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T R U L Y  D I S R U P T I V E  I N N O V A T I O N  I N  X - R A Y  I M A G I N G

Despite the fact that 2D screening mammography has reduced 

the mortality from breast cancer it still has known limitations, with 

reduced sensitivity  for lesion detection with dense breast tissue. 

Even with the advent of “3D” digital breast tomosynthesis (DBT), outdated 

hot cathode technology creates increased motion artifact degrading the 

image quality and increasing the exposure times. In addition, patients may 

be subject to an  increased  total radiation  exposure since that DBT often 

needs to be combined with 2D mammography to accurately visualize focal 

microcalcifications. 

Although DBT debatable or screening mammography, the existing technology 

falls short of imaging needs. Nanox groundbreaking cold-cathode nanoscale 

emission technology is able to address these limitations by providing an 

array of compact stationary X-ray sources that are digitally controlled. The 

superior image quality generated through multi-energy sources, X-ray beam 

uniformity, precise exposure control, and dynamic focal spots, as well as 

enhanced visualization of microcalcifications due to reduced motion artifact 

provide significant advantages. A substantial reduction in the radiation dose 

is now possible due to the ultrafast switching and digital accuracy able to 

minimize the radiation dose required for each image. This unique technology 

enables Nanox to lead the digital footprint  in stationary DBT technology.

Executive summary

The benefits of Nanox technology in mammography



Introduction 
to traditional 
mammography

Mammography, the current gold standard 

for breast  cancer, has played an 

essential role in reducing the last 

decade’s mortality rate. Multiple randomized 

controlled trials and observational studies have 

shown that mammography can reduce breast 

cancer mortality by 30% or more.1 In a more recent 

European study, published in Cancer 2019, the 

benefit for women who chose to participate in an 

organized breast cancer mammographic screening 

program was a 60% lower risk of dying from breast 

cancer within ten years after diagnosis.2 This is most 

likely due to the fact that mammographic screening 

is able to detect small non-palpable node negative 

cancers early on, thus improving the prognosis.1
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In the early 2000s, the conversion from analog 

film-screen mammography to full-field digital 

mammography (FFDM) improved diagnostic 

performance, particularly in women with dense breast 

tissue.1

A mammogram uses a machine designed to look only at 

breast tissue. The machine utilizes X-rays at lower doses 

than ordinary X-ray devices. Due to the fact that these 

X-rays don’t penetrate breast tissue easily, the machine 

has two plates that compress or flatten the breast to 

spread the tissue apart, allowing for better visualization 

of breast tissue and reduced radiation dose.3

Figure 1: Traditional Mammogram

Figure 2: 3D Mammography Machine

How does 
mammography 
machine works 
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Limitation of 
traditional 
Mammography

The need for improved imaging in 
detecting early breast cancer

Mammography has well-documented limitations, including 

high false positive and false negative rates. The overall 

sensitivity of mammography is limited by the presence 

of dense fibro glandular breast tissue, which can obscure (hide) 

an underlying cancer. Likewise, specificity is also reduced by the 

presence of overlapping fibro glandular tissue, which can mimic the 

appearance of cancer.1

According to the SEER US Cancer statistics database breast, cancer 

is the most common type of cancer in women, occurring in 268,600 

women (15.2 % of all cancers) and responsible for 41,760 (6.9 %) of 

deaths annually.4

Adapted from SEER Database 2019 4
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Figure 3: SEER Cancer Statistics (2019) in Women

Female breast cancer represents 
15.2% of all new cancer cases in 
the U.S.

Approximately 12.8 % of women will be diagnosed with female 

breast cancer at some point during their lifetime, (based on 

2014-2016 data.) and an estimated 3,477,866 women living 

with breast cancer in the United States.4

Early detection is key to decreasing breast cancer mortality, as 

localized and regional disease have significantly higher 5-year 

relative survival rates vs. extensive disease.4

Figure 4: SEER Cancer Statistics 4-year survival rates for Breast cancer in Women 
(per Stage)
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How Tomosynthesis 
overcomes the 
drawbacks 
of traditional 
mammography 

Digital breast tomosynthesis (DBT) has rapidly emerged as 

an important new imaging tool that addresses the current 

limitation of mammography by:1

Fewer screening patients are recalled, and diagnostic workups are 

more accurate and efficient.

• Improving the clinical accuracy of mammography by increasing both 

sensitivity and specificity.

• Reducing the masking effect of overlapping fibro-glandular tissue.

• Enabling tissue overlap previously hidden in 2D to be seen in Tomosynthesis.

• Reducing the radiation dose allowing for more investigations and follow up.

• Thereby improving breast cancer detection rates.

