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Absorptiometry-Measured Bone
Mineral Density Is More Efficacious in
Predicting Thoracolumbar Fragility
Fractures?

Bo Zhang"**, Lu-Ping Zhou"**, Xian-Liang Zhang"?, Dui Li"?, Jia-Qi Wang"?,
Chong-Yu Jia"?, Hua-Qing Zhang"?, Liang Kang"?, Ren-Jie Zhang'?,
Cai-Liang Shen'?

'"Department of Orthopedics and Spine Surgery, the First Affiliated Hospital of Anhui Medical University,
Hefei, China

*Laboratory of Spinal and Spinal Cord Injury Regeneration and Repair, the First Affiliated Hospital of Anhui
Medical University, Hefei, China

Objective: Hounsfield units (HU), vertebral bone quality (VBQ), and bone mineral density
(BMD) can all serve as predictive indicators for thoracolumbar fragility fractures. This study
aims to explore which indicator provides better risk prediction for thoracolumbar fragility
fractures.

Methods: Patients who have received medical attention from The First Affiliated Hospital of
Anhui Medical University for thoracolumbar fragility fractures were selected. A total of 78
patients with thoracolumbar fragility fractures were included in the study. To establish a
control group, 78 patients with degenerative spinal diseases were matched to the fracture
group on the basis of gender, age, and body mass index. The lumbar vertebral HU, the VBQ,
and the BMD were obtained for all the 156 patients through computed tomography, mag-
netic resonance imaging, and dual-energy x-ray absorptiometry (DEXA). The correlations
among these parameters were analyzed. The area under curve (AUC) analysis was employed
to assess the predictive efficacy and thresholds of lumbar vertebral HU, VBQ, and BMD in
relation to the risk of thoracolumbar fragility fractures.

Results: Among the cohort of 156 patients, lumbar vertebral HU exhibited a positive corre-
lation with BMD (p < 0.01). Conversely, VBQ showed a negative correlation with HU, BMD
(p<0.05). HU and BMD displayed a favorable predictive efficacy for thoracolumbar fragil-
ity fractures (p < 0.01), with HU (AUC = 0.863) showcasing the highest predictive efficacy,
followed by the DEXA-measured BMD (AUC =0.813). VBQ (AUC = 0.602) ranked lowest
among the 3 indicators. The thresholds for predicting thoracolumbar fragility fractures were
as follows: HU (88),VBQ (3.37), and BMD (0.81).

Conclusion: All 3 of these indicators, HU, VBQ, and BMD, can predict thoracolumbar fra-
gility fractures. Notably, lumbar vertebral HU exhibits the highest predictive efficacy, fol-
lowed by the BMD obtained through DEXA scanning, with VBQ demonstrating the lowest
predictive efficacy.

Keywords: Spine, Osteoporosis, Osteoporotic fractures, Computed tomography, Magnetic
resonance imaging, Bone density
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INTRODUCTION

With the aging of the population, osteoporosis has emerged
as a global health concern among the elderly. Approximately
30% of elderly individuals worldwide suffer from osteoporosis,
with postmenopausal women being the predominant demogra-
phic affected."? Fragility fractures primarily attributed to osteo-
porosis represent the most common cause of such fractures.’
These fractures occur without significant traumatic force or low-
energy trauma and most frequently affect the spine and hip joints.*
Among the fragility fractures, vertebral fragility fractures con-
stitute approximately 50% of all the fracture types and can re-
sult in pain, spinal deformity, paralysis, and even mortality.>®

Various methods are currently available for assessing the tho-
racolumbar bone quality, including dual-energy x-ray absorpti-
ometry (DEXA), computed tomography (CT), magnetic reso-
nance imaging (MRI), and quantitative CT. DEXA is the cur-
rent gold standard for evaluating the lumbar vertebral quality.”
However, in patients with degenerative spinal conditions, the
bone mineral density (BMD) and the T score measured via DEXA
may be elevated due to factors such as spinal scoliosis, degener-
ative joint disease, osteophyte formation, and sclerosis.*'' Con-
sequently, selecting an appropriate and sensitive method for iden-
tifying individuals at high risk of thoracolumbar fragility frac-
tures becomes particularly crucial.

Many studies have recommended the use of vertebral Houn-
sfield units (HU) measured from CT images as a supplementa-
ry method for assessing bone density and have confirmed a posi-
tive correlation between the vertebral HU and BMD." The ad-
vantage of CT-measured HU lies in its ability to bypass degen-
erated areas, focusing on trabecular bone, which is highly sus-
ceptible to osteoporosis.”” A novel technique for assessing ver-
tebral quality, known as vertebral bone quality (VBQ), recently
emerged. The VBQ is measured using non-contrast T1-weight-
ed lumbar spine MRI, which calculates the vertebral signal in-
tensity (SI) to cerebrospinal fluid (CSF) ratio. This method not
only has advantages similar to HU values but also eliminates
radiation exposure. Research has shown that VBQ serves as a
valuable adjunctive tool in diagnosing osteoporosis."

