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1. ABBRЕVIATIONS 

 

BMD – bone mineral density 

BMI – body mass index 

BMR – basal metabolic rate 

DEXA – dual-energy X-ray absorptiometry 

DF – degree of freedom 

FN – femoral neck 

FRAX – fracture risk assessment tool 

HF – hip fracture 

ICD – international classification of diseases 

IOF – International osteoporosis foundation 

KI – confidence interval 

LS – Lumbar spine 

MOF – major osteoporotic fracture 

OP - osteoporosis 

QUS – quantitative ultrasound 

RA – Rheumatoid arthritis 

REMS – Radiofrequency echographic multi spectrometry 

RHIF – Regional health insurance found 

SD – standard deviation 

SE – standard error 

US – ultrasound 

US – United States 

WCO – World Health Organization 
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2. INTRODUCTION 

 

Osteoporosis (OP) is defined as a systemic skeletal disease characterized by low bone 

mass and deterioration of the micro architectonics of bone tissue with a consequent increase in 

bone fragility. Thus, the diagnosis of osteoporosis depends on the quantitative measurement of 

bone mineral density (BMD), considered the main determinant of bone health, which in turn 

determines bone fragility. This description emphasizes that the importance of the disease OP is 

rooted in the fractures that occur as a consequence. 

According to the International Osteoporosis Foundation (IOF), there is a tendency for 

vertebral and hip fractures to increase in the United States and Europe. 30-50% of the women 

and 15-30% of the men are at risk of developing osteoporotic fracture. In 2010, the number of 

deaths caused by osteoporotic fractures in Europe was 43,000 and almost 80% of them were due 

to hip or spinal fractures. Mortality in patients over 65 years of age with a hip fracture averaged 

27% within the first year after fracture.  

Currently the most popular is the FRAX fracture risk assessment model, developed over 

many years by Kanis and team, and published on the University of Sheffield website in 2008. 

The FRAX model provides a framework that improves fracture risk assessment in men and 

women, integrating clinical risk factors alone or in combination with BMD. FRAX is available 

for 66 countries, covering more than 80% of the world's population at risk and is included in 

more than 100 manuals worldwide. The availability of FRAX stimulates the development of 

research in order to create new generations of FRAX models. Examples are countries such as 

Brazil, Mexico and Turkey. The 10-year probability of hip fractures varies more than 15 times 

between the countries. These large differences may be due to some errors such as duplication of 

the same fracture, as well as the inability to use a single methodology. Due to the lack of data on 

major osteoporotic fractures (MOF) in most countries, the probability of MOF is calculated on 

the basis of data from the Malmö study using a special formula.  

From the developed FRAX models it is established that BMD as the only criterion for 

determining treatment becomes more and more inappropriate with age. A similar trend is 

observed in the likelihood of hip fractures. In the United States, an assessment of FRAX is 
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recommended in women with osteopenia and intervention is recommended for a 10-year 

probability of MOF above 20% and for a probability of hip fractures above 3% based on the 

health economic assessments. At this stage, no specific FRAX national model has been 

developed in Bulgaria for the assessment of fracture risk, although this model is globally 

recognized and implemented in the software of many bone density scans. 

Currently, one of the most common methods for diagnosing OP is dual-energy X-ray 

absorptiometry (DEXA), considered the gold standard for measuring BMD. However, DEXA 

also has its limitations, which make it inappropriate for mass screening of the population, such as 

exposure to ionizing radiation, high costs, the need for specialized structures with certified 

personnel and others. These factors necessitate the development of quantitative ultrasound 

(QUS) approaches for assessing bone health and diagnosing OP. QUS methods have several 

potential advantages over DEXA: non-ionizing radiation, lower costs, better portability, and 

availability in primary care rooms without the need for special structures. Currently available 

QUS devices are only used for measurements of peripheral areas such as calcaneus.  

In recent years, an innovative ultrasound approach has been introduced to assess BMDUS 

of the hip and lumbar spine. This approach is defined as radiofrequency echographic multi 

spectrometry (REMS) and is established as an innovative in-vivo technique for early diagnosis 

and monitoring of OP. The study by di Paola et al. compared the T-scores of DEXA and REMS 

and showed promising results that highlighted the high degree of correlation between T-scores 

obtained by both techniques for both lumbar spine (r = 0.94, p <0.001) and femoral neck (r = 

0.93, p <0.001). 
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3. PURPOSE AND TASKS OF THE WORK 

 

To conduct an epidemiological study of hip fractures among the Bulgarian population to 

develop a specific national model for predicting osteoporotic fracture risk. To assess the BMDUS 

of the axial skeleton and fracture risk through FRAX tool based on assessment with 

radiofrequency echographic multi spectrometry (REMS). 

Within the dissertation work the following tasks are formed: 

 

Task 1. To determine the frequency of the hip fractures in the Stara Zagora region in people 

aged ≥ 40 years, divided into 5-year intervals for men and women. 

