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O R I G I N A L  A R T I C L E

Virtual non-calcium dual-energy computed tomography for 
postoperative lumbar spine evaluation following pedicle screw 
instrumentation

PURPOSE
To compare standard grayscale CT, 140-keV virtual monoenergetic imaging, and virtual non-calci-
um (VNCa) for detection of magnetic resonance imaging (MRI)-defined relevant foraminal stenosis, 
disc protrusion or extrusion, and relevant nerve root compression.

METHODS
This retrospective study included patients who underwent dual-energy computed tomography 
(DECT) on a 128-slice single-tube system and MRI within 1 week between August and December 
2025; CT reconstructions were read in consensus. Foraminal stenosis and nerve root compression 
grades 2–3 were considered imaging-defined relevant findings. Only segments with an MRI confi-
dence score of 5 were included. Diagnostic performance and CT confidence scores were summa-
rized descriptively.

RESULTS
Twenty-three patients (mean age, 60 ± 12 years; 15 women) contributed 185 evaluated segments. 
MRI showed relevant foraminal stenosis in 26 segments and disc protrusion or extrusion and rel-
evant nerve root compression in 18 segments each. Foraminal-stenosis sensitivity was 100.0% 
(26/26) for VNCa and 92.3% (24/26) for both comparators; specificity was 88.7%, 71.1%, and 72.3% 
for VNCa, standard CT, and 140-keV CT, respectively. Disc protrusion or extrusion sensitivity was 
77.8% (14/18) for VNCa and 11.1% (2/18) for both comparators. Standard CT and VNCa each had 
83.3% sensitivity and 97.0% specificity for nerve root compression.

CONCLUSION
In this small, selected cohort, VNCa had higher observed specificity for MRI-defined foraminal ste-
nosis and higher observed sensitivity for disc protrusion or extrusion. These exploratory findings 
require confirmation in larger studies that account for patient-level clustering and include more 
artifact-limited examinations.

CLINICAL SIGNIFICANCE
VNCa reconstruction from an existing DECT examination may complement grayscale CT for eval-
uating MRI-defined foraminal stenosis and disc protrusion or extrusion following lumbar pedicle 
screw instrumentation without requiring additional scanning.
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Lumbar fusion with pedicle screw in-
strumentation is performed to restore 
stability and alleviate symptoms in se-

lected patients with degenerative disease, 
deformity, or pseudoarthrosis.1,2 Recurrent 
disc herniation and adjacent segment de-
generation may contribute to new or recur-
rent postoperative symptoms.3,4

Magnetic resonance imaging (MRI) is 
the primary modality for evaluating post-
operative disc and neural abnormalities, 
but susceptibility artifacts near metallic 
implants can obscure the operative field.2 
High-bandwidth acquisition, short tau inver-
sion recovery fat suppression, and dedicated 
techniques such as slice encoding for met-
al artifact correction and multiacquisition 
variable-resonance image combination can 
mitigate these limitations.5,6 Computed to-
mography (CT) is frequently used to assess 
implant position and fusion and may also 
be required when MRI is contraindicated or 
unavailable.

Dual-energy CT (DECT) provides recon-
structions with different potential contribu-
tions; virtual non-calcium (VNCa) imaging 
uses material decomposition to enhance 
the display of non-calcium tissues and has 
shown promise for lumbar disc assessment.7 
High-energy virtual monoenergetic imaging 
(VMI) can reduce some implant-related ar-
tifacts.8,9 Improved soft-tissue contrast and 
reduced metal artifacts are distinct effects; a 
diagnostic benefit from VNCa cannot be at-
tributed to artifact reduction without direct-
ly evaluating that mechanism.

Most previous DECT studies in instru-
mented spines have emphasized technical 
image quality or artifact reduction, leaving 
limited evidence on detection of disc her-
niation, foraminal stenosis, and nerve root 
compression using MRI as the reference 
standard.8,10-13 We therefore compare stand-

ard grayscale CT, 140-keV VMI, and VNCa for 
these imaging-defined outcomes following 
lumbar pedicle screw instrumentation.

