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Spinal column metastases are common among pa-
tient with disseminated cancer. Although, in most 
cases, these metastases are minimally symptomatic 

or asymptomatic, a nontrivial proportion serve as me-
chanical pain generators secondary to the destruction of 
the affected vertebrae. Equally as important, as the lesion 

enlarges, it reduces the yield strength of affected vertebrae 
and increases the risk of vertebral compression fracture 
(VCF).5,6 A VCF can destabilize the vertebral column and 
thus requires surgical intervention, which generally car-
ries a high risk profile in this frail and medically complex 
patient population.23

ABBREVIATIONS AUC = area under the receiver operating characteristic curve; BMD = bone mineral density; CSF = cerebrospinal fluid; DXA = dual-energy x-ray absorp-
tiometry; ICC = intraclass correlation coefficient; NSAID = nonsteroidal antiinflammatory drug; ROI = region of interest; SBRT = stereotactic body radiation therapy; SINS = 
Spinal Instability Neoplastic Score; VBQ = vertebral bone quality; VCF = vertebral compression fracture.
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OBJECTIVE Vertebral compression fractures (VCFs) in patients with spinal metastasis can lead to destabilization and 
often carry a high risk profile. It is therefore important to have tools that enable providers to predict the occurrence of 
new VCFs. The most widely used tool for bone quality assessment, dual-energy x-ray absorptiometry (DXA), is not often 
available at a patient’s initial presentation and has limited sensitivity. While the Spinal Instability Neoplastic Score (SINS) 
has been associated with VCFs, it does not take patients’ baseline bone quality into consideration. To address this, the 
authors sought to develop an MRI-based scoring system to estimate trabecular vertebral bone quality (VBQ) and to as-
sess this system’s ability to predict the occurrence of new VCFs in patients with spinal metastasis.
METHODS Cases of adult patients with a diagnosis of spinal metastasis, who had undergone stereotactic body radia-
tion therapy (SBRT) to the spine or neurosurgical intervention at a single institution between 2012 and 2019, were retro-
spectively reviewed. The novel VBQ score was calculated for each patient by dividing the median signal intensity of the 
L1–4 vertebral bodies by the signal intensity of cerebrospinal fluid (CSF). Multivariable logistic regression analysis was 
used to identify associations of demographic, clinical, and radiological data with new VCFs.
RESULTS Among the 105 patients included in this study, 56 patients received a diagnosis of a new VCF and 49 did not. 
On univariable analysis, the factors associated with new VCFs were smoking status, steroid use longer than 3 months, 
the SINS, and the novel scoring system—the VBQ score. On multivariable analysis, only the SINS and VBQ score were 
significant predictors of new VCFs and, when combined, had a predictive accuracy of 89%.
CONCLUSIONS As a measure of bone quality, the novel VBQ score significantly predicted the occurrence of new VCFs 
in patients with spinal metastases independent of the SINS. This suggests that baseline bone quality is a crucial factor 
that requires assessment when evaluating these patients’ conditions and that the VBQ score is a novel and simple MRI-
based measure to accomplish this.
https://thejns.org/doi/abs/10.3171/2019.9.SPINE19954
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Despite the obvious benefits of being able to accurately 
predict VCF among patients with spinal cancer, the abil-
ity of physicians to do so in clinical practice is limited. 
One tool that has gained popularity is the Spinal Instabil-
ity Neoplastic Score (SINS), a multidimensional scoring 
system developed by the Spinal Oncology Study Group to 
grade the level of instability associated with a metastasis-
burdened vertebra.7 The SINS has been demonstrated to 
predict the occurrence of a VCF;22 however, it suffers from 
the fact that it neither includes systemic factors, such as 
bone mineral density (BMD), nor is designed to give an 
estimate of the probability of fracture. Both endpoints, 
however, are addressed by the Fracture Risk Assessment 
Tool (FRAX), designed by the World Health Organization 
to predict the 10-year risk of major osteoporotic fracture.10 
That tool focuses on the demographics, previous treat-
ments, and BMDs of patients; however, it does not include 
oncology-specific risk factors.

