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Abstract
Summary We investigated the efficacy of dynamic radiographs
for diagnosing acute osteoporotic vertebral fractures (OVFs)
compared with supine radiographs or sitting radiographs alone.
Evaluation of the dynamic radiographs was superior to the
other evaluations. Dynamic radiographs provide a convenient
and useful method of diagnosing acute OVFs.
Introduction Identifying acute OVFs on plain radiographs is
difficult. We studied a new approach to identify acute OVFs
on the basis of fracture mobility.
Methods We performed a retrospective radiographic analysis
of 472 acute OVFs (<3 weeks after onset), which were diag-
nosed on the basis of magnetic resonance imaging of T5
through L5 (a total of 5,239 vertebrae). Supine lateral radio-
graphs were compared with sitting lateral radiographs to de-
termine the presence or absence of mobility. Vertebrae show-
ing changes in the vertebral body height were diagnosed as
acute OVFs.We analyzed the diagnostic accuracy on the basis
of comparative supine and sitting lateral radiographs and
compared it with that of radiographs obtained in the supine
or the sitting position alone.
Results Of the 472 acute OVFs diagnosed, 313 (66 %)
exhibited vertebral mobility on supine lateral and sitting
lateral radiographs. Correct diagnoses of acute OVFs or no
acute OVFs were made in 4,883 vertebrae. There were 159
unreadable OVFs (3 %), and 197 previous OVFs (4 %) were
misdiagnosed as acute OVFs. The sensitivity was 66 % and
the specificity was 96 %. Evaluation of the mobility of acute

OVFs in the supine and the sitting position was superior to
evaluation using radiographs in either the supine or the
sitting position alone.
Conclusions Dynamic radiographs provide a convenient
way to identify acute OVFs.

Keywords Mobility . Osteoporosis . Radiograph . Vertebral
fracture assessment

Introduction

Osteoporosis is a skeletal disorder characterized by a loss of
bone strength—comprising bone quality and bone mineral
density—and an increased risk of fractures. Osteoporotic
vertebral fractures (OVFs) are the most common type of
fragility fracture. The prevalence of OVFs increases steadily
with age, reaching 40 % in 80-year-old females [1, 2]. OVFs
not only cause height loss but also are a strong predictor of
future fractures and mortality [2, 3]. Therefore, diagnosing
OVFs is crucial for the proper treatment of acute back pain
and prevention of postfracture sequelae.

The diagnosis of OVFs largely relies on the observation of
vertebral deformations on plain radiographs. In order to min-
imize the subjective biases intrinsic to qualitative reading and
to standardize data analyses, a number of morphometric sys-
tems have been developed. Currently, three general approaches
are used to identify OVFs: (1) visual identification of fracture;
(2) visual identification using either the semiquantitative as-
sessment (SQ) grading developed by Genant et al. [4] or the
algorithm-based approach for qualitative identification of ver-
tebral fracture (ABQ) developed by Jiang et al. [5]; and (3)
quantitative morphometry (QM), which was first developed in
the 1960s [6]. Although SQ grading and QM assessment have
been considered the gold standard methods for OVF assess-
ment, they have limitations. Distinguishing acute OVFs from
other conditions with a similar radiographic appearance, such
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as non-fracture deformities or previous OVFs, can be difficult
in many cases if no previous radiograph is available for com-
parison. Moreover, in clinical practice, OVF does not always
result in decreased vertebral height on lateral radiographs in the
lateral position (Genant's Grade 0 deformation [4]) at presen-
tation although acute OVFs can be confirmed by magnetic
resonance imaging (MRI) [7]. Pham et al. reported that 63 %
of acute OVFs displaying no visible deformation of the verte-
bral body on initial radiographs (Genant's grade 0), confirmed
by MRI, worsened and eventually resulted in a reduction of
vertebral height (Genant's grade ≥ 1) [7].

