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Abstract

Background: It is presently well accepted that the breast exhibits a circadian rhythm reflective of its
physiology. There is increasing evidence that rhythms associated with malignant cells proliferation are
largely non-circadian. Cancer development appears to generate its own thermal signatures and the
complexity of these signatures may be a reflection of its degree of development. The limitations of
mammography as a screening modality especially in young women with dense breasts necessitated the
development of novel and more effective screening strategies with a high sensitivity and specificity. The
aim of this prospective study was to evaluate the feasibility of dynamic thermal analysis (DTA) as a potential

breast cancer screening tool.

Methods: 173 women undergoing mammography as part of clinical assessment of their breast symptoms
were recruited prior to having a biopsy. Thermal data from the breast surface were collected every five
minutes for a period of 48 hours using eight thermal sensors placed on each breast surface [First Warning
System (FWS), Lifeline Biotechnologies, Florida, USA]. Thermal data were recorded by microprocessors
during the test period and analysed using specially developed statistical software. Temperature points from
each contra-lateral sensor are plotted against each other to form a thermal motion picture of a lesion's
physiological activity. DTA interpretations [positive (abnormal thermal signature) and negative (normal

thermal signature)] were compared with mammography and final histology findings.

Results: |18 (68%) of participating patients, were found to have breast cancer on final histology.
Mammography was diagnostic of malignancy (M5) in 55 (47%), indeterminate (M3, M4) in 54 (46%) and
normal/benign (M1, M2) in 9 (8%) patients. DTA data was available on 160 (92.5%) participants. Using our
initial algorithm, DTA was interpreted as positive in | |3 patients and negative in 47 patients. Abnormal
thermal signatures were found in 76 (72%) out of 105 breast cancer patients and 37 of the 55 benign cases.
Then we developed a new algorithm using multiple-layer perception and SoftMax output artificial neural
networks (ANN) on a subgroup (n = 38) of recorded files. The sensitivity improved to 76% (16/21) and

false positives decreased to 26% (7/27)

Conclusion: DTA of the breast is a feasible, non invasive approach that seems to be sensitive for the
detection of breast cancer. However, the test has a limited specificity that can be improved further using
ANN. Prospective multi-centre trials are required to validate this promising modality as an adjunct to

screening mammography especially in young women with dense breasts.
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Figure |
Thermal sensors of FWS applied to both breasts.

Introduction

Breast cancer continues to be the most common malig-
nancy in women. Epidemiological studies estimate that
one in eight women will develop breast cancer during
their lifetimes [1-4]. Moreover, one in five women with
breast cancer will die of the disease despite the considera-
ble advances in treatment. Given these circumstances,
early detection of breast cancer is considered an important
prognostic factor, and Reidy has aptly suggested that
death from malignancy rather than its detection should be
the point of reference in evaluating any screening pro-
gramme [5].

Currently, mammography is considered the gold standard
as a screening tool for the early detection of breast cancer.
Unfortunately, it is a standard that does not always shine
brightly in that wide variations exist in its sensitivity and
specificity in published reports, as evidenced by a recent

http://www.issoonline.com/content/3/1/8

review by Sobti et al [6]. Moreover, it's limitations in
young and premenopausal women with dense breast tis-
sue strengthen the need to develop new modalities for the
early detection of breast cancer, especially in this group of
vulnerable patients. To this end, magnetic resonance
imaging (MRI) has been shown to be more sensitive in the
early detection of occult breast cancers, particularly in pre-
menopausal women for whom the sensitivity of mam-
mography is compromised [7] but with less specificity [8].
Additional modalities are still under development such as
electrical impedance scanning (EIS) [9], mammary duc-
toscopy (MD) and proteomics of nipple aspirate fluid
(NAF) and serum [10,11].

The establishment and growth of most tumours depend
on the successful recruitment of new blood vessels into
and around the tumour cells. This latter process, also
known as angiogenesis, is dependent on the production
of angiogenic growth factors by the tumour cells [12].
Because these new vessels lack smooth muscle fibers ren-
dering them wunreceptive to control by epinephrine
[13,14], a more constant blood flow to the area increases
the local temperature in the area surrounding the tumor.

It is now recognised that the breast exhibits a circadian
rhythm that is reflective of its physiology [1,14]. The rela-
tionship between breast skin temperature and breast can-
cer was thoroughly examined by Gros et al [15,16]. The
investigators found that the differences between the char-
acteristics of rhythmic changes in skin temperature of clin-
ically healthy and cancerous breasts were real and
measurable.

