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ACKGROUND CONTEXT: Osteoprotic vertebral fractures (OVFs) are common in elderly peo-

ple. The association between back pain due to OVF with magnetic resonance imaging (MRI) signal

change is unclear. In this study we hypothesized that MRI findings would be a predictive factor for

back pain measured by visual analogue scale (VAS) at 6 months follow-up.

PURPOSE: The aim was to study the MRI findings that predict back pain after OVF and the

association between radiological findings and scores of back pain.

STUDY DESIGN:Multicenter prospective cohort study.

PATIENT SAMPLE: A total of 153 OVF patients.

OUTCOMEMEASURE: The outcome measures were VAS back pain and MRI signal change.

METHODS: This study was performed from 2012 to 2015. Consecutive patients with less

than 2-week-old OVFs at 11 institutions were enrolled prospectively. MRI was performed at

enrollment and at 1, 3, and 6 months follow-up. T1- and T2-weighted images (T1WI and

T2W1) were obtained at each time point and their association with VAS scores of back pain

at 6 months were investigated. Anterior compression ratio, posterior compression ratio, and

angular motion of vertebral bodies were also measured on X-rays at each follow-up. This

research had no financial support. There are no conflicts of interest.

RESULT: The 6 months follow-up was completed by 153 patients. At enrollment, the average

VAS score of back pain was 75 mm, and it had improved at the 6-month follow-up to an average

score of 20 mm. There was a significant correlation between T1 diffuse low signal change and

VAS scores at the 6-month follow-up (p<.01). T2 high signal changes (odds ratio; 4.01, p<.01)
and old vertebral fractures (odds ratio; 2.47, p=.04) were independent risk factors for back pain.
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The correlation between angular motion of vertebrae on X-rays and the VAS score of back pain

was significant at all time points.

CONCLUSION: This study demonstrates the radiological factors associated with persistent back

pain after an OVF and the association between the VAS score of back pain and radiological findings.

In addition, T2 high signal changes in acute phase and old vertebral fractures were independent risk

factors for residual back pain. © 2019 Elsevier Inc. All rights reserved.
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Introduction

Osteoporosis is a condition in which there is compro-

mised bone strength due to deterioration in bone mass and

quality. It is predominantly seen in the elderly, with

10 million individuals currently diagnosed with osteoporo-

sis in the United States [1−4]. It is estimated that more

than three times as many individuals have low bone mass

and are at risk for the disease [5]. Although the occurrence

is often not recognized as a distinct clinical event, frac-

tures can result in acute or chronic pain, height loss, spinal

deformity (kyphosis, scoliosis), and restriction of thoracic

and abdominal contents, impaired mobility and disability.

Following conservative treatment, the pain associated with

steoprotic vertebral fractures (OVFs) gradually decreases

due to bony union and enhanced stability. However, some

patients present with intractable back pain for extended

periods of time. The causes of low back pain due to OVF

are thus diverse, ranging from pain due to fractures in the

acute phase and that caused by deformation of the spine

from kyphosis in the chronic phase [6].

OVFs are evaluated by plain radiography and computed

tomography. Management of the pain in each phase (acute

and chronic) depends on the radiographic findings in the

respective phases [7]. In OVF cases, insufficient union is

often noted on plain radiography and/or MRI during fol-

low-up [8]. Plain radiography and computed tomographic

changes are characterized by endplate deformities, loss of

endplate parallelism, and a generally altered appearance

compared with neighboring vertebrae in acute and chronic

phase [9,10]. In addition, radiographs taken in the sitting

and standing position can be used to assess the deformity

and mobility of the fractured vertebrae [11,12]. However,

an obvious deformity is not always observed at the time of

injury [9], and the diagnosis is also difficult in patients

with spinal abnormalities. Hence, MRI is now commonly

performed to diagnose and confirm the age of OVFs [7].

