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Background: The diagnostic efficacy of the magnetic resonance imaging (MRI)-based vertebral bone
quality (VBQ) score for osteoporosis in patients undergoing lumbar surgery has been documented; however,
whether the VBQ is influenced by different magnetic field strengths (1.5 T and 3.0 T) remains controversial.
This study aimed to investigate the influence of magnetic fields on the diagnostic efficacy of the VBQ score
via self-paired patients who underwent both 1.5 T and 3.0 T MRI scanning.

Methods: This retrospective study included consecutive patients aged >50 years who underwent >2 MRI
examinations within a 6-month period at our department for degenerative lumbar surgery from June 2022
to June 2024. Patients were included only if they had both dual-energy X-ray absorptiometry (DXA) and
quantitative computed tomography (QCT) results obtained within the same period. There were three MRI
scanners in our institution: the GE 1.5 T (General Electric), the GE 3.0 T (General Electric), and the PH 3.0
T (Philips Healthcare, Amsterdam, the Netherlands). The self-paired VBQ scores were compared between
the different magnetic fields and scan manufacturers using paired z-tests. The Steiger’s Z test, correlation
analysis, logistic regression analysis, and receiver operating characteristic (ROC) curve analysis were
performed to explore the influence of the magnetic fields on the diagnostic value of the VBQ score.
Results: A total of 104 patients were included who underwent >2 MRI scans with available DXA and
QCT results. The mean age was 65.3+8.8 years with 56.7% female participants. In self-paired analysis, a
significantly higher VBQ score was found in 1.5 T compared with 3.0 T (3.2+0.59 vs. 2.71+0.66, P<0.001),
whereas no difference was observed between different MRI scanners of 3.0 T. Correlation analysis and
logistic regression analysis of the self-paired patients revealed that the VBQ 1.5 T was more accurately
associated with osteoporosis than the VBQ 3.0 T, with the strongest relationship in VBQ 1.5 T with QCT
(r=-0.529). ROC analysis revealed that the diagnostic efficacy for osteoporosis was comparable between the
VBQ 1.5 T and the VBQ 3.0 T [QCT-defined osteoporosis: VBQ 1.5 T area under the curve (AUC) =0.709
vs. VBQ 3.0 T AUC =0.697; DeLong test P=0.904].

Conclusions: The VBQ 1.5 T has a significantly higher cutoff value for osteoporosis than the VBQ 3.0
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T in patients undergoing lumbar surgery. It is essential to mention the magnetic resonance (MR) field when

applying the VBQ score in the screening of osteoporosis.
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Introduction

It is essential to evaluate the preoperative bone mineral
density (BMD) in patients undergoing lumbar surgery (1).
The novel magnetic resonance imaging (MRI)-based
vertebral bone quality (VBQ) score has emerged as an
alternative for the screening of osteoporosis (2,3). The
correlation of the VBQ with lumbar BMD as measured by
dual-energy X-ray absorptiometry (DXA) and quantitative
computed tomography (QCT) has been confirmed (4), and
the diagnostic value for osteoporosis and osteopenia has
also been summarized (2,3). Furthermore, the prognostic
value of the VBQ score for postoperative complications
such as cage subsidence and screw loosening has also
been confirmed (5-8), making it an alternative tool for the
radiation-free screening of osteoporosis (4).

Firstly proposed by Ehresman ez 4/. in 2019 (9), the VBQ
was adjusted to different MRI systems by the cerebral spinal
fluid (CSF) signal adjustment. Initially, the VBQ score was
proposed not to be influenced by the magnetic resonance
(MR) magnetic field, and several authors from different
regions also reported excellent intra- and inter-observer
reliability for VBQ measurements (3,10-12). However,
recent evidence has indicated that the magnetic field can
significantly influence the VBQ score (4,13,14), with great
variance in diagnostic cutoff values, and reported thresholds
for osteoporosis as high as 3.705 for the VBQ 1.5 T
compared with 2.605 for the VBQ 3.0 T (4).

By taking advantage of our clinical resources, this study
aimed to investigate the consistency of the VBQ score under
different MR fields and MR scanners, and summarize the
screening efficacy of the VBQ between different magnetic
fields. We present this article in accordance with the STARD
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-2025-173/rc) (15).

Copyright © 2025 AME Publishing Company. All rights reserved.

