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Introduction
Ovarian cancer is the second most common gynecological 

malignancy; however, it remains the leading cause of death 
among these diseases [1]. Ultrasound is considered the main 
modality for ovarian cancer triage [2] however, a study in 2005 
concluded that ultrasound has a high false-positive rate in the 
differential diagnosis of adnexal malignancies, even with several 
scoring systems [3].

Other workers have used Doppler to differentiate between 
benign and malignant ovarian masses to improve the specificity 
of ultrasound. Unfortunately, according to most of these studies, 
this approach does not add significant useful information, with a 
reported accuracy of only 35%- 88% [2,4].

Other preoperative methods to differentiate benign from 
malignant ovarian masses have been developed and tested 
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Abstract 

Objective: To assess the diagnostic performance of texture analysis indiscriminating between benign and malignant adnexal masses

Design: prospective observational cross-sectional study

Population: Women aged eighteen and above with known pelvic masses

Methods: ultrasound images were collected from participants and transferred into PC for off-line analysis. MaZda software was used 
to perform the texture analysis. Two texture features applied: Grey-level co-occurrence matrix (GLCM) and wavelet. Risk of malignancy 
index,Pelvic mass index and ADNEX scoring systems were applied to the data, and then results were compared to GLCM and wavelet.

Main outcome measures: The GLCM showed a higher sensitivity (72%) compared to two of the scoring systems applied (32% RMI and 
62% ADNEX). When combining GLCM and wavelet features using logistic regression model resulted in high performance with AUC=0.8 and a 
good predictive capacity when tested using the Hosmer and Lemeshow test (p=.502).

Results: 169 masses were collected, 116 benign, 29 malignant and 24 simple cyst. Data were divided into 95 premenopausal and 68 
postmenopausal. There was a significance difference between benign and malignant p=.004, p=.027 for GLCM and wavelet respectively. GLCM 
had a higher sensitivity (72%) and NPV (90%) for the entire cohort in comparison to RMI (32%; 80%) and ADNEX (62%; 80%) respectively, 
Conclusions: Two features of texture analysis have a potential in differentiating benign from malignant pelvic masses which are (GLCM) and 
the wavelet.

Keywords: Ovarian masses; Texture analysis; GLCM; Pelvic ultrasound; RMI; ADNEX; PMI(pelvic mass index)

Abbreviations: GLCM: Grey-Level Co-Occurrence Matrix; RMI: Risk of Malignancy Index; PMI: Pelvic Mass Index; ADNEX: The Assessment of 
Different Neoplasias in the Adnexa; AUC: Area Under the Curve; UKCTOCS: United Kingdom Collaborative Trial of Ovarian Cancer Screening; 
CA-125: Cancer Antigens (Blood Test Marker for Cancer); IOTA: International Ovarian Tumor Analysis Group; ROI: Region of Interest; ROC: 
Receiver Operating Curve 
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recently, such as, 3D imaging [5] and using CT [6] or MRI imaging. 
However, they all have limitations, including limited availability, 
high cost, difficulty with the identification of small tumour 
deposits and the distinction between benign and pathological 
lesions [7,8].

The main issue is that the interpretation of the images is 
subjective and observer dependent [2]. Texture analysis has 
been shown to have potential in the objective assessment of 
ovarian cancer in a preliminary study [9].

In recent years, objective diagnostic methods have been 
proposed to overcome the subjectivity and operator dependence 
limitation [10]. However, there is no reliable technique available 
at present. Hence, a new objective method is desired to address 
the above mentioned issue which will contribute in patient 
management.

Texture analysis techniques have been successfully applied to 
various types of tissues and organs including the carotid artery 
[11], breast [12,13], heart [14], thyroid gland [15] and liver [16-
18]. However, it has not yet been widely tested on ovarian tissue.

Texture analysis is a technique for evaluating the structure 
within an image. In digital imaging, texture analysis is the 
distribution of grey level values across the pixels of a given 
region of interest [19]. The variation in intensity reflects some 
physical variation in the underlying structure.

A preliminary study showed usefulness of texture analysis 
in differentiating ovarian lesions [9]. Therefore, objective 
differentiation between benign and malignant ovarian tissue 
through texture analysis on a prospective larger sample and 
compairing this new method to widely avaliable scoring systems 
would be beneficial by validating the accuracy of the method.

