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Hip fractures account for about 10% of all fractures, and a much 
greater proportion in the elderly [1]. The rate of hip fracture is 
increasing by 1–3% annually [2]. The annual hip fracture rate in 
the United States, estimated at 1.7 million in 1990, is expected 
to reach 6.3 million by 2050 [3]. In Israel, 6000 hip fractures 
occur yearly [4]. About 8% of these patients sustain repeat hip 
fractures during the first post-fracture year [5]. The frequency of 
two hip fractures in the course of an individual’s life could reach 
20% [6].

Mortality from a hip fracture is 10–20% and half the fracture 
survivors are left with a longstanding disability [7]. Identification 
of patients at risk for hip fracture is extremely important. The 

World Health Organization criteria for the diagnosis of osteoporo-
sis are a bone mineral density T-score ≤-2.5 at any measurement 
site or a history of previous osteoporotic fracture. These are 
usually the decisive factors for the administration of fracture 
prevention treatment. 

Patients and Methods 
Patients
The study group comprised 113 elderly hip fracture patients, 
87 women and 26 men (mean age 72.5 ± 9.4 years) who were 
hospitalized during 1 year in the orthopedic surgery department. 
A detailed medical history of each patient was obtained, includ-
ing individual and family fracture history, concomitant diseases 
and current drug treatment. Patients suffering from malignant 
diseases and metabolic bone diseases, patients with dementia 
and patients taking glucocorticoids or bisphosphonates were 
excluded from the study.

Laboratory evaluation
Serum calcium, inorganic phosphate, creatinine, albumin, and 
liver enzymes were assessed, using standard laboratory tech-
niques (Hitachi 747™, Roche). 25-hydroxyvitamin D3 was as-
sessed by 125I-radioimmunoassay (DiaSorin, Stillwater, Minnesota, 
USA), intact parathyroid hormone by IRMA (Nichols Institute 
Diagnostics, CA, USA), and deoxypyridinoline cross-links level in 
second morning urine by Pyrilinks-D ELISA (Metra Biosystems, 
Mountain View, CA,USA).

BMD measurements
Dual energy X-ray absorptiometry analysis was performed 3–6 
months after hospital discharge. BMD measurements of the lum-
bar spine (L2-L4), femoral neck and total hip of contralateral 
leg were performed using DEXA (Lunar DPX scanner, Madison, 
WI, USA). BMD results were expressed in comparison to young 
adults (T-scores) and in standard deviation scores compared to 
age-matched controls (Z-scores).

Statistical analysis
Analysis was performed using the SPSS statistical software ver-
sion 11.5 (SPSS Inc., Chicago, USA). Chi-square test (Fisher’s 
exact test when appropriate) was used to examine differences 
between groups in categorical variables, and t-test for continuous 
variables. 
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Methods: The study population included 113 consecutive 
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Results: We observed T-scores ≤-2.5 in 43 patients (45.3%) 
at the lumbar spine, in 47 (52.2%) at the femoral neck and in 33 
(38%) at the total hip. Twenty-eight patients (29.5%) had neither 
low BMD nor previous osteoporotic fractures. Using a T-score 
cutoff point of (-1.5) at any measurement site would put 25 (89%) 
of these patients into the high fracture risk group. Mean DPD level 
was 15.9 ± 5.8 ng/mg (normal 4–7.3 ng/mg creatinine). Vitamin D 
inadequacy was observed in 99% of patients. 

Conclusions: Using current criteria, about one-third of elderly 
hip fracture patients might not have been diagnosed as being at 
risk. Lowering the BMD cutoff point for patients with additional risk 
factors may improve risk prediction yield. 
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Results
Twenty patients (18%) reported previous low trauma osteoporotic 
fractures. There was no difference in the previous fractures be-
tween patients with T-scores ≤-2.5 and those with T-scores >-2.5. 
The data are presented in Table 1. 

BMD L2-L4 T-scores ≤-2.5 were observed in 43 patients 
(45.3%): 39 women (53%) and 4 men (18%). Significantly more 
women than men had T-scores ≤-2.5 at the spine (P = 0.004). 
Femoral neck T-scores ≤-2.5 were observed in 47 (52.2%); of them 
38 (56%) were women and 9 (41%) men. The difference was not 
statistically significant. Total hip T-scores ≤-2.5 were observed in 
33 (38%); 29 women (45%) and 4 men (18%), P < 0.03. 

