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Introduction

Breast cancer is the most horrifying experience for women today 
[1]. In 2008, more than 1.4 million people were diagnosed with 
breast cancer each year globally and over 458000 died of this 

disease [2]. In developing countries, the incident rate of this disease is 
growing up annually [3]. The life time risk of developing breast cancer 
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ABSTRACT
Background: Breast cancer is the most common type of cancer in women demand-
ing accurate diagnosis to take remedial measures to treat.
Objective: Comparing the diagnostic capability of the computer regulation ther-
mography (CRT), as a novel and safe diagnostic procedure, with common methods 
including sonography, mammography  and clinical examinations for diagnosing breast 
cancer in suspicious patients against pathology as the gold standard.
Material and Methods: In this prospective clinical trial study, out of 97 re-
ferred patients, 44 meeting the inclusion criteria were selected. The selected patients 
were subjected to mammography, sonography, CRT and clinical examinations. Then, 
the patients showing suspicious symptoms of breast cancer underwent pathological 
examinations.
Results: CRT indicated a higher specificity compared to mammography and 
sonography (78.9% vs. 71.4% and 47.0%, respectively). However, CRT sensitivity 
was lower than those of mammography, sonography and clinical examination (52% 
vs. 70.6%, 82.4% and 84.0%). Furthermore, CRT accuracy was lower than mammog-
raphy, sonography and clinical examination (63.6% vs. 70.9%, 64.7% and 88.6%). 
While CRT positive prediction value (PPV) was higher than those of mammography 
and sonography, it was lower than that of clinical examination (76.5% vs. 75%, 60.9% 
and 95.5%). The negative prediction value (NPV) of CRT was less than all other mo-
dalities (55.5% vs. 66.7%, 72.7% and 81.8% for the clinical examination, mammogra-
phy and sonography, respectively). 
Conclusion: Although CRT with a lower sensitivity and higher specificity, cannot 
be recommended to be used as a definitive diagnostic tool for breast cancer patients, it 
can be used as a complementary method with other methods to increase the diagnostic 
accuracy of suspicious patients.
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in Northern Europe and the USA is 1:8 and 
1:10, respectively [4] and in Iran the ASR 
(Age Standardized Ratio) of this disease is 
30/10000. Detection of breast cancer at early 
stages increases the effectiveness of its treat-
ment options and patients’ survivability [5]. 
The growth of a breast cancer tumor is pro-
portional to its temperature [6]. In response to 
an ever-increasing need for nutrients, cancer-
ous tumors produce neoangionesis. The tem-
perature in a cancerous breast is almost always 
higher than that of normal breast tissues even 
in precancerous tissues and areas surrounding 
it [7]. The fundamental diagnostic measures 
for the detection of breast cancer still depend 
essentially on clinical examination and mam-
mography [8]. 

Timely evidence results in early detection, 
thus reduction in breast cancer mortality [9]. 
X-ray screening mammography proves to be 
the most sensitive noninvasive technique for 
detecting early tumors [10, 11], though other 
non-radiation imaging methods of cancer de-
tection such as thermography, diaphanography 
(light scanning), whole breast ultrasound and 
magnetic resonance imaging (MRI) are em-
ployed from time to time. While additional 
methods can refine screening mammography 
or clinically based impressions, they are not 
comparable regarding the reliability, low cost 
and the efficiency of conventional mammog-
raphy as a mass screening test for large popu-
lations [12, 13]. 

Mammography, the most widely employed 
diagnosis method, is not effective enough 
for women with dense or surgically altered 
breasts, and those aged 40 and younger. Fur-
thermore, some other concerns include the 
risk of ionizing radiation and patients’ com-
plaint of discomfort due to the high compres-
sion of their breasts required for this imaging 
method. In searching for developing other im-
aging techniques to overcome mammography 
limitations, thermography carries potential to 
improve overall detection efficiency [14].

The first recorded use of thermobiological 

diagnostics can be found in the writings of 
Hippocrates around 480 B.C. The method in-
volved spreading mud over the patient’s organ 
and the area that would dry first was thought 
to indicate core organ pathology [15]. In the 
1950s, military research into infrared monitor-
ing systems for nighttime troop movements 
paved the way for thermal diagnostics. Once 
publicized in the mid-1950s, infrared imaging 
technology was made available for medical 
purposes. The first diagnostic use of infrared 
imaging was performed in 1956 when Law-
son discovered that the skin temperature of a 
cancerous area in the breast was higher than 
that of a normal tissue [16, 17]. Dr. Ernest 
Schwamm is to be honored for the introduc-
tion of radiation measurement into medicine. 
Together with his co-workers, he developed a 
thermal practical diagnosis known as thermo-
regulation diagnosis. Afterwards, Lawson de-
veloped the pictorial documentation of heat 
radiation that was considerably more conve-
nient since the heat picture could be evaluated 
with a glance without having to make many 
individual measurements.