However, a few studies have simultaneously delved into the
prediction of thoracolumbar fragility fractures based on HU,
VBQ, and BMD values. Furthermore, research on the thresh-
olds for predicting thoracolumbar fragility fractures using HU
and VBQ remains sparse. This study marks the effort to con-
currently investigate which parameter among lumbar vertebral
HU, VBQ, and the BMD is most effective in predicting the risk
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of thoracolumbar fragility fractures and establish thresholds for

predicting such fractures.

MATERIALS AND METHODS

1. Patient Selection

Patients who visited The First Affiliated Hospital of Anhui
Medical University Department of Spinal Surgery between Jan-
uary 2019 and June 2023 for acute thoracolumbar fragility frac-
tures without apparent external or low-energy trauma were in-
cluded in the study. Ethical approvals were provided by the eth-
ics committee of the First Affiliated Hospital of Anhui Medical
University Ethics Committee (ethics approval number: PJ2023-
12-59). Since this is a retrospective study, formal consent is not
required. Two senior spinal surgeons independently identified
acute thoracolumbar vertebral fractures using spinal MRI. In
cases with a discrepancy in the assessment results between the
2 senior surgeons, a third senior spinal surgeon made the final
determination. Importantly, none of the 3 surgeons had access
to the patients’ personal information.

Patients who met the following criteria were included in the
study: (1) Patients aged 55 years and older. (2) Patients who ex-
perienced acute thoracolumbar vertebral fractures due to low-
energy trauma or without apparent external trauma. (3) Patients
who underwent lumbar spine CT, DEXA, and MRI examina-
tions within one week after the occurrence of the fracture. Pa-
tients who met any of the following criteria were excluded from
the study: (1) Patients with a history of significant traumatic in-
juries, such as injuries from car accidents, falls from heights, or
other violent traumas, and those with a history of spinal sur-
gery. (2) Patients with systemic or spinal tumors, spinal infec-
tions, intervertebral disc inflammation, or long-term metabolic
or wasting diseases, like hyperthyroidism or hypothyroidism.
(3) Patients with unclear or inadequate imaging data.

This is a matched cohort study. A total of 78 patients diag-
nosed with thoracolumbar fragility fractures were included in
this retrospective research. Meanwhile, 78 patients with degen-
erative spinal diseases were selected and matched as the control
groups in terms of age, gender, and body mass index (BMI) from
the medial records. Additionally, demographic information, such
as smoking history, diabetes, hypertension, and coronary artery

disease were recorded for all patients.

2. Measurement of VBQ
The patients underwent examinations using a MRI machine,
conducted at 1.5 Tesla. All images were transferred to a com-
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puter in DICOM format and evaluated and analyzed using the
Picture Archiving and Communication System (PACS) soft-
ware. Two experienced radiologists, who were blinded to pa-
tient information, separately measured the VBQ of the patients
on non-enhanced MRI T1-weighted images using the PACS
software. Regions of interest (ROI) were positioned within the
marrow of the L1-4 vertebrae and in the CSF space at the L3
level to measure the VBQ. To minimize measurement errors,
efforts were made to maintain consistent ROI sizes for each
vertebra. The average SI within each ROI was recorded." Sub-
sequently, the average signal values of the vertebral bodies in
the sagittal plane of L1-4 were determined. These values were
then divided by the signal value of the CSF at the L3 level. This
calculation yielded the VBQ (Fig. 1)."® When abnormalities ex-
isted in the vertebrae, such as fractures or severe degeneration,
the segment in question was excluded from the study. In cases
where of complete blockage of the CSF signal at the L3 level, the
signal value from the adjacent segment was used instead."” The
average VBQ for L1-4 was calculated by taking the mean of the
VBQ results obtained for the vertebrae within the L1-4 range.
To calculate the VBQ for an individual vertebra, the SI of that
specific vertebra was divided by the CSF signal value at the L3
level, producing the VBQ for that single vertebral segment.'®

Mean: 339 ¥,
Area: 2.82cm? |

Mean: 172 |
Area: 0.35cm

Fig. 1. Noncontrast-enhanced T1-weighted magnetic reso-
nance imaging shows the signal intensity (SI) of L1-4 and SI
of cerebrospinal fluid using regions of interest.
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3. Measurements of Vertebral HU

CT images of the patient’s lumbar spine in DICOM format
were obtained through the PACS software. Two experienced
radiologists, who were blinded to patient information, separate-
ly measured the vertebral HU of the patients using the PACS
software. Vertebral bodies were located in the mid-sagittal im-
ages of the lumbar vertebral marrow, and elliptical ROI were
placed at the midpoint of the selected vertebral body’s cross-sec-
tion. The average signal value was then recorded.””” The prin-
ciple for placing the ROI was to include as much trabecular bone
as possible while avoiding cortical bone and heterogeneous ar-
eas, such as the posterior venous plexus and bone islands.” HU
measurements were taken separately for the cross-sectional im-
ages of the L1, L2, L3, and L4 vertebral bodies. These measure-
ments were recorded as individual vertebral HU values. The
patient’s lumbar spine L1-4 HU average value was obtained by
taking the mean of these results. Segments with vertebral ab-
normalities, such as fractures or severe degeneration, were ex-
cluded from the study. In such cases, the average HU value from
the remaining vertebral bodies within the L1-4 range was in-
cluded in the study (Fig. 2). The final record included the HU

Mean: 106
Area: 5.6cm?

