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Holography is a process that cre-
ates three-dimensional images 
called holograms using laser 

beams, the properties of interference 
and diffraction, light intensity recording, 
and illumination of the recording.1 The 
images change according to the relative 
position of the individual viewer as if the 
objects displayed are actually present. 

Two types of holography are avail-
able: Conventional and dynamic. Con-
ventional holography represents static 
images of 3D objects whereby a change 
in viewing angle of the viewer results in a 
change of perspective of the holographic 
object. Dynamic holograph, meanwhile, 
adds motion to the 2D or 3D object.2

This addition of motion represents a 
significant advancement to current 3D 
displays, which can only show 3D static 
images. It also opens the door to three 
major potential uses of holography in 
radiology: teaching anatomy, PACS 
storage, and displaying more complex 
anatomic images that can be used to pres-
ent more informative reports to treating 
physicians and their patients (Figure 1). 
This article explores these potential uses 
of holography in radiology.

Background of holography
The term “holography” was first 

coined by Dennis Gabor, who discov-
ered the process accidentally while 
performing research into improving 
electron microscopes in 1948; Gabor 

subsequently was honored with the 
Nobel Prize for this work.3,4 In 1962, the 
development of lasers led to holograms 
that recorded 3D objects. Until recently, 
holographic display technology only al-
lowed for the display of static objects, 
but research into this field has led to the 
development of holographic volumet-
ric displays, which can render dynamic 
images at two frames per second.5 Im-
provements in this technology can lead 
to applications in medicine. Current digi-
tal holograms can allow us to see objects 
in three dimensions without using 3D 
glasses, as they are auto stereoscopic. 

Definition and process of digital 
holography

Holography permits a light field, 
which generally results from a light 
source scattered off objects, to be re-
corded and later reconstructed when the 
original light field and original object is 
no longer present.6 Digital holograms 
are made up of holographic elements 
(hogels) rather than pixels or voxels. In 
contrast to normal pixels used in pho-
tography, hogels contain 3D informa-
tion from multiple perspectives.7

Digital holography is a two-step pro-
cess. Step one involves recording the ho-
logram where the radiographic image is 
transformed into a photographic record. 
Step two consists of reconstruction, in 
which the hologram is transformed into 
a virtual image. This process occurs due 
to interference between two waves.  A 
hologram can be made by shining one 
part of the light beam directly onto the 
recording medium, and the other part 
onto the object in such a way that some 

of the scattered light falls onto the record-
ing medium. When the two laser beams 
reach the recording medium, their light 
waves intersect and interfere with each 
other. It is this interference pattern that 
is imprinted (Figure 2). The digital ho-
logram created contains a grid of holo-
graphic pixels, also known as holopixels 
or the aforementioned hogels. Holopixels 
are diminishing in scale, currently around 
0.8 mm and now reducing to 0.5 mm or 
even 0.25 mm. 

Any type of 3D medical dataset, such 
as CT and MR images, can be converted 
to a digital hologram. Such data can also 
be available in the form of a physical 
scan of an object, a mathematical de-
scription of the images, molecular data, 
or even a series of stills or video.8 For 
example, a 200 × 300 mm page-sized 
hologram with 0.8 mm hogel requires 
the creation of approximately 90,000 2D 
images.8 This target can be reached by 
using a combination of advanced com-
puter modeling software with graphics 
rendering as well as specific proprietary 
algorithms, customized hardware en-
gines can run a series of mathematical 
processes to generate the image data.9 

Potential applications in radiology
As noted previously, there are three 

potential uses of holography in radiol-
ogy: teaching radiologic anatomy, as a 
potential candidate for PACS storage 
and for image display.  We will now ex-
plore these uses in greater detail. 

Teaching anatomy
The medical hologram, particularly 

in radiology, presents a performance 
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boost over traditional textbook images. 
It brings in the “charm and has the po-
tential to generate curiosity.”10 This can 
be achieved by using static holographic 
images of anatomical structures in text-
books, which can then easily display the 
relation of body structures with respect 
to each other in three dimensions. 

