
Abstract. – BACKGROUND: Osteoporosis is
a very common bone disorder and accounts for 1.4
million vertebral compression fractures (VCFs) per
year, mostly in post-menopausal women.

AIM: The aim of this study was to develop a
risk scoring system to identify and gauge the
risk of osteoporotic VCFs in post-menopausal
women.

MATERIALS AND METHODS: We conducted
a retrospective cross-sectional study on 477
post-menopausal women consecutively visited
at our institution. We studied 15 different clinical
variables, i.e. age, body mass index (BMI),
weight, L1-L4 lumbar T-Score, L1-L4 lumbar Z-
Score, L1-L4 lumbar bone mineral density
(BMD), femoral neck T-Score, femoral neck Z-
Score, femoral neck BMD, smoking habit, alco-
hol consumption, 25-OH-vitamin D, total alkaline
phosphatase, bone alkaline phosphatase, and L4
vertebral volume. Study population was split in a
derivation and a validation cohort. A logistic re-
gression model was used to develop a predic-
tive score of osteoporotic VCFs in the derivation
cohort, finally the performance of the score was
tested in the validation cohort.

RESULTS: Age, L1-L4 lumbar T-Score, femoral
neck T-Score, L4 vertebral volume, and smoking
habit were found to be predictors of VCFs.To each
variable a score from 0 to +12 was assigned to the
magnitude of regression coefficient. A score ≥≥ 22
identified VCFs with a sensitivity of 87%/89% and
a specificity of 87%/90% in the derivation and vali-
dation cohorts, respectively. 

CONCLUSIONS: Our findings indicate that a
simple score derived from clinical history and
routine diagnostic workout can be usefully em-
ployed to gauge the risk of fragility VCFs in post-
menopausal women.
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Introduction

Osteoporosis is a highly prevalent and one of
the most debilitating and costly chronic diseases
worldwide. Seventy-five million people in Eu-
rope, USA and Japan have osteoporosis, with
10.5 million fragility fractures occurring in these
patients each year1,2. In 2000, there were 1.4 mil-
lion osteoporotic vertebral compression fractures
(VCFs) per year worldwide, and Europe and
Americas accounted for 51% of them2. Women
are more commonly affected, the age-adjusted
incidence is estimated at 145 per 100,000 person-
years3. Osteoporotic VCFs in post-menopausal
women represent a global public health problem,
because of their serious consequences in in-
creased mortality, morbidity, reduced quality of
life, and incurred costs4 Due to the huge econom-
ic and clinical impact of osteoporotic VCFs, the
ability to accurately gauge fracture risk is critical
in identifying cost-effective thresholds for inter-
vention5.

Bone mineral density (BMD), as measured by
means of X-ray absorptiometry (DXA), is a prima-
ry predictor of fracture risk and is commonly used
to establish a clinical diagnosis of osteoporosis6.
Unfortunately, BMD only imperfectly captures the
overall fracture risk in single patients7. Bone min-
eral density, smoking habit, use of systemic corti-
costeroids, excess alcohol intake, body mass index
(BMI) and rheumatoid arthritis, in addition to age
and sex, have all been identified as independent
risk factors for osteoporotic fractures8. Moreover
having a history of a previous fragility fracture is a
known strong risk factor predisposing for future
osteoporotic fractures9.