MRI reveals the presence of pathologic tissue conditions

such as edema, hematoma, and granulation, as well as the

vascularity of the tissue [7,13], and is considered to pro-

vide valuable information about the OVF and its associa-

tion with visual analogue scale (VAS) score of back pain.

However, there are only few reports about the correlation

between VAS scores of back pain and radiological find-

ings [14,15].
This study was designed to evaluate the correlation

between radiological findings from MRI and plain X-rays

after an OVF and their ability to predict persistent pain

6 months after the OVF.
Materials and methods

A total of 153 consecutive patients with symptomatic

OVFs were eligible for and willing to participate in this

prospective multicenter cohort study, which was per-

formed from January 2012 to September 2015. Eleven

hospitals participated in this study. The inclusion criteria

were age >65 years, diagnosis of an acute OVF, and onset

of back pain within 2 weeks prior to presentation. The

exclusion criteria were pathologic fractures, more than

one acute fracture, malignant disease, dementia, and high-

energy injuries. Fractures were considered to be acute if

the interval between the onset of symptoms and the first

visit was <2 weeks and the MRI showed an abnormal sig-

nal change in the vertebral body. For evaluation of back

pain VAS and MRI signal change, we used a classification

based on our previous study [7,16].

Clinical assessment

The severity of pain was subjectively assessed by the

patients on a VAS, which was based on the average level of

back pain that the patient felt in the previous 1 week. The

severity of pain on the VAS scale was reassessed at the

time of enrollment and at the first, third, and sixth month

follow-ups. We investigated patients’ walking time per day

(minutes) by a self-administered questionnaire.
Imaging assessment

At the time of enrollment and at the first, third, and sixth

month follow-ups, the patients were examined using plain

X-rays and MRIs of the spine. Sagittal-view plain radio-

graphs in both supine and weight-bearing positions were

obtained. The relative height of the anterior wall (%) of the

affected vertebra was calculated by the following formula:

[2£affected vertebral height/(lower vertebral height+upper

vertebral height)]£100 (Figure 1) [7]. When either the

immediately cranial or caudal vertebral body was also

deformed due to an old fracture, the vertical height of the



Fig. 1. X-rays of the spine showing osteoporotic vertebral fractures (OVFs). (a) The percentage height of the anterior wall was calculated by the formula:

[2a/(b+c)]£100. (b) Vertebral segmental angle in the supine position, ‘a’ degrees. (c) Vertebral segmental angle in the weight bearing position, ‘b’ degrees.

1188 S.A. Ahmadi et al. / The Spine Journal 19 (2019) 1186−1193
anterior wall of the fractured vertebral body was divided by

the vertical height of the anterior wall of the adjacent unde-

formed vertebral body.

Sagittal images of the spine, including the fractured ver-

tebrae, were also obtained using 1.5-T MRI scanners in

nine hospitals and 0.5-T scanners in two hospitals. The fol-

lowing sequences were obtained with 1.5-T MRI scanners:

T1-weighted turbo spin echo with a slice thickness of 3 mm

(repetition time (TR) 400−700 ms and time to echo (TE)

minimum accessible, depending on the capability of the

machine) and the same sequence of T2-weighted images

(TR 3000−4500 ms and TE 80−120ms). The following

sequences were obtained with 0.5-T MRI scanners:

T1-weighted turbo spin echo with a slice thickness of 3 mm

(TR 300−500 ms and TE 110−130 ms) and the same

sequence with T2 (TR 3000−4000 ms and TE 110−130 ms).