Adapted from Hooley RJ, et al 1
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Figure 5: Theoretical Representation of 2D (mammography) vs 3D (DBT) visualization

Figure 6: Difference between lesion visualization with 2D mammography and breast DBT visualization

A B
A. 
Screening mammogram 
reveals fibro glandular 
tissue in upper left breast

B. 
Subtle mass with 
spiculated margins in 
left central breast is 
revealed only on digital 
breast tomosynthesis. Note 
straightening of adjacent 
tissue, which is most 
obvious clue that subtle 
mass is present (circle).

Ultrasound-guided core needle biopsy (not shown) revealed well-differentiated invasive ductal carcinoma

Hidden in 2D Visible in Tomosynthesis
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Figure 7: Typical digital breast tomosynthesis system

• DBT is a limited angle computed tomography 

technique.

• Images are acquired at different viewing angles as 

the X-ray tube travels across a limited arc above the 

breast, and multiple low-dose X-ray exposures are 

obtained.

• This enables visualization of a sequential stack of thin 

image “slices” of the breast, minimizing the masking 

effect of overlying tissue.

• These images are then reconstructed into a 3D 

dataset.

How Digital Breast Tomosynthesis (DBT) works

The X-ray source rotates around the compressed breast within a 

limited angle range, and projection images are collected by the 

detector . The projection images are then reconstructed into slices 

through the volume of the breast along the  z-direction.6
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Adapted from Kiarashi N 6

Figure 8: Representation of DBT image slices5

 Image slices are 1 mm thick and are high 
resolution like mammograms
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• The first commercial DBT scanner received FDA approval in early 2011.

• Several other DBT systems from different vendors are currently undergoing 

clinical trial evaluation.

• The motion of the tube, the length of the arc, and the time it takes to obtain a 

complete set of projection images-reconstructed into thin image slices vary 

across different manufacturers.

Understanding 
current moving DBT 
machines and their 
limitations. 
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Figure 9: Step and Shoot vs Continuous mode moving DBT

DBT is in effect a “psudeo-3D” mammograph. with a similar radiation 

dose and cost to full-field digital mammography (FFDM).

1. Step and shoot mode 2. Continuous mode

Step and shoot mode
In the step-and-shoot mode (such as GE 

system), the source needs to come to a 

complete stop at each position before X-ray 

exposure.

The mechanical instability induced by 

acceleration and deceleration of the source 

limits the speed by which the tube can be 

moved from view to view.

Continuous mode
In continuous motion mode (such as Hologic 

system), the X-ray tube moves continuously 

through an arc during the scan.

Current DBT systems are grouped into two types:7,8
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• In a continuous motion mode, 

the higher the scanning speed, 

the larger the distance the 

X-ray tube travels and the 

larger the X-ray focal spot 

blurring which degrades the 

image quality.

• The amount of focal spot blur 

that can be tolerated. This 

limits the scanning speed and 

the angular coverage.

• A broader angular coverage, 

needed for better image 

reconstruction, is challenging 

to achieve with the rotating 

gantry design with the high 

scanning speed.

• Patient motion is a major factor 

that degrades the spatial 

resolution of DBT and reduces 

its sensitivity for detecting 

small microcalcifications (MC) 

compared to FFDM.

• Microcalcification detection is 

critical for the early diagnosis 

of cancer.

• The DBT examination may 

be performed using multiple 

combinations.

• Although the DBT images are 

low in dose, a combination 

2D and DBT study increases 

patient radiation exposure by 

approximately twofold.

• However, the increased total 

dose is still below the FDA safety 

limits of 3mGy/view.

• The Hologic Selenia Dimensions 

DBT scanner approved by the FDA 

to operate in the combo mode 

requires both 2D mammography 

and 3D tomosynthesis images 

for each patient to achieve good 

MC (microcalcification) and mass 

detection.

• This, however, increases the total 

imaging dose, thus limiting the 

woman’s ability to have multiple 

screening tests over a defined 

period.

Low image quality
Reduced visualization of breast 

microcalcifications
Equivalent Radiation Dose to 

traditional mammography

Limitations of current moving digital tomosynthesis scanners:1,3,5,7,8,9,10,11

11Educational Purposes Only



The concept of 
stationary digital 
breast-tomosynthesis 
(S-DBT)

• Instead of mechanically moving a single X-ray tube 

to the multiple viewing angles, s-DBT employs a 

stationary X-ray source array

• This stationary source

-  generates X-ray beams from different viewing   

   angles.

-  electronically activates the individual sources 

   (beams) pre-positioned at the corresponding

   viewing angles.

-  eliminates the focal spot motion blurring.

