Skeletal Radiology
https://doi.org/10.1007/500256-025-04891-9

SCIENTIFIC ARTICLE q

Check for
updates

CT-like image based on 3D fast low-angle shot: superior diagnostic
performance of ossification of the posterior longitudinal ligament

Sujin Kim' - Guen Young Lee? - Bo Mi Chung’

Received: 19 November 2024 / Revised: 29 January 2025 / Accepted: 29 January 2025
© The Author(s) 2025

Abstract

Objective To evaluate the diagnostic performance of 3D fast low-angle shot (FLASH) compared with conventional MRI
sequences for detecting OPLL.

Materials and methods This retrospective study included 106 patients who underwent cervical spine MRI and CT. Thirty-
nine and 67 patients were enrolled in the OPLL and control groups, respectively. Diagnostic performance and reader
confidence for detecting OPLL were compared between conventional MRI using turbo spin echo (TSE) and conventional
MRI plus 3D FLASH. Interobserver agreement was also calculated. Three subgroups were defined within the OPLL group
according to the sequences required for detecting OPLL (TSE group: cases that were diagnosed as OPLL by reviewing only
TSE; 3D FLASH group: cases that were diagnosed by reviewing both TSE and 3D FLASH; none group: cases that were not
diagnosed on MRI). The thickness of the OPLL was compared between the subgroups.

Results The diagnostic performance of both readers improved when 3D FLASH was added to conventional MRI, and the
difference was statistically significant for reader 2 (p =0.006). After adding 3D FLASH, reader confidence significantly
increased (p <0.001), and interobserver agreement improved from good to excellent. The three subgroups exhibited sig-
nificantly different OPLL thicknesses (p =0.008), with the thickest in the TSE group (4.5 mm), followed by the 3D FLASH
(3.4 mm) and None groups (2.4 mm).

Conclusion 3D FLASH can be helpful for detecting OPLL when combined with conventional T1- and T2-weighted imaging.
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Abbreviations Introduction
OPLL  Ossification of the posterior longitudinal

ligament Cervical ossification of the posterior longitudinal ligament
GRE Gradient echo (OPLL) is defined as ectopic bone formation within the pos-
FLASH Fast low-angle shot terior longitudinal ligament (PLL) [1, 2]. Cervical OPLL
VIBE Volumetric interpolated breath-hold sequence is a crucial diagnosis that can result in cord compression
TSE Turbo spin echo and myelopathy and increase the risk of spinal cord injury

in traumatic events [1, 2]. The exact pathogenesis of OPLL
remains unclear; however, both genetic and environmental
factors are likely to contribute. The normal PLL, consist-
ing of collagen and elastin fibers, is approximately 1-2 mm
thick. In OPLL, fibroblastic hyperplasia and collagen over-
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useful for evaluating of soft tissue structures, including the
spinal cord and nerves [5]. However, imaging bony cortex
is challenging on MRI due to the short T2 relaxation time,
which results in the absence of a signal on conventional
MRI [6]. CT is superior for visualizing osseous structures
and is the modality of choice for preoperative planning of
OPLL because it accurately determines the ossified mass’
size and shape [5, 7]. However, CT has limitations, includ-
ing radiation exposure and lower soft tissue contrast [4].
Therefore, both MRI and CT are commonly performed
before surgery to evaluate soft tissue and osseous compo-
nents of degenerative changes.

Recently, interest in CT-like MRI sequence has
increased. Adding a CT-like contrast sequence to con-
ventional MRI protocols may reduce the need for CT
and streamline workflow. T1-weighted 3D gradient echo
(GRE) sequences such as FLASH (fast low-angle shot) or
VIBE (volumetric interpolated breath-hold sequence) are
one of the CT-like MR techniques. In GRE sequences, a
bright signal in the trabecular and cortical bone and a low
signal in soft tissues can be acquired by subtracting all
pixels in the image by the lowest mean value of the tissues
surrounding the bone structures [6]. This approach has
been applied to assess bony structures in various joints and
bone tumors [6, 8—13], but studies on its use in cervical
OPLL remain limited.

