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Abstract
Over the past decades, computed tomography (CT) imaging has profited from various technical innovations. Besides
improvements such as higher temporal and spatial resolutions, lower radiation dose, and the introduction of dual- and
multi-energy imaging, the development and recent clinical introduction of photon-counting detector CT (PCD-CT)
represents a milestone with the potential to substantially change clinical CT imaging and expand its indications. This
thematic series of European Radiology Experimental comprises a collection of original research papers and review
articles demonstrating the benefits and challenges of this cutting-edge technology. The thematic series includes a
wide range of relevant topics spanning from initial clinical experiences using PCD-CT to original research papers
covering potential applications in various body regions.
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The field of medical imaging has witnessed several revo-
lutionary advancements over the past decades. Some of
these, such as the latest innovation, photon-counting
detector computed tomography (PCD-CT), hold the
promise to fundamentally transform clinical practice
[1, 2]. PCD-CT represents a significant departure from
conventional energy-integrating detector (EID) CT sys-
tems, which measure the total energy deposited by
incoming x-rays without distinguishing between indivi-
dual photons. EID-CT systems, therefore, have inherent
limitations, such as limited spatial resolution and con-
trast-to-noise, especially at low radiation doses. In con-
trast, PCD-CT systems operate on a fundamentally
different principle by counting individual x-ray photons
and measuring the energy of each of them. This techno-
logical landscape paves the way for significant advance-
ments in both experimental and clinical imaging,

facilitating the transition of phantom studies into routine
clinical applications. This sets the stage for the new the-
matic series in European Radiology Experimental titled
“Photon-counting detector CT: a disrupting innovation in
medical imaging,” which we are pleased to introduce with
this editorial.
The disruptive potential of PCD-CT lies in its ability to

not only address the limitations of EID-based systems but
also to introduce new capabilities. By directly counting
photons and categorizing them based on their energy,
PCD-CT can produce images with higher spatial resolu-
tion, better contrast, and reduced noise [1]. Such
improvements have the potential to dramatically enhance
the diagnostic power of CT imaging across a wide range
of clinical applications.
One of the most significant benefits of PCD-CT is its

ability to improve image quality while simultaneously
reducing radiation dose. By more accurately measuring
the energy of incoming photons, PCDs can enhance tissue
differentiation, yielding more detailed images in both
spatial resolution and contrast resolution compared to
conventional dual-energy EID-based systems, which pri-
marily rely on superior spectral imaging capabilities.
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The ability to perform energy-resolved imaging allows
for the generation of various spectral-based reconstruc-
tions, including virtual mono-energetic images, iodine
maps, virtual non-iodine, or virtual non-calcium images.
This capability is especially valuable in detecting calcifi-
cations, distinguishing between types of tissue, and iden-
tifying contrast agents, all of which may be critical in
accurate diagnosis and treatment planning. While dual-
energy EID-CT systems can also deliver spectral infor-
mation, the dual-source setup of the PCD-CT system with
its temporal resolution of 66 ms (compared to 125 ms on
a third-generation dual-source system in dual-energy
mode) makes the use of spectral imaging feasible even for
cardiac imaging. PCD-CT also reduces beam-hardening
artifacts, which is achieved because PCDs can more
effectively discriminate between low- and high-energy
photons, minimizing the confounding effects of beam
hardening [3, 4]. Another notable advantage is the
potential for contrast media dose reduction. Using virtual
mono-energetic image reconstructions, a 50% reduction
in contrast media dose can still achieve diagnostic level
attenuation for coronary CT angiography, as shown in a
dynamic phantom study [5].
The unique benefits of PCD-CT make its use particu-

larly advantageous in several clinical areas. Cardiovascular
imaging, for instance, stands to benefit greatly from the
enhanced spatial resolution (ultra-high resolution, i.e., 120
× 0.2 mm collimation) and spectral imaging capabilities of
PCD-CT. The ability to quantify stenosis more accurately
[6] and clearly visualize coronary artery lumen even in the
presence of heavy calcification or stents [7] leads to a
higher positive predictive value and a lower rate of
unnecessary referrals for invasive testing (> 50% of
patients reclassified to a lower risk category when using
ultra-high resolution in a recent patient study), which
ultimately result in the better management of patients
with coronary artery disease [8].
Such benefits are also applicable to the various vascular