Methods
Patient inclusion and exclusion

"This retrospective study enrolled all the consecutive patients
aged >50 years who underwent degenerative lumbar surgery
at the Spine Surgery Department of Tianjin Hospital
between June 2022 and June 2024. The inclusion criteria
were as follows: (I) availability of lumbar DXA, QCT, and
>2 MRI scans within the period of 6 consecutive months;
and (II) consent to join in the study. The exclusion criteria
were as follows: (I) prior L1-1L4 instrumentation; (II) spinal
metastases or infection; (III) history of L1-L4 vertebral
compression fractures with affecting >2 vertebral bodies;
(IV) inadequate image quality or inability to measure the
lumbar T-score, QCT, or VBQ; and (V) medication of
teriparatide for anti-osteoporosis treatment. Collected data
included including age, gender, body mass index (BMI),
medical history, laboratory findings, DXA, QCT, and MRI
results. The study was conducted in accordance with the
Declaration of Helsinki and its subsequent amendments.
The study was approved by the institutional ethics board of
Tianjin Hospital and the requirement for individual consent
for this retrospective analysis was waived.

DXA examinations and QCT measurements

DXA examinations and BMD measurements were acquired
with lumbar spine (L1-L4) using a GE Lunar iDXA scanner
(enCORE software Version 16; GE Healthcare, Chicago,
IL, USA) following manufacturer protocols. Lumbar
computed tomography (CT) datasets were obtained using
a GE 64-row CT scanner (CT660, GE Healthcare) and
translated to a QCT workstation (Mindways QCT Pro,
Version 6.1, Mindways Software, Austin, TX, USA) for
the volumetric BMD (vBMD) measurements. Detailed
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protocols were followed, as described elsewhere (16).
According to the DXA diagnostic criteria for osteoporosis,
we defined osteoporosis as T-score <-2.5 in the lumbar
spine (17-19). According to the QCT criteria for the L1/
L2 average vBMD according to the American College of
Radiology classification, osteoporosis was defined as vBMD
<80 mg/cm’ (20,21).

MR examinations and VBQ measurements

There were three MR scanners available for lumbar
imaging: a GE 1.5 T (HDXT ECHOSPEED 16
CHANNEL, GE Healthcare), a GE 3.0 T (GE Discovery
MR750 3.0 T, GE Healthcare), and a PH 3.0 T (Philips
Ingenia 3.0 T Cx, Philips Healthcare). Imaging parameters
including repetition time (TR) and echo time (TE) are
detailed in Zable 1. All scans used 5 mm slice thickness. The
VBQ scores were recorded as VBQ 1.5 T, VBQ GE 3.0 T,
and VBQ PH 3.0 T, respectively.

Table 1 Imaging protocol of the three MR scanners
TR, ms

MR scanners TE, ms

GE 1.5 T, median (range) 540 (480-840)  11.4 (8.4-12.6)

GE 3.0 T, median (range) 669 (606-872)  14.4 (9.38-14.6)

PH 3.0 T, median (range) 585 (683-771) 10.0 (10.0-16.5)

GE, General Electric; MR, magnetic resonance; PH, Philips; TE,
echo time; TR, repetition time.

The VBQ score was calculated from the T1-weighted
images (9). The MR images were measured by the Vue
PACS software (Version 12.2.1.0104, Philips Healthcare).
As shown in Figure 1, the midsagittal trabecular portions of
the L1-L4 vertebral bodies were used to measure the signal
intensities (SI). To normalize this median value, the SI of
CSF adjacent to L3 was used as the denominator. The area
of region of interest (ROI), mean SI, and standard deviation
(SD) were recorded. An elliptical ROI of 140-160 mm’ was
used for the L.1-14 vertebral body and 20-40 mm” was used
for the ventral CSF at L3. In cases of modic change, severe
scoliosis, vertebral hemangiomas, and compression fracture,
the remaining vertebral bodies or para-sagittal sections
or CSF signals at L2/L4 could be used. Then, the VBQ
score was calculated by taking the median SI of the L1-L4
vertebrae divided by the SI of the L3 CSE, and the formula
was as follows (9,22):

SI(L1-L14),

median [1]

VBQ score =
SI(L3 g )

"Two independent authors measured the VBQ score while
blinded to DXA/QCT results, and the mean value was
adopted. For patients undergoing multiple scans under the
same MR scanner, the average value of the VBQ scores was
adopted for the calculation.

Statistical analysis

Continuous variables were expressed as the mean + SD,

Figure 1 Representative VBQ measurements of a 67-year-old female patient across different MRI systems. (A) GE 1.5 T scanner; (B) GE 3.0

T scanner; (C) PH 3.0 T scanner. GE, General Electric; MRI, magnetic resonance imaging; PH, Philips; VBQ, vertebral bone quality.