Twenty-eight patients (29.5%) – 18 women and 10 men (32% 
of all women and 45.5% of all men) – had neither a history of 
previous osteoporotic fractures nor BMD measurement results 
consistent with osteoporosis. Using a cutoff point of T-score -2.0 
in at least one measurement site put 16 of these 28 patients 
(57%) into the high fracture risk group. Using a T-score cutoff 
point of -1.5 at any measurement site put 25 (89%) of patients 
into the high fracture risk group.

Eighty-eight patients (95%) had increased DPD levels (range 
4–32.9, mean ± SD 15.85 ± 5.77). Thirty-eight patients (33.6%) 
were vitamin D deficient [25(OH)D3 serum level ≤ 10 ng/ml], 29 
(25.7%) were vitamin D insufficient [25(OH)D3 serum level 10–15 

DPD = deoxypyridinoline cross-links 
25(OH)D3 = 25-hydroxyvitamin D3 ng/ml] and 46 (39.8%) had vitamin D serum level > 15 

Table 1. Previous osteoporotic fractures in elderly hip fracture patients

No. (%)

Hip Vertebral Wrist       Humerus Two 
fracturesT≤–2.5 T>–2.5 T≤–2.5 T>–2.5 T≤–2.5 T>–2.5 T≤–2.5 T>–2.5

Men 4 (15.4) 0 1 (3.8) 1 (3.8) 0 1 (3.8) 0 1 (3.8) 0 2 (7.6)

Women 16 (18.3) 0 0 1 (1.2) 1 (1.2) 6 (6.9) 5 (5.8) 1 (1.2) 2 (2.4) 3 (3.6)

Total 20 (17.8) 1(0.9) 2 (1.8) 1(0.9) 7 (6.3) 5 (4.5) 2(1.8) 2(1.8) 5 (4.5)

Table 2. Comparative characteristics of hip fracture patients with and 
without low BMD and/or previous osteoporotic fracture

Neither low BMD nor 
fracture (n=28)

Low BMD and/or  
fracture (n=85)

Men 10 (35.7%) 15 (18%)

Women 18 (64.3%)* 70 (82%)

Age 51-88 (70.2 ± 10.0) 50-90 (73.2 ± 8.8)

Family history of fracture 2 (7.14%) 9 (10.5%)

Smoking 6 (21.4%) 13 (15.2%)

BMI 28.5 ± 3.99 27.2 ± 4.8

25(OH)D3 serum level 13.1 ± 4.3 12.8 ± 5.9

DPD 12.4 ± 4.6** 16.9 ± 6.1

Impaired vitamin D status 

   25(OH D3 < 15 ng/ml

15 (60%) 48 (56%)

Cardiovascular diseases 21 (75%) 53 (62.7%)

Gastrointestinal diseases 2 (7.1%) 10 (11.7%)

Renal diseases 2 (7.2%) 3 (3.5%)

Diabetes mellitus 9 (32.1%) 20 (23.9%)

* P = 0.06, ** P < 0.001

Figure 1. DPD level in hip fracture patients

Figure 2. BMI in hip fracture patients

ng/ml. Forty-five patients (39.8%) had 25(OH)D3 levels 
between 15 and 30 ng/ml, defined now as vitamin D in-
adequacy. One patient (0.9%) had 25(OH)D3 level above 
30 ng/ml. Comparative characteristics of hip fracture 
patients with and without low BMD and/or previous 
osteoporotic fractures are presented in Table 2. Patients 
with lowest BMD and patients with a history of previ-
ous osteoporotic fracture had significantly higher DPD 
levels (P < 0.001). 

Only two patients had DPD levels within the reference range. 
Higher DPD levels were observed in patients with lower BMD 
T-scores [Figure 1]. Patients with lower BMD T-scores at any 
measurement site had lower body mass index [Figure 2]. The 
T-score cutoff point, which included 92% of the patients in the 
high risk group, was -1.2. 

