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INTRODUCTION

The study focuses on the risks of mammography screening 
and the need to find a safer alternative. As much as mam-
mography is considered as the golden tool for breast cancer 
testing, it happens to have some disadvantages. The problem 
statement administers the risks of mammography testing on 
women in Mauritius. 

It has been found that the failure rate of breast cancer is ris-
ing considerably since most cases are identified in the last 
stages.1 Additionally, more studies have proved that women 
do not have the accessibility to early breast cancer screen-
ing as it is quite costly to afford every year, as well as there, 
were incidents of failed mammography tests for cancer pa-
tients. The study will significantly focus on proposing an ad-
vanced sensor-enabled and wearable technological tool, to 
detect any abnormalities around the breast at an early stage. 
Furthermore, a quantitative survey will be designed targeting 
the female population in Mauritius to find their perspective 
on the device and to evaluate if this can be implemented in 
the curriculum of the Ministry of Health and Quality of Mau-
ritius.2

BACKGROUND STUDY

Based on the world health organization report, breast cancer 
is known to be the second deadliest cancer with no cure if 
diagnosed at a critical stage. It is a universal medical disease 
affecting only women and more than 1.38 million cases have 
been detected in 2018, worldwide. Due to the lack of avail-
able resources for early-stage testing, in many countries, 
many patients are diagnosed at a late and critical stage.1 This 
has led to more than 41,000 deaths annually despite medics 
giving all the required treatments including chemotherapy. 
Further to this, clinics in Mauritius are equipped with mam-
mography, thermography, ultrasound, MRI which are quite 
costly to afford every year. There is a high need to introduce 
a patient-centred application and device, allowing the indi-
vidual to test themselves at their comfort. This will prove to 
be a smart, cost-effective, and non-ionic radiated screening 
tool for the detection of any abnormality.7

Mauritius is an island with a population of 1.2 Million. Com-
paring to the past decade, the life expectancy of the ageing 
population has increased considerably as people are more 
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healthy. However, since it is still a developing nation, tech-
nological advancements are very slow.2 Dr. Anwar Husnoo, 
Ministry of Health and Quality of Life, stated that the treat-
ment for cancer care has increased significantly during the 
last five years and to be able to cope with the recovery of 
patients more effectively, the ministry is planning to expand 
the medical care in clinics by introducing advanced technol-
ogy to treat patients. It is expected that by 2020, there will 
be smart clinics for cancer treatments. Link To Life (Breast 
Cancer Association of Mauritius) has reported more than 
1,500 cases along with 350 deaths from breast cancer pa-
tients every year in Mauritius.

Various Studies substantiate the statement that breast cancer 
is curable if detected at an early stage5. Early-stage cancer is 
treatable, and the medical industry has treated early-stage pa-
tients with more than 95% success rate hence proving to be 
curable and non-fatal as compared to late-diagnosed cancer.1 
There are several devices available for breast cancer testing 
available in clinics and hospitals in Mauritius, however, the 
services are not always free except on special breast cancer 
campaigns. It is recommended for women aged 25 and above 
to conduct breast screening every two years but Mauritius 
reported a fall in women going for cancer screenings majorly 
for the cause of being costly to afford every year. Moreover, 
some women were also skeptical about doing mammography 
as studies have shown that repeated x-ray can cause radiation 
exposure hence promoting the growth of cancer cells.

While mammography screening is considered as the ideal 
device for breast cancer detection, it has also many underly-
ing side-effects which many people and medical institutions 
tend to ignore. There have been numerous debates on us-
ing mammography as a prime breast cancer detection tool. 
Mammography is conducted by using x-ray beams to capture 
the insides of a person and to image it in a black and white 
radiograph. In doing so, x-ray emits ionizing radiation which 
can cause harm to living tissues.6

Mammography screenings have often given inaccurate re-
sults of ‘false-positive’, because of factors such as – Density 
of breasts and the age of the individual, due to which the 
latter must be screened again to confirm the result. During 
this process of over-diagnosing, the person may be exposed 
to high radiation which may cause harm to them. Many Re-
search Institutes have identified over-diagnosis being a fac-
tor to develop breast cancer. The benefits of using the tool 
are questioned as there are more harms than good.8

The price of a mammography screening is also quite hefty to 
afford every two years. This explains the low participation 
rate of women for early breast cancer screening in Mauri-
tius. Based on a survey by Link To Life.7 The statistics show 
that only 45% of women have been screened for early breast 
cancer, 65% are aware of the risks of late cancer detection, 
and 38% of breast cancer patients have been diagnosed at a 

late stage. Therefore, women are at risk because of the low 
accessibility of getting a screening done.