The patterns of signal changes within fractured vertebral

bodies onMRI were classified based on midsagittal and bilat-

eral parasagittal T1WI and T2WI [7,16]. The signal changes

on T1WI were classified into three patterns: diffuse low, con-

fined low, and no signal change. The signal changes on T2WI

were classified into four patterns: high, confined low, diffuse

low, and no signal change. The weighted kappa showed

excellent inter-rater and intrarater agreement on both T1WI

(0.844 and 0.907, respectively) and T2WI (0.712 and 0.731,

respectively).
Statistical analysis

One-way analyses of variance were used to test for sig-

nificant between-group differences of VAS scores for

each of the MRI findings. Multivariate linear regression

model adjusting for age, sex, old OVF, analgesic usage,

and walking time per day was used to assess the correla-

tion between back pain and compression ratios/angular
motion. Multivariate logistic regression analysis was used

to assess the adjusted association of persistent back pain at

sixth months with MRI findings. The regression models

were adjusted for age, sex, old OVF, analgesic usage, and

walking time per day. The odds ratio (OR) was considered

significant at p<.05, ORs of factors at enrollment for back

pain (VAS>40) at 6-month follow-up. The receiver oper-

ating characteristic (ROC) curve was used to investigate

the area under curve of angular motion of the vertebra for

persistent back pain. Statistical test results were consid-

ered significant at p<.05. All p values were two-sided. All

analyses were performed using the SAS software package,

version 9.4 (SAS Institute, Inc., Cary, NC, USA).
Results

Of the 218 eligible patients, three died, eight were

excluded because of another disease, and 54 were lost to

follow-up. Finally, 153 cases (125 females and 28 males)

completed the 6-month follow-up and were effectively ana-

lyzed. Their age at the time of enrollment ranged from 71

to 85 years, with a mean age of 78.5 years. Twenty-nine

(18.9%) OVFs were observed in the midthoracic spine

(T7−T9), 99 (64.7%) in the thoracolumbar spine (T10−L2)
and 25 (16.3%) in the lower lumbar spine (L3−L5)
(Table 1). Overall, 47% of the patients were hospitalized

for several weeks during the acute phase. During treatment,

30% of the patients wore tailor-made hard corsets, 62%

wore tailor-made elastic corsets, 4% wore ready-made elas-

tic corsets, and 4% did not wear a corset; mean duration of

corset usage was 3.7 months (§2.7). The treatment for each

patient was individualized by their respective physicians.

Severe back pain was reported by all the patients at the

time of study enrollment (average VAS score, 75 mm),

with pain intensity gradually improving thereafter until the



Table 1

Patients demographic data

Parameters Levels Mean (SD) or (%)

Age 78.5§7.1

Sex

Male 28 (18.3%)

Female 125 (81.7%)

OVF levels

Mid-thoracic spine T7−T9 N=29(18.9%)

Thoracolumbar spine T10−L2 N=99(64.7%)

Lower lumbar spine L3−L5 N=25(16.3%)

Old fracture N=54(35.5%)

Analgesic usage N=37(24.3%)
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6-month follow-up (average VAS score at 6-months,

20 mm (Figure 2).

On T1-weighted MRI at 6-months follow-up, 35.9% of

patients showed diffuse low changes, 53.6% showed con-

fined low changes, and 10.4% of patients showediso-

intensity changes. There was a significant correlation

between T1WI at the sixth month follow-up and VAS

scores of back pain (p<.01) (Table 2).
On T2WI, all types of signal changes (diffuse low, con-

fined low, isointensity, and high signal changes) were seen

at both the patients’ first visit and the 6-month follow-up.

However, only the correlation between back pain VAS

scores and T2WI changes at the third and sixth month fol-

low-up were significant (p=.02/p<.01) (Table 3).
Osteoporotic vertebral fractures resulted in changes on

the anterior and posterior sides and angular motion of the

vertebra. As seen in Table 4, there was a significant corre-

lation between anterior compression ratio and back pain

VAS scores (p<.01) at time of enrollment. Lower anterior

compression ratio was associated with higher the back

pain at the time of enrollment and at the first month fol-

low-up (p<.01/p=.02). Greater angular motion correlated

significantly with higher back pain VAS scores at all time

points (Table 4).
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Fig. 2. VAS scores
Table 5 shows the results of multiple logistic regression

analyses, which revealed that T2 high signal changes (OR;

