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Impact of radiation dose reduction 
and iterative image reconstruction 
on CT‑guided spine biopsies
Karolin J. Paprottka 1*, Karina Kupfer 1, Vivian Schultz 1, Meinrad Beer 3, Claus Zimmer 1,2, 
Thomas Baum 1, Jan S. Kirschke 1,2 & Nico Sollmann 1,2,3

This study aimed to systematically evaluate the impact of dose reduction on image quality and 
confidence for intervention planning and guidance regarding computed tomography (CT)‑based 
intervertebral disc and vertebral body biopsies. We retrospectively analyzed 96 patients who 
underwent multi‑detector CT (MDCT) acquired for the purpose of biopsies, which were either derived 
from scanning with standard dose (SD) or low dose (LD; using tube current reduction). The SD cases 
were matched to LD cases considering sex, age, level of biopsy, presence of spinal instrumentation, 
and body diameter. All images for planning (reconstruction: “IMR1”) and periprocedural guidance 
(reconstruction: “iDose4”) were evaluated by two readers (R1 and R2) using Likert scales. Image noise 
was measured using attenuation values of paraspinal muscle tissue. The dose length product (DLP) 
was statistically significantly lower for LD scans regarding the planning scans (SD: 13.8 ± 8.2 mGy*cm, 
LD: 8.1 ± 4.4 mGy*cm, p < 0.01) and the interventional guidance scans (SD: 43.0 ± 48.8 mGy*cm, LD: 
18.4 ± 7.3 mGy*cm, p < 0.01). Image quality, contrast, determination of the target structure, and 
confidence for planning or intervention guidance were rated good to perfect for SD and LD scans, 
showing no statistically significant differences between SD and LD scans (p > 0.05). Image noise 
was similar between SD and LD scans performed for planning of the interventional procedures (SD: 
14.62 ± 2.83 HU vs. LD: 15.45 ± 3.22 HU, p = 0.24). Use of a LD protocol for MDCT‑guided biopsies 
along the spine is a practical alternative, maintaining overall image quality and confidence. Increasing 
availability of model‑based iterative reconstruction in clinical routine may facilitate further radiation 
dose reductions.

Advances in imaging technologies enable a better differentiation between benign and malignant bone lesions, 
detection of smaller bone lesions by radiologists, and a better diagnosis of different inflammatory  processes1,2. 
However, the comparatively low specificity of imaging modalities for correct diagnosis still demands a histo-
pathologic confirmation in indeterminate  cases3–5. For obtaining a representative tissue sample, a biopsy via 
an open surgical access is still considered the reference  standard6. However, this open surgical access also has 
disadvantages, such as high time expense, high cost, prolonged hospitalization, and risks of general anesthesia 
and major follow-up surgery (e.g., due to complications)7.

As an alternative, imaging-guided percutaneous biopsy is a well-described and successful technique for 
yielding histopathologic  diagnoses8,9. Specifically, it can yield an accuracy of over 94% in determining benign, 
inflammatory, or malignant  etiologies10. In this regard, the Infectious Diseases Society of America officially 
recommends computed tomography (CT)-guided biopsies via a percutaneous approach as a first attempt in 
many cases of suspected discitis.

Guidance using CT is often considered for precise localization of a lesion before and during  biopsy7,8,11,12. 
It gives the interventionalist not only a detailed view of the anatomic circumstances for biopsy planning and 
execution, but also allows for confirmation of the correct needle placement within the area of concern dur-
ing the procedure. At many institutions, CT guidance is the primary method of choice for biopsies of osseous 
lesions within the vertebrae or with regard to suspected infections along the  spine3,7,13, owing to high avail-
ability, comparatively low cost, high spatial resolution, and relatively few procedure-limiting contraindications. 
Although CT guidance is frequently used for various procedures, there is concern over the amount of radiation 
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exposure for the patient. Radiation dose reduction is commonly used in diagnostic scans especially for pediatric 
 patients14,15. Additionally, it is also a relevant issue for patients who receive multiple scans due to acute disease 
follow-up exams, chronic diseases, and screening  purposes16–19. Hence, there are many studies concerning the 
safety and efficacy of spine  biopsies5,7,20. However, with the wider availability of modern model-based iterative 
reconstruction techniques, even further radiation dose reduction could become possible when combined with 
systematic lowering of the tube current. Specifically, no studies with a matched-pair design are available regard-
ing dose reductions for planning and performing CT-guided biopsies at the spine with a focus on image quality 
and confidence of the interventionalist regarding the procedure.