This research identifies the causes of breast cancer forma-
tion, the risks of mammography screening towards women 
of different age are presented in next section, and it recom-
mends a safer alternative to Mammography (Thermal wear-
able device – Cyracadia Health)

LITERATURE REVIEW

In the simplest term, Mammography is an e-rayed image of 
the breast to show any abnormalities in that area. As every 
woman is different, there are different techniques available 
for breast cancer screening depending on the seriousness of 
cancer, age of the women, the density of their breasts, and 
the availability of the screening devices.8 With the advance-
ments in technology, there have been new methods of X-rays 
namely the Digital Mammography, Computer-aided Detec-
tion (CAD), and Breast Tomosynthesis, to have better imag-
ing of the breast. 

A biopsy is assisted by a medical practitioner who will set 
the patient ready for the x-ray. As it is done, a radiologist 
will interpret the result to find any abnormalities in the breast 
area. It is considered the best method to diagnose a breast 
cancer disease for healthy women as in many situations, it 
reduces the mortality rate of the patient.13

As much as it is vital to detect early symptoms of breast can-
cer, the only possible way to do so in Mauritius is through 
a Biopsy. To be able to see the development of the disease, 
there needs to be a continuous, linear increase of the malig-
nant cells, forming a pattern that will allow the radiologist to 
detect cancer. Thus, if nothing was detected after a biopsy, 
the use of mammography screening might not be the best 
choice for primary diagnosis. The World Health Organiza-
tion recommended medical institutes to follow a ten-rule 
practice before performing a biopsy because of the risks in-
volved in mammography but, the rules are only adhered to 
by first world countries due to the wide range of tools avail-
able for screening.14

However, the subject of effectiveness is highly debatable 
since many countries have seen a decrease in mortality rate 
after introducing breast cancer screening for women using 
Biopsy. The 2012 Health Review of Ireland stated a 26% 
reduction in mortality amongst women who participated 
in a breast screening program and many were followed up 
by medics throughout 8 to 11 years. Hanley, Hannigan, and 
O’Brien explain that mammography is harmless since the hu-
man body can absorb a capacity of 3 mSv and the radiation 
emitted by a biopsy is only 0.4 mSv7. In his opinion, mam-
mography testing is the best tool for an early screening as it 
has been used for more than 30 years and there have been 
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many technological advancements such as Digital Mammog-
raphy that has enhanced the results i.e. less ‘false-positive re-
sults). The advanced digital mammography is designed with 
low radiation emittance and better visual display, allowing 
the radiologist to have better accuracy while doing the inter-
pretation. John Hopkins Medicine Institute elucidate on the 
fact that mammography is not performed straight-away but 
after following a set of procedure. Before the screening, the 
patient’s breasts are examined by an oncologist and is based 
on the findings such as the density of breast, age, and genetic 
history, the appropriate mammography is given to the pa-
tient. For instance, screening mammography is performed on 
an individual showing no symptoms and a Diagnostic Mam-
mogram for unusual breasts or the presence of discomfort, 
pain, or discharge.11

In contrast to the above findings, Komen. G deduces that 
the accuracy and effectiveness of a Biopsy is only 87%. The 
method works best for women aged 50 and above as their 
body is more resistant to the radiation.13 

FACTORS TRIGGERING BREAST CANCER

Many cancer institutes around the world, work collabora-
tively with the World Cancer Research Fund International 
to identify and analyze the factors triggering breast cancer. 
Findings by the Union for International Cancer Control 
(UICC) has identified four factors4 causing the multiplying 
of excessive cells to form cancer including:

Genetic Risk Factors
It is among the most identified cause of breast cancer. He-
reditary accounts 5 % of the diagnosed breast cancer cases 
which indicates that women with breast cancer family his-
tory are mostly prone to develop cancer during a younger age 
as compared to other women. The World Health Organiza-
tion has strongly recommended women with cancer family 
background to perform regular check-ups. In a study by Han-
nigan genes, BRCA1 and BRCA2 are more likely to develop 
breast and ovarian cancer.12 

