR imaging for ovarian torsion.

3. Patients and Methods

3.1. Patients

Our institutional review board approved this retro-
spective study and the requirement for written informed
consent was waived. From April 2006 to April 2014, 23 con-
secutive patients (age range, 10 - 58 years; mean age, 28.4
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± 12.5 years) with suspected ovarian torsion underwent
preoperative MR imaging at our hospital. This group in-
cluded 15 patients (age range, 10 - 58 years; mean age, 28.1
± 14.7 years) with and eight without surgically confirmed
ovarian torsion (age range, 18 - 37 years; mean age, 28.9
± 7.7 years) (Figure 1). The interval between preoperative
MR imaging and surgery ranged from 0 to 82 days (mean,
5.4 ± 17.3 days). The histopathologic diagnoses were cor-
pus luteum cyst in five, normal ovary in five, mature cys-
tic teratoma in four, serous cystadenoma in three, muci-
nous cystadenoma in two, fibroma in two, endometriotic
cyst in one, and fallopian tube torsion in one patient. In
detail, five were normal ovary, four were corpus luteum
cyst, two were serous cystadenoma, two were mucinous
cystadenoma, and two were fibroma in patients with ovar-
ian torsion, and four were mature cystic teratoma, one was
corpus luteum cyst, one was serous cystadenoma, one was
endometriotic cyst, and one was fallopian tube torsion in
patients without ovarian torsion.

3.2. MR Imaging Protocol

A 1.5-T MR system (Intera Achieva 1.5-T Pulsar; Philips
Medical Systems, Netherlands) and a SENSE Torso coil was
used to perform MR imaging. The basic MR imaging pro-
tocol consisted of the following imaging sequences: ax-
ial T1-weighted turbo spin-echo imaging (repetition time
(TR)/echo time (TE), 759/15 msec; matrix, 416 × 208; field of
view, 26× 26 cm; parallel imaging factor, 2.3; 5-mm section
thickness with a 2-mm intersection gap; acquisition time
for 20 sections, 2 minutes); axial T2-weighted turbo spin-
echo imaging (TR/TE, 5,694/90 msec; matrix, 280 × 240;
field of view, 26 × 26 cm; parallel imaging factor, 2; 5-mm
section thickness with a 2-mm intersection gap; acquisi-
tion time for 20 sections, 2 minutes); sagittal T2-weighted
turbo spin-echo imaging (TR/TE, 3,000/100 msec; matrix,
368× 258; field of view, 28× 22 cm; parallel imaging factor,
1.4; 5-mm section thickness with a 2-mm intersection gap;
acquisition time for 20 sections, 2 minutes); coronal T2-
weighted turbo spin-echo imaging (TR/TE, 9,563/100 msec;
matrix, 256× 179.2; field of view, 40×40 cm; parallel imag-
ing factor 2; 5-mm section thickness with a 1-mm inter-
section gap; acquisition time for 38 sections, 19 seconds);
and diffusion-weighted single-shot turbo spin-echo echo-
planar imaging (TR/TE, 5,008/60 msec; matrix, 112 × 90;
field of view, 28 × 28 cm; parallel imaging factor, 2; b fac-
tors, 0 and 1,000 sec/mm2; 5-mm section thickness with a
2-mm intersection gap; acquisition time for 20 sections, 2
minutes).

3.3. Clinical Presentation

Clinical information was obtained from the patients’
medical records. Abdominal pain was defined as lower

abdominal or flank pain. The onset of abdominal pain
was defined as acute when it occurred within 24 hours
before hospital admission, and gradual when it persisted
for more than 24 hours before hospital admission. An
elevated white blood cell (WBC) count was defined as >
12,000/mm3. Fever elevation was defined as a body temper-
ature > 37.0°C (9).

3.4. Image Analysis

Image analysis was performed by two independent
experienced radiologists who had no knowledge of the
pathological and clinical information regarding the pa-
tients with 6 and 5 years of post-training experience in
interpreting genitourinary images. The radiologists mea-
sured the maximum diameters of the affected ovaries and
fallopian tubes on one of each of axial, sagittal, and coro-
nal T2-weighted images. The radiologists assessed the pres-
ence of the following characteristic MR imaging findings
that were associated with ovarian torsion (6-9): twisted
pedicle (appearance of the fallopian tube in a helical con-
figuration); ovarian hemorrhage; ascites; and deviation of
the uterus to the side with the twist. Moreover, the radiolo-
gists assigned a confidence rating regarding the presence
of MR imaging findings: 1 for definitely absent; 2 for proba-
bly absent; 3 for indeterminate; 4 for probably present; and
5 for definitely present.