Using BMD (or T-Score) alone to estimate
fracture risk is largely unsatisfactory. Combining
multiple clinical risk factors would certainly al-
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sion recovery sequences12. 205 out of 477 patients
were diagnosed with recent (< 4 months) fragility
VCFs to the total amount of 225 VCFs. A litera-
ture review was conducted in order to identify all
potentially significant predictors of fragility VCFs
in post-menopausal women. Fifteen different pre-
disposing factors were studied, i.e. age, body mass
index (BMI, kg/m2), weight (kg), total alkaline
phosphatase (tALP, UI/l), bone alkaline phos-
phatase (bALP, ug/l), serum 25-OH-Vitamin D
(25-OH-VitD, ng/µl), smoking habit (yes/no) and
number of cigarettes/day, alcohol consumption
(units/week), femoral neck T-score, femoral neck
Z-score, femoral neck BMD (g/cm2), lumbar L1-
L4 T-score, lumbar L1-L4 Z-score, lumbar L1-L4
BMD (g/cm2), and L4 vertebral volume (cm3). All
bone densitometric data were obtained by a Dual
energy X-ray absorptiometry (DXA; DPX-L, Ver-
sion 1.3z; Lunar Corp., Madison, WI, USA) per-
formed at our Outpatient Clinic immediately after
the enrolment. L4 vertebral volume was measured
by lumbar posteroanterior (PA) scanning using
DXA from patients with no fracture at that level.
Vertebral body volume was estimated using V =
A3/2, where A is the projected area of the fourth
lumbar vertebra obtained by postero-anterior (PA)
scanning, as previously described13. The outcome
measure for our statistical analysis was the pres-
ence or not of a recent fragility VCF.

Statistical Analysis
Patient population was randomly split in a de-

rivation (242 patients; median age, 69.1 years;
range 47-87 years) and a validation (235 patients;
median age, 68.7 years; range 46-88 years) co-
hort. The Student t test for unpaired data was used
for comparison of continuous data between co-
horts. The χ2 method or Fisher test was used to
compare categorical variables, as appropriate. The
logistic regression test was used to determine
which variables were independent predictors of
VCFs. Results are shown as Odd’s ratio with 95%
CIs. Variables with a univariate correlation with a
p value < 0.10 were considered in stepwise back-
ward selection logistic regression multivariate
analysis with a cut-off p value < 0.05. A point
score system was developed using those variables
that had been found to be significant predictors of
VCFs. Scores were assigned by rounding the lo-
gistic regression coefficients to the nearest integer
for each variable. The points were summed and
scores were considered for receiver operator char-
acteristic (ROC) analysis. The increasing risk of
VCFs with ascending score was evaluated with

low clinicians to more accurately gauge fracture
risk in osteoporotic patients. The aim of this
study was to develop a risk assessment tool for
osteoporotic VCFs in post-menopausal women.
Since patients who sustained a previous osteo-
porotic vertebral and/or non-vertebral fracture
are known to be at an increased risk of future os-
teoporotic fractures, we focused our analysis on
patients with no previous history of osteoporotic
fractures. We designed a retrospective cross-sec-
tional study on a population of 477 Caucasian
post-menopausal women in order to identify clin-
ical variables associated with osteoporotic VCFs.
Fifteen potentially significant clinical predictors
of fragility vertebral fractures were studied and
correlated to develop a point-score risk-assess-
ment tool.

Materials and Methods 

Nine hundred and eighty-five consecutive pa-
tients who newly visited our Outpatient Clinic for
spinal osteoporosis from September 2006 to De-
cember 2009 were evaluated by a multidiscipli-
nary team of Spinal Surgeons and Endocrinolo-
gists. The exclusion criteria for the enrolment
were male sex, age less than 45, any cause of sec-
ondary osteoporosis and osteomalacia, neoplastic
disease, present or past steroid and/or immunosup-
pressive therapy. Patients with previous non-verte-
bral osteoporotic fractures and/or with previous
non recent (> 4 months) osteoporotic VCFs were
also excluded. Moreover, in order to eliminate the
potentially confounding effect of bone active ther-
apies we also excluded from our study patients
with a >2 years history of antiresorptive and ana-
bolic bone drugs assumption. A total of 477 Cau-
casian post-menopausal women with or without a
recent first osteoporotic VCF were finally enrolled
in the study. All patients underwent an extensive
diagnostic evaluation with strict adherence to the
guidelines provided by the National Osteoporosis
Foundation (NOF)10. Patients’ medical records and
previous spinal imaging studies were thoroughly
reviewed. A vertebral fracture was defined as ver-
tebral endplate wedge or crush deformity based on
lateral radiographs and a reduction of vertebral
body height > 20%11. All patients underwent total
spine magnetic resonance imaging (MRI) study
and recent fractures were confirmed by MRI find-
ings of marrow signal changes, such as a hy-
pointense signal on T1-weighted images, hyperin-
tense signal on T2-weighted, and short tau inver-
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Figure 1. Observed distribution of fragility vertebral compression fractures in the study population (derivation and validation co-
horts). Two peaks of incidence were observed at the apex of the thoracic kyphosis (T7) and at the thoraco-lumbar junction (T12-L1).

