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Usefulness of Fracture Risk Assessment Tool Using
Lumbar Bone Mineral Density in Prediction of
Osteoporotic Vertebral Fracture
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Objective : To investigate the value of lumbar bone mineral density (BMD) in fracture risk assessment (FRAX) tool.

Methods : One hundred and ten patients aged over 60 years were enrolled and divided into 2 groups as non-osteoporotic vertebral fracture (OVF)
and OVF groups. The 10-year-risk of major osteoporotic vertebral fracture of each group was calculated by FRAX tool with femoral and lumbar
spine BMDs to compare the usefulness of lumbar spine BMD in prediction of OVF. The blood level of osteocalcin and C-terminal telopeptide (CTX)
as markers of activities of osteoblast and osteoclast, respectively were analyzed using the institutional database.

Results : In the OVF group, the ratio of patients with previous fracture history or use of glucocorticoid was higher than those in non-OVF group
(p=0.000 and 0.030, respectively). The levels of T-score of femur neck and lumbar spine in OVF group were significantly lower than those in non-
OVF group (p=0.001 and 0.000, respectively). The risk of OVF in FRAX using femur BMD in non-OVF and OVF groups was 6.7+6.13 and
11.4+10.06, respectively (p=0.007). The risk of using lumbar BMD in the 2 groups was 6.9+8.91 and 15.1+15.08, respectively (p=0.002). The
areas under the receiver operator characteristic curve in the FRAX risk with lumbar and femur neck BMD were 0.726 and 0.684, respectively. The
comparison of osteocalcin and CTX was not significant (p=0.162 and 0.369, respectively).

Conclusion : In our study, the 10-year risk of major osteoporotic fracture in the OVF group of our study was lower than the recommended threshold
of intervention for osteoporosis. Hence, a lower threshold for the treatment of osteoporosis may be set for the Korean population to prevent OVF. In

the prediction of symptomatic OVF, FRAX tool using lumbar spine BMD may be more useful than that using femur neck BMD.
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INTRODUCTION

Among the osteoporotic skeletal fractures, osteoporotic ver-
tebral fracture (OVF) is the common type of osteoporotic frac-
tures in older adults”. The musculoskeletal disorders including
osteoporosis and bone fragility fractures rank as the second
common cause of disability estimated by the years lost due to
disability worldwide'®. Therefore, preventive strategy for osteo-
porotic fracture may be important to reduce the burden of OVF
in population. Bone mineral density (BMD) has been widely
used as a predictor of the osteoporotic fractures'. Although mea-
surement of BMD by dual-energy X-ray absorptiometry (DXA)
is routinely performed to predict the risk of osteoporotic frac-
ture, most fractures occur in the patient population with a BMD
T-score above the WHO recommended threshold for osteopo-

rosis”. The absolute risk of osteoporotic fracture increases with
age at any given BMD>'Y. Therefore, discrepancy between
BMD and the risk of osteoporotic fracture may exist because of
paradoxical error that improves BMD such as osteoarthritis”.
Recently, the incorporation of clinical risk factors including age,
sex and body mass index, use of glucocorticoids, secondary os-
teoporosis, rheumatoid arthritis and parental history of hip
fracture, current smoking, and alcohol intake, the incorporating
clinical risk factors with BMD has been shown to enhance frac-
ture risk prediction”. Therefore, the World Health Organization
(WHO) Collaborating Centre for Metabolic Bone Diseases de-
veloped the Fracture Risk Assessment (FRAX"), a computer-
based algorithm (http://www.shef.ac.uk/FRAX) that provides a
tool of assessing 10-year probability of osteoporotic hip fracture
and major fractures including vertebral fracture by calculating
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the probability from clinical risk factors including BMD'". The
major osteoporotic fracture includes other skeleton as distal
forearm, proximal humerus and spine'”. The FRAX is available
in 50 models for 45 countries and the website has been trans]at-
ed into diffent19 languages (FRAX version 3.6)"”. The current
National Osteoporosis Foundation (NOF) Guide recommends
treating patients with 3% and over FRAX 10-year risk scores for
hip fracture or 20% and over for major osteoporotic fracture'”.
However, the WHO selected not the lumbar spine T-score but
the femoral neck T-score as the reference site for BMD in the
FRAX tool. Therefore, there is controversy over the feasibility of
FRAX for the risk prediction of OVF using femur neck BMD

and not lumbar spine BMD'”