This study aims to compare the performances of 3D
FLASH and conventional MRI sequences for OPLL diag-
nosis using CT as a reference standard.

Materials and methods
Patients

This retrospective study was approved by the institutional
review board, and the requirement for informed patient
consent was waived. Between May 2022 and December
2023, 695 adult patients (18 years or older) underwent cer-
vical spine MRI in our institution. To be included in this
study, patients were required to undergo both cervical spine
MRI and CT within two months (n=215). One radiologist
reviewed MR images and medical records and patients were
excluded according to the following criteria: (1) history of
trauma at the cervical spine (n=59); (2) previous surgery at
the cervical spine (n=234); (3) history of ankylosing spondy-
litis (n =2); (4) metastasis or infection at the cervical spine
(n="T7); (5) congenital anomaly (e.g., block vertebra) (n=1);
and (6) inadequate sequence (n=6). Finally, 106 patients
who underwent cervical spine MRI for symptoms related
to degenerative spondylosis were enrolled in this study (64
males, 42 females; mean age, 64.3 years; SD, 12.3).
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Image acquisition

All cervical spine MRI scans were acquired using two
3-T scanners (Magnetom Skyra [n=63] and Magnetom
Vida [n=43], Siemens Healthcare). Routine examina-
tions at our institution included sagittal T2, sagittal T1,
axial T2-weighted turbo spin echo (TSE), and sagittal
T1-weighted 3D FLASH sequences. Axial and coronal
reconstructions of T1-weighted 3D FLASH images were
performed in all cases, with a slice thickness of 1 mm and
no interslice gap. Gray-scale inversion was performed for
each image to mimic the contrast in CT images. Detailed
parameters are listed in Supplementary Table 1.

All cervical spine CT scans were acquired using
256-channel MDCT systems (iCT 256; Philips Medical
Systems, Best, Netherlands; IQon-Spectral CT; Philips
Medical Systems, Best, Netherlands). The imaging param-
eters were: 120 kVp tube voltage; 140 mA tube current;
0.4 s rotation time; 2.5 mm slice thickness; and 2.5 mm
reconstruction interval. Sagittal and coronal reformatted
images were created as follows: 2.5-mm slice thickness;
no space between images; bone algorithm; window width
3000; and window level 730.

Image analysis

A picture archiving and communication system (PACS)
was used to review images. A senior radiologist reviewed
the cervical spine CT scans of enrolled patients. The diag-
nosis of OPLL was based on CT findings when ossification
was present at the PLL, posterior to the vertebral bodies,
disks, or both. Thirty-nine patients were diagnosed with
OPLL of the cervical spine (25 males, 14 females; mean
age, 64.6 years; SD, 10.0) and 67 patients without OPLL
were used as the control group (39 males, 28 females;
mean age, 64.1 years; SD, 13.5). The OPLL types were
classified as (1) continuous, flowing ossification at several
levels and the intervening disks; (2) segmental, located
posterior to each vertebral body and not extending beyond
the adjacent disk level; (3) mixed, a combination of con-
tinuous and segmental types; and (4) focal, occurring at
the disk level [2]. The presence of OPLL at each vertebral
level from C2 to C7 was also recorded. The maximum
thickness of the OPLL was measured on axial CT images.

MR analysis was performed independently by two radi-
ologists with 9 and 15 years of experience in spinal imag-
ing, respectively. They independently reviewed the MR
scans and were blinded to the CT and plain radiography
results during the two reading sessions. The first session
consisted of an evaluation of routine cervical spine MR
sequences with T1- and T2-weighted TSE. The second
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reading session was performed at least one month later.
In the second session, the radiologists reviewed the MR
examinations using 3D FLASH images in addition to T1-
and T2-weighted TSE.