3.5. Statistical Analysis

Statistical analysis was performed using commercially
available software (MedCalc Software version 15.2.1, Ostend,
Belgium). The incidence of WBC count and fever elevation
and frequencies of MR imaging findings observed by each
reader were compared between patients with and without
ovarian torsion, and viable and nonviable ovaries using
Fisher’s exact test.

The Mann-Whitney U test was used to compare differ-
ences in the diameters of the affected ovaries and fallop-
ian tubes in patients with and without ovarian torsion,
and viable and nonviable ovaries. The intraclass corre-
lation coefficient was calculated for each of the radiolo-
gist measurements in order to evaluate the significance
of inter-observer differences. A P value of less than 0.05
was considered significant. The sensitivity for the detec-
tion of each MR imaging finding was defined by the num-
ber of patients assigned a rating of 4 or 5 among the total
number of patients with ovarian torsion. Likewise, speci-
ficity was defined by the number of patients assigned a
rating 1, 2, or 3 among the total number of patients with-
out ovarian torsion. When assessing inter-observer vari-
ability regarding the confidence rating for each MR imag-
ing finding and ovarian torsion, κ statistics was used to
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23 consecutive patients (age range, 10—58 years; mean, 28.4 ± 12.5 years) 

with suspected ovarian torsion underwent preoperative MR imaging. 

With torsion (n = 15) 

(age range, 10—58 years; 

mean, 28.1 ± 14.7 years) 

Without torsion (n  = 8) 

(age range, 18—37 years; 

mean, 28.9 ± 7.7 years) 

Figure 1. Flow diagram of study enrollment population

measure the degree of agreement between the two radi-
ologists. A κ value below 0.20 represents slight agree-
ment, a value between 0.21 and 0.40 is considered as fair
agreement, a value between 0.41 - 0.60 represents moder-
ate agreement, a value between 0.61 and 0.80 represents
substantial agreement, and a value greater than 0.81 repre-
sents almost perfect agreement. We conducted a post-hoc
power analysis to assess our ability to detect differences
between the two groups by using commercially available
software (G*Power, version 3.1.2; University of Duesseldorf,
Duesseldorf, Germany) with a given effect size of 0.50, a sig-
nificance level of 5%, and a total sample size of 23 patients.

4. Results

4.1. Patients’ Clinical Data

All 23 patients suffered lower abdominal pain. The on-
set of pain was acute in six (40%) and gradual in nine (60%)
of 15 patients with ovarian torsion, and was acute in three
(38%) and gradual in five (62%) of eight patients without
ovarian torsion. Three (20%) of 15 patients with ovarian tor-
sion and one (13%) of eight patients without ovarian tor-
sion had an elevated WBC count. Three (20%) of 15 patients
with ovarian torsion and one (13%) of eight patients with-
out ovarian torsion had a fever. We did not observe signif-
icant differences between patients with and without ovar-
ian torsion in terms of frequency of acute abdominal pain
onset (P = 1.00), elevated WBC count (P = 1.00), and fever (P
= 1.00). Ovarian torsion occurred on the right side in eight
(53%) and the left side in seven patients (47%). Among these
15 cases, five cases (33%) were viable and 10 cases (67%) were
nonviable according to intra-operative findings.

4.2. MR Imaging Findings

The maximum diameters of the affected ovaries and
fallopian tubes are summarized in Table 1. No significant

differences were observed in terms of the maximum diam-
eter of the affected ovary (P = 0.44 for reader 1 and P = 0.52
for reader 2) or fallopian tube (P = 0.56 for reader 1 and
P = 0.42 for reader 2) between patients with and without
ovarian torsion (Figure 2). Similarly, no significant differ-
ences were observed in terms of the maximum diameter
of the affected ovary (P = 0.56 for reader 1 and P = 0.42 for
reader 2) or fallopian tube (P = 0.90 for reader 1 and P = 0.39
for reader 2) between viable and nonviable ovaries. Inter-
observer variability was almost perfect (intraclass correla-
tion coefficient range, 0.85 - 0.99).