. The aim of this study was to in-
vestigate the usefulness of femur neck bone mineral density
(BMD) and lumbar BMD by comparing with prediction of os-
teoporotic vertebral fracture (OVF) using Fracture risk assess-
ment (FRAX) tool. We investigated the significance of differ-
ence of other factors as activities of osteoblast and osteoclast

between OVF and non-OVF groups.

MATERIALS AND METHODS

Study population

This was a cross-sectional study conducted from 2013 to
2014 on all patients 60 years old and over who were admitted to
our hospital for treatment of degenerative spine disease or os-
teoporotic vertebral fracture. We enrolled patients with degen-
erative spine disease or osteoporotic spine fracture. Exclusion
criteria were infectious spondylodiscitis, primary or metastatic
spine tumor or spinal cord injury, previous history of non-os-
teoporotic vertebral fracture, and spine operation. Therefore,
110 consecutive patients were enrolled in the present study. The

Table 1. Characteristics of the 110 patients

Fracture Risk Assessment Tool | HS Lee, et al.

institutional database of the 110 patients was reviewed accord-
ing to the sex, age, past and current medical history and cause
of current admission, in order to calculate the fracture risk
within 10 years using FRAX tool. The BMD, blood level of os-
teocalcin and C-terminal telopeptide (CTX) as markers of ac-
tivities of osteoblast and osteoclast, respectively were analyzed
using the institutional database. The retrospective study was ap-
proved by our Institutional Review Board.

The BMD of the lumbar spine and the femur neck was avail-
able in all patients of our study at the time of admission. BMD
was measured by anteroposterior projection at L1-4 for the
lumbar spine and at the femoral neck, trochanter, or the total
hip for the femurs. The World Health Organization (WHO)
classification system was applied to define osteoporosis as T-
score <-2.5 and osteopenia as -2.5<T-score<-1. The blood levels
of osteocalcin and CTX were available in 79 of 110 patients at
the time of admission. We compared the blood levels of osteo-
calcin and CTX between non-OVF and OVF groups to identify
significance in OVF using statistical difference. The value was
compared between the non-OVF and OVF groups.

Osteoporotic fracture risk

The 10-year risk of hip and major osteoporotic fracture was
calculated by FRAX algorithm of Korean model, which is avail-
able free of charge at www.shef.ac.uk/FRAX based on the pa-
tients clinical characteristics including BMD. BMD of the fe-
mur neck and lumbar spine was used to calculate the risk of
osteoporotic fracture by FRAX'*"",

Statistical analysis
The results were presented as meantstandard deviation.
OVF and non-OVF groups comparison using FRAX with lum-

Non-OVF (n=52) OVF (n=58) p value (non OVE vs. OVF) Total (n=110)
Sex (M : F) 24:28 16:42 0.043 40:70
Age (yr) 74+6.7 76+6.4 0.079 75+6.6
Body height (cm) 157+10.1 144+26.6 0.001 150+21.0
Weight (kg) 60+11.2 60+29.4 0.955 60+22.6
Previous fracture history 1.9% (1/52) 25.4% (15/58) 0.000 14.5% (16/110)
Parent fracture history 0% (0/52) 1.7% (1/58) 0.342 0.9% (1/110)
Smoking : current 11.5% (6/52) 8.6% (5/58) 0.611 10% (11/110)
Alcohol : >3 units daily 1.9% (1/52) 3.4% (2/58) 0.624 2.7 % (3/110)
Glucocorticoid 0% (0/52) 8.6% (5/58) 0.030 4.5 % (5/110)
Rheumatoid arthritis 0% (0/52) 1.7% (1/58) 0.342 0.9% (1/110)
Secondary osteoporosis 5.7% (3/52) 1.7% (1/58) 0.407 3.6% (4/110)
Femur neck T-score -1.78+1.324 -2.52+1.000 0.001 -2.16£1.222
Lumbar spine T-score -1.19+£2.201 -2.87£1.611 0.000 -2.08+2.08
Osteocalcin 7.1+5.84 9.4+8.15 0.162 8.2+7.09
CTX 1.3+5.97 0.4+0.35 0.369 0.9+4.30
Sagittal balance (mm) 65.9+45.00 62.4+56.99 0.776 64.1£50.92