Methods

Study design and patient selection

This retrospective, single-center study 
was approved by the Erzincan Binali Yıldırım 
University Faculty of Medicine Review Board 
(decision/protocol number: 2026-08/01; 
date: April 30, 2026), which waived written 
informed consent. Patients who underwent 
both DECT and MRI for routine postoperative 
evaluation between August and December 
2025 were retrospectively identified. Twen-
ty-eight patients were initially assessed. After 
the segment-level exclusions, 5 patients had 
no eligible segments remaining, resulting 
in a final cohort of 23 patients and 185 seg-
ments. The median interval between CT and 
MRI was 2 days [interquartile range (IQR), 0–4 
days; range, 0–7 days]. The median number 
of instrumented levels per patient was 4 (IQR, 
4–5; range, 2–5), with a mean of 4.2 ± 0.8. All 
instrumentation procedures were performed 
at our institution.

Segments containing interbody cages or 
crosslinks were excluded to reduce hetero-
geneity in implant configuration and its po-
tential effect on visualization of adjacent disc 
and neural structures. Segments with an MRI 
diagnostic confidence score below 5 were 
excluded to establish a high-confidence im-
aging reference. This selection restricted the 
analysis to cases in which MRI remained fully 
interpretable.

Computed tomography acquisition and re-
construction

Dual-energy CT was performed as part 
of the routine clinical postoperative lumbar 
spine imaging protocol. Non-contrast CT 
was performed using a 128-slice single-tube 
dual-energy system (SOMATOM go.Top; Sie-
mens Healthineers, Forchheim, Germany). 
Acquisition parameters were 100/Sn140 kV, 
a rotation time of 0.50 seconds, and a pitch 
of 0.80. Three image sets were generated us-
ing syngo.via: standard grayscale mixed CT 
(blending ratio, 0.6), 140-keV VMI, and VNCa. 
Reconstruction settings were SAFIRE level 3, 
a QR40 kernel, and a 1.5-mm section thick-
ness. The tube-voltage pair and reconstruc-
tion settings were consistent across patients, 
whereas tube current was automatically 
modulated according to patient attenuation.

High-energy VMI has been investigated 
for reduction of implant-related artifacts;8-13 

140 keV was the only monoenergetic level 
assessed in this study. Its inclusion does not 
establish that 140 keV is optimal for postop-
erative soft-tissue evaluation. All three recon-
structions for each patient originated from 
the same DECT examination, and generating 
the additional reconstructions did not re-
quire additional scanning. No dedicated CT 
metal artifact reduction (MAR) reconstruc-
tion was included as a comparator.

VNCa images were generated via 
three-material decomposition using previ-
ously reported lumbar disc settings: low-en-
ergy color chart, spectrum; high-energy 
color chart, grayscale; and CT preset 1, liver;7 
VNCa was assessed as a color-coded display, 
whereas mixed CT and 140-keV VMI were as-
sessed in grayscale. Accordingly, the compar-
ison included differences in visual presenta-
tion and reconstruction type.

Magnetic resonance image acquisition

MRI was performed without contrast ma-
terial at 1.5 T (MAGNETOM Aera; Siemens 
Healthineers, Erlangen, Germany) using a 
dedicated spine coil. The protocol includ-
ed sagittal T2-weighted (T2W) turbo spin-
echo [repetition time (TR)/echo time (TE), 
3,620/120 ms], sagittal T1W turbo spin-echo 
(TR/TE, 599/6.7 ms), and axial T2W turbo 
spin-echo (TR/TE, 4,430/96 ms) imaging, 
each with a 4-mm section thickness. MAR 
was applied to all MRI sequences.

Image analysis and reference standard

All CT and MRI datasets were anonymized 
before review. Two radiologists with 10 and 
20 years of experience (M.F.Ö and V.K.) eval-
uated the CT datasets in consensus while 
blinded to clinical information and MRI find-
ings. Mixed CT, 140-keV CT, and VNCa were 
reviewed in separate sessions. The interval 
between sessions was not prospectively 
standardized or recorded, and the order 
of the reconstruction types was not rand-
omized. Disagreements were resolved by 
joint re-evaluation; unresolved disagree-
ments were independently adjudicated by a 
third radiologist with 29 years of experience 
(M.K.). Final consensus or adjudicated scores 
were analyzed.

The same two radiologists evaluated the 
MRI examinations in consensus as the imag-
ing reference while blinded to the CT find-
ings. All imaging sequences (sagittal T2W, 
sagittal T1W, and axial T2W) were used for 
all diagnostic assessments. Disagreements 
were resolved by joint re-evaluation, with 
unresolved disagreements independently 

Main points

•	 The study included 23 patients with 185 
evaluated segments; the observations do 
not represent 185 independent patients.