3

Mean: 107
Area: 5.7cm?

J

Mean: 98
/. Area: 5.6cm?

Fig. 2. Computed tomography (CT) scans illustrating the me-
thod of determining the Hounsfield unit (HU) value with use
of an elliptical region of interest function. The left image dis-
plays sagittal section slices of the lumbar spine from a CT scan,
while the right image shows the plane of interest at the mid-
point of the cross-sections of the L1, L2, L3, and L4 along with
the HU values generated by the imaging software program.
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values obtained from both measurements.

4. BMD and T Score of the Lumbar Spine Were Measured

Using DEXA

The BMD and T-score information for L1, L2, L3, and L4 ob-
tained through DEXA was exported by our hospital’s bone den-
sity facility. Using the patient’s lumbar spine MRI and CT scans,
abnormal vertebral bodies, such as fractures or severe degener-
ation, were identified. These segments were excluded from the
study, and the BMD and T-score information for the remaining
vertebral bodies within the L1-4 range was included in the re-
search.

5. Statistical Analysis

Statistical analysis was conducted using IBM SPSS Statistics
ver. 27.0 (IBM Co., Armonk, NY, USA). Descriptive statistics
were obtained using the means and the standard deviations. For
normally distributed continuous variables, an independent sam-
ple t-test was performed. The nonnormally distributed contin-
uous variables were analyzed using the Mann-Whitney U-test
and the independent t-test. Categorical variables were compared
using the chi-square test. The Pearson or Spearman correlation
coefficients was used to calculate the correlations between HU,
VBQ, BMD and the number of thoracolumbar fragility fractures.
The area under curve (AUC) and thresholds for HU and VBQ
in predicting osteoporosis were calculated for both groups. Re-
ceiver-operator curve was utilized to evaluate the efficacy of lum-
bar HU and VBQ in predicting osteoporosis and the efficacy of
lumbar HU, VBQ, and BMD in predicting thoracolumbar fra-
gility fractures.

Table 1. Demographic characteristics of the patients

Characteristic IZ;ait;l g)e ao:t;g)l t/ZIy p-value
Female sex 57 (73) 62 (79) 0.886 0.347
Age (yr) 68.0+72 67.0£6.6 -0.639 0.523
BMI (kg/m?) 23.6+3.5 245+£3.1 -1.955 0.051
Smoker 9(12) 7(9) 0.279 0.598
Diabetes 6(8) 12 (15) 2.261 0.133
Hypertension 33 (42) 34 (44) 0.026 0.872
CHD 5 (6) 5 (6) 0.000  >0.999

Values are presented as number (%) or mean * standard deviation.
BMI, body mass index; CHD, coronary heart disease.

"The t-value and Z-value were obtained by Student t-test and Mann-
Whitney test according to the result of the test for normal distribu-
tion.
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RESULTS

1. Demographic Characteristics of the Patients

In the fracture group, the gender distribution was 21 males
and 57 females, with an average age of 68.0+ 7.2 years and a mean
BMI of 23.6 3.5 kg/m*. The control group had 16 males and
62 females, with an average age of 67.0+ 6.6 years and an aver-
age BMI of 24.5+ 3.1 kg/m’. No statistically significant differ-
ences existed between the 2 groups in terms of gender, age, BMI,
smoking status, diabetes, hypertension, or coronary heart dis-
ease (p>0.05) (Table 1).

2. Correlation Among HU, VBQ, and BMD Values

The mean HU, VBQ, and BMD in the cohort of 156 patients
were 86.43 +36.07, 3.38+£0.63, and 0.88+0.18, respectively. Sig-
nificant correlations were evident among the individual verte-
bral bodies and the averaged HU, VBQ, and BMD values with-
in the L1-4 regions. Specifically, HU exhibited positive correla-
tions with BMD (p < 0.001), while VBQ demonstrated negative
correlations with HU, and BMD (p < 0.05) (Table 2).

3. Characteristics Comparisons Between Fracture and
Control Groups on HU, VBQ, and BMD values

In the fracture group, the individual vertebral bodies and the

Table 2. Correlation among HU, VBQ, and the DEXA-mea-
sured BMD values

Region HU with VBQ HU with BMD VBQ with BMD
L1

r -0.359 0.513 -0.335

p-value <0.001 <0.001 <0.001
L2

r -0.317 0.634 -0.193

p-value <0.001 <0.001 0.029
L3

r -0.309 0.689 -0.137

p-value <0.001 <0.001 0.109
L4

r -0.375 0.642 -0.124

p-value <0.001 <0.001 0.146
L1-4

r -0.366 0.669 -0.235

p-value <0.001 <0.001 0.003

HU, Hounsfield unit; VBQ, vertebral bone quality; DEXA, dual-en-
ergy x-ray absorptiometry; BMD, bone mineral density.
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average HU, and BMD for L1-4 were significantly lower than
those in the control group (p <0.01). Conversely, in the fracture
group, the individual vertebral bodies and the average VBQ for
L1-4 were higher than those in the control group. Significant
differences in VBQ were observed at L2 and L4, and the aver-
age VBQ for L1-4 (p <0.05). The disparities observed at L1 (p=
0.077) and L3 (p=0.218) between the 2 groups did not reach
statistical significance (Table 3).

