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For compression fracture, vertebral body height loss (VBHL) and kyphotic angle (KA) are two important imaging parameters for
determining the prognosis and appropriate treatment. This study used previous measurement methods to assess the degree of
VBHL and KA, compare and examine differences between various measurement methods, and examine the correlation between
relevant measurement parameters and intravertebral cleft (IVC) in the vertebral body. The radiographic images (lateral view of
the T-L spine) of 18 patients with a single-level vertebral compression fracture were reviewed. We measured 9 characteristic
lengths and angles on plain radiographs, including anterior vertebral height (AVH) and AVH of the adjacent upper and lower
levels, middle vertebral height (MVH) and MVH of the adjacent upper and lower levels, posterior vertebral height (PVH), and
vertebral body width, and assessed 6 parameters, including vertebral compression ratio (VBCR), percentage of anterior height
compression (PAHC), percentage of middle height compression (PMHC), kyphotic angle (KA), calculated kyphotic angle
(CKA), and IVC. The results showed that VBCR is a simple and rapid method of VBHL assessment, but it may result in an
underestimation of the degree of VBHL compared to PAHC. When PMHC < 40% or kyphotic angle > 15°, the probability of
IVC occurring on the vertebral body was higher which means the higher risk of vertebral body instability. The results of this
study could provide a reference for surgeons when using imaging modalities to assess the degree of vertebral body collapse.

1. Introduction

As the population ages, the prevalence of osteoporosis also
gradually increases, and the resulting medical cost increases
every year. Vertebral compression fracture is one of the
important complications of osteoporosis [1, 2]. In clinical
practice, acute lower back pain is a classical presentation of
the disease. Among imaging modalities, radiography is the
most widely used tool for the diagnosis and assessment of
compression fractures. Vertebral body height loss (VBHL)
and kyphotic angle (KA) are two important imaging

parameters for determining the prognosis and appropriate
treatment [3]. The degrees of collapse of the vertebral body
may affect the direction of treatment (nonsurgical manage-
ment, like rest, bracing, and pain control drug, or surgery,
like vertebra augmentation, instrumentation, or fusion).
As VBHL increases, the vertebra may become more unsta-
ble. In addition to its effects on stability, KA can nega-
tively affect sagittal alignment. Data have shown that a
KA of >15°–30° or height loss of >50% resulted in verte-
bral body instability, which may require a more invasive
treatment such as vertebral augmentation [4–6].

Hindawi
Applied Bionics and Biomechanics
Volume 2019, Article ID 4021640, 5 pages
https://doi.org/10.1155/2019/4021640

http://orcid.org/0000-0002-7113-8379
http://orcid.org/0000-0002-3632-0458
http://orcid.org/0000-0003-1373-3652
http://orcid.org/0000-0002-9902-2474
http://orcid.org/0000-0002-1644-4445
http://orcid.org/0000-0002-4176-2461
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2019/4021640


The definition and measurement methods for these
two important imaging parameters are still controversial,
and no conclusion has been reached thus far [7]. Previ-
ously, researchers used different measurement methods to
assess the degree of vertebral body collapse by using pos-
terior wall height as the reference vertebral body compres-
sion ratio (VBCR) or the percentage of anterior height
compression (PAHC), which uses the mean height of seg-
ments adjacent to a healthy vertebral body as the reference
value [8–11]. However, differences in the range of verte-
bral body collapse may result in measurement errors. In
addition to the degree of vertebral body collapse, the intra-
vertebral cleft (IVC) can represent osteonecrosis of the
vertebral body, which has a higher probability of progres-
sing to advanced kyphosis [12]. However, thus far, to the
best of our knowledge, no study has examined the correla-
tion between IVC and VBHL.

The aforementioned literature demonstrates that differ-
ent data will be obtained if different measurement methods
are used. In addition, differences in deformity may also result
in measurement errors. However, no related study has exam-
ined and analyzed the differences and limitations of different
measurement methods. Therefore, the aim of this study was
to use previous measurement methods to assess the degree
of vertebral body collapse, compare and examine differences
between various measurement methods, and examine the
correlation between relevant measurement parameters and
IVC in the vertebral body.

2. Materials and Methods

2.1. Collection of Materials. This study quantitatively ana-
lyzed radiographic images (lateral view of the T-L spine)
obtained before single-level vertebroplasty in patients who
had osteoporotic vertebral compression fractures treated
between June 2013 and January 2015 at the Department of
Orthopedics, Taichung Veterans General Hospital, Taiwan.
The radiographic images of 18 patients who underwent
single-level vertebroplasty were examined. Seven patients
were male, and 11 were female. These 18 sets of radiographic
images were obtained from 101 images by excluding images
with poor preoperative radiographic quality, having difficulty
for taking measurements, showing a compression fracture in
two or more vertebral levels, showing a nonosteoporotic
vertebral compression fracture (bone tumor, metastasis, or
infection), or showing a previous spine surgery or combina-
tion with other surgeries (instrumentation or fusion). Clini-
cal parameters such as age, sex, height, body weight, and
vertebral level of the 18 patients were recorded.