•	 Virtual non-calcium (VNCa) imaging had 
higher observed specificity for imaging-de-
fined relevant foraminal stenosis and higher 
observed sensitivity for disc protrusion or 
extrusion than the two grayscale computed 
tomography (CT) reconstructions.

•	 Standard CT and VNCa had identical aggre-
gate sensitivity and specificity estimates for 
imaging-defined relevant nerve root com-
pression. Higher diagnostic confidence did 
not establish higher diagnostic accuracy.



VNCa CT in the instrumented lumbar spine • 

adjudicated by the same third radiologist. 
A 5-point scale was used for diagnostic 
confidence, ranging from 1 (non-diagnos-
tic image quality) to 5 (complete diagnostic 
confidence).7,14 Only segments with an MRI 
confidence score of 5 were included in diag-
nostic performance analyses.

The unit of analysis was a level-side obser-
vation, with the right and left sides of each 
lumbar intervertebral level evaluated sep-
arately. Foraminal stenosis, disc pathology, 
and nerve root compromise were assessed 
independently for each side, with disc ab-
normalities classified according to their lo-
cation and extension on the corresponding 
side. Foraminal stenosis was graded from 0 
to 3 on sagittal images using the Lee system, 
which considers perineural fat obliteration 
and nerve root morphology.15 Nerve root 
compromise was graded using the Pfirrmann 
classification (0, no compromise; 1, contact; 
2, deviation; 3, compression).16 Disc mor-
phology was classified as absent, bulging, 
protrusion, or extrusion according to lumbar 
disc nomenclature recommendations; no se-
questered discs were present.17

For binary analyses, grades 2–3 were con-
sidered positive for foraminal stenosis and 
nerve root involvement, whereas disc protru-
sion or extrusion was considered a positive 
disc finding. Thus, nerve root involvement 
included both grade 2 deviation and grade 
3 compression. These thresholds were based 
solely on imaging findings, without clinical 
or surgical correlation.

Statistical analysis

This was an exploratory study of a fixed 
retrospective cohort, and no a priori sample 
size calculation was performed. Patient-level 
characteristics and the number of evaluated 
segments are reported separately. Sensi-
tivity, specificity, positive predictive value, 
negative predictive value, and accuracy were 
calculated from the MRI-referenced classifi-
cation counts. The 95% confidence intervals 
(CIs) were calculated using the Wilson score 
method. These intervals are unadjusted seg-
ment-level binomial summaries and do not 
account for correlation among segments 
from the same patient.

Between-reconstruction findings are 
presented descriptively, without confirm-
atory P values; CT diagnostic confidence 
scores are summarized as mean ± standard 
deviation, with no inferential comparison 
that treats all segments as independent; 
MRI confidence was not compared statisti-
cally with CT because a score of 5 was re-

quired for inclusion. Diagnostic confidence 
and diagnostic accuracy were considered 
separate outcomes. 

Results

Study population

Twenty-eight patients were initially as-
sessed. After exclusion of 24 segments con-
taining interbody cages or crosslinks and 30 
segments with MRI confidence scores below 
5, five patients had no eligible segments 
remaining. The final cohort comprised 23 
patients (mean age, 60 ± 12 years; range, 
30–75 years), including 15 women and eight 
men, with 185 evaluated segments. Patient 
characteristics and the distribution of eval-
uated levels are summarized in Table 1, the 
selection process is shown in Figure 1, and 
patient- and level-specific exclusions are de-
tailed in Supplementary Table 1.

Among the 23 included patients, the me-
dian CT dose index was 19.4 mGy (range, 
16.6–32.8 mGy), and the median dose–
length product was 683 mGy·cm (range, 
603–1,175 mGy·cm).

Diagnostic performance

MRI showed relevant foraminal stenosis 
in 26/185 segments (14.1%) and disc pro-
trusion or extrusion and relevant nerve root 
compression in 18/185 segments (9.7%) 

each. Diagnostic performance estimates 
and unadjusted 95% CIs are presented in 
Table 2.

