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Comparing bone mineral density in postmenopausal 
women with and without vertebral fracture and its 
value in recognizing high-risk individuals
B. Heidari,1 S. Hoshmand,1 K. Hajian 2 and P. Heidari 3 

ABSTRACT Vertebral fracture, the hallmark of osteoporosis, usually occurs in postmenopausal women with 
low bone mineral density (BMD). The aim this study was to determine which BMD parameter can best predict 
women at high risk of fracture. BMD values at the spine and femoral neck were compared in 34 women with 
vertebral fracture and 34 controls. Mean BMD (g/cm2), T-score, and Z-score values at both femoral neck and 
spine were significantly lower in the fracture than the nonfracture group. Z-score was more sensitive than BMD 
T-score for detecting low bone mass. T-score was not sensitive enough to identify low BMD in the spine, whereas 
the femoral neck T-score could recognize women at high risk of fracture with higher accuracy. 
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مقارنة الكثافة المعدنية للعظام لدى النساء بعد سن اليأس من المصابات بكسور في الفقار مع غير المصابات بها، وقيمة المقارنة في 
ف على الأشخاص المعرضين لخطر مرتفع التعرُّ

بهزاد حيدري، شيرين هوشماند، كريم حجيان، بارناز حيدري

الخلاصـة: يعد كسر الفقرة من العلامات الفارقة لتخلخل العظام، والذي يحدث عادة لدى النساء بعد سن اليأس، ممن تقل لديهن الكثافة المعدنية 
ن الأطباء من التنبؤ بالنساء المعرضات لخطر مرتفع  ف على القيم المتثابتة للكثافة المعدنية للعظام، والتي تمكِّ للعظام. وتهدف هذه الدراسة إلى التعرُّ
للإصابة بالكسر. وقد أجرى الباحثون مقارنة بين قيم الكثافة المعدنية للعظام في العمود الفقري وفي عنق الفخذ لدى 34 إمرأة أصيبت بكسر فقري، 
رة بالغرام لكل سنتيمتر مربع(، وحرز T، وحرز Z في كل من عنق  وبين ما لدى 34 من النسوة الشاهدات. واتضح أن قيم الكثافة المعدنية للعظام )مقدَّ
 Z الفخذ وفي العمود الفقري أخفض بمقدار يعتد به إحصائياً في مجموعة المصابات بالكسور عما لدى مجموعة غير المصابات بالكسور. وقد كان الحرز
ف على انخفاض الكثافة المعدنية للعظام في الفقرات، أما  في أكثر حساسية من الحرز T للكثافة المعدنية للعظام، ولم يكن للحرز T حساسية كافية للتعرُّ

في عنق الفخذ فإن الحرز T يمكن أن يعرّف، بدقةٍ عالية، النساء المعرضات لخطر مرتفع للكسر.

Comparaison de la densité minérale osseuse chez des femmes ménopausées présentant ou non une fracture 
vertébrale et sa valeur dans l’identification d’individus à haut risque

RÉSUMÉ La fracture vertébrale, caractéristique de l’ostéoporose, survient généralement chez la femme 
ménopausée ayant une faible densité minérale osseuse (DMO). Cette étude visait à déterminer quel paramètre 
de la DMO était susceptible d’identifier au mieux les femmes qui pourraient être à haut risque de fracture. Des 
mesures dela  DMO réalisées au niveau de la colonne vertébrale et du col du fémur chez 34 femmes présentant 
une fracture vertébrale et 34 témoins ont été comparées. Par rapport au groupe témoin, les valeurs moyennes 
de la DMO (g/cm2), du T-score et du Z‑score relevées sur le col du fémur et la colonne vertébrale étaient 
considérablement inférieures chez les femmes souffrant de fractures. Le Z-score s’est avéré plus sensible que 
le T-score de la DMO pour détecter une faible densité osseuse. Il est apparu que le T-score n’était pas assez 
sensible pour identifier une faible DMO de la colonne vertébrale, alors qu’il permettait d’identifier avec une 
meilleure précision les femmes présentant un risque élevé de fracture du col du fémur.
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Introduction