Task 2. To assess the probability of a major osteoporotic fracture and hip fracture in Bulgaria 

and to compare with neighboring countries. 

Task 3. To predict the lifetime probability of hip fractures from the age of 50 years for men and 

women and to compare it with other countries. 

Task 4. To compare BMDUS, respectively T-score between left and right femoral neck, 

measured with REMS 

Task 5. To determine whether the measurement of both hips with REMS changes the final 

diagnosis. 

Task 6. To assess the differences in age, height, weight and BMI between women with normal 

BMDUS, osteopenia and OP of the lumbar spine and femoral neck with REMS. 

Task 7. To investigate whether there is a significant difference between the groups with normal 

BMDUS, osteopenia and OP in premenopausal and postmenopausal women scanned with REMS. 

Task 8. To assess whether there are significant differences in body fat and basal metabolic rate 

(BMR) between the groups with normal BMDUS, osteopenia and OP of the lumbar spine and 

femoral neck, established with REMS. 

Task 9. To create a specific model for predicting the independent risk factors for T-score <-1 SD 

with REMS. 

Task 10. To identify the significant risk factors for calculating the 10-year fracture risk (FRAX) 

in women who have performed a REMS study. 

Task 11. To create a specific model for predicting the independent risk factors for FRAX MOF 

≥20% with REMS. 
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4. CLINICAL MATERIAL AND METHODS 

 

4.1. Clinical material 

 

4.1.1. General characteristics of the women who conducted a REMS study 

 

 

A total of 324 premenopausal and postmenopausal women underwent a REMS study. 

They have an average age of 62 ± 12 years (range 33-88 years), with an average weight of 70.5 

kg. ± 15.7 kg. (range 39.4-127 kg.), average height 157.1 cm. ± 8.8 cm. (range 100-182 cm.) and 

average BMI - 28.6 kg/m
2
 ± 6.1 kg/m

2
 (range 14.9-47.5 kg/m

2
) (Figure 1).  

 

 

 

 

Fig. 1. General characteristics of the women 
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4.1.2. Distribution of the women according to the BMDUS of lumbar spine and femoral 

neck, measured with REMS 

 

 

In 324 women lumbar spine BMDUS (LS) has been measured with REMS and according 

to the lumbar spine T-score, the women were diagnosed with: 1. normal BMDUS, 2. osteopenia 

and 3. OP. 73 of 324 patients (22.5%) had normal BMDUS, 157 of 324 patients (48.5%) had 

osteopenia, and 94 of 324 patients (29%) had OP. Of the 324 women, 299 women underwent a 

left hip examination. Of these 299 women, 141 women were further examined for the right hip. 

According to BMDUS, respectively T - score of the left femoral neck (FN) patients are divided 

into 3 groups as follows: 1. normal BMDUS - 26.4% (79/299 patients), 2. osteopenia - 48.8% 

(146/299 patients) ) and 3. OP - 24.8% (74/299 patients), Figure 2. The number of women with 

osteopenia, on both LS and FN - predominates - about half of the women. Patients with OP of 

the LS and FN are about a quarter of the total number of women.    
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Fig. 2. Distribution of the patients in the 3 groups: 1. normal BMDUS, 2. osteopenia, 3. OP; a/ 

according to BMDUS, respectively T - score of LS; b/ according to BMDUS, respectively T - 

score of FN 
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4.2. Methods 

 

4.2.1. Methodology of the epidemiological study of hip fractures among the Bulgarian 

population for development of a specific national model for predicting osteoporotic 

fracture risk  

 

The cases of hip fractures (with ICD: S72.0, S72.1 and S72.2) in Stara Zagora region are 

analyzed. To avoid duplication of fractures, re-hospitalizations due to a fracture at the same site 

within 3 months are excluded. The incidence of hip fractures is calculated for people ≥ 40 years 

of age, divided into 5-year intervals for men and women. The age of 40 is chosen due to the fact 

that FRAX allows fracture risk calculation only after the age of 40. The age- and sex-specific 

incidence for 2015–2017 is applied to the Bulgarian population for 2015 to estimate the number 

of hip fractures nationwide. Additionally, future projections are estimated up to 2050, assuming 

that the age- and sex-specific incidence remained stable.  The data for hip fractures are used to 

build a FRAX model for Bulgaria. For other major osteoporotic fractures (MOF) (spine, forearm 

and shoulder) it is considered that the age- and sex-specific ratios of these fractures to the risk of 

hip fractures in Bulgaria are comparable to that in Sweden. This assumption is used for most 

FRAX models with incomplete epidemiological information on other fractures. The risk factors 

used are based on a systematic set of Meta-analyzes for population-based cohorts worldwide and 

validated in independent cohorts for 1 million patient-years of follow-up. The construction of the 

FRAX model for Bulgaria preserves the beta coefficients of the risk factors from the original 

FRAX model with incidence rates for hip fractures and mortality for the country. The 10-year 

fracture probabilities are compared with those of neighboring countries with the FRAX models 

of Greece, Serbia, Turkey and Romania. 

