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ABSTRACT
Background: Digital breast tomosynthesis (quasi three-dimensional [3D] mammography) is a relatively
novel technique. It creates thin-slice reconstructions of the breast from low-dose digital mammographic
images acquired at multiple angles. This evolution of mammography improves lesion visibility by reducing
overlapping tissue. Hence, it has the potential to increase BC detection and to reduce false-positive (FP)
findings.
Objective: To review the role of 3D Digital Mammography in Studying of dense breast Lesions in adult
female.
Patients and methods: This was a retrospective study conducted on 40 patients who were eligible for
examination by 3D Digital Mammography referred to WAFI center (women and fetal imaging center). The
study was conducted during 12 months from January 2019 till January 2020 and was carried at Al-Azhar
University Hospitals and WAFI Center (Woman and fetal imaging center).
Results: There was no statistically significant difference between ultrasound (US) and tomosynthesis
(TOMO) as regarding mass detection. There was a statistically significant increase as regarding calcification
detection in TOMO than US. There was a statistically significant increase as regarding asymmetry detection
in TOMO than US. There was no statistically significant difference between US & TOMO as regards Arch.
Distortion detection. There was no statistically significant difference between US & TOMO as regards
inflammatory reactions detection. There was statistically significant increase as regarding cyst detection in
US than TOMO. There was a statistically significant increase as regarding dilated ducts detection in US than
TOMO. There was a statistically significant increase as regarding added value detection in US than TOMO.
There was no statistically significant difference between US & TOMO as regarding Breast ImagingReporting and Data System (BI-RADS).
Conclusion: Both modalities were not similar in the ability to identify malignant lesions. Wide-angle digital
breast tomosynthesis (DBT) was able to initially identify two more lesions <1cm in size; one more malignant
focus in a patient with a multi-focal disease, and a small malignant lesion, a case with multiple benign
lesions. Both lesions presented as small area of architectural distortion on DBT images (statistically, no
significance despite the difference between the two modalities, p=0.07), also DBT has higher detection rate
than US as regard calcification and focal asymmetry.
Keywords: 3D Digital Mammography, Breast lesions, Adult females, Dense breast.
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INTRODUCTION

Two-dimensional full-field digital
mammography (2DDM) has been the
standard of care for X-ray examination of
the breast in women aged 40 years
presenting with breast symptoms, and for
routine breast cancer screening offered to
asymptomatic women aged 50 years, and
to women aged from 40 years with a
moderate or high risk of breast cancer
(Garcia et al., 2016).
Mammographic surveillance may be
considered for women aged 30-39 years
with a high risk of breast cancer and those
with a BRCA1 or BRCA2 mutation. The
accuracy of 2DDM in screening is limited
because of the effect of superimposition of
normal breast structures and abnormal
features onto a two-dimensional image.
The mammographic signs of breast cancer
may be partially or completely obscured,
particularly in women with a dense
glandular parenchymal pattern on
mammography, leading to delays in the
diagnosis of breast cancer (Michell and
Batohi, 2018).
Digital breast tomosynthesis is an
evolution
of
full-field
digital
mammography involving quasi-threedimensional transformation of breast
images. By acquiring projection images
that are reconstructed as a series of slices
through the breast, tomosynthesis has the
potential to improve visualisation of
breast cancer due to a reduction in the
effect of tissue superimposition on
standard mammography (Houssami and
Skaane, 2013).
Tomosynthesis in the screening setting
has been evaluated in prospective studies
that show detection of additional cancers
when tomosynthesis is added to