Vertebral fracture is the most common 
osteoporotic fracture and also a hall-
mark of postmenopausal osteoporosis. 
It is associated with back pain, disabil-
ity, functional limitation and decreased 
quality of life [1–6]. Bone mineral den-
sity (BMD) is an important predictor 
of future fractures. Low BMD at the 
spine or femoral neck in postmeno-
pausal women has been shown in sev-
eral prospective studies to be associated 
with increased risk of vertebral fracture 
[7–10]. In the elderly population, how-
ever, factors other than BMD, such as 
age, might play a role in the develop-
ment of fracture, because older patients 
are much more susceptible to fractures 
at any given BMD than are younger 
patients, perhaps due to the quality of 
ageing bone [4,5,11–13].

Several studies have found a relation-
ship between increasing risk of vertebral 
fracture and decreasing BMD values in 
women [14,15]. There is also a strong 
association between age and femoral 
neck BMD with vertebral fracture [16]. 
Nevertheless, many postmenopausal 
women with fractured vertebra are not 
osteoporotic, so BMD measurements 
cannot accurately predict individuals 
who will develop fractures. This issue has 
been attributed to discordance between 
the site of BMD measurement and the 
site of fractures; low sensitivity of the 
BMD T-score criterion; inconsistency 
between BMD measurement and the 
time of the fracture; and false elevation 
of BMD values due to the presence of 
degenerative changes at the site of BMD 
measurement [17,18]. Given the bur-
den of vertebral fractures in the elderly, 
detection of low bone mass for preven-
tion of fractures is important. At present, 
the BMD T-score (which measures 
how much bone mass deviates from the 
average bone mass of a healthy adult) 
is used as a tool for evaluation of bone 
mass as well as for fracture assessment, 
as recommended by the World Health 
Organization (WHO) [19]. 

We hypothesized that the magni-
tude of differences in the BMD of spine 
or femoral neck would be comparable 
in women with and without fractures  
irrespective of the BMD parameter 
used. The aim of this study was to deter-
mine which parameter of BMD is more 
sensitive in diagnosis of low BMD and 
can more accurately identify women 
susceptible to vertebral fractures. 

Methods

The study compared postmenopausal 
women with and without vertebral frac-
tures with respect to bone mass at the 
spine and femoral neck.

Sample
A sample of 34 postmenopausal women 
with back pain and vertebral fracture 
and 34 aged-matched postmenopausal 
women with back pain but without 
vertebral fracture entered the study. The 
study patients attended or were referred 
to an outpatient medical clinic from the 
general population of Babol, Islamic 
Republic of Iran. The women who met 
the selection criteria were selected se-
quentially over a 6-month period from 
June to December 2007. 

Only patients with recent back pain 
who had pain and tenderness at the 
lumbar spine with symptom duration of 
less than 6 weeks were included. Those 
with previous spinal surgery, malignan-
cy, traumatic fracture or inflammatory 
skeletal disease and patients on steroids 
or anti-osteoporosis treatment were ex-
cluded. Patients with fractures at the site 
of BMD assessment in the lumbar spine 
were also excluded from the study. 

This study was approved by the eth-
ics committee of Babol University of 
Medical Sciences.

Data collection
Data regarding demographic and 
clinical characteristics were collected by 
interview and questionnaire. Clinical, 
radiographic and bone densitometry 

data were provided by clinical exami-
nation, X-ray examination and BMD 
measurements.

At the first visit all patients under-
went a complete clinical examination, 
spinal X-ray, and BMD measurements 
at the lumbar spine (L2–L4) and femo-
ral neck by dual X-ray absorptiometry 
(DXA) with a single Dorland densi-
tometer. BMD was evaluated based on 
a reference database provided by the 
manufacturer.

The mean duration of back pain  
prior to spinal radiography and the mean 
duration between diagnosis of vertebral 
fracture and BMD measurement was 
< 2 weeks in about 80% of patients and 
< 6 weeks in the remainder.