Heavy Alcohol Consumption
Women consuming heavy alcohol are liable to several risks 
of cancer. O’Brien analyses the increase of breast cancer pa-
tients in Europe and has identified alcohol consumption and 
smoking to be one of the major factors. Alcohol forms part 
of the European Lifestyle and based on his survey (France 
2015): 26% of women drink occasionally, 29% do not con-
sume alcohol, 45% drink more once or more per week

As compared to Saudi Arabia, there are lesser cases of wom-
en diagnosed with breast cancer through alcohol consump-
tion – 2% which shows a relationship with breast cancer de-
velopment and lifestyle.10 

A similar relationship is identified with tobacco smoking by 
Kori.S. It does not only promote the development of breast 
cancer but lung, kidney, and pancreas cancer. The chemical 
carcinogens in tobacco prove to trigger the mammary recep-
tors and over time, form a tumor.13 

Exceeding Radiation Exposure
Radiation Exposure became a potential risk when patients 
who had been through radiation exposure incidents which 
happened during the ’80s. These patients were closely moni-
tored by a group of scientists in Japan and proved to have 
serious consequences such as the development of diseases 
because of several organs failing.9 

Radiation affects women differently based on their age. 
Younger women under 20 years face higher risks of radia-
tion-related breast cancer. However, women aged more than 
50 have no potential in having an increased risk of breast 
cancer development through radiation. As women grow old-
er, the process of puberty allows the immunity to strengthen 
hence become less radiosensitive. Women during their preg-
nancy are highly radio-sensitive and may cause complica-
tions to their new-born.8  

DNA Alterations
DNA isa genetic attribute given to us by birth. However, with 
environmental factors and gene mutations, people start de-
veloping unwanted diseases. DNA changes refer to our way 
of living and the changes that come with time. For example, 
someone may carry cancerous genes but if she adopts a clean 
lifestyle – (no smoking or drinking), the person has lesser 
chances of developing cancer. As stated by Kori.S, cancer 
grows when there is an accumulation of DNA damage and 
repair failures.12

Overview of the causes of cancer
There are many causes of breast cancer and scientist has 
listed the five mentioned cause as the prime concerns. The 
highlight of the causes according to the researcher’s finding 
is the ‘over-diagnosis’ of patients. As much as screening is 
necessary, the result can be achieved but through a different 
method that does not carry potential risks of harming an indi-
vidual in the long-term. In 2020, huge Tech Giants are mak-
ing millions off on mobile health applications by using sen-
sors to track their bodily movement. With the innovations in 
technology, people are having access to personalized health 
tools that can be used at their convenience. Nowadays, there 
are millions of small business mushrooming online provid-
ing online doctor, disease diagnosis, drug reference, and 
many more. As everything is moving towards digitalization 
and due to its numerous benefits, it will also be valuable if 
cancer screening is conducted more safely.11 
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Mammography Risks
To date, there are no medicines that can cure any form of 
cancer. Deadly diseases require special attention and women 
from the age of 20 are encouraged to conduct regular screen-
ings. However, many studies have proved the relationship 
with the formation of cancerous cells with mammography, 
the golden tool for breast cancer detection for women of all 
ages. The use of radiation has been used during the 1950s 
for internal imaging, and in 2020, with the advancements 
of technology, new devices of mammography have been 
introduced such as the digital mammogram. However, the 
cumulative effect of regular mammography has high risks 
of forming cancerous cells in young women. Other than this, 
many risks have been reviewed by researches based on the 
risks imposed on mammography for women.6

The participation rate of women in European and Western 
Countries (America, Canada, Brazil) tend to be higher than 
those of some Asian Countries (India, Thailand, Indonesia) 
with a 70% against 45% rate. Mauritius, being also a devel-
oping country has been able to provide free health care to its 
citizens. Breast Cancer Campaigns are organized every six 
months by Link To Life (Mauritius Breast Cancer Associa-
tion) where free screenings are provided for women over 35. 
Besides hospitals, clinics provide annual packages for health 
screenings which also includes breast screening. It is to be 
highlighted that most hospitals are equipped with analogue 
Mammography while clinics use digital mammography. 