Table 2 shows the frequencies of each MR imaging find-
ing. A significant difference between patients with and
without ovarian torsion is observed in terms of the fre-
quency of ovarian enlargement (P = 0.032 for both readers)
and twisted pedicle (P = 0.0094 for reader 1 and P = 0.0013
for reader 2) (Figures 3 and 4). Ovarian enlargement was
observed by both readers in all 15 patients with ovarian tor-
sion. Similarly, both readers observed a twisted pedicle in
11 (73%) patients with ovarian torsion. No significant dif-
ferences were observed between patients with and with-
out ovarian torsion in the following MR imaging findings
(with versus without ovarian torsion for readers 1 and 2):
ovarian hemorrhage (67% versus 63%, P = 1.00 for both read-
ers); ascites (93% versus 75%, P = 0.27 for both readers); and
deviation of the uterus to the side with the twist (20% ver-
sus 12%, P = 1.00 for reader 1; 33% versus 0%, P = 0.12 for reader
2). No significant differences were observed in terms of MR
imaging findings between viable and nonviable ovaries (P
= 0.40 - 1.00).

We calculated the sensitivity, specificity, positive and
negative predictive values, and accuracy of each MR imag-
ing finding in the overall results of the two readers (Table
3). Both ovarian enlargement and ascites had high sensi-
tivities (100% and 93%, respectively) but low specificities
(38% and 25%, respectively). Although twisted pedicle had a
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Table 1. Maximum Diameter of the Affected Ovary and Fallopian Tube in Patients With and Without Ovarian Torsion, and Viable and Nonviable Ovariesa

Variables Reader 1 Reader 2 ICC (95% CI)

Ovary

With ovarian torsion (n = 15) 79.9 ± 42.9 (44.0 - 211.0) 80.5 ± 50.8 (46.0 - 205.0) 0.99 (0.97 - 0.99)

Without ovarian torsion (n= 8) 66.4 ± 34.1 (28.0 - 116.0) 67.3 ± 34.1 (31.0 - 117.0) 0.99 (0.99 - 1.00)

P value 0.44 0.52 -

Viable (n = 5) 61.2 ± 10.0 (48.0 - 74.0) 63.6 ± 5.5 (56.0 - 71.0) 0.91 (0.15 - 0.99)

Nonviable (n = 10) 89.2 ± 50.3 (44.0 - 211.0) 89.0 ± 50.2 (46.0 - 205.0) 0.99 (0.96 - 0.99)

P value 0.16 0.20 -

Fallopian tube

With ovarian torsion (n = 15) 11.7 ± 4.1 (7.0 - 19.0) 11.9 ± 3.8 (7.0 - 21.0) 0.93 (0.82 - 0.98)

Without ovarian torsion (n= 8) 10.1 ± 2.4 (8.0 - 15.0) 10.6 ± 2.4 (8.0 - 15.0) 0.85 (0.43 - 0.97)

P value 0.56 0.42 -

Viable (n = 5) 12.6 ± 5.9 (8.0 - 19.0) 13.8 ± 5.4 (9.0 - 21.0) 0.97 (0.77 - 0.99)

Nonviable (n = 10) 11.3 ± 3.1 (7.0 - 16.0) 11.0 ± 2.6 (7.0 - 14.0) 0.95 (0.80 - 0.98)

P value 0.90 0.39 -

Abbreviations: CI, Confidence interval; ICC, Intraclass correlation coefficient.
aData are means ± 1 standard deviation and data in parentheses are ranges.

Figure 2. A 24-year-old woman with an enlarged, torsed left ovary. A, Axial T2-weighted image demonstrates an enlarged left ovary with a follicular central stroma and periph-
eral follicles. B, Coronal T2-weighted image demonstrates left fallopian tube thickening (arrow). Intraoperatively, the left ovary was found to be twisted by 540°.

slightly low sensitivity (73%), this finding had a high speci-
ficity (94%) and the accuracy (80%) was high. The κ values
associated with the confidence ratings for the presence of
each MR imaging finding and ovarian torsion were 0.79 -
0.89, indicating substantial to almost perfect agreement
between the two radiologists (Table 4). Post-hoc power
analysis showed that we had 29% power to detect a differ-

ence between the two groups.