The 3D nature of the image gen-
erated provides superior visual capa-
bilities. In a routine two-dimensional 
image many anatomical structures 
are difficult to conceptualize, such as 
the spatial relationships between var-
ious blood vessels. The normal and 
pathological structures can be easily 
understood by gauging such depth rela-
tionships.  This can potentially be used 
in assessing mediastinal, vascular anat-
omy, the skull base, cranial nerves, and 
the renal, pelvic anatomy on CT or MRI 
images (Figures 3 and 4). The concept 
of optical composition suggests that the 
3D concept relies on grouping visual 
subcomponents based on textures, color 
grade, and linking of structures.11

Holoxica worked with the Clinical 
Research Imaging Centre (CRIC) at 
Edinburgh University on a full-color 
digital hologram of a pair of lungs from 
a CT scan.8 This technique enabled the 
intricate detail of the anatomical struc-
tures to be visualized. It has also been 
documented to be used to image the 
liver from ultrasound scans. Complex 
holograms containing information lay-
ers from images of the musculoskeletal 

system, vascular and nervous system 
are now possible. 

PACS storage
There has been renewed interest in 

holography due to the recent propagation 
of 3D content and availability of 3D data 
from CT, MRI and ultrasound scanners, 
low-cost depth scanners, cinema/TV and 
3D printing. Holographic storage and 
retrieval systems can be looked upon as 
a solution to calls for greater storage ca-
pacity, rapid retrieval, and smaller physi-
cal storage footprints.12

Current radiology study image sizes 
vary from 10 megabytes (MB) to 90 
MB in size per test.  By adopting PACS, 
there has been a turnaround in radiol-
ogy productivity by channeling radiol-
ogy workflow.13 Holographic media 
can be used specifically for data storage 
due to their unique ability to store infor-
mation in three dimensions, in contrast 
to standard optical disks, which manage 
to store data only on the surface. In the 
near future there is a high probability 
that this technology can eventually re-
place magnetic, single-layer storage 
by optical, 3-dimensional holograms.14 
Radiology units depend on PACS to 
achieve their goals of high-speed access 
to images, steadfastness and efficacy. 

Due to the unique ability of holo-
grams to store data as a volumetric 
density and read it quickly, they are 
likely to become the storage medium of 
choice in the future. A DVD or optical 

disc player can read data at a rate which 
is exponentially slower compared to ho-
lography. Holographic recording and 
storage, therefore, can help significantly 
in intelligent PACS management.15 
With advancements in computer tech-
nology this “new age” technology is 
now economically feasible for mass 
production. Holography is gradually 
making the transition from the research 
stage of the 1970s to its present poten-
tial as a commercial product. PACS 
currently requires excessive amounts of 
data storage, which can have up to 1000 
times greater storage capacity using ho-
lographic technology compared to cur-
rent methods.14, 16, 17

A rough estimate shows that high-res-
olution and specialized CT scans may 
occupy around 30 MB of data per scan. 
Over the last decade the quality of in-
vestigations has changed. Scans are now 
more focused, are of higher resolution 
and more detailed due to thinner sections 
and dynamic studies which are possible 
under both CT and MRI studies’ abil-
ity to create huge amounts of data. The 
current estimate suggests that for every 
100,000 examinations performed, there 
will be a need to book approximately 3.1 
terabytes of storage.14, 18

The advantages of holography for data 
storage also include its ability to perform 
massive parallel recording and reading of 
data, unlike traditional optical disc, thus 
enabling significantly faster data trans-
fer speeds in comparison to traditional 

FIGURE 2. A simplified mechanism of holographic imaging.FIGURE 1. The potential uses of holographic imaging.

Potential Uses
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optical discs.19 Another advantage is its 
ability to use the entire thickness of the 
recording media instead of just the sur-
face.14 Holographic media are sensitive to 
light; using lasers, data can be recorded in 
3-dimensional spaces. With holography, 
we can record 1 million bits of data with a 
single flash of light.20  

Comparative data suggests that the 
cost for the new holographic media will 
probably be somewhere in the neigh-
borhood of $0.06-$0.20 per gigabyte 
(GB) compared to data tape, which 
costs between $0.25 and $1, and vid-
eotape which costs between $1 and $3 
per GB.14 Significant research over hard 
disk drives has presently taken the cost 
to an average of about $0.2 per GB, 
however, further reduction in cost is 
likely going to require newer technolo-
gies. Holographic storage is one of the 
most promising solutions in this regard. 

