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3D Stereoscopic Radiography: New Possibilities in the Digital
Imaging Era Using Low Cost, Existing Technology

Boris Starosta; Charlottesville, Virginia, USA

Abstract

We present several stereoscopic 3D radiographs, obtained in
a clinical setting using a technique requiring minimal operator
training and no new technology. Reviewing known perceptual
advantages in stereoscopic imaging, we argue the benefits for
diagnosis and treatment planning primarily in orthopedics, with
opportunities likely extended to rheumatology, oncology, and
angiology (vascular medicine/surgery). These advantages accrue
with the marginal additional cost of capturing just two or three
supplementary radiographs using the proposed method.

Presently, computed tomography (CT) scanning is standard
for obtaining 3D imagery. We discuss relative advantages of
stereoscopic 3D radiography (3DSR) in imaging resolution, cost,
availability, and radiation dose. Further discussion will describe
obstacles and challenges likely to be encountered in clinical
implementation of 3DSR, to be mitigated through targeted
training of clinicians and technicians.

Further research is needed to explore and empirically
validate the potential value of 3DSR. We hope to pave the way
for this more accessible and cost-effective 3D imaging solution,
enhancing diagnostic capabilities and treatment planning,
especially in resource-constrained settings.

(All 3D radiographs presented in this paper are in the
red/cyan color anaglyph format. 3D anaglyph glasses are
commonly available online, or in most comics bookstores. This
report’s images can also be found in L-R stereo-pair format,
suitable for 3D viewing with a 3D screen or stereoscope, at this
URL: https://www.starosta.com/3DSR/)
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Background

The purpose of this paper is to revive interest among medical
practitioners into an ancient technique: 3D stereoscopic
radiography (3DSR). Despite a complete absence in the 21st
century of technology or infrastructure specifically tailored to
3DSR, this author was recently successful in the clinical setting,
obtaining useful 3D radiographs that can be displayed on common
3D monitors or via other low-tech or no-tech viewing methods.

The prior art in 3DSR goes back over 100 years, practically to
the birth of radiology itself, with the Germans making use of it
during World War I and in the inter-war years. But work to
develop the method was essentially abandoned during the
remainder of the 20th century [1], [2], [3], [4], [5], [6]. As we'll
see, until recently stereoscopic radiography was fundamentally
impractical, due to the difficulties inherent in the necessary wet-
process film imaging that preceded the introduction of digital
imaging.
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The advantages of 3D imaging to diagnosis and treatment
planning are well understood, enabling volumetric visualization
and disambiguation of apparently overlapping structures and
details typically seen in a simple direct radiograph (DR). There are
advantages also in the detection of fine details or hairline
fractures, especially in the semi-transparent, structurally cluttered
image of e.g. a complex joint [7], [8], [9]. The pursuit of these
advantages has led to the development and adoption of
Computed Tomography (CT) and Magnetic Resonance Imaging
(MRI), among other 3D imaging technologies. Compared to DR,
the drawbacks of these newer technologies (especially CT) are not
inconsiderable: high doses of ionizing radiation to the patient,
lower spatial resolution over a given field of view (correlated with
radiation dose), a greater time delay to obtain 3D imaging results,
and high capital investment cost in equipment plus high
maintenance, staff, and training costs, resulting not least in
unavailability in resource constrained settings [10], [11], [12].
3DSR does not suffer from these disadvantages, yet 3DSR can
obtain many of the same 3D imaging advantages of CT. Because it
is simply a DR variant, requiring little if any additional technology,
if you have DR capability, then you have 3DSR capability.

Given that the advantages of 3D imaging and the technique
of 3DSR had been demonstrated as far back as the 1920's, why
has 3DSR not become a popular, accessible tool? A description of
the method by which 3DSR images are obtained illuminates the
difficulties that prevented wider adoption of this technique during
the era of wet film processing.