3.96, p<.01) and old vertebral fracture (OR; 2.43, p=.04)

were independent risk factors for back pain at the 6-month

follow-up (Table 5). Area under curve of vertebral angular

motion for persistent back pain at 6-month follow-up was

0.571 (p=.244) (Figure 4).
Discussion

This study demonstrated the association between radio-

logical findings and VAS scores of back pain according to

the age of the OVF. We also investigated predictive radio-

logical findings in patients with back pain. Osteoporotic

vertebral fractures may be accompanied by severe acute

pain in some cases, and by almost no pain in some mild

cases, depending on the severity of vertebral body collapse.

In the present study, the severity of back pain at the time of

enrollment was a VAS score of 75 mm, and it gradually

improved by the 6-month follow-up. However, some

amount of residual pain still remained at the 6-month fol-

low-up (VAS=25 mm).

MRI allows imaging in several planes. Accurate delinea-

tion of a compression fracture can be confirmed by the pres-

ence or absence of signal change and the altered radiological

features. Furthermore, MRI can differentiate between new

and old fractures and degenerative lesions. Hence, we used

MRI as the imaging modality in the current study. Several

approaches have been used to classify MRI findings of OVFs

[7,14,16−18]. Chou et al. showed the healing process of

OVFs using temporal MRIs. They used eight categories of

MRI findings and concluded that there was no association

between MRI findings and back pain [17]. However, they ana-

lyzed only a small sample of 32 patients and did not evaluate

the reliability of their MRI classification of OVFs. Although

the Denis classification is sometimes used for OVFs, it is not

sufficiently reproducible for comparison of different patient

series [19]. In this study, we used a simple MRI classification

[7] to consider back pain according to the age of the OVF.
3 months 6 months

25 20

of back pain.



Table 2

Correlation between findings on T1WI and VAS scores of back pain

Parameters Number of patients VAS score Mean + SD of VAS score p value

T1 changes at first visit

Diffuse low signal change on MRI 66 VAS at first visit 74.6§15.9 .16

Confined low signal change on MRI 87 VAS at first visit 69.9§22.8

Isointensity change on MRI 0

T1 changes at first month follow up

Diffuse low signal change on MRI 131/147 VAS at first month 38.6§23.5 .87

Confined low signal change on MRI 16/147 VAS at first month 37.6§27.2

Isointensity change on MRI 0

T1 changes at third month follow up

Diffuse low signal change on MRI 83/138 VAS at third month 28.3§25.7 .66

Confined low signal change on MRI 50/138 VAS at third month 26.1§22.7

Isointensity change on MRI 5/138 VAS at third month 18.8§27.4

T1 changes at sixth month follow up

Diffuse low signal change on MRI 55 VAS at sixth month 30.5§27.7 <.01
Confined low signal change on MRI 82 VAS at sixth month 17.9§22.6

Isointensity change on MRI 16 VAS at sixth month 12.6§19.7
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There are no previous data regarding the association

between MRI signal changes and VAS scores of back pain.