Discussion 
Fractures of the femoral neck are currently one of the most 
serious healthcare problems facing the aging population [8]. The 
estimated lifetime risk for a hip fracture is 15.6–17.5% in women 
and 5.2–6.9% in men [9]. The diagnosis of osteoporosis and the 
estimation of a fracture risk in the primary care setting are cur-
rently based mainly on bone densitometry results and history of 
previous low trauma fractures. Femoral neck BMD measurement 
was found to predict osteoporotic fracture [10]. BMD accounts 
for the great majority of bone strength and is the current gold 
standard for the diagnosis of osteoporosis, as well as for predict-
ing fracture risk. Sensitivity of BMD measurements in fracture risk 
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prediction in the elderly remains controversial, and while lower 
BMD has been found to be associated with an increased risk 
for hip fracture prior to age 70, a considerable overlap in BMD 
between hip fracture patients and controls was observed after 
the age of 70 [11]. Comparable osteoporotic indices in cases 
and controls were previously observed [12]. BMD accounts for 
up to 85% of the variance in bone strength [13] and exhibits 
a continuous association with strength, such that with each 
standard deviation decline in BMD, the risk of fragility fracture 
approximately doubles [14]. 

High bone turnover is considered to influence bone quality 
and increase the risk for fractures [14]. Persistently elevated bone 
turnover throughout menopause is associated with structural dec-
rements. It cannot be measured routinely and non-invasively and 
testing is used mostly in research applications [15]. However, the 
sustained high levels of bone turnover after menopause, when 
the rate of bone resorption consistently exceeds bone formation, 
do lead to progressive declines in BMD and deterioration of 
microarchitecture. This process results in the irreversible loss 
of structural elements and accounts for much of the increase 
in fracture risk with advancing age observed among untreated 
women. Significant associations between high bone turnover and 
increased risk of fracture have been reported in some, but not 
all studies [16]. Although neither BMD nor bone turnover is a 
perfect predictor, there are no useful alternatives, at present, for 
either the researcher or the clinician [15].

An increase in DPD in our patients could be partially ex-
plained by a recent hip fracture; however, we observed higher 
DPD levels in patients with lowest BMD or with a history of 
previous fractures. It may support the postulation that higher 
bone turnover may increase bone loss and bone fragility (mul-
tiple fractures)

In the Rotterdam study, the risk of hip fracture was shown 
to increase 13-fold from age 60 to 80; decrease in bone density 
associated with age contributed a 1.9-fold increase in risk in 
women and 1.6 in men [17], and it was found that 85% of the 
rise in risk of fracture in both men and women was attributable 
to factors other than BMD. The fracture threshold of BMD T-score 
(-2.5) does not change through life, but it is well known that age 
is a strong and independent predictor of hip fracture [17] and 
was found to be a better predictor than BMD [18].

Patients with multiple risk factors are at greater risk for hip 
fracture. Previous low trauma fractures, family history of severe 
osteoporosis, vitamin D status, smoking status, BMI, propensity to 
falls due to several concomitant diseases, and long-term use of 
benzodiazepines, anticonvulsants and ingestion of large amounts 
of caffeine [19] increase the risk of hip fracture. Older age, previ-
ous self-reported fracture after age 50, maternal history of hip 
fracture after age 50, greater height at age 25, impaired cogni-
tion, slower walking speed, nulliparity, type 2 diabetes mellitus, 
Parkinson’s disease, and depth perception each independently 
predicted a 1.17 to 1.83-fold increase in hip fracture risk, whereas 

BMI = body mass index

each standard deviation decrease in hip BMD was found to be 
independently associated with a 1.84-fold increase in risk [20]. 