Study Aims
To assess prospectively the diagnostic performance of texture 

analysis on transvaginal ultrasound images in discriminating 
between benign and malignant adnexal tumors and to compare 
it to other widely used scoring systems.

Materials and Methods
This study is a quantitative prospective cross sectional study 

on women with known pelvic masses.This study took place in 
the Medical Physics and Clinical Engineering Department at the 
University Hospital of Wales (UHW), Cardiff, UK. A total of 226 
patients fitted the criteria and were recruited for this study in 
the period between November 2013 and May 2015. Participants 
were selected from a pelvic mass clinic and Gynaecology oncology 
clinics. All patients with known adnexal mass were identified by 
members of the research team. The researcher approaches the 
potential participants and informed them of the research study. 

The study was explained and written information was 
provided. Patients were given up to 24 hours to decide if they 
wanted to participate in the study then an appointment was 

booked for the scan. Written consent was taken before each scan.

The scanning procedure was the same in all participants in 
this study. All ultrasound procedures were undertaken by the 
researcher or the co-researchers only for the purpose of this 
study. 

In women with bilateral ovarian masses, data from both 
sides were used for the analysis, i.e. complex morphology and 
simple cyst or dermoid on one side and a complex mass on the 
other one.

The following morphological ultrasound information was 
recorded in each case: volume of the ovary, site and volume of 
the cyst, cystic wall structure, and cystic wall thickness, presence 
of septation and septal thickness, presence of solid areas within 
the cyst, papillation height if present and echogenicity. As well as 
presence or absence of Doppler signal and the site of the signal 
were documented for each cyst. 

These information were used to calculate three of the most 
commonly used scoring systems in ultrasound gynaecology 
clinics.

RMI risk of malignancy index

Originally developed by Jacobs and colleagues where 
(menopausal status, ultrasound findings and serum CA125) have 
been combined into diagnostic models: RMI=UxMxCA125 [20]. 
It has been evaluated in numerous primary studies. Each of the 
following grey-scale morphological features was given one point 
when present: bilateral lesions, multilocular lesions, solid areas, 
intra-abdominal metastases and ascites. If the sum of these 
points was 0, an ultrasound score U=0 was given, while a sum of 
1 point an ultrasound score U=1, and a score of U=3 was given 
when the sum of ultrasound points ≥2 [20,21]. At a cut-off level 
of 200, the sensitivity is 85% and the specificity is 97% [22].

PMI (Pelvic mass index)
This scoring system combines transvaginal ultrasonography 

with Doppler; it is independent of CA-125. PMI assesses grey 
scale features such as size, laterality, presence of solid elements, 
septae and free fluid, all scoring one point each. The presence or 
absence of positive blood flow on Doppler ultrasound within the 
septa and/or solid component scores 2 points or -2 accordingly. 
Peripheral blood flow within ovarian stroma is not considered 
significant. The maximum score is 7 and the minimum is -2. 
Scores between -2 and 0 are considered low risk, scores between 
1 and 2 intermediate and scores of greater than 3 are associated 
with high risk of malignancy [23].

ADNEX scoring
The last scoring system is developed by the IOTA group, it 

is a new model called the ADNEX (the Assessment of Different 
NEoplasias in the adneXa). This model contains three clinical 
and six ultrasound predictors: age, serum CA-125 level, type of 
centre (oncology centres vs. other hospitals), maximum diameter 
of lesion, proportion of solid tissue, more than ten cyst locules, 
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number of papillary projections, acoustic shadows, and ascites. 
This huge study was performed in twenty-four ultrasound 
centres in ten different countries with a total of 5,909 patients 
[24].

Their final ADNEX model is available online and in mobile 
applications

(www.iotagroup.org/adnexmodel/). This application has the 
advantage of calculating the risk even if the serum CA-125 level 
information is unavailable.

 Materials
Toshiba Aplio 500 scanner with 6.0 MHZ Transvaginal 

transducer (model PVT-661VT) was used to acquire images. 
Standard presetting was used in all scans. 

