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Osteoporosis is a metabolic bone disease char-
acterized by low bone mass and deterioration of 
bone microarchitectonics, leading to increased frac-
ture risk. Osteoporotic fractures are one of the caus-
es of disability and mortality in the elderly population. 
While postmenopausal osteoporosis occurs due to 
low estrogen levels, the cause of senile osteopo-
rosis is low levels of vitamin D3 [1, 2]. Bone mass 
alone cannot explain the risk of fractures in all cases 
[3]. The existence of patients with osteoporosis but 
without fractures and those with osteopenia but with 
multiple fractures proves that bone mineral density 
(BMD) alone is not a suffi  cient indicator for predict-
ing fracture risk. It is estimated that women with sco-
liosis have higher fracture risk [4]. Using algorithms 
of computer vision we can easier detect patients with 
scoliosis and can better make decision about their 
fracture risk [5, 6, 7].

Globally, there are several tools for fracture risk 
assessment [8, 9]. The most popular is the Fracture 
Risk Assessment Tool (FRAX), which is available for 
free online. The FRAX algorithm is a web-based tool 
(www.shef.ac.uk/FRAX), published in 2008 by the 
University of Sheffi  eld and developed to calculate 
the 10-year probability for major osteoporotic frac-
ture (MOF) and for hip fracture (HF) based on clini-
cal risk factors and BMD. According to the National 
Osteoporosis Foundation, treatment is recommend-

ed for patients with BMD of the lumbar spine, femo-
ral neck or total hip corresponding to osteoporosis. 
For patients with osteopenia (with T-score between 
-1.0 SD and -2.5 SD), treatment is recommended for 
all ages and genders with FRAX MOF ≥ 20% and 
with FRAX HF ≥ 3% [10, 11, 12, 13].

The aim of this study is to evaluate the characteris-
tics of patients with FRAX MOF ≥ 20% and with FRAX 
HF ≥ 3% using the innovative REMS technology.

Pඉගඑඍඖගඛ ඉඖඌ ඕඍගඐ඗ඌඛ

101 postmenopausal women aged 65 years ± 
11 years (SD), (range 43-87) were included in the 
study. Women were divided into 2 groups according 
to the fracture risk: 1st – with FRAX MOF below 20% 
and FRAX HF below 3%, and 2nd - with FRAX MOF 
≥ 20% and FRAX HF ≥ 3%. FRAX score has been 
calculated without inclusion of the value of bone min-
eral density. Information is collected for the following 
risk factors – previous fractures, diagnosed rheuma-
toid arthritis (RA), smoking, use of glucocorticoids 
(GC) and alcohol consumption of more than 30 ml 
alcohol daily. 

Sගඉගඑඛගඑඋඉඔ ඉඖඉඔඡඛඑඛ

A chi-square test was used to assess whether 
there is a signifi cant diff erence between risk factors 
in the two groups. A descriptive statistical analysis 
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was used to describe the characteristics of both 
groups. Student‘s T-test for independent samples 
was used to assess the association between a quan-
titative and qualitative variable, and the chi-square 
test for two qualitative variables.

Rඍඛඝඔගඛ

65.4% of the women (66/101 women) have 
FRAX score for MOF below 20% and 34.6% have 
FRAX score for MOF ≥ 20%. 48.5% (49/101) of the 
women have FRAX score for hip fractures (HF) be-
low 3% and 51.5% have FRAX score for HF ≥ 3%. 
Women with FRAX MOF ≥ 20% and FRAX HF ≥ 3% 
were signifi cantly older (mean age 73 years, respec-
tively 72 years) than those with FRAX MOF below 
20% and FRAX HF < 3% (mean age 62 years, re-
spectively 59 years), (p = 0.000). The mean weight 
and height of the women with FRAX MOF ≥ 20% and 
with FRAX HF ≥ 3% were signifi cantly lower (mean 
weight 60.6 kg for FRAX MOF ≥ 20%, respectively 
61.39 kg. for FRAX HF ≥ 3%, and mean height 151.7 
cm for FRAX MOF ≥ 20% and 153.2 cm for FRAX 
HF ≥ 3%) of those women with FRAX MOF below 
20% and FRAX HF < 3% (mean weight 69.4 kg, 71.7 
kg, mean height 158.75 cm and 159.67 cm, respec-
tively), (p = 0.003 for the weight and p = 0.000 for the 
height), (p = 0.000), (Table 1).

Comparing risk factors: previous fractures, 
smoking, use of corticosteroids (CS), rheumatoid ar-
thritis (RA) and alcohol consumption of more than 30 