There are two main mammography devices which are the 
analogue and the digital. The analogue has many drawbacks 
because it provides low-quality imaging and in cases of bad 
imaging, a second x-ray is taken to confirm the biopsy. The 
digital has been introduced to have better imaging so as there 
is no need for more x-ray. It is to be highlighted that mam-
mograms emit low radiation but with several screenings, the 
radiation may cause damage to the cells.12 Besides, there are 
other possible risks including: 

False Negative Results 
A False Negative Result happens when a patient is declared 
Cancer Positive after a biopsy due to the inaccuracy of mam-
mography. The patient will then be undergoing further medi-
cal supervision for breast cancer care following the results 
and may then know that the result was incorrect. In many 
cases, patients lived with the thought they have breast cancer 
while in reality, the result was inaccurate. As per the Inter-
national Medical Norms, it is denied having more than two 
biopsies in one year. Mammography can only be done once 
every 2 years interval. Hence, the false-negative result has 
also caused stress and depression for women as they are un-
der the pressure of mental preparation to overcome the dis-
ease.11 

Sensitivity and accuracy of mammography depend on the 

density of the breast and the age of the woman. Around 
20% of women aged 50 to 69 years old face the issue of a 
false-positive result. 3% of women would conduct a second 
screening due to a false-positive test and tested for a lumpec-
tomy. This survey accounted for 76 of 100,000 women in 
Europe.10 

False-Positive Results
In this case, the patient is diagnosed with Cancer-Free while 
she has cancer cells. This leads to ignoring cancer for another 
two years until it shows symptoms. In this case, the benefit 
of the mammography is nil since it has not been able to de-
tect malignant cells. Around 28 to 33 % of cases are Inter-
val cancers – overlooked cancer cells through biopsy. Many 
medical institutes are shifting towards the usage of digital 
mammography and this has proved to reduce the number of 
inaccurate results. However, there are still many risks associ-
ated with Digital mammography. 

Over-diagnosis
Many studies and researches have proved the harm of being 
overly diagnosed. The theory discussed the pandemic that 
affected Japan due to the screening of infants for neuroblas-
toma.8 A small group of 50 infants was screened and this led 
to the whole country having to conduct screening of infants 
due to the doubling of the cases from neuroblastoma. This 
situation was provoked by the development of tumour while 
being diagnosed. This is how over-diagnosing a disease can 
trigger the development of unwanted disease.12 The same 
concept is studied in the case of breast cancer cell formation. 
An individual who develops cells at a slower pace has high 
risks of developing breast cancer with overdiagnosis8. He ex-
plains that the process of cells dying, promotes renewal and 
when x-rayed, some of these cells become infected. If they 
do not renew quickly, this may cause the cells to become ma-
lignant.10 Kalager’s study in Europe during 1996 and 2005 
proved that over-diagnosis promoted breast cancer. Breast 
Screening programs were introduced in parts of Norway and 
a few years later, there was a slight increase of 5% in the 
cases of breast cancer. The number was compared to other 
regions in Norway where the biopsy was not practiced and 
there was no increase in the disease which shows a positive 
relationship between breast cancer and overdiagnosis.14

Overall, the utility of the device is the biggest concern in 
the detection of cancer, and secondly the risks of radiation 
caused by x-ray beams. The graph below shows a contrast 
between the harms against the benefits of mammography 
(Figure1). It is based on an observational survey from 1,000 
women screened every 2nd year for 20 years, starting from 
their fifties. 
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Figure 1: Harms v/s Benefits of Mammography.

Figure 1 describes the possible harms of mammography 
against the benefits. The statistics are collected from 1,000 
women who were screened every two years interval start-
ing at the age of 50, for the next 20 years of their lives. The 
harms of facing a False Positive result are considerably high 
and the aftermath of this causes further health and mental 
complications such as anxiety and depression. Another lead-
ing factor to be discussed is over-diagnosis, where 15% of 
women have been overexposed to radiation emittance caus-
ing the formation of cancerous cells.8 

MAMMOGRAPHY ALTERNATIVES

There are more than twelve devices designed for the early 
detection of breast cancer but only three have been approved 
to be used by the FDA. The devices are Screen-Film Mam-
mography, Digital Mammography, and Computer-Aided De-
tection (CAD). The widely used devices are the screen-film 
and the digital. Many tests were assessed with the following 
devices and despite its side-effects, the FDA assures that this 
is the best device for early breast cancer detection. The state-
ment led to further research by the Institute of Medicine and 
National Research Council (US) Committee on the early de-
tection of Breast Cancer, to identify that mammography does 
not impact positively on the mortality rate of several women 
in different countries. Several debates were raised on the ef-
fectiveness of the device since countries such as Lebanon, 
Spain, and Switzerland encountered a massive increase in 
breast cancer cases after implementing Biopsy.5 