Transvaginal Ultrasound images were collected from 
participants and transformed to a PC as a BMP files for off-line 
analysis. MaZda software 4.6 (Institute of Electronics, University 
of Lodz, Poland) was used to perform the texture analysis. More 
details about this software are available online at: http://www.
eletel.p.lodz.pl/mazda/. A ROI region of interest was drawn 
around the mass in each image then the two texture analysis 
features were selected (GLCM and Wavelet) then the sum of each 
features was documented.

GLCM is a second order statistical technique that allows for 
the extraction of statistical information from the image regarding 
the distribution of pair of pixels. It is computed by defining a 
direction, a distance and pair of pixels separated by this distance, 
computed across the defined direction [25].

Wavelet is a transform method of texture analysis. It is a tool 
that separates data into different frequency components. This 
feature measures the frequency content of the image on a given 
scale and in a given direction [26].

Histopathological diagnosis was obtained in women who 
underwent surgery and used as the gold standard. In cases where 

participants were managed conservatively and no histology 
results were available, ultrasound diagnosis by an expert 
examiner was used in typical adnexal masses (endometrioma, 
typical dermoid and simple cyst) as well as the use of a second 
diagnostic model such as MRI or CT where appropriate. 
Additionally follow-up at a minimum of 12 months after the 
ultrasound scan was used. Inclusion criteria: women age 18 and 
above with known pelvic masses. Exclusion criteria: women with 
other Gynaecological malignancy, i.e. not pelvic mass, pregnant 
patients, previous history of bilateral oophorectomy, difficult 
scans and unclear scan images and age less than 18 years old.

All data were statistically analysed using the Statistical 
Package Social Sciences (SPSS) program version 17.0 for windows 
(SPSS Inc, Chicago, Illinois, USA), The data in this study was non 
normaly distributed therefore, non parametric tests were used to 
calculate the median, SD such as Mann-Whitney test. Ninety-five 
percent confidence intervals were calculated where appropriate. 
The alpha level was set at 0.05 and any p-value less than the 
alpha level is considered statistically significant.

Results
163 patients (169 masses) were recruited for the 

purpose of this study. Ninety five were premenopausal and 
68 postmenopausal. Their ages ranged from 18 to 53 in the 
premenopausal group (mean 41, median 42) and from 52 to 
91 years (mean 67, median 66) in the postmenopausal group. 
Histopathology results of the masses showed 116 benign, 29 
malignant and 24 simple cysts. Eighty one of the benign masses 
were premenopausal and 35 postmenopausal. Of the malignant 
masses 8 were premenopausal and 21 postmenopausal and of 
the simple cyst, 9 were premenopausal and 15 postmenopausal. 

The values of the extracted features were compared in pairs: 
benign and malignant; cysts and malignant; and benign and 
cysts. The results for the GLCM and the wavelet features show 
that all group pairs were statistically significant: the p-value was 
<.05 in all groups.

Table 1: Significance difference test for the benign subgroups and the malignant.

Texture Feature Compared to p-value Significant?

Benign suspecious masses

GLCM

Teratoma 0.021 Yes

Endometrioma 0.011 Yes

Fibroids 0.449 No

Wavelet

Teratoma 0.014 Yes

Endometrioma 0.17 No

Fibroids 0.693 No

Malignant

GLCM

Teratoma 0.697 No

Endometrioma <.05 Yes

Fibroids 0.009 Yes

Wavelet

Teratoma 0.998 No

Endometrioma 0.004 Yes

Fibroids 0.061 No
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The benign group was sub-divided into 4 groups which 
include: teratoma, endometrioma, fibroid and other suspicious 
or difficult to diagnose benign masses. The results of the 
comparison between these subgroups to the suspicious benign 
masses and to malignant masses are summarised in Table 1. 

Receiver operating curve (ROC) analysis was performed 
to determine the ability of the GLCM feature in discriminating 
between cyst and benign masses, and between benign and 

malignant masses. An AUCclose to 1 indicates a strong 
discriminatory power/ability of the indicator variable while 
the AUC close to 0.5 indicates that the variable has little 
discriminatory power. A threshold value was selected to get the 
higher sensitivity possible with higher specificity possible. For 
instance, in discriminating between benign and malignant, the 
use of 245 as a threshold value led to an estimated sensitivity of 
72% and specificity of 60%. Results are summaries in Table 2.

