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Scanning: An Alternative to Low  Power Photomicrography

Richard M. Frederickson, FBCA 

Low power photomicrography is used to document 
structural details of stained histologic specimens, 
such as mouse embryos. Traditionally, this process 
has been a challenging task that often produces less 
than desirable results. The method described here 
relies on scanning the specimen directly, using a 
professional grade fi lm scanner and a fabricated 
holder. This combination yields a fi rst generation 
image of high quality, with even illumination and 
focus throughout the entire fi eld and enables the 
acquisition of large specimens in a single pass.

Introduction

Since 1998, our department has used Imacon Flextight 
scanners to digitally capture a variety of media, including black-
and-white and color positives and negatives in fi lm formats, from 
35 mm through 4x5. The scanner’s ease of use, speed, resolution, 
and 14-bit image capture were all factors in selecting the 
Precision II, and subsequently replacing it in 2005 with the 949 
(16-bit color with auto focus). Another important 
scanner characteristic is dynamic range—the 
ability to capture detail in the darkest darks to 
the lightest lights without clipping data in any of 
the channels. Many scanners boast high Dmax 
values, but are unable to deliver when presented 
with a challenging subject. Imacon scanners are 
Macintosh and PC compatible, and include the 
manufacturer’s FlexColor software. 

The Flextight scanners are marketed as 
CCD drum scanners because they use a charged 
coupled device (CCD) for imaging, and they wrap 
the original around a “drum” to ensure the fi lm 
lays fl at at the optical line of sight (highlighted 
in yellow in Figure 1). This glassless technology 

yields a digital capture comparable to costly drum scanners 
without mounting the original to an acrylic drum, application of 
gel, or hiring specially trained staff to operate the unit. Since 
there are no additional media in the optical path, the Flextight 
method avoids the formation of Newton rings, an interference 
pattern of concentric rings that can occur with both drum and 
fl atbed scanners. These often appear in the scanned image 
when pockets of air become trapped between the scanned item 
and the scanner’s smooth surface and are more likely to happen 
during periods of higher humidity. The system was, however, 
initially incompatible with rigid material, such as mounted 
transparencies or glass histology slides. Once Imacon released 
an accessory product to scan mounted slides, we were able to 
harness the optical capabilities of this professional-grade scanner 
for histopathology.

Low Power Photomicroscopy

Optical light microscopes are optimized to resolve 
subcellular detail within a tissue specimen at high magnifi cation. 
When these instruments are used at low magnifi cations, however, 
the photomicroscopist faces a daunting task due to a number 
of technical/optical limitations inherent in the instrument. For 

Figure 1. Cutaway illustration of the Flextight 
Precision II scanner showing its unique optical path 
and drum (courtesy of Imacon USA, now Hasselblad 
USA).



www.jbiocommunication.orgJBC Vol. 32, No. 2 2006 28

Scanning: An Alternative to Low  Power Photomicrography

Figure 2. H&E stained specimen of newborn mouse (specimen courtesy of Dr. Jerrold Ward). A) A composite image of the specimen captured 
through traditional photomicrography and a digital microscope camera (images provided by Keith Rogers and Scott Lawrence; some density 
and color correction applied); B) Specimen scanned directly using an Epson 1640XL fl atbed scanner with transparency adapter and Silverfast Ai  
acquisition software (image provided by Jon Summers; minimal adjustments applied post-acquisition); C) Specimen scanned directly using an 
Imacon Flextight 949 CCD drum scanner and the process described in the text (minimal adjustments applied post-acquisition). Lower Panels: 
Enlarged section of the respective panel above showing the heart and a portion of lung.
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example, it is hard to maintain even illumination throughout the 
fi eld of view, and young eyes frequently have diffi culty achieving 
proper focus (Vetter 1988). Corner-to-corner focus is diffi cult to 
achieve, and spherical lens aberration is common at the periphery 
(Burns 1997). Large specimens, such as newborn mice or older 
mouse embryos, are typically photographed in sections and 
spliced together as a montage. This process is time consuming and 
can result in a composite image with missing tissue and irregular 
margins (Figure 2A). Automated systems that tile a series of 
high power images are available, but these are expensive, time 
consuming to operate, and bring with them additional technical 
issues such as two dimentional optical aberrations (Aperio, 
online). Similarly, various photographic apparatus, such as slide 
duplicators, copy stands with light boxes, and macro stands, 
have been used to produce low power images, but, again, with 
relatively poor results, due to errors including soft focus, hot 
spots, and bad color balance (Montague et al. 1995).