It is intuitive that a patient with poor bone quality may 
be at an increased risk for VCF. While a few studies have 
found a low BMD to be associated with an increased risk 
for osteoporotic VCF,12 this relationship has not been stud-
ied in patients with spinal metastases. One reason for the 
lack of study may be that many patients present with me-
tastasis to the spine before they reach the age of 65 years, 
which is the current advised age of dual-energy x-ray ab-
sorptiometry (DXA) screening.4 Therefore, many patients 
with metastatic spine disease do not have DXA scans 
readily available, leading to additional time and costs for 
patients. To improve measures that predict pathological 
VCFs, one needs to be able to evaluate bone quality from 
image modalities commonly acquired within the popula-
tion of patients presenting with spinal metastasis, such as 
MRI or CT.1,21 One opportunity stems from the Coronary 
Artery Risk Development in Young Adults (CARDIA) 
trial, which found lower cancellous bone fat content on T1 
imaging to be negatively correlated with BMD.21 By tak-
ing advantage of patients’ previous MRI studies to identify 
those at high risk of VCF, providers would have the ability 
to treat poor bone quality with pro-osteogenic therapies in 
addition to considering cement-augmented techniques in 
the surgical population.

In an attempt to better predict VCFs in this patient 
population, the aims of this study were 1) to develop an 
easy-to-use MRI scoring system to estimate trabecular 
vertebral bone quality (VBQ) and 2) to assess the abil-
ity of this novel scoring method and other risk factors to 
predict the occurrence of new VCFs in patients with spinal 
metastases.

Methods
Study Population

After we had obtained approval from The Johns Hop-
kins University institutional review board, we queried 
the medical records of all patients who had undergone 
either radiation therapy or surgical intervention at Johns 
Hopkins Hospital between January 2012 and June 2019. 
Patients were included if they were at least 18 years old, 
had a diagnosis of spinal metastasis, had undergone T1-
weighted non–contrast-enhanced MRI of the lumbar 

spine without previous lumbar instrumentation, had pre-
sented to Johns Hopkins Hospital with no more than one 
previous VCF, and had attended follow-up examinations 
for at least 6 months after the diagnosis of spine metasta-
sis. Of the 80 patients in whom stereotactic body radiation 
therapy (SBRT) had been performed using a robotic sys-
tem and T1-weighted MR images of the lumbar spine had 
been obtained, 54 met the inclusion criteria for this study. 
The imaging protocol for these patients included repeated 
MRI every 3 months for the 1st year of diagnosis, every 
4 months for the 2nd year, and every 6 months thereafter. 
Of the 210 patients in whom surgery had been performed 
and T1-weighted MR images of the lumbar spine had been 
obtained, 51 met the total inclusion criteria, with the ma-
jority being excluded due to early surgical intervention at 
the index level, before the lesion could be monitored for at 
least 6 months. The imaging protocol for these patients in-
cluded preoperative and 3-month postoperative MRI, fol-
lowed by repeated imaging every 6 months for the entire 
duration of follow-up. Patients were also excluded if they 
initially presented with multiple compression fractures or 
a diagnosis of infection. This led to a total of 105 patients 
being included in this study.

Recorded Variables
We retrospectively reviewed the medical records and 

gathered patient demographics (age, sex, and body mass 
index); smoking status; and use of alcohol, steroid medica-
tions, and nonsteroidal antiinflammatory drugs (NSAIDs). 
We included each individual patient’s comorbidities as 
well as their Charlson Comorbidity Index score, baseline 
functional status (Karnofsky Performance Scale score), 
Eastern Cooperative Oncology Group Performance Status 
grade, serum lab values, and previous treatments that in-
clude vertebroplasty/kyphoplasty, denosumab treatment, 
bisphosphonate treatment, calcium/vitamin D supplemen-
tation, cumulative dose of radiation to index vertebrae, 
and overall systemic treatment duration. Last, we gathered 
all relevant radiological data in order to record the SINS, 
the presence of VCFs, and the MRI values needed to pro-
duce the VBQ score.