Table 2: Area under the curve (AUC) with standard error (S.E.) and threshold value, sensitivity and specificity associated with both GLCM and 
Wavelet features in all three groups.

Texture 
Feature Group Pair AUC S.E. Discriminatory 

Ability
Threshold 

Value
Sensitivity 

% Specificity %

Total population

GLCM

Benign-
malignant 0.668 0.06 Poor 245 72% 60%

Benign-cyst 0.895 0.037 Excellent 100.5 93% 70%

Malignant-
cyst 0.994 0.029 Excellent 86 97% 62%

Wavelet

Benign-
malignant 0.63 0.061 Poor 17191 60% 60%

Benign-cyst 0.814 0.037 Good 10826 72% 62%

Malignant-
cyst 0.894 0.044 Good 10484 90% 59%

Premenopausal 
group

GLCM

Benign-
malignant 0.747 0.079 Fair 279.5 75% 60%

Benign-cyst 0.879 0.07 Good 177.5 100% 90%

Malignant-
cyst 0.944 0.059 Excellent 108 89% 78%

Wavelet

Benign-
malignant 0.597 0.105 Poor 18284 50% 46%

Benign-cyst 0.85 0.045 Good 10982 75% 78%

Malignant-
cyst 0.986 0.022 Excellent 11146 100% 78%

Postmenopausal 
group

GLCM

Benign-
malignant 0.629 0.085 Poor 267 71% 55%

Benign-cyst 0.92 0.043 Excellent 107.4 97% 70%

Malignant-
cyst 0.943 0.035 Excellent 101.7 95% 73%

Wavelet

Benign-
malignant 0.683 0.079 Poor 18283.9 62% 60%

Benign-cyst 0.768 0.066 Fair 11104.9 71% 60%

Malignant-
cyst 0.863 0.061 Good 10964.2 86% 60%

Further assessment was done using the widely used scoring 
systems which are: RMI, PMI, and ADNEX model. When applying 
RMI score on the data only 99 masses were applicable, 14 of them 
were excluded due to missing CA125 value;therefore, 85 masses 
were used in the analysis. One hundred and two of 169 masses 

were eligible for the PMI score. The results were divided into 
three groups, low risk (between -2- 0) intermediate (between 
1-2) and high risk (above 3). The ADNEX model was applied on 
81 of the 169 masses in this study. Results are shown in Table 3.
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Table 3: 2x2 contingency table for the RMI, PMI and ADNEX models in all three groups (total population, premenopausal and postmenopausal). 
(TP) True positive, (FP) False positive, (TN) True negative, (FN) False negative.

Total population Premenopausal Group Postmenopausal Group

Diagnostic model Malignant by 
histology

Benign by 
histology

Malignant by 
histology

Benign by 
histology

Malignant by 
histology

Benign by 
histology

RMI >250 7 (TP) 8 (FP) 1 (TP) 2 (FP) 6 (TP) 5 (FP)

<250 15 (FN) 55 (TN) 6 (FN) 40 (TN) 9 (FN) 9 (TN)

Total 22 63 7 42 15 14

PMI high and 
intermediate risk 26 (TP) 36 (FP) 6 (TP) 11 (FP) 19 (TP) 12 (FP)

Low risk 3 (FN) 37 (TN) 2 ( FN) 37 (TN) 2 (FN) 6 (TN)

Total 29 73 8 48 21 18

ADNEX high risk 
>50% 18 (TP) 11 (FP) 4 (TP) 6 (FP) 14 (TP) 4 (FP)

Low risk <50% 11 (FN) 41 (TN) 4 (FN) 25 (TN) 7 (FN) 13 (TN)

Total 29 52 8 31 21 17

Subdividing the study population into the categories of pre- 
and postmenopausal status allowed more in-depth analysis of 
the performance of the three indices.

Ninety eight women were found in the premenopausal 
group; 81 benign, 8 malignant and 9 simple cysts. Similar to 
the total population analysis, group of pairs were compared 
to each other to test for significance. When using the GLCM all 
group pairs were still found to have a significance difference 
(p<0.05) in the premenopausal group. However when applying 
the wavelet feature, the malignant and benign masses could not 
be differentiated significantly (P=366). The other two group 
pair (benign- cyst and malignant-cyst) remained significantly 
different.