structures across the body [9, 10]. PCD-CT may also be
beneficial for the differentiation among various types of
plaques, leading to earlier and more accurate character-
ization of coronary artery disease [11–13]. Finally, using
PCD-CT, the ability to characterize the myocardium has
also shown improvements [14, 15].
PCD-CT also holds promise in musculoskeletal ima-

ging, especially for the imaging of large joints at ultra-high
spatial resolution, for the quantification of gout deposits
and the visualization of bone edema using its spectral
capability, and for imaging of orthopedic implants due to
its improved metal artifact reduction [16]. PCD-CT has
been shown to deliver benefits for the accurate assessment
if osseointegration of orthopedic joint replacement
implants [17], and for the direct visualization of both

cartilage and bone details of the knee using virtual mono-
energetic images [18]. It also provides superior objective
and subjective image quality and visualization for trabe-
cular bone structure of the elbow and the radius, as well as
for fracture depiction, compared to EID-CT [19, 20].
Without providing a comprehensive overview, all other

areas of radiology have the potential to gain benefits from
this new technology. The growing body of literature
demonstrates the increasing research and clinical interest
in PCD-CT, spanning from neuroradiology [21] through
breast imaging [22] to a wide range of applications in
pediatric imaging [23]. Latter especially benefits from the
reduced radiation dose [24], combined with high-quality
imaging, addressing the critical need for safe and effective
imaging techniques in children, who are more sensitive to
radiation and have a longer lifespan during which
radiation-induced risks could manifest.
As we look into the future, the expansion of potential

PCD-CT applications seems realistic. One area of ongoing
research is the development of multicontrast imaging; i.e.,
a single scan imaging after the simultaneous injection of
multiple contrast agents, such as iodine, gadolinium, or
bismuth [25, 26]. Such multicontrast imaging, for exam-
ple, can be used to visualize arterial and portal venous
enhancement in a single scan to characterize liver lesions
[27]. Further technical improvements, however, are
expected to enable k-edge imaging tuned for non-iodine
contrast agents [28].
Another area where we see the field is moving toward is

the integration of PCD-CT with artificial intelligence (AI)-
based applications. AI-driven deep learning-based noise
reduction is one great example that can tackle the higher
image noise especially observed in ultra-high-resolution
images, which has been demonstrated in patients with
multiple myeloma [29]. Beyond improving image quality,
AI may also contribute to more granular quantitative
image evaluation. PCD-CT-based radiomics, although not
necessarily AI-based, however, often AI-powered, has
been extensively investigated with the potential of iden-
tifying new imaging biomarkers in various conditions
[30–32].
In the long run, as PCD-CT becomes more widely

adopted, we may see the development of new clinical
protocols and guidelines that take full advantage of the
technology’s capabilities. This could lead to a shift in how
certain conditions are diagnosed and treated, with PCD-
CT playing a central role in the imaging toolbox. How-
ever, the widespread adoption of PCD-CT will also
require addressing several challenges. These include the
high cost of the technology, the need for specialized
technologist training, and the development of standar-
dized imaging protocols, which will most likely relevantly
differ from conventional EID-CT protocols. As with any
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disruptive technology, there will be a period of adjustment
as the medical community learns to fully integrate PCD-
CT into clinical practice.
PCD-CT is more than just an incremental improve-

ment over traditional EID-CT technology; it is a dis-
ruptive innovation that has the potential to transform CT
imaging. Its ability to produce higher-quality images with
lower radiation doses, reduce artifacts, and enhance tis-
sue characterization makes it a powerful tool in the
diagnosis and treatment of a wide range of conditions.
The concept of “spectral CT” was first introduced by
Godfrey N. Hounsfield, one of the two inventors of CT, in
1972 [33]. Now, more than 50 years later, we have only
just begun to realize the full potential of this remarkable
technology.
With this Editorial, we wish to deliver the invitation to

the radiology community to contribute to this thematic
series and expand our knowledge about PCD-CT.

Abbreviations
AI Artificial intelligence
CT Computed tomography
EID Energy-integrating detector
EID-CT Energy-integrating detector computed tomography
PCD Photon-counting detector computed tomography

Author contributions
Both authors drafted and reviewed the manuscript.