• This allows for rapid, motion-free collection of 

multiple projection views over a wide-angle span.

• The scanning speed is independent of angular 

coverage, enabling better visualization of 

microcalcifications.

• To minimize the effect of patient movement on 

the image quality, it is desirable to keep the total 

scanning time as short as possible. The scanning 

time of the s-DBT can be reduced by increasing the 

detector speed or/and increasing the X-ray tube 

current.

To overcome these shortcomings, researchers are developing 

stationary DBT (s-DBT) devices. S-DBT aims  to increase the detection 

sensitivity of tomosynthesis for microcalcifications (MC) and 

potentially eliminate the need for additional 2D mammographic imaging.1

In S-DBT, the single rotating X-ray tube is replaced by 
multiple stationary X-ray sources

Figure 10: Stationary-DBT machine
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Nanox has unique intellectual property, patents, and capability to design and build reliable and 

high-powered cold cathodes. Using proprietary nano-process techniques, Nanox fabricates 

millions of nano-scale gates and conical tips, the emitters, on a silicon chip, which eject electrons 

by a low voltage on the gate without using heat – a scientific phenomenon known as field emission.

The first application for this cold cathode technology is breast tomosynthesis using Nanox’s small X-ray 

sources in an arrayed series.

Nanox: transforming 
stationary digital 
breast tomosynthesis 

These stationary X-ray sources are able to provide:

• Superior image quality through multi-energy sources, X-ray 

beam uniformity, precise exposure control, and dynamic focal 

spots.  By activating parts of the chip layout, at certain time, we 

can control the focus spot size, its shape and its location on the 

target, yielding improved system performance.

• Enhanced visualization of microcalcifications due to reduced 

motion artifact.

• A reduction in the radiation dose due to the digital accuracy 

of ultrafast switching (in microseconds) allows to the minimum 

required for every image.

Figure 11: A fixed array array of cold 
cathode mini X-ray sources
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Figure 12: Advantages of Nanox technology in Digital Breast Tomosynthesis

The advantages of Nanox Cold Cathode Technology 

for S-DBT are summarized in Figure 12 below and then 

elaborated upon in more detail further on.

Advantages of 
Nanox cold cathode 
technology for S-DBT 

8 ~ 80%

Sharp image

Up to 0.5 sec - 82% less 

Shorter studies

Considerably less

Motion artifact

15 sec - moving tube 

between shots

Long studies

Expensive

Dose reduction

Source blurring

Scan time of one 3D image

Waiting time for next image

TCO

1.

2.

3.

4.

5.

Present Breast Tomosynthesis OUR Breast Tomosynthesis
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The cold cathode has the digital precision needed to 

reduce the radiation dose for imaging. In addition, 

the dual-energy X-ray image quality may reduce 

the need for additional 2D imaging, thereby further 

reducing the total cumulative radiation dose.

Based on the assumption that R*50ms*15 captured 

images, if present a competitor’s DBT machine 

system that leaves the high voltage ON for the whole 

duration of one swing, a patient is radiated for R*4 

seconds. With the Nanox static DBT cold cathode 

technology we can reduce the dose (by eliminating 

unnecessary doses of R*0.23s*14 intervals) by more 

than 5 times (approximately 75%).

Other competitors already use HV switching to reduce 

the unnecessary dose. Assuming this HV switching 

waveform, if the wavelength of 90% threshold is 50 

ms, the length of 50% threshold is 54.2ms – that is, 

4.2ms (8%) is unnecessary radiation exposure in this 

case. With Nanox technology, we are able to reduce 

this unnecessary exposure.

Figure 13: Representation of radiation exposure linked to wavelength of threshold

1. 
Reduced radiation dose 

90 % threshold

50 % threshold
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• The stationary nature of the X-ray sources eliminates the motion artifact and 

the reduced scan time is able to minimize patient motion as a source of focal 

blurring.

• contrast to this, current tomosynthesis machines that employ a moving X-ray 

source can blur each image due to source movement of as 0.1 mm to 2 mm, 

across a series of 15 images

• Nanox technology has no source blurring and can deliver a cost-effective 

array of stationary detectors to capture multiple images quickly and in “no 

blur” mode, thus enabling better and faster screening.

Every source supplies a still X-ray image at differing angles.

2. 
Improved image quality with no source blurring

Figure 14: Proposed stationary 
array head (design concept)

There are no moving parts in the  Nanox cold cathode 

demonstration system. This head contains a number of fixed 

array sources arranged in a wide 60° arc and does not move 

during a Tomosynthesis image capture. Every source supplies 

a different X-ray image at a different angle.
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• As there is no time dependency for moving the tube, the imaging time is 

shortened. Synchronized between the fast-triggered X-ray source and the 

fast response detector, fast switched, Nano-Spindt cold cathode technology 

is able to yield sharper images during tomosynthesis with a faster scan time.