The purpose of our retrospective study was to demonstrate that a low-dose (LD) protocol for CT-guided 
percutaneous biopsies of the vertebral bone or intervertebral discs is a practical alternative to standard-dose 
(SD) approaches, maintaining overall image quality and confidence for the interventionalist for planning and 
performing a safe procedure at reduced ionizing radiation doses.

Material and methods
Study cohort. We retrospectively reviewed CT-guided intervertebral disc or vertebral bone biopsies, which 
were performed with two different dose levels: SD and LD scans for planning and procedure performance. A 
general adjustment of our institutional CT protocols took place in October 2020, hence all LD scans that were 
included in our study were acquired between November 2020 and June 2021, while all SD scans were derived 
from the interval between January 2020 and September 2020. The adjustment of scanning parameters was based 
on recent simulation studies from data of the herein used scanner regarding feasibility of LD imaging for the 
purpose of various clinical  applications16,17,21,22.

Patients were consecutively included if they had multi-detector CT (MDCT) scanning available for a biopsy 
of the vertebral bone or intervertebral disc according to clinical indications (to diagnose unclear bone lesions/
suspected bone tumors or suspected inflammation/spondylodiscitis). Patients were identified in the hospital’s 
institutional digital picture archiving and communication system (PACS). All eligible patient cases with LD scans 
were matched according to sex (m/f), age (± 10 years), level of the procedure (cervical, thoracic, or lumbosacral), 
presence/absence of spinal instrumentation (metallic hardware causing artifacts in imaging data and making 
the access route to the target structure more demanding), and body diameter (< 20 cm, 20–25 cm, 25–30 cm, 
and > 30 cm). Patients were excluded if 1) non-diagnostic image quality was present in MDCT data (e.g., due to 
motion artifacts), or 2) the planned biopsy (including survey, planning, and procedure scans) was not accom-
plished (e.g., due to incompliance of the patient and preliminary abortion of the exam).

Overall, 96 cases were eligible and considered in this study (48 patients with SD scans and 48 matched patients 
with LD scans, 34 cases each with intervertebral disc biopsy and 14 cases with vertebral bone biopsy).

Multi‑detector computed tomography. All scans included were performed with the patient in prone 
position using the same 128-slice MDCT scanner (Ingenuity Core 128; Philips Healthcare, Best, The Nether-
lands). After performing the scout scan covering the planned site of biopsy according to previous diagnostic 
imaging, a planning scan of the region to be considered was performed (spot scanning). The acquired scan 
was used for the purpose of procedure planning, with the interventionalist first selecting the slice allowing for 
optimal visualization of the access route to the intervertebral disc or vertebral body. During the subsequently 
performed interventional procedure, sequential scanning was achieved for guidance and surveillance during 
needle placement using a foot pedal (intermittent scanning, three axial images per shot). By default, images 
were reconstructed with model-based iterative reconstruction (planning scans; IMR1, Philips Healthcare, Best, 
The Netherlands) or hybrid iterative reconstruction (periprocedural guidance scans; iDose4, Philips Healthcare, 
Best, The Netherlands). The parameters for the planning and periprocedural guidance scans are illustrated in 
Table 1.

Table 1.  Details of the scanning protocol and image reconstruction for the planning and periprocedural 
guidance scans using a standard-dose (SD) and low-dose (LD) protocol.

