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Abstract
As consumer use of the Internet for medical information grows, continuing evaluation of the
medical content on the Internet is needed. We evaluated Internet sites describing breast magnetic
resonance imaging (MRI), an emerging technology tool in breast cancer diagnosis and screening.
We searched Google for sites describing breast MRI and abstracted the affiliation, content, media
type, readability, and quality of 90 most popular unique sites. Over half (56%) of the sites were
commercially sponsored. The content varied by site and included medical and procedural facts,
information about clinical trials, grants and journal articles, as well as human interest stories. Most
(82%) sites described potentially beneficial uses of breast MRI, such as further evaluation of
newly diagnosed breast cancers (58%); screening women at high risk for breast cancer (54%);
evaluation of abnormal breast findings (48%); screening women with dense breasts (48%) or
implants (27%); and surveillance for breast cancer recurrences (24%). Approximately half (56%)
of the sites described the limitations of breast MRI, most commonly false positive findings (44%)
and costs (24%). Website quality, including the display of contact information, sponsorship,
currency of information, authorship, and references varied. The reading level was close to high
school graduate. Internet sites describing breast MRI were mostly commercially sponsored, more
often described the potential beneficial uses of the procedure than its limitations, and were of
variable quality and high reading level. With the lack of enforceable standards for display of
medical information on the Internet, providers should encourage patients to direct their searches to
the most credible sites.
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Approximately 60% of the US population uses the Internet for health related purposes (1,2);
however, the quality of medical information on the Internet is variable (3–6) and often fails
to reach quality standards (3). Studies have found breast cancer-related websites to have
unbalanced information (7), variable quality (5,6), and popularity that is driven by the
information type rather than medical accuracy (4). As emerging technologies may be
promoted for nonevidence based uses (8), we sought to evaluate the type and accuracy of
information available to the general public on the Internet about magnetic resonance
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imaging (MRI) of the breast. Breast MRI emerged in the late 1980s (9), and over the last
two decades has been evaluated as a screening and diagnostic imaging tool for women with
(10–14) and without (15–19) prior breast cancer.

MATERIALS AND METHODS
Data Collection

On January 06, 2006, using http://www.google.com, we searched the Internet for the term
“breast MRI.” Our search revealed 2,960,000 links. After abstracting the top 100 sites and
reviewing sites 101–200, we found duplicate links, limited content, and often sites that were
unrelated or minimally related to breast MRI. We limited our abstraction to the first 100
sites with the goal of simulating a search that may be reasonably conducted by a lay person
(20). We printed the information displayed on each page of the sites and abstracted the
information onto a standardized abstraction form, developed specifically for this project.
The items on the abstraction form were based on our initial review of 20 sites and on earlier
published recommendations for website quality (3). An abstractor reviewed all sites (KK)
and the study investigator (LN) reviewed 10% of the sites for quality assurance.

The abstraction form included the following variables: site affiliation, content, media type,
readability, and website quality. We categorized the specific content described on the sites
based on their descriptions of the potential uses for and limitations of breast MRI. We
included potential uses if described with or without supporting scientific evidence. The
reading level was assessed by analyzing the first page of each site using the Flesch-Kincaid
Grade Level Score program (http://office.microsoft.com/en-us/help/HP101485061033.aspx)
(Microsoft Word, Version 2003). Website quality was determined according to the five
previously described criteria: (3) display of contact information; display of ownership,
sponsorship, advertising policies, and/or conflicts of interest; currency of the information or
date of its most recent update; display of authorship; and display of references for the
information provided.

RESULTS
Among the 100 sites abstracted, eight were repeats and two were no longer available with
the link provided. Of the 90 unique sites included in this analysis, 50 (56%) were
commercial and 40 (44%) were noncommercial. The 40 noncommercial sites were
sponsored by professional medical organizations (n = 17), university/medical centers (n =
16), nonprofit organizations (n = 4), and governmental agencies (n = 3). All 90 sites were
devoted to broader health care topics and not restricted to information about breast MRI.
Sites presented the following content: medical facts (88%), procedural details (56%), results
of clinical trials (45%), information on ongoing clinical trials (17%), links to journal articles
or abstracts (11%), human interest stories (5%), descriptions of grant proposals (4%), and
other (10%). All 90 sites contained text, while 35 sites also included images related to the
material reported, and three included video. The mean Flesch-Kincaid reading level was at
approximately 12th grade education (n = 11.6 years, range 8–12).