4. Correlations Between the Number of Thoracolumbar
Fragility Fractures and Indicators, Including HU, VBQ,
and BMD Values
In the fracture group of 78 patients, 91 thoracolumbar verte-

bral body fractures were recorded. Among them, 67 individuals

had fractures in one segment, 9 individuals had fractures in 2

segments, and 2 individuals had fractures in 3 segments of the

thoracolumbar spine. The findings show an inverse relationship
between the average HU, BMD for L1-4 and number of frac-

Table 3. Characteristics of HU, VBQ, and BMD between frac-
ture and control groups

Fracture Control t/Z/x*"  p-value
HU
L1 84.83+26.44 115.45+3291 -4.825 <0.001
L2 65.60+27.40 111.16+31.59 -7.010 <0.001
L3 59.28+29.21 101.11+33.53 -6.654 <0.001
L4 61.80+27.61 108.9 +34.28 -7.240 <0.001
L1-4 64.59+26.43 108.29+30.88 -7.824 <0.001
VBQ
L1 3.48+0.57 3.28+0.53 -1.769 0.077
L2 3.60+0.75 3.29+0.61 -2.521 0.012
L3 3.38+0.68 3.23+£0.58 -1.232 0.218
L4 3.50+0.66 3.28+0.57 -1.984 0.047
L1-4 3.50+0.66 3.27+0.57 -2.194 0.028
BMD
L1 0.76 £0.20 0.87+0.12 -3.824 <0.001
L2 0.75+0.16 0.94+0.17 -5.640 <0.001
L3 0.81+0.18 1.01+0.18 -6.293 <0.001
L4 0.84+0.16 1.09+0.20 -7.206 <0.001
L1-4 0.79+0.16 0.98+0.16 -6.749 <0.001

Values are presented as mean + standard deviation.

HU, Hounsfield unit; VBQ, vertebral bone quality; BMD, bone min-
eral density.

"The t-value and Z-value were obtained by Student t-test and Mann-
Whitney test according to the result of the test for normal distribu-
tion.
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tures (p <0.001). The average VBQ for L1-4 was positively cor-
related with the number of fractures (p =0.045). Low HU, BMD,
and high VBQ were associated with the occurrence of multiseg-
ment thoracolumbar fragility fractures (Table 4).

5. HU and VBQ as Predictors of Osteoporosis

Among the 156 patients included in this study, 76 were diag-
nosed with osteoporosis (T score <-2.5). HU and VBQ are ef-
fective in predicting osteoporosis, The respective thresholds for
HU and VBQ are 87.50 and 3.30. The efficacy of the L1-4 aver-
age HU (AUC=0.848, p<0.001) in predicting osteoporosis sur-
passes that of the L1-4 average VBQ (AUC=0.641, p=0.002)
(Table 5).

6. Prediction of Thoracolumbar Fragility Fractures Based
on HU, VBQ, and BMD Values

1) Prediction of thoracolumbar fragility fractures using CT-

measured HU

The predictive efficacy of the L1-4 average HU for thoraco-
lumbar fragility fractures (AUC=0.863, p<0.001) with the
threshold of 88 surpasses that of any individual vertebral HU
measurement. Among the individual vertebral HU measure-
ments for predicting thoracolumbar fragility fractures, the high-
est predictive efficacy is observed for L2 (AUC=0.861, p<0.001),
followed by L4 (AUC=0.855, p<0.001), L3 (AUC=0.827, p<
0.001), and L1 (AUC=0.783, p<0.001), with corresponding
thresholds of 92, 86, 70, and 88, respectively (Table 6; Fig. 3A-E).

Table 4. Correlations between the number of thoracolumbar
fragility fractures and indicators, including HU, VBQ, and BMD

HU BMD  VBQ
(L1-4) (L1-4) (L1-4)

No. of thoracolumbar fragility fractures
r -0.639  -0.554  0.160
p-value <0.001 <0.001 0.045

HU, Hounsfield unit; VBQ, vertebral bone quality; BMD, bone min-
eral density.