GLCM and PMI had the highest sensitivity (75%) compared 
to ADNEX and the wavelet (50%),and the lowest sensitivity was 
the RMI (14%). However, RMI had the highest specificity (95%) 
followed by the ADNEX (80%) and then the GLCM (60%) and 
the lowest was the wavelet (46%). As can be seen the sensitivity 
of wavelet,RMI, PMI and ADNEX (60,32,90 and 62% respectively 
in the total population) had dropped when analysing the 
premenopausal group specifically. While the performance 
improved in the GLCM (sensitivity was 72% in total population). 
In the specificity performance, RMI had improved from 87% to 
95% as well as PMI from 51% to 77%, while it decreased in the 
wavelet from 60% to 48%. Moreover, no change is seen in both 
GLCM and ADNEX. Results are shown in Table 4.

Table 4: Summary of the sensitivity, specificity, PPV, NPV and accuracy of the Texture analysis feature wavelet compared to RMI, PMI and 
ADNEX in 3 groups: total population, premenopausal, postmenopausal.

Diagnostic Model Sinsitivity Specificity PPV NPV Acuracy

Total population

GLCM 72% (95% CI 53-
91%) 60% 25% 90% 60%

Wavelet 60% (95% CI 
37-83) 60% 22% 90% 60%

RMI 32% (95% CI 
0-65%) 87% 50% 80% 73%

PMI 90% (95% CI 80-
100%) 51% 42% 93% 62%

ADNEX 62% (95% CI 29-
95%) 80% 62% 80% 73%

Premenopausal

GLCM 75% ( 95% CI 42-
100%) 60% 15% 96% 60%

Wavelet 50% (95% CI 
1-99%) 46% 1% 90% 46%

RMI 14% (95% CI too 
wide) 95% 33% 87% 84%

PMI 95% (95% CI 42-
100%) 77% 35% 95% 77%

ADNEX 50% (95% CI 
1-99%) 80% 40% 86% 74%
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Postmenopausal

GLCM 71% (95% CI 49-
93%) 55% 47% 75% 59%

Wavelet 48% (95% CI too 
wide) 72% 62% 60% 60%

RMI 40% (95% CI 
0-79%) 64% 55% 50% 52%

PMI 90% (95% CI 79-
100%) 33% 61% 75% 64%

ADNEX 66% (95% CI 29-
100%) 76% 77% 65% 71%

Seventy one women were found in the postmenopausal 
group, 35 benign, 21 malignant and 15 simple cysts. Significance 
difference (p<0.05) was seen between the benign-cyst group 
pair and between the malignant and the cyst group pair. While 
in the difference between malignant and benign, no significance 
difference was found (p=110). All group pairs in the wavelet 
feature showed a significance difference, unlike the results 
from the premenopausal group where the difference between 
malignant and benign had no significance difference.

In this study, the ADNEX score was calculated for all masses 
whether CA125 results were available or not. However, as 
mentioned by Van Calster et al. [24] in their study where they 
develop the ADNEX model to differentiate between the different 
type of adnexal masses, it was found that CA125 was one of the 
strongest predictors and explained that deriving this model 
without the CA125 would decrease the discriminatory ability 
of the ADNEX. Therefore, it was decided to calculate the ADNEX 
score only for those who had the CA125 results so the difference 
could be appreciated. 

It was found that out of the 81 eligible masses, 16 of them had 
a missing CA125, divided equally between benign and malignant. 
Moreover, when dividing the population by menopausal status, 6 
were in the premenopausal group and 10 in the postmenopausal 
group. The ADNEX score was applied to 65 masses with available 
CA125 and resulted in 56% sensitivity, 81% specificity, 61% PPV, 
77%NPV and 72% accuracy. Surprisingly, the sensitivity of the 
ADNEX model decreased slightly when using only masses with 
available CA125; for example in the total population the ADNEX 
sensitivity deceased from 62% to 56% and in the premenopausal 
group from 50% to 40% and lastly in the postmenopausal group 
from 66% to 62%. However, the specificity, PPV, NPV and the 
accuracy were similar to the ADNEX of all masses.

In order to improve the diagnostic performance, the two 
texture analysis features were combined [27]. Here the same 
threshold values were used together to assess the diagnostic 
performance of the GLCM and the wavelet combined. Therefore 
245 was used as threshold value for the GLCM and 17191 for the 
wavelet simultaneously to indicate risk of malignancy. Results 
for the three groups are summarised in Table 5.