Periprocedural guidance scan Planning scan

Standard-dose (SD) 
imaging Low-dose (LD) imaging

Standard-dose (SD) 
imaging Low-dose (LD) imaging

Cycle time (in s) 2.4 6

No. of cycles 1 1

Rotation time (in s) 0.75 0.75

Tube voltage (in kV) 120 120

Tube current (in mA) 40–67 20–40 40–67 20–40

Estimated exposure (in 
mAs) ~30–60 ~15–20 ~30–60 ~15–20

Collimation width (in 
mm) 0.625

Windowing L = 750.0 ; W = 2500.0

Image reconstruction iDose4 iDose4 IMR1 IMR1
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Parameters obtained from SD and LD scanning included the dose length product (DLP), volumetric CT 
dose index  (CTDIvol), number of scans required to perform the spine biopsy (periprocedural guidance scans via 
sequential scanning), and measurements of body diameter. The individual body diameter was measured in the 
lateral scout scan at the level of the planned intervention and was determined from skin-to-skin surface (Fig. 1)23.

Image evaluation. After the biopsies, imaging data were transferred to PACS and evaluated with the stand-
ard PACS viewer (IDS7; Sectra AB, Linköping, Sweden) by two radiologists (board-certified radiologist with 
9 years of experience, reader 1 [R1], and resident in radiology with 2 years of experience, reader 2 [R2]). The 
readers semi-quantitatively evaluated overall image quality, overall artifacts, image contrast, determination of 
the target structure (intervertebral disc or vertebral body), and confidence for intervention planning (based on 
planning scans) and confidence for intervention guidance (based on the sequential scans during performance of 
the intervention), using 5-point or 3-point Likert scales (Table 2; Fig. 2).

During evaluations, the readers were strictly blinded to the ratings of each other, and there was an interval of 
at least 3 weeks between the readings of data of different dose levels. Per image reading round (SD or LD scans), 
the images of the patients were presented in randomized order. Furthermore, the readers were unaware of the 
distinct protocol used for scanning per reading round. The readers were presented with images using bone and 
soft tissue windowing, and they were allowed to manually adjust windowing levels if wanted, starting with a 
standard output in the PACS viewer (window length = 750.0, width = 2500.0).

In addition to semi-quantitative rating using Likert scales, quantitative evaluation was performed by measur-
ing image noise at the level of the procedure. This was achieved by manually placing ~10  mm2 circular regions 
of interest (ROIs) and measuring the standard deviation (StDev) of the attenuation in Hounsfield units (HU) 
in the psoas muscles for lumbosacral and trapezius muscles for cervical  interventions23,24. In each patient case, 
three separate measurements were performed (Fig. 3), and the obtained values of the three ROIs were averaged 
per patient.

Statistical analysis. GraphPad Prism (version 6.0; GraphPad Software, San Diego, CA, USA) and SPSS 
(version 28.0; IBM SPSS Statistics for Windows, IBM Corp., Armonk, NY, USA) were used for statistical data 
analysis. A p-value < 0.05 (two-sided) was considered statistically significant.

Figure 1.  Lateral scout obtained for a planned lumbar intervertebral disc biopsy in a 47-year-old woman with 
suspected spondylodiscitis at level L4/5. The blue line indicates the antero-posterior body diameter (251.0 mm).

Table 2.  Semi-quantitative scoring for image evaluation by two readers.

Item

Score

1 2 3 4 5

Overall image quality Very good to perfect Good to very good Medium Poor No value

Overall artifacts None Minimal Prominent Major Severe

Image contrast Very good to perfect Good to very good Medium Poor No value

Determination of target structure Possible Unclear Not possible x x

Confidence for intervention planning (planning scans 
before the infiltration) High Medium Low x x

Confidence for intervention guidance (sequential scans 
during the infiltration) High Medium Low x x
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Descriptive statistics were calculated for the scores assigned by each reader concerning the single items 
of image evaluation (using Likert scales) and attenuation measurements (in HU) as well as for patient demo-
graphics, characteristics of interventions, and dose measurements. Weighted Cohen’s kappa (κ) was calculated 
to assess inter-reader agreement regarding scorings for overall image quality, overall artifacts, image contrast, 
determination of the target structure (intervertebral disc or vertebral body), and confidence for intervention 
planning and intervention guidance during the biopsy. To compare the scores from image evaluation using 
Likert scales between SD and LD scans, Wilcoxon signed-rank tests were performed per reader. Furthermore, 
Wilcoxon signed-rank tests were also conducted to compare measures of image noise between SD and LD scans, 
demographics, and dose characteristics.