For foraminal stenosis, VNCa detected all 
26 MRI-positive segments, whereas standard 
CT and 140-keV CT each detected 24. The 
observed sensitivity difference was therefore 
7.7 percentage points, corresponding to two 
additional detections per comparison. More-
over, VNCa yielded 18 false-positive classifi-

Table 1. Patient characteristics and 
evaluated lumbar levels

Characteristic Value

Patients 23

Age in years 60 ± 12 (30–75)

Women 15 (65.2)

Age of women in years 64 ± 10 (44–75)

Men 8 (34.8)

Age of men in years 53 ± 14 (30–70)

Evaluated segments 185

L1–2 24 (13.0)

L2–3 40 (21.6)

L3–4 46 (24.9)

L4–5 42 (22.7)

L5–S1 33 (17.8)

Data are mean ± SD (range) or number (%). The 
cohort contains 23 patients; level percentages use the 
185 evaluated segments as their denominator. SD, 
standard deviation.

Figure 1. Flowchart of patient and segment selection. DECT, dual-energy computed tomography; MRI, 
magnetic resonance imaging.
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cations, compared with 46 for standard CT 
and 44 for 140-keV CT. Figure 2 illustrates a 
grade 1 foramen overcalled as grade 2 on the 
grayscale CT reconstructions and correctly 
classified below the positive threshold on 
VNCa.

For disc protrusion or extrusion, VNCa 
detected 14/18 MRI-positive segments 
(77.8%), whereas both grayscale reconstruc-
tions detected 2/18 (11.1%); VNCa yielded 2 
false-positive classifications, compared with 
6 for each grayscale reconstruction. Figure 3 
illustrates an extrusion visible on all recon-
structions, with greater conspicuity on VNCa; 
this example illustrates confidence in an al-
ready detected lesion.

For relevant nerve root compression, 
standard CT and VNCa each identified 15/18 
MRI-positive segments (83.3%), whereas 
140-keV CT identified 14/18 (77.8%). All 
three reconstructions yielded 5 false-positive 
classifications. Identical aggregate estimates 
for standard CT and VNCa do not establish 
equivalence or show that the same indi-
vidual segments were correctly classified. 
Figure 4 illustrates MRI-defined nerve root 
compression not clearly depicted by any CT 
reconstruction.

Diagnostic confidence

Mean CT diagnostic confidence scores 
were numerically highest for VNCa for all 
three outcomes (Table 3). The mean VNCa 
score was 4.01 for foraminal stenosis, 4.20 
for disc pathology, and 3.40 for nerve root 
compression. These descriptive confidence 
findings do not establish a corresponding 

Table 2. Magnetic resonance imaging-referenced diagnostic performance

Outcome and method Sensitivity 
% (95% CI)

Specificity 
% (95% CI)

PPV 
% (95% CI)

NPV 
% (95% CI)

Accuracy 
% (95% CI)

Foraminal stenosis

Standard CT 92.3 (75.9–97.9) 71.1 (63.6–77.6) 34.3 (24.2–46.0) 98.3 (93.9–99.5) 74.1 (67.3–79.8)

140-keV CT 92.3 (75.9–97.9) 72.3 (64.9–78.7) 35.3 (25.0–47.2) 98.3 (94.0–99.5) 75.1 (68.4–80.8)

VNCa 100.0 (87.1–100.0) 88.7 (82.8–92.7) 59.1 (44.4–72.3) 100.0 (97.3–100.0) 90.3 (85.1–93.8)

Disc protrusion or extrusion

Standard CT 11.1 (3.1–32.8) 96.4 (92.4–98.3) 25.0 (7.1–59.1) 91.0 (85.8–94.4) 88.1 (82.7–92.0)

140-keV CT 11.1 (3.1–32.8) 96.4 (92.4–98.3) 25.0 (7.1–59.1) 91.0 (85.8–94.4) 88.1 (82.7–92.0)

VNCa 77.8 (54.8–91.0) 98.8 (95.7–99.7) 87.5 (64.0–96.5) 97.6 (94.1–99.1) 96.8 (93.1–98.5)

Nerve root compression

Standard CT 83.3 (60.8–94.2) 97.0 (93.2–98.7) 75.0 (53.1–88.8) 98.2 (94.8–99.4) 95.7 (91.7–97.8)

140-keV CT 77.8 (54.8–91.0) 97.0 (93.2–98.7) 73.7 (51.2–88.2) 97.6 (94.0–99.1) 95.1 (91.0–97.4)

VNCa 83.3 (60.8–94.2) 97.0 (93.2–98.7) 75.0 (53.1–88.8) 98.2 (94.8–99.4) 95.7 (91.7–97.8)

Data are percentages (unadjusted 95% Wilson CIs); MRI-positive/negative counts were 26/159 for foraminal stenosis and 18/167 for both disc protrusion or extrusion and nerve 
root compression. Positive thresholds were grade ≥ 2 for foraminal stenosis and nerve root compression, and protrusion or extrusion for the disc endpoint. The CIs do not account 
for patient-level clustering and are descriptive. PPV, positive predictive value; NPV, negative predictive value; CT, computed tomography; VNCa, virtual non-calcium imaging; CI, 
confidence interval; MRI, magnetic resonance imaging.