The regulation diagnosis initiated by 
Schwamm and the picture-producing method 
according to Lawson, are both termed radia-
tion measurements. Fergenson (1963) intro-
duced cholesterol crystals into heat diagnosis. 
These crystals change their color according to 
their temperature. When applied to the skin, 
a colorful picture is developed depending on 
the local temperature. Whenever encapsulated 
in foils, it is known as Liquid Crystal Ther-
mography. This is a picture-producing meth-
od in contact with the skin. Skin temperature 
measurements with contact sensors, as used 
today in regular thermography, did not exist 
and the reaction time of the existing thermom-
eter was still too lengthy to use for this proce-
dure. Thermal contact sensors with a reaction 
time of one second have come into existence 
over the past ten years. Arno Rost took up 
this method and improved it so that it could 
be used in office. A diagnosis of the whole 
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body can be obtained by means of two other 
methods producing a graphic picture by means 
of individual measurements: the non-contact 
infra-red thermography and the contact ther-
mography. These two methods measure totally 
different parameters: infra-red radiation in the 
former and temperature in the latter. There-
fore, they produce diverse results which have 
to be evaluated differently [18].

Recent advances in sensor technology and 
awareness of using non-invasive and non-ion-
izing medical imaging techniques have made 
breast thermography a choice for breast cancer 
diagnosis [19].

Thermography is very useful for the detec-
tion of non-palpable breast cancer; that is, 
those that cannot be detected by other tests. 
This also applies to non-palpable but histo-
logical advanced ones or those with fast and 
aggressive growth [20].

It has been reported that this modality can 
detect breast cancer 10 years earlier than the 
traditional method-mammography [21]. In 
this study, the diagnostic value of the comput-
er regulation thermography (CRT) has been 
compared with clinical examination, as well 
as common imaging methods of sonography 
and mammography in patients with suspe-
cious breast cancer even the pathology results 
have also been taken into consideration.

Material and Methods
This prospective clinical trial study, was 

made to assess the computer regulation ther-
mography diagnostic modalities along with 
other common modalities for diagnosing pa-
tients having breast neoplasms.

Participants
Among 97 patients referred to Cancer Re-

search Center in Shohadaye Tajrish Hospital, 
44 were selected meeting our inclusion cri-
teria. The selected patients were then exam-
ined by mammography and sonography tests 
if necessary, and all of them underwent clini-
cal examination by specialist Breast Surgeons 

confirming them as suspicous of clinical di-
agnosis of breast cancer. Afterwards, tissue 
diagnosis with pathological comfirmation for 
breast cancer were performed. Then, all of the 
patients diagnosed with breast cancer were re-
ferred to have CRT test.

Procedure
CRT 2000® (Eidam Diagnostics Corpora-

tion) Thermographic System includes CRT 
Core Unit, CRT Sensor, CRT Display, CRT 
Measurement and Analysis Software and CRT 
server-based analysis service. CRT 2000® de-
vice analyzes the input data and provides both 
a graphic representation of the thermal mea-
surements and an interpretation based on the 
combined data. The computer program also 
analyzes and points out a variety of interpre-
tive indices. The procedure was done in a tem-
perature controlled room maintained between 
20 and 23 ̊ C. The 30-minute procedure begins 
with 119 measurements of predefined points 
on the head and torso. After the first measure-
ment, the patient disrobes and waits for the 
cooling stimulus to apply stress to the patient’s 
organs, after which, a second reading of the 
same points is taken.