During both sessions, the presence and type of OPLL were
recorded for each patient. In addition, OPLL occurrence at
each vertebral level was documented. On TSE sequences,
OPLL was recorded as present when T1- and T2-low-signal
intensity bands of various thicknesses were observed between
the bone marrow of the vertebral body and dural sac, with or
without internal intermediate or increased signal intensity on
T1-weighted images [14, 15]. On 3D FLASH, a high-signal-
intensity band at the PLL was recorded as the OPLL. Read-
ers graded their confidence on a four-point scale (0-49%; 0,
50-75% confidence; 1, 76-90% confidence; 2, >90% confi-
dence; (3). In the second session, the maximum OPLL thick-
ness was measured using axial 3D FLASH.

Statistical analyses

Descriptive statistics were reported for clinical character-
istics of all included patients and CT features of patients
with OPLL. Student’s #-test and chi-square test were applied
to compare clinical features between the two groups. Diag-
nostic performance using either the TSE sequences alone,
or the TSE sequences plus 3D FLASH was evaluated for
each reading session. McNemar’s test was used to compare
the performance results. The Wilcoxon signed-rank test was
used to compare the diagnostic confidence from the two
reading sessions. OPLL thicknesses measured using CT or
3D FLASH were compared by using a paired #-test. Interob-
server agreement was evaluated using kappa statistics and
intraclass correlation coefficients (ICC). Interobserver agree-
ment was graded as poor (<0.20), fair (0.21-0.40), moderate
(0.41-0.60), good (0.61-0.80), or excellent (>0.81).

Three subgroups within the OPLL group were defined as
follows: (1) TSE group: cases that were diagnosed as OPLL
by reviewing only TSE; (2) 3D FLASH group: cases that
were diagnosed by reviewing both TSE and 3D FLASH;
(3) and none: cases that were not diagnosed on MRI. Dif-
ferences in OPLL thickness between the subgroups were
evaluated using one-way ANOVA and post hoc analysis
using Dunnett’s method. Statistical significance was set at
p<0.05. Analyses were performed using IBM SPSS 20 soft-
ware (IBM Software Inc.). The post hoc power analysis was
performed using G*Power software (version 3.1.9.7).

Results

A total of 39 patients were included in the OPLL group
(25 males and 14 females; mean age, 64.6 years) and 67
patients were included in the control group (39 males and

28 females; mean age, 64.1 years). The mean time interval
between CT and MRI was 7.9 days for the OPLL group
and 7.8 days for the control group. No significant differ-
ences were found between the two groups in age, sex, or time
between the CT and MRI scans (p=0.854, p=0.550, and
p=0.980, respectively). Among the OPLL patients, myelop-
athy was present on MRI in 53.8% (21/39) of patients and
74.7% (29/39) underwent surgery. In the OPLL group, 636
vertebral levels were evaluated for the presence of OPLL and
it was found at 92 levels. The segmental type of OPLL was
the most common (rn=23, 59.0%), followed by mixed type
(n=12, 30.8%), localized type (n=3, 7.7%), and continuous
type (n=1, 2.6%). The mean OPLL thickness measured by
CT was 3.9 mm (range, 1.3-7.9 mm).

Evaluation of the added value provided by 3D
FLASH in OPLL diagnosis

Table 1 shows the diagnostic performances per patient and
per level, for both readers in each reading session. The diag-
nostic performance for detecting OPLL improved for both
readers after an additional review of the 3D FLASH images,
and the difference was statistically significant for reader 2
(per patient: p=0.006, per level: p <0.001).

Table 1 Comparison of diagnostic performance between routine
TSE sequences and TSE sequences with additional 3D FLASH in the
diagnosis of OPLL