mammography or synthetic 2D images
reconstructed from 3D acquisitions versus
2D mammography alone (Bernardi et al.,
2016).
Ultrasonography (US) has been
playing an increasingly important role in
the evaluation of breast cancer. US is
useful in the evaluation of palpable
masses that are mammographically occult,
in the evaluation of clinically suspected
breast lesions in women younger than 30
years of age, and in the evaluation of
many
abnormalities
seen
on
mammograms. Some breast imagers
believe that US is the primary modality
for the evaluation of palpable masses in
women 30 years of age and older and that
mammography plays an adjunctive
technique. US is also useful in the
guidance of biopsies and therapeutic
procedures; research is currently under
way to evaluate its role in cancer
screening, Originally, ultrasonography
was primarily used as a relatively
inexpensive and effective method of
differentiating cystic breast masses from
solid breast masses. However, it is now
well established that US also provides
valuable information about the nature and
extent of solid masses and other breast
lesions (Koo et al., 2017).
Furthermore, tomosynthesis has been
demonstrated to improve cancer detection
in women with dense breasts , for whom
cancer may be “masked” by tissue
superimposition
on
conventional
mammography given such improvements
in breast cancer detection, the application
of tomosynthesis to the pretreatment
assessment of cancer extent is an
important area for further study,
particularly given the increasing adoption
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of
tomosynthesis
into
population
screening practice and the availability of
those screening images for breast cancer
staging. More accurate measurement of
tumor size at initial staging may better
inform surgical management including
informing decisions about eligibility for
breast conservation, and planning
resection to achieve clear margins (Phi et
al., 2018).
Measurement of tumor size is
inherently subjected to error. For example,
the longest tumor dimension visible on
imaging may not correspond to the
dimension measured at pathology,
resulting in underestimation of pathologic
size.
Conversely,
imaging
may
overestimate size (Luke Marinovich et al.,
2018).
Due to dense tissue being difficult to
distinguish from tumor. Quasi-3D images
from tomosynthesis have potential
advantages over 2D mammography in
reducing such measurement errors.
Current guidelines for the diagnosis and
evaluation of breast cancer note the
potential of tomosynthesis to improve
accuracy for staging, particularly for
women with dense breasts, but do not yet
recommend its routine use outside the
screening setting (Senkus et al., 2015).
The present study aimed to review
the role of 3D digital mammography in
studying of dense breast lesions in adult
female.

PATIENTS AND METHODS
This was a retrospective study
conducted on 40 patients who were
eligible for examination for 3D Digital
Mammography referred to Al-Azhar
University Hospitals and WAFI center
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(women and fetal imaging center). The
study was conducted during 12 months
from January 2019 till January 2020.
All patients were submitted to the
following:
1. Demographic and clinical data
collection including patient’s name,
age, marital status and number of
offspring’s,
lactating
history,
residence
and
phone
number,
diagnosis, past history and family
history.
2. Imaging modality: Women above the
age of 40 were examined with 2D
mammogram + wide-angle DBT and
2D HHUS. Women below the age of
40 were initially examined by HHUS
and obtained complementary wideangle DBT mammography based on
clinical necessity.
3. Written informed consent was taken
from every patient for enrollment in
this study.
All exams were performed for the
patient at the same visit (no recalls).
Inclusion criteria: Women who are
coming for screening if high risk patient
with
dense
breast
and
patients
complaining of breast lump or pain or
discomfort with dense breast.
Exclusion criteria: Pregnant females.
Technique of 3D Tomosynthesis:
For 3D digital tomosynthesis two
views (MLO and CC) were obtained.
Three dimensional wide-angle DBT
involved the acquisition 50° wide-angle
projection exposures by a digital detector
from a mammographic X-ray source
which moved over a limited arc angle.
The 3D volume of compressed breast was
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reconstructed from the 2D projections in
the form of series of images (slices)
through the entire breast. Images were
assessed on the workstation.
Image analysis and interpretation of 3D
digital tomosynthesis:
1. After imaging analysis process, data
were collected including age, breast
density, type of examination and
referral (screening or diagnostic).
2. Radiological abnormalities identified
by wide-angle (DBT) tomosynthesis
and ultrasound were detected.
3. Separate BI-RADS were given for
each modality.
4. The final diagnostic results for each
modality were correlated with
histopathological results for BI-RADS
category 4 and 5, or routine follow up
images for BI-RADS category 3
(Birads, 2013).