Ethical approval. This retrospective monocentric study involving human participants with a matched pairs 
design was approved by the ethics committee of the Faculty of Medicine at Technical University of Munich and 
was in accordance with the ethical standards of the institutional research committee and with the Declaration 
of Helsinki.

Informed consent. The requirement for written informed consent was waived by the ethics committee of 
the Technical University of Munich due to the study’s retrospective design.

Results
Patient cohort. Overall, 96 patients were enrolled in this study (48 patients with SD imaging and 48 
matched patients with LD imaging). According to matching criteria, in both groups 26 patients were female 
and 22 patients were male. Indication for intervertebral disc biopsy was made in 34 patients per group, while 14 
patients per group underwent biopsy of a vertebral body lesion. Seven patients per group had implants (e.g., after 

Figure 2.  Examples for planning scans for lumbosacral spine biopsies in different patients performed with a 
low-dose (LD) protocol for scanning, which were rated with perfect (A), good (B), medium (C), and poor (D) 
overall image quality.
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dorsal spinal instrumentation) within the field of view chosen for the intervention. Suspected tumor or meta-
static lesions made up the indication for biopsy in 11 patients of the LD group and in 12 patients of the SD group, 
the remaining patients underwent biopsies due to suspected inflammatory processes (e.g., spondylodiscitis).

There were no statistically significant differences between patients for SD versus LD scans regarding age, body 
diameter, or number of sequential scans needed during performance of the intervention (Table 3). Furthermore, 
no major periprocedural complications (e.g., bleeding) were reported for any of the biopsies performed either 
with the SD or LD protocol. Figures 4 and 5 depict exemplary patient cases.

Semi‑quantitative evaluation. Image quality, image contrast, the determination of the target structure, 
and confidence for planning or intervention guidance were rated good to perfect for both SD and LD scans 
according to evaluations of both readers, without statistically significant differences between SD versus LD scans 
for these parameters (p > 0.05; Tables 4 and 5). Further, inter-reader agreement was at least substantial for the 
images from intervention planning (range of κ: 0.64–0.90) as well as from intervention guidance (range of κ: 
0.72–0.88), except for confidence for intervention guidance with moderate agreement between readers (κ = 0.59; 
Tables 4 and 5).

Radiation exposure. The DLP was statistically significantly lower for LD scans regarding the planning 
scans (SD: 13.8 ± 8.2 mGy*cm, LD: 8.1 ± 4.4 mGy*cm, p < 0.01) as well as the periprocedural guidance scans (SD: 
43.0 ± 48.8 mGy*cm, LD: 18.4 ± 7.3 mGy*cm, p < 0.01; Fig. 6). Similarly, the  CTDIvol was also statistically signifi-
cantly lower for LD scans regarding the planning scans (SD: 2.1 ± 0.4 mGy, LD: 1.3 ± 0.8 mGy, p < 0.01) as well as 
the periprocedural guidance scans (SD: 32.4 ± 14.3 mGy, LD: 18.1 ± 7.4 mGy, p < 0.01).

Image noise. Noise according to quantitative evaluation using muscle attenuation values was similar 
between SD and LD scans performed for planning of the interventional procedure (SD: 14.62 ± 2.83 HU vs. 
LD: 15.45 ± 3.22 HU, p = 0.24).

Discussion
Lowering the tube current for MDCT can be a simple and effective method for reducing radiation exposure to 
both the patient and interventionalist regarding CT-guided spine biopsies. In our study, we were able to show 
that dose reduction for planning and periprocedural guidance scans for intervertebral disc and bone biopsies 
with MDCT is feasible and can be performed without clinically relevant drawbacks regarding image quality or 
confidence. The DLP and  CTDIvol for LD scans were statistically significantly lower regarding the planning scans 
as well as for the periprocedural guidance scans. Overall image quality, image contrast, the determination of 
the target structure for biopsy, and confidence for planning or intervention guidance were rated good to perfect 

Figure 3.  Measurement of image noise for a planned lumbosacral biopsy. Three measurements within the psoas 
muscle were performed to derive attenuation values from manually placed circular regions of interest (ROIs).