Type of imaging and statistics Reader 1 Reader 2
Per patient (n=106)
First session (TSE)
Sensitivity (%) 62 (46-75) 62 (46-75)
Specificity (%) 88 (78-94) 99 (92-100)
Accuracy (%) 78 (70-85) 85 (77-91)
Second session (TSE and 3D FLASH)
Sensitivity (%) 74 (59-85) 85 (70-93)
Specificity (%) 97 (90-99) 97 (90-99)
Accuracy (%) 89 (81-93) 93 (86-96)
p values calculated using McNemar’s test 0.289 0.006*
Per level (n=636)
First session (TSE)
Sensitivity (%) 53 (43-63) 54 (44-64)
Specificity (%) 97 (95-98) 99 (97-99)
Accuracy (%) 91 (88-93) 92 (90-94)
Second session (TSE and 3D FLASH)
Sensitivity (%) 77 (68-85) 85 (76-91)
Specificity (%) 99 (98-100) 97 (95-98)
Accuracy (%) 96 (94-97) 95 (93-96)
p values calculated using McNemar’s test 0.127 <0.001*

Numbers in the parenthesis are 95% confidence intervals. FLASH,
fast low-angle shot; TSE, turbo spine echo; OPLL, ossification of the
posterior longitudinal ligament
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Additional interpretation of the 3D FLASH images ena-
bled the correct diagnosis of OPLL in 15, 10, and 6 cases
for readers 1, 2, and both readers, respectively (Supplemen-
tary Table 2). Five OPLL cases were missed in the first ses-
sion with TSE and were correctly diagnosed after a review
of 3D FLASH by both readers (Fig. 1). One patient was

over-diagnosed as OPLL on TSE by both readers, which was
corrected after reviewing the 3D FLASH images (Fig. 2).
The confidence grades in the second session with 3D
FLASH were significantly higher than those in the first ses-
sion for both readers (p <0.001). Figure 3 shows an OPLL
case where the confidence of both readers improved after

Fig. 1 Fifty-three-year-old female who presented with posterior neck
pain and radiating pain to right upper extremity. Sagittal T2-WI (a)
and T1-WI (b) show disk herniation (open arrows) at C4/5 level. The
3D FLASH image (c) revealed the OPLL at C4,5 level (arrows). The
sagittal CT image (d) confirms the diagnosis of OPLL (arrows). At
the first reading session with sagittal TSE images, both readers could

not diagnose the OPLL. The elevated thin hypointense structure
(arrowheads in a and b) was thought to be the elevated posterior lon-
gitudinal ligament due to the herniated disk. After additional review
of 3D FLASH image, both readers detected OPLL and corrected their
decision

Fig.2 Eighty-two-year-old male who presented with weakness in
both lower extremities. On sagittal T2- and T1-WI (a and b), a low-
signal intensity band is seen between the posterior wall of the C4 ver-
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tebral body and dural sac (short arrows), mimicking calcified PLL.
However, no OPLL was observed on 3D FLASH, which was con-
firmed by CT (arrows, ¢ and d)
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Fig.3 Fifty-eight-year-old male who presented with left upper
extremity weakness. On sagittal T2- and T1-WI (a and b), a low-sig-
nal intensity band is seen between the posterior wall of the C5 and
6 vertebral bodies and dural sac (arrows). The sagittal 3D FLASH
image (c) shows segmental OPLL at C5 and 6, which is confirmed

review of 3D FLASH. Interobserver agreement for the pres-
ence and type of OPLL was good in the first session and
excellent in the second session after an additional review of
the 3D FLASH. Interobserver agreement was excellent on
the thickness measurements (Table 2).

Subgroup analysis of OPLL thickness

The mean OPLL thicknesses of the three subgroups (TSE,
3D FLASH, and None) were 3.9 mm, 3.9 mm, and 3.8 mm
on CT, for readers 1 and 2, respectively. We found no sig-
nificant difference between the two readers in the thickness
of OPLL measured on axial CT and 3D FLASH (CT vs.
reader 1, p=0.877; CT vs. reader 2, p=0.364). Table 3 and
Fig. 4 show the results of one-way ANOVA performed on
the OPLL subgroups. The OPLL was thickest in the TSE
group, followed by the 3D FLASH and None groups. Sig-
nificant differences in OPLL thickness were observed among
the three groups for both readers. Post hoc analysis revealed
significant differences between the TSE and None groups for

on CT (e) (arrows). Note the OPLL at central zone of the C5 mid-
body on axial 3D FLASH (d) and CT images (f) (arrows). Both read-
ers identified OPLL in the first and second reading, both increased
their confidence grades from 1 to 3 after reviewing the additional 3D
FLASH images in the second reading

Table 2 Interobserver agreement

K 1CcC 95% CI
Per patient
Presence of OPLL
TSE 0.642 0.479-0.805
TSE and 3D FLASH 0.824 0.708-0.941
Type
TSE 0.636 0.483-0.788
TSE and 3D FLASH 0.861 0.761-0.961
Thickness 0.940 0.886-0.969
Per level
Presence of OPLL
TSE 0.750 0.661-0.838
TSE and 3D FLASH 0.833 0.770-0.896

k kappa concordance, ICC intraclass correlation coefficient, CI con-
fidence interval, OPLL ossification of the posterior longitudinal liga-
ment, TSE turbo spin echo, FLASH, fast low-angle shot
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Table 3 Results of one-way
ANOVA analysis between the

Reader 1

Reader 2

subgroups of the OPLL group Group

TSE
3D FLASH
None

One-way ANOVA

Post hoc analysis
TSE vs. 3D FLASH
TSE vs. none
3D FLASH vs. none

Thickness (mean, 95% CI)
4.6 (3.7-5.5), n=21
3.8(3.0-4.5),n=38

2.8 (2.1-3.5),n=10

Thickness (mean, 95% CI)
4.5 (3.8-5.3),n=24
3.4(2.8-4.0),n=9

2.4 (1.2-3.5),n=6

p value p value
0.007* 0.008*
0.343 0.053
0.005* 0.008*
0.119 0.220

Numbers in parentheses represent the 95% confidence intervals for the mean thickness. n indicates the
number of patients. *p <0.05. OPLL, ossification of the posterior longitudinal ligament, CI confidence
interval, FLASH fast low-angle shot; TSE, turbo spin echo

Fig.4 Results of one-way
ANOVA analysis performed

on the subgroups of the OPLL
group. OPLL was thickest in the
TSE group, followed by the 3D
FLASH and none group in both

readers. There were significant 10—
differences in OPLL thickness

between the three groups. Spe-

cifically, post hoc analysis by 8- P

both readers revealed significant
differences between the TSE
and none groups

Thickness (mm)

Reader 1

Reader 2

both readers. Although not significant, the p-value compar-
ing the TSE and 3D FLASH groups for reader 2 was low
(p=0.053).

Discussion
This study demonstrated that adding 3D FLASH sequences

enabled reliable detection of OPLL in cervical spine MRI
with higher sensitivity and accuracy than that observed with
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conventional T1- and T2-weighted TSE sequences alone.
Furthermore, reader confidence and interobserver agree-
ment were better when 3D FLASH was added to the TSE
sequences. The OPLL cases detected after reviewing 3D
FLASH sequences tended to be thinner than those detected
on TSE only.

Recent studies evaluated the osseous structures caus-
ing neural foraminal stenosis or central canal stenosis on
cervical spine MRI using CT-like MR images [4, 16-18].
Most of these studies utilized ultrashort-echo time (UTE)
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or zero-echo time (ZTE) sequences, demonstrating the use-
fulness of these sequences for assessing bony components
of neural foraminal stenosis or distinguishing disk hernia-
tion from posterior osteophytes [4, 16—18]. Schwaiger et al.
compared two CT-like MR sequences, 3D GRE and UTE,
for evaluating fractures and degenerative bone changes in the
lumbar spine, using CT as a reference [19]. They reported
that 3D GRE had higher agreement with CT and better
image quality. UTE, while providing good tissue contrast,
required twice the slice thickness for a similar acquisition
time and was more sensitive to motion artifacts and B0 inho-
mogeneity, whereas GRE-based images were more affected
by metallic artifacts. Based on their findings, 3D GRE was
suggested to be more advantageous for clinical use under
comparable imaging conditions.

Several reports have demonstrated the use of CT-like MR
with ZTE and synthetic CT images in diagnosing OPLL
[18, 20-22]. In a study by Tran et al., no significant differ-
ence was observed in the detection of OPLL with or without
ZTE (OPLL was identified in 10 cases without ZTE and
11 cases with ZTE), which could be due to the small num-
ber of OPLL cases included [18]. Jeong et al. reported that
reviewing synthetic CT increased sensitivity (reader 1: 47 to
90%, reader 2: 63 to 93%) but decreased specificity (reader
1: 98 to 89%, reader 2: 94 to 84%). In contrast, our study
showed increases in both sensitivity and specificity, with a
notable improvement in specificity. Similar to our findings,
their study also reported improved inter-reader agreement,
rising from moderate to good after adding CT-like images
[22]. To the best of our knowledge, no study has investigated
the utility of 3D T1 GRE-based CT-like images for detecting
OPLL. In this study, using CT as a reference standard for
all cases demonstrated that 3D FLASH could aid in reliable
detection of OPLL.

Thick OPLL is well demonstrated on conventional MRI,
with T1 intermediate to high SI in the OPLL reflecting
fatty bone marrow. However, thin OPLL appearing as a
thin hypointense band is difficult to distinguish from thick-
ened PLL, disk herniation, or prominent anterior epidural
vascularity [21]. Figure 1 shows a case of OPLL that was
missed on the TSE. Both readers observed disk herniation,
and a thin hypointense band was considered to indicate
elevated PLL. After reviewing the 3D FLASH images,
both readers detected OPLL which was confirmed by
CT. In contrast, Fig. 2 illustrates an over-diagnosed case,
where a low-signal intensity band posterior to the vertebral
body on TSE imaging was mistaken for calcified PLL.
This was disproven by 3D FLASH and CT images. The
authors speculate that the hypointense band could be due
to the PLL elevation from disk herniation and chemical
shift artifact. Both cases highlight the difficulty of accu-
rately assessing OPLL on TSE images and demonstrate the
added value of 3D FLASH for clarification. Furthermore,

considering the result that the OPLL in the TSE group
was thicker than that in the 3D FLASH group, 3D FLASH
appears to be especially helpful for difficult cases with thin
OPLL. Reader confidence and interobserver agreement
also improved after viewing the 3D FLASH. Therefore,
3D FLASH could serve as a problem-solving tool when
an ambiguous osseous lesion is observed on TSE, thereby
reducing the need for additional CT scans.

The implementation of CT-like MRI sequences in clinical
practice could potentially streamline decision-making pro-
cesses for cervical spine surgeries. Currently, many patients
undergo both MRI and CT scans preoperatively. By incor-
porating these advanced MRI techniques, we may be able to
simplify the diagnostic workflow, potentially reducing the
need for separate CT scans in some cases. While further
research is needed, this approach could lead to decreased
healthcare costs, efficient resource utilization, and reduced
radiation exposure for patients.

This study had several limitations. First, 3D GRE-based
CT-like images are sensitive to susceptibility and motion
artifacts. Although we excluded patients with a history of
cervical spine surgery, 3D FLASH could provide inade-
quate image quality in such patients [19, 20]. However, this
sequence is commonly available and has low hardware and
software requirements [20]. Second, unfamiliar tissue sig-
nals can increase the difficulty of image interpretation when
compared to CT. Therefore, experience with this particular
sequence would likely be needed for accurate interpretation.
Third, although posterior osteophytes are an important cause
of central canal stenosis, we did not evaluate them because
we intended to focus on OPLL. We plan to focus on poste-
rior osteophytes in future studies. Fourth, this study used
both per-patient and per-level analyses. OPLL-type classi-
fication required assessing overall morphology, necessitat-
ing per-patient analysis. For OPLL thickness, differences
in angulation between CT and MRI made per-level meas-
urements challenging, so we measured at the level with the
greatest thickness and the most similar angulation between
modalities. Although less detailed than per-level analysis,
this approach addressed broader questions. Future studies
with standardized imaging protocols could provide more
detailed insights. Lastly, this retrospective design limited our
ability to calculate the sample size prospectively. A post hoc
power analysis using G*Power, however, confirmed that our
sample size met the requirement for a power of 0.7 [23]. Fur-
thermore, the statistically significant differences observed,
in conjunction with the post hoc power analysis, suggest the
sample size was adequate for the study objectives. Future
studies are encouraged to aim for higher statistical power
with sample sizes calculated during the planning phase for
greater robustness.

In conclusion, 3D FLASH can be helpful for detect-
ing OPLL when combined with conventional T1- and
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T2-weighted images. These results support increasing evi-
dence that using CT-like MR to assess osseous structures
can avoid further work-up with CT imaging.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00256-025-04891-9.

Authors contributions All authors contributed to the study concep-
tion and design. Material preparation and data collection were per-
formed by B. Chung and S. Kim. Formal analysis and visualization
were performed by B. Chung, S. Kim, and G. Lee. The first draft of
the manuscript was written by B. Chung and all authors commented
on previous versions of the manuscript. All authors read and approved
the final manuscript.

Funding Open Access funding enabled and organized by Chung-Ang
University Hospital.

Data availability The data that support the findings of this study are
available from the corresponding author, B. Chung, upon reasonable
request.

Declarations

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Consent to participate This retrospective study was approved by the
institutional review board, and the requirement for informed patient
consent was waived.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Tetreault L, Nakashima H, Kato S, Kryshtalskyj M, Nagoshi N,
Nouri A, et al. A systematic review of classification systems for
cervical ossification of the posterior longitudinal ligament. Global
Spine J. 2019;9(1):85-103.

2. Kalb S, Martirosyan NL, Perez-Orribo L, Kalani MY, Theodore
N. Analysis of demographics, risk factors, clinical presentation,
and surgical treatment modalities for the ossified posterior longi-
tudinal ligament. Neurosurg Focus. 2011;30(3):E11.

3. Epstein N. Ossification of the cervical posterior longitudinal liga-
ment: a review. Neurosurg Focus. 2002;13(2):ECP1.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bender YY, Diederichs G, Walter TC, Wagner M, Liebig T, Rick-
ert M, et al. Differentiation of osteophytes and disc herniations
in spinal radiculopathy using susceptibility-weighted magnetic
resonance imaging. Invest Radiol. 2017;52(2):75-80.

Choi BW, Song KJ, Chang H. Ossification of the posterior
longitudinal ligament: a review of literature. Asian Spine J.
2011;5(4):267-76.

Lombardi AF, Ma YJ, Jang H, Jerban S, Du J, Chang EY, et al.
Synthetic CT in musculoskeletal disorders: a systematic review.
Invest Radiol. 2023;58(1):43-59.

Kang MS, Lee JW, Zhang HY, Cho YE, Park YM. Diagnosis
of cervical OPLL in lateral radiograph and MRI: is it reliable?
Korean J Spine. 2012;9(3):205-8.

Ang EC, Robertson AF, Malara FA, O’Shea T, Roebert JK,
Schneider ME, et al. Diagnostic accuracy of 3-T magnetic reso-
nance imaging with 3D T1 VIBE versus computer tomogra-
phy in pars stress fracture of the lumbar spine. Skeletal Radiol.
2016;45(11):1533-40.

Stillwater L, Koenig J, Maycher B, Davidson M. 3D-MR vs.
3D-CT of the shoulder in patients with glenohumeral instability.
Skeletal Radiol. 2017;46(3):325-31.

Gersing AS, Pfeiffer D, Kopp FK, Schwaiger BJ, Knebel C,
Haller B, et al. Evaluation of MR-derived CT-like images and
simulated radiographs compared to conventional radiography
in patients with benign and malignant bone tumors. Eur Radiol.
2019;29(1):13-21.

Lansdown DA, Cvetanovich GL, Verma NN, Cole BJ, Bach BR,
Nicholson G, et al. Automated 3-dimensional magnetic resonance
imaging allows for accurate evaluation of glenoid bone loss com-
pared with 3-dimensional computed tomography. Arthroscopy.
2019;35(3):734-40.

Samim M, Eftekhary N, Vigdorchik JM, Elbuluk A, Davidovitch
R, Youm T, et al. 3D-MRI versus 3D-CT in the evaluation of
osseous anatomy in femoroacetabular impingement using Dixon
3D FLASH sequence. Skeletal Radiol. 2019;48(3):429-36.
Subramanian A, Hegde G, Azzopardi C, Davies AM, Patel A,
James SL, et al. TI VIBE inversion MRI - an alternative to CT for
imaging of hip pain. J Clin Orthop Trauma. 2021;19:196-9.
Otake S, Matsuo M, Nishizawa S, Sano A, Kuroda Y. Ossification
of the posterior longitudinal ligament: MR evaluation. AINR Am
J Neuroradiol. 1992; 13(4):1059-1067; discussion 1068-1070.
Yamashita Y, Takahashi M, Matsuno Y, Sakamoto Y, Yoshizumi
K, Oguni T, et al. Spinal cord compression due to ossification of
ligaments: MR imaging. Radiology. 1990;175(3):843-8.
Argentieri EC, Koff MF, Breighner RE, Endo Y, Shah PH, Sneag
DB. Diagnostic accuracy of zero-echo time MRI for the evalua-
tion of cervical neural foraminal stenosis. Spine (Phila Pa 1976).
2018;43(13):928-33.

Engel G, Bender YY, Adams LC, Boker SM, Fahlenkamp UL,
Wagner M, et al. Evaluation of osseous cervical foraminal stenosis
in spinal radiculopathy using susceptibility-weighted magnetic
resonance imaging. Eur Radiol. 2019;29(4):1855-62.

Tran CV, Yang HR, Ahmad ZY, Utukuri PS, Quarterman P, Fung
M, et al. Utility of zero-echo time sequence as an adjunct for MR
evaluation of degenerative disease in the cervical spine. Skeletal
Radiol. 2024;53(5):899-908.

Schwaiger BJ, Schneider C, Kronthaler S, Gassert FT, Bohm C,
Pfeiffer D, et al. CT-like images based on T1 spoiled gradient-
echo and ultra-short echo time MRI sequences for the assessment
of vertebral fractures and degenerative bone changes of the spine.
Eur Radiol. 2021;31(7):4680-9.

Tsuchiya K, Gomyo M, Katase S, Hiraoka S, Tateishi H. Magnetic
resonance bone imaging: applications to vertebral lesions. Jpn J
Radiol. 2023;41(11):1173-85.


https://doi.org/10.1007/s00256-025-04891-9
http://creativecommons.org/licenses/by/4.0/

Skeletal Radiology

21. Ma Y], Chang EY. Ossification of the posterior longitudinal liga- 23. Faul F, Erdfelder E, Lang AG, Buchner A. G¥*Power 3: a flexible

ment on zero-TE MRI with “CT-Like” contrast. AJR Am J Roent- statistical power analysis program for the social, behavioral, and

genol. 2021;217(5):1242. biomedical sciences. Behav Res Methods. 2007;39(2):175-91.
22. Jeong HS, Park C, Kim KS, Kim JH, Jeon CH. Clinical feasibil-

ity of MR-generated synthetic CT images of the cervical spine: Publisher's Note Springer Nature remains neutral with regard to

diagnostic performance for detection of OPLL and comparison of jurisdictional claims in published maps and institutional affiliations.
CT number. Medicine (Baltimore). 2021;100(18):e25800.

@ Springer



	CT-like image based on 3D fast low-angle shot: superior diagnostic performance of ossification of the posterior longitudinal ligament
	Abstract
	Objective 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients
	Image acquisition
	Image analysis
	Statistical analyses

	Results
	Evaluation of the added value provided by 3D FLASH in OPLL diagnosis
	Subgroup analysis of OPLL thickness

	Discussion
	References