Most (82%) sites included a description of the potentially beneficial uses for breast MRI,
such as following: further evaluation of newly diagnosed breast cancers (58%); screening
women at high risk for breast cancer (54%); further evaluation of abnormal breast findings
(48%); screening women with dense breast tissue (48%); screening women with breast
implants (27%); and surveillance for breast cancer recurrence (24%). Screening in the
general population was listed as an appropriate indication for breast MRI in 2% of the sites.
Approximately half (56%) of the sites included a description of the potential limitations of
breast MRI, such as: false-positive findings (44%); costs (24%); and false-negative findings
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(i.e., failure to detect invasive breast cancer and/or ductal carcinoma in situ) (20%). A few
sites described the potential for anxiety, claustrophobia, and interference by metal objects.

Site quality varied across the sites with respect to displaying contact information (70%),
ownership/sponsorship/conflict of interest (70%), currency of information (69%), authorship
(43%), and references (27%). We found no significant differences in any of the measures
among commercial versus noncommercial sites and in analyses that excluded sites that only
described ongoing studies and/or published findings.

DISCUSSION
We found that Internet sites describing breast MRI were mostly commercially sponsored,
more often described the potential beneficial uses than limitations, and were of variable
quality and high reading level. Most sites described the uses that were consistent with
existing medical literature including screening women at high risk for breast cancer
(15,16,19), as well as evaluating prior abnormal findings and newly diagnosed breast
cancers (11,13,21). Although some sites reported the potential of using MRI to screen for
contralateral breast cancer at the time of diagnosis, these data had not yet been published at
the time of this review (14). A few sites recommended screening women at average risk for
breast cancer, an indication that is not supported by existing data.

Our findings are consistent with prior literature reporting inadequacies in the information
reported on the breast cancer-related sites (5–7,22). Jorgensen and Gotzsche (7) reviewed
the information available on websites about screening mammography and found that the
information presented was unbalanced and more often discussed the pros of screening than
the potential harms. Berland et al. (22) evaluated websites describing a number of diseases
and found that about 90% of the breast cancer-related content was accurate, although some
information was not given sufficient coverage (such as alternative types of breast cancer
treatment). Meric (4) reviewed breast cancer websites and found that the type of information
presented rather than its quality drove the popularity of such sites, and thus determined the
likelihood that a site would be identified in a search. Interestingly, despite the availability of
information about breast MRI on sites such as National Cancer Institute and the American
Cancer Society, these did not emerge in our search. This finding is supported by a prior
study reporting that private websites were twice as likely as public sites to be visited for
medical information (23), probably due to methods used by sites to optimize their popularity
(4,24).

The mean reading level of the sites reviewed in our study was at the 12th grade education,
representing an inappropriately high level given the estimated 5th grade reading level of the
general US population (25). As our software had an upper limit (of 12th grade), it is likely
that the actual average reading level was college and beyond. This gap between the actual
health literacy and the readability of the websites poses a potential problem, and
demonstrates that no significant progress has been made since a 2001 study finding that all
English-language Web sites were written at a high school reading level (22).

Our study has limitations. Selection bias may have resulted from analyzing the first 100 sites
out of a large list of search results. However, as the goal of our study was to evaluate
information on the Internet that would be accessible by a lay person, it is unlikely that
individuals conducting an Internet search for medical information by using a tool such as
Google would extend their search beyond the first few results, and very unlikely that they
would individually review more than 100 sites (20). Further, we found that the more distant
sites were largely unrelated to breast MRI and/or contained very little substantive
information. Another limitation is that while we used the most popular search engine, (26)
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the information on the Internet is not static. Therefore, it is possible that using other engines
or conducting the search on a different day may have produced different results (22). We re-
ran the search in May 2007 and found no significant differences, with the exemption of
finding a few more links to the National Cancer Institute and the American Cancer Society,
as well as links to national media organizations. Most of these new links described the then-
recent findings reporting the potential benefits of using breast MRI in the setting of a newly
diagnosed breast cancer (14).

In summary, we found that Internet sites describing breast MRI were mostly commercially-
sponsored, were more likely to describe its potentially beneficial uses of the procedure than
its limitations, and were of variable quality and of high reading level. With ongoing
emerging technologies and increased use of the Internet for medical information, it is
important that credible medical sites are given preference in searches and that standardized
format is used by sites providing medical information. However, with the lack of
enforceable standards for display of medical information on the Internet, providers should
encourage patients to direct their searches to the most credible sites.
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APPENDIX

