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Purpose: We measured dorsal and ventral thoracic 12 vertebral (T12V) body heights as a
way to predict lumbar vertebral fracture (LVF) in postmenopausal women. MRI of dorsal and
ventral T12V body heights has not yet been used to investigate their association with LVF.
We hypothesized that the dorsal and ventral T12V body height are important morphologic
parameters in the prediction of LVF.

Patients and methods: In total, 80 osteoporotic patients with LVF (LVF group) and 80
osteoporotic patients without LVF (control group) were examined by MRI at the lumbotho-
racic level. Sagittal T2-weighted MRI images in the T12 level were obtained from all subjects.
We analyzed both the dorsal and ventral T12V body height. The difference in dorsal and ventral
body heights of the control and LVF patients was calculated at the T12V level.

Results: The average dorsal T12V body height was 21.25£1.64 mm in the control group and
20.11£1.49 mm in the LVF group. The average ventral T12V body heights were 19.51£1.54 mm
and 17.62£1.95 mm, respectively. The LVF group had significantly lower dorsal and ventral
T12V body heights (both P<<0.001). ROC curve analysis showed the best cut-off value for
dorsal T12V body height value of 20.74 mm, with 62.5% sensitivity and 60.0% specificity.
The best cut-off point of ventral T12V body height was 18.76 mm, with 68.8% sensitivity and
67.5% specificity.

Conclusion: This study confirmed the association between dorsal and ventral T12V body height
and occurrence of LVF in postmenopausal women with osteoporosis. Dorsal and ventral T12V
body height were both significantly associated with LVF, with ventral T12V body height being
a more sensitive measurement parameter. Thus, to predict risk of LVF in patients, the treating
physician should carefully inspect the ventral T12V body height.
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Introduction

Numerous risk factors influence the occurrence of osteoporotic lumbar vertebral frac-
ture (LVF). LVF is the most common osteoporotic fracture.' The ability to predict
risk factors for LVF is crucial because of the negative consequences of LVF that
include chronic back pain, related functional disability, kyphosis, and height loss, all
of which have major impacts on a patient’s quality-of-life; as well as the associated
increases in morbidity and mortalitiy.*2° Analysis of bone mineral density (BMD) using
dual-energy X-ray absorptiometry (DEXA) is the most commonly used index of bone
power, and a low BMD is the most important risk factor for LVF prediction.?'* But,
almost 50% of LVF occurs in patients with BMD above the World Health Organiza-
tion (WHO) diagnosis threshold of osteoporosis (T-score=2.5).2° Along with vertebral
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bone strength, the contribution of microarchitecture to LVF
has been investigated clinically and biomechanically.?¢?’
The incidence of spinal deformity and LVF increases with
age. LVF results in decreased quality-of-life due to func-
tional disability, pain that may last for months, and affects
morbidity.?® Various approaches have been used to find
factors predictive of LVF. The strength of a vertebral body
is determined by bone shape, size, bone mineral density,
and indirectly by intrinsic properties of bone matrix, micro
damage, and bone microarchitecture. Bone size has been
demonstrated to be positively correlated with bone strength.?
The macroarchitecture of bone has also been investigated
semiquantitatively.* Vertebrae morphology is measured by
depth, width, diameter, height, volume, and cross-sectional
area, according to different imaging modalities (eg, DEXA,
X-rays, and CT scan). Vertebral volume is considered to
be an independent LVF risk factor.’! However, no studies
have evaluated the dorsal and ventral T12V body height as
a morphological parameter for prediction of LVF. T12V
is unique in that is represents a transition from thoracic to
lumbar vertebrae. It is thoracic-like in that it contains superior
articular facets and costal facets that allow for flexion and
rotation. It is lumbar-like in that it has articular processes
that do not allow for rotation, only flexion and extension.
The T12V endures the most weight of all thoracic vertebrae,
making it the strongest thoracic vertebra, but also the most
susceptible to stress-related damage.> Thus, we hypothesized
that the dorsal and ventral T12V body heights are important
morphologic parameters in the prediction of LVF. Therefore,
we used MRI to compare the dorsal and ventral T12V body
heights between osteoporotic patients, with and without LVF.
To our knowledge, dorsal and ventral T12V body heights
have not yet been used to predict LVF.