Copyright © 2025 AME Publishing Company. All rights reserved.
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and categorical variables are expressed as the frequency
and percentage. Normality was assessed using Shapiro-
Wilk tests. Continuous variables conforming to a normal
distribution were analyzed with the Student’s #-test.
Paired continuous variables were analyzed with the
paired #-test. One-way analysis of variance (ANOVA)
was used for multiple-group analysis. The intraclass
correlation coefficient ICC, two-way mixed and absolute
agreement), coefficient of variation (CV), and the Bland-
Altman plot were performed to detect the consistency
of the VBQ methods (SPSS AU online analysis, https://
spssau.com/indexs.html). The correlations of the variables
were analyzed by scatter plot and quantified by Pearson’s
correlation. Steiger’s Z test was used to compare the
significance of the self-paired correlations (https://www.
psychometrica.de/correlation.html). Prognostic values
were evaluated via binary logistic regression and expressed
in odds ratio (OR) and 95% confidence interval (CI).
Diagnostic performances were evaluated through receiver
operating characteristic curve (ROC) analysis, and the area
under the curve (AUC) was calculated. Youden’s index was
used to determine the threshold with the best sensitivity
and specificity. DeLong’s tests compared the significance
of different AUCs (SPSS AU online analysis). Analyses
were conducted using the software SPSS 26.0 IBM Corp.,
Armonk, NY, USA). Figures were generated using the
SigmaPlot software (Version 11.0, Systat Software, Inc.,
Erkrath, Germany). Statistical significance was assigned as a
two-tailed P value <0.05.

Results
Patient characteristics

Figure 2 presents the patient selection flowchart. From an
initial cohort of 1,505 patients who had lumbar MR and
DXA examinations, 609 patients had available QCT results.
After applying the inclusion criteria of at least two MR
examinations performed within the period of 6 consecutive
months of DXA and QCT, only 155 patients were included.
According to the exclusion criteria, 51 patients were
excluded, including: (I) lumbar instrumentation of L1-
L4 (n=26); (II) spinal metastases or spinal infection (n=5);
(IITI) multiple L1-1L4 vertebral compression fractures
(n=13); (IV) inadequate image inability to measure VBQ
score (n=2); and (V) teriparatide treatment (n=5). The final
analysis included 104 patients. Participants had mean age of
65.3+8.8 years, 56.7% were female (59/104), and the mean

Copyright © 2025 AME Publishing Company. All rights reserved.
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BMI was 25.9+3.7 kg/m’. A total of 65 patients underwent
two MR examinations, 27 patients underwent three scans,
and 12 patients underwent >4 scans. The representative
MR images and VBQ score calculation of a 67-year female
patient are presented in Figure 1, showing VBQ values of
3.906 (GE 1.5°T), 2.451 (GE 3.0 T), and 2.961 (PH 3.0 T).

The consistency of VBQ score between different MRI fields

and scanners

As presented in Tuble 2 and Figure 2, among the
104 participants, 93 underwent GE 1.5 T, 55 received
GE 3.0 T, and 42 were examined with PH 3.0 T. Baseline
characteristics were comparable across groups. Significant
higher VBQ was found in total 1.5 T compared with total
3.0 T (3.20+0.54 vs. 2.71+0.64, P<0.001 by #-test).

The total distribution of the VBQ scores of the
104 cases is presented in Figure 34, and the VBQ was
slightly higher at the 1.5 T than the 3.0 T. A total of
54 patients had repeat 1.5 T VBQ measurements (mean
difference 0.38+0.34 between scans). ICC analysis revealed
moderate reliability (ICC =0.694, 95% CI: 0.464-0.825),
with CV =8.5% suggesting low variability. A total of
17 patients had repeat GE 3.0 T measurements (mean
difference 0.41+0.33), demonstrating good reliability ICC
=0.820, 95% CI: 0.430-0.945) and CV =11.0%, indicating
low variability for GE 3.0 T measurements.

As shown in Table 2, self-paired analysis of 12 patients
undergoing both GE and PH 3.0 T MRI revealed
comparable values (GE 3.0 T: 2.65+0.50 vs. PH 3.0 T:
2.70+0.63), showing no significant difference (Figure 3B,
P=0.831, paired #-test). The Bland-Altman plots were
performed to detect the consistency between VBQ GE 3.0
T and VBQ PH 3.0 T, and no difference was found (mean
difference 0.052, P=0.389). As no difference was found, we
combined the VBQ GE 3.0 T and VBQ PH 3.0 T into the
group of VBQ 3.0 T

Self-paired analysis of 62 patients undergoing both 1.5 T
and 3.0 T MRI (Table 2) revealed significantly higher VBQ
at 1.5 T (3.20£0.59 vs. 2.7120.66; P<0.001, paired #-test).
As presented in Figure 3C, in the Bland-Altman plot, the
mean difference was 0.488 and significant difference was
found (P<0.001). The histogram presented in Figure 3D
shows a significantly higher VBQ in 1.5 T by the self-paired
comparison.