Table 5. The threshold and AUC of HU and VBQ in predict-
ing osteoporosis

Sensitivity Specificity AUC

Variable  Threshold (%) (%) p-value
HU 87.50 85.53 72.50 0.848 0.001
VBQ 3.30 67.11 67.50 0.641 0.002

AUC, area under curve; HU, Hounsfield unit; VBQ, vertebral bone
quality.
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Table 6. The threshold and AUC of HU, VBQ, and BMD in
predicting thoracolumbar fragility fractures

Sensitivity Specificity AUC

Variable  Threshold (%) (%) p-value
HU
L1 88 69.23 83.08 0.783 <0.001
L2 92 87.50 68.49 0.861 <0.001
L3 70 71.21 80.82 0.827 <0.001
L4 86 85.07 71.23 0.855 <0.001
L1-4 88 87.18 73.08 0.863 <0.001
VBQ
L1 3.41 56.41 67.69 0.604 0.075
L2 3.59 46.43 82.19 0.630 0.010
L3 3.33 48.48 65.75 0.561 0.219
L4 3.38 52.24 71.23 0.597 0.045
L1-4 3.37 53.85 74.36 0.602 0.027
BMD
L1 0.76 61.54 83.08 0.725 <0.001
L2 0.73 62.50 90.41 0.790 <0.001
L3 0.87 74.24 80.82 0.810 <0.001
L4 0.93 77.61 79.45 0.853 <0.001
L1-4 0.81 65.38 89.74 0.813 <0.001

AUCG, area under curve; HU, Hounsfield unit; VBQ, vertebral bone
quality; BMD, bone mineral density.

2) Prediction of thoracolumbar fragility fractures based on VBQ

measured through MRI

The prediction efficacy of thoracolumbar fragility fractures
using the average VBQ of L1-4 is AUC=0.602 (p=0.027), with
a corresponding threshold of 3.37. Among the individual verte-
bral bodies, the highest predictive efficacy for thoracolumbar
fragility fractures is observed for L2 VBQ (AUC=0.630, p=0.010),
with a threshold of 3.59. L4 VBQ (AUC=0.597, p=0.045) also
shows a significant predictive power, with a threshold of 3.38.
The statistical results for L1 (AUC=0.604, p=0.075) and L3
(AUC=0.561, p=0.219) do not exhibit significant predictive
ability for thoracolumbar fragility fractures (Table 6; Fig. 3A-E).

3) Predicting thoracolumbar fragility fractures using BMD

measurements obtained through DEXA scans

The L1-4 average BMD measurements have a promising pre-
dictive efficacy with a threshold of 0.81 (AUC=0.813, p<0.001).
Among these measurements, the L4 BMD demonstrates the high-
est predictive efficacy (AUC=0.853, p<0.001) with a threshold
of 0.93. The next vertebral level with a notable predictive effica-
cy is the L3 BMD (AUC=0.810, p<0.001) with a threshold of
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0.87. For L2 BMD (AUC=0.790, p<0.001) demonstrated pre-
dictive efficacy with a threshold of 0.73. Lastly, the L1 BMD
(AUC=0.725, p<0.001) exhibited predictive efficacy with a
threshold of 0.76 (Table 6; Fig. 3A-E).

4) Comparative efficacy of HU, VBQ, and BMD measured by
DEXA in predicting thoracolumbar vertebral fragility fractures
Among the 3 indicators of the L1-4 average HU, VBQ, and

BMD, HU demonstrates the highest predictive efficacy for tho-

racolumbar vertebral fragility fractures. Next, the DEXA-mea-

sured BMD exhibits a relatively high predictive efficacy, while

VBQ is the least effective among these 3 indicators (Table 6; Fig.

3E).

DISCUSSION

1. The Current Application of Lumbar CT, MRI, and

DEXA in Vertebral Quality Assessment

DEXA is widely acknowledged as the gold standard for diag-
nosing osteoporosis. Most middle-aged and elderly individuals
undergo osteoporosis screening, primarily utilizing DEXA.”**
However, trabecular bone, which is particularly susceptible to
osteoporosis, can be more accurately evaluated using the HU
measured through CT than DEXA. The advantage lies in the
selective measurement of the trabecular bone while bypassing
the cortical bone."” Lumbar or thoracoabdominal CT scans are
extensively employed for assessing bone quality and opportu-
nistic screening for osteoporosis. Previous studies by Pickhardt,
Carberry, and others have substantiated a notable correlation
between the HU values measured via lumbar or thoracoabdomi-
nal CT scans and the BMD and T scores obtained from DEXA.
19242 However, when detecting changes in the vertebral bone
microstructure, bone contusions, or minor compression frac-
tures, x-rays and CT scans often prove inadequate.” In recent
years, some scholars have advocated for the utilization of MRI
in the assessment of lumbar VBQ. MRIs sensitivity to signal
changes related to alterations in bone microstructure, such as
trabecular bone fat infiltration and subtle vertebral microdam-
age,” has gradually made it a routine examination for vertebral
fractures, particularly in the thoracolumbar fractures of the el-
derly”® The advantage of measuring lumbar vertebral HU and
VBQ through CT and MRI lies in their ability to selectively as-
sess trabecular bone, bypassing the cortical bone."*'* HU, VBQ,
and the BMD obtained from DEXA scans all serve as indicators
reflecting the vertebral quality. However, no relevant research is
currently available to determine which of these indicators ex-

https://doi.org/10.14245/1s.2346998.499
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hibits the highest predictive efficacy for thoracolumbar verte-
bral fragility fractures.