MRI has a high degree of accuracy for making a definite
diagnosis of acute OVF and it continues to be used as the
most useful tool. However, because of limitations in equip-
ment as well as considerations that must be given to the
economics of medical treatment, it is not possible to use
MRI in all patients. Therefore, conventional radiography is
still the mainstay of diagnosis when assessing OVFs in
daily clinics.

Mobility refers to a change of vertebral height or configu-
ration with changes in body positioning [8]. There have been
occasional reports that many OVFs are mobile [9–11]. Com-
parative radiographs taken in weight-bearing positions (stand-
ing or sitting) and in supine positions have been used to
determine the indication of percutaneous vertebroplasty for
delayed union or nonunion of OVF [12–14]. Because many
acute OVFs also exhibit mobility, comparative supine and
sitting lateral radiographs help to identify acute OVFs [9]. In
the present study, in which diagnoses were made on the basis
of MRI, we analyzed the diagnostic accuracy of comparative
supine and sitting lateral radiographs for diagnosing acute
OVFs and evaluated their efficacy for predicting any subse-
quent reduction in vertebral height.

Materials and methods

Participants

Four hundred and three patients who presented with acute back
pain and were diagnosed as having acute OVFs on MRI were
enrolled in this study. OVFs were diagnosed in cases with no
history of trauma or as a result of low-energy trauma (a fall on
the ground or from a height of <1 m). Acute OVFs were
defined within 3 weeks of injury or the onset of symptoms
[15]. Patients who had a history of primary or metastatic bone
tumors, infectious disease, or hematological disorders were
excluded. Of the patients enrolled, 310 were female and 93
were male, with an average age of 80.4±8.9 years [mean ±
standard deviation (SD)]. Two hundred and nine patients had
experienced a simple fall, 100 patients were unable to identify
the cause of their injury, and 94 patients sustained injuries with
no history of trauma.

Measurements

All radiographs were taken at the initial visit at a film-focus
distance of 100 cm with the X-ray beam centered at T8 for
the thoracic spine and at L3 for the lumbar spine. Fracture
mobility was determined by comparing cross-table supine
lateral radiographs with sitting lateral radiographs (Fig. 1), as
reported by previous studies [9–11]. In brief, vertebral body
height was measured to the nearest millimeter in the lateral
digitized radiographs. Mobility was considered present when
a measurable change in vertebral body height occurred be-
tween supine and sitting radiographs. In this study, we de-
fined “dynamic radiography” as the comparison of measured
vertebral height between cross-table supine lateral and sitting
lateral views. Fractures that were not mobile were considered
fixed (i.e., measurable change in vertebral body height did
not occur between supine and sitting radiographs). For each
participant, we recorded the presence of OVFs identified
between the levels of T5 and L5. Follow-up radiographs
were obtained >3 months after the initial radiographs to
evaluate any subsequent reduction in vertebral height and
to exclude other causes of fracture.

T1-weighted images, T2-weighted images, and T2-
weighted fat suppression images were used in MRI {1.5 T,
T1-weighted images [spin-echo (SE): repetition time (TR)/
echo time (TE) = 550/12 ms]; T2-weigthed images [SE: TR/
TE=2500/100 ms]}. The criteria for the diagnosis of acute
OVF were bone marrow signal anomalies in the form of a
band-like homogenous bone marrow edema feature (low
signal on T1-weighted and high signal on T2-weighted im-
ages), a horizontal linear fracture parallel to a vertebral
plateau (low signal on all sequences) or both, and the ab-
sence of any tumor signs (nodular signal anomalies, posteri-
or bulging of the vertebral body, involvement of the posterior
elements of the vertebra, and epidural or soft tissue mass) [7].
Complete bone marrow signal replacement within the verte-
bral body did not rule out the diagnosis of osteoporotic
collapse if a fracture line was identified and no other sign
suggestive of a tumor was present [7]. In addition, vertebrae
in which signal intensity was limited to the vicinity of the
upper and lower end plates of the vertebral body were deter-
mined to be degenerative disk lesions. A diagnosis of acute
OVF using MRI was made by two radiologists with
>20 years of clinical experience, and by four orthopedic
surgeons with >10 years of clinical experience. All assessors
were blinded to the results of the plain radiographs. A diag-
nosis was considered correct when two investigators reached
the same conclusion. MRI was performed within 3 days of
the initial visit. A diagnosis of acute OVF using radiographs
was made by the four orthopedic surgeons.

