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Digital images in biomedicine:  image integrity and data management 
Addeane Caelleigh, UVa School of Medicine, and Kirsten Miles, P.I. Outcomes, formerly Research Computing Lab, Brown Science and Engineering Library
Advances in software for manipulating digital images have created opportunities and potential problems in biomedical research.  Two of the largest issues are the integrity of the digital images and the management of digital images.   Recent interviews with lab directors, PIs, and researchers at UVA have confirmed their desire for clarification of standards for appropriate manipulation of images and for managing and storing them.  This is an area in transition as journals, national organizations, and grantor institutions are developing or revising guidelines and standards.
Further, the NIH/PHS and National Science Foundation now have requirements that grant recipients have data management plans.  Because biomedical research increasingly relies on digital imaging, these plans must include provisions for the storage, retrieval, and sharing of digital images.
1. Integrity of digital images
a. Peer-reviewed journals.  Beginning in the late 1990s, leading biomedical journals began to publish guidelines for appropriate manipulation of digital images submitted by authors, and a few began to screen submitted images for inappropriate manipulation.  Throughout the 2000s, partly as a result of scandals involving published images, other journals began to strengthen their guidelines; some added screening. 
b. Guidelines/standards for submitted images. 

i. The Journal of Cell Biology in 2003 was the first major journal to set standards for digital images submitted for publication.  This change was led by Michael Rossner, PhD, who wrote the influential article What
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ii. Sometimes the guidelines/standards are set by an individual journal, sometimes by the publisher, which can be an academic or professional society; or a for-profit publishing house, such as Elsevier.  For example, Rockefeller Press sets the standards for its three journals, including Journal of Cell Biology, while Science sets its own guidelines and the Nature Group sets the guidelines for all 34 Nature journals; the Endocrine Society and the American Thoracic Society set the guidelines for their journals.  
iii. The Council of Science Editors, the professional organization for editors of peer-reviewed science journals, published the White
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iv.  Sample journal guidelines.  See attachment for examples. 
c. post-publication scrutiny of images In the past 20 years, it has become increasingly common that authors publish electronic-only addenda that contain additional data or materials.  
i. The Journal of Cell Biology has gone farther by creating the JCB DataViewer (http://jcb-dataviewer.rupress.org/ ) where authors may post their images “to facilitate viewing, analysis and sharing of multi-dimensional image data associated with [JCB] articles.”  This practice is likely to become more common in the future and may become a requirement of publication.  
ii. Such post-publication examination of images will increasingly require researchers to use appropriate manipulation of their digital data-images.  
d. Resources on appropriate image manipulation.  The resources address the issues of appropriate and inappropriate image manipulation, including general principles that apply across disciplines.  
i. John
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ii. Douglas Cromey, 
· “Digital Imaging:  Ethics” http://swehsc.pharmacy.arizona.edu/exppath/resources/pdf/Digital_Imaging_Ethics.pdf  
· “Avoiding Twisted Pixels:  Ethical Guidelines of the Appropriate Use and Manipulation of Scientific Digital Images,” Science and Engineering Ethics 16(2010):639-667.
iii. Jerry

HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fwww.imagingandanalysis.com%2F&sa=D&sntz=1&usg=AFQjCNErvmNGh75Sw10PdspY4nO59Of5BA" 

HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fwww.imagingandanalysis.com%2F&sa=D&sntz=1&usg=AFQjCNErvmNGh75Sw10PdspY4nO59Of5BA"Sedgewick, Scientific Imaging with Photoshop http://www.imagingandanalysis.com/   Offers Photoshop ready-to-use “actions” for purchase,  training and consulatation.
iv. Kirsten Miles, using the “audit trail” feature of imaging processing software to create a record of changes (slides available upon request—sirole.uva@gmail.com). 
v. New website in integrity of digital images in science (under development):   http://scienceimageintegrity.org, developed and maintained by Kirsten Miles (sirole.uva@gmail.com) and Addeane Caelleigh (asc8d@virginia.edu).
e. Forensic tools for examining digital images.  The federal Office of Research Integrity has developed applications for examining digital images (http://ori.hhs.gov/tools/principles.shtml).  ORI staff use them, and they are available to the Research Integrity Officers in universities and other research institutions.  Examples of inappropriate manipulations are also available.
2. Data management.  Several years ago the NIH/PHS added data management to their requirements for research proposals.  Last year, the National Science Foundation added similar requirements.  
a. For both, the requirement is that grant recipients have a data management plan.  Although the policy does not discuss digital images specifically, any biomedical research that relies primarily or exclusively on digital images (either as primary data or as representations of data), must plan appropriate storage, retrieval, and sharing of digital images.   
i. NSF:  http://www.nsf.gov/sbe/SBE_DataMgmtPlanPolicy.pdf 
ii. NIH:  http://grants.nih.gov/grants/policy/data_sharing/
b. The overall goal of these requirements is to facilitate data sharing—and such sharing will necessitate high standards for manipulation of images that may later be shared with other researchers.  
Attachment:  Examples of guidelines at major peer-reviewed journals that have detailed instructions to authors about digital images.
Journal of Cell Biology (JCB )
Author Instructions for figure preparation
All digital images in manuscripts accepted for publication will be scrutinized by our production department for any indication of manipulation.

· No specific feature within an image may be enhanced, obscured, moved, removed, or introduced.

· The grouping of images from different parts of the same gel, or from different gels, fields, or exposures must be made explicit by the arrangement of the figure (i.e., using dividing lines) and in the text of the figure legend. If dividing lines are not included, they will be added by our production department, and this may result in production delays.

· Adjustments of brightness, contrast, or color balance are acceptable if they are applied to every pixel in the image and as long as they do not obscure, eliminate, or misrepresent any information present in the original, including backgrounds. Non-linear adjustments (e.g., changes to gamma settings) must be disclosed in the figure legend.

· Questions raised by the production department will be referred to the Editors, who will request the original data from the authors for comparison to the prepared figures. If the original data cannot be produced, the acceptance of the manuscript may be revoked. Any case in which the manipulation affects the interpretation of the data will result in revocation of acceptance. Cases of suspected misconduct will be reported to an author's home institution or funding agency.      http
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Nature:   Nature Group 
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Image integrity and standards

Images submitted with a manuscript for review should be minimally processed (for instance, to add arrows to a micrograph). Authors should retain their unprocessed data and metadata files, as editors may request them to aid in manuscript evaluation. If unprocessed data are unavailable, manuscript evaluation may be stalled until the issue is resolved. All digitized images submitted with the final revision of the manuscript must be of high quality and have resolutions of at least 300 d.p.i. for colour, 600 d.p.i. for greyscale and 1,200 d.p.i. for line art. 

A certain degree of image processing is acceptable for publication (and for some experiments, fields and techniques is unavoidable), but the final image must correctly represent the original data and conform to community standards. The guidelines below will aid in accurate data presentation at the image processing level; authors must also take care to exercise prudence during data acquisition, where misrepresentation must equally be avoided. Manuscripts should include a single Supplementary Methods file (or be part of a larger Methods section) labelled ‘equipment and settings’ that describes for each figure the pertinent instrument settings, acquisition conditions and processing changes, as described in this guide.

· Authors should list all image acquisition tools and image processing software packages used. Authors should document key image-gathering settings and processing manipulations in the Methods.

· Images gathered at different times or from different locations should not be combined into a single image, unless it is stated that the resultant image is a product of time-averaged data or a time-lapse sequence. If juxtaposing images is essential, the borders should be clearly demarcated in the figure and described in the legend.

· The use of touch-up tools, such as cloning and healing tools in Photoshop, or any feature that deliberately obscures manipulations, is to be avoided.

· Processing (such as changing brightness and contrast) is appropriate only when it is applied equally across the entire image and is applied equally to controls. Contrast should not be adjusted so that data disappear. Excessive manipulations, such as processing to emphasize one region in the image at the expense of others (for example, through the use of a biased choice of threshold settings), is inappropriate, as is emphasizing experimental data relative to the control.
When submitting revised final figures upon conditional acceptance, authors may be asked to submit original, unprocessed images. http
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HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fjcem.endojournals.org%2Fmisc%2Fitoa.shtml%23digital&sa=D&sntz=1&usg=AFQjCNEt4XPEr1pns452stijOQeLcIThJA"and

HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fjcem.endojournals.org%2Fmisc%2Fitoa.shtml%23digital&sa=D&sntz=1&usg=AFQjCNEt4XPEr1pns452stijOQeLcIThJA" 

HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fjcem.endojournals.org%2Fmisc%2Fitoa.shtml%23digital&sa=D&sntz=1&usg=AFQjCNEt4XPEr1pns452stijOQeLcIThJA"Metabolism     
 
Digital Image Integrity
When preparing digital images, authors must adhere to the following guidelines as stated in the CSE's White Paper on Promoting Integrity in Scientific Journal Publications:

· No specific feature within an image may be enhanced, obscured, moved, removed, or introduced.

· Adjustments of brightness, contrast, or color balance are acceptable if they are applied to the entire image and as long as they do not obscure, eliminate, or misrepresent any information present in the original.

· The grouping of images from different parts of the same gel, or from different gels, fields, or exposures must be made explicit by the arrangement of the figure (e.g., dividing lines) and in the figure legend.

Deviations from these guidelines will be considered as potential ethical violations. 

Note that this is an evolving issue, but these basic principles apply regardless of changes in the technical environment. Authors should be aware that they must provide original images when requested to do so by the Editor-in-Chief who may wish to clarify an uncertainty or concern. 

[Please see paper of Rossner and Yamada (Journal of Cell Biology, 2004, 166:11-15), which was consulted in developing these policy issues, for additional discussion, and the CSE's White Paper on Promoting Integrity in Scientific Journal Publications, published by the Council of Science Editors, 2006.] http://jcem.endojournals.org/misc/itoa.shtml#digital
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Important guidelines for image preparation
(This set of instructions is adapted with permission from the Journal

HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fwww.jcb.org%2F&sa=D&sntz=1&usg=AFQjCNHFbx7m4axhsTXIQVdDe0B0JO86zQ" 

HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fwww.jcb.org%2F&sa=D&sntz=1&usg=AFQjCNHFbx7m4axhsTXIQVdDe0B0JO86zQ"of

HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fwww.jcb.org%2F&sa=D&sntz=1&usg=AFQjCNHFbx7m4axhsTXIQVdDe0B0JO86zQ" 

HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fwww.jcb.org%2F&sa=D&sntz=1&usg=AFQjCNHFbx7m4axhsTXIQVdDe0B0JO86zQ"Cell

HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fwww.jcb.org%2F&sa=D&sntz=1&usg=AFQjCNHFbx7m4axhsTXIQVdDe0B0JO86zQ" 

HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fwww.jcb.org%2F&sa=D&sntz=1&usg=AFQjCNHFbx7m4axhsTXIQVdDe0B0JO86zQ"Biology instructions to authors.)

Note that no specific feature within an image may be enhanced, obscured, moved, removed, or introduced. If groupings of images from different parts of the same gel or microscopic field, or from different gels, fields, or exposures are used, they must be made explicit by the arrangement of the figure (i.e., by inserting black dividing lines) and in the text of the figure legend, explaining what steps were taken to produce the final image and for what reason. Adjustments of brightness, contrast, or color balance are acceptable if they are applied to the whole image and as long as they do not obscure, eliminate, or misrepresent any information present in the original, including backgrounds. Without background information, it is not possible to evaluate how much of the original gel is actually shown. Nonlinear adjustments (e.g., changes to gamma settings) must be disclosed in the figure legend. The use of special software tools (e.g., erasing, cloning) available in popular image-editing software is strongly discouraged unless absolutely necessary, and any such manipulations must be explained in the figure legend.

All images in Figures and Supplemental information from manuscripts accepted for publication are examined for any indication of improper manipulation or editing. Questions raised by Blood staff will be referred to the Editors, who may then request the original data from the authors for comparison with the submitted figures. Such manuscripts will be put on hold and will not be prepublished in Blood First Edition until the matter is satisfactorily resolved. If the original data cannot be produced, the acceptance of the manuscript may be revoked.

Cases of deliberate misrepresentation of data will result in revocation of acceptance and will be reported to the corresponding author’s home institution or funding agency.

http://bloodjournal.hematologylibrary.org/authors/authorguide.dtl#fig_prep