Clinical vertebral fracture was diag-
nosed by history, clinical examination 
and spinal X-ray. Vertebral fracture was 
assessed by the Genant semiquantita-
tive method in a lateral-view spinal X-
ray by an experienced physician [20]. In 
this method, the extent of the vertebral 
height reduction and morphological 
changes are assessed visually and scored 
using a grading scale to differentiate 
fracture from other nonfracture de-
formities. Thoracic and lumbar verte-
bra from T4–L4 were graded based 
on the approximate degree of height 
reduction. Vertebrae with a 20%–25% 
or greater reduction in anterior, middle 
and/or posterior height relative to ad-
jacent vertebrae of normal appearance 
were considered as fractured vertebrae. 
Women with nonosteoporotic verte-
bral deformity and traumatic fractures 
were excluded from the study.

Osteoporosis was confirmed ac-
cording to WHO criteria [19], defined 
as BMD value > 2.5 standard deviation 
(SD) below the young normal mean 
BMD (T-score < –2.5). 

Analysis
For the statistical analysis patients with 
vertebral fractures (at least 1 fractured 
vertebra) were compared with those 
without fractures in terms of bone 
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density values (BMD, T-score and Z-
score (which measures how much bone 
mass deviates from the average bone 
mass of people the same age and sex), 
frequency of osteoporosis at the spine 
or femoral neck regions and duration 
of menopause. The differences were 
expressed as mean percentage differ-
ence of the fracture group from the 
nonfracture group.

The association between osteo
porosis and vertebral fracture was de-
termined by calculation of odds ratio 
(OR) and its 95% confidence interval 
(CI) using the chi-squared test. Student 
t-test was used for comparison of BMD 
values.

Receiver operating characteristics 
(ROC) curve was applied to evaluate 
the trade-off between sensitivity and 
1–specificity for various cut-off points 
of BMD values to assess the diagnostic 
accuracy of BMD parameters and age 
in discriminating between the fracture 
and the nonfracture group. Diagnos-
tic accuracy of BMD parameters were 
compared with respect to values of the 
area under the curve (AUC) and its 
95% CI in comparison with the chance 
level (AUC = 50%). The impact of age 
on diagnostic accuracy was assessed by 
comparison of AUC values between 2 
age groups (< 65 and ≥ 65 years). 

Statistical analysis was performed 
using SPSS software, version 10. 

Results

The mean age of the study patients was 
66.6 (SD 8.4) years and the mean dura-
tion of menopause was 17.9 (SD 9.2) 
years. Two-thirds of women (64.7%) 
were aged over 65 years. Vertebral frac-
ture was associated with acute back pain 
in 84.6% of cases versus 23.5% of those 
without fractures.

As shown in Table 1 the mean age 
of patients with vertebral fractures was 
67.5 (SD 9.7) years and those with-
out fractures was 65.6 (SD 7.0) years 
(not significant). The mean duration of 
menopause in patients with and with-
out fractures was 19.6 (SD 10.4) years 
and 16.2 (SD 7.7) years respectively 
(not significant). The mean BMD (g/
cm2), T-score and Z-score values at 
both the femoral neck and spine regions 
in the fracture group were significantly 
lower than in the nonfracture group 
(Table 1).

In the fracture group the mean spine 
BMD T-score was 35% lower whereas 
the spine Z-score was 58% lower than 
in the nonfracture group. The corre-
sponding values for femoral neck T-
score and Z-score were 24% and 100% 
respectively. The size of the difference 
between the 2 groups varied with age 
and site of BMD measurements. In the 
fracture group aged < 65 years the cor-
responding differences between spine 

T-score and Z-score were 59% and 92% 
respectively and in patients ≥ 65 years 
were 20% and 51%. In the femoral neck 
the corresponding values for femoral 
neck T-score and Z-score in women 
aged < 65 years were 30% and 160% and 
in women aged ≥ 65 years were 19% and 
71% respectively.