Given the proliferation of digital capture devices and that 
the 35 mm fi lm format is similar in width to the typical 1x3 inch 
glass slide, it follows that there should be a simple means to 
capture these specimens directly—with the histologic specimen 
acting as the “emulsion” residing on a glass plate medium. Two 
methods have been mentioned in the literature: using a fl atbed 
scanner (Groneberg and Peiser 2002) and using a fi lm scanner 
designed to accommodate 35 mm fi lm (Azumi 1998).

Initial attempts to scan histologic specimens using a variety 
of desktop fl atbed scanners failed to produce images suitable for 
display or publication because of limited optical resolution, low 
dynamic range, and poor image sharpness (Figure 2B)—despite 
the fl atbed manufacturers’ promotion of their device’s fi lm 
scanning capabilities! Another drawback of the fl atbed scanner 
is the optical path itself, which includes mirrors and both sides 
of the glass; all of these surfaces create the potential to introduce 
artifacts into the image, such as streaks, smudges, and dust. 
Furthermore, as discussed earlier, the glass-to-glass contact 
between the specimen cover slip and the scanner’s glass surface 
can cause the appearance of Newton rings, which are diffi cult 
to avoid and signifi cantly degrade the quality of the captured 
image. 

Using a digital scanner designed for fi lm is preferable to 
the fl atbed scanner, and several units were evaluated before 
selecting the Imacon Flextight Precision II. Both consumer- and 
“prosumer”-grade fi lm scanners have improved signifi cantly 
over the years and offer superior dynamic range and sharpness 
over fl atbed scanners and are competitively priced. Clearly, most 
fi lm scanners today are capable of reproducing well exposed fi lm 
and may be able to capture a well stained specimen slide (Gebert 
et al. 1998). 

A subject with either a very low or very high range of tonal 
values presents a particular challenge for any capture method. 
Since the structures of some histologic specimens can be darkly 
stained while others are barely stained at all, the dynamic 
range (Dmin to Dmax) of a scanner becomes the most critical 
characteristic when evaluating its effectiveness. My more 

Figure 3. A) Imacon 35 mm mounted slide holder (base fl exed to show 
functional detail); B) Imacon Flextight Slide Adapter Kit platform 
mounted on the scanner; C) Fabricated histologic holder for 1x3 inch 
glass specimen slides mounted on scanner with micrometer slide in 
aperture (the white tape added to the platform assists in positioning 
the holder).
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challenging test specimens exceeded the dynamic range of all of 
the scanners examined except the Flextight.

The method described here uses the Flextight fi lm scanner 
to overcome the limitations of the traditional and alternative 
methods described above, and provides a high quality product 
that captures the original specimen both faithfully and effi ciently 
(Figure 2C).

Holder Design, Fabrication, and Testing

An off-the-shelf histology slide holder is not available for the 
Flextight scanners from either the manufacturer or any known 
third party. To enable the scanning of mounted transparencies, 
Imacon (now Hasselblad) offers a 35 mm Flextight Slide Mount 
Holder (Figure 3A). The holder consists of a rigid plate with a 2x2 
inch aperture for a mounted slide. The rigid plate is attached to a 
fl exible base, which wraps around the internal drum and is used 
to draw the holder into the scanner. The slide holder is held in 
the horizontal position by a platform adapter (Precision models, 
Figure 3B). The newer models, including the 949, feature both 
normal and horizontal feed table positions eliminating the need 
for the platform adapter (not shown). 