Introduction

Creating a stereoscopic radiograph requires the making of
two separate images, with each having the x-rays passing through
the patient at a slightly different angle, as if from two different
points of view, similar to human binocular vision. Imagine
substituting the two eyes of the physician, who is looking at the
patient, with two X-ray sources. The optical geometry is the
same, whether visible light is flowing from a panel behind,
through a translucent patient and into the doctor's eyes, or X-rays
are flowing from the doctor's eyes into and through the patient to
the detector behind. Thus it follows that a 3D stereograph can be
made with X-rays conforming to this optical geometry (Figure 1).
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Figure 1. Optically equivalent: visible light rays flowing from a light source
through a (translucent) patient into the clinician's eyes take the same path as
X-rays flowing from an emitter through the patient into the detector .

Ideally, the stereograph of a live, dynamic subject requires
that the two exposures are made synchronously. But with
radiographs being shadowgraphs directly onto a single film or
detector, a simultaneous exposure of two viewpoints, irradiated
from two separate but synchronized X-ray emitters, is not possible
using current technology. Thus, the exposures must be made
sequentially, translating the X-ray source, while holding the
patient as still as possible in the moment of time between the first
and second exposures. The shorter that moment of time can be
kept, the more likely a useful 3D radiograph will be obtained.

Using the old film technology, such a sequence of exposures
would involve a relatively long duration between the exposures.
It was very difficult to avoid disturbing the position of the patient,
yet such a disturbance would degrade the accuracy of the 3D
image, or even disorder the dimensionality, thus destroying its
utility completely. In the time between the two exposures, film
would need to be swapped out of a plate holder, or even worse,
out of the mouth of the patient (in e.g. an oral or dental
radiograph), before the second film could be introduced. Then
there would be a significant delay in the processing of the films.
Most significantly, after processing, stereoscopic display would
first require precision alignment and cropping of the two film
radiographs, work which in and of itself is a demanding technical
specialty. Finally, a suitable stereoscope is needed for viewing the
pair of films in 3D. These challenges presented a significant
barrier to the adoption of 3D stereoscopic radiography in the era
of wet-process films, until now.

Method

In 2021 this author began experimental work with medical
3DSR, working together with his dentist and a willing dental
patient to obtain 3D stereographs of a supernumerary tooth that
had been discovered in a routine panoramic maxillofacial X-ray.
Then, in March 2024, this author was seriously injured in a cycling
accident, sustaining numerous skeletal fractures to the ribs, bones
in the shoulder and in a hand, as well as a punctured lung. Soon
after admittance to the hospital, he recognized the opportunity
this presented to obtaining additional experimental stereoscopic
radiographs. A selection of these stereographs is reproduced
below in anaglyph format. All were made in typical clinical
settings, with only minimal instructions (and/or explanatory
diagrams) given to the X-ray technician(s). Over the course of
numerous Vvisits in 2024 (monitoring his convalescence), this
author was able to try three different 3DSR techniques, described
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below, with almost all exposures producing useful (i.e. 3D
viewable) results.

Translating the X-ray Source

When the X-ray source is easily aimed/moved, such as when
it is supported by a rail that allows free movement, or it is part of
a mobile unit on e.g. a wheeled cart, or it is hand-held as by a
dentist, the two viewpoints needed in 3DSR can be obtained by
translating the X-ray source laterally between the first and second
exposure, with the patient and detector not moving (Figure 2).
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Figure 2. Translation of X-ray source with patient and detector unmoving.
After the first exposure is made, the source is moved laterally, or orbited
around the target, to obtain the desired convergence angle in the second
exposure.

But how much translation is needed? This author relied
upon a "rule of thumb" that flows from stereoscopic and human
factors theory, that about five degrees of convergence is
appropriate for the acquisition of stereoscopic images that are
comfortable to view and include a useful 3D effect [6], [13], [14],
[31]. Note that for this work, it is useful to refer to a convergence
angle, rather than to a distance of translation (or stereobase),
because an angular determination is independent of the target
size and distance from the X-ray source. Figures 3, 4, and 5 show
three such targets, ranging in size from a tooth, to a hand, to an
adult human shoulder or torso. All were obtained with
convergence angles around five degrees. Given only that one
convergence angle, we can easily calculate the best translation
distance for any size target or X-ray source distance.
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Figure 3. Dental 3DSR showing a supernumerary tooth between upper
incisors, and its spatial relationship to surrounding teeth. The hand-held X-ray
source was translated about 1 cm at a distance of 25 cm from the tooth and
detector, which was a small wireless device held unmoving in the mouth.