MR Image Analysis
MRI examinations were performed using both 1.5-T 

and 3-T images from multiple brands of MRI machines 
used at our institution, namely Philips Healthcare, Gen-
eral Electric (GE) Healthcare, Toshiba Corp., and Sie-
mens Healthineers USA, Inc. All analyzed images were 
T1 weighted. Fluid attenuation inversion recovery, inver-
sion recovery, and postcontrast images were excluded.1 
To ensure that the brand of MR system and tesla setting 
were not potential confounders, values from each MR 
system and tesla setting were compared and are found in 
Supplemental Table 1. Calculation of the VBQ score was 
performed as shown in Fig. 1. A region of interest (ROI) 
was placed in each of the L1 through L4 vertebral bodies 
to calculate the average signal intensity of the designated 
area (labeled as AV in Fig. 1). The ROIs excluded cortical 
bone by placing a concentric ROI approximately 0.3 cm 
from the perimeter of the vertebral body. The ROI also ex-
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cluded focal lesions (metastatic lesions or hemangiomas) 
and the posterior venous plexus. If the MRI reader was un-
able to obtain an ROI by using the midsagittal image due 
to these obstructing structures, a parasagittal image was 
used instead. Furthermore, if a lumbar vertebral body had 
no available area of bone with which to measure signal in-
tensity (i.e., body collapse or metastasis), then no ROI was 
recorded from the vertebrae. For example, if the vertebral 
body of L2 had wide metastatic involvement on MRI, this 
body was excluded and only values from L1, L3, and L4 
would be obtained. The signal intensity of cerebrospinal 
fluid (CSF) was measured at the L3 level, also shown in 
Fig. 1. When this was not possible due to obstruction (e.g., 
spinal stenosis at L3), CSF at the level of L2 or L4 was 
used. All images were assessed and analyzed using Vue 
PACs software (Carestream).

Statistical Analysis
The novel VBQ score was calculated by two indepen-

dent researchers as follows: the signal intensity (SI) of the 
medullary bone of the L1–4 vertebrae was obtained by 
placing the ROI over the vertebral body as shown in Fig. 
1. To normalize the large variation of signal intensities be-
tween brands of MRI machines, CSF at the level of the L3 
vertebra was used as an internal control for each image. 
Once the SI was discovered for each L1–4 vertebral body, 
the median of these values was divided by the SI of the 
CSF.

VBQ score = SIL1–4 / SICSF 

This value is the VBQ score, which is a direct measure 
of the hyperintensity of the lumbar vertebral bone mar-
row. As bone marrow adipose tissue appears hyperintense 

on T1-weighted MR images,18 it is likely that the VBQ 
score is a direct measure of the intravertebral fat fraction, 
which has been shown to be negatively correlated with the 
amount of trabecular bone.11,25 To create a binary VBQ 
score, a simplified cutoff value was established by cal-
culating the mean VBQ score between the two outcome 
groups and rounding to the nearest integer. Both the con-
tinuous VBQ score and the categorial VBQ score (greater 
or lesser than the cutoff) were included in the analyses. 
Interrater reliability was assessed using the intraclass cor-
relation coefficient (ICC).

The SINS was calculated as previously described.7 
Briefly, the criteria include six components, with five be-
ing radiological measures. These include tumor location, 
quality of pain, type of bone lesion, radiographic spine 
alignment, degree of vertebral body collapse, and pos-
terolateral involvement. These components were obtained 
through an analysis of MR images in addition to a review 
of radiology reports. The nonradiographic component of 
SINS was the presence of mechanical back pain, which 
was obtained through the medical chart review. The total 
score was then calculated, and patients were assigned into 
one of three categories: stable (0–6 points), potentially 
unstable (7–12 points), and unstable (13–18 points).7 Sta-
tistical analysis for the SINS was performed as both con-
tinuous SINS (0, 1, 2, 3, etc.) and categorical SINS (0–6 
vs 7–12 vs 13–18). For patients with multiple levels of me-
tastasis, the lesion with the highest SINS was selected as 
the index level.