OVF : osteoporotic vertebral fracture, CTX : C-terminal telopeptide
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Table 2. Area under curve (AUC) according to area of BMD assessment for prediction of vertebral fracture using FRAX tools

FRAX major fracture with femoral neck T-score
FRAX major fracture with lumbar spine T-score
In recurrent OVE, FRAX major fracture with femoral neck T-score

In recurrent OVE, FRAX major fracture with lumbar spine T-score

AUC p
0.684 (0.584-0.785) 0.001
0.726 (0.632-0.821) 0.000
0.732 (0.609-0.855) 0.001
0.759 (0.640-0.878) 0.000

FRAX : fracture risk assessment, BMD : bone mineral density, OVF : osteoporotic vertebral fracture
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Fig. 1. Receiver Operating Characteristics curves for prediction of osteo-
porotic vertebral fractures using FRAX tools and lumbar spine and femur
neck T-scores. FRAX : fracture risk assessment.

bar BMD and femur neck BMD was assessed by Student t-test
and chi-square analysis. In subgroup analysis, vertebral frac-
ture risk was compared using one-way analysis of variance.
We assessed the overall discriminative value of the different risk
scores by calculating the areas under the receiver operator char-
acteristic (ROC) curve (AUC). Higher AUC values represent
better prediction with the models. SPSS 22.0 was used for sta-
tistical analysis and the level of significance was set as p<0.05.

RESULTS

Patient demographics

Of the 110 patients, 70 patients were women and 40 patients
were men. Mean age of the patients was 75.6+6.65 years (range,
49 to 89 years). The number of patients with non-OVF and
OVF were 52 and 58, respectively. The ratio of female in OVF
group was superior to that in non-OVF (p=0.043). The body
height in OVF group was significantly less than that in non-
OVF group (p=0.001). In OVF group, the ratio of patients with
previous fracture history or use of glucocorticoid was higher
than those in non-OVF group (p=0.000 and 0.030, respective-
ly). The levels of T-score of femur neck and lumbar spine in
OVF group were significantly lower than those in non-OVF

group (p=0.001 and 0.000, respectively). Demographics of the
patients were listed in Table 1.

Risk of OVF using femur neck and lumbar spine BMD

The major fracture risk in FRAX using femur BMD in non-
OVF and OVF groups was 6.7£6.13 and 11.4+10.06, respectively
(p=0.007). The risk using lumbar BMD in the 2 groups was
6.9+8.91 and 15.1+15.08, respectively (p=0.002). In the compari-
son between non-OVF and recurrent OVF (n=13) groups, the
risk using femur neck BMD was 6.7+6.13 and 16.4+20.87, re-
spectively (p=0.122). Furthermore, the risk using lumbar BMD
was 6.9+8.91 and 22.9+22.5, respectively (p=0.027).

A model with no utility in predicting fracture would have
an AUC of 0.50 (i.e., no better than flipping a coin or chance alone).
The AUCs in the FRAX risk with lumbar and femur neck BMD
were 0.726 and 0.684, respectively. In the recurrent OVE, the
AUC:s in the FRAX with lumbar and femur neck BMD were
0.759 and 0.732, respectively (Table 2). The AUC in FRAX us-
ing lumbar BMD was higher than the AUC with femur neck
BMD (Fig. 1).