Patients and methods

Protocol approval and patient consent

This research protocol was approved and reviewed by the
Catholic Kwandong University, International St. Mary’s
Hospital, Incheon, Institutional Review Board (IRB) (IRB
protocol number: ISI8RISI0077). Written informed consent

according to the Declaration of Helsinki was obtained from
each subject involved in this research.

Study population

We reviewed patients who underwent MRI between February
2018 and September 2018 and had been diagnosed with
osteoporosis. We only included postmenopausal women over
age 60 if they had clinical manifestations and radiological
findings compatible with LVF (sudden manifestation of
backache, limited spinal mobility, worsened pain on walking
or standing, pain relief lying on back, height loss, disability,
or deformity), and MRI performed within 1 month of the
diagnosis that was available for review. We excluded verte-
bral abnormalities due to reasons other than osteoporosis,
such as Scheuermann’s disease and osteoarthritis. And we
also excluded patients with a history of previous neuropathic
conditions, such as lumbar spinal cord injury, lumbar spine
surgery, congenital lumbar spine defects, or space occupying
lesions, such as tumors or cysts.

We enrolled a total of 80 patients after the osteoporotic
LVF diagnosis was confirmed by two experienced neurora-
diologists. The mean age of women in the LVF group was
69.2619.29 years (range=60-80 years; Table 1). To compare
the dorsal and ventral T12V body heights between patients
with and without LVF, we enrolled a group of control patients
who had undergone MRI as part of a medical examination,
but had no LVF-related diseases. The control group consisted
of 80 participants with a mean age of 69.744+5.27 years
(range=60-86 years; Table 1). We examined the dorsal and
ventral T12V body heights in the control group and the LVF
group at the TI12V level.

Imaging parameters

MRIs were performed with a 3T Avanto (Siemens Healthcare,
Erlangen, Germany) with 1.5 T scanners (Achieva; Philips
Healthcare, Best, the Netherlands). For MRI examinations,
sagittal T2-weighted images were obtained with a slice thick-
ness <4.0 mm, 0.9 mm intersection gap, 2,710-ms/95-ms
repetition time/echo time, 300300 field of view, and a
512x358 matrix. MRI imaging data were transferred from

Table I Comparison of the characteristics of the control and lumbar vertebral fracture (LVF) groups

Variables Control group (n=80) LVF group (n=80) Statistical significance
Gender (female) 80 80 NS

Age (years) 69.74+5.27 69.261+9.29 NS

Ventral T12V body height (mm) 19.51+1.54 17.62+1.95 P<0.001

Dorsal T12V body height (mm) 21.25+1.64 20.11+1.49 P<0.001

Note: Data represent the meantSD or the numbers of patients.

Abbreviations: LVF, lumbar vertebral fracture; NS, not statistically significant (P>0.05); T12V, thoracic 12 vertebra.

submit your manuscript

376

Dove

Clinical Interventions in Aging 2019:14


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Bang et al

A

Ventral body height
of T12V=20.26 mm ™ 112

!

T

B

Dorsal body height
of T12V=22.25 mm =

] T12

Figure | Measurement of ventral and dorsal ventral height was carried out at the T12 vertebra on T2-weighted sagittal MRI images in the control group. (A) Ventral body

height of T12 vertebra. (B) Dorsal body height of T12 vertebra.

the MRI unit to an INFINITT system (INFINITT Healthcare
Co., Seoul, Korea).

Image analysis

The dorsal and ventral heights (sagittal images) of the T12V
body were recorded in millimeters (Figures 1 and 2A and B).
Measurement points were placed at the most inferior and
superior points of the T12V body.