Name of Organization Website

1 UCSF Department of
Radiology

www.mrcs.ucfs.edu/breast/intro.html

2 Interactive Medial and
Geographic Info

imaginis.com/breast/intro.html

3 CURE www.curetoday.com/backissues/v3n2/departments/earlydetc/

4 Boca Radiology
Group

www.bocaradiology.com/Procedures/breast_MRI/

5 Department of
Radiology

brighamrad.harvard.edu/patients/education/Mammo/breast_MR.html

6 American Journal of
Roentgenology

http://www.ajronline.org/cgi/contest/abstract/181/3/619

7 John Hopkins
University Medical
School Department of
Radiology

http://www.mri.jhu.edu/~dbluemke/breast_cancer.html

8 Blue Cross BlueShield
Association

http://www.bcbs.com/tec/vol19/19_01.html

9 Memorial Sloan
Kettering Cancer Center

http://www.mskcc.org/mskcc/html/13823.cfm

10 Stanford Cancer
Center

cancer.stanfordhospital.com/forPatients/services/diagnosticsRadiology/mri/

11 Breast Imaging of
Okalahoma

http://www.breastimagingofoklahoma.com/

12 Health MSNBC msnbc.msn.com/id/5991017/

13 Breast MRI Mayo
Clinic

http://www.mayoclinic.org/breastimagingservices-jax/breastmri.html

14 Proscan Imaging http://www.proscan.com/fw/main/Breast_MRI_with_PET_Screening_2005-352.html

15 Healthology Breast
Cancer Focus

http://www.healthology.com/focus_webcast.asp?f=breast_cancer&c=breastcancer_mri

16 WebMD http://www.webmd.com/content/article/46/1662_52453-49k

17 Blue Cross
BlueShield Association

http://www.bcbs.com/tec/vol19/19_07.html

18 Amazon http://www.amazon.com/exec/obidos/tg/detail/-/0387219978?v=glance

19 MedScape mp.medscape.com/cgi-bin1/DM/y/hku50EDXZq0Dzc)GKuy0AP

20 St. Luke’s Hospital
Network

http://www.slhn-lehighvalley.org/body

21 Science Daily Books http://www.sciencedaily.com/releases/2005/05/0505192225.htm

22 Englewood Hospital
and Medical Center

http://www.englewoodhospital.com/Radiology_dept/Breast_MRI.htm

23 ProScan Imaging http://www.proscan.com/fw/main/Flyers-136

24 Breast Cancer.org http://www.breastcancer.org/testing_mri.html

25 MedicineNet http://www.medicinenet.com/scrpit/main/art.asp

26 Magnetic Resonance
Technology Information
Portal

http://www.mr-tip.com/serv1.php?type=idir1&dir=Breast%20MRI

27 Medical News Today http://www.medicalnewstoday.com/medicalnews.php?newsid=20694-34k

28 The Doctor’s Guide http://www.docguide.com/news/content.nsf/news/85256977000573E1885256FE8007970CA

29 California Breast
Cancer Research

http://www.cbcrp.org/research/PageGrant.asp?grant_id=1914
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Name of Organization Website

30 Life Span http://www.lifespan.org/services/Diaglmag/RIH/Breastlmag/MRI.htm

31 Clinical Trials http://www.clinicaltrials.gov/ct/gui/show/NCT00165412

32 Loyola University
Health System

http://www.luhs.org/svcline/cancer/service/breast/mri.htm

33 Aetna http://www.aetna.com/cpb/data/CPBA0105.html

34 Imaginis imaginis.com/breast/intro.html

35 Saint Barnabas
HealthCare System

http://www.saintbarnabas.com/sbimaging/breastmri.what.html

36 The Regence Group
Medical Policy Manual

http://www.regence.com/tgmedpol/radiology/rad43.html

37 Mayo Clinic http://www.mayoclinic.org/breastclinic-sct/know.html

38 Annie Appleseed
Project

http://www.annieppleseedproject.org/magresimar.html

39 Radiology Society of
North America

http://www.rsna.org/rsna/media/pr2004/pr_international_trial.cfm

40 Yale Medical Group http://www.yalemedicalgroup.org/news/dxrad/ymg_breast

41 America Journal of
Roentgenology

http://www.ajronline.org/cgi/contest/full/182/4/1081

42 Fitness Magazine http://www.fitnessmagazine.com/.../templatedata/lhj/story/data/bc_breastmri_80202002.xml&catref=ftn27

43 Cigna Healthcare http://www.cigna.com/.../coverage_positions/medical/mm_0155_coveragepositioncriteria_mri_of_the_breast.pdf