We conducted predictive and correlational studies simultane-
ously encompassing the HU, VBQ, and BMD obtained through
CT, MR, and DEXA scans for the prediction of thoracolumbar
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Fig. 3. Receiver operating characteristic curve analysis was
used to evaluate HU, VBQ, and the DEXA-measured BMD in
predicting thoracolumbar fragility fractures, at the L1 (A), L2
(B), L3 (C), and L4 (D) vertebral segments. (E) Receiver oper-
ating characteristic curve analysis was used to evaluate L1-4
average HU, L1-4 average VBQ, and the DEXA-measured
L1-4 average BMD in predicting thoracolumbar fragility frac-
tures. HU, Hounsfield unit; VBQ, vertebral bone quality; DEXA,
dual-energy x-ray absorptiometry; BMD, bone mineral density.

fragility fractures. Prior to this, most studies included only one
of the parameters: HU, VBQ, BMD, or T score.'®*"* Addition-
ally, we established a nonfracture control group that matches
the fracture group in gender, age, and BMI to assess the predic-
tive efficacy of HU, VBQ, and BMD in the context of thoraco-
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lumbar fragility fractures. Furthermore, we ensured consistency
in the measurement segments for all patients’ lumbar assessments
by removing fractured and severely degenerated vertebral bod-
ies within the L1-4 range and subsequently measuring the av-
erage HU, VBQ, and BMD for each individual vertebral body
and L1-4. This approach sets our study apart from previous re-
search endeavors.

2. HU, VBQ, and BMD Can All Indicate the Bone Quality
of the Lumbar Spine

Our research findings indicate a strong positive correlation
between HU and the DEXA-measured BMD, which is consis-
tent with the results of Alacreu et al.*® Huang et al.’' discovered
an inverse relationship between VBQ, HU, which is also signifi-
cantly correlated and consistent with our study’s results.

The mean HU, VBQ, and BMD exhibited significant differ-
ences between the fracture and control groups. The HU of the
fracture group is substantially lower than that of the control
group, as measured by DEXA for the BMD, whereas the VBQ
was higher than that in the control group. This result suggests a
noticeable difference in vertebral quality between the fracture
and control groups, with the patients in the fracture group dis-
playing inferior bone quality. Furthermore, HU, BMD displayed
a significant negative correlation with the number of thoraco-
lumbar fragility fractures, while VBQ exhibited a positive cor-
relation with the number of thoracolumbar fragility fractures.
This finding implies that low HU, BMD and high VBQ are sig-
nificantly associated with multisegment thoracolumbar fragility
fractures, which is consistent with the research results of Zou et
al.,”! who found a correlation between low HU values and a high
number of vertebral fragility fractures. Given the strong corre-
lation among the 3 indicators, all of which can reflect the quali-
ty of vertebral bone, and the significant differences between the
fracture and control groups, how effective are they in diagnos-
ing osteoporosis and thoracolumbar fragility fractures? Previ-
ous researches have rarely focused on the above-mentioned ques-
tions, which are what we have explored in this study.

3. HU and BMD Are Used to Predict Osteoporosis and

Thoracolumbar Fragility Fractures

In this study, we also assessed the predictive capability of L1-4
HU for osteoporosis. HU exhibited a strong predictive efficacy
for osteoporosis, with a threshold of 87.5. This value is near the
threshold of 86 reported by Kim et al.** Additionally, we deter-
mined the thresholds of 88 for L1-4 HU in predicting thoraco-
lumbar fragility fractures. Notably, the similarity between the
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HU predicted osteoporosis threshold and the predicted thora-
columbar fragility fracture threshold suggests that patients with
osteoporosis are at a significant risk of experiencing thoraco-
lumbar fragility fractures. This finding aligns with the research
conducted by LeBoff et al.,” who established that osteoporosis
is a crucial risk factor for vertebral fragility fractures. This find-
ing further substantiates the reasonableness of the HU thresh-
old we derived for predicting osteoporosis. Zou et al.*' previously
studied the use of L1 HU as a predictor for thoracolumbar fra-
gility fractures and recorded the threshold of 66. Our research
results suggest that L1 HU or L1-4 HU has a threshold of 88
for predicting thoracolumbar fragility fractures. We attribute
this difference to potential variations in sample age; the study of
Zou et al. included patients who were > 65 years, while our study
included patients who were =55 years. Although the DEXA-
derived BMD can be influenced by factors such as compression
fractures, osteophyte formation, and osteosclerosis,*"" they still
exhibit a relatively high predictive efficacy for thoracolumbar
fragility fractures, although not as high as HU. This can also ex-
plain our previous observation of a strong positive correlation
between BMD and HU.