2.2. Measurement of Imaging Parameters. This study mainly
measured 9 characteristic lengths and angles on plain radio-
graphs. The image was digitalized and could be reviewed via
professional software, SmartIris (SmartIris 1.3.0.14, Taiwan
Electronic Data Processing Corp.), which contains a lot of
tools, including measurement of distance and angle and
zoom-in or zoom-out. With this assistance of this profes-
sional software, the image can be enlarged to show the detail
which we want to measure. The distance and angle could be

measured accurately. These parameters included anterior
vertebral height (AVH) and AVH of the adjacent upper
and lower levels (AVH′ and AVH″, respectively), middle
vertebral height (MVH) and MVH of the adjacent upper
and lower levels (MVH′ and MVH″, respectively), posterior
vertebral height (PVH), vertebral body width (W; Figure 1),
and KA (Figure 2). The lengths and angles measured using
these 9 measurements were used to assess the degree of ver-
tebral body collapse. Six observation markers were used: (1)
VBCR = AVH/PVH × 100%; VBCR is mainly used to calcu-
late the AVH-to-PVH ratio; (2) PAHC = AVH/ AVH′ +
AVH″ /2 × 100%; PAHC mainly calculates the ratio of
AVH to the mean of AVH of the adjacent upper and
lower levels; (3) percentage of middle height compression
PMHC =MVH/ MVH′ +MVH″ /2 ; PMHC mainly
calculates the ratio of MVH to the mean MVH of the

(a)

Vertebral compression ratio

Percentage of anterior height compression

Percentage of middle height compression

Calculation of kyphotic angle

VBCR = × 100%AVH
PVH

PAHC = × 100%AVH
(AVH′+AVH′′)/2

PMHC = × 100%MVH
(MVH′+MVH′′)/2

CKA = tan−1

W
(PVH−AVH)

(b)

Figure 1: (a) This study mainly measures the characteristic lengths
on plain radiographs (AVH: anterior vertebral height; MVH:
middle vertebral height; PVH: posterior vertebral height; W:
vertebral body width). (b) Parameters examined in this study
(VBCR, PAHC, PMHC, and CKA).
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adjacent upper and lower segments; (4) KA; (5) calculated KA
CKA = tan−1 PVH −AVH /W ; and (6) IVC (Figure 3).

This study measured the length and angle data of the
vertebral body after collapse in the 18 sets of radiographs
and obtained 6 markers for examining vertebral body col-
lapse. The analyzed markers can be used to compare the
differences between the PAHC and VBCR measurements.
In addition, PMHC, KA, and CKA were used to assess
associations with IVC occurrence.

3. Results

In this study, we used 18 sets of images for radiographic
(lateral view of the T-L spine) measurements. Table 1 mainly
shows the relevant data of the patients (age, sex, height, body
weight, and number of images of the vertebral bodies at
different levels).

Figure 4 mainly shows the mean VBCR (range, 22.94%–
84.75%; mean, 54 21%±17 13%) and PAHC (range,
20.00%–77.82%; mean, 54 21%±17 13%) of the 18 sets of
radiographs. The marker results show that the VBCRs
are greater than the PAHC, with differences ranging
from −2.5% to 27.74%.

Table 2 shows the calculated PMHC, KA, and CKA of the
18 sets of radiographs. The PMHC ranged from 14.23% to

�휃

Figure 2: Kyphotic angle measurements.

Figure 3: Lateral plain radiograph of the thoracolumbar spine. The
arrows point to the crescent-shaped shadow in the vertebral body,
that is, the IVC.

Table 1: Patient characteristics.

Age (years) 78 94 ± 7 92
Sex Male: 7, female: 11

Height (cm) 156 7 ± 6 57
Body weight (kg) 58 8 ± 12 90

The number of images
of the vertebral bodies
at different levels

T9 1

T12 6

L1 8

L3 2

L5 1
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Figure 4: The values of VBCRs and PAHC measured from 18 sets
of radiographs.

Table 2: The PAHC, KA, CKA, and IVC data obtained in this study.

Imaging
sample No.

PMHC (%) KA (°) CKA (°)
Whether IVC

occurs

1 22.55 10 13.90 No

2 26.23 16 17.23 No

3 64.98 18 19.46 No

4 37.65 18 16.97 Yes

5 14.23 19 18.19 Yes

6 74.37 6 9.92 No

7 63.92 14 10.07 No

8 85.51 10 12.36 No

9 43.09 17 19.62 No

10 38.93 15 15.76 Yes

11 40.68 15 17.52 Yes

12 65.38 12 12.69 No

13 20.38 24 26.91 Yes

14 63.18 12 14.43 No

15 25.94 19 22.83 Yes

16 29.09 13 12.56 No

17 44.00 5 4.82 No

18 70.08 12 14.00 No
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74.37% (mean, 46 12%±21 35%). The KAs ranged from 4.81°

to 26.91° (mean, 14 95 ± 5 45). CKAs ranged from 5.00° to
23.80° (mean, 13 86 ± 6 93). In addition, in Table 2, whether
IVC occurred in each group is indicated.

