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Abstract: Objective: To analyze the discordance between plain radiographs and Magnetic Resonance Imaging (MRI) 
in determining the acuity of osteoporotic compression fractures and to identify factors that may be associated with 
a higher discordance rate. Summary of Background Data: Few studies have described the differences between MRI 
and plain radiographs in determining the appropriate level of osteoporotic compression fractures. There has been 
only one article describing the factors that are related to the discordance between MRI and plain radiographs in 
diagnosing osteoporotic compression fractures. Methods: 185 patients with osteoporotic compression fractures at 
a single institution were identified. Two experienced surgeons and one experienced radiologist reviewed the osteo-
porotic vertebral fractures on the plain radiographs and MRI independently, and reached a consensus on the acuity 
of the fracture for both imaging studies. In order to identify factors that may be associated with a higher discordance 
rate, univariate analysis was tested by Chi-square test, t-test and Mann-Whitney U test, variables whose P≤0.1 in the 
univariate analysis were tested in multivariate logistic regression analysis. Results: After comparing the numbers 
and levels of fresh osteoporotic vertebral fractures, the concordance rate between the two studies for the diagnosis 
was 67%, while the discordance rate was 33%. Patients with multiple acute vertebral fractures had a higher discor-
dance rate (P=0.000), and patients with history of a previously healed vertebral fracture had a higher discordance 
rate (P=0.007). Gender, history of trauma, history of non-vertebral fracture, past vertebral augmentation surgery, 
and Cobb angle were not associated with a higher discordance rate. Conclusions: Because of the high discordance 
rate between MRI and plain radiographs, an MRI is crucial in the evaluation of the acuity of osteoporotic vertebral 
compression fractures. Patients with multiple level vertebral fractures and with previous vertebral fractures may be 
better evaluated with MRI studies.
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Introduction

Osteoporotic vertebral compression fractures 
are common and growing issues for elderly 
patients. Traditional conservative treatments 
include pain medication, bed rest, braces and 
physical therapy. With the development of per-
cutaneous vertebroplasty and percutaneous 
kyphoplasty, surgical treatments have become 
popular. However, there are studies demon-
strating that these augmentation procedures 
are no more effective than placebo [1, 2]. Life-
threatening complications from these proce-
dures have been reported [3, 4]. Itshayek et al. 
recommended that elderly people with comor-

bidities which made bed rest more dangerous, 
or patients suffering from debilitating pain for 
six weeks, should receive vertebral augmenta-
tion procedure [5]. Several studies have high-
lighted the importance of the fracture being 
both fresh and symptomatic in order to achieve 
best clinical outcomes after the vertebral aug-
mentation surgery [5, 6]. Voormolen et al. pro- 
ved that bone marrow edema on Magnetic 
Resonance Imaging (MRI) is the only predictor 
for better pain relief after percutaneous verte-
broplasty [7]. Therefore, it is crucial to differen-
tiate fresh vertebral fractures from old frac- 
tures. 
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The radiographic imaging for the evaluation of 
osteoporotic vertebral compression fractures 
includes plain radiographs, CT, MRI and bone 
scintigraphy. CT offers more details on the con-
tinuity of bone trabecula, but it is sometimes 
difficult to differentiate fresh from old vertebral 
fracture [8]. MRI has become the gold standard 
for its explicit evaluation of marrow edema, 
which implies a fresh vertebral fracture. Bone 
scintigraphy is also an alternative method used 
in patients with metal implants, in case of 
claustrophobia or for economic reasons. How- 
ever, there may be a lag period of one week or 
longer following collapse in the elderly patients 
before the scan becomes positive, due to 
delayed or deficient osteoblastic activity [9].

This study compared the concordance and dis-
cordance between plain radiographs and MRI 
in determining the acuity of osteoporotic verte-
bral compression fractures. Another goal was 
to identify the factors that may be associated 
with a higher discordance rate. In the develop-
ing countries such as China, MRI is an expen-
sive and not widely used test compared to 
developed countries. We wish this study could 
help the doctors of undeveloped areas to deter-
mine the acuity of compression fractures with-
out MRI.