Statistical analyses

We expressed all data as means+SD, and we used student
t-tests to compare the dorsal and ventral T12V body heights
between the control and LVF groups, setting significance at
P<0.05. The validity of the dorsal and ventral T12V body
heights as predictors of LVF was estimated by the Receiver
Operator Characteristics (ROC) curves, area under the curve
(AUC), cut-off values, sensitivity, and specificity with

A T11

Ventral body height s & T12
of T12V=17.62 mm

95% CIs. We performed all statistical analyses with SPSS
for Windows version 22 (IBM SPSS, IBM Corp, NY, USA).

Results

Demographic data were not significantly different between
the two groups (Table 1). The average dorsal T12V body
heights were 21.25t£1.64 mm in the control group and
20.11£1.49 mm in the LVF group, and the average ventral
T12V body heights were 19.5141.54 mm in the control group
and 17.62%1.95 mm in the LVF group. The LVF group had
significantly lower dorsal T12V body heights (P<<0.001)
and ventral T12V body heights (P<<0.001; see Table 1)
than the control group. Regarding the validity of both the
dorsal and ventral T12V body height as predictors of LVF,
the ROC curve analysis showed that the best cut-off point
of the dorsal T12V body height was 20.74 mm, with 62.5%
sensitivity and 60.0% specificity (Table 2), and AUC of 0.69

B T

T12
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of T12V=20.11 mm

L1 g | \/F

L2 <LL\'/

= F7

—

¢ ."/"‘f"{',-"rr_,&;—_‘-__,.-

Figure 2 Measurement of ventral and dorsal ventral height was carried out at the T|2 vertebra on T2-weighted sagittal MRl images in the LVF group. (A) Ventral body height

of T12 vertebra. (B) Dorsal body height of T12 vertebra.
Abbreviation: LVF, lumbar vertebral fracture.
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Table 2 Sensitivity and specificity of each cut-off point of the
dorsal T12V body height

Dorsal TI12V body | Sensitivity (%) Specificity (%)
height (mm)

17.72 8.8 100

19.11 21.3 937

19.76 41.3 82.5

20.74* 62.5 60.0

21.70 86.3 45.0

22.85 98.8 7.5

Note: “The best cut-off point on the ROC curve.
Abbreviations: ROC, receiver operating characteristic; T12V, thoracic 12 vertebra.

(95% CI1=0.61-0.77) (Figure 3). The optimal cut-off point
of the ventral T12V body height was 18.76 mm, with 68.8%
sensitivity and 67.5% specificity (Table 3), and AUC of 0.78
(95% CI=0.71-0.85) (Figure 3).

Discussion

Osteoporosis is defined as a metabolic bone disorder,
characterized by micro architectural deterioration and low
bone mass, which leads to a higher risk of LVF and bone
fragility.?*3* LVF account for 5% of total fractures and are
most commonly found in the upper lumbar spine, where 75%
of the vertebral fractures occur.®> Conservative treatment,

ROC curve
1
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1 - specificity

Figure 3 ROC curve of ventral body height and dorsal body height for prediction
of lumbar vertebral fracture.

Notes: The best cut-off point of dorsal body height was 20.74 mm vs 18.76 mm of
ventral body height, with sensitivity 62.5% vs 68.8%, specificity 60.0% vs 67.5%, and
AUC 0.69 vs 0.78, respectively. Dorsal body height AUC (95% Cl)=0.69 (0.61-0.77)
Ventral body height AUC (95% Cl)=0.78 (0.71-0.85).

Abbreviations: AUC, area under the curve; ROC, receiver operating characteristic.

including analgesics, bed rest, physical therapy, and bracing,
may fail to relieve pain and lead to prolonged bed rest, which
is associated with increased healthcare costs and a negative
effect on quality-of-life. LVF patients with spinal canal inva-
sion and neurological deficits of soft-tissue or bone fragments
may require surgical management.>> BMD measured by
DEXA is the current standard for predicting LVF. According
to the WHO, osteoporosis is defined as a BMD value of 2.5
below the mean value, measured at the femoral neck, total
hip, or the lumbar spine (L1-L4)."3* The WHO suggests use
of'the fracture risk assessment tool (FRAX), without or with
BMD measurement, to predict 10 years probabilities of major
osteoporotic fractures and hip fractures.?