Predictors of VCF were identified by first performing 
univariable analysis between the variables and the pres-
ence of a new VCF within the reviewed time period, with 
the significance level set at p < 0.05. Univariable linear 
regression was performed for continuous variables and the 
chi-square test was used to analyze categorical variables. 
Variables shown to be significant with the univariable 
analysis were then examined in a multivariable logistic re-
gression with a new VCF as the primary outcome. A uni-
variable subanalysis was performed to identify factors as-
sociated with the VBQ score, and these results are shown 
in Supplemental Table 2. Values found on the multivari-
able analysis to have p < 0.05 were considered statistically 
significant. Receiver operating characteristics were calcu-
lated using logistic regression for the categorical SINS, the 
binary VBQ score, and the combination of both scores. 
JMP Pro 13 (SAS Institute Inc.) was used for all analyses.

Results
Patient and Treatment Characteristics

Of the 290 patients who received SBRT or surgical in-
tervention for spinal metastasis during the reviewed pe-
riod, 105 were included in this study. The preoperative 
demographics of these patients are summarized in Table 
1. There was a higher proportion of active smokers in the 
VCF group (12.5% vs 2.0%, p = 0.023), as well as a greater 
proportion of patients who were previously treated with 
steroid medications for longer than 3 months (48.2% vs 
28.6%, p = 0.038). There were no other significant dif-
ferences in patient demographics or previous treatments 
between these two groups. The mean follow-up time af-

FIG. 1. Non–contrast-enhanced T1-weighted MR image detailing the 
ROIs (circles) that are measured to calculate the VBQ score. AR = area 
of the ROI; AV = average signal intensity of the ROI. Figure is available 
in color online only.
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TABLE 1. Characteristics of 105 patients

Non-VCF Group (49 patients) VCF Group (56 patients) p Value

Demographics & risk factors
 Male 26 (53.1) 31 (55.4) 0.814
 Mean age, yrs 62.0 60.5 0.482
 Mean body mass index 27.7 27.6 0.870
 Smoking status
  Never a smoker 21 (42.9) 30 (53.6)

0.023  Former smoker 27 (55.1) 19 (33.9)
  Current smoker 1 (2.0) 7 (12.5)
 History of alcohol abuse 2 (4.1) 1 (1.8) 0.479
 Steroid use >3 mos 14 (28.6) 27 (48.2) 0.038
 NSAID use >3 mos 7 (14.3) 9 (16.1) 0.799
Mean CCI 8.1 7.9 0.563
KPS score 85.4 85.2 0.938
ECOG Performance Status grade
 0 25 (51.0) 23 (41.1)

0.730
 1 20 (40.8) 28 (50.0)
 2 3 (6.1) 3 (5.36)
 3 1 (2.0) 2 (3.6)
 4 0 (0) 0 (0)
ASIA classification
 A/B 0 (0) 1 (1.8)

0.724
 C 2 (4.1) 2 (3.6)
 D 9 (18.4) 11 (19.6)
 E 38 (77.6) 43 (76.8)
Laboratory value
 Albumin (g/dl) 4.2 3.9 0.111
 Alkaline phosphatase (unit/L) 104.8 128.5 0.380
 Calcium 9.2 9.1 0.759
 Platelets (× 103/μL) 204.4 230.5 0.084
Previous VCFs & treatment
 Previous VCF 10 (20.4) 16 (28.6) 0.332
 Previous vertebroplasty/kyphoplasty 0 (0) 3 (5.4) 0.100
 Denosumab 15 (30.6) 16 (28.6) 0.819
 Cumulative radiation dose (cGy) 2384.1 2584.2 0.152
 Bisphosphonates 12 (24.5) 17 (30.4) 0.501
 Selective estrogen receptor modulator 5 (10.2) 5 (8.9) 0.824
 Calcium supplementation 31 (63.3) 32 (57.1) 0.523
 Vitamin D supplementation 32 (65.3) 29 (51.8) 0.160
 Systemic treatment duration (mos) 32.1 24.6 0.164
 Follow-up since spine metastasis diagnosis (mos) 33.7 26.1 0.071
SINS 5.0 7.1 <0.0001
 1–6 (stable) 40 (81.6) 20 (35.7)