The superficial thermal patterns measured on the surface
of the breast are most likely related to tissue metabolism
and vascularization within the underlying tissue. Such
thermal patterns change significantly as a result of normal
phenomena including the menstrual cycle, pregnancy
and, more importantly, the pathologic process itself.
Additionally, It is generally stated that cancer develop-
ment, in most instances, represents the summation of
large number of mutations that occur over years, each
with its own particular histologic phenotype that can be
seen in pre-menopausal mastectomy specimens [17-21].
Cancer development appears to generate its own thermal
signatures, and the complexity or lack thereof may be a
reflection of its degree of development [22-26].

Based on the understanding of the above pathological
observations and the recent technological advances that
have facilitated the recording of circadian rhythm varia-
tions of the breast|14] we prospectively aimed to examine
the feasibility of a new potential screening method called
the dynamic thermal analysis (DTA) for breast cancer
detection.
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Methods and materials

Women referred to a private mammography unit in La
Plata, Argentina as part of their clinical assessment for
breast symptoms were recruited prior to having an indi-
cated or otherwise planned biopsy. Institutional guide-
lines, including ethical approval and informed consent,
were followed.

Thermal data from the breast surface were collected every
five minutes for a period of 48 hours using eight thermal
sensors placed on each breast surface [First Warning Sys-
tem (FWS), Lifeline Biotechnologies, Florida, USA]. Sen-
sors are placed in anatomically critical positions elicited
by data obtained from clinical examination and mam-
mography as to where suspected cancers are located (Fig-
ure 1). Thermal data were recorded by microprocessors
during the test period. More than 500 readings were col-

lected in each patient. These data were analysed using spe-
cially developed statistical software called artificial neural
networks (ANN). Temperature points from each contra-
lateral sensor were plotted against each other to form a
thermal motion pattern of a lesion's physiological activity
(Figure 2, 3)

DTA interpretations [positive (abnormal thermal signa-
ture) and negative (normal thermal signature)| were com-
pared with mammography and final histology findings.

Results

A total of 173 women underwent mammography; their
median age was 56 years (range: 17-85 Years). Fifty-eight
women had a family history of breast cancer: 98 patients
(56.6%) had a breast lump palpable of which 38 patients
had a family history of breast cancer (38.7%)One hun-

= — :
Fifrues, bl MY k. RS
: b ~! ya 4 g ﬁ; u ‘ wt o 5 1 r o o ’ ';, 'Nf‘"\ | i /3
N | Y i ol 5 ¥ A AL ‘ ) By il : x_
< e W e L' VY U, (VG
el y il Ul T ‘
iy , B .
4 Time Phase \'i‘i Time Phase ?
Metabolic Change Metabolic Change
th 24h 48 h
Figure 3
DTA in a patient with a fibroadenoma.
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Table I: Mammography findings
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TEST DISEASE
Cancer Present 118 Cancer Absent 55
Mammogram True Positive 55 47% True Negative 32 58%
False Negative 9 8% False Positive 7 13%
Indeterminate 54 46% Indeterminate 16 29%

dred and eighteen (68%) of the 173 participating patients
were found to have breast cancer on final histology with a
tumour size range of 4-60 mm.

Mammography was diagnostic of malignancy (M5) in 55
patients (47%), indeterminate (M3, M4) in 54 patients
(46%) and normal or benign (M1, M2) in 9 (8%)
patients. (Table 1). Thermal data obtained from the breast
surface were analysed in 160 participants (92.5%) using
an initial algorithm. These data were interpreted as posi-
tive in113 patients and negative in 47 patients. Abnormal
thermal signatures were found in 76 (72%) out of 105
breast cancer patients and 37 of the 55 benign cases
(67%) (Specificity 32%) (Table 2)

We then developed a new algorithm using the multi-layer
perception (MLP) with soft max output artificial neural
networks (ANN) for use on a subgroup of participants (n
= 38). MLP correctly detected cancer in 16 patients out of
21 participants improving the sensitivity to 76%. Further-
more, false positive cases were decreased to 26% (only 7
patients out of 27) increasing the specificity to 74%.

Discussion

Currently mammography is the best available approach
for the early detection of breast cancer in the general pop-
ulation with a sensitivity of 75-90% [2]. However, the
positive predictive value is only 25% [3,4]. It is interesting
to mention that 25-30% of breast cancers are found in
pre-menopausal women. DTA is a safe and non-invasive
technique that offers the advantage of providing informa-
tion on the physiology of the breast, specifically the super-
ficial thermal patterns that can be measured on the surface
and relate to tissue metabolism and wvascularization
within the underlying tissue.