Holography is currently facing chal-
lenges in finding the right “medium” to 
capture holograms. Failure of a well-ac-
cepted standard for recording holo-
grams is another issue. With advances 
in the realm of material science this 
problem can be overcome.14, 21, 22 

Image display 
The use of holographic displays in 

radiology is still in research, but they 
can soon find their way into commer-
cial use and become economically 
viable.23 A holographic screen can be 
created using a specially coated glass 
media for the projection surface of a 
video projector, therefore creating a 
free-space display, as the image bearer 
appears very transparent. In addition, 
by controlling the beam with special 
lenses, the image can be made to appear 
to be floating in front of or behind the 
glass, rather than directly on it.  These 
views can be particularly advantageous 
in radiology, as computers will send the 
3D CT data to a projector, which will 
beam it to a computer screen. The ra-
diologist, by touching the screen, will 
create a series of electrical impulses 
which will be sent to the computer. 
The computer will interpret the sig-
nal and modulate the projected image 
according to the information, thereby 
eliminating the use of the mouse. Fur-
thermore, 3D reconstruction of 2D im-
ages from sectional imaging can lead to 
detailed 3D models of body structures, 

which can then be holographically dis-
played. This approach may be espe-
cially useful to surgeons, who are not 
used to viewing the body in sectional 
images, thus helping them in planning 
different approaches to, and guiding in-
terventions during, surgery.

Holographic displays are presently 
insufficient with respect to giving good 
spatial resolution for general radiologi-
cal interpretation. However, holography 
as a novel idea has been tried with very 
encouraging results in various other 
medical applications, such as echocar-
diography,24 guided invasive proce-
dures,25 depicting pelvic fractures,26 
measurement of motion of the tym-
panic membrane,27 depiction of bone 
fractures 28 and forensics.29 Recently 
developed display technology is now 
able to project 3D images in free space, 
with the ability of the clinician to reach 
into the object to manipulate and apply 
markings to it.30 

Limitations of holography
The current limitations of hologra-

phy are fairly significant. Holography 
requires relatively complicated methods 

FIGURE 3. An artist’s rendition of a holographic display, showing a renal 
tumor invading the inferior vena cava (IVC).

FIGURE 4. An artist’s rendition of an interaction between the 
radiologist and the holographic image of a renal tumor invading 
the IVC.
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to record holographic images, making 
them costly and less accessible. Fur-
ther, displaying holographic images re-
quires elaborate machinery. Currently, 
holographic display technology lies far 
behind commercially available 2D and 
3D displays. The most advanced vol-
umetric displays currently have very 
poor spatial resolution, and can display 
images at only about two frames per 
second. Significant research is required 
to improve these displays to make them 
truly useful to the practicing doctor 
rather than the novel technological pre-
view which they are currently. 

Holographic images are also inher-
ently poor at visualizing subtle tissue 
contrast differences. They are thus 
more useful at showing areas of interest 
to people unfamiliar with radiological 
sectional images than for actual radio-
logical diagnosis. 

Storage solutions based on ho-
lography are facing significant chal-
lenges at bringing the technology into 
the market. A significant problem in 
holographic recording is destructive 
readout. In the process of accessing 
the holographic data, the reading laser 
disturbs the recording in a way that 
leads to its gradual erasure. Another 
challenge is growing crystals with the 
required optical quality at sufficient 
speeds to enable widespread applica-
tion of the technology. Such challenges 
have limited the adoption of holo-
graphic storage, despite significant re-
search into the field in the 1970s. 31

Conclusion
Holography has the potential to trans-

form radiology and make it truly virtual. 
It can provide radiologists with the free-
dom to take radiology workflow beyond 
the high-resolution monitors into free 
space. It can also potentially help radiol-
ogists abandon the usual 2D workflow 
of a conventional monitor and mouse to 
process the images, thereby changing 
the ergonomics of radiology practice. 
Radiology reports can become more in-

formative as the associations between 
complex lesions and adjacent vessels can 
be studied in their true dimensions. Ho-
lography can help address the complex 
issue of image storage and retrieval. As 
imaging databases increase, the available 
electronic storage within hospitals will be 
more rapidly depleted, requiring signifi-
cant costs to maintain adequate memory 
capacity. Holographic storage media can 
provide a cost-efficient bridge to main-
tain vast amounts of information until the 
next major leap in memory technology. 
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