In summary, although VBQ demonstrated acceptable
consistency within the same scanner and negligible
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A

With MR, DXA and QCT results (n=609)

Excluded by available QCT results (n=896)

Y

Excluded by at least two MR examinations within

A

Meeting the inclusion criteria (n=155)

Y

6 consecutive months of DXA and QCT (n=454)

Excluded by exclusion criteria (n=51):
e Lumbar instrumentation of L1-L4 (n=26)
 History of spinal metastases or infection (n=5)

A

Eventually included in the final analysis (n=104)

GE 1.5T GE3.0T
Total 93 Total 55
SN Multi-GE 3.0T |
Multi-GE 1.5T
‘ 54
\
\
A
\

Y

* Multiple L1-L4 vertebral fractures (n=13)
¢ Inadequate image inability to measure VBQ (n=2)
® Teriparatide treatment (n=5)

Figure 2 Flowchart of patient inclusion/exclusion process and distribution of the overlapped patients. DXA, dual-energy X-ray

absorptiometry; MR, magnetic resonance; GE, General Electric; PH, Philips; QCT, quantitative computed tomography.

differences between 3.0 T scanner manufacturers, a
significantly higher VBQ score could be detected in 1.5 T
than 3.0 T.

VBQ 1.5 T was associated with osteoporosis more
significantly than VBQ 3.0 T

Correlation analyses (Tzble 3) revealed that among 62
self-paired patients undergoing both 1.5 T and 3.0 T
examinations, both the VBQ 1.5 T and VBQ 3.0 T were
significantly correlated with QCT and age. Only the
VBQ 1.5 T had significant correlations with the following
variables of T-score, weight, and hemoglobin. For other
variables, such as BMI, glucose, alkaline phosphatase,

Copyright © 2025 AME Publishing Company. All rights reserved.

albumin, creatinine, glutamic-pyruvic transaminase, uric
acid, triglyceride, total cholesterol, high- and low-density
lipoprotein cholesterol, no correlation with VBQ 1.5 T and
VBQ 3.0 T was found.

VBQ 1.5 T showed moderate correlation with 3.0 T
values (r=0.582, Table 3). According to the QCT criteria
for osteoporosis (Figure 44), significantly higher VBQ
1.5 T compared with VBQ 3.0 T was found in both the
self-paired patients of osteoporosis and non-osteoporosis
(P<0.001, paired #-test). As shown in Figure 4B, VBQ 1.5 T
was associated with QCT more significantly than VBQ 3.0
T (Steiger’s Z test, P=0.046). The same result was found
according to the T-score criteria for osteoporosis (Steiger’s

7 test, P=0.038).
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Table 2 Characteristics of the overlapped patients according to different comparisons

Unpaired comparison

Self-paired comparison

Characteristics

GE1.5Tgroup GE3.0Tgroup PH3.0T group

Total (N=104)

GE 3.0 Tvs.

1.5Tvs.

(N=93) (N=55) (N=42) PH3.0 T(N=12) total 3.0 T (N=62)
Gender: female/male 54/39 28/27 25/17 59/45 6/6 36/26
Age (years) 65.8+8.3 65.8+9.3 65+9.0 65.3+8.8 63.0+8.6 67.2+8.5
Weight (kg) 70.4£12.3 71.1£12 72.2+£10.7 70.1£11.9 72.7+8.7 71.4£13.0
BMI (kg/m?) 26.0+3.8 25.8+3.5 26.4+3.2 25.9+3.7 25.9+1.8 26.2+3.8
BMD (g/cm?) 1.120.2 1.120.2 1.020.1 1.120.2 1.2+0.2 1.120.2
T-score -0.8+1.9 -0.6+1.9 -0.6+1.9 -0.8+£1.9 0.8+1.8 -0.9+1.8
QCT (mg/cm?®) 85.2+34.7 90.8+33.6 92.8+36.2 88.1+35.3 104.7+37.3 83.4+31.3
VBQ15T 3.2+0.5 (N=93) 3.1+0.5 (N=45) 3.3+0.7 (N=25) 3.2+0.5 (N=93) 3.2+0.7 (N=8) 3.2+0.6 (N=62)

VBQ 3.0 T total

2.7+0.7 (N=62)

2.6:0.6 (N=55)

2.9:0.6 (N=42)

2.7+0.6 (N=73)

2.7+0.5 (N=12)

2.7+0.7 (N=62)

GE3.0T 2.6+0.6 (N=45) 2.6+0.6 (N=55) 2.7+0.5(N=12) 2.6+0.6 (N=55) 2.7+0.5 (N=12) 2.6+0.6 (N=45)
PH3.0T 3.0+0.7 (N=25) 2.7+0.6 (N=12) 2.9+0.6 (N=42) 2.9+0.6 (N=42) 2.7+0.6 (N=12) 3.0+0.7 (N=25)
Hemoglobin (g/L) 134.5+16.4 135.3+15.5 135.6+14.3 134.1+15.9 140.4+10.7 134.3+16.5
Triglyceride (mmol/L) 1.9+1.4 2.0+£1.6 1.8+1.3 1.9+1.4 2117 1.8+1.4
CHOL (mmol/L) 5.0+0.9 4.9+0.8 4.7+0.8 5.0+0.9 4.7+0.8 4.9+0.9
HDLC (mmol/L) 1.2+0.3 1.1+£0.3 1.1+£0.3 1.1£0.3 1.0+0.3 1.2+0.3
LDLC (mmol/L) 2.8+0.8 2.8+0.8 2.7+0.8 2.8+0.8 2.6+0.8 2.8+0.8