Differences in the ability of the four orthopedic surgeons to
interpret spinal radiographs were investigated in advance. The
subjects of this investigation were 50 patients with OVF, and
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the surgeons received training to standardize their approach to
diagnosis. To determine sample size, we used the recommen-
dations of Loewen and Philp [16]. To determine the reliability
of OVF assessment based on comparative supine and sitting
lateral radiographs, we estimated the agreement corrected for
chance using a simple kappa (k) coefficient inter-reader and
intra-reader agreement and associated 95 % confidence inter-
val (CI) [17]. All vertebrae were classified as either acute
fracture or non-acute fracture. To interpret the agreement, we
used the criteria described by Landis and Koch [18], which
classified agreement as almost perfect (0.81–1.00), substantial
(0.61–0.80), moderate (0.41–0.60), fair (0.21–0.40), slight
(0.00–0.20), or poor (<0.00). The results revealed that inter-
reader agreement was substantial with a k coefficient of 0.755
(95 % CI, 0.659–0.851), whereas intra-reader agreement was
also substantial with a k coefficient of 0.730 (95 % CI, 0.651–
0.809). Accordingly, we assumed that there was no difference
in the ability of orthopedic surgeons to interpret radiographs
using comparative supine and sitting lateral radiographs with
good reproducibility.

Next, we analyzed the diagnostic accuracy of dynamic
radiographs and compared this with radiographs obtained in
the supine position alone or in the sitting position alone. A
diagnosis of acute OVFs using plain radiographs (comparative
supine and sitting position, supine position alone, or sitting
position alone) was made by orthopedic surgeons who were
blinded to the results of the other plain radiographs and MRI.

Secondly, vertebral height was calculated as the distance in
millimeters between the points on the superior and inferior
end plates at the anterior (Ha), middle (Hm), or posterior (Hp)
location. The magnitude and percentage change of the verte-
bral height between the supine and the sitting positions were
evaluated to determine diagnostic accuracy. For the analyses,
precision error was calculated for each dimension, Ha, Hm,
and Hp by blinded, triplicate measurements of 20 randomly
selected fractured vertebrae evaluated in sitting and supine
position and expressed as percent coefficient of variation
(%CV) and SD. Precision errors expressed as %CV were
6.7, 8.0, and 4.6 % for Ha, Hm, and Hp, respectively, in sitting
position, and 4.4, 6.1, and 4.6 % for Ha, Hm, and Hp,
respectively, in supine position. The precision errors corre-
spond to SDs of 1.2 mm for Ha, 1.3 mm for Hm, and 1.3 mm
for Hp in sitting position and 1.0 mm for Ha, 1.2 mm for Hm,
and 1.4 mm for Hp in supine position. Magnification error
between radiographs in sitting position and radiographs in
supine position was also calculated by blinded, triplicate
measurements of 20 randomly selected non-fractured verte-
brae. Magnification errors expressed as %CV were 3.7, 3.3,
and 3.1 % for Ha, Hm, and Hp, respectively, and compared
favorably with previous report [11]. The precision errors
correspond to SDs of 1.1 mm for Ha, 1.0 mm for Hm, and
1.0 mm for Hp. Accordingly, we assumed that there was an
allowable error in calculating vertebral height using dynamic
radiographs. Third, the magnitude of the reduction in vertebral