Funding
The authors state that this work has not received any funding.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
AVS receives institutional research and travel support from Siemens
Healthineers and is a consultant and shareholder for Elucid Bioimaging. TE
receives travel support, speaker fees, and institutional research support from
Siemens Healthineers and is a consultant for Circle Cardiovascular Imaging.
AVS is deputy editor of the European Radiology Experimental. He has not taken
part in the review or selection process of this article. TE is guest editor of
European Radiology Experimental. He has not taken part in the review or
selection process of this article.

Author details
1Department of Radiology and Radiological Science, Medical University of
South Carolina, Charleston, SC, USA. 2Department of Diagnostic and
Interventional Radiology, University Medical Center of the Johannes
Gutenberg-University, Mainz, Germany. 3German Centre for Cardiovascular
Research, Partner site Rhine-Main, Mainz, Germany.

Received: 1 September 2024 Accepted: 22 November 2024

References
1. Rajendran K, Petersilka M, Henning A et al (2022) First clinical photon-

counting detector CT system: technical evaluation. Radiology
303:130–138. https://doi.org/10.1148/radiol.212579

2. Willemink MJ, Persson M, Pourmorteza A, Pelc NJ, Fleischmann D (2018)
Photon-counting CT: technical principles and clinical prospects. Radi-
ology 289:293–312. https://doi.org/10.1148/radiol.2018172656

3. McDermott MC, Sartoretti T, Stammen L et al (2024) Countering calcium
blooming with personalized contrast media injection protocols: the 1-2-3
rule for photon-counting detector CCTA. Invest Radiol. https://doi.org/10.
1097/RLI.0000000000001078

4. Pourmorteza A, Choux AR, Holmes TW et al (2024) Beam hardening of K-
edge contrast agents: a phantom study comparing clinical energy-
integrating detector and photon-counting detector CT systems. Eur
Radiol Exp. https://doi.org/10.1186/s41747-024-00530-5

5. Emrich T, O’Doherty J, Schoepf UJ et al (2023) Reduced iodinated contrast
media administration in coronary CT angiography on a clinical photon-
counting detector CT system: a phantom study using a dynamic circu-
lation model. Invest Radiol 58:148–155. https://doi.org/10.1097/RLI.
0000000000000911

6. Zsarnoczay E, Fink N, Schoepf UJ et al (2024) Accuracy of ultra-high
resolution and virtual non-calcium reconstruction algorithm for stenosis
evaluation with photon-counting CT: results from a dynamic phantom
study. Eur Radiol Exp 8:102. https://doi.org/10.1186/s41747-024-00482-w

7. Verelst E, Buls N, De Mey J et al (2023) Stent appearance in a novel silicon-
based photon-counting CT prototype: ex vivo phantom study in head-to-
head comparison with conventional energy-integrating CT. Eur Radiol
Exp 7:23. https://doi.org/10.1186/s41747-023-00333-0

8. Halfmann MC, Bockius S, Emrich T et al (2024) Ultrahigh-spatial-resolution
photon-counting detector CT angiography of coronary artery disease for
stenosis assessment. Radiology 310:e231956. https://doi.org/10.1148/
radiol.231956

9. Gruschwitz P, Hartung V, Ergun S et al (2023) Comparison of ultrahigh
and standard resolution photon-counting CT angiography of the femoral
arteries in a continuously perfused in vitro model. Eur Radiol Exp 7:83.
https://doi.org/10.1186/s41747-023-00398-x

10. Graafen D, Bart W, Halfmann MC et al (2024) In vitro and in vivo opti-
mized reconstruction for low-kev virtual monoenergetic photon-
counting detector CT angiography of lower legs. Eur Radiol Exp 8:89.
https://doi.org/10.1186/s41747-024-00481-x

11. Vattay B, Szilveszter B, Boussoussou M et al (2023) Impact of virtual
monoenergetic levels on coronary plaque volume components using
photon-counting computed tomography. Eur Radiol 33:8528–8539.
https://doi.org/10.1007/s00330-023-09876-7

12. Fink N, Emrich T, Schoepf UJ et al (2024) Improved detection of small and
low-density plaques in virtual noncontrast imaging-based calcium scor-
ing at photon-counting detector CT. Radiol Cardiothorac Imaging
6:e230328. https://doi.org/10.1148/ryct.230328