Continuous variables are expressed as the mean + standard deviation. BMD, bone mineral density; BMI, body mass index; CHOL, total
cholesterol; GE, General Electric; HDLC, high-density lipoprotein cholesterol; LDLC, low-density lipoprotein cholesterol; PH, Philips; QCT,

quantitative computed tomography; VBQ, vertebral bone quality.

A bigh VBQ score was a risk factor for osteoporosis

Binary logistic regression (7able 4) revealed that using QCT
diagnostic criteria, significantly higher ORs were observed
in osteoporotic versus non-osteoporotic patients (VBQ
total: OR =9.68; VBQ 1.5 T: OR =4.36; VBQ 3.0 T: OR
=3.99). According to the T-score criteria for osteoporosis,
only the VBQ 1.5 T (OR =3.21), not the VBQ total and
VBQ 3.0 T, was detected as a risk factor for osteoporosis.
Collectively, VBQ 1.5 T showed stronger associations with
osteoporosis than VBQ 3.0 T

Comparative diagnostic performance of VBQ across
magnetic field strengths

ROC analyses evaluated the diagnostic efficacy for
osteoporosis (Table 5). The diagnostic efficacy of T-score,
BMD, and QCT for osteoporosis is presented in Figure 54,58

Copyright © 2025 AME Publishing Company. All rights reserved.

as references. According to the QCT criteria for osteoporosis,
reference standards showed the following: T-score (AUC
=0.822, P<0.001) and BMD (AUC =0.810, P<0.001).
For QCT-defined osteoporosis (Figure 5C), VBQ 1.5 T
AUC =0.709 (P=0.005) and VBQ 3.0 T AUC=0.697
(P=0.008), with optimal cutoffs of: VBQ 1.5 T 3.018
(sensitivity =76.7%, specificity =62.5%) and VBQ 3.0 T
2.765 (sensitivity =60.0%, specificity =71.9%). DeLong tests
revealed no significant AUC differences between T-score,
BMD, and the VBQ scores (1.5 T vs. 3.0 T: P=0.904; 1.5 T
vs. T-score: P=0.119; 3.0 T vs. T-score: P=0.164).

Using T-score criteria for osteoporosis, the diagnostic
efficacy of QCT was AUC 0.896 (P<0.001). As presented
in Figure 5D, a significant diagnostic effect of VBQ 1.5 T
was detected (AUC =0.738, P=0.009; optimal cutoff
=2.917), whereas no significance could be found for VBQ
3.0 T (AUC =0.586, P=0.346). DeLong tests indicated no

Quant Imaging Med Surg 2025;15(10):10249-10261 | https://dx.doi.org/10.21037/qims-2025-173
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Figure 3 The consistency and difference of the VBQ score among different MRI fields and scanners. (A) VBQ score distribution of the 104
patients who underwent multi-MRI examinations; (B) no difference between GE 3.0 T and PH 3.0 T in 12 self-paired patients; (C) Bland-
Altman plots between VBQ 1.5 T and VBQ 3.0 T; (D) significantly higher VBQ 1.5 T compared with VBQ 3.0 T in 62 self-paired patients.
GE, General Electric; MRI, magnetic resonance imaging; PH, Philips; SD, standard deviation; VBQ, vertebral bone quality.

Table 3 Correlation analysis of the variables associated with osteoporosis by the self-paired patients

QCT (mg/cm®) VBQ1.5T vBQ3.0T Age Weight (kg) Hemoglobin (g/L)
Variables
r P value r P value r P value r P value r P value r P value
T-score 0.679 <0.001* -0.337 0.007* -0.124  0.336 -0.139 0.282 0.436  <0.001* 0.359 <0.001*
QCT (mg/cm®) NA NA -0.529 <0.001* -0.355 <0.001* -0.490 <0.001* 0.285 0.030* 0.204 0.038*
VBQ 15T -0.529 <0.001* NA NA 0.582 <0.001* 0.375 <0.001* -0.244 0.023* -0.215 0.038*
VBQ3.0T -0.355 <0.001* 0.582 <0.001* NA NA 0.315  0.007* 0.054 0.685 -0.146 0.256

Presented by the Pearson’s correlation coefficient (r) and the Pearson’s correlation test (P value). *, statistical significance of P<0.05. NA,
not applicable; QCT, quantitative computed tomography; VBQ, vertebral bone quality.

difference between VBQ 1.5 T and VBQ 3.0 T, whereas

significant superiority of QCT

be found (1.5 T wvs. 3.0 T: P=0.089; 1.5 T vs. QCT: P=0.020;
3.0 T vs. QCT: P=0.003). For the total VBQ score, the
diagnostic effects were AUC =0.749 (QCT criteria) and

Copyright © 2025 AME Publishing Company. All rights reserved.

over the VBQ score could

AUC =0.708 (T-score criteria).