Statistical analysis:
Collected data were tabulated and
analyzed by SPSS (statistical package for
the social sciences) version 25 (Armonk,
NY: IBM Corp) on IBM compatible
computer. The data were tested for
normality using Kolmogorov–Smirnov
test, Shapiro–Wilk tests.
Qualitative data were represented as
number and percentage and quantitative
data were continues group represented by
mean ± SD. Sensitivity, specificity and
accuracy was estimated.
Chi-square test (χ2) was used to study
association between two qualitative
variables. Student t-test was used for
comparison between two groups having
quantitative variables with normal
distribution (for parametric data). P-value
of < 0.05 was considered statistically
significant.
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RESULTS
Mean of age of patients was
46.83±8.66 years and ranged from 30 to
67 years. Sixty percent of patients had no
complaint, while the 40 % of patients their

complaint ranged from palpable mass
17.5%, pain 10% nipple discharge 2.5% to
skin discharge 2.5% (Table 1).

Table (1): Demographic data and complaint of patients
Age (N=40)
Palpable mass
Pain
Nipple discharge
Skin discharges
No complaint(screening)
Pain & palpable mass
Total

There was no statistically significant
difference between ultrasound and TOMO
as regarding mass detection. There was a
statistically significant increase as
regarding calcification detection in
TOMO than US. There was a statistically
significant
increase
as
regarding
asymmetry detection in TOMO than US.
There was no statistically significant
difference between ultrasound and TOMO
as regards arch. distortion detection. There
was no statistically significant difference
between ultrasound and TOMO as regards

Mean+SD
46.83+8.661
Frequency (N)
7
4
1
1
24
3
40

Min-Max
30-67
Percent (%)
17.5
10.0
2.5
2.5
60.0
7.5
100.0

inflammatory reactions detection. There
was a statistically significant increase as
regarding cyst detection in ultrasound than
TOMO. There was a statistically
significant increase as regarding added
value detection in ultrasound than
tomosynthesis. There was a statistically
significant increase as regarding dilated
ducts detection in ultrasound than TOMO.
There was no statistically significant
difference between ultrasound and TOMO
as regarding BI-RADS (Table 2).
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Table (2): Comparison between tomosynthesis and ultrasound investigation as
regards mass, calcification, asymmetry, arch. distortion, inflammatory
changes, cyst, added value, dilated ducts and BI-RADS
TOMO
Mass
US
TOMO
Calcifications
US
Tomo
Asymmetry
US
Arch.
Distortion

Inflammatory
changes

TOMO
US

TOMO
US

TOMO
Cyst
US
TOMO
Added value
US

TOMO
Dilated ducts
US

BI-RADS

TOMO
US

Count
%
Count
%
Count
%
Count
%
Count
%
Count
%
Count
%
Count
%

Count
%
Count
%
Count
%
Count
%
Count
%
Count
%
Count
%
Count
%

Benign
20
50.0%
15
37.5%
17
42.5%
3
7.5%
5
12.5%
0
0.0%
3
7.5%
1
2.5%

Suspicious none
Total
3
17
40
7.5%
42.5%
100.0%
5
20
40
12.5%
50.0%
100.0%
2
21
40
5.0%
52.5%
100.0%
1
36
40
2.5%
90.0%
100.0%
2
33
40
5.0%
82.5%
100.0%
0
40
40
0.0%
100.0%
100.0%
7
30
40
17.5%
75.0%
100.0%
3
36
40
7.5%
90.0%
100.0%
Skin
Lymph Trabecular
Edema
None
thickening nodes thickening
0
2
6
1
31
0.00%
5%
15%
2.5%
77.5%
2
2
5
0
31
5%
5%
12.5%
0.00%
77.5%
Yes
No
Total
0
40
40
0.0%
100.0%
100.0%
18
22
40
45.0%
55.0%
100.0%
21
19
40
52.5%
47.5%
100.0%
30
10
40
75.0%
25.0%
100.0%
Fluid
None
Total
0
40
40
0.0%
100.0%
100.0%
4
36
40
10.0%
90.0%
100.0%
Mean
Std. Deviation
2.95
0.932
2.98
0.947