Figure 4. The hand was resting on a horizontal detector plate. The X-ray
source was about 40 cm above the detector, translated about 3 cm between
exposures. Note valuable disambiguation in wrist bones.
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Figure 5. The X-ray source was translated roughly 6 cm. Distance to sensor
was said to be 110 cm. As can be seen, this image is made with a large
detector, covering a significant fraction of the upper body. The numbers refer
to the ribs. Ribs numbered 2, 3, 4, and 5 sustained fractures, indicated by
arrows.

Translating the Target

When the X-ray source is not easily moved, for example if it
is supported by a rail that permits only specific, fixed positions,
then the two viewpoints must be obtained by translating the
position of the patient laterally, moving neither X-ray source nor
detector (Figure 6). This became necessary when the author
visited a facility where the X-ray source could not be moved the
appropriate small distance. As a workaround, the author,
standing in front of the detector plate, shifted his weight on his
feet. For the first exposure, all body weight was borne on the left
foot, then for the second exposure all the weight was borne on
the right foot. This weight-shift translated the upper body about
two inches, the desired amount. To minimize all other
disturbances in the "target," the author held his breath during the
time that the two exposures were obtained. The resulting 3D
radiograph had some minor 3D flaws, but appears mostly useful
(Figure 7).
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Figure 6. Translating the patient is necessary, when the X-ray source and
detector are not moveable.
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Figure 7. The patient shifted his weight - thus translating upper body about 6
cm - with the X-ray source and detector unmoving, to produce this 3D
radiograph.

Rotating the Target

In November 2024, the author had another opportunity to
obtain a stereoscopic dental radiograph, this time of a molar.
Again, the author himself was the patient, and he seized the
opportunity to try the third proposed method to obtain a stereo
pair image. This method is a work-around for the situation where
the X-ray source is not easily moved, for example, as when the X-
ray source is not hand-held, instead being supported on an old,
creaky, uncooperative mechanical arm, and where the detector is
in the mouth (meaning: we cannot translate the target - a tooth -
in front of the detector). In this situation, the author instructed
the dentist to not bother trying to translate the X-ray source (an
estimated) 10 mm, instead electing to rotate his head upon the
neck by about 5 degrees, from left to right, with the X-ray source
kept stationary for the two exposures (Figure 8). The resulting
stereo view shows only a mild 3D effect, because in this first
attempt, the rotation was insufficient (Figure 9).
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Figure 8. When X-ray source is not easily moved, rotation of the target - here
the head, with detector held in the mouth - can produce a good result.
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Figure 9. Stereoview of a pair of crowned molars. The patient rotated his
head probably about 3 degrees around vertical axis, though 5 degrees would
have been better. The detector was held in the mouth, and the head rotated
around vertical axis, with the X-ray source unmoving.

3D Image Processing

Any stereoscopic images obtained with the three methods
here described - translating the X-ray source, translating the
target, rotating the target - will inevitably require significant
alignment and cropping, before they can be viewed comfortably
in 3D. The stereo pair images may be impacted by rotational and
other misalignments that introduce distortions into the 3D view.
Fortunately, software now exists that can automatically correct
for most such misalignments and distortions, as long as the
original stereo pair is acquired with reasonable care, close to the
parameters described [15], [16]. Ideally, such software would be
integrated into existing X-ray machine operating systems.

3D Image Display

Ideally, the clinical setting will include an inexpensive and
commonly available 3D monitor, viewed with polarizing glasses.
But in the absence of this technology, the imaging software could
produce an output in so-called anaglyph format, just like the
images reproduced in this paper. Such imagery displays well on
standard RGB color monitors, and is viewed in 3D with anaglyph
glasses, red lens over the left eye. Finally, simple stereo pair

images can be viewed on any monitor, using a stereo lorgnette, or
even using a technique called free-viewing, that requires no
device at all (Figure 10).