Table 2: Results of the initial DTA

In healthy breasts, heat conductivity is constant in most
cases and generally can be characterized in terms of circa-
dian rhythm periodicity [27]. In contrast, the rhythms
associated with malignant cells proliferation are largely
non circadian and suggest that a circadian to ultradian
shift may be a general correlation to neoplasia [14]. Due
to the increased blood flow and the lack of receptivity in
the newly formed vessels in malignancy, temperature pro-
duction exhibits circadian rhythmic variations to a far
lesser degree than is evident in the healthy breasts [13].
Our study demonstrates that 72% of patients with breast
cancer have non circadian changes of the breast thermal
patterns. However, the initial specificity of the test was
very low. We then used the artificial neural network
(ANN) to analyse the thermal data recorded in order to
improve the sensitivity and specificity. In this type of anal-
ysis, the network learns by itself from a set of example
solutions. It could also be divided into a supervised and
unsupervised learning phase. The modification of the ini-
tial algorithm into a multi-layer perception (MLP) with
soft max output artificial neural networks resulted in an
increased sensitivity and specificity of the test. This new
algorithm needs to be evaluated further in prospective
multi-centre trials to validate these promising observa-
tions.

Appreciation of the clinical usefulness of heat-sensing
devices in breast cancer has suffered because of poorly
conceived attempts to exploit their diagnostic potential.
Little attention has been paid to the thermal signal being
an expression of immensely complicated biologic func-
tions. The issue of false positives is still unclear; it may
reflect an abnormality that can not be detected by conven-
tional methods. The presence of non circadian rhythm in
the absence of mammographic or clinical evidence of can-

TEST Cancer Patients Cancer absent
DTA True Positive 76 72% True Negative 18 33%
False Negative 29 28% False Positive 37 67%
Page 4 of 5

(page number not for citation purposes)



International Seminars in Surgical Oncology 2006, 3:8

cer does not preclude the presence of cancer in its very
early stages. Patients with such signs might be considered
high risk for breast cancer which may become clinically
evident at a later date. This is supported by a previous
French study investigating the long term follow up of indi-
viduals who had abnormal thermal signs in the absence of
physical or mammographic findings [15]. However, fur-
ther work is needed to evaluate this hypothesis.

The current DTA study has some other limitations. The
ANN requires 540 input data for reliable analysis. Ther-
mal data require a long time to be recorded (48 hours),
and this may be considered as a downside of this technol-
ogy. We are in the process of developing a new monitor
which records thermal data every 5 seconds thus reducing
the test time significantly.

If future validation studies confirm the reliability of DTA,
then it can be used as an adjunct to mammography, espe-
cially in pre-menopausal women with dense breasts.

References

I.  Keith LG, Oleszczuk J), Laguens M: Circadian rhythm chaos: A
new breast cancer marker. Int | Ferti Womens Med 2001,
46:238-247.

2.  Donegan WL: Evaluation of a palpable breast mass. N Engl |
Med 1992, 327:937-942.

3. Elmore |G, Barton MB, Moceri VM, Polk S, Arena PJ, Fletcher SW:
Ten-year risk of false positive screening mammograms and
clinical breast examinations. N Engl | Med 1998, 338:1089-1096.

4. Harris R, Lippman ME, Veronesi U, Willet W: Breast cancer (I).
N Engl | Med 1992, 327:317-328.

5. Reidy J, Hoskins O: Controversy over mammography screen-
ing. BMJ 1988, 297:932-933.

6.  Sobti A, Sobti P, Keith L: Screening and diagnostic mammogra-
phy: Why the Gold Standard Does Not Shine More Brightly?
Int | Fert Women's Med 2005, 50:199-206.

7. Wright H, Listinsky J, Rim A, Chellman-Jeffers M, Patrick R, Rybicki L,
Kim J, Crowe J: magnetic resonance imaging as a diagnostic
tool for breast cancer in premenopausal women. Am | Surg
2005, 190:572-575.

8.  Elmore |G, Armstrong K, Lehman CD, Fletcher SW: Screening for
breast cancer. JAMA 2005, 293:1245-1256.

9. Hope TA, lles SE: Technology review: the use of electrical
impedance scanning in the detection of breast cancer. Breast
Cancer Res 2004, 6:69-74.

10.  Mokbel K, Escobar PF, Matsunaga T: Mammary ductoscopy: cur-
rent status and future prospects. Eur | Surg Oncol 2005, 31:3-8.