4. Discussion

In this study, we mainly used the geometric data of radio-
graphic measurements to examine different assessment
markers and assess vertebral body collapse. Of the markers
used, VBCR, PAHC, and KA were based on assessment
methods in previous studies, while PMHC and CKA are
new parameters examined in this study.

Previous studies pointed out that most physicians usually
use VBCR to assess VBHL [8]. However, the Spine Trauma
Study Group recommends the use of PAHC measurement
in the assessment of VBHL [9]. In this study, we observed
and compared the results of VBCR and PAHC and found
that VBCRs are generally higher than PAHC (−2.5% to
27.74%). The main reason for this is that compression frac-
tures may involve the entire vertebral body, resulting in a
decrease in the height of the entire vertebral body. Therefore,
the use of PVH to assess vertebral body height may result in
an underestimation of the degree of collapse. By contrast,
PAHC mainly measures the mean of the heights of adjacent
segments and will therefore not be affected by vertebral body
collapse and not result in measurement errors.

In addition, our study calculated PMHC to represent the
degree of vertebral body collapse. In most studies that
assessed VBHL, AVH was mostly used to represent the
degree of collapse in the entire vertebral body [8, 9].
However, clinical observations showed that vertebral body
collapse at the middle region is often the region with the most
severe collapse [13]. This may be because the bone at the
middle region is softer. Therefore, we proposed PMHC as a
marker of the degree of collapse at the middle region of the
vertebral body. Our study also found that PMHC was
associated with IVC. When PBMC was <40% (degree of
collapse, >60%), the probability of IVC was higher
(62.5%, 10% in the group with PMHC of >40%). Several
studies suggested that IVC will increase the risk of verte-
bral body instability [14–16]. Therefore, we believed that
in addition to PAHC, PMHC may be another important
marker to assess vertebral compression fractures. However,
more reliable studies are needed to elucidate the clinical
role of PMHC.

In addition to being a measurement marker for assessing
vertebral body collapse, KA also affects sagittal alignment
[17, 18]. However, endplate deformation may sometimes
occur during vertebral body collapse, and angles are not easy
to measure, which can result in measurement errors. On the
other hand, some researchers suggested that the endplates at
the top and bottom of adjacent segments can be used to
measure Cobb’s angle [19]. However, this measurement
method will be affected by disk deformity. In our study,
we proposed the use of the anterior and posterior heights
of the vertebral body and vertebral body width to estimate
the kyphotic angle. This can be used as an alternative
method when the angle cannot be measured. The CKA

calculation results presented in this study show similar
trends as the kyphotic angle measurement results in previ-
ous studies (difference, <2° in most case). However, larger
errors will occur in CKA measurement during severe mid-
dle collapse of the vertebral body, as PVH and AVH are
not parallel. Previous studies proposed that a reduction
of 4 cm in vertebral body height will result in more than
15° of kyphotic deformity [20], while our study found that
KA may be increased by 1° when there is a height differ-
ence of 7mm between PVH and AVH. In addition, our
study also found that the greater the kyphotic angle or
CKA (when the angle is greater than about 15°), the greater
the probability of IVC occurring at the vertebral body.

Our study used radiography for measurements, which
may have some limitations. The height of adjacent seg-
ments must be used as a reference in PAHC measurements.
Therefore, at present, it is only applicable to measurements
for compression fractures at adjacent segments of healthy
vertebral bodies. Higher-quality studies are required to
determine whether this method can be extended to com-
pression fractures in multiple segments. In addition, our
study only focused on osteoporotic vertebral compression
fractures and excluded compression fractures due to other
factors or due to the presence of images with poor quality.
Therefore, the number of reviewed images was low, and the
most reviewed levels were mainly T12 and L1, which are
also the most common sites for osteoporotic vertebral
compression fractures. Therefore, the data obtained have
reference values.

In this study, we used radiographic images to assess 6
parameters related to the vertebral body. VBCR only
requires AVH and PVH measurements and is a simple
and rapid method of VBHL assessment. However, when
the collapse involves the posterior wall, the use of VBCR
may result in an underestimation of the degree of VBHL.
By contrast, although more parametric measurements are
required for PAHC, it can assess VBHL with higher accu-
racy. More studies are expected to examine markers of
severity of osteoporotic vertebral compression fractures,
and a unified measurement standard is needed in the
future so that clinicians can have reference data for assess-
ment of the degree of collapse of the vertebral body and
determining treatment directions.

5. Conclusion

We used radiographic images to measure the 9 characteris-
tic lengths and angles of vertebral bodies to assess the
degree of VBHL. These data were used to calculate the 6
assessment markers. The study results showed that values
obtained with VBCR assessment were greater than those
obtained with the PAHC. When the measured PMHC
was <40%, the probability of observing IVC on the verte-
bral body was higher. When the measured KA or CKA
was greater, the probability of IVC occurring on the verte-
bral body was higher. The results of this study can provide
a reference for surgeons when using imaging modalities to
assess the degree of vertebral body collapse.
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