p-value
0.483

0.001

0.022

0.207

p-value

0.543
p-value
0.00

0.036
p-value
0.040
p-value
0.906

3103

ROLE OF 3D DIGITAL MAMMOGRAPHY IN STUDYING BREAST…
Patients were distributed according to
biopsy outcomes into 35(87.5%) negative
and 5 (12.5%) positive. the patients were
distributed according to TOMO outcomes
into 30 (75%) negative and 10 (25%)

positive. Patients were distributed
according to ultrasound outcomes into
33(82.5%) negative and 7 (17.5%)
positive (Table 3).

Table (3): Distribution of the studied cases according to biopsy, TOMO, ultrasound
(n = 40)
Negative
No.
%
35
87.5
30
75.0
33
82.5

Distribution
Parameters
Biopsy
TOMO
Ultrasound

Biopsy outcomes were statistically
significantly related to tomosynthesis
outcomes (p-value=0.001). The biopsy

Positive
No.
5
10
7

%
12.5
25.0
17.5

were statistically significantly related to
ultrasound outcomes (p-value=0.001)
(Table 4).

85.7

0

0

5

14.3

5

100

100

85.7

50

Accuracy

30

NPV

Negative
(n = 30)
Positive
(n= 10)
2
(p)

Positive
(n= 5)
No.
%

PPV

TOMO

Specificity

Biopsy
Negative
(n = 35)
No.
%

Sensitivity

Table (4): Sensitivity, specificity and accuracy for TOMO and Ultrasound

100

87.5

17.14*(0.000*)
Ultrasound:

Negative
32
91.4
1
20
(n = 33)
80
91.4
57.1
97
Positive
3
8.6
4
80
(n= 7)
2
15.47*(0.000*)
(p)
X2: Chi Square test PPV: Positive predictive value NPV: Negative predictive value

90.0
%
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Example case:
A 66-year-old woman seen for a tender
palpable mump in her right breast. Her
mammogram showed heterogeneously
dense
parenchyma
(ACR
C).
Complementary
Right
MLO

tomosynthesis showed a smoothly
circumscribed mass of equal density with
no associated distortion or calcifications
which indicated its benign nature
(Figures1 & 2).

Short term follow up with anti-inflammatory/anti-biotic treatment showed significant
resolve of the lesion.
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Example case 3: a 60 year-old woman is seen for her routine annual screening
mammogram

She has an extremely dense breast
(ACR D) No definite abnormality was
identified in the 2D mammogram. A
complementary wide-angle tomosynthesis
is performed and showed a definite small
suspicious area of architectural distortion

seen at the UOQ of the right breast.
Targeted 2D ultrasound showed a
corresponding small irregular suspicious
hypoechoic solid lesion (9x7 mm).
Pathology confirmed early invasive
malignant process.

DISCUSSION

Breast lump is the most common
presenting symptom among women with
breast cancer and has a relatively high
predictive
value
for
malignancy.
Consequently, it has long been the focus
of public health education campaigns
about
cancer
symptom
awareness
(Redaniel et al., 2015).

The present study revealed that the
mean age of participants was 46.83±8.66
years and ranged from 30 to 67 years,
compared to the study of Tagliafico et al.
(2016) where the median age was 51 years
(interquartile range, 44 to 78 years; range,
38 to 88 years).
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The present study revealed that
majority of women 60% had no
complaint, 17.5% with Palpable mass,
10% had Pain, 2.5% come by nipple
discharge, 2.5% Skin discharges and 7.5%
had pain & palpable mass.
Koo et al. (2017) reported that breast
lump was the most common symptom,
recorded in about four-fifths of all women
(83%). The next most commonly reported
presenting symptoms were nipple
abnormalities (7%), breast pain (6%), and
breast skin abnormalities (2%).
The present study revealed that there
was no statistical significant difference
between tomosynthesis and ultra-sound
investigation as regards mass detection
However, wide-angle DBT was able to
initially identify two more lesions <1cm in
size; one more malignant focus in a
patient with a multi-focal disease, and a
small malignant lesion a case with
multiple benign lesions, both lesions
presented as small area of architectural
distortion on DBT images.
Calcifications are frequent findings in
mammography, and can have a variety of
causes. Specific patterns of breast
calcifications have been associated with
an increased positive predictive value of
malignancy, whereas others portend
benign pathologic abnormalities (Burnside
et al., 2012). A lot of cases with
calcifications of the breast are pointed by
the images of mammography (MG),
because breast screening using MG
become common. Although MG is a gold
standard
modality
for
detecting
calcifications, images of ultrasonography
(US) are feasible to detect microcalcifications with improvements to