Patients’ Preparation for CRT Im-
aging

Room temperature was kept stable wherein 
the patient first sits fully clothed in a slightly 
cool room, 20˚C to 23˚C, for 10 to 15 min-
utes while her body temperature acclimates. 
The technician begins the measurements by 
gently touching a temperature probe on spe-
cific points of the patient on her face, neck, 
arms, chest, upper and lower abdomen, back 
and breasts. Thereafter, the patient was asked 
to disrobe from the waist down and stands 
unclothed in her underwear, with arms by 
her sides, exposed to the cool room air for 10 
minutes. This exposure provides a challenge 
to the body’s temperature regulation process-
es. While still undressed, the same points are 
measured again to conclude the test.
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Imaging and Interpretation
After having the two sets of measurements 

taken from 119 described points, the data are 
sent to a Canadian Server supporting CRT im-
aging equipment for the analysis.

Statistical Analysis
Collected data were analyzed with SPSS 

software (Version 20) and described by cal-
culating the TP (True-Positive), TN (True-
Negative), FP (False-Positive) and FN (False-
Negative) values and also the sensitivity and 
specificity of Computer Regulation Thermog-
raphy (CRT) tests, as well as the mammog-
raphy and sonography exams of the patients 
against the pathology result as the gold stan-
dard examination. Variables were described 
with Mean+SD, frequency (percent) and com-
pared with each other by using independent 
t-test and chi square test. A p-value less than 
0.05 was assumed significant. The sensitiv-
ity, specificity and total accuracy of breast 
CRT were derived from the comparison of the 
breast CRT results against the gold standard 
(biopsy) and compared with those of the mam-
mography, sonography and clinical examina-
tion) in selected patients.

Results
From 44 selected patients, 19 were benign 

including fibrocystic, fibroadenomas, ductal 
huperplasia, granulomatous mastitis and 25 
were malignant including invasive ductal car-
cinoma and in situ carcinoma. 

Table 1 shows that the demographic factors 
of the two samples (the malignant and benign 
patients) in terms of overall criteria (including: 
Vitality Index, Waist Hip Ratio, Entropathy 
Index, Therapy Index, and Lymphatic Index) 
indicating no significant differences between 
any of the variables (having p-values <0.05).

The 44 selected patients had CRT, clinical 
examination, mammography and sonography 
imaging modalities done on them. The CRT 
had 15 true-negative, 4 false-positive, 13 true-
positive and 12 false-negative results. The cal-
culated CRT sensitivity was 52%, specificity: 
78.9%, total accuracy: 63.6%, positive predic-
tive value (PPV): 76.5% and negative predic-
tive value (NPV): 55.5%. For a sub-group of 
31 patients, mammography indicated a sensi-
tivity of 70.6%, specificity: 71.4%, total ac-
curacy: 70.9%, PPV: 75% and NPV: 66.7%. 
For a sub-group of 34 patients, sonography 
showed a sensitivity of 82.4%, specific-
ity: 47%, total accuracy: 64.7%, PPV: 60.9% 
and NPV: 72.7%. These values are shown in 
Table 2. For the whole selected group of 44 
patients, the clinical examination had a sensi-
tivity of 84%, specificity: 94.7%, total accu-

Criteria
Malignant Benign

Range Mean SD Range Mean SD
Age (year) 29 to 62 49 11 24 to 58 45 10

Blood Pressure (mmHg) 90/60 to 140/90 115/75 15 100/70 to 150/10 117/70 13
BMI 21.4 to 38.3 27.96 4.52 21 to 37.3 27.71 3.96
VI* 1.3 to 4.2 2.46 0.76 1.7 to 3.6 2.41 0.62

WHR** 0.8 to 1 0.69 0.36 0.7 to 1 0.66 0.35
ENI*** 1.6 to 5.8 3.6 1.2 1.9 to 5.8 3.8 1.1
THI**** 12 to 21 14.5 4.9 12 to 19 12.9 6
LI***** 1 to 6 4.3 1.6 1 to 6 4.5 1.7

*Vitality Index, **Waist Hip Ratio, ***Entropathy Index, ****Therapy Index, *****Lymphatic Index

Table 1: Demographic data of the malignant and benign patients
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Statistical parameters CRT Mammography Sonography Clinical Examination
Sensitivity (%) 52.0 70.6 82.4 84.0
Specificity (%) 78.9 71.4 47.0 94.7

Total Accuracy (%) 63.6 70.9 64.7 88.6
PPV* (%) 76.5 75.0 60.9 95.5
NPV** (%) 55.5 66.7 72.7 81.7

*Positive Prediction Value, **Negative Prediction Value

Table 2: Statistical parameters calculated from the patients for various diagnostic methods

Figure 1: Statistical results of various diagnostic methods compared with the biopsy as the gold 
standard (PPV: Positive Prediction Value, NNP: Negative Prediction Value)

racy: 88.6%, PPV: 95.5% and NPV: 81.8%. In 
this study, the CRT and the clinical examina-
tion were performed on the same number of 
patients in each group. Some of the patients 
did not have sonography and mammography 
imaging done.