the χ2 for trend analysis. A p value ≤ 0.05 was
considered significant. The validation cohort was
used to validate the statistical conclusions reached
in the derivation cohort. Data were analyzed with
SPSS statistic software, version 17 (SPSS Inc.,
Chicago, IL, USA).

Results

During the enrolment period, data from 477
post-menopausal women were collected. The
mean age of the patient population was 68.9
years, range 46-88 years; a total of 205 patients
reported a recent fragility vertebral compression
fracture (225 total VCFs diagnosed) at the enrol-
ment as confirmed by the MRI imaging studies.
Diagnosed spinal fractures showed a typical bi-
modal distribution with peaks of distribution in
T7 and at the thoraco-lumbar junction (Figure 1).
Our study population was split in a derivation
and a validation cohort, Table I shows the demo-
graphic and clinical characteristic of the two co-
horts. The derivation cohort had baseline charac-
teristics similar to those of the validation cohort.

Predictors of VCFs in 
the Derivation Cohort 

Table II reports in the derivation cohort vari-
ables which significantly predicted VCFs on uni-
variate analysis. Prevalence of VCFs progressive-

ly increased with advancing age, lower lumbar
L1-L4 and femoral neck T-Score, and lower L4
vertebral volume (Figure 2). Variables with a p
value < 0.10 were then considered for multivari-
ate analysis, lumbar L1-L4 and femoral neck
BMD values were not considered for further
analysis since T-Scores surrogate values were al-
so available and significant. Table III reports the
results of multivariate analsys, a point score was
assigned to each variable based on the regression
coefficient (Table IV). Figure 3 shows the results
of ROC analysis of the diagnostic scores. The
area under the curve (AUC) was 0.921 (95% CI
0.882 to 0.939), indicating a good discriminant
ability. The median score was 21 (range 9-33). A
point score ≥ 22 had a sensitivity and specificity
in predicting VCFs of 87.03% and 86.95%, re-
spectively. The predictive positive value and the
predictive negative value were 83.92% and
89.55%, respectively. The positive and negative
likelihood ratio were 6.67 and 0.14, respectively.
A point score ≥ 26 had a sensitivity and specifici-
ty of 64.81% and 97.10%, respectively. The pre-
dictive positive value and the predictive negative
value were 94.59% and 77.90%, respectively.
The positive and negative likelihood ratios were
22.36 and 0.36, respectively. Table V shows re-
sults from a similar analysis using different
scores as cut-off values. Figure 4 shows the risk
of vertebral fractures with an increasing score as
obtained from trend analysis.
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Predictor of Vertebral Fracture in 
the Validation Cohort 

In the validation cohort the median score was
20 (range 7-34). The sensitivity and specificity
of a score ≥ 22 were 89.79% and 90.35%, re-
spectively. The predictive positive value and the
predictive negative value were 89.79% and
92.64%, respectively. The positive and negative
likelihood ratios were 9.30 and 0.11, respective-
ly. The area under the ROC curve in the valida-
tion cohort was 0.935 (95% CI 0.876 to 0.957),
which was not significantly different from the

findings in the derivation cohort. This result
confirmed the predictive ability of the score in
the validation cohort. Figure 4 shows the risk of
vertebral fracture with an increasing score. A
score ≥ 26 had a sensitivity and specificity of
53.06% and 96.84%, respectively. The predic-
tive positive value and the predictive negative
value were 100% and 74.72%, respectively. The
positive and negative likelihood ratios were
16.79 and 0.48, respectively. Table V shows re-
sults from a similar analysis using different
scores as cut-off values.
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Derivation cohort Validation cohort
Variable (n = 242) (n = 235) p value