ml. alcohol daily in the groups formed according to 
the fracture risk, we established a statistically signif-
icant relationship for the risk factors: previous frac-
tures, use of CS and history of RA. The ratio (women 
with previous fractures) / (women without previous 
fractures) is signifi cantly higher in the groups with 
FRAX score for MOF ≥ 20% (3.25) and with FRAX 
score for HF ≥ 3% (1.55) compared to the groups 
with FRAX MOF < 20% (0.40) and FRAX HF < 3% 
(0.4), p = 0.000, comparing women with fractures 
between the gropups according to FRAX MOF and 
p = 0.001, comparing the women with fractures be-
tween the groups according to FRAX HF. There is 
no statistically signifi cant diff erence in the number of 
smokers and non-smokers, as well as in the number 
of women who consume more than 30 ml. alcohol 
per day compared to those who don’t consume any 
alcohol or consume smaller amounts of alcohol daily 
between the groups according to FRAX MOF (p = 
0.342) and according to FRAX HF (0.953). Cortico-
steroid use and diagnosis of RA are signifi cant risk 
factors for FRAX MOF ≥ 20 (p = 0.010 and p = 0.017, 
respectively) and for FRAX HF ≥ 3%, (p = 0.044 and 
p = 0.026, respectively). The ratios (women using 
CS) / (women without CS) and (women with RA) / 
(women without RA) were signifi cantly higher in the 
groups with MOF ≥ 20% (0.36 for CS and 0.62 for 
RA) and with FRAX HF ≥ 3% (0.24 for CS and 0.5 
for RA) compared to the groups FRAX MOF < 20% 
(0.08 for CS and 0.2 for RA) and FRAX HF < 3% 
(0.09 for CS and 0.16 for RA), (Table 2).

Table 1. Student‘s t-test for independent samples to compare age, weight, height and BMI between the two groups; FRAX 
risk groups: MOF-major osteoporotic fracture, HF-hip fracture

FRAX MOF

FRAX N Mean value Standard deviation p-value

Age (years)
< 20% 66 62 8.918

0.000
 ≥ 20% 35 73 8.161

Weight(kg)
< 20% 66 69.41 14.788

0.003
 ≥ 20% 35 60.68 10.221

Height (cm)
< 20% 66 158.75 7.7946

0.000
 ≥ 20% 35 151.694 6.0236

BMDFN (g/cm2)
< 3% 49 59 7.464

0.000
 ≥ 3% 52 72 7.860

FRAX HF

Age (years)
< 3% 49 71.69 15.330

0.00
 ≥ 3% 52 61.39 10.431

Weight(kg)
< 3% 49 159.67 7.9199

0.00
 ≥ 3% 52 153.16 6.6217

Height (cm)
< 20% 66 62 8.918

0.000
 ≥ 20% 35 73 8.161

BMDFN (g/cm2)
< 20% 66 69.41 14.788

0.003
 ≥ 20% 35 60.68 10.221
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The need for adequate treatment of patients at 
high risk of fractures brings to the fore the need for 
new models to predict this risk. The FRAX algorithm, 
launched by the WHO in 2008, is a fracture risk as-
sessment tool that gives a 10-year probability of major 
osteoporotic fractures and hip fractures [14, 15]. The 
clinical risk factors included in the FRAX model are, 
on the one hand, easily accessible and, on the other 
hand, strictly validated by evidence-based medicine 
[16]. In the present study, the ability to assess 10-year 
fracture risk with REMS technology, which has inte-
grated FRAX software [17], motivates us to describe 
the characteristics of patients in diff erent risk groups 
according to FRAX, using this innovative method.

The results of the study show that age is an im-
portant risk factor for MOF and HF and that there is a 
statistically signifi cant diff erence in age between the 
groups. The eff ect of the age on risk assessment with 
FRAX is consistent with data provided by the Nation-
al Osteoporosis Group [18]. In a study by Gadam et 
al., age was the only risk factor in postmenopausal 
women which diff ered signifi cantly between identical 
and non-identical predictions [19, 20, 21, 22].

Weight and height were signifi cant risk factors 
for FRAX MOF ≥ 20% and for FRAX HF ≥ 3% in the 
study. Similar results have been observed in other 
studies [23, 24, 25].

Although low BMD values are crucial for osteo-
porotic fractures, some fracture cases are character-
ized by BMD that is not in the range of osteoporosis 
[26, 27]. According to Kanis et al., the prediction of 
fractures only through clinical risk factors and with-
out the inclusion of BMD in the FRAX algorithm is 
comparable to that with the inclusion of BMD. In the 

present study, patients with lower BMD showed a 
signifi cantly higher FRAX score for MOF and HF, 
which is in agreement with other studies [28].

According to our study, the presence of previous 
fractures is signifi cant for FRAX MOF ≥ 20% and for 
FRAX HF ≥ 3%. In the study of Morin et al., nontrau-
matic fractures in women were associated with osteo-
porosis of the femoral neck, and the authors showed 
that the location of previous fractures aff ected future 
fracture risks, regardless of BMD values [28].

Rheumatoid arthritis is included as a dichotomous 
predictor in the WHO FRAX algorithm for predicting 
the 10-year risk of hip or major osteoporotic fractures. 
In our study, RA was a signifi cant factor for FRAX 
MOF and FRAX HF. Several studies have shown, in 
agreement with our study, that the incidence of frac-
tures is higher in patients with RA [29,30].

The use of corticosteroids (CS) is also used in 
the FRAX model. They aff ect fracture risk regardless 
of bone density. According to Kanis et al., the use of 
these drugs is a signifi cant factor for fracture proba-
bility. Fracture probabilities increase by 15% for high 
doses of CS (> 7.5 mg daily) [29,30].

C඗ඖඋඔඝඛඑ඗ඖ

Adult postmenopausal women with low BMD, low 
weight and height, previous fractures, rheumatoid 
arthritis and corticosteroids have the highest risk of 
fractures with FRAX MOF ≥ 20% and FRAX HF ≥ 3%.
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