Signal changes in the vertebral body on MRI may also repre-

sent hematoma and inflammation adjacent to the disrupted

trabeculae and cortex in the acute or subacute phase of

OVFs [18,20,21]. Areas of low signal changes might be

related to bone damage, such as bone bruising or trabecular

fracture. Meyers et al. described fractures as having intrame-

dullary lines of very low signal intensity extending to the

intercortical margin on T1WI [22]. These lines are frequently

surrounded by larger irregular zones of marrow abnormali-

ties, characterized by a slightly decreased signal intensity on

T1WI and cortex in the acute or subacute phase [19−21].
Table 3

Correlation between T2WI and VAS scores of back pain

Parameters Number of patients V

T2 changes at first visit

Diffuse low signal change on MRI 10 V

Confined low signal change on MRI 90 V

Isointensity change on MRI 22 V

High signal change on MRI 31 V

T2 changes at first month follow up

Diffuse low signal change on MRI 24 V

Confined low signal change on MRI 81 V

Isointensity change on MRI 5 V

High signal change on MRI 37 V

T2 changes at third month follow up

Diffuse low signal change on MRI 14 V

Confined low signal change on MRI 78 V

Isointensity change on MRI 15 V

High signal change on MRI 31 V

T2 changes at sixth month follow up

Diffuse low signal change on MRI 7 V

Confined low signal change on MRI 80 V

Isointensity change on MRI 40 V

High signal change on MRI 26 V
According to the Takahashi classification [7] (Figure 3) used

in our study, diffuse low intensity signal changes were seen

at the time of enrollment and at the 1-, 3- and 6-month

follow-ups. They reported that the frequency of diffuse low

signal changes on T2WI were much lower than those on

T1WI at enrollment and at the first month follow-up [23]. In

this study as well, we found a much higher incidence of dif-

fuse low signal changes on T1MRI than onT2MRIat enroll-

ment and the first month follow-up. High signal changes on

T2-weighted MRI reportedly have a high sensitivity and

specificity for predicting delayed union at all time points

[16]. Therefore, in the current study, we investigated the cor-

relation between T2-weighted MRI signal changes after
AS score Mean + SD of VAS score p value

AS at first visit 67.9§19.7 .83

AS at first visit 71.3§21.0

AS at first visit 73.0§17.2

AS at first visit 74.0§20.9

AS at first month 40.1§24.9 .83

AS at first month 36.9§23.0

AS at first month 45.0§22.0

AS at first month 40.0§25.8

AS at third month 26.5§22.9 .02

AS at third month 24.2§23.3

AS at third month 19.9§19.0

AS at third month 39.5§28.5

AS at sixth month 26.1§25.1 <.01
AS at sixth month 21.1§23.2

AS at sixth month 13.8§21.4

AS at sixth month 35.6§30.5



Table 4

Correlation between back pain and compression ratios/angular motion

Anterior compression ratio Posterior compression ratio Angular motion

ß p value ß p value ß p value

At injury 0.77 <.01 0.82 <.01 1.12 .11

First month 0.14 .25 0.33 .03 1.13 .06

Third month 0.22 .08 0.27 .08 1.77 <.01
Sixth month 0.11 .12 0.21 .11 2.02 <.01

The multiple linear regression model was adjusted for age, sex, old OVF, analgesic usage, and walking time per day (minutes).
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OVF and the VAS scores of back pain. We found diffuse

low, confined low, isointensity, and high intensity signal

changes on T2 MRI in all our patients at enrollment, and at

the first, third, and sixth month follow-ups. However, the

correlation between T2 MRI signal changes and VAS scores

of back pain were significant at only the third and sixth

month follow-up. Also, T2 high signal changes at the time of

injury was a predictive factor for residual back pain at the

sixth month follow-up. However, the incidence of diffuse

low signal changes on T1 MRI was higher than that of dif-

fuse low signal changes onT2WIat the sixth month follow-

up on back pain VAS scores, which implies that T1 diffuse

low signal changes may represent bone edema rather than a

trabecular fracture. In the current study, we also found on

T1WI that diffuse low signal changes were seen in patients

with a high back pain VAS score at all time points.