I'l.  Pawlik TM, Fritsche H, Coombes KR, Xiao L, Krishnamurthy S, Hunt
KK, Pusztai L, Chen |N, Clarke CH, Arun B, Hung MC, Kuerer HM:
Significant differences in nipple aspirate fluid protein expres-
sion between healthy women and those with breast cancer
demonstrated by time-of-flight mass spectrometry. Breast
Cancer Res Treat 2005, 89(2):149-157.

12.  La Vecchia C, Parazzini F, Franceshi S, Decarli A: Risk factors for
benign breast disease and their relation with breast cancer
risk. Pooled information from epidemiologic studies. Tumori
1985, 71:167-178.

13. Mc Donald D: Mechanism of Tumour Leakiness proceeding
angiogenesis and cancer. From basic mechanisms to thera-
peutic applications. American association of cancer research con-
ference Traverse City, Michigan. 2000 October | [-I5

14. Salhab M, Al Sarakbi W, Mokbel K: The evolving role of the
dynamic thermal analysis in the early detection of breast
cancer. Int Semin Surg Oncol 2005, 2:8.

15.  Gros C, Gautherine M, Bourjat P: Prognosis and post therapeutic fol-
lowup of breast cancers by thermography Edited by: Aarts NJM, Gauth-
erine M, Ring EF). Thermography. Karger, Basel; 1975:77-90.

http://www.issoonline.com/content/3/1/8

16. Gautherine M, Gros C: Contribution of infrared thermography
to early diagnosis, pretheraputic prognosis and post-irradia-
tion follow-up of breast carcinomas. Med Mundi 1976,
21:135-149.

17.  Simpson HW, Mutch F, Halberg F, Griffiths , Wilson D: Bimodal
age-frequency of epitheliosis in cancer mastectomies. Cancer
1982, 50:2417-2422.

18.  Simpson HW, Griffiths K: The diagnosis of pre-cancer by the
chronobra - I: Background review. Chronobiol Int 1989,
6:355-369.

19. Echave Llanos JM, Nash RE: Mitotic circadian rhythms in
hepatoma. | Nat Cancer Inst 1970, 44:581-585.

20. Garcia-Sainz JM, Halberg F: Mitotic rhythm in human cancer,
reevaluated by electronic computer programs: Evidence of
temporal pathology. | Nat Cancer Inst 1966, 37:279-292.

21. Nash RE, Echave Llanos HM: 24-hour variations in DNA-synthe-
sis of a fast growing and slow growing hepatoma. DNA synthe-
sis rhythm in hepatoma 1971, 47:1007-1012.

22. Gautherine M: thermobiological assessment of benign and
malignant breast disease. Am | Obstet Gynecol 1983, 147:861-869.

23. Stefanadis C, Chrysohoou C, Paraskevvas E, Panagiotakos DB,
Xynopoulos D, Dimitroullopolulos D, et al.: Thermal heterogene-
ity constitutes a marker for detection of malignant gastric
lesion in vivo. | Clin Gastroenterol 2003, 36:215-218.

24. Stefanadis C, Chrysohoou C, Paraskevvas E, Panagiotakos DB,
Xynopoulos D, Dimitroullopolulos D, et dl.: Increased tempera-
ture of malignant urinary bladder tumours in vivo: The appli-
cation of a new method based on a catheter technique. | Clin
Gastroenterol 2001, 1:676-681.

25. Stefanadis C, Chrysohoou C, Panagiotakos DB, Passalidou E, Kasti V,
Polychronopoulos V, Toutouzas : Temperature differences are
associated with malignancy on lung lesions: A clinical study.
BMC Cancer 2003, 3:1.

26. Head JF, Wang F, Eilliott RL: Breast thermography is a non-inva-
sive prognostic procedure that predicts tumour growth rate
in breast cancer patients. Ann NY Acad Sci 1993, 698:153-158.

27. Gautherine M: Thermopathology of breast cancer. Measure-
ment and analysis of in vivo temperature and blood flow. Ann
NY Acad Sci 1980, 335:383-415.

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 5 of 5

(page number not for citation purposes)



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11720196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11720196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1513351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9545356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9545356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9545356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3142556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3142556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16164923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16164923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15755947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15755947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14979909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14979909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15642418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15642418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15692757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15692757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15692757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4002347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4002347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4002347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15819982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15819982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15819982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7139535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7139535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2697469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2697469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11515426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11515426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5923902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5923902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5923902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6650622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6650622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12590231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12590231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12590231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12515579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12515579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8279754
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8279754
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8279754
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6931533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6931533
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods and materials
	Results
	Discussion
	References