Table 5: 2x2 contingency table for the combined two texture analysis features and sensitivity, specificity, PPV, NPV and accuracy.

Type of test Malignant by 
histology

Benign by 
histology Sensitivity Specificity PPV NPV Accuracy

Total population
GLCM >245 

and wavelet > 
17191

17 (TP) 44 (FP)
58% (95% CI 

36-80%) 62% 27% 86% 61%
GLCM <245 
and wavelet 

<17191
12 (FN) 72 (TN)

Total 29 116

Premenopausal group
GLCM >279.5 
and wavelet > 

18284
4 (TP) 33 (FP)

50% (95% CI 
1-99%) 59% 11% 92% 58%

GLCM < 279.5 
and wavelet < 

18284
4 (FN) 48 (TN)

Total 8 81

Postmenopausal group
GLCM >279.5 
and wavelet > 

18284
13 (TP) 11 (FP)

61% (95% CI 
35-87%) 69% 54% 75% 66%

GLCM < 279.5 
and wavelet < 

18284
8 (FN) 24 (TN)

Total 21 35
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Further analysis was performed on the data using logistic 
regression to explore the relationship of the variables to the 
outcome (histology results or follow up). Testing for correlation 
between the variables was done to observe which of these 
variables are collinear,so that particular variable would not be 
used simultaneously in the equation. It was found that GLCM 
and wavelet are collinear and age and menopausal status as 
well. The final equation included menopausal status, wavelet 

and the ratio between wavelet and GLCM. This model showed 
to have good predictive capacity when tested using Hosmer and 
Lemeshow test (p=.502). Table 6 illustrates the results of the 
model. Moreover, Receiver operating curve (ROC) analysis was 
performed to determine the ability of this model to discriminate 
between benign and malignant masses and gave an AUC= 0.81 
which has a good discriminatory ability.

Table 6: Logistic regression model results.

variable Coefficient (ᵝ) S.E. P value Odds Ratio 95% CI

Menopausal status -1.834 0.506 <0.05 0.16 (.059 - .431)

Wavelet 0 0 <0.05 1 (1.000- 1.000)

Ratio -0.016 0.007 0.032 0.984 (.970 - .999)

Discussion
Ovarian cancer remains the leading cause of death in the 

Gynaecology malignancies. Up to this day, the nature of the mass 
has to be confirmed as malignant or benign by histology, which 
means having a surgical procedure. 

Therefore, the use of accurate preoperative assessment of 
the risk of malignancy in adnexal masses is of high importance 
since the management of benign masses and ovarian cancer is 
quite different [28].

Main findings
Our data analysis showed that the sensitivity of the GLCM 

feature using a threshold value of 245 as indicative of malignancy 
was 72%, Our sensitivity of GLCM is considered low, the reason 
could be the fact that the appearance of many benign lesions 
overlaps with that of malignant disease [29].

These results are lower than some other published studies.
For example, Xian [16] reported a sensitivity of 92% in a study 
where he applied GLCM texture feature to identify malignant and 
benign liver tumours on ultrasound images. This difference in 
sensitivity could be explained by the fact that texture analysis is 
more appropriate for the characterisation of regions exhibiting 
homogeneity in their structure as discussed by Diamond et al. 
[30].

The predictive value is an important measure for diagnostic 
test. Both positive and negative predictive values can be very 
important in the management and triage of patients with 
suspected ovarian cancer. For example, in the present study, a 
GLCM value of >279 in a postmenopausal woman gives a positive 
predictive value (PPV) of 47%. Although this probability is 
relatively low, it still limits unnecessary surgery to 2 women to 
identify one patient with ovarian cancer.

This relatively low value could be explained by the low 
number of women diagnosed with ovarian cancer (29.6%) 
among our study postmenopausal group which is lower than 
previous studies that documented prevalence of 34% [16], but 
higher than PMI study which documented a prevalence of 16.7% 

[23]. Our results compares well with the UKCTOCS trial where 
they showed a low PPV of 5.3% and therefore, operating on 18.8 
women for every cancer detected [31]. Although the UKCTOCS 
is a screening study which scans asymptomatic women which 
is different to our study where we scan known pelvic masses 
women, it still shows that our PPV is very good.