Table 3.  Cohort and procedure characteristics.

SD LD p value

Age (in years, mean ± StDev) 67.7 ± 12.9 69.5 ± 12.7 0.65

Body diameter on scout image (in cm, mean ± StDev) 27.7 ± 5.2 25.9 ± 4.2 0.44

Number of scans needed during the intervention (n) 13.1 ± 4.7 13.9 ± 6.4 0.19
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Figure 4.  Exemplary patient cases for a L3 bone biopsy for a suspected bone tumor in a 77-year-old male using 
scanning with standard dose (SD; A) and a L1 bone biopsy in a 49-year-old woman with a suspected bone 
metastasis from known breast cancer using scanning with low dose (LD; B). The scans were rated with excellent 
image quality and high confidence.

Figure 5.  Exemplary patient cases for intervertebral disc biopsies using scanning with standard dose (SD; A, 
B) and scanning with low dose (LD; C, D). The upper row shows a L2/3 intervertebral disc biopsy in a 66-year-
old woman (A) and a L5/S1 intervertebral disc biopsy in a 58-year-old woman with artifacts due to spinal 
instrumentation (B). The second row shows a L5/S1 intervertebral disc biopsy in a 48-year-old male patient (C) 
and a L4/5 intervertebral disc biopsy in an 80-year-old man with artifacts due to spinal instrumentation (D). All 
patients underwent intervertebral disc biopsy due to suspected spondylodiscitis.
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Table 4.  Semi-quantitative scoring for intervention planning scans according to evaluations of two readers 
(R1 and R2) considering scanning with standard dose (SD) and low dose (LD).

Intervention planning

LD SD p value

Overall image quality

 R1 1 (1–4) 2 (1–4) 0.89

 R2 1 (1–4) 2 (1–4) 0.64

 Kappa 0.90 0.81

Overall artifacts

 R1 1 (1–4) 1 (1–4) 0.99

 R2 1 (1–4) 1 (1–4) 0.41

 Kappa 0.87 0.90

Image contrast

 R1 1 (1–4) 2 (1–4) 0.17

 R2 1 (1–4) 2 (1–3) 0.11

 Kappa 0.85 0.72

Determination of target structure

 R1 1 (1–2) 1 (1–2) 0.99

 R2 1 (1–2) 1 (1–2) 0.38

 Kappa 0.90 0.77

Confidence for planning

 R1 1 (1–2) 1 (1–2) 0.25

 R2 1 (1–3) 1 (1–3) 0.45

 Kappa 0.64 0.74

Table 5.  Semi-quantitative scoring for periprocedural guidance scans according to evaluations of two readers 
(R1 and R2) considering scanning with standard dose (SD) and low dose (LD).

Intervention guidance

LD SD p value

Overall image quality

 R1 1 (1–3) 1 (1–3) 0.70

 R2 1 (1–4) 1 (1–3) 0.99

 Kappa 0.82 0.85

Overall artifacts

 R1 1 (1–4) 1 (1–3) 0.99

 R2 1 (1–4) 1 (1–4) 0.94

 Kappa 0.86 0.80

Image contrast

 R1 1 (1–3) 1 (1–3) 0.82

 R2 1 (1–3) 1 (1–3) 0.44

 Kappa 0.76 0.72

Determination of target structure

 R1 1 (1–2) 1 (1–2) 0.63

 R2 1 (1–2) 1 (1–2) 0.63

 Kappa 0.79 0.88

Confidence for guidance

 R1 1 (1–2) 1 (1–2) 0.99

 R2 1 (1–2) 1 (1–3) 0.25

 Kappa 0.85 0.59
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for SD and LD scans, respectively. Overall, noise according to quantitative evaluation using muscle attenuation 
values was similar between SD and LD scans performed for planning of the interventional procedures.