-

Figure 10. Common anaglyph glasses, and less common - though
inexpensive - stereo lorgnettes or a screen stereoscope.
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What can be gained with 3DSR?

Presently, CT scanning is standard for obtaining 3D imagery
in the clinical context. However, 3DSR can offer numerous
advantages over CT. 3DSR requires a much lower dose of ionizing
radiation even as it produces images of higher spatial resolution.
3DSR images are made more quickly and are easier to read,
requiring no additional specialized training. Finally, 3DSR requires
less infrastructure, involves less up-front investment, with lower
maintenance costs, and no advanced technical staff. Like DR,
3DSR would be broadly available.

Spatial Resolution

On par with DR, 3DSR captures finer details over a wider field
of view, using far less radiation than CT. Only with the very
narrow field of view of cone beam computed tomography (CBCT),
and thus with even more radiation intensity, can CT technology
reach the resolution of the much wider fields of view afforded by
3DSR [17].

A traditional direct radiograph has up to ten times better
resolution than a typical clinical CT scan, over a comparable field
of view: CT == 0.5 to 0.625 mm resolution (1.0 to 1.6 line pairs per
mm) vs. DR == about 0.1 mm resolution (3.5 to 5.5 line pairs per
mm) [18], [19].

This holds true over any comparable field of view. For
example, in the relatively small fields of view in oral / dental
radiography the spatial resolution of CBCT images is
approximately one order of magnitude less than that of intraoral
DR [20]. Based as it is on DR, 3DSR would better enable detection
of finer details such as hairline fractures, as well as locating them
in a complex 3D space.

Radiation Dose

Best practice in radiology motivates the practitioner to keep
the dose of ionizing radiation As Low As Reasonably Achievable
(ALARA) to reach a clinical goal. This is most important for
pediatric patients [17]. 3DSR helps the clinician conform to this
practice.

Comparing for example the shoulder imaging reproduced in
this work, the typical shoulder CT scan requires a dose of over 5
mSV of radiation, whereas the two radiographs to produce a 3DSR
view require a total dose of only 0.02 mSV. That makes the
radiation dose from the CT over 250 times greater than the dose
for one 3DSR image, covering a comparable field of view [21].

Given the superior resolution of the 3DSR over a wide field of
view, along with adequate 3D visualization that fully characterizes
the extent and position of the several fractures, in my case a CT
scan might never have been needed, had the 3DSR technique
been known and applied first. For my own medical care, this
would have meant lower cost, much lower radiation dose, and
likely a comparable course of treatment and outcome.

Speed of Imaging Returns

In my personal experience at a trauma center, direct
radiographs, and by extension 3DSR, are much faster and more
comfortable than CT. The time to prepare and execute the CT
scan took over 15 minutes, with removal to a special facility, and
the very painful repositioning of my body onto the patient "bed"
of the machine. By contrast, a 3DSR can be obtained in just one
or two minutes without even removing the patient from their
hospital bed or gurney, using a mobile X-ray system. Not only is
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acquisition of the exposures much faster, but the post-processing
in 3DSR is practically instantaneous: there's no need for
specialized analysis of a complex 3D dataset consisting of
hundreds of 2D slices [22]. With 3DSR, the clinician can get a
nearly instantaneous and naturally understandable visual 3D
overview, on a commonly available 3D screen that both the
clinician and patient can view.

Resource-Constrained or Battlefield Settings

Battlefield radiography relies on portable digital radiography
systems (PDRS) that are compact, durable, and capable of rapid
image acquisition even in remote or austere environments.
Because 3DSR relies on this exact same technology, 3DSR is
envisaged as a unique additional tool in the battlefield scenario.
In a battlefield setting, forward positioning of the diagnostic
facility is of paramount importance. Poly-trauma is typical in this
setting, with triage and/or successful management of multiple
patients requiring imaging access, speed, and accuracy [23]. 3DSR
enables rapid 3D imaging where CT is unavailable, thereby
improving detection and accurate location of multiple fractures,
metallic fragments, and diagnoses of other trauma [24].