In summary, the diagnostic efficacy of the VBQ 1.5 T
was comparable to that of VBQ 3.0 T. However, the AUCs
of the VBQ scores were still not comparable to those of
T-score, BMD, and QCT.
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Figure 4 Magnetic field effects on the correlation of VBQ score with QCT-osteoporosis detected by the 62 self-paired patients. (A)
Significantly higher VBQ 1.5 T compared with VBQ 3.0 T by QCT criteria; (B) correlation of VBQ 1.5 T/3.0 T with QCT. QCT,
quantitative computed tomography; VBQ, vertebral bone quality.

Table 4 Binary logistic regression analysis of the variables for osteoporosis detected by the self-paired patients

QCT diagnosed osteoporosis

DXA diagnosed osteoporosis

i Non- Non-
Variables osteoporosis Ostze:_p;cz)r)o sis P, OR (95% ClI) P, osteoporosis Ostze:_p:c;r;) sis P, OR (95% ClI) P,
(n=32) (n=49)
T-score 0.03+1.71 -1.92+1.41 <0.001 0.43(0.27-0.69) <0.001 -0.32+1.58 -3.13+0.64 <0.001 NA NA
BMD (g/cm?) 1.18+0.21 0.94+0.17  <0.001 0.002 (0.00-0.05) <0.001 1.13+0.19 0.79+0.08  <0.001 NA NA
QCT (mg/cm®)  107.1+21.1 57.4+17.2  <0.001 NA NA 91.7+28.2 50.6+20.0 <0.001 0.93(0.89-0.97) <0.001
VBQ total 2.75+0.34 3.21+0.60 <0.001 9.68 (2.43-38.60) 0.001 2.91+0.54 3.23+0.44  0.053 2.95(0.91-9.50) 0.070
VBQ15T 2.99+0.44 3.42+0.65 0.004 4.36(1.48-12.88) 0.008 3.11+0.60 3.53+0.45 0.022 3.21(1.10-9.40) 0.033
VBQ3.0T 2.47+0.46 2.96+0.75 0.004 3.99 (1.47-10.83) 0.007 2.68+0.68 2.82+0.59 0.515 1.35(0.55-3.33) 0.509

Continuous variables are expressed as the mean + standard deviation. P, value indicates the t-test between non-osteoporosis and osteoporosis; P,
value indicates the binary logistic regression analysis of the risk factor for osteoporosis. BMD, bone mineral density; Cl, confidence interval; DXA,
dual-energy X-ray absorptiometry; NA, not available; OR, odds ratio; QCT, quantitative computed tomography; VBQ, vertebral bone quality.

Table 5 The diagnostic effect of the variables for osteoporosis detected by self-paired patients

QCT diagnosed osteoporosis DXA diagnosed osteoporosis

variables AUC (95% Cl)  Pvalue THRE SENS SPEC VI AUC (95% Cl)  Pvalue THRE SENS SPEC VI
T-score 0.822 (0.718-0.926) <0.001 -1.650 0.700 0.875 0.575 NA NA NA NA NA  NA
BMD (g/cm?) 0.810 (0.703-0.918) <0.001 0.965 0.667 0.875 0.542 NA NA NA NA NA  NA
QCT (mg/em®) NA NA NA NA NA  NA 0.896(0.814-0.979) <0.001 72.85 0.923 0.776 0.699
VBQtotal  0.749 (0.625-0.873) 0.001 3.275 0.500 0.969 0.469 0.708 (0.552-0.864) 0.022 3.275 0.615 0.837 0.452
VBQ1.5T  0.709 (0.578-0.841) 0.005 3.018 0.767 0.625 0.392 0.738(0.613-0.863) 0.009 2.917 1.000 0.490 0.490
VBQ3.0T  0.697 (0.565-0.829) 0.008 2.765 0.600 0.719 0.319 0.586(0.409-0.762) 0.346 2.791 0615 0.633 0.248

AUC, area under the curve; BMD, bone mineral density; Cl, confidence interval; DXA, dual-energy X-ray absorptiometry; NA, not available; QCT,
quantitative computed tomography; SENS, sensitivity; SPEC, specificity; THRE, threshold of VBQ score; VBQ, vertebral body quality; YI, Youden’s
index.
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Figure 5 ROC curve analysis of the VBQ score for osteoporosis compared with T-score and QCT. (A) T-score/BMD performance using
QCT reference; (B) QCT performance using T-score reference; (C) VBQ 1.5 T/3.0 T performance using QCT reference; (D) VBQ 1.5
T/3.0 T performance using T-score reference. AUC, area under the curve; BMD, bone mineral density; QCT, quantitative computed

tomography; ROC, receiver operating characteristic; VBQ, vertebral bone quality.