DISCUSSION

In the present study, we evaluated the 10-year probability of
OVF using FRAX model with femur neck and lumbar spine
BMD. Among the risk factors in FRAX model, sex, body height,
previous fracture history, femur neck T-score and lumbar spine
T-score were different factors between non-OVF and OVF
groups. In addition, the AUC in the FRAX model with lumbar
spine BMD was higher than the AUC with femur neck BMD.

Osteoporosis is a worldwide socioeconomic problem with an
increasing severity and frequency, due to the progressive aging
of the world’s population"”. The lifetime risk at 50 years of age
for any osteoporotic fracture ranges between 40-50% in women
and 13-22% in men, which is considered very high®. The pre-
diction of patients with osteoporotic skeletal fracture and medi-
cal intervention are important to decrease the incidence of new
onset osteoporotic skeletal fracture and the socioeconomic bur-
den. Therefore, many countries have used the FRAX model fol-
lowing the guidelines of NOF for osteoporosis medication. The
NOF guidelines recommended that anti-osteoporotic therapy
should be considered in postmenopausal women and men aged
50 years and above, who met any of the following criteria: 1) a
femoral neck or spine BMD T-score < -2.5; 2) a femoral neck T-
score between -1 and -2.5 SD, with a 10-year hip fracture prob-
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ability >3% or major fracture (humerus, forearm, hip or verte-
bral fracture) probability >20%'*. The NOF guidelines are based
on cost-effectiveness that estimate 35% prevention rate for 5
years to morbidity and mortality in the USA'”. In the present
study, the major fracture risk in FRAX in OVF group using femur
neck BMD and lumbar BMD was 11.4+10.06 and 16.4+20.87,
respectively; and the 2 values were below 20%. These results in-
dicated that the recommended criteria for treatment osteoporo-
sis using FRAX might be decreased. Also, in the oriental popu-
lation, the femur neck size may be smaller than that of western
people. Therefore, the reproducibility of measurements at the
femur neck BMD could be poorer than that at lumbar spine.
These concerns have caused controversy over the use of femur
neck BMD or lumbar spine BMD in FRAX tool”. Several stud-
ies showed that the ability of risk prediction for the spinal frac-
tures was similar between femoral neck BMD and lumbar spine
BMD®”. However, another study showed that lumbar spine
BMD was more suitable for prediction of OVF using FRAX
than that of femur neck BMD™. In these studies, morphologi-
cal spinal fracture with or without back pain were enrolled.
There was no study on symptomatic patients with OVE In the
present study, authors enrolled the symptomatic patients with
OVE The ability to predict the risk of symptomatic OVF was
superior to that of femur neck BMD. In risk factors used in
FRAX tool, sex, body height, previous fracture history and the
use of glucocorticoid were more significant factors, as com-
pared with patients without OVE

There were several limitations in the present study. First, the
data was obtained retrospectively from a small patient popula-
tion who were admitted to our neurosurgical department for
treatment of OVF or degenerative disease. Analysis of the small
sized and unmatched patients groups can provide the bias and
decrease the confidence of the results. Well-designed prospec-
tive study is needed in the future. Second, because asymptom-
atic patients were not enrolled in the present study, the result in
the present study will be adjusted in the symptomatic patients
with OVE. In addition, the contributing factors such as diabetes
mellitus, kidney disease and thyroid disease were not consid-
ered. These factors could cause bias in the analysis of result. Fu-
ture study should consider the large number of patients with or
without OVE other diseases related with bone quality and the
differentiated study design to provide strong insistence of the
importance of lumbar BMD in FRAX.

CONCLUSION

In the comparison of OVF and non-OVF groups in the pres-
ent study, the FRAX model with lumbar spine BMD had supe-
rior predictive ability than the femur neck BMD. In the predic-
tion of symptomatic OVE, FRAX tool using lumbar spine BMD
may be more useful than that using femur neck BMD.

Fracture Risk Assessment Tool | HS Lee, et al.
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