Materials and methods

Patient selection

This was a retrospective observational study at 
a single institution between May 2009 and May 
2015. A total of 185 patients were included in 
this study. All patients had agreed to be involved 
in this study. The study protocol was approved 
by the institutional review board at our hospital. 
Inclusion criteria included back pain and suspi-
cion of an acute osteoporotic vertebral com-
pression fracture, with or without a history of 
trauma. All patients had both plain radiographs 
and MRIs. Exclusion criteria included vertebral 
burst fracture, tumor, infection, symptoms or 
signs suggestive of a spinal cord injury or cauda 
equine syndrome, and the presence of radicu- 
lopathy. 

Demographic and radiographic assessments

The medical records were reviewed and gender, 
age, presence of trauma, past history of verte-
bral and non-vertebral fractures, past history of 

vertebral augmentation surgery, and Cobb 
angle were all recorded. The conventional plain 
radiographs and MRI were obtained within two 
weeks after the onset of the suspected frac-
ture. The MRI of the spine had T1 weighted 
sequences and T2 weighted sequences with 
short-tau inversion recovery (STIR) sequence. 
The criteria of fresh fracture on MRI included a 
low signal on T1-weighted and high signal on 
T2-weighted sequences, and a high signal on 
STIR sequence. Two experienced surgeons and 
one experienced radiologist evaluated the pres-
ence of acute and old osteoporotic vertebral 
fracture on the plain radiographs and MRI inde-
pendently until they reached a consensus. And 
then we recorded whether the plain radio-
graphs and MRI assessments were same in 
determining the acuity of the osteoporotic ver-
tebral compression fractures.

Statistical analysis 

By using only plain radiographs and clinical his-
tory, patients were respectively divided into two 
groups based on gender, history of a prior ver-
tebral fracture, history of a prior non-vertebral 
fracture, traumatic event, multiple fractures of 
the vertebral body, old osteoporotic vertebral 
fractures, and vertebral augmentation surgery. 

The results were recorded and analyzed using 
Microsoft excel 2007 and SPSS 21.0. Kolmo- 
gorov-Smirnov test was used to determine 
whether the age and Cobb angle of the thoraco-
lumbar were normal distribution. Univariate 
analysis was carried out with Chi-square test, 
t-test (normal distribution) and Mann-Whitney U 
test (non normal distribution). We chose vari-
ables whose P≤0.1 in the univariate analysis, 
and tested them in multivariate logistic regres-
sion analysis. The level of statistical signifi-
cance was set at P<0.05.

Results

There were 185 patients in our study. The mean 
age was 73.3±10.4 years old. Sixty-two were 
male and one hundred and twenty-three of 
them were female. According to the MRI, there 
were 142 single acute fractures and 32 multi-
ple acute fractures. Within the single fractures, 
thoracic vertebral fractures (~T9) accounted for 
9.2% (13/142), thoracolumbar vertebral frac-
tures (T10-L2) accounted for 79.6% (113/142), 
and lumbar vertebral fractures (L3~) accounted 



MRI and plain radiographs for determining the acuity of compression fractures

17414 Int J Clin Exp Med 2016;9(9):17412-17419

for 11.3% (16/142). In patients with the multi-
ple fresh fractures, thoracic vertebral fractures 
accounted for 6.3% (2/32), thoracolumbar ver-

group without old vertebral fracture (according 
to plain radiographs and clinical examination 
only), the concordance rate of diagnosis was 

Figure 1. Female, 81 years old. A: X-ray indicated the historical augmenta-
tion surgery of L1. B: After the MRI investigation, L2 was proved to be new 
fracture, although it was not considered as compression fracture in the plain 
radiographs.

Figure 2. Female, 72 years old. A: According to clinical examination and X-ray, 
L2 was diagnosed as new fracture, T11, 12 was diagnosed as old fracture. 
B: After the MRI investigation, L2 was proved to be new fracture, T12 was 
proved as old fracture. And T11 was proved to be new fracture with bone 
marrow edema, although it was not identified obvious compression and had 
bone bridge.

tebral fractures accounted for 
40.6% (13/32), and combin- 
ed vertebral fractures acco- 
unted for 53.1% (17/32). One 
hundred fifty-eight patients 
received vertebral augmenta-
tion surgery and twenty-seven 
patients received conserva-
tive treatment. 