In the current study, X-rays demonstrated that anterior

compression ratio, posterior compression ratio, and angular

motion were different between enrollment and at the first,

third, and sixth month follow ups. In addition, the presence

of ongoing angular motion of the fractured vertebra resulted

in nonunion after the OVF [13]. These findings suggest that

it is important to check for angular motion using weight
Table 5

Odds ratios of factors at enrollment related to back pain (VAS>40 mm) at

the 6-month follow-up

Parameters Odds ratio 95% CI p value

Age 65−75 y ref

Age>75 y 1.98 0.34 11.44 .45

Age>85 y 1.44 0.26 8.05 .68

Sex (male) 0.71 0.22 2.28 .56

T1 confined low or isointensity Ref

T1 diffuse low signal 1.06 0.43 2.63 .90

T2 confined low or isointensity Ref

T2 high signal 3.96 1.50 10.48 .01

T2 diffuse low signal 2.56 0.54 12.03 .24

Thoracic spine ref

Thoracolumbar spine 0.68 0.20 2.30 .53

Lumbar spine 1.24 0.30 5.10 .76

Posterior wall injury (present) 2.31 0.91 5.82 .08

Old OVF (present) 2.43 1.01 5.89 .04

Walking time per day (per minute) 1.00 0.98 1.01 .45

The multiple logistic regression model was adjusted for age, sex, old

OVF, analgesic usage, and walking time per day (minutes).
bearing (supine vs upright) X-rays in patients with persistent

severe back pain after acute OVF and at the sixth month fol-

low-up. Traditionally, radiographic imaging is the first step

in the evaluation of painful spinal disorders. In the present

study, anterior compression ratio, posterior compression

ratio, and angular motion had a significant correlation with

back pain VAS scores in the acute phase. In the acute phase,

deformity of the vertebral body is not obvious on X-rays in

some cases. Dull my fascial pain may persist throughout the

par spinal region secondary to sustained positive balance

even after the acute pain has subsided. For a few months

after the occurrence of pain, deformation of the vertebral

body tends to accelerate and there is a significant correlation

of the posterior compression ratio and angular motion with

back pain VAS scores at the first month follow-up. Anterior

compression angle was changed from acute phase 11.2 mm

to 14.4 mm in 6 months follow-up. Dynamic (flexion vs

extension) X-rays are also particularly important in the diag-

nosis of intravertebral clefts [24,25]. Further, segmental

angular motion is important in terms of the association

between back pain and neurologic deficits [8]. In our series,

angular motion correlated significantly with back pain VAS

scores at all the follow-up time points (at enrollment, first,

third, and sixth months).
Limitations

This study has several limitations. First, the current

study compared MRI and X-ray findings with VAS scores

of back pain in Japanese subjects, and hence, the results

might not be generalizable to all populations. Second, 65 of

our patients were lost to follow-up for unknown reasons. A

potential reason for this could be that patients whose symp-

toms improved were unlikely to visit the hospital. We eval-

uated the VAS of back pain, levels of fractures, height and

age of patients between the patients who lost follow-up and

who completed 6 months follow-up and there was no signif-

icant differences between groups. Third, this study used dif-

ferent MRI scanners with different technicians in different

institutions. In nine of the hospitals, the MRIs were of the

same quality, and in two hospitals they were of different

quality. Fourth, we used a simple MRI classification of

OVFs in this study. However, the results showed high reli-

ability and the weighted kappa showed excellent inter-rater



Fig. 3. MRI findings: a simple classification of OVF.

Fig. 4. Area under curve (AUC) of vertebral angular motion for persistent back pain at 6-month follow-up is 0.571.
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and intra-rater agreement on both T1WI (0.844 and 0.907,

respectively) and T2WI (0.712 and 0.731, respectively) [7].

Finally, we could not evaluate the degree of back pain

before the fracture and its influence on the results of this

study.
Conclusion

The present study demonstrated the radiological factors

associated with back pain after an OVF and investigated

the association between VAS scores of back pain and the

radiological findings (MRI and plain X-rays). The presence

of T2 high signal changes at third and sixth months follow-

up was related to current back pain. X-ray evaluation

showed that angular motion was changed at all follow-up

time points and there was a significant correlation between

angular motion and VAS scores of back pain at all time

points. In addition, T2 high signal changes in acute phase

and old vertebral fractures were independent risk factors

for residual back pain. Surgical intervention or other con-

servative treatments should be considered in these cases.
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