To compare Bulgarian hip fracture probabilities with those from other regions of the 

world, the remaining lifetime probability of hip fractures from the age of 50 years is calculated 

for men and women, as described by Kanis et al. 
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4.2.2. Methods for evaluating patients who have undergone scans with REMS 

 

Women who underwent scans with REMS are assessed for age, height, weight, BMI, 

menopause, fat percentage, BMR, and the following risk factors for calculating FRAX fracture 

risk - previous fracture, family history of hip fracture, smoking, alcohol consumption ≥ 3 units 

per day, corresponding to 30 ml. alcohol daily, use of corticosteroids (CS), rheumatoid arthritis 

(RA) and secondary OP. Height was measured in centimeters (cm) with a certified stadiometer, 

and weight was measured in kilograms (kg) with a certified scale. BMI is calculated 

automatically with the software of the REMS device after entering the height and weight 

according to the formula: BMI = weight/height
2
 in kg/m

2
. The 10-year fracture risk for major 

osteoporotic fracture (MOF) and hip fracture (HF) are assessed on the basis of a specially built-

in REMS risk calculator FRAX, which is identical to that published on the website of the 

University of Sheffield, UK. As the specific national data for the Bulgarian FRAX have not yet 

been officially introduced in the bone density scans, the FRAX in our study is calculated from 

the information on fracture risk of the neighboring country Romania. An assessment for FRAX 

is made only for women between the ages of 40 and 90 years according to the requirements of 

the model. A previous fracture is considered to be present only if it occurred spontaneously or 

more precisely if it is a fracture resulting from trauma that would not lead to a fracture in a 

healthy individual. There is a special situation with a history of a previous vertebral fracture, 

because even a morphometric vertebral fracture is reported as a previous fracture. The family 

history of hip fracture is defined as a history of hip fracture of the mother or father of the patient 

being examined. The risk factor “smoking” is assessed as present if the subject uses currently 

tobacco products. Alcohol consumption is added to fracture risk only if the patient consumes 3 or 

more units of alcohol per day. The use of CS is defined as available if the patient is currently 

taking oral CS or has taken oral CS in the past for more than 3 months with a dose of 

prednisolone ≥ 5 mg daily (or equivalent doses of other CS). RA is noted as a risk factor if the 

patient has a confirmed diagnosis according to the fulfillment of the criteria for diagnosis. 

Secondary OP includes type I diabetes (insulin-dependent), osteogenesis imperfecta in adults, 

untreated long-term hyperthyroidism, hypogonadism or premature menopause (<45 years), 

chronic malnutrition or malabsorption, and chronic liver disease. The innovative REMS 

technology also measures BMDUS of the lumbar spine and hip. Lumbar spine measurements 
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include: BMDUS of L1, L2, L3, L4, total BMDUS of the lumbar spine, total T-score and Z-score. 

Measurements of the hip include BMDUS of the femoral neck, T-score and Z-score of the 

femoral neck, BMDUS, T-score and Z-score of the trochanter, total BMDUS, total T-score and Z-

score of the hip.    

 

4.2.3. Statistical analysis 

 

The statistical evaluation is performed using the program SPSS version 19.0. Using the 

descriptive statistics, we present the data in tables and graphs. Mean values, standard deviations, 

standard errors, minimum and maximum values were calculated by descriptive statistical 

analysis. To compare statistically significant differences between the variables, the chi-square 

test, the Student’s t-test, the ANOVA test, Pearson correlation, and the Bland-Altman method 

were used. Binary logistic regression analysis and Youlden indices assess the independent risk 

factors for T-score <-1 SD and for FRAX MOF ≥20%, as well as the threshold values at which 

significant risk is established. 
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5. RESULTS 

 

5.1. Epidemiological study of the fracture risk (FRAX) for the Bulgarian population based 

on regional data from Stara Zagora 

 

A total of 367 hip fractures were found in men and 1,017 in women with a ratio between 

them (women to men) of 2.8. Before age of 65, hip fractures are more prevalent in men than in 

women with a ratio (women to men) of 0.7, but at older ages the trend is reversed and their 

incidence is higher in women. The incidence of hip fractures increases with age in both sexes, 

but in women the growth is more noticeable, Figure 3.  

 

 

 

Fig. 3. Frequency of hip fractures (HF) for men and women 
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The annual incidence of hip fractures per 100,000 people is calculated by the following formula: 

 

Incidence of HF =
100,000 x number of HF

number of population
 

 

The population data of the district, the number of hip fractures and the annual frequency 

(per 100,000 people) for men and women in Stara Zagora, Bulgaria by age for 2015, 2016 and 

2017 are combined. The data are adjusted for health insurance, Figure 4. 

 

 

Fig