13. Shami A, Sun J, Gialeli C et al (2024) Atherosclerotic plaque features
relevant to rupture-risk detected by clinical photon-counting CT ex vivo: a
proof-of-concept study. Eur Radiol Exp 8:14. https://doi.org/10.1186/
s41747-023-00410-4

14. Aquino GJ, O’Doherty J, Schoepf UJ et al (2023) Myocardial character-
ization with extracellular volume mapping with a first-generation pho-
ton-counting detector CT with MRI reference. Radiology 307:e222030.
https://doi.org/10.1148/radiol.222030

15. Gnasso C, Pinos D, Schoepf UJ et al (2024) Impact of reconstruction
parameters on the accuracy of myocardial extracellular volume quanti-
fication on a first-generation, photon-counting detector CT. Eur Radiol
Exp 8:70. https://doi.org/10.1186/s41747-024-00469-7

16. Baffour FI, Glazebrook KN, Ferrero A et al (2023) Photon-counting
detector CT for musculoskeletal imaging: a clinical perspective. AJR Am J
Roentgenol 220:551–560. https://doi.org/10.2214/AJR.22.28418

17. Woisetschlager M, Booij R, Tesselaar E, Oei EHG, Schilcher J (2023)
Improved visualization of the bone-implant interface and osseointegra-
tion in ex vivo acetabular cup implants using photon-counting detector
CT. Eur Radiol Exp 7:19. https://doi.org/10.1186/s41747-023-00335-y

18. Chappard C, Abascal J, Olivier C et al (2022) Virtual monoenergetic
images from photon-counting spectral computed tomography to assess

Varga-Szemes and Emrich European Radiology Experimental            (2025) 9:38 Page 3 of 4

https://doi.org/10.1148/radiol.212579
https://doi.org/10.1148/radiol.2018172656
https://doi.org/10.1097/RLI.0000000000001078
https://doi.org/10.1097/RLI.0000000000001078
https://doi.org/10.1186/s41747-024-00530-5
https://doi.org/10.1097/RLI.0000000000000911
https://doi.org/10.1097/RLI.0000000000000911
https://doi.org/10.1186/s41747-024-00482-w
https://doi.org/10.1186/s41747-023-00333-0
https://doi.org/10.1148/radiol.231956
https://doi.org/10.1148/radiol.231956
https://doi.org/10.1186/s41747-023-00398-x
https://doi.org/10.1186/s41747-024-00481-x
https://doi.org/10.1007/s00330-023-09876-7
https://doi.org/10.1148/ryct.230328
https://doi.org/10.1186/s41747-023-00410-4
https://doi.org/10.1186/s41747-023-00410-4
https://doi.org/10.1148/radiol.222030
https://doi.org/10.1186/s41747-024-00469-7
https://doi.org/10.2214/AJR.22.28418
https://doi.org/10.1186/s41747-023-00335-y


knee osteoarthritis. Eur Radiol Exp 6:10. https://doi.org/10.1186/s41747-
021-00261-x

19. Sonnow L, Salimova N, Behrendt L et al (2023) Photon-counting CT of
elbow joint fractures: image quality in a simulated post-trauma setting
with off-center positioning. Eur Radiol Exp 7:15. https://doi.org/10.1186/
s41747-023-00329-w

20. Klintstrom B, Henriksson L, Moreno R et al (2022) Photon-counting
detector CT and energy-integrating detector CT for trabecular bone
microstructure analysis of cubic specimens from human radius. Eur Radiol
Exp 6:31. https://doi.org/10.1186/s41747-022-00286-w

21. Abel F, Schubert T, Winklhofer S (2023) Advanced neuroimaging with
photon-counting detector CT. Invest Radiol 58:472–481. https://doi.org/
10.1097/RLI.0000000000000984

22. Neubauer C, Gebler O, Wilpert C et al (2024) Photon-counting CT of
degenerative changes and rupture of silicone breast implants: a pilot
study. Eur Radiol Exp 8:36. https://doi.org/10.1186/s41747-024-00434-4

23. Horst KK, Cao JY, McCollough CH et al (2024) Multi-institutional protocol
guidance for pediatric photon-counting CT. Radiology 311:e231741.
https://doi.org/10.1148/radiol.231741