Vertebral fracture developed in 
61.7% of patients with spinal oste-
oporosis versus 37.1% patients without 
spinal osteoporosis (OR = 2.7, 95% CI: 
1.3–7.2, P < 0.05). The corresponding 
values for patients with and without 
femoral neck osteoporosis were 60.0% 
and 25.0% respectively (OR = 4.6, 95% 
CI: 1.4–14.6, P = 0.015).

Femoral neck osteoporosis was 
more strongly associated with vertebral 
fracture in women aged < 65 years ver-
sus those aged ≥ 65 years (OR = 10.0, 
95% CI: 1.4–69.2, P = 0.036) whereas 
the association between spinal oste-
oporosis and vertebral fracture was not 
different comparing patients aged < 65 
years with older patients. The presence 
of osteoporosis at both sites, femoral 
neck and spine, increased the risk of 
vertebral fracture by almost 6-fold (OR 
= 5.8, 95% CI: 1.5–21.9, P < 0.011).

Comparison of bone mass at frac-
ture and nonfracture sites with BMD 
T-score and Z-score gave different re-
sults with respect to BMD parameters. 
Based on BMD T-scores, low bone 

Table 1 Comparison of bone mineral density (BMD) values at the femoral neck and spine in postmenopausal women with 
and without vertebral fracture

Variable Vertebral fracture present 
(n = 34)

Vertebral fracture absent 
(n = 34)

P-valuea

Mean SD Mean SD

Age (years) 67.0 9.7 65.6 7.0 0.36

Duration of menopause (years) 19.7 10.4 16.2 7.7 0.13

Femoral neck BMD (g/cm2) 0.57 0.09 0.66 0.12 < 0.001

Spine BMD (g/cm2) 0.64 0.12 0.75 0.15 0.003

Femoral neck T-score –3.6 0.76 –2.9 0.83 < 0.001

Spine T-score –2.7 0.79 –2.1 0.95 < 0.001

Femoral neck Z-score –1.5 0.80 –0.8 0.67 < 0.001

Spine Z-score –1.9 0.66 –1.2 0.84 < 0.001
aStudent t-test. 
SD = standard deviation. 
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mass (T-score < –2.5, as recommended 
by WHO) at the femoral neck was 
more frequent in women with fractures 
than at the spine (85.3% versus 61.7%, 
P = 0.007). In contrast, based on BMD  
Z-score < –1, low bone mass at the spine 
was more frequent than at the femoral 
neck (97.0% versus 76.4%, P < 0.015).

The overall accuracy of BMD 
parameters (femoral neck and spine 
BMD g/cm2, T-score and Z-score) in 
discriminating high-risk women are 
presented in Table 2 in terms of the 
AUC and standard error (SE). All pa-
rameters showed a significant ability to 
recognize high-risk (fracture) patients, 
but femoral neck BMD Z-score yielded 
the highest accuracy among all the pa-
tients in discriminating fracture from 
nonfracture patients [AUC 0.77 (SE 
0.05), P < 0.001]. This was followed 
by femoral neck BMD T-score [AUC 
0.75 (SE 0.06), P < 0.001] and spine 
BMD Z-score [AUC 0.74 (SE 0.06), 
P < 0.001], whereas the spine BMD  
T-score yielded the lowest accuracy 
[AUC 0.71 (SE 0.62), P = 0.002].

The accuracy of BMD parameters 
were compared between the 2 age groups 
≥ 65 and < 65 years with respect to AUC 
values. In patients aged < 65 years, AUC 
values for femoral neck BMD g/cm2 
[AUC 0.87 (SE 0.07), P = 0.002] and 
femoral neck T-score [AUC 0.82 (SE 
0.08), P = 0.007] yielded the highest 
and spine T-score the lowest predictive 
accuracy values [AUC 0.77 (SE 0.09), 
P = 0.007]. However in patients ≥ 65 
years the femoral neck T-score [AUC 
0.74 (SE 0.07), P = 0.006] yielded the 
highest accuracy followed by femoral 
neck Z-score [AUC 0.73 (SE 0.08), P 
= 0.009].