4. VBQ Is Used to Predict Osteoporosis and

Thoracolumbar Fragility Fractures

VBQ exhibited moderate efficacy in predicting osteoporosis,
which is consistent with the results obtained by Ozmen et al.,**
Yin et al,*® and others. In prior research, Ehresman et al.*® found
that VBQ is an independent predictor of thoracolumbar fragili-
ty fractures. Li et al."® identified the threshold of 3.48 for predict-
ing thoracolumbar fragility fractures using VBQ, and the thresh-
old of 3.60 for single-level VBQ. Age, sex, and BMI significantly
impact bone quality; yet previous studies did not control for these
factors.'"™”” Therefore, we established a control group matched
in age, sex, and BMI without fractures. Our study revealed the
threshold of 3.37 for predicting thoracolumbar fragility fractures
using L1-4 VBQ. This predicted threshold is lower than that
reported by Li et al."® (3.48). We speculate that Li et al. might
not have adequately accounted for the impact of age and BMI
on bone quality in their analysis.

5. Comparing the Efficacy of Individual Vertebral HU,
VBQ, and BMD in Predicting Thoracolumbar Fragility
Fractures
HU, VBQ, and the DEXA-measured BMD can all predict tho-

racolumbar fragility fractures. Upon admission, patients who

undergo lumbar spine CT and DEXA examinations can be screen-
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ed for a high-risk population for thoracolumbar fragility frac-
tures on the basis of the measurement results of both tests. Our
study concludes that when a patient’s lumbar spine L1-4 HU
<88, L1-4 BMD <0.81, they should be categorized as individ-
uals at high risk of thoracolumbar fragility fractures. Timely
preventive measures should be taken, as similarly reported by
Lee, Kyung, MS Le Boff, and others.”***** Our research suggests
that when a patient’s L1-4 VBQ is >3.37, they may be at a high
risk of developing thoracolumbar fragility fractures. Although
VBQ exhibits a significant correlation with HU and BMD, its
efficacy in predicting thoracolumbar fragility fractures is mod-
erate. VBQ is not as reliable as HU and BMD and should be con-
sidered as a supplementary tool for predicting thoracolumbar
fragility fractures. In this study, we compared the predictive ef-
ficacy of HU, VBQ, and BMD for individual vertebral bodies in
predicting thoracolumbar fragility fractures. Although certain
individual vertebral indicators exhibited higher predictive effi-
cacy than the L1-4 averages, such as VBQ in predicting thora-
columbar fragility fractures (with L2 >L1-4 >14), and BMD
in predicting thoracolumbar fragility fractures (with L4 >L1-4
>L3 >L2 >L1), we recommend using the L1-4 average to pre-
dict thoracolumbar fragility fractures. This recommendation is
based on the possibility of occasional anomalies in individual
vertebral bodies, such as old fractures or severe degeneration.
Assessing the spinal fracture risk on the basis of individual ver-
tebral bodies may introduce errors due to the occasional nature
of these anomalies. In contrast, using the L1-4 average instead
of individual vertebral bodies provides a representative reflec-
tion of the overall lumbar spine bone quality. Even if an individ-
ual vertebral body within the L1-4 range has an old fracture or
severe degeneration that cannot be measured, the average of
the adjacent vertebral bodies can still be used as the measure-
ment value.

6. Why do HU, VBQ, and BMD Have Different Predictive

Efficacies for Thoracolumbar Fragility Fractures?

Our research findings indicate that HU, VBQ, and BMD can
all serve as predictors for thoracolumbar fragility fractures. Among
these parameters, lumbar spine HU exhibits the most robust pre-
dictive performance, while BMD demonstrate relatively good
predictive capabilities, and VBQ shows moderate predictive ef-
ficacy. The measurements for the 3 indicators, HU, VBQ, and
BMD, all originate from the same patient’s vertebrae. However,
their predictive efficacy for thoracolumbar fragility fractures
varies. This might be related to the working principles and char-
acteristics of their respective machines.

https://doi.org/10.14245/ns.2346998.499

During the CT imaging procedure, as x-ray photons traverse
the patient’s anatomy, they undergo differential attenuation based
on the inherent radiological properties of the encountered tis-
sues and structures. For instance, osseous structures exhibit a
higher attenuation coefficient than soft tissues due to their cal-
cium composition, rendering them more radiopaque on CT
images. The gantry, which houses the x-ray tube and detectors,
rotates circumferentially around the patient, capturing tomo-
graphic projections of the lumbar region from myriad perspec-
tives. Each voxel within a CT slice encapsulates a specific atten-
uation value, quantified in HU, derived from the linear attenua-
tion coefficient of the tissue. Notably, distinct anatomical sub-
strates like bone, air, and soft tissue manifest characteristic HU
ranges, this allows for the acquisition of higher-resolution slices,
which facilitate the observation of subtle changes in the bone
structure. Advanced post-processing algorithms enable the gen-
eration of axial, coronal, and sagittal slices from the acquired
data.” By collating these slices, volumetric 3-dimensional re-
constructions can be synthesized, offering an intricate and ho-
listic evaluation of the lumbar anatomy.* Since trabecular bone
is most affected by osteoporosis rather than cortical bone, lum-
bar spine images obtained from CT allow for the selective direct
measurement of the HU values of the trabecular bone.” This
approach can avoid the influence of cortical bone and osteophyte
formation, providing a more accurate reflection of vertebral quality.