In the present study, a GLCM value of less than 245 had a 
NPV of 90% in the total population, which indicates that the 
probability that a woman with a GLCM value of less than 245 
does not have ovarian malignancy is 90%. This findings is higher 
than 37.5% described by Zimmer et al. [32], close to previous 
PMI study NPV of 96% (23) and lower than 98% that been 
documented by Diamond et al. [16].

Our study showed that GLCM had better performance 
than both RMI and ADNEX model when differentiating benign 
from malignant masses, even when applying them to pre- and 
postmenopausal group separately. Although RMI should improve 
in performance when applied on the postmenopausal group, it 
still showed the lowest sensitivity (40%) among all the other 
scoring systems applied. Our results showed a much lower 
performance of RMI (ranges from 14-40%) when compared with 
previous studies that validate the RMI. For example the most 
recent systematic review and meta-analysis which investigate 
the diagnostic ability of several scoring systems calculated 
the pooled sensitivity and specificity of RMIas 72% and 92% 
respectively [33].

Although our results showed higher sensitivity of PMI (90%) 
compared to GLCM (75%), it has to be said that GLCM has the 
advantage of been objective over the subjectivity of the PMI 
score which is highly operator dependent.

The GLCM feature is the most commonly used in 2D 
texture analysis of medical images [34,35]. The results from 
this study demonstrated that in general, the GLCM has a better 
characterisation ability compared to wavelet feature, this is in 
accordance with the statement by Tuceryan [36]: the GLCM 
feature generally outperform other features. Likewise, in a study 
that focused on breast lesions [37] they reported that GLCM is 
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the most useful feature and stated that GLCM has long been a 
powerful tool for texture analysis.

It was recommended in previous studies that combining 
texture features yields a better performance compared to using 
feature from a single category [27,38]. In our study we applied 
this theory using a logistic regression model, where it was 
found that applying wavelet with the ratio of wavelet to GLCM 
along with the menopausal status as variables of the model 
gave a better discriminatory ability of AUC= 0.8 and had a good 
predictive capacity when tested using Hosmer and Lemeshow 
test (p=.502).

Strengths and Limitations
It is clear that in this study we analysed ovarian masses of 

a relatively small sample number (29 malignant) this is due to 
several reasons. First, high rate of refusion of participating due 
to poor general health. Second, some malignant diseases were 
disseminated so can not be viewed or analysed on ultrasound 
image. Third, ovarian cancer probability is higher in older 
postmenopausal women (>70 years old) which made it difficult 
to approach these women and ask for their participation in the 
study. These and the limited duration of recruitment time that 
was approved by the ethical committee (18 months) as well 
as data were collected from single centre all participate in not 
achieving number of sample that was desired.

Conclusion
This study has shown that quantitative texture analysis of 

B-mode images demonstrates a significance difference between 
cysts, benign and malignant tissue using GLCM and wavelet 
features. Therefore, it is possible to conclude that using GLCM 
and wavelet as a computer aided diagnosis has the potential to 
differentiate objectively the ovarian lesions. It is expected that 
this method would ultimately improve the diagnosis of medical 
imaging in general and ovarian masses in particular.

This study has also compared texture analysis features 
with other widely used scoring systems to diagnose ovarian 
cancers such as RMI, PMI and ADNEX model. It was found that 
GLCM diagnostic performance was superior to RMI and ADNEX. 
This could aid the diagnostic performance in the case of less 
experienced sonographers.

From our study, we found that texture analysis had slightly 
better performance when applied to premenopausal women 
than other scoring systems such as, RMI, PMI and ADNEX models 
compared to the performance in postmenopausal women.

Combining the texture fetures in a logistic regression model 
can increase the performance of diagnosing ovarian masses.

Future Work
To assess the reproducibility of texture analysis features on 

ultrasound ovarian masses images, a multicentre prospective 
study is recommended with a larger sample to get more 

representative results and to confirm the clinical importance of 
this technique.

Additionally, it might be beneficial to explore the possibility 
of combining texture analysis with Doppler flow assessment to 
achieve higher diagnostic performance in discriminating ovarian 
tissue.
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