ultrasound diagnostic devices (Hashimoto
et al., 2015).
The present study revealed that there
was a statistical significant difference
between tomosynthesis and ultra-sound
investigation as regards calcification
detection. Digital breast tomosynthesis
has been shown to reduce recall rates by
resolving overlapping structures seen on
mammography, but there is some concern
that it may not depict calcifications as
well as traditional mammography
(Poplack et al., 2010).
The present study revealed that there
was statistical significant difference
between tomosynthesis and US as regard
asymmetry detection.
Previous study of Yang et al. (2013) in
the
diagnostic
environment
have
concluded that adjunct DBT is particularly
useful for non-calcified lesions, including
asymmetries and better delineates lesion
margins as compared to DM alone. Roth
et al. (2014) also made similar
observations and found adjunct DBT
useful as a problem-solving tool and
asymmetry detection. They suggest that
DBT could reduce the need for additional
views due to its improved capability of
analyzing lesion margins, as well as better
triangulation of lesions seen on one view
only.
Cluster,
linear,
or
segmental
distribution of micro-calcifications is
suspicious for malignancy (Yang et al.,
2013).
Takamoto et al. (2013) who
investigated the role of DBT in the
diagnosis of breast cancer reported the
superiority of DBT in diagnosing mass,
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focal
asymmetric
parenchymal distortion.

density

and

The present study revealed that that
there was no statistically significant
difference between US & TOMO as
regards inflammatory reactions detection,
where skin thickness detected in 2 CASES
in both US and TOMO and L.N 5 in US
and 6 in Tomo. However, ultrasound was
more
accurate
than
TOMO
in
characterization of inflammatory lesions
as two of the diagnostic cases presented
with acute inflammatory symptoms; one
showed architectural distortion in DBT,
which was a false positive for DBT, and
the other case presented by a
circumscribed mass lesion in DBT,
ultrasound showed mastitis and an abscess
in these two cases respectively.
Screening breast ultrasonography has
been shown to detect early stage,
mammographically occult breast cancer,
especially in women with dense breasts.
Many
studies
have
evaluated
supplemental ultrasound screening in high
risk women with dense tissue, and have
shown an increased detection of small,
invasive node negative cancers as
compared to mammography alone (Brem
et al., 2015).
The present study revealed that there
was a statistical significant difference
between US and tomosynthsis as regard
cyst detection and dilated ducts detection
with higher detection rate by US. In a
similar study, Lee et al. (2016)
demonstrated that diagnostic performance
of DBT is superior to US in category-5
dense breasts and emphasized that DBT
reduces the false positive rates and shortinterval follow-up.
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The present study demonstrated that
there was a statistical significant
difference between both US and
tomosynthysis as regard added value in
detection of dense breast lesions with
higher value in US.
Evidence reviews of adjunct screening
technologies
for
women
with
mammography-negative dense breasts
have concluded that ultrasound shows
substantial but heterogeneous incremental
breast cancer detection (Lauby-Secretan et
al., 2015), On the other hand, if adjunct
ultrasound is not routinely performed in
mammography-negative dense breasts,
then our results could be taken to support
use of adjunct tomosynthesis despite its
lower incremental CDR relative to
ultrasound. The rationale is that through
tomosynthesis-based
mammography
(assuming that it also provided the
reconstructed 2D images), a substantial
proportion of the additionally detected
BCs on adjunct ultrasound would be
identified
through
the
primary
tomosynthesis screen (Tagliafico et al.,
2016).
Various methods of breast density
classification exist, ranging from the early
classification systems of Wolfe and Tabár
to the most commonly used BI-RADS
classification of the ACR (D’Orsi et al.,
2013). The BI-RADS lexicon classifies
breast
density
on
mammography
according to four categories, which are
mainly
assessed
qualitatively
by
subjective visual estimation of the
reporting radiologist (Wengert et al.,
2018).
Additionally, the current study
revealed that there was no statistical
significant
difference
between
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tomosynthesis
and
ultra
sound
investigation as regards BI-RADS. Emlik
et al. (2017) reported that there was no
statistical significant difference between
tomosynthesis
and
ultra
sound
investigation as regards BI-RADS.
The present study revealed that the
patients were distributed according to
biopsy outcomes into 87.5% negative, and
12.5% positive, while the patients were
distributed according to tomosynthesis
outcomes into 75% negative and 25%
positive, and we found that according to
US outcomes into 82.5% negative and
17.5% positive.
The present study found that sensitivity
and specificity of tomosynthesis was
100% and 85.7% respectively for
detection of cancer breast, while the
sensitivity
and
specificity
of
ultrasonography was 80% and 91.4%
respectively for detection of cancer breast.
In comparison to the study Emlik et al.
(2017) reported that as regard to the
diagnostic performance of additional DBT
and US procedures, the sensitivity was
96% and 93%; specificity was 82% and
79%; diagnostic accuracy was 84% and
81%; NPV was 99% and 98%; and PPV
was 48% and 47%, respectively.
Moreover, AUC value was 0.89 for DBT
and 0.86 for US. Based on these
outcomes, we can say that diagnostic
performance is superior for DBT
according to US.