Using the Imacon 35 mm slide holder as a prototype, I designed 
a custom holder, and our millwright shop fabricated the adapter 
(Figure 3C). The narrow dimension of the aperture runs parallel 
to the scan direction to make use of the scanner’s maximum 
optical resolution. The aperture can be milled to accommodate 
other widths (e.g., 2x3 inch glass slides), but the depth is limited 
to about three inches because of internal clearance (a longer slide 
holder would contact the rear of the scanner body). The addition 
of a custom holder size within the FlexColor software completes 
the installation process.

I used a standard stage micrometer and several histologic 
specimen slides to capture test images at the maximum optical 
resolution of the Precision II (3,148% at 200 ppi), and a Fujix 
Pictrography 4000 dye transfer printer to prepare prints at 200 
dpi (one-half the printer’s resolution of 400 dpi). This process 
resulted in a fi nal reproduction size of 31.5 times life size with 
excellent structural detail and sharpness, color, clarity, and even 
illumination. The magnifi cation achieved was approximately 
equivalent to viewing a specimen with a 3x objective on a 
traditional microscope (a 3x objective plus a 10x eyepiece). [Note: 
The newer Flextight 949 yields a printed image of 40 times life 
size at 200 dpi, equivalent to a 4x objective with 10x eyepiece.]

Standard Procedure

Scanning a specimen slide is a signifi cantly different process 
than capturing an image using exposure and contrast settings 
common to a digital camera attached to a microscope. Instead, 
capturing a full range digital image with a scanner is based on 
setting the black point (shadow) and white point (highlight), 
the typical procedure used with both fl atbed and fi lm scanners. 
This process yields an image that has good detail throughout 
the tonal range and is not easily posterized by post-acquisition 
adjustments.

Fortunately, only a few settings are required to achieve 
excellent results (Figure 4A). My standard settings for the 
Flextight 949 are: 

FlexColor palette—RGB 16-bit, auto focus (AF) enabled; 
Zoom: 4000%; PPI: 200 (the maximum optical resolution at this 
magnifi cation).

Gradations palette—Gamma: 2.20. I do not recommend 
using Contrast, Brightness and Shadow Depth settings, and 
seldom use any of the curves, but prefer the adjustment layers 
afforded with Adobe Photoshop® image editing software, should 
any post-acquisition adjustments be necessary. This protocol 

Figure 4. A) Screen capture of the FlexColor software and control 
palettes; B) Screen capture of a test scan and the Levels palette 
in Adobe Photoshop used to check for clipping. [Helpful hint: You 
can preview the clipping by holding down the Option (Mac) or Alt 
(Windows) key while moving the black point or white point slider.]
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has the added benefi t of providing an audit trail of the exact 
adjustments applied to the captured image.

Histogram palette—Once the specimen slide is mounted in 
the holder and a preview image acquired, I set the black point 
using the Shadow setting. Changes in the black point affect 
the white balance in the highlight; so setting this value fi rst is 
essential. To obtain good shadow detail, it is important to set a 
shadow value that provides saturation without clipping image 
data in any of the channels (performing small test scans of the 
darkest region of the specimen and examining them using Levels 
in Adobe Photoshop® will aid this process; see Figure 4B). The 
shadow value can range dramatically, from near zero to over 
two hundred, depending on the level of staining present in the 
specimen. I do allow some clipping in areas within the specimen 
that have tissue overlap or contain debris. To avoid clipping in 
the highlights and to provide room for post-acquisition contrast 
adjustments, I’ve found that using a highlight setting with at least 
one of the channels set to the maximum value of 255 works best 
(this is normally the blue channel). A neutral “white” background 
is then obtained by adjusting the remaining channels until 
approximately equal RGB values are achieved in the clear glass 
areas of the specimen slide (the RGB pixel values are displayed 
in the FlexColor palette; using multiple samples in the Color 
Info palette assists in fi nding the appropriate highlight settings). 
This process generally yields images with neutral backgrounds 
falling around 235 when viewed in Adobe Photoshop®. I leave 
the midtones at the default value of 128 to preserve a neutral gray 
color balance.