The levels of the acute and 
chronic vertebral fractures 
were first recorded according 
to clinical examination and 
plain radiographs. After revi- 
ewing each MRI, the levels  
of the fresh and old verte- 
bral fractures were redefined. 
After compared the numbers 
and levels of fresh osteopo-
rotic vertebral fractures, the 
concordance rate of diagno-
sis was 67% (124/185), the 
discordance rate was 33% 
(61/185). In non-multiple (si- 
ngle or zero) fracture group 
according to plain X-ray only, 
the concordance rate was 
81.5% (106/130), the discor-
dance rate was 18.5% (24/ 
130). In the multiple fracture 
group, according to the plain 
radiographs only, the concor-
dance rate was 28.2% (11/ 
39), the discordance rate was 
71.8% (28/39). There were 
16 cases that had no frac-
tures according to radio-
graphs only. After looking at 
the MRI, seven of them had 
single fresh fracture while two 
of them had multiple fresh 
fractures. 

In the old vertebral fracture 
group (according to plain ra- 
diographs and clinical exami-
nation only), the concordance 
rate of diagnosis was 52.8% 
(28/53), the discordance rate 
was 47.2% (25/53). In the 
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72.7% (96/132), the discordance rate was 
27.3% (36/132).

There were a total of seventy-four discordance 
vertebrae in sixty-one discordance patients. 
There were three situations where the discor-
dant rates were high. The situation A is shown 
in Figure 1. Radiographs did not identify any 
fracture, but the MRI demonstrated an acute 
fracture. The situation B is shown in Figure 2. 
The fracture was thought to be chronic, but on 
the MRI it was acute. The situation C is shown 
in Figure 3. The fracture was thought to be 

seen in four vertebrae, and the situation C was 
seen in twenty-seven vertebrae (Figure 5).

In the discordance patients with old vertebral 
fracture(s) (according to plain radiographs only), 
situation A had eleven vertebrae, situation B 
had fifteen vertebrae, situation C had seven 
vertebrae. In the discordance patients without 
old vertebral fracture(s), situation A had twelve 
vertebrae, situation B had two vertebrae and 
situation C had twenty-seven vertebrae (Figure 
6).

Chi-square test, t-test and Mann-Whitney U test 
were used to determine whether these factors 
in Tables 1 and 2 were risk factors associated 
with a significantly higher discordance rate. 
Factors that did not affect the discordance rate 
included gender, previous vertebral augmenta-
tion surgery, previous non-vertebral fracture 
and Cobb angle. Within the univariate test, the 
P values for age, fresh fracture number, with or 
without trauma, with or without old vertebral 
fracture were less than 0.1 (Tables 1, 2). After 
multivariate logistic regression analysis, we 
concluded that patients suspected of multiple 
vertebral fractures had a higher discordance 
rate (P=0.000), and patients with the history of 
old vertebral fracture had a higher discordance 
rate (P=0.007) (Table 3). Using the MRI, there 

Figure 3. Female, 75 years old. A: According to clinical examination and X-ray, 
T12 and L2 was diagnosed as new fracture. B: After the MRI investigation, L2 
was proved to be new fracture, T12 was proved as old fracture. 

Figure 4. The percentage of vertebrae situations of 
all the discordance vertebra.

acute, but MRI confirmed that 
it was an old fracture. Among 
all the discordance vertebrae, 
the situation A was seen in 
twenty-three vertebrae, the 
situation B was seen in sev-
enteen vertebrae and the sit-
uation C was seen in thirty-
four vertebrae (Figure 4).

For discordance patients with 
non-multiple fractures (single 
or zero, according to plain 
radiographs only), the situa-
tion A was seen in nineteen 
vertebrae, the situation B was 
seen in thirteen vertebrae, 
and the situation C was seen 
in seven vertebrae. In the dis-
cordance patients with multi-
ple fractures (according to 
plain radiographs only), the 
situation A was seen in four 
vertebrae, the situation B was 
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were some additional findings in some patients 
(Table 4).