44 Evergreen Healthcare http://www.evergreenhealthcare.org/screening_breast.html

45 Eisen Hower
Imaging Center

eisenhowerimaging.org/screening_breast.html

46 Medical News Today http://www.medicalnewstoday.com/medicalnews.php?newsid=34389

47 News Medical.net http://www.news-medical.net/?id=8179

48 Hartford Hospital http://www.harthosp.org/radiology/mribreast.asp

49 University of
Arkansas for Medical
Services Radiology
Department

http://www.uams.edu/radiology/info/clinical/BreastMRI/

50 Journal of the
American Medical
Association

jama.ama-assn.org/cgi/content/extract/292/11/1368

51 News Medical.net http://www.news-medical.net/?id=6751

52 Michigan State
University Radiology
Department

http://www.rad.msu.edu/Research/pages/Breast_MRI/default.htm

53 Evanston
Northwestern
Healthcare

http://www.enh.org/aboutus/press/article.asp

54 British Journal of
Cancer

http://www.nature.com/bjc/journal/v90/n7/abs/66017a.html

55 California Breast
Cancer Research

http://www.cbcrp.org/research/PageGrant.asp?grant_id=4018

56 Quest Diagnostics http://www.questdiagnostics.com/kbase/topic/medtest/tw9801

57 Clinical Trials http://www.clinicaltrials.gov/ct/gui/show/NCT00165412

58 Virtual Medical
Worlds

http://www.hoise.com/vmw/04/articles/vmw/LV-VM-10-04-9.html

59 Science Daily Books http://www.sciencedaily.com/cgi-bin/apf4/amazon_products_feed.cgi?Operation=ItemLookup&ItemId=0387219978

60 Stanford Cancer
Center

http://www.radiologycme.stanford.edu/dest/courseDetails1.asp
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Name of Organization Website

61 Magnetic Resonance
Technology Information
Portal

http://www.mr-tip.com/serv1.php?type=idir1&dir=Breast%20MRI

62 Ebooks.com usa.2.ebooks.com/ebooks/book_display.asp?IID=172186-31k

63 Newswise http://www.newswise.com/articles/view/?id=breast.uam

64 Elizabeth Wende
Breast Clinic

http://www.ewbc.com/diagnostic_exams/breast_mri.html

65 Cedars Sinai Medical
Center

http://www.csmc.edu/6563.html

66 International Groups
working on Breast MRI

http://www.igentaconnect.com/content/bsc/tbj/2004/00000010/A00201s2/art00001

67 The American
Society of Breast
Surgeons

http://www.breastsurgeons.org/mri_statement.shtml

68 American Roentgen
Ray Society
Anonymous

http://www.arrs.org/scriptcontent/pressroom/archive/2005/r050301c.cfm

69 International Society
for Magnetic Resonance
in Medicine

cds.ismrm.org/ismrm-1999/PDF2/358.pdf

70 Confirma http://www.confirma.com/professionals_peer.asp

71 West County
Radiology

http://www.westcountyradiology.com/breast_mri.htm

72 The Mid-Atlantic
Breast Cancer
Information Exchange

http://www.mabcie.com/December_6_2005_breast_cancer.html

73 International
Publishing Service

http://www.ips.com/pl/cgu-bin/opisy.cg

74 SutterHealth http://www.cancer.sutterhealth.org/about/newsletter/mammogram_vs_MRI.pdf

75 Quantum Books http://www.quantumbooks.com/p/09MEDI?0387219978

76 Society of Breast
Imaging

http://www.sbi-online.org/.../january_2005/from_

77 MedHelp http://www.medhelp.org/forums/BreastCancer/messages/2852.html

78 Suburban Hospital http://www.suburbanhospital.org/publications/pr091205.html

79 Proscan Imaging:
Education Foundation

http://www.proscanshopping.com/index.asp?

80 Southwestern
Medical Center

www8.utsouthwestern.edu/utsw/cda/dept37389/files/193005.html

81 City News http://www.pulse24.com/News_Features/Health/20020926-001/page.asp

82 Cure Breast Cancer
Fund

http://www.curebreastcancer.org/mambo/index.php?

83 Patients
Comprehensive Cancer
Center

http://www.pccctx.com/breastMRI.shtml

84 Breast Cancer
Research

http://www.breast-cancer-research.com/content/76/276

85 Find Articles http://www.findarticles.com/p/articles/mi_m0675/is_5_21/ai_112982437

86 Society for Medical
Decision Making

smdm.confex.com/smdm/2005ca/techprogram/P2257.HTM

87 Breast Cancer
Information and
Resources

http://www.oncolink.com/types/article.cfm?c=3&s=5&ss=603&id=7005
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Name of Organization Website

88 Suros Compassionate
Technologies

http://www.surossurgical.com/pdf/mediaKit/MRI.ATEC.2.pdf

89 American College of
Radiology

http://www.acr.ord/s_acr/doc.asp?CID=2540&DID=22703

90 National Center for
Biotechnology
Information

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1258657&dopt=Citation
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