<0.0001 7–12 (potentially unstable) 9 (18.4) 36 (64.3)
 13–18 (unstable) 0 (0) 0 (0)
VBQ score 2.48 3.26 <0.0001
VBQ score >3 10 (20.4) 40 (71.4) <0.0001

ASIA = American Spinal Injury Association; CCI = Charlson Comorbidity Index; ECOG = Eastern Cooperative Oncology Grade; KPS = Karnof-
sky Performance Scale.
Unless otherwise specified, values are expressed as number (%) of patients. Boldface type indicates statistical significance.
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ter the initial presentation of spinal metastases was 26.1 
months for patients in the VCF group and 33.7 months for 
patients in the non-VCF group.

Predictors of Vertebral Compression Fractures
After the initial presentation with spinal metastases, 56 

(53.3%) of the 105 patients had one or more new VCFs at 
any vertebral level during the observation period. Table 2 
illustrates the degree to which the SINS and VBQ score 
were predictive of the occurrence of subsequent VCFs. 
Patients in whom a VCF developed during the follow-up 
period had a significantly higher SINS at the initial pre-
sentation than patients with no new fracture (7.1 vs 5.0, p 
< 0.0001). While none of the patients had a vertebra clas-
sified as “unstable” by the SINS criteria at the time their 
spinal disease was discovered, a significantly higher pro-
portion of patients who subsequently experienced a VCF 
had a “potentially unstable” vertebra at diagnosis (64.3% 
vs 18.4%, p < 0.0001). Patients with a VCF also had sig-
nificantly higher VBQ scores at baseline than patients 
without a VCF (3.26 vs 2.48, p < 0.0001), with 71.4% of 
patients with fractures having a VBQ score exceeding the 
cutoff value of 3 and only 20.4% of patients without frac-
tures having such a VBQ score (p < 0.0001). Furthermore, 
it was found that patients with multiple VCFs had an even 
greater VBQ score, on average, than those with one or no 
VCF (3.40 vs 2.80, p < 0.01).

Other significant predictors of VCF on the univariable 
analysis were smoking history (p < 0.023) and steroid use 
for longer than 3 months (p < 0.038). However, on the mul-
tivariable analysis, only the SINS (OR 0.88 per point; 95% 
CI 0.509–1.368; p < 0.0001) and the VBQ score (OR 3.05 
per point; 95% CI 1.860−4.601; p < 0.0001) were signifi-
cantly associated with a new VCF, whereas smoking his-
tory and prior steroid use were not (Table 2).

Evaluation of Predictive Scoring Measures
Receiver operating characteristics for the categorical 

SINS, the categorical VBQ score, and the combination 
of the two scoring systems are summarized in Table 3. 
The categorical SINS predicted VCFs with a sensitivity 
of 64.3%, a specificity of 81.6%, and an area under the 
receiver operating characteristic curve (AUC) of 0.73 (Fig. 
2). Using a VBQ score cutoff value of 3, the categorical 
VBQ score yielded a sensitivity of 75.0% and a specificity 
of 85.7% with an AUC of 0.80 (Fig. 3). The VBQ score 
was shown to have excellent interrater reliability with an 
ICC of 0.899. Finally, the combined categorical SINS and 
binary VBQ score demonstrated the highest AUC of 0.89 
(Fig. 4).

Discussion
In this paper, we describe the design of a novel MRI-

based score for evaluating the global vertebral column 
bone quality in patients with metastatic spine disease. We 
find that this new score—the VBQ score—is significantly 
associated with the risk of VCF and predicts the occur-
rence of a VCF independent of the previously described 
SINS.