In patients aged ≥ 65 years the AUC 
values for spine and femoral neck T-
scores decreased by 11.6% and 11.0% 
respectively compared with those aged 
< 65 years (P < 0.01), whereas the de-
creases in spine and femoral neck BMD 
Z-score were 7.6% and 7.5% lower 
respectively(P < 0.01)

Discussion

The present study found that in 
postmenopausal women with ver-
tebral fracture, BMD values at the 
fracture as well as nonfracture sites 
were significantly lower than those 
without vertebral fractures. Pres-
ence of osteoporosis at both spine 
and femoral neck was associated 
with an increased risk of vertebral 
fracture but osteoporosis at the 
femoral neck was more strongly 
associated with vertebral fracture 
than at the spine. However, about 
40% of vertebral fractures devel-
oped in patients with spine BMD 
values at the range of osteopenia.

In this study, comparison of 
fracture and nonfracture sites 
indicated higher bone density val-
ues at the fracture site using BMD  
T-score, whereas based on BMD 
Z-scores fracture sites demon-
strated lower values. Furthermore, 
the magnitude of spine bone den-
sity difference between women 
with and without fracture was 
greater using the BMD Z-score 
than the BMD T-score. Moreo-
ver, spine BMD Z-score yielded a 
larger AUC and higher accuracy 
in recognizing the fracture group 
compared with the spine T-score. 
On the other hand, the BMD  
T-score yielded higher sensitivity 
for femoral neck BMD and higher 
diagnostic accuracy in recognizing 
women with fracture compared 
with BMD Z-score, particularly in 
those aged < 65 years. 

These findings indicate greater 
sensitivity of spine BMD Z-score 
compared with spine BMD  
T-score in demonstrating low 
bone mass as well as the extent of 
bone loss at the spine. At present 
the BMD T-score is the most 
widely used parameter for recog-
nizing high-risk patients as well as 
for planning treatment. However, 
the sensitivity and accuracy of this Ta
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parameter varies according to age and 
site of measurement, whereas BMD 
Z-score is less affected by age and site.

Discordance in BMD T-score 
between the spine and femoral neck 
can be explained by the presence of 
osteoarthritis, which occurs at a higher 
rate in the spine than femoral neck. Ad-
ditionally, accuracy and reproducibility 
errors which usually occur during BMD 
measurement may lead to discordance 
between sites.

Spinal osteophytosis falsely elevates 
BMD T-score without affecting frac-
ture risk [17,18]. The impact of vari-
ous forms of degenerative diseases on 
BMD was investigated in a study in 
which BMD measurement by quantita-
tive computed tomography and DXA 
were compared in 209 postmenopausal 
women. In that study, the BMD value 
by posterior–anterior measurement of 
spine BMD via DXA (PA-DXA) was 
significantly higher in women with de-
generative diseases changes, particularly 
when osteophytes were present at the 
vertebral bodies or facet joints, whereas 
BMD by lateral DXA (L-DXA) was less 
affected [18]. In cross-sectional stud-
ies of postmenopausal women of vari-
ous age groups the accuracy of lumbar 
spine BMD measurement decreased 
with increasing age because of spinal 
osteoarthrosis in the elderly popula-
tion [21]. The accuracy errors for spine 
PA-DXA can vary from 4%–10% and 
the accuracy error for proximal femur 
DXA measurement was estimated at 
6% [22].

The amount of fat to lean body 
mass surrounding tissues could affect 
the tissue-density gradient assessed by 
DXA and influence the accuracy and 
reproducibility of BMD measurements. 
Postmenopausal women with greater 
body weight, mediated by lean body 
mass or fat body mass, have both higher 
lumbar spine, hip and femoral neck 
BMD and lower rate of bone loss [23]. 
In the present study, disproportionately 
higher than expected values of BMD T-
score in the spine of the fracture group 

compared to the femoral neck site could 
be attributed to the higher prevalence 
of osteoarthritis in the spine compared 
with the hip. Although we did not de-
termine the frequency of osteoarthritis 
at the spine or hip, a high proportion of 
degenerative joint disease is expected 
to be present in our patients based on 
another study in the Islamic Republic 
of Iran in which spine degenerative dis-
eases were found in 16.6% of the urban 
population aged 15 years and over, and 
hip osteoarthritis in only 0.32% of the 
10 921 study population [24]. A low 
prevalence of hip osteoarthritis was 
also reported in other studies [25,26], 
whereas arthritis of lumbar facet joints  
is a common radiographic finding which 
has been linked to low back pain. In a 
study of 647 cadaveric human lumbar 
spines examined by a single examiner, 
facet arthrosis was a universal finding 
in 100% of patients aged 60 years and 
over [27].