24. Tsiflikas I, Thater G, Ayx I et al (2023) Low dose pediatric chest computed
tomography on a photon counting detector system—initial clinical
experience. Pediatr Radiol 53:1057–1062. https://doi.org/10.1007/s00247-
022-05584-4

25. Tao S, Rajendran K, McCollough CH, Leng S (2019) Feasibility of multi-
contrast imaging on dual-source photon counting detector (PCD) CT: an
initial phantom study. Med Phys 46:4105–4115. https://doi.org/10.1002/
mp.13668

26. Si-Mohamed S, Bar-Ness D, Sigovan M et al (2018) Multicolour imaging
with spectral photon-counting CT: a phantom study. Eur Radiol Exp 2:34.
https://doi.org/10.1186/s41747-018-0063-4

27. Muenzel D, Daerr H, Proksa R et al (2017) Simultaneous dual-contrast
multi-phase liver imaging using spectral photon-counting computed

tomography: a proof-of-concept study. Eur Radiol Exp 1:25. https://doi.
org/10.1186/s41747-017-0030-5

28. Kravchenko D, Gnasso C, Schoepf UJ et al (2024) Gadolinium-based
coronary CT angiography on a clinical photon-counting-detector system:
a dynamic circulating phantom study. Eur Radiol Exp 8:118. https://doi.
org/10.1186/s41747-024-00501-w

29. Baffour FI, Huber NR, Ferrero A et al (2023) Photon-counting detector CT
with deep learning noise reduction to detect multiple myeloma. Radi-
ology 306:229–236. https://doi.org/10.1148/radiol.220311

30. Wolf EV, Muller L, Schoepf UJ et al (2023) Photon-counting detector CT-
based virtual monoenergetic reconstructions: repeatability and repro-
ducibility of radiomics features of an organic phantom and human
myocardium. Eur Radiol Exp 7:59. https://doi.org/10.1186/s41747-023-
00371-8

31. Landsmann A, Ruppert C, Wieler J et al (2022) Radiomics in photon-
counting dedicated breast CT: potential of texture analysis for breast
density classification. Eur Radiol Exp 6:30. https://doi.org/10.1186/s41747-
022-00285-x

32. Tremamunno G, Varga-Szemes A, Schoepf UJ et al (2024) Intraindividual
reproducibility of myocardial radiomic features between energy-
integrating detector and photon-counting detector CT angiography.
Eur Radiol Exp 8:101. https://doi.org/10.1186/s41747-024-00493-7

33. Hounsfield GN (1973) Computerized transverse axial scanning (tomo-
graphy). 1. Description of system. Br J Radiol 46:1016–1022. https://doi.
org/10.1259/0007-1285-46-552-1016

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Varga-Szemes and Emrich European Radiology Experimental            (2025) 9:38 Page 4 of 4

https://doi.org/10.1186/s41747-021-00261-x
https://doi.org/10.1186/s41747-021-00261-x
https://doi.org/10.1186/s41747-023-00329-w
https://doi.org/10.1186/s41747-023-00329-w
https://doi.org/10.1186/s41747-022-00286-w
https://doi.org/10.1097/RLI.0000000000000984
https://doi.org/10.1097/RLI.0000000000000984
https://doi.org/10.1186/s41747-024-00434-4
https://doi.org/10.1148/radiol.231741
https://doi.org/10.1007/s00247-022-05584-4
https://doi.org/10.1007/s00247-022-05584-4
https://doi.org/10.1002/mp.13668
https://doi.org/10.1002/mp.13668
https://doi.org/10.1186/s41747-018-0063-4
https://doi.org/10.1186/s41747-017-0030-5
https://doi.org/10.1186/s41747-017-0030-5
https://doi.org/10.1186/s41747-024-00501-w
https://doi.org/10.1186/s41747-024-00501-w
https://doi.org/10.1148/radiol.220311
https://doi.org/10.1186/s41747-023-00371-8
https://doi.org/10.1186/s41747-023-00371-8
https://doi.org/10.1186/s41747-022-00285-x
https://doi.org/10.1186/s41747-022-00285-x
https://doi.org/10.1186/s41747-024-00493-7
https://doi.org/10.1259/0007-1285-46-552-1016
https://doi.org/10.1259/0007-1285-46-552-1016

	Photon-counting detector CT: a disrupting innovation in medical imaging
	Acknowledgements