Fig. 1 A 96-year-old female patient sustained an L1 acute osteoporotic vertebral fracture (OVF) following a fall. a Supine cross-table lateral
radiograph of severe T12 and L2 OVFs. b Sitting lateral view of an L1 OVF showing mobility, whereas no height change was observed at T12 or L2.
c Sagittal magnetic resonance imaging showing an acute OVF at L1 on a T1-weighted image
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height on follow-up radiographs, obtained after >3 months,
compared with the initial radiographs, was evaluated between
the following subgroups to evaluate efficacy for predicting
subsequent reduction in vertebral height using the initial ra-
diographs: (1) subgroup of acute OVFs correctly diagnosed
on initial radiographs (correct group) and (2) subgroup of
acute OVFs incorrectly diagnosed on initial radiographs (in-
correct group).

Statistical analysis

Statistical analysis was performed using the chi-square test and
the Mann–WhitneyU test. Differences with P values of <0.05
were considered significant. The analysis was performed using
the StatView statistical software package (version 5.0; SAS
Institute, Cary, NC).

The study was conducted according to the ethical principles
stated in the Declaration of Helsinki and was approved by the
ethical committee of our institution. Written informed consent
was obtained from the patients.

Results

We observed 472 OVFs in 403 patients. Almost two-thirds of
fractures were identified between T11 and L2 onMRI. L1 was
the most commonly affected level, identified in 112 cases,
with T12 being the next most commonly affected level with
86 cases followed by 64 fractures at L3, 43 fractures at T11
and L2, 35 fractures at L4; the remaining fractures were
evenly distributed among other levels (Fig. 2).

Evaluation in the supine position

Table 1 depicts the results of evaluation of supine lateral
radiographs. Overall, a correct diagnosis was made in 4,685
vertebrae (89.4 %) (agreement between correct diagnosis of

acute fracture and correct diagnosis of non-acute fractures).
There were 285 unreadable OVFs (5.4 %) between T5 and
L5 on the supine lateral radiographs (unreadable rate) and
269 misdiagnosed OVFs (false positives). A breakdown
shows that a correct diagnosis of acute OVF (true positive)
was made in 187 fractures, and a correct diagnosis of non-
acute OVF, which included non-fractured vertebra and pre-
vious OVF (true negative) was judged to be present in 4,498
vertebrae. Therefore, overall, the sensitivity was 39.6 % and
the specificity was 94.4 % (Table 2). The positive predictive
value (PPV) was 41.0 % and the negative predictive value
(NPV) was 94.0 %.

Evaluation in the sitting position

Table 3 depicts the results of evaluation of sitting lateral radio-
graphs. Overall, a correct diagnosis was made in 4,696 verte-
brae (89.6 %) (agreement). There were 269 unreadable OVFs
(5.1 %) on sitting lateral radiographs (unreadable rate) and 274
misdiagnosed OVFs (false positives). The details are shown in
Table 2.

Evaluation in supine and sitting positions

Table 4 depicts the results of evaluation of comparative supine
and sitting radiographs. Of 472 acute OVFs diagnosed on

Fig. 2 Distribution of acute
osteoporotic vertebral fractures

Table 1 The diagnostic accuracy of supine lateral thoracic/lumbar
radiographs for acute osteoporotic vertebral fracture

Acute OVF on MRI Total

Positive Negative

Acute OVF diagnosed
by radiography

Positive 187 269 456

Negative 285 4,498 4,783

Total 472 4,767 5,239
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MRI, 313 vertebrae (66.3 %) exhibited mobility on supine
lateral and sitting lateral radiographs. Overall, a correct diag-
nosis was made in 4,883 vertebrae (93.2 %) (agreement).
There were 159 unreadable OVFs (3.0 %) between T5 and
L5 on the supine lateral radiographs (unreadable rate) and 197
misdiagnosed OVFs (false positives). A breakdown shows
that a correct diagnosis of acute fractures (true positive) was
made in 313 OVFs, and non-acute OVFs (true negative) were
judged to be present in 4,570 vertebrae. Therefore, the sensi-
tivity was 66.3 % and the specificity was 95.9 % (Table 2).
PPV was 61.4 % and NPV was 96.6 %. Prevalence of mobil-
ity based on location of the OVFs showed that mobility is the
most common at the thoracolumbar junction. There was a
significant difference of mobility based on location of OVFs
(P<0.01, Chi-square test) (Table 5)

