
0

10

20

30

40

50

60

70

80

90

100

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

PE
RC

EN
T 

O
F 

W
O

M
EN

YEAR

Availability of Digital Mammography by 
Rural and Urban Populations

Rural <20% poverty Rural >20% poverty Rural Total

Urban <20% poverty Urban>20 % poverty Urban Total

0

10

20

30

40

50

60

70

80

90

100

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

PE
RC

EN
T 

O
F 

W
O

M
EN

YEAR

Availability of Digital Mammography by 
Population Density

< 89 Per/Km2 89-692 Per/Km2 692-1,941 Per/Km2

> 1,941 Per/Km2 Total Women

The diffusion of digital mammography in the United States, 2001-2014
Daniel Wiese1, Kevin A Henry1, Francis P Boscoe2

1 Temple University, Department of Geography and Urban Studies; 2 State University of New York, Department of Epidemiology and Biostatistics;         Contact: khenry1@temple.edu 

Introduction:

Methods:

Results:

This century has witnessed the rapid abandonment of film as a medium for capturing images in favor of digital methods.  
Mammography for breast cancer screening has been no exception; the first full field digital mammography system was 
introduced in 2000, and today film mammography is all but obsolete. To date, there have been no geographic studies that 
have examined the diffusion of digital mammography in the United States and the initial disparities in availability. Using the 
Food and Drug Administration’s (FDA) data on certified mammography facility locations and the number and types of 
screening machines (film vs digital) per facility for the contiguous United States from 2001-2014, we mapped the diffusion of 
access to the technology nationwideWe also summarized the availability of digital mammography by rural/urban residence 
and neighborhood (census tract) poverty 

Availability was based on whether a mammography facility could be reached within a 20-minute drive time. Drive times 
were estimated using street networks (ESRI, Network Analyst) from census tract centroids to geocoded mammography 
facilities. A cut-point of 20 minutes was used because other studies have indicated that approximately 92% of women 40 
years and older in the U.S live 20 minutes or less from a mammography facility.  For each 20 minute drive-time catchment, 
we estimated the presence or absence of a mammography facility and if present we coded whether a digital facility was 
available.
Tract-level data from the 2000 Census and 2006-2010 American Community Survey (ACS) were used to summarize the 
availability of digital mammography among women and by % living below poverty, and quartiles of population density 
(Geolytics Historical Change database).  The twenty-minute drive time catchments and mammography data from 2001-2006 
were linked to the 2000 Census tracts and data from 2007-2014 were linked to the 2006-2010 ACS.  Rural urban commuting 
area (RUCA) codes were also used to summarize the availability of digital mammography among women living in rural or 
urban areas. 

-In 2001, only 2% of mammography screening machines were 
digital in the U.S.  By 2014, more than 95% of machines were 
digital (Fig 1).
-2009 was the first year where there were more digital than film 
machines (Fig 1)
Geographic Availability and Digital Mammography:
-Among women living 20 minutes or less from a 
mammography facility, only 29% of them had at least one 
digital mammography machine available in 2001.  But by 2014, 
digital mammography was available to around 99% of women 
living 20 minutes or less from a facility (Fig 2, 3)

Figure 2 Figure 3

Figure 1-Among women 20 minutes or less from a mammography 
facility, only 2% of women living in rural areas had digital 
mammography facilities available in 2001 compared to 32% of women living in urban areas.  Disparities in the availability of 
digital mammography persisted between rural and urban residents until 2013. (Fig 2, 3)

Results:
- Among women living in rural census tracts, there were no significant 
differences in the % of women with digital mammography available within 20 
minutes by poverty status until 2008 when availability was lower for those 
living in tracts with >20% living below poverty (Fig 2, 3).
-Until 2007, digital mammography was available to a larger percentage of 
women living in poorer census tracts (Fig 3).
- During the entire period from 2001-2014 mammography (digital or film)  
was not available within a 20-minute drive time for about 
11-13% of women 40 and older (Fig 3).

There have been comparatively few studies highlighting the ways in which people 
may have different levels of availability or physical access to a new technology.  In this 
study, we summarized the diffusion of digital mammography in the United States 
and the disparities in the availability of this new technology.  We found that during 
most of the study period (2001-2014) rural areas lagged behind urban areas in the 
availability of digital mammography. However, the geographic disparities in 
availability identified were temporary, as there are only a few film-based 
mammography machines available in the U.S in 2014.  Despite the disparity in the 
availability of digital mammography among some groups of women in the U.S. the 
public health impacts would not have been especially great, as the diagnostic benefits 
of digital mammography were small.  In future work we will examine regional and 
state based differences in the availability of digital mammography as well as focus on 
changes in geographic access to mammography over time.  

Conclusion:

a b

c d
Figure 4a-d: Spatial Diffusion of Digital Mammography 2001-2014.
a) 2001: 26% of women have digital mammography available within 20 minutes. 13% (6,917,368) of women live more than 20 min from a mammography facility
b) 2005: 46% of women have digital mammography available within 20 minutes. 12% (6,385,263) of women live more than 20 min from a mammography facility
c) 2009: 81% of women have digital mammography available within 20 minutes. 11% (7,382,197) of women live more than 20 min from a mammography facility
d) 2014: 88% of women have digital mammography available within 20 minutes. 11% (7,394,969) of women live more than 20 min from a mammography facility

Note: The maps show presence or absence of digital mammography within 20 minute drive time from each populated census tract in the United States