Patients with vertebral fractures, no. (%) 106 (43.80) 99 (42.12) 0.532
Age 69.08 (8.98) 68.74 (9.69) 0.229
BMI (kg/m2) 23.80 (4.48) 23.41 (3.92) 0.155
Weight (kg) 65.21 (11.02) 63.76 (9.92) 0.306
L1-L4 Lumbar T-score -2.40 (0.91) -2.38 (0.92) 0.834
L1-L4 Lumbar Z-score -1.17 (0.75) -1.06 (0.72) 0.526
L1-L4 Lumbar BMD (g/cm2) 0.824 (0.13) 0.820 (0.17) 0.628
Femoral Neck T-score -2.29 (0.90) -2.22 (0.81) 0.250
Femoral Neck Z-score -0.96 (0.86) -0.85 (0.80) 0.261
Femoral Neck BMD (g/cm2) 0.670 (0.12) 0.673 (0.11) 0.139
Smoking habit (yes/no), no. (%) 114 (47.1) 105 (44.7) 0.187
Cigarettes/die 7.35 (9.00) 6.76 (8.86) 0.105
Alcohol consumption (> 2 units/week), no. (%) 39 (16.1) 38 (16.2) 0.993
25-OH-VitD (ng/ml) 20.84 (9.76) 20.00 (10.40) 0.705
Total Alkaline Phosphatase (UI/l) 80.14 (34.07) 83.36 (24.28) 0.423
Bone Alkaline Phosphatase (ug/l) 18.61 (8.96) 17.65 (9.19) 0.800
L4 vertebral volume (cm3) 53.24 (4.75) 53.48 (4.90) 0.567

Table I. Demographic and clinical characteristics of patients in the derivation and validation cohorts.

Results are shown as mean (SD) unless stated otherwise.

Variable Odds ratio Confidence interval p value

Age (+ 5 years) 3.125 (2.078-4.701) < 0.001
BMI (kg/m2) 1.012 (0.659-1.554) 0.957
Weight (kg) 1.026 (0.869-1.212) 0.762
L1-L4 T-score (-0.5 SD) 2.471 (1.714-3.563) < 0.001
L1-L4 Z-score (-0.5 SD) 0.907 (0.564-1.460) 0.689
L1-L4 BMD (-0.100 g/cm2) 2.571 (1.689-3.913) < 0.001
Fem Neck T-score (-0.5 SD) 2.003 (1.453-2.762) < 0.001
Fem Neck Z-score (-0.5 SD) 0.717 (0.470-1.095) 0.124
Fem Neck BMD (-0.100 g/cm2) 1.942 (1.347-2.799) < 0.001
Smoking habit (yes / no) 2.097 (1.016-4.326) 0.045
Alcohol (> 2 units/week, yes/no) 1.341 (0.514-2.500) 0.549
25-OH-VitD (-10 ng/ml) 0.817 (0.565-1.182) 0.283
tALP (UI/l) 0.998 (0.991-1.004) 0.479
bALP (ug/l) 1.055 (0.971-1.146) 0.203
L4 volume (-5.00 cm3) 2.614 (1.753-3.897) < 0.001

Table II. Predictors of fragility vertebral compression fractures on univariate analysis in the derivation cohort (n. 242). Statis-
tically significant variables are indicated in bold face.



Discussion

We conducted a cross-sectional analysis on a
population of 477 post-menopausal women with
no previous history of osteoporotic fragility frac-
tures. 205 out of 477 patients were diagnosed
with recent (< 4 months) fragility VCFs at the
enrolment. We analyzed the association between
fifteen different clinical factors and the risk of
being diagnosed with fragility VCFs. An effort
was made to maximize predictive performance
using variables that can be easily determined in
clinical practice. Age, femoral neck T-score, lum-
bar L1-L4 T-score, L4 vertebral volume and

smoking habit were all significantly associated
with an increased fracture risk in our population.