Optimal cutoff value for diagnosis of acute OVF

We classified the 313 acute OVFs which exhibited mobility
into two groups according to the magnitude or the rate of
change of the vertebral height between the supine and the
sitting positions. The results are shown in Table 6. The
average reduction in vertebral height with mobile fractures
was 5.4±4.4 mm. Among 313 acute OVFs diagnosed on
dynamic radiographs, 262 vertebrae (83.7 %) exhibited a
change of >2 mm, 220 vertebrae (70.3 %) exhibited a change
of >3 mm, and 192 vertebrae (61.5 %) exhibited a change
of >4 mm. With regard to the vertebral percent height reduc-
tion, 220 vertebrae (70.3 %) exhibited a change of >10 %,
106 vertebrae (33.9 %) exhibited a change of >20 %, and 55
vertebrae (17.6 %) exhibited a change of >30 %. A QM

assessment of OVFs suggested that a 2-mm reduction in
vertebral height was the most reasonable cutoff value for
screening for OVFs.

Subsequent reduction in vertebral height on follow-up
radiographs

A mean reduction of 6.6±4.2 mm in vertebral height oc-
curred on subsequent radiographs in the correct group and a
reduction of 3.0±4.0 mm in vertebral height occurred in the
incorrect group. There was a significant difference in the
subsequent reduction in vertebral height between the correct
group and the incorrect group (P<0.01, Mann–Whitney U
test). Therefore, a large future height loss of OVF was
assumed when acute OVF was correctly diagnosed using
dynamic radiographs, whereas a relatively small height loss
was expected if acute OVFwas not diagnosed using dynamic
radiographs.

Discussion

This study attempted to analyze the potential benefits offered
by dynamic radiographs in the diagnosis of acute OVFs
compared with information obtained from supine lateral
radiographs or sitting lateral radiographs alone. According
to our results, the detection rate of acute OVFs was much
higher on dynamic radiographs than on either supine lateral
radiographs or sitting lateral radiographs alone. In addition,
dynamic radiographs were useful for estimating the progno-
sis of acute OVFs.

Table 2 The diagnostic value of three methods

Evaluation
method

Sensitivity Specificity PPV NPV False positive
rate

False-negative
rate

Uninterpretable
rate

Agreement Odds ratio [95 % CI]

Supine 39.6 94.4 41.0 94.0 5.6 60.4 5.4 89.4 10.97 [8.79–3.69]

Sitting 43.0 94.3 42.6 94.4 5.7 57.0 5.1 89.6 12.37 [9.94–15.40]

Dynamic 66.3 95.9 61.4 96.6 4.1 33.7 3.0 93.2 45.67 [35.98–57.95]

Uninterpretable rate means that the OVF overlooked by comparative radiographs

PPV positive predictive value, NPV negative predictive value, Agreement true positive + true negative rate, CI confidence interval

Table 3 The diagnostic accuracy of sitting lateral thoracic/lumbar
radiographs for acute osteoporotic vertebral fracture

Acute OVF on MRI Total

Positive Negative

Acute OVF diagnosed
by radiography

Positive 203 274 477

Negative 269 4,493 4,762

Total 472 4,767 5,239

Table 4 The diagnostic accuracy of dynamic lateral thoracic/lumbar
radiographs for acute osteoporotic vertebral fracture