Imaging guidance for biopsy is a commonly used procedure in patients with findings in need for  clarification8,9. 
Yet, concerns with CT guidance relate to potential consequences of ionizing radiation. Hence, there are many 
efforts to keep radiation exposure as low as reasonably achievable (ALARA)25–27. The options available for reach-
ing the goal of low radiation dose in CT are manifold and primarily include adaptions in scanning parameters 
such as for tube current, tube voltage, slice thickness, patient coverage, number of acquisitions, or length of 
the  procedure26. In the course of CT scanning protocol optimizations and introduction of model-based itera-
tive reconstruction, we adjusted the CT protocol based on a former conventional SD protocol to provide LD 
scanning with reduced radiation exposure. Previously published in-vivo studies demonstrated the utility of LD 
techniques for a multitude of interventional procedures. Specifically, Meng et al. performed a study with focus 
on biopsies of lung lesions with a LD protocol (group 1: 120 kV, 200 mA; group 2: 120 kV, 10 mA) and revealed 
that a reduction of radiation dose and DLP were possible without a relevant loss of diagnostic  yield28. Despite a 
considerable reduction of the radiation dose during CT-guided percutaneous lung biopsies by more than 90% 
(from DLP of 677.5 mGy*cm to 18.3 mGy*cm), Smith et al. found no relevant decrease in technical success or 
patient  safety25. Furthermore, especially for pediatric CT scanning, many studies were able to show that CT-
guided bone biopsies performed using techniques for lowering radiation exposure can also lead to acceptable 
image quality and provide similar diagnostic yield compared with SD  protocols29–31.

A substantial proportion of applied radiation results from performing pre- and post-biopsy scans as they are 
designed to optimize the visualization of soft tissues for needle guidance and to exclude biopsy-related compli-
cations. A review by Sarti et al. showed that up to 90% of the total radiation dose during biopsies was caused by 
the helical planning  scan32. In our study, we tried to solve this problem using two different methods. On the one 
hand, we lowered the applied radiation dose by reductions in tube current based on the former SD protocol. On 
the other hand, we only scanned the region of interest of the planned CT intervention. From this point of view, 
pre-biopsy imaging should be carefully reviewed and when possible focused on the definite region of biopsy, 
together with an optimized radiation dose. This approach is similar to a recent study investigating LD protocols 
for CT-guided periradicular  infiltrations33. However, biopsies use hardware for puncture of the target region 
with comparatively large calibers (e.g., potential risk for more pronounced artifacts especially with LD protocols) 
that often need to be inserted deeper into tissue (e.g., close to the nerve root in periradicular infiltrations versus 
biopsies of vertebral bone), making distinct investigations for biopsies necessary in the light of patient safety and 
sufficient image quality. Further, in a study by Lucey and coworkers, 291 CT-guided interventional procedures 
without the use of CT fluoroscopy (for percutaneous biopsy, needle aspiration, and percutaneous catheter place-
ment) were performed using a LD protocol with an exposure of 30 mAs and a tube voltage of 120–140 kV for the 
performance  scan26. They found that by decreasing the effective tube current and exposure from 180–240 mAs 
to 30 mAs, radiation to the patient decreased six- to  eightfold26. At the same time, the technical success rates of 

Figure 6.  Scatter dot plots with mean ± standard deviation (StDev) for the dose-length product (DLP, in 
mGy*cm) of planning and periprocedural guidance scans using scanning with standard dose (SD) and low dose 
(LD).
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biopsies performed at 30 mAs were similar compared to those for biopsies performed with the SD  protocol26. 
Yet, in 13 cases where patients underwent biopsies with the new LD protocol, the masses were not clearly identi-
fied, thus these procedures were completed at a higher  dose26. The complication rate of the LD technique was 
comparable to that of the SD technique in their  study26. These results are in accordance with our results where 
a reduction of the radiation dose led to a significant reduction of the DLP regarding the planning scans as well 
as the interventional guidance scans. Furthermore, the tube current in our study was even lower compared to 
that previous study.

All intervertebral disc and vertebral body biopsies in our study were performed under CT guidance. Other 
publications have reported that the use of CT fluoroscopy exposes patients to less radiation than conventional 
CT-guided  procedures34,35. Yet, the use of CT fluoroscopy can expose the interventionalist to more radiation than 
using conventional CT  techniques26. We believe that the use of LD techniques under CT fluoroscopic guidance 
may be the optimal way to decrease radiation exposure during procedures. McNamara and coworkers provided 
a systematic review and meta-analysis about image-guided biopsies conducted in patients with suspected discitis 
and investigated 14 biopsies performed under CT guidance, as well as 6 studies under fluoroscopic  guidance13. 
They concluded that fluoroscopic guidance was associated with a higher yield at 55% compared with CT guid-
ance at 44%, though the difference was not statistically  significant13.