5. Discussion

A twisted pedicle results in limitations in the outflow
of both venous and lymphatic systems that can subse-
quently lead to arterial occlusion, ovarian ischemia, and ul-
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Table 2. MR Imaging Findings in Patients with and Without Ovarian Torsion, and Viable and Nonviable Ovariesa

MR Imaging Findings Reader 1 Reader 2

With Ovarian
Torsion, (N = 15)

Without Ovarian
Torsion, (N = 8)

P Value With Ovarian
Torsion, (N = 15)

Without Ovarian
Torsion, (N = 8)

P Value

Ovarian enlargement 15 (100) 5 (63) 0.032b 15 (100) 5 (63) 0.032b

Fallopian tube thickening 8 (53) 4 (50) 1.00 11 (73) 5 (63) 1.00

Twisted pedicle 11 (73) 1 (12) 0.0094b 11 (73) 0 (0) 0.0013b

Ovarian hemorrhage 10 (67) 5 (63) 1.00 10 (67) 5 (63) 1.00

Ascites 14 (93) 6 (75) 0.27 14 (93) 6 (75) 0.27

Deviation of uterus to the
sided of the twist

3 (20) 1 (12) 1.00 5 (33) 0 (0) 0.12

Viable, (n = 5) Nonviable, (n = 10) P value Viable, (n = 5) Nonviable, (n = 10) P value

Ovarian enlargement 5 (100) 10 (100) 1.00 5 (100) 10 (100) 1.00

Fallopian tube thickening 2 (40) 6 (60) 0.61 4 (80) 7 (70) 0.68

Twisted pedicle 3 (60) 8 (80) 0.40 3 (60) 8 (80) 0.40

Ovarian hemorrhage 3 (60) 7 (70) 0.70 4 (40) 6 (60) 0.60

Ascites 5 (100) 9 (90) 1.00 5 (100) 9 (90) 1.00

Deviation of uterus to the
sided of the twist

0 (0) 3 (30) 0.51 1 (20) 4 (40) 0.60

aValues are expressed as No. (%).
bP < 0.05, significant difference.

Figure 3. A 18-year-old woman with a torsed right ovarian fibroma and twisted pedicle. Axial (A) and coronal (B) T2-weighted images show a right ovarian mass connected to
the broad ligament (arrow) with a helical swirling appearance. Intraoperatively, the right ovary was found to be twisted by 180°.

timately necrosis (10). In order to prevent these problems,
a twisted pedicle requires urgent surgical intervention to
remove the damaged tissue. However, physicians often fail
to diagnose ovarian torsion because routine findings from
physical examinations and laboratory tests generally are
nonspecific (11).

In the present study, 60% of the patients with ovarian

torsion did not experience an acute onset of abdominal
pain. Furthermore, we were unable to identify a significant
difference in the frequency of acute abdominal pain when
compared between patients with and without ovarian tor-
sion (P = 1.00). Although most laboratory findings are nor-
mal in patients with ovarian torsion, some studies have
identified a minor degree of leukocytosis in 27%-50% of pa-
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Table 3. Sensitivity, Specificity, Positive and Negative Predictive Values, and Accuracy of Each MR Imaging Finding for the Diagnosis of Ovarian Torsion in the Overall Results of
the Two Readersa , b

MR Imaging Findings Sensitivity Specificity PPV NPV Accuracy

Ovarian enlargement 100 (30/30) 38 (6/16) 75 (30/40) 100 (6/6) 78 (36/46)

Fallopian tube thickening 63 (19/30) 44 (7/16) 68 (19/28) 39 (7/18) 35 (16/46)

Twisted pedicle 73 (22/30) 94 (15/16) 96 (22/23) 35 (15/23) 80 (37/46)

Ovarian hemorrhage 67 (20/30) 38 (6/16) 67 (20/30) 38 (6/16) 57 (26/46)

Ascites 93 (28/30) 25 (4/16) 70 (28/40) 67 (4/6) 70 (32/46)

Deviation of uterus to the sided of the twist 27 (8/30) 94 (15/16) 89 (8/9) 41 (15/37) 50 (23/46)

Abbreviations: NPV, Negative predictive value; PPV, Positive predictive value.
aValues are expressed as No. (%).
bSensitivity, specificity, PPV, NPV, and accuracy values are percentages.