Acute OVF on MRI Total

Positive Negative

Acute OVF diagnosed
by radiography

Positive 313 197 510

Negative 159 4,570 4,729

Total 472 4,767 5,239
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Plain radiographs are the mainstay for initial diagnosis of
OVFs. Nonetheless, reaching a clear diagnosis of acute
OVFs is difficult in many vertebrae. Identifying acute OVFs
on plain radiographs is problematic because (1) “normal”
radiological appearances in the spine vary greatly both
among and within individuals, (2) “abnormal” appearances
due to non-fracture deformities and normal variants are
common but can be difficult to differentiate from true OVFs,
(3) osteoporosis can often cause asymptomatic OVFs and
make it difficult to distinguish between acute OVFs and
previous OVFs, and (4) OVFs do not always result in a
reduction in vertebral height on lateral radiographs. There-
fore, a correct diagnosis of acute OVFs can be difficult. Ito
et al. reported that acute OVF was correctly diagnosed in
51.5 % of cases [19]. The false-negative rates of diagnosis of
acute OVFs on conventional radiographs have been reported
to range from 27 to 48.5 % [20, 21]. Hence MRI is often
performed in elderly patients with vertebral disease because
it is currently the only available definitive diagnostic tool;
however, it is costly and not always immediately available.

On the basis of the problems raised above, we investigat-
ed whether the correct diagnostic rates for acute OVFs using
radiographic diagnosis could be improved by the use of
dynamic radiographs compared with either supine lateral
radiographs or sitting lateral radiographs alone. To the best
of our knowledge, this type of comparison has not been
carried out to date; however, a search of the literature has
revealed that various datasets are available on the diagnostic
rate of acute OVF using radiographs. Ito et al. evaluated

diagnosis of acute OVFs using the criteria of Genant et al.
[4], which are commonly used in the diagnosis of acute
OVFs, but only 45.5 % of acute OVFs could be diagnosed
correctly [19]. Nakano et al. also evaluated diagnosis of
acute OVFs using Japanese guidelines [22] which are essen-
tially the same as those used for QM assessment [6]. They
reported that sensitivity was 45.9 %, specificity was 89.3 %,
PPV was 41.5 %, and NPV was 91.2 %. In contrast,
Kanchiku et al. reported a high correct diagnosis rate of
87 % [23]. In this study, using dynamic radiographs, we
demonstrated sensitivity of 66 %, specificity of 96 %, PPV
of 61 %, and NPVof 97 % for diagnosing acute OVFs. These
results were superior to evaluation using either supine or
sitting radiographs alone. However, it is necessary to keep
in mind the fact that many factors, such as the skill levels of
the examiners, the background of the patients, or radiograph-
ic conditions, make the simple comparison of a correct
diagnosis rate difficult. However, these results offer concrete
insights, and we therefore recommend that dynamic radio-
graphs should be used in the management of patients with
acute low back or back pain who are suspected of having
acute OVFs.

Dynamic radiographs identify acute OVFs on the basis of
fracture mobility. This method differs in concept from con-
ventional morphology-based fracture diagnosis such as SQ,
ABQ, and QM. Identifying the presence of mobility by
dynamic radiography furthers our understanding of the path-
ophysiology of OVF and provides clinicians with an oppor-
tunity to correctly identify the cause of an elderly

Table 5 The prevalence of dy-
namic mobility based on location
of the OVFs (n=472)

*P<0.01, Chi-square test

Location*

T5–T10 T11–L2 L3–L5

Number of OVFs diagnosed by MRI Dynamic mobility positive 41 (50 %) 206 (72 %) 66 (63 %)

Dynamic mobility negative 41 (50 %) 79 (28 %) 39 (37 %)

Table 6 The accuracy of acute osteoporotic vertebral fracture based on quantitative morphometry assessment of comparative supine and sitting
lateral radiographs

Cutoff
value

Sensitivity Specificity PPV NPV False positive rate False negative rate Uninterpretable rate Agreement Odds ratio [95 % CI]

2 mm 83.7 53.3 74.0 67.3 46.7 16.3 10.0 72.0 5.86 [3.89–8.84]

3 mm 70.3 72.1 80.0 60.4 27.9 29.7 18.2 71.0 6.11 [4.11–9.06]