In the OFELY Study in postmenopausal women with osteope-
nia, an association was found between low BMD, increased bone 
turnover markers, prior fracture, and an increased risk of fracture 
in the subsequent 10 years [21]. Assessment of additional risk 
factors may play an important role in identifying subjects at 
high risk of fracture who could not be adequately detected by 
BMD measurement alone and who may benefit from therapeutic 
intervention. In our study, patients with low BMD and/or previ-
ous osteoporotic fractures and patients with so-called non-osteo-
porotic BMD and/or without previous fractures had the same rate 
of vitamin D deficiency, the same BMI, age and smoking status; 
the difference in the number of previous fractures between the 
groups was not significant. Family history of osteoporosis was 
equally frequent in both groups. DPD was higher in the low 
BMD group. An almost twofold increase in hip fracture rate 
was observed in diabetics [22]. We found a higher, but non-
significant, rate of diabetes in the patients with hip fractures 
and normal BMD. This observation illustrates the higher fracture 
risk in diabetics, regardless of BMD measurements. Furthermore, 
we found a higher rate of cardiovascular disease in the normal 
BMD group. It can be concluded then that patients with diabetes 
and ischemic heart disease deserve special attention in terms 
of fracture prevention. Our hip fracture patients with normal, 
osteopenic or osteoporotic BMD had the same characteristics, 
with only a slightly higher rate of concomitant diseases.

The evidence that bone density predicts fractures is based 
on epidemiologic studies of large populations. Clinicians treat 
individuals, and in this context, the confidence with which 
bone density can be used to predict fracture in an individual is 
arguably negligible [23]. According to Miller et al. [24], previous 
fracture was found to be the strongest predictor of fracture in 
1 year. The classification algorithm [24] for identifying women 
with osteopenic BMD T-scores between -1.0 and -2.5 includes 
previous fracture, BMD T-scores less than -1.8, poor health status 
and poor mobility. Yet again, one-third of our patients had never 
suffered from a fracture before they sustained a hip fracture, 
and we did not observe any significant difference in the general 
health of these patients compared with the rest of the group. 
While trying to identify additional risk factors for hip fractures, 
aside from BMD, that could help to identify persons at high risk, 
we actually found that about one-third of patients at risk could 
have easily been missed. 

According to Siris et al. [25], within 1 year after BMD mea-
surement, 82% of osteoporotic fractures occurred in women with 
peripheral T-scores higher than -2.5; 67% had T-scores greater 
than -2.0, and only 18% of fractures occurred in women with os-
teoporotic T-scores. Even using the NOF (National Osteoporosis 
Foundation) guidelines to treat patients with T-scores of ≤- 2.0 
or ≤1.5 with prior osteoporotic fracture, family history of fracture, 
low body weight or smoking, only about half of the fractured 
patients described in this study would have been treated.

Using a higher BMD cutoff point may help identify persons 
at risk for hip fracture. It is widely believed that the most reli-
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able BMD measurement for predicting fracture risk at any given 
skeletal site is one made at the fracture site itself. For the hip, 
the data are consistent with a linear relationship, and suggest 
that measurements made at other sites provide no additional 
information about fracture risk above and beyond that provided 
by hip BMD itself.

The decrease in bone density associated with age makes a 
limited contribution to the exponential increase in the risk of hip 
fracture with age. For effective prevention, high risk groups need 
to be identified. Age, BMI, gender, height, the use of a walking 
aid, cigarette smoking, concomitant diseases, and laboratory 
evaluation [25(OH)D3 serum level in particular, that warrants 
a different specific therapeutic intervention, such as vitamin D 
replenishment until adequate serum levels are achieved] are 
not included in clinical hip fracture risk assessment and are 
not considered acceptable criteria for reimbursement of fracture 
risk-reducing treatments.

Conclusions
About one-third of the elderly hip fracture patients in our study 
had “non-osteoporotic” bone densitometry results and no previ-
ous osteoporotic fracture, and might have been missed using 
currently applied criteria for fracture prevention treatment.

Hip fracture risk assessment should probably include numer-
ous factors: non-skeletal disorders such as diabetes, coronary 
artery disease and others that may increase the propensity to 
fall, vitamin D status, and possibly bone turnover assessment. 
Quantitative assessment based on a combination of these and 
other factors with established risk assessment thresholds is not 
yet available and are currently being developed by the WHO com-
mittee. For the time being, physicians should be more attentive 
to the presence of these factors and broaden the indications for 
therapeutic intervention (for example, vitamin D replenishment 
until adequate serum levels are achieved) for the elderly with 
“non osteoporotic” BMD values. 
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