However, discrepancies between actual LVF occur-
rences and risk predicted by DXA and FRAX exist. This
may be due to imaging modalities that overlook vertebral
height loss. Previous research found that vertebral height
loss was an important sign of LVF. Mikula et al*® reported
that gradual height loss is a useful measurement tool to
identify patients with LVF. Other prospective research,
conducted by Moayyeri et al,*” found that height loss was an
important independent risk factor of future LVF at any site
(>2 cm over a period of 4 years). Another clinical study,
conducted by Kaptoge et al,?® found that a 1 cm height loss
was an independent risk factor for a LVF. Research by Xu
et al®* found that 231 postmenopausal females with LVF
lost 1.37 cm more height than normal subjects. Tobias et al*°
studied 540 females and demonstrated a difference in height
between the control and LVF group of 0.79 cm. However,
the study had several weak points. They did not focus on
T12 vertebra. T12V body morphology is altered with aging.
It is the largest of the thoracic vertebrae and bears the most
weight of all vertebrae, making T12V not only the strongest
thoracic vertebra but also the most susceptible to mechanical
stress-related injuries. In several ways, the T12V is a hybrid
vertebra with the anatomical structures of both a lumbar and

Table 3 Sensitivity and specificity of each cut-off point of the
ventral T12V body height

Ventral T12V body | Sensitivity (%) Specificity (%)
height (mm)

14.86 8.8 100

17.18 28.8 93.7

17.79 46.3 87.5

18.76* 68.8 67.5

19.14 80.0 55.0

20.46 98.8 28.7

Note: *The best cut-off point on the ROC curve.
Abbreviations: ROC, receiver operating characteristic; T12V, thoracic 12 vertebra.
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thoracic vertebra. And previous studies did not separately
measure dorsal and ventral T12V body height, even though
the ventral surface of a T12V body is slightly convex from
side to side, and the dorsal surface a T12V body is almost
flat. We found the difference in height between the LVF
group and control group to be 1.14 cm in the dorsal height
and 1.89 cm in the ventral height. We also evaluated the
dorsal and ventral T12V heights by MRI for their value as
morphological parameters predicting LVF.

The current study revealed four important new findings.
First, the LVF group showed lower dorsal and ventral T12V
body heights than the control group. Second, we determined
that the best cut-off value of the dorsal T12V body height
was 20.74 mm, with 62.5% sensitivity, 60.0% specific-
ity, and AUC of 0.69. Third, the optimal cut-off point of
the ventral T12V body height was 18.76 mm, with 68.8%
sensitivity, 67.5% specificity (Table 3), and AUC of 0.78.
Fourth, we found that the ventral T12V body height is a
better morphologic predictor of LVF than the dorsal T12V
body height.

The ventral T12V body height has a higher sensitivity
and specificity for predicting LVF than the dorsal T12V
body height and may be more effective in screening for LVF.

Limitations

Our original research has some limitations. First, there were
a limited number of participants in each group.*'* Second,
there may be measurement errors associated with measur-
ing the heights on MRI. Even though we tried to measure
these morphologic parameters in the sagittal image that best
showed T12V, the sagittal images we used to measure the
variables could be inhomogeneous due to differences in the
MRI cutting angle, resulting from anatomic and technical
variations. In addition, a 4.0-mm slice of sagittal T2-weighted
MR image is thicker than the ideal slice. Third, the principal
methodological limitation was the retrospective data analysis.
Fourth, this new tool had not yet been demonstrated to pre-
dict LVF. Therefore, larger scale investigations should be
performed. Fifth, this research was the use of MRI imaging;
it could be interesting to compare with lumbothoracic ver-
tebrae from X-ray images in the future work. Despite these
limitations, this is the first objective study to verify the role
of the ventral T12V body height in patients with LVF.

Conclusion

From the current study, we conclude that the ventral T12V
body height is an important morphological parameter for
prediction and diagnosis of LVF in postmenopausal women

with osteoporosis. When evaluating patients with LVF, phy-
sicians should carefully assess the ventral T12V body height.
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