Cost and Accessibility in LMICs

3DSR is available anywhere where there is an X-ray machine:
in local health or urgent care clinics, in rural areas, or in third
world settings, in low to medium income countries (LMICs), where
the availability of CT imaging is significantly limited due to a
combination of economic, infrastructural, and logistical
challenges. In LMICs, there are typically fewer than one CT
scanner per million inhabitants, compared to around 40 scanners
per million in high-income countries [10]. There are numerous
reasons for this disparity. The high cost of acquiring and
maintaining CT scanners is a major barrier. Many health facilities
in LMICs lack stable electricity, water supply, or the physical space
necessary to house and operate CT scanners. CT equipment often
falls into disrepair due to a lack of spare parts or expertise for
maintenance. Many LMICs face a severe shortage of radiologists
and radiologic technologists. Finally, there is often insufficient
training for healthcare workers on how to use and interpret CT
data effectively [11], [12].

In all of these areas, 3DSR provides advantages, as it can rely
upon older, less costly, less complicated technology. 3DSR will
require less training, less maintenance, and can function with
reduced infrastructure. Though with some difficulties, 3DSR can
even use the old-fashioned, analog wet-process film technology.

Challenges
Challenges to 3DSR adoption include clinicians with reduced
stereoacuity, change management, and training obstacles.

Stereo-acuity

Between 5% to 20% of people are observed to be more or
less "stereo-blind," meaning their visual perception may not fuse
stereoscopic disparities into the formation of a three dimensional
view in the mind's eye. Such visual fusion is called stereopsis and
is quantified as stereoacuity [25].

Stereoacuity may be reduced or absent for various reasons.
Visual stereo disparities might be unavailable, as when a person
has poor or no eyesight in one eye; or because a person has
amblyopia or strabismus, where the eyes are physically unable to
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fuse a stereoscopic image (e.g. they are "cross-eyed"); or because
the brain has never learned how to process stereo disparities,
because one eye was temporarily blinded during a key childhood
visual/cognitive development phase (typically at 2 to 4 years old)
[26], [27], [28].

It has been found that even in professions where good stereo
vision will confer significant advantages (for example: surgery),
stereo acuity is absent or reduced in 2% to 14% of practitioners.
This does not mean that stereopsis has nothing valuable to add to
visual perception. It is thought that stereo-blind practitioners
compensate with the utilization of other depth and haptic cues
[29], [30]. Though practitioners with good stereoacuity have
much to gain from having access to 3DSR imagery, as described
above, the minority of practitioners with moderate or absolute
stereo-blindness will suffer no disadvantage - they will not
perceive any less in a 3DSR image than they would in a regular,
"flat" direct radiograph.

Training / Continuing Medical Education

Though the technique is theoretically simple, clinical
adoption of 3DSR will require some training. Any training should
impart a basic theoretical understanding of stereoscopic concepts,
especially the preferred angle of convergence (typically 5
degrees), and how or why one might want to choose more or less
convergence. Development of the cost basis, usefulness,
procedures, tools and training for 3DSR are a good target for
future research.

Conclusions

This work demonstrates that compared to CT scanning, 3DSR
can provide a 3D image more quickly and at lower cost, involving
a lower radiation dose [31], at the same time improving
perception of fine details/textures with its inherently higher
spatial resolution.

Our results are from casually obtained 3D stereoscopic
radiographs. The author gave cursory, impromptu instructions in
clinical settings, demonstrating that 3DSR imagery can be
acquired by technicians or clinicians with minimal additional
training. With the obtained imagery automatically post-processed
for stereo alignment, practitioners can easily view the 3D image
using commonly available technology.

3DSR enables 3D imaging in clinical settings where CT and
related technologies are ill-advised, impractical, too costly, or
simply unavailable.
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