Growth of vertebral column metastases results in pro-
gressive destruction of the vertebral trabecular bone. Pre-
vious biomechanical studies have demonstrated that lesion 
size directly correlates to the biomechanical stability of 
the affected vertebra, as larger lesions produce vertebrae 
with significantly lower yield strengths.5,6,15,26 Clinically, 
this has been shown to translate to the risk of VCF. In their 
series of 53 patients with 100 metastatic lesions of the tho-
racolumbar spine, Taneichi et al. found that the proportion 
of vertebral body occupancy was the biggest predictor of a 
subsequent VCF.23 Because of this relationship, the SINS 
incorporates the extent of vertebral body involvement as 
one of its six components.

Although the SINS has been demonstrated to correlate 

TABLE 2. Multivariate analysis of predictors of VCF

Variable Estimate 95% CI p Value

VBQ score (continuous) 3.051 1.860–4.601 <0.0001
SINS (continuous) 0.879 0.509–1.368 <0.0001
Smoking history — — 0.066
Prior steroid use >3 mos — — 0.196

Boldface type indicates statistical significance (p < 0.05).

TABLE 3. Outcome parameters of prediction scores for outcome 
of new VCFs

Score Sensitivity (%) Specificity (%) AUC p Value

Categorical SINS 64.3 81.6 0.73 <0.0001
VBQ score >3 75.0 85.7 0.80 <0.0001
Combined — — 0.89 <0.0001
Boldface type indicates statistical significance.

FIG. 2. Graph showing the AUC using the categorical SINS to predict a 
new VCF (AUC 0.73). Figure is available in color online only.
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with the risk of VCF,22 it is imperfect as a predictive tool. 
The SINS focuses almost exclusively on the morphology 
of the spinal metastasis; it incorporates no description of 
baseline bone quality, which is also an important determi-
nant of the overall biomechanical stability of the affected 
segment. Within the degenerative spine patient population, 
this latter metric is usually measured using DXA scan 
scores—based on a radiograph-based study looking at the 
extent of attenuation as a measure of BMD.14 However, 
DXA studies require a moderate degree of preparation 
and, for many clinicians, are not acquired as part of the 
standard workup for patients with metastatic spine disease. 
In the present study, we developed an MRI-based measure 
of baseline bone quality (the VBQ score) and demonstrat-
ed how it can independently predict VCF.

Several previous studies have also focused on creating 
an MRI-based means of quantifying bone quality (M-
score) with the goal of reducing patient radiation expo-
sure and overall healthcare costs.1 MRI of trabecular bone 
takes advantage of the different degrees of signal intensity 
produced by the different components of the bone marrow. 
The three main factors affecting the MR signal intensity 
in bone marrow are the fat and water content, the pres-
ence of trabecular bone, and the contrast material that is 
used.24 Bone marrow can be separated into red and yellow 
marrow. Red marrow is often seen in “healthier” patients 
and is of a higher density; it thus provides a stronger struc-
ture.17 Yellow marrow has less strength due to its lower 
density; however, as lipid protons have shorter T1 relax-
ion times, they provide higher signal intensities on MRI, 
which can be taken advantage of by the current study.9,16 
Similarly, trabecular bone that contributes to overall verte-
bral strength produces very little signal intensity on MRI 
due to the lack of mobile protons.9 Therefore, “healthier” 
bone will be more hypointense on T1-weighted MRI due 
to greater trabecular bone and red marrow.2 However, sites 

of metastasis are also hypointense on T1-weighted MRI, 
so these locations must be excluded to avoid a confounded 
signal intensity measurement.9

Despite the potential utility of the M-score, it is limited 
by the fact that it relies on signal-to-noise ratios that are 
specific to the MR system in use.1,20 The original descrip-
tion by Bandirali et al. noted that this limitation of the M-
score would require each center to identify its own set of 
normalized values, an arduous task that potentially lim-
its the clinical utility of this score.1 By contrast, the VBQ 
score described in the current study was implemented us-
ing MR volumes acquired by four distinct MR systems 
with no significant difference in VBQ scores between ma-
chines (Supplemental Table 1). Furthermore, the study by 
Bandirali et al. required a specific imaging protocol with 
set repetition and echo times, whereas the current study 
included all non–contrast-enhanced T1-weighted images, 
with the exception of inversion recovery images, which 
were excluded because of their suppression of the CSF 
signal. Therefore, the VBQ score maintains the diagnostic 
utility of the early M-score while having greater generaliz-
ability and potentially greater clinical utility.