Figure 1 shows the sensitivity, specificity, 
total accuracy, PPV and NPV of the four di-
agnostic methods of breast cancer detection 
(CRT, Mammography, Sonography and Clini-
cal Examination) in comparison with the bi-
opsy as the gold standard. 

Discussion
Early diagnosis of breast cancer with com-

mon imaging/clinical modalities is the optimal 
goal of health delivery system. The computer 
regulation thermography is more or less an 
emerging technique recommended to be used 
for the early detection of breast cancer.

Our study showed that although CRT indi-
cates a lower sensitivity (52%) in detecting 
breast cancer, it favors a higher specificity 
(78.9%) in detecting benign breasts.

Our results in an intermediate acceptable 
condition demonstrate that CRT is effective in 
diagnosing the benign lesion and breast cancer 
comparing with mammography (sensitivity: 
70.6%, specificity:71.4%), sonography (sensi-
tivity: 82.4%, specificity: 47%), clinical exam-
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ination (sensitivity: 84%, specificity: 94.7%). 
Despite the findings of this study proving the 
CRT as an effective early diagnosis method, 
medical practitioners are not fully aware of 
this imaging method. Thus, it is recommended 
to pair this modality up with other common 
existing methods.  

Based on the manufacturer’s recommenda-
tions and based on other studies in which the 
CRT is used for the areas other than chest, we 
also examined several other areas of the pa-
tients’ body through CRT test. The upcoming 
results can then be interpreted as an indica-
tion for investigating the lack of influencing 
the cancer on uninvolved areas over a long 
term-period to prove the absence of metastasis 
in such patients. This claim can be confirmed 
via a long-term follow-up of the patients par-
ticipated in this study and the biopsy of suspi-
cious areas may be necessary to ascertain such 
a conclusion.

The results obtained in this study were rea-
sonably acceptable considering some limita-
tions we were faced with. All of the patients 
did not meet all the necessary prerequisites 
of CRT tests. These limitations lead to lower 
levels of sensitivity, specificity, total accuracy, 
PPN and NPV of the CRT than what we ex-
pected. For instance, some of the patients were 
wearing tight clothes and makeup or/and ex-
periencing tiredness due to a long distance trip 
or some other discomfort of any kind, despite 
instructing them to avoid such circumstances. 

The specific conditions required to be met 
for CRT 2000® test by patients are as follows: 
sustained room temperature (20-23˚C), stress-
free status, no manipulation on the organ, not 
wearing tight clothes and not using cosmet-
ics. Implementing such ideal conditions is 
far from being realistic. For example, in our 
study, some patients had traveled from far dis-
tances and others had applied make-up having 
significant impact on their test results. Future 
studies on a larger sample of this population 
are advised to take such factors into consid-
erations. 

Based on the promising potential of CRT 
2000®, other investigators can be hereby rec-
ommended to focus on the diseases affecting 
other parts of the body than breast. However, 
based on this introductory investigation, CRT 
can also be recommended to be used as a com-
plementary imaging tool along with other well 
known imaging methods for earlier detection 
of breast cancer.

Conclusion
In this prospective clinical trial, 44 women 

with suspicious breast lesions underwent CRT 
test to identify the breast cancer prior to clinical 
examinations, mammography and sonography 
imaging modalities. The findings showed that 
CRT can detect breast cancer pathology with a 
sensitivity of 52%, specificity of 78.9%, total 
accuracy of 63.6%, PPV of 76.5% and NPV 
of 55.5%. 

CRT does not entail the use of ionizing ra-
diation, venous access, radioactive dyes or any 
other invasive procedures, has no ionizing ra-
diation risk for the patient, provides immedi-
ate results and is relatively inexpensive.

In conclusion, we have shown that a mod-
ernized CRT 2000® can be a useful adjunc-
tive test in detecting benign breast with a high 
specificity of 78.9% based on this prospective 
clinical trial on the patients leading to an in-
crease in the total accuracy of their diagnosis. 
In addition, if this technique is implemented 
in a way that all of its confounders can be con-
trolled, the sensitivity of this technique and 
consequently its total accuracy might also in-
crease.
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