Figure 2. A 75-year-old woman with grade 1 foraminal stenosis. (a, b) Sagittal non-contrast standard 
computed tomography (CT) and 140-keV CT, respectively, show poor delineation of perineural fat and 
overestimate stenosis as grade 2 (dotted and dashed arrows, respectively). (c) Color-coded virtual non-
calcium imaging shows the nerve root and adjacent perineural fat in contrasting colors (solid black arrows), 
supporting a grade 1 classification. (d) The sagittal T2-weighted magnetic resonance reference image 
confirms grade 1 stenosis (white arrow). This case illustrates correction of a false-positive classification at 
the grade ≥ 2 threshold.

a

c
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d
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Figure 4. A 75-year-old woman with right-sided nerve root compression. (a–c) Axial non-contrast standard computed tomography (CT), 140-keV CT, and color-
coded virtual non-calcium imaging, respectively, do not clearly delineate the right foraminal disc protrusion or its relationship to the adjacent nerve root (dotted, 
dashed, and solid black arrows). (d) The axial T2-weighted magnetic resonance reference image shows the right foraminal protrusion and marked nerve root 
compression, classified as grade 3 (white arrow).

Figure 3. A 66-year-old man with lumbar disc extrusion. (a, b) Sagittal non-contrast standard computed tomography (CT) and 140-keV CT, respectively, show the 
extrusion with limited delineation of its margins (dotted and dashed arrows). (c) Color-coded sagittal virtual non-calcium (VNCa) imaging depicts the extrusion 
more conspicuously (solid black arrow). (d) The sagittal T2-weighted magnetic resonance reference image confirms the extrusion (white arrow). The lesion is visible 
on all reconstructions; the example illustrates a difference in conspicuity rather than an additional VNCa detection.

b

d
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c

a b
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increase in diagnostic accuracy; MRI confi-
dence was 5 by the inclusion criterion and 
was excluded from the comparative confi-
dence table.

Discussion
In this exploratory cohort of 23 patients, 

VNCa showed higher observed specificity for 
MRI-defined foraminal stenosis and higher 
observed sensitivity for disc protrusion or 
extrusion than standard CT and 140-keV CT. 
The foraminal-stenosis sensitivity difference 
represented only two additional positive 
segments. Standard CT and VNCa had iden-
tical aggregate diagnostic estimates for rel-
evant nerve root compression. The results 
should be interpreted as descriptive findings 
in a selected population, not evidence of 
general diagnostic superiority.

The observed disc findings are consistent 
in direction with previous studies of lumbar 
VNCa, including the DECT study by Booz et 
al.7 and the photon-counting CT study by 
Shu et al.18 Differences in patient selection, 
instrumentation, reference standards, and 
reconstruction settings preclude direct com-
parison of performance estimates across 
studies. Our data do not determine which of 
these factors accounts for differences from 
earlier reports.

Improved display of disc material and 
perineural tissues is a plausible explanation 
for the observed VNCa findings. Specifically, 
the lower false-positive count for forami-
nal stenosis may reflect easier distinction 
of preserved perineural fat from adjacent 
neural or degenerative tissue. However, ar-
tifact magnitude and tissue contrast were 
not quantified. Furthermore, VNCa was dis-
played in color whereas the comparators 
were grayscale. The respective contributions 
of material decomposition, color presenta-
tion, and artifact behavior therefore cannot 
be separated. Higher reader confidence does 
not demonstrate this mechanism or inde-
pendently validate diagnostic accuracy.