a case with multiple benign lesions, both
lesions presented as small area of
architectural distortion on DBT images
(statistically, no significance despite the
difference between the two modalities,
p=0.07), also DBT has higher detection
rate than US as regard calcification and
focal asymmetry.
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خلفيةةةةةةة ال حةةةةةة

يعددددددد فصددددددش التصددددددوير الرددددددعاعي للثدددددددي ف دددددد

ري ددددددة متا ددددددة لت ل دددددد

اإلصددددددابة باددددددر اف الثدددددددي والوف ددددددات المتدددددد اررق يعددددددد كددددددوين الغرددددددا الصددددددمغي الرقمددددددي
للثدددددددي و و صددددددوير الثدددددددي باأل ددددددعة ثالث ددددددة األبعدددددداد

ددددددورا مددددددن صددددددوير ثددددددديي رقمددددددي

كامددددد الموددددداي يدددددوفر صلددددد ال لب اندددددات التصدددددوير الردددددعاعي للثددددددي ثالث دددددة األبعددددداد مدددددن ادددددالي
سلاددددلة مددددن ددددراقط الصدددددور الم ع ددددة مددددن ادددددالي الثدددددي ممددددا يادددددمط ب عددددادر اإلعمددددار فدددددي
راقط رف عة.
الهةةةةةةدل مةةةةةة ال حةةةةةة

مراجعددددددة دور التصددددددوير بالمدددددداموجرار ثالثددددددي األبعدددددداد فددددددي دراسددددددة

إصابات الثدي في الا دات البالغات ذوي الثدي عالي الكثافة.
المريضةةةةةةةةال وثةةةةةةةةر ال حةةةةةةةة

هدددددددد ا دراسددددددددة اسددددددددت الع ة جريدددددددد علدددددددد  04مري ددددددددة

مدددددلهالت للصدددددش التصدددددوير الردددددعاعي للثددددددي الرقمدددددي ثالثدددددي األبعددددداد المصدددددوي إلددددد قاددددد
األ عة في المعهد الو ني للار اف.
نتةةةةالب ال حةةةة