Low sensitivity of BMD T-score 
was also shown in a study of 74 men 
from the MINOS study. In that study, 
27%–47% of incident fractures occurred 
in men with BMD T-scores –1 and 
–2, whereas the percentage of incident 
fractures occurring with BMD T-score 
< –2 ranged from 13.7%–44.6%. BMD 
T-score had limited value in determin-
ing men at increased risk of fracture and 
its sensitivity for recognizing high-risk 
individuals was low [28].

Site-discordant fracture risk, as seen 
in the present study was also observed 
in a study of 200 men with mean age of 
54.7 years. In that study, a T-score < –2.5 
in the femoral neck was associated with 
a 2.7-fold increase in the risk of vertebral 
fracture, while a T-score < –2.5 in the 
spine was associated with only a 2-fold 
increase in risk. Both femoral neck and 
spine BMD were significant predictors 
of the presence of a vertebral fracture 
but the femoral area was the best site for 
BMD measurements [16].

The sensitivity and accuracy of BMD 
parameters have not been compared in 
any previous studies. The findings of 

the present study provide new data and 
extend the evidence-based knowledge 
about the utility of BMD Z-score in 
discriminating between the fracture and 
the nonfracture group. Based on our 
findings, the BMD Z-score may be a 
useful tool, not only for BMD assess-
ment, but also for recognizing high-risk 
patients. In addition, our findings are 
consistent with the results of a previ-
ous study concerning the accuracy of 
femoral neck T-score in recognizing 
postmenopausal women at high risk for 
vertebral fracture [16].

The limitations of our study should 
be considered. The study sample was 
small and the study design did not per-
mit us to perform statistical analysis for 
prediction of future fractures. However, 
to compensate for the small sample we 
employed appropriate tools for charac-
terizing the utility of BMD for discrimi-
nating fracture and nonfracture sites. 

Another issue is that the data pro-
vided in this study were susceptible to 
information bias with respect to bone 
density measurement at the time of 
vertebral fracture as well as early per-
formance of radiographic intervention 
at the time of presentation with acute 
back pain. Despite the clinical criteria 
for sample selection, we could not be 
certain that the vertebral fractures under 
review were incident fractures rather 
than prevalent fractures with symptom 
exacerbation. However, development 
of acute back pain and presence of local-
ized tenderness at the site of the fracture 
are evidence in favour of their being 
incident fractures. 

The focus of this study was to deter-
mine the contributive role of BMD in 
the development of vertebral fracture, so 
the influence of other factors that might 
be responsible for the occurrence of 
vertebral fractures were not considered 
in the statistical analysis. On the other 
hand, since both the fracture and the 
nonfracture groups were drawn from 
a population of the same geographic 
location with similar racial and cultural 
characteristics, the influence of other 
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factors would be expected to affect 
both fracture and non-fracture groups 
equally. 

In conclusion, the findings of this 
study indicate that postmenopausal 
women with vertebral fracture have sig-
nificantly lower BMD values at the spine 
as well as at the femoral neck compared 

with women without fracture. Since 
the presence of degenerative disease 
in the elderly population leads to false 
elevation of spine BMD in postmeno-
pausal women with vertebral fractures, 
BMD Z-score may be more sensitive 
and diagnostic than BMD T-score 
both for detecting low bone mass and 

for recognizing women at high risk of 
fracture. However, femoral neck BMD 
T-score is less affected by degenerative 
joint disease and remains highly sensi-
tive with greater accuracy in recognizing 
high-risk women. The results of this 
study require to be confirmed by further 
studies with larger samples.
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