Texture palette—Only minimal sharpening is performed 
at the initial scanning stage, and no FlexTouch dust control is 
applied.

At this point, it’s worth noting that, for offset reproduction, 
it is essential to maintain a background of no less than two to 
three percent in at least one of the process colors CMYK (known 
as the “scum dot”); this correlates to RGB values of about 245-
245-245. The presence of a scum dot ensures that the image area 
is clearly defi ned and subtle highlight detail is not lost in the 
printing process.

Once I’ve successfully captured a good image of the specimen, 
I document those settings and scan a standard micrometer slide 
with the same settings. The resulting scan is saved in the folder 
along with an untouched copy of the specimen scan. I then copy 
the micrometer grid and paste it into a new layer of the specimen 
scan, and save the composite image in the Photoshop (.PSD) 

Table 1. Summary of scan performance

Preview:   :12

Capture time (1˝x2˝ at 4000%, 200 PPI, 16-bit RGB):

Auto focus   :18

Capture 3:38

Save to disk 2:01 (751.7 MB)

Total time 5:39

Figure 5. A) Low power photomicrograph of luminal epithelium using 
traditional light microscope and digital camera (specimen and image 
courtesy of Dr. Clara Rodriguez; some density and color correction 
applied); B) Same specimen captured using the scanning method 
described (no image corrections applied; scale matched to panel A).
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format. Adding the micrometer grid to the image at this stage 
provides an accurate means of determining the fi nal scale of the 
captured specimen throughout the presentation/publication life 
cycle.

The 949 scanner is signifi cantly faster than its predecessors, 
providing a preview of a 1x3 inch slide in under 15 seconds and 
scanning at up to 200 MB per minute. Auto focus works well 
on most specimens, and a full slide can be imaged at maximum 
resolution in under four minutes (Table 1); however, most image 
captures take a fraction of that time since only a portion of the 
slide is being scanned.

Results

One of the greatest frustrations to a scientist is seeing 
detail through the microscope’s eyepiece and not being able to 
capture it for presentation or publication (Figure 5A). In this 
case, the specimen exhibited so little density that the traditional 
photomicroscope and digital camera could not produce a 
publishable image. However, a publishable image was acquired 
through scanning. By setting the black point to the level of the 
positive stain and white balancing the clear glass, a full tonal 
range image was achieved with a signifi cantly larger fi eld of view 
and superior tissue detail (Figure 5B).

Flextight scanners possess such a wide dynamic range 
(Dmax 3.9, Precision II; Dmax 4.9, model 949) that even the 
most challenging specimen is successfully captured using this 
method. While Figure 5 is an example of a very low dynamic 
range specimen, Figure 6 is an example of a very high dynamic 
range specimen. In the latter, the scanner was presented with a 
subject that was both darkly stained and had signifi cant highlight 
detail that was close in value to the optical glass background. 
Even so, the scanner was able to maintain all the detail in the 
extreme highlight as well as in the shadows (arrows in Figure 
6B). In this case, the specimen exceeded the density range of the 
Precision II, but a subsequent scan using the 949 held the shadow 
detail and has been used here.

Conclusions

Low power photomicrographs are traditionally challenging 
and have required at least some digital processing to make them 
publication ready. The scanning method described here provides 
a means to directly acquire digital images of histologic specimens 
at low magnifi cation that are of exceptionally high quality and 
require very little post-acquisition adjustment.
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Figure 6. A) Positive control cross-section of mouse kidney stained with 
Bgal (Blue) (specimen courtesy of Dr. Serguei Kozlov); B) Enlarged 
portion of panel A showing image highlight and shadow detail (arrows).
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