Discussion

The discordance rate between MRI and plain 
radiographic imaging has been reported from 
33.3% to 50% [6, 8]. In our study, the total con-
cordance rate was 67% (124/185), and the 
total discordance rate was 33.0% (61/185). To 
our knowledge, there has been only one article 
examining factors leading to an increased dis-
cordance between the MRI and other tradition-
al radiographic imaging, and it showed that the 
presence of multiple fractures was the only fac-
tor to predict a higher discordance rate [8]. In 
our hospital, due to the cost and the radiation 
exposure, we do not routinely utilize CT scans 
for patients with suspected osteoporotic verte-
bral compression fractures. Our present study 

revealed that in patients with multiple vertebral 
fractures or those with old vertebral fractures, 
there is an increased difficulty in determining 
the fracture acuity. Thus an MRI with STIR 
sequence is recommended especially in those 
patients.

The majority of the discordance vertebrae in 
the multiple fracture group presented the situa-
tion C where the fracture was old, but was 
thought to be new. This is likely due to the mul-
tiple numbers of the fractures. In addition, the 
presence of severe soft tissue lesions or severe 
osteoporosis leading to extensive back pain 
and tenderness, which often happens in the 
multiple vertebral fractures, may influence one 
to label the fracture as more new than old.

The majority of the discordance vertebrae in 
the non-multiple fracture group corresponded 
to the situation A where the fracture was 
ignored on plain radiographs, but was actually 
a new fracture. This situation was especially rel-
evant when the radiographs showed no verte-
bral body height loss, in which case the MRI 
was able to diagnose the fracture when the 
radiographs did not reveal evidence of height 
loss.

The majority of the discordance vertebrae with-
in patients with old vertebral fracture were in 
situations B where there were old fractures and 
the radiographs failed to diagnose one of them 
as new. We postulate that the old vertebral 
fractures often showed typical chronic signs 
such as hyperosteogeny, formation of bone 
bridge and interbody fusion. In the presence of 
these chronic signs, the new fracture was 
thought to be old on the plain radiographs, and 
the new fracture was only diagnosed with the 
MRI study. 

Among all the discordant situations, the most 
common situation was where the radiographs 
implied it was a single new fracture, but it was 
actually an old fracture. In these situations, the 
history and previous plain radiographs will likely 
be the most important variables in the 
diagnosis.

The MRI investigation also has advantages in 
finding additional concomitant diseases [10]. In 
our study, most of them did not require further 
management. However, there were still some 
meaningful findings such as an abdominal aor-

Figure 5. The number of different vertebrae situa-
tions of non-multiple and multiple vertebral fracture 
group.

Figure 6. The number of different vertebrae situa-
tions of with and without old fracture group.
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tic aneurysm and abnormal signals in liver, kid-
ney and lung, which may need further consulta-
tions. MRI can also find other causes of back 
pain such as a soft tissue injury and epidural 
hematoma. Furthermore, newly developed ver-
tebral fractures after vertebral augmentation 
may actually be the preexisting fractures that 
were not diagnosed with plain radiographs, 
instead of being actual new fractures [8]. 
Perhaps the accuracy of refracture rate 
depends on the proportion of patients who had 
an MRI preoperatively. As in our study, 17.8% 
(33/185) of all the cases found extra fresh ver-
tebral fractures after the MRI, which could be 
misdiagnosed as refracture if MRI was not rou-
tinely done. The studies on the effectiveness of 
vertebral augmentation surgery might be po- 

MRI could possibly predict further collapse and 
vertebral height loss of the cemented verte-
brae [12]. 

In this study, multiple factors affecting the dis-
cordance between MRIs and plain radiographs 
were analyzed. Because of the high discor-
dance rate, an MRI is crucial in the evaluation 
of osteoporotic vertebral compression frac-
tures. Patients with multiple vertebral fractures 
and with old vertebral fracture can be better 
evaluated using MRI to determine the acuity of 
the fracture.
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tentially biased due 
to the lack of diagno-
sis of these fractures 
at the original time of 
the treatment. After 
the procedure, these 
missed lesions may 
deteriorate and resu- 
lt in unfavorable clini-
cal outcomes and in- 
creased “refracture” 
rate [6]. Benz et al. 
had repeated the 
MRI on 20 patients 
with fractures and 
found 14 new frac-
tures in 11 patien- 
ts [11]. Preoperative 
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