In addition to the VBQ score and SINS, smoking and 
extended steroid use were also found to be associated with 
VCFs in the univariable analysis. Based on data given 
in Supplemental Table 2, it is likely that the VBQ score 
accounted for bone changes from these two risk factors, 
therefore diminishing their trending significance in the 
multivariable analysis. However, it is important to discuss 
these factors, as they are modifiable. Lorentzon et al. found 
that smokers had significantly decreased trabecular bone 
density and thus lower bone strength. Interestingly, no 
change in bone density was discovered in cortical bone.13 
Therefore, it is imperative to analyze trabecular bone, as in 
the current study, to truly understand the effects of smok-

FIG. 3. Graph showing the AUC using a VBQ score > 3 to predict a new 
VCF (AUC 0.80). Figure is available in color online only.

FIG. 4. Graph showing the AUC using a combined VBQ score > 3 plus 
the categorical SINS to predict a new VCF (AUC 0.89). Figure is avail-
able in color online only.
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ing on overall bone strength. Similarly, it is well estab-
lished that long-term corticosteroid use can induce osteo-
porosis and lead to fractures.19 Interestingly, previous au-
thors have found that corticosteroid-induced osteoporosis 
often is evident initially in the high trabecular bone area 
of the lumbar spine.19 This again points to the importance 
of analyzing trabecular bone, as in the current study, in 
order to obtain an accurate estimate of current bone qual-
ity and provide patients with proper treatment to reduce 
future fractures.

The present study has limitations that should be consid-
ered. This study was retrospective in design, so a selection 
bias was possible when selecting which patients would un-
dergo MRI versus CT or x-ray examination. Another limi-
tation was the lack of DXA data in 90% of our patients, 
which necessitated that these data not be included in the 
present study. Although this highlights our point of DXA 
unavailability, it remains a limitation, as we were unable 
to test whether a correlation exists between the DXA and 
VBQ scores. Furthermore, it is not exactly clear wheth-
er the primary force driving the VCFs was osteoporosis 
or the metastatic elements in the vertebrae. Based on our 
findings that both the SINS and VBQ score were highly 
significant, it is likely a combination of the two factors. 
Another limitation is the potential for missed fractures, 
since the average follow-up time was less than 3 years. Pa-
tients who chose follow-up at outside institutions may have 
undergone less frequent imaging, thereby creating the risk 
of missing asymptomatic fractures. Finally, our method 
of calculating the signal intensity of lumbar vertebrae is 
simple compared to the MR spectroscopy method of quan-
tifying bone marrow fat.3 It is possible that MR spectros-
copy is better at avoiding radiographic limitations such as 
partial volume effects than our method of measuring from 
T1-weighted images.8 However, it is this simplicity of the 
VBQ score calculation, in addition to its demonstrated 
predictive power, that we believe makes this a tool with 
high potential to translate into clinical practice. To con-
firm our findings, external validation studies of the VBQ 
score are necessary, preferably across multiple institutions, 
MR systems, and patient populations.

Conclusions
This is the first study to evaluate the prognostic utility of 

an MRI-based measure of trabecular bone quality for pre-
dicting the occurrence of VCFs in patients with metastatic 
spine disease. We found that this MRI-based measure was 
a good predictor of VCFs, with a diagnostic accuracy of 
80% for a cutoff score of 3. More importantly, it was able 
to predict VCFs independent of the SINS, suggesting that 
baseline bone quality may predict VCFs independent of 
the extent of tumor-mediated bone destruction. We be-
lieve this study will hopefully spur future investigations 
into the role that baseline bone quality plays in influencing 
biomechanical outcomes in patients with metastatic spine 
disease.
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