The findings at 140 keV should not be 
generalized to all VMI energies or dedicated 

MAR methods. High-energy VMI can reduce 
beam-hardening artifacts, but increasing 
keV may also reduce tissue contrast, and the 
optimal energy level may depend on the 
imaging platform and diagnostic task. Pre-
vious studies of spinal instrumentation have 
investigated VMI and MAR using different 
platforms and technical endpoints.8,10-13 Ad-
ditional approaches include combined VMI 
and iterative MAR (IMAR) in split-filter DECT 
and tin prefiltration in low-dose CT.19,20 More 
recently, a photon-counting CT angiogra-
phy study in patients with knee arthroplasty 
demonstrated marked differences in arti-
fact reduction and diagnostic assessability 
among seven IMAR presets, further empha-
sizing the importance of task- and anato-
my-specific optimization.21 However, these 
findings cannot be directly extrapolated to 
lumbar soft-tissue assessment. Because our 
study evaluated only 140-keV VMI and did 
not include a dedicated MAR reconstruction, 
it cannot determine the optimal monoener-
getic energy or the potential additional ben-
efit of dedicated MAR.

Photon-counting CT offers a further plat-
form for spectral reconstruction and has 
been investigated for lumbar VNCa imag-
ing.18 Patzer et al.22 evaluated VMI combined 
with IMAR in patients with dental implants. 
That study provides a technical rationale for 
evaluating complementary reconstruction 
strategies, but its dental setting does not 
establish diagnostic benefit in the postop-
erative lumbar spine. Future instrument-
ed-spine studies should compare VNCa, mul-
tiple VMI energies, and dedicated MAR using 
both artifact measurements and clinically 
interpretable diagnostic endpoints.

This study has several limitations. First, the 
retrospective single-center cohort included 
only 23 patients and 26, 18, and 18 MRI-posi-
tive segments for the three endpoints. Multi-
ple segments from the same patient are cor-
related and do not increase the independent 
patient sample size. Consequently, sensitivi-
ty estimates, particularly the observed 100% 
foraminal-stenosis sensitivity, are uncertain. 
Furthermore, the reported Wilson intervals 

are not adjusted for patient clustering, and 
confidence scores are descriptive. No ad-
justed analysis of age or segment level was 
included, although these characteristics 
may influence image quality and diagnostic 
performance. Moreover, requiring an MRI 
confidence score of 5 may have introduced 
selection bias by excluding technically diffi-
cult segments. Therefore, diagnostic perfor-
mance may be overestimated, and the find-
ings may not be generalizable to patients 
with suboptimal postoperative MRI, marked 
spinal deformity, or advanced degenerative 
changes. Additionally, exclusion of interbody 
cages and crosslinks further limits applica-
bility to more complex postoperative con-
structs.

Consensus interpretation precluded es-
timation of interreader agreement from the 
analyzed consensus scores. Because the 
interval between CT reading sessions was 
not prospectively standardized or recorded 
and the reconstruction order was not ran-
domized, repeated evaluation of the same 
anatomy may have introduced recall bias. 
In addition, the endpoints were imaging de-
fined; the analysis did not establish associa-
tions with symptoms, operative findings, or 
clinical outcomes.

Finally, the study used a single CT ven-
dor, one implant material, one high-keV re-
construction, and specific VNCa settings. No 
dedicated MAR comparator, grayscale VNCa 
comparison, or quantitative assessment of 
artifact reduction was included. Generaliza-
tion to other scanners, implant configura-
tions, reconstruction algorithms, or display 
settings requires separate validation.

In this small, selected cohort, VNCa 
showed higher observed specificity for 
MRI-defined foraminal stenosis and higher 
observed sensitivity for disc protrusion or 
extrusion than standard CT and 140-keV CT. 
The findings support further evaluation of 
VNCa as a complementary reconstruction 
from an existing DECT examination. They do 
not establish performance in MRI-nondiag-
nostic cases or a clinical outcome benefit.
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Table 3. Descriptive computed tomography diagnostic confidence

Outcome Standard CT 140-keV CT VNCa

Foraminal stenosis 2.10 ± 0.61 1.90 ± 0.42 4.01 ± 0.54

Disc pathology 2.30 ± 0.64 2.17 ± 0.58 4.20 ± 0.60

Nerve root compression 1.80 ± 0.40 1.60 ± 0.49 3.40 ± 0.66

Data are mean ± SD on a 5-point scale. These summaries are descriptive; they do not account for the dependence of 
multiple observations from the same patient. Magnetic resonance imaging (MRI) confidence was 5 by the inclusion 
criterion and is omitted. No Friedman, Wilcoxon, or MRI-vs.-CT P values are reported. SD, standard deviation; CT, 
computed tomography; VNCa, virtual non-calcium imaging.
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