• For example the Hologic gantry moves 50ms shot + 232ms move + 50ms 

shot + 232ms move + … + 50ms shot taking a total of 4 seconds. With Nanox 

technology, these 232ms moving slots are eliminated, thus enabling Nanox 

DBT to theoretically take 15 photos in 0.75s (82% faster).

• High current, fast switching and simplified exposure control will enable 

practical distributed source 3D imaging.

3. 
Reduced time for one 3D image

Nanox technology relies on a stationary array of X-ray sources. Since there 

are no moving parts, the patient is not in danger of a head collision with the 

rotating tube. Most DBT systems today have a special patient headrest that 

provides this protection (in addition to keeping the head and torso outside 

the X-ray beam).

Moreover, having a fast switching capability of the tube array - and 

subsequently reduced scan time – dramatically reduces the time the patient 

is held immobile by the mammography system’s compression paddle. A 

shorter scan time means less pain to the patient. 

4. 
Reduced patient discomfort and safety
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Unlike conventional breast tomosynthesis which has a big X-ray tube and a 

precisely moving arm loading the tube, Nanox has no moving mechanism 

and each source is compact and simple. On the whole, Nanox will provide 

a less costly stationary DBT solution due to the reduced cost of the fixed 

array X-ray source, with the additional benefits of the increased longevity 

of the Cold cathode technology (> 1M patients lifetime) vs. older thermionic 

technologies (x00k patients lifetime).

5. 
Significantly lower cost of S-DBT machine 
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Although stationary DBT has already been investigated using  CNT 

technology, Nanox Field Emitter shows clear benefits (Figure 15 below).

Figure 15: Differentiating Nanox technology from current cold carbon-based nano-technology

CNT = Carbon Nano Tube.

Entire CNT is susceptible to  

ion beam damage. 

High susceptibility to ion bombardment. 

Tungsten metal deposition increases the 

work function of carbon on all surfaces.

No gate structure to protect tips. 

Low tip uniformity

Grid limits efficiency 
due to absorption

> 1000V

CNT

Only tip of cone is susceptible to  

ion beam damage. 

Tungsten metal deposition has minimal 

impact on the work function of the Nano 

Spindt tip material.

Sturdy gate structure makes up majority of 

emitter surface. Tip uniformity is high.

Nanox Field Emitter

< 50V

High efficiency

Differentiating Nanox technology 
from other non-thermionic based 
technologies 
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Efficiency Limited efficiency due 

to grid structure and 

absorption on the grid, 

as well as tungsten metal 

deposition increasing 

the work function of the 

carbon tips.

High efficiency due to sturdy 

gate design, millions of nano-

gates manufactured on a 

nanoscale chip

Longevity Inability to maintain 

efficiency for prolonged 

periods.

Limited metal edge exposure 

provides for high efficiency and 

longevity

Uniformity & 

Stability

High burn-off of tungsten 

metal edge and low tip 

uniformity - reducing 

stability

High tip uniformity and low burn 

off due to low cone tip exposure, 

and no risk of tungsten metal 

deposition on work function

Better Image 

quality

Faster switching and better 

synchronization with digital 

image receptors, reduce image 

blurring and patient movement 

artifacts 

Maximizes power 

management

Supply of over 1000V 
is necessary to activate 
electron ejections

Supply of less than 50V is 

required to activate electron 

ejections from the chip and 

enable voltage-independent 

current (X-ray dose)

Nano-Spindt Cold EmissionCNT
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In summary, Nanox has created a disruptive and  ground-breaking 

innovation  in the X-ray imaging market for the first time in over 100 

years. Nanox proprietary cold cathode FED technology is the first to 

achieve the high-grade performance, power efficiency, reliability and 

longevity required for today’s imaging, that is also flexible, compact 

and cost-efficient.

Nanox  provides  game-changing  advantages  needed  for  breast  

S-DBT. A faster scan time, digitally precise imaging with an 8-80 % 

reduced radiation exposure means that patients can perform the 

screening testing much more rapidly. Coupled with the superior image 

quality provided by multispectral imaging and increased accuracy 

for detection including microcalcifications, may significantly increase 

the chances of detecting breast cancer lesions early on, as well as 

potentially eliminating the need for additional confirmatory 2D imaging. 

These advantages in S-DBT are set to transform the digital tomosynthesis 

market and position Nanox as the leader in the emerging and future 

market of truly digital medical imaging.
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