Computer-Aided Detection
Computer-Aided Detection uses the same concept as digital 
mammography except it does not emit radiation. The CAD 
uses the technology of advanced algorithms based on many 
thousand cases of breast cancer. The CAD is an extension 
of digital mammography which becomes useful is the pa-
tient’s case is suspicious. After the primary detection, the ra-

diologist will run CAD on the imaging received to sense the 
different tests on the affected areas of the breast. However, 
as the device is a continuation of Digital Mammography to 
enhance the imaging, the patient will still need to undergo a 
biopsy and has potential risks of developing the side-effects 
of radiation exposure (Computer-Aided Detection (CAD). 

Thermal Technology
The largest surface in humans is the Skin. It is responsible for 
controlling the temperature of the human body in different 
conditions such as sweating, freezing, and normal. Hence, 
the technology of thermal has been introduced to detect the 
malignant areas of breast cancer. The thermal technology 
can detect cancer irrespective of the women’s age and their 
breast density. On the other hand, the usage of thermography 
is completely safe as it is non-invasive and completely pain-
less and more importantly, there is no invasion of harmful 
radiation6.

The science behind thermography is the usage of a ther-
mal infrared camera to picture the released radiation (body 
warmth) from the human body and hence, re-produce a ther-
mogram that reflects the heat pattern and distribution of the 
body area. Cancerous are usually, denser, and warmer than 
surrounding cells that will help to reflect the affected regions. 
As it is shown in Figure 2, the interpretation of the results 
will be colour-based where the warmer shows red and the 
cooler shows blue. The information about the bodily patterns 
will be collected through sensors placed around the breast. 
Sensors have to be placed in specific areas for 12 hours to 
achieve the best results.5

EFFECTIVENESS OF A THERMAL SENSOR 
DEVICE

The accuracy obtained from a thermal sensor device has 
proven to be more specific than mammography. Cyrcadia 
is American produce that innovated the medical industry 
with the wearable monitor brassiere that enables to detect 
any abnormalities in the breast area under 12 hours. Until 
now, twenty-six clinics have adopted the use of the device 
for the first screening. The device is completely radiation-
free and safe to use. Many tests have been done to assess 
the effectiveness of the device. It has been found that if the 
sensors are misplaced, this will lead to an error that signals 
the patient that the device is not working properly. The con-
ditions of use are that the patient must not participate in any 
activities which may lead to excessive sweating to not bias 
the results.10,14

The Cyrcadia device comes with a sensor-brassiere and soft-
ware. The software is helpful to read the information gath-
ered by the sensors. A medical practitioner must instruct the 
patient the usage procedures on their first time and the indi-
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vidual may then carry their test by themselves at the comfort 
of their home.12

UNDERPINNING THEORIES AND RESEARCH 
MODEL

The theories studied in this research are from accredited 
sources namely medical instates for cancer. However, dif-
ferent perspectives on mammography are acquired from 
Science Direct where many theories are analyzed. Many re-
searchers have identified many factors that trigger the forma-
tion of breast cancer such as stress and anxiety. The subjects 
are highly debatable at this point since no experiment has yet 
been conducted to find the relationship with cancer forma-
tion and stress/anxiety. Theories about how lifestyle impacts 
on health is another major factor that contributes a lot to the 
formation of cancerous cells. The continuous unhealthy life 
practices such as alcohol, fast food, drugs, etc lead to ac-
cumulated DNA damage that will manifest in the sort of dis-
eases. These theories are applied in areas of the research to 
give the reader a broader perspective of the causes of breast 
cancers.9,13,14

The Research Model allows the distinction between the inde-
pendent factors to the dependent variable. In that context, the 
different hypotheses of mammography. 

Figure 2: Research Model.

CONCLUSION

The study evaluates the risks of mammography. To conclude, 
the evaluation finds mammography to be amongst one of the 
causes of breast cancer. Over-diagnosis has a direct impact on 

women under 50 years and can be very risky to their health. 
Furthermore, inaccuracy of mammography leading to false-
positive/ false-negative results can impact women’s mental 
health and in certain situations aggravate the disease. Hence, 
the concept of a thermal device for breast cancer screening 
is well justified being a safer and non-invasive method for 
screening. 
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