لدددد يكددددن هندددداة فددددرة ذو دالددددة إ صدددداق ة بدددد ن الاددددونار و ومددددو ف مددددا يتعلدددد

بالكردددددا الردددددام ق وكانددددد هندددددداة اليدددددادر ذات دالدددددة إ صددددداق ة ف مددددددا يتعلددددد بالكردددددا عددددددن
كلددددددل فددددددي التصددددددوير بالمددددددام وجرار ثالثددددددي األبعدددددداد مددددددن الاددددددونارق وكاندددددد هندددددداة اليددددددادر
ذات دالدددددة إ صددددداق ة ف مدددددا يتعلددددد بالكردددددا عدددددن عددددددر التماثددددد فدددددي التصدددددوير بالمددددداموجرار
ثالثدددددي اابعددددداد مدددددن الادددددونارق ولددددد يكدددددن هنددددداة فدددددرة ذو دالدددددة إ صددددداق ة بددددد ن الموجدددددات
الصدددددو ة و ومدددددو ف مدددددا يتعلددددد ال دددددو ق وكردددددا التردددددوي ق و لددددد يكدددددن هنددددداة فدددددرة ذو دالدددددة
إ صددددداق ة بددددد ن الادددددونار و ومدددددو ف مدددددا يتعلددددد بالكردددددا عدددددن ردود اللعددددد االتهاب دددددةق وكانددددد
هنددددداة اليدددددادر ذات دالدددددة إ صددددداق ة ف مدددددا يتعلددددد بالكردددددا عدددددن الكددددد ل فدددددي الادددددونار مدددددن
التصددددددوير بالمدددددداموجرار ثالثددددددي اابعددددددادق وكاندددددد هندددددداة اليددددددادر ذات دالددددددة إ صدددددداق ة ف مددددددا
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يتعلددددد بالكردددددا عدددددن ال ندددددوات الموسدددددعة فدددددي الادددددونار مدددددن التصدددددوير بالمددددداموجرار ثالثدددددي
األبعدددددادق كمدددددا كانددددد هنددددد اة اليدددددادر ذات دالدددددة إ صددددداق ة ف مدددددا يتعلددددد بالكردددددا عدددددن م ددددداهر
اددددددرى فددددددي التصددددددوير بالمددددددام وجرار ثالثددددددي األبعدددددداد مددددددن الاددددددونارق كدددددد ل  ،كاندددددد هندددددداة
اليدددددادر ذات دالدددددة إ صددددداق ة ف مدددددا يتعلددددد بالك ردددددا عدددددن ال مدددددة الم دددددافة فدددددي الادددددونارق لددددد
يكدددددن هنددددداة فدددددرة ذي دالدددددة إ صددددداق ة بددددد ن الادددددونار و ومدددددو ف مدددددا يتعلددددد بن دددددار الت دددددارير
والمع ات عن صوير الثدي.
االسةةةةةةتنتا
وكدددداف

لدددددد كددددددن ال ددددددري ت ن مترددددددابهت ن فددددددي ال دددددددرر علدددددد
ل دددد الثدددددي الرقمددددي واسدددد الياويددددة قددددادرا علدددد

صديددددد آفتدددد ن اددددري ن بصودددد قدددد

مددددددن  1سدددددد  ،و رك ددددددي اب دددددد آاددددددر فددددددي مري ددددددة مصددددددابة بمددددددر
اب ثدددددة صدددددغ رر الدددددة ذات آفدددددات م ددددددر متعدددددددر  ،و ددددد

صديددددددد ا فددددددات ال ب ثددددددة،
متعدددددددد البددددددلر ،وآفددددددة

ددددددي كدددددال ا فتددددد ن كمن دددددة صدددددغ رر

من التروي المعماري عل صور الترك ب الم عي للثدي الرقمي.
الكلمةةةةةةةال الدالةةةةةةةة التصدددددددوير الرقمدددددددي ثالثددددددد األبعددددددداد ،آفدددددددات الثددددددددي ،اإلنددددددداث البالغدددددددات،
الثدي عالي الكثافةق