Discussion

The purpose of this study was to explore the influence
of magnetic fields on the diagnostic efficacy of the VBQ
score via self-paired patients. We retrospectively analyzed
104 patients who had undergone at least two MR
examinations, and the results demonstrated a significantly
higher diagnostic threshold for VBQ 1.5 T than VBQ 3.0 T
in patients undergoing lumbar surgery. The diagnostic
efficacy for osteoporosis was comparable between the VBQ
1.5Tand VBQ 3.0 T.

The importance of osteoporosis assessment before lumbar
surgery is well recognized (4,23). As MRI is performed as a
routine examination before lumbar surgery, the novel MRI-
based VBQ score has emerged as an opportunistic alternative
tool for screening osteoporosis in the patients undergoing
lumbar surgery (24). Early studies confirmed that

Copyright © 2025 AME Publishing Company. All rights reserved.

osteoporosis is characterized by the localized replacement of
adipocytes (25). The more severe the fat infiltration inside
vertebral body, the more severe the degree of osteoporosis
with impaired bone quality, which is reflected in an increased
MR TT1 SI (25,26). On this basis, Ehresman et #/. overcame
the baseline difference of the MR system by CSF signal
adjustment and raised the VBQ score (1,27).

Initially, it was claimed that the VBQ score was
generalizable across multiple MR systems from different
manufacturers, such as Philips, GE, Toshiba, and Siemens;
however, no details of the magnetic fields were provided
(13,27,28). Recent studies have suggested to reconsider the
influence of the magnetic field on the VBQ score (4,13,14).
In 2023, Lin er al. (4) conducted a study to compare the
VBQ 1.5 T and VBQ 3.0 T in patients undergoing spine
surgery (n=452), which demonstrated that VBQ 1.5 T
exhibited better discriminability for osteoporosis than VBQ
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3.0 T, with the highest discriminative power of VBQ 1.5 T
for QCT-osteoporosis (AUC =0.744); however, unpaired
patients limited the statistical power of the study (4).
Also in 2023, Liu er al. (13) conducted a study to assess
the reproducibility of the VBQ score (n=136, underwent
lumbar MRI twice within 3 months), and found that the
MR technical factors, especially the magnetic field, had
a significant impact on VBQ score; however, the exact
influence was not explored (13). Liu ez a/. in 2023 (14)
included 2,805 patients and found that the VBQ 1.5 T was
significantly higher compared with VBQ 3.0 T (2.769+0.494
vs. 2.19920.432); the authors also included 30 healthy adults
who underwent MRI scans 4 times and found that the VBQ
1.5 T was significantly higher; however, the authors also
had not explored the influence of magnetic fields on the
diagnostic efficacy of the VBQ score.

Our research found that VBQ score was significantly
influenced by MR field strength but not the MRI scanners.
According to our self-paired comparison, a significantly
higher VBQ score could be found in 1.5 T compared with
3.0 T (3.20£0.59 vs. 2.71+0.66). We considered the possible
reason was that the VBQ score was only adjusted to the
CSF as a lower limit, whereas the upper limit was not set.
The upper limit of the T1-weighted SI was significantly
influenced by the MR parameters, especially the magnetic
fields. Without an upper limit, the cutoff value of the VBQ
score varied greatly between MR 1.5 T and MR 3.0 'T.

Prior VBQ studies have primarily used either DXA or
QCT as the reference criteria for diagnosing osteoporosis,
with limited investigation into how diagnostic criteria
selection impacts VBQ performance (4,29). Recent evidence
suggests that applying the conventional World Health
Organization (WHO) Caucasian threshold (T-score <-2.5)
to East Asian populations may overestimate osteoporosis
prevalence, particularly for spine osteoporosis, and the
cutoff value to East Asians could be as low as -3.7 (30).
Additionally, ethnicity- and gender-specific BMD databases
should be used for T-score calculations to ensure diagnostic
accuracy (31,32). Similarly, for the QCT criteria, the
traditional Caucasian cutoff (<80 mg/cm’) appears to
overestimate osteoporosis prevalence in Chinese women,
with the study suggesting a more appropriate threshold of
approximately 50 mg/cm’ for East Asian populations (20).
In our study, we retained the age- and gender-adjusted
Caucasian reference values for spinal T-score calculations,
along with the conventional QCT criterion (<80 mg/cm”)
for osteoporosis diagnosis. Notably, the diagnostic
agreement between DXA and QCT was inconsistent, with

Copyright © 2025 AME Publishing Company. All rights reserved.
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30/62 patients classified as osteoporotic by QCT compared
to only 13/62 by DXA. Despite this discrepancy, both
criteria consistently demonstrated a significantly higher
VBQ cutoff value at 1.5 T compared to 3.0 T. Further
research is needed to clarify the relationships among
T-scores, QCT, and VBQ scores in East Asian populations.