4 mm 61.5 84.3 86.1 58.0 15.7 38.5 23.6 70.3 8.57 [5.48–13.39]

10 % 70.3 72.1 80.0 60.4 27.9 29.7 18.2 71.0 6.11 [4.11–9.06]

20 % 33.9 93.9 89.8 47.2 6.1 66.1 40.6 57.1 7.89 [4.21–14.81]

30 % 17.6 97.0 90.2 42.5 3.0 82.4 50.6 48.2 6.79 [2.86–16.09]

Uninterpretable rate means that the OVF overlooked by comparative radiographs

PPV positive predictive value, NPV negative predictive value, Agreement true positive + true negative rate, CI confidence interval
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osteoporotic patient's back pain by requesting an axially
loaded (standing or sitting) radiographs than simply
requesting the standard radiographs which may well be a
non-axially loaded lateral decubitus film. Kawaguchi et al.
[9] analyzed 41 acute OVFs diagnosed on dynamic radio-
graphs and revealed dynamic vertebral mobility in 81 % of
fractures. In this study, dynamic vertebral mobility was
found in 66 % of fractures, with an average reduction in
vertebral height of 5.4±4.4 mm on subsequent radiographs
observed in the mobile acute OVFs.

Dynamic radiographs are useful for estimating the subse-
quent loss in vertebral height of acute OVFs. To the best of
our knowledge, this is also the first attempt to evaluate this
parameter. Why some OVFs did not result in mobility is
unclear. OVFs that could not be diagnosed on dynamic
radiographs might contain micro-trabecular fracture, which
are considered to be a step prior to OVF with mobility.
Otherwise, OVFs that could be diagnosed on dynamic radio-
graphs exhibited severe breakage of interconnected bone
fibers of both cortical and cancellous bone; therefore, the
mobile OVFs collapsed easily compared with OVFs that
were not mobile.

There are two major drawbacks of dynamic radiographs.
One is radiation exposure. The other is back pain during
examination. Assessment by fracture mobility requires radio-
graphs in weight-bearing position and supine position. Back
pain during radiographic examination (e.g., lie down on the X-
ray table, adjust the position on the table, and sit up from the
table) has the possibility to disturb the later radiographic
examination. Back pain during radiographic examination
was common in the lateral decubitus position, but back pain
in the supine positions is partially stronger than the lateral
decubitus position. Although there were no patients who
could not take radiographic examination due to back pain in
our institution, Kawaguchi et al. reported one of 38 patients
was unable to sit up for the radiographs due to back pain [9].

This study has several limitations that should be kept in
mind when interpreting its results. First, although the k
coefficients of inter-reader and intra-reader agreement were
acceptable, the manual measurement of the images might
have caused intra-observer and inter-observer error. The
second limitation was that the manual measurement of the
images also might have caused the precision and magnifica-
tion errors, although they were acceptable. The third limita-
tion was that although we compared the accuracy of dynamic
radiographs with information obtained from either supine
lateral radiographs or sitting lateral radiographs alone in this
study, with the results revealing that comparative evaluation
was superior to the other evaluations, there was no control
group. Lateral radiographs are usually obtained in the lateral
decubitus position in most institutions which has neither the
features of the axially loaded (standing or sitting) lateral views
or the hyperextended (cross table) lateral views. Comparison

of the accuracy between dynamic radiographs and standard
lateral radiographs in the lateral decubitus position is required.
Fourth, distortion of the vertebral body and end plates in
oblique projection might reduce the accuracy, which is a
common problem in other methods of OVF assessment [21,
24, 25]. Fifth, the dynamic radiography has not previously
been discussed and needs to be standardized. Further study is
warranted.

In conclusion, dynamic radiographic examinations are an
effective tool for correctly identifying acute OVFs. By in-
corporating these scans into routine clinical assessments,
clinicians can reduce costs and MRI examination which is
occasionally painful for the patients, and thereby enhance the
care of patients suspected of having OVFs.
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