Age has long been established as a risk factor
for fragility fractures, and data from this study
essentially confirmed previous findings7. Only
10% of women < 64 years old in our population
had a VCF, whereas more than 84% of women >
75 years old had a VCF. The prevalence of VCFs
increased regularly with age both in derivation
and validation cohort (Figure 2).

Femoral neck T-Score is currently considered
the gold standard for fracture risk assessment. The
femoral neck site has been selected as a reference
site for osteoporosis diagnosis and fracture risk as-
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Figure 2. Prevalence of vertebral compression fractures classified by age groups, by lumbar L1-L4 T-Score, femoral neck T-
Score, and L4 vertebral volume both in the derivation and validation cohort.

Variable p value OR (95% CI) Regression coefficient

Age (+ 5 years) < 0.001 4.474 (1.916-6.301) 2.245
L1-L4 T-score (-0.5 SD) 0.001 2.640 (1.520-4.588) 1.971
Femoral Neck T-score (-0.5 SD) 0.008 1.941 (1.491-3.163) 1.325
L4 volume (-5.00 cm3) 0.005 3.063 (1.545-6.418) 2.124
Smoke habit (yes/no) 0.007 2.854 (1.858-5.493) 2.049

Table III. Results of multivariate analysis showing the identified predictors of fragility vertebral compression fractures in the
derivation cohort.
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sessment based on large epidemiologic studies14.
Nevertheless, lumbar L1-L4 T-score measurement
with DXA is widely used in clinical practice and
generally accepted for defining patients with an in-
creased fracture risk. Data from our study showed
that femoral neck T-score and lumbar L1-L4 T-
score both correlate with the risk of VCFs. More-
over, lumbar L1-L4 T-score was slightly a better
predictor than femoral neck T-score (Table III). 

Recent studies have shown that other biomechan-
ical factors besides BMD may act as important and
independent risk factors for vertebral fragility frac-
tures15. Many vertebral geometric variables have
been studied as better predictors of compressive fail-
ure loads both in human and animals. Unfortunately,
vertebral geometric variables are hard to measure
and often require complex and expensive techniques
(i.e. CT scans of qCT). Tabensky et al first devel-
oped and validated a method for estimating vertebral
volume from postero-anterior DXA scanning of the
lumbar spine16. L4 vertebral volume was a quite
strong risk factor for VCFs in our population. Ap-
proximately, 71% of women with a L4 volume < 50

cm3 had a VCFs, whereas less than 17% of women
with a L4 volume > 60 cm3 had VCFs. Figure 2
shows a decreasing VCFs prevalence trend for in-
creasing L4 vertebral volumes. 

Interestingly, in our patient population smoking
habit but not alcohol consumption was statistically
associated with an increased fracture risk. Smok-
ing habit has been previously associated with an
increased fracture risk at any site, and smoking
history is associated with lower BMD levels17.Ap-
proximately, 52% of smoker patients had a VCF,
compared to 35% of non smoker patients.

The average 25-OH-vitamin D levels in our
population were fairly low (20.25 ng/ml) and
well below the currently suggested target level
of 30 ng/ml18. Debate is still ongoing about the
real extent of correlation of 25-OH-vitamin D
levels and fracture risk in humans19. In our pop-
ulation 25-OH-vitamin D levels failed to show a
statistical correlation with fracture risk. Any-
way, it is worth noting that our findings warn
about the very high prevalence of low vitamin D
levels in post-menopausal women.
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Age Lumbar Neck L4 volume Smoke
(years) Score T-score (-SD) Score T-score (-SD) Score (cm3) Score (yes/no) Score

< 64 2 > 1.5 2 > 1.5 1 > 60 2 No 0
65-69 4 1.5-2.0 4 1.5-2.0 2 55-60 4 Yes 2
70- 74 6 2.0-2.5 6 2.0-2.5 3 50-55 6 – –
75-79 8 2.5-3.5 8 2.5-3.5 4 45-50 8 – –
80-84 10 < 3.5 10 < 3.5 5 < 45 10 – –
85+ 12 – – – – – – – –

Table IV. Proposed score system. A point score was assigned to each variable rounding the regression coefficient 
to the nearest integer.