VBQ involves measuring the average signal value of L1-4 ver-
tebral bodies under T1-weighted imaging relative to the CSF in
L3. This ratio primarily reflects the fatty signal within the verte-
bral trabecular bone, and an increase in fat cells within the ver-
tebral trabecular bone as age advances can lead to a decrease in
bone quality.*"** MRI-based VBQ measurements, whether for
predicting osteoporosis or thoracolumbar fragility fractures,
exhibit a generally lower level of predictive efficacy than HU
and the BMD obtained through DEXA. This discrepancy may
be attributed to the inherent working principles of MRI, which
is primarily advantageous for soft tissue imaging within the body.
SIon MR images are influenced by numerous factors, including
MR hardware, tissue characteristics (such as T1 and T2 relax-
ation times, proton density, flow, and motion), pulse sequence
types, k-space filling methods, reconstruction algorithms, and
grayscale displays.” Adjusting these parameters is a complex
process. In the trabecular bone, the bone marrow consists of
yellow and red marrow and serves as vital hematopoietic and
immune tissue. Fat tissue is also a significant component of bone
marrow. Research has confirmed that both bone marrow adi-
pocytes and osteoblasts originate from a common precursor—
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bone marrow mesenchymal stem cells. As age advances, osteo-
blasts decrease due to the increase in fat cells. The decline in tra-
becular bone quality is associated with the increase in fat cells
within the vertebral trabecular bone.**** In T1-weighted MR
images of the lumbar spine, the signal values of trabecular bone
decrease as fat infiltrates the bone.* Given that the signal value
of CSF remains constant, dividing the average signal value of
the lumbar vertebral trabecular bone by the signal value of CSF
yields VBQ." Therefore VBQ primarily reflects the bone quali-
ty indirectly through the MRT’s assessment of fat signals within
the lumbar vertebral bodies. However, other factors can also in-
fluence the vertebral body fat content. Krug et al. found a cor-
relation between early intervertebral disc degeneration and ver-
tebral body fat content.** The inflammatory components released
by intervertebral discs may also trigger an autoimmune response
and accelerate adjacent vertebral body fat changes.** All of these
factors could potentially affect the VBQ.

The BMD measured through DEXA provide a 2-dimension-
al area value at the scanning plane, representing an average that
includes both cortical and trabecular bones. Therefore, their
measurements may be subject to overestimation due to varia-
tions in bone size and the presence of surrounding bone hyper-
trophy.*® Although in this study, the DEXA-derived BMD dem-
onstrated a relatively high efficacy in predicting thoracolumbar
fragility fractures, the potential influence of factors such as spi-
nal degeneration, arterial calcification, osteophyte formation,
and osteosclerosis on BMD must be acknowledged, as highlight-
ed in previous research.'”” On the one hand, DEXA can im-
pose additional financial burdens and radiation exposure on
hospitalized patients,'® especially those with spinal fractures
who face increased risks during transportation and positional
changes for examinations.”*”' On the other hand, most hospi-
talized surgical patients routinely undergo lumbar spine CT scans
preoperatively, making HU measurements feasible using exist-
ing imaging data without incurring extra costs."**' HU measure-
ments offer convenience, reliability, and ease of implementation,
rendering this approach highly accessible.”

7. Limitations

This study has several limitations that should be acknowledged.
First, the research only included patients scheduled for spinal
surgery, and the imaging data from individuals without medi-
cal conditions were not analyzed. Second, the study primarily
focused on thoracolumbar fragility fractures and may not be
able to predict fragility fractures in other anatomical regions.
Moreover, the study primarily involved individuals aged 55 and
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older, which may not fully represent the entire population, es-
pecially younger adults and those with early-onset osteoporosis.
Additionally, the study was conducted in a specific geographic
region or population, without considering potential regional or
ethnic variations in bone health. Finally, this research is retro-
spective in nature and included a relatively small sample of 156
patients. In future studies with a larger prospective, randomized
control samples are warranted to validate these findings.

CONCLUSION

Evidently, HU exhibited positive correlations with BMD while
VBQ demonstrated negative correlations with HU and BMD.
All of these measures can predict the risk of thoracolumbar fra-
gility fractures. Among these parameters, HU exhibits the high-
est predictive efficacy, while the DEXA measurement of BMD
offers a considerable level of predictability. VBQ derived from
MRI has moderate efficacy among the 3 indicators.

For patients with available lumbar or thoracoabdominal CT
images, prioritizing HU measurements is recommended when
predicting thoracolumbar fragility fractures. For nonhospital-
ized individuals without lumbar CT images, the more cost-ef-
fective DEXA method for assessing BMD is a viable choice. MRI-
based VBQ can serve as an auxiliary tool for predicting thora-
columbar fragility fractures, complementing the predictive ca-
pabilities of HU and BMD.
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