Table 4. Confidence Ratings of Each MR Imaging Finding and Ovarian Torsiona

MR Imaging Findings Reader 1, Mean Confidence Rating Reader 2, Mean Confidence Rating κ Value (95% CI)

Twisted pedicle 3.8 ± 1.0 3.8 ± 1.1 0.81 (-1.00 - 1.00)

Ovarian hemorrhage 3.7 ± 1.3 3.6 ± 1.5 0.80 (0.66 - 0.95)

Ascites 4.4 ± 1.5 4.3 ± 1.6 0.89 (-1.00 - 1.00)

Deviation of uterus to the sided of the twist 2.3 ± 0.8 2.4 ± 0.9 0.79 (-1.00 - 1.00)

Ovarian torsion 3.9 ± 0.9 3.9 ± 1.0 0.83 (-0.28 - 1.00)

Abbreviation: CI, Confidence interval.
aValues are expressed as mean ± SD.

Figure 4. A 42-year-old woman with a torsed right ovarian serous cystadenoma
and twisted pedicle. Sagittal T2-weighted image demonstrates a cystic right ovar-
ian mass and twisted pedicle (arrow). Intraoperatively, the right ovary was twisted
by 540°.

tients (12, 13). In the present study, only 20% of the patients
with ovarian torsion exhibited leukocytosis, and no statis-
tical difference was found in the frequency of leukocytosis
when compared between patients with and without ovar-
ian torsion (P = 1.00). Previous literature has shown that
ovarian torsion occurs more commonly on the right side
of the body than the left, with an incidence ratio of approx-
imately 3:2 (2). Here, however, the analysis observed no real
difference (right side of the body, 53% versus left side of the
body, 47%). It is highly apparent that the clinical of ovar-
ian torsion is diagnostically of little use. Medical imaging
is therefore, of much greater importance.

Previous studies have described a number of character-
istic findings associated with ovarian torsion, which can
all be identified using MR imaging. These include ovar-
ian enlargement, twisted pedicle, ovarian hemorrhage, as-
cites, deviation of the uterus to the side with the twist,
and fallopian tube thickening (6-9). Among these, the
present results indicate that identifying a twisted pedicle
was the most useful characteristic for the diagnosis of ovar-
ian torsion. While a twisted pedicle can be difficult to de-
tect, this represents an important pathognomonic feature,
and is therefore, the most specific feature of ovarian tor-
sion. However, studies have shown that less than one-third
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of ovarian torsion patients undergoing CT or MRI exhibit
twisted pedicles (9, 14). In the present study, we observed
a twisted pedicle in more than half of the patients with
ovarian torsion. Furthermore, this finding exhibited the
strongest diagnostic performance. Consequently, while a
number of characteristic imaging findings have been as-
sociated with ovarian torsion, a twisted pedicle appears
to represent the only finding directly indicative of ovarian
torsion. All other imaging findings are indirect and exhibit
large degrees of overlap with other differential diagnoses.
It is well known that several other conditions resulting in
enlarged ovaries can mimic ovarian torsion, such as serous
cystadenoma, polycystic ovary, or ovarian hyperstimula-
tion syndrome (7). Indeed, hemorrhagic ovarian cysts have
been referred to as “the great imitator” because of their
various appearances, which depends upon the age of the
blood product at the time (15). Ovarian enlargement and
twisted pedicle showed high accuracy for the diagnosis of
ovarian torsion in this study. As written above, twisted
pedicle is the only finding directly indicative of ovarian tor-
sion and ovarian enlargement had a low specificity. There-
fore, we believed that identifying the twisted pedicle was
most important for the diagnosis of ovarian torsion in the
clinical setting. Isolated fallopian tube torsion is extremely
rare but should be considered in the differential diagno-
sis for ovarian torsion. Fallopian tube thickening has also
been reported in the context of this latter condition (16).

Our study had the following limitations. First, this was
a retrospective study with a relatively small cohort of pa-
tients at a single center, potentially resulting in selection
bias because the post-hoc power analysis showed a power
of 29%. Further clinical studies are needed to validate our
data. Second, we did not include contrast-enhanced or
diffusion-weighted MR images because of the limited op-
portunity for examination time prior to surgery. How-
ever, we believe that gadolinium-enhanced or diffusion-
weighed MR imaging is likely to be very useful for evaluat-
ing ovarian enhancement, hemorrhagic infarction (17) or
twisted pedicles.

In conclusion, our current study revealed that identifi-
cation of a twisted pedicle represented a powerful and re-
liable diagnostic indicator with regard to ovarian torsion.
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