Figure 3. Receiver operator characteristic (ROC) analysis of the proposed score system in the derivation A, and validation B,
cohorts. Dotted lines define the 95% confidence intervals.

A B



A point-score tool was developed to assess os-
teoporotic VCFs risk in our population (Table
IV). The median score was 21 (range 9-33) and
20 (7-34) in derivation and validation cohorts, re-
spectively. Patients distribution in different score
groups was quite similar both in derivation and
validation cohorts, with a peak of distribution in
the score group 14-19. Approximately 15% of
patients in the validation cohort had a score ≤ 13,
whereas about 10% had a score from 30 to 34.
No patients were found to have a score > 34 both
in derivation and validation cohort. A point score

≥ 22 was found to be the best cut-off value in our
study population in order to identify patients at
an increased risk of fragility VCFs. The overall
AUC of our scoring system in the validation co-
hort was 0.935 (95% CI 0.876 to 0.957), indicat-
ing a good discriminant ability. Nevertheless, as
showed by the results of trend analysis the granu-
larity (scores 7-39) of our scoring system can al-
so be exploited to further assign patients to dif-
ferent risk groups. The risk increase is steep and
progressive among 5-points groups from ≤ 13 to
30-34 points group (Figure 4).
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Cut-off Sensitivity (%) Specificity (%) PPV (%) PNV (%) LR+ LR-

Derivation Cohort
< 14 vs ≥ 14 98.88 23.18 50.46 100.00 1.28 0.04
< 18 vs ≥ 18 96.29 57.97 64.19 95.23 2.29 0.06
< 22 vs ≥ 22 87.03 86.95 83.92 89.55 6.67 0.14
< 26 vs ≥ 26 64.81 97.10 94.59 77.90 22.36 0.36
< 30 vs ≥ 30 22.22 99.21 100.00 62.16 28.12 0.78
Validation cohort
< 14 vs ≥ 14 97.95 25.00 48.48 94.44 1.30 0.08
< 18 vs ≥ 18 93.87 51.47 58.22 92.10 1.93 0.11
< 22 vs ≥ 22 89.79 90.35 89.79 92.64 9.30 0.11
< 26 vs ≥ 26 53.06 96.84 100.00 74.72 16.79 0.48
< 30 vs ≥ 30 24.49 98.87 100.00 64.76 21.67 0.76

Table V. Performance of the proposed score system in the derivation and validation cohorts. PPV positive predictive value,
PNV predictive negative value, LR+ likelihood ratio of positive diagnosis, LR- likelihood ratio of negative diagnosis.

Figure 4. Probability of developing a fragility vertebral compression fracture according to the proposed score in the deriva-
tion and validation cohorts.
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We recognize limitations of our study, based
essentially on a retrospective data analysis in a
specific patient population. We excluded from
our study patients with a previous history of any
osteoporotic fracture and > 2 years history of
bone active drugs assumption. Therefore, the pre-
sent data cannot be applied to the general osteo-
porotic patient population but only to post-
menopausal women with no history of osteo-
porotic fractures. This is still to be considered an
important feature of our risk-scoring tool. Pa-
tients with higher scores can be assigned to more
strict follow-up programs and to more intensive
risk-reduction programs. Moreover, risk assess-
ment could increase patients’ awareness of osteo-
porosis and increase their adherence to therapy20.
A larger cohort of patients would be useful to
further validate our findings and expand our risk
scoring system in order to include drug therapy
and history of previous vertebral fragility frac-
tures among risk factors.
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