Recent techniques have set a focus on iterative image reconstruction models such as adaptive statistical 
iterative reconstruction or model-based iterative  reconstruction16,17,22,36–38. These algorithms are useful options 
for further dose reductions, not only in diagnostic CT but also in CT-guided  interventions39–41. Yet, their avail-
ability is currently limited to newer CT scanners, and if used in clinical practice, such approaches are primarily 
applied for diagnostic CT scanning and less for interventional CT scanning. Prospectively, a wider availability 
of iterative reconstruction software may translate into an increased comfort for the radiologist while evaluating 
images with LD regimens during CT-guided interventions and, therefore, potentially result in further reductions 
of the radiation dose applied to the patients. In our study, all planning scans were reconstructed using model-
based iterative reconstruction algorithms, given that model-based iterative approaches may help to increase the 
visibility of anatomical details whilst facilitating LD  protocols39–41.

Yet, there are some limitations to this study. First, the study design was retrospective and the study was per-
formed at a single academic institution, implicating that spine and intervertebral disc biopsies were conducted 
by different interventionalists with different education levels. Therefore, the reproducibility of the results using 
the new LD protocol cannot be fully assessed in this study. Second, the lack of quantifying artifacts specifi-
cally associated with the metallic needle can be considered a limitation, which can lead to restrictions in overall 
image quality and thus can have impact on periprocedural guidance. Third, despite a different level of experience 
and education of the two readers (radiologist with 9 years and resident with 2 years of experience), the reading 
results were very good and similar with only small differences between the readers. This could be a hint for a 
LD protocol that could have been subject to even further decreases in radiation dose. On the other hand, this 
could also indicate that dose reduction in CT-guided spine biopsies is an applicable method in clinical practice 
that does not result in considerably reduced image quality or diagnostic confidence when performed with the 
herein presented protocol, neither for an experienced radiologist nor a resident with much less experience. Fur-
thermore, it would be difficult to determine whether more experienced radiologists may have contributed to a 
greater efficiency of the procedure using a LD protocol. As a consequence, there is a potential bias for radiation 
exposure as well as procedural time and number of scans needed during intervention that is inherent to the study 
design. Fourth, the reduced dose level was reached by lowering the tube current in combination with model-
based iterative reconstruction, but without evaluating other modern approaches to limit radiation exposure, 
such as sparse sampling that has been successfully applied for spine CT in previous simulation  studies16,17,21,42. 
Furthermore, we did not explicitly assess which parameter adjustments contributed the most to radiation dose 
reductions, and this may need to be solved primarily by phantom or cadaver studies in which more than one 
scan could be achieved, given that radiation protection is not an issue. However, a recent review concluded that 
nowadays, considerable dose reductions in spinal CT for various indications can be realized with dose reductions 
around 50%43. Although some novel approaches during image acquisitions have not yet been implemented in 
commercially available MDCT systems (e.g., sparse sampling), such techniques may become of general interest in 
the near  future44,45. Additionally, for improving image quality and reducing radiation dose, deep learning-based 
reconstruction approaches are promising  tools41,46,47.

Conclusion
We demonstrated that a LD imaging protocol combined with advanced image reconstruction for MDCT scan-
ning during planning and performing intervertebral disc or vertebral body biopsies is a viable option, given 
that radiation exposure to the patient significantly decreased without considerably affecting image quality or 
the confidence for planning and guidance. Furthermore, despite a significantly lower total cumulative radiation 
exposure compared with regular-dose CT-guided biopsies, using a LD protocol did not alter the rate of compli-
cations. We therefore encourage other centers to consider LD imaging protocols combined with model-based 
iterative reconstruction as an alternative to conventional protocols for CT-guided spine interventions.

Data availability
The datasets used and analysed during the current study are available anonymized from the corresponding 
author on reasonable request.
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