Previous studies confirmed a weak-to-moderate
correlation between the VBQ score and T-score/QCT.
In a study by Lin ez al. (4), the strongest correlation was
observed between the VBQ 1.5 T and QCT (r=-0.511).
In our study, the strongest relationship was also found in
VBQ 1.5 T with QCT (r=-0.529), exceeding correlations
reported in prior studies utilizing both 1.5 T and 3.0 T MR
systems (r ranging from -0.27 to -0.358) (4).

Existing evidence indicates that the VBQ score has a
moderate ability to predict osteoporosis (22,28,33). Our
correlation and logistic regression analyses demonstrated
that VBQ 1.5 T showed stronger associations with
osteoporosis than VBQ 3.0 T. Meta-analysis showed
that with the VBQ cutoff value of 3.02+0.38, the AUC
could be 0.81 for the diagnosis of osteoporosis (2). In the
present study, we found that the diagnostic efficacy for
osteoporosis was AUC 0.709 for VBQ 1.5 T (optimum
cutoff value of 3.018) and AUC 0.697 for VBQ 3.0 T
(optimum cutoff value of 2.765). DeLong’s test confirmed
that VBQ diagnostic performance remained consistent
across MR fields. However, the AUC of the VBQ score was
still not comparable to that of T-score, BMD, and QCT.
Clinically, we recommend that optimal thresholds should
be institution-specific. Furthermore, the VBQ score should
primarily serve as a preliminary osteoporosis screening tool
due to its significant parameter-dependent variability (14).

Previous studies have reported that hyperlipidemia
significantly increased the VBQ score which resembled
the SI seen in osteoporosis (34); however, no significant
influence was found in the present study of the
hyperlipidemia-associated indexes such as triglyceride, total
cholesterol, and high/low density lipoprotein cholesterol.

This is the first study using self-paired patients to
comprehensively evaluate the influence of magnetic fields
on the VBQ score; nevertheless, the study had several
limitations. First, the study was performed in a lumbar
surgery population, thus selection bias might have been
present, and whether the findings can be generalized to the
young healthy population still needs further evaluation.
Second, because osteoporosis screening is more important
than osteopenia screening in patients undergoing spine
surgery, we did not explore the influence on osteopenia,
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which will require further studies. Third, there were only
three MR scanners in our institution, notably only one MR
1.5 T scanner, and whether our findings can be generalized
to other MR scanners requires further research. Fourth, a
clinical diagnosis of osteoporosis such as fragility fractures
was not considered in the present study, and the rate
of osteoporosis could have been underestimated. Fifth,
given the retrospective design of the present study, we set
the time span of MRI, DXA, and QCT examinations at
6 months. Although bone mass was not expected to change
greatly within 6 months, future prospective cohort studies
with shorter time span would be more persuasive. Sixth,
the sample size from our single center was relatively small,
limiting the statistical power of the analysis. Seventh, it was
reported that extrinsic MRI parameters including spin-
echo sequences and the TR/TE relaxation times might have
influence on the VBQ score (13), and future studies with
standardized MR parameters are needed to evaluate the issue.
Eighth, it should be noted that the osteoporosis diagnostic
thresholds (T-score and QCT) employed in this study were
derived from Caucasian reference data, and their validity for
East Asian populations requires additional investigation. Last,
the effect of the potential confounding factors of the VBQ
score, such as smoking status, hematologic abnormalities,
treatments affecting bone marrow composition, as well as
the relevance to the laboratory finding would need further
research to clarify. All results of the manuscript should be
interpreted within the above limitations.

Conclusions

The present study was performed to explore the influence
of magnetic fields on the diagnostic efficacy of the VBQ
score by self-paired patients. Through the retrospective
inclusion of 104 patients who had received at least two
MR examinations, significantly higher VBQ score was
found in 1.5 T compared with 3.0 T. Correlation, logistic
regression, and ROC analyses consistently demonstrated
stronger osteoporosis associations for VBQ 1.5 T compared
to VBQ 3.0 T, yet diagnostic accuracy was similar between
field strengths. Given these field-strength-dependent
differences, reporting magnetic field strength is crucial
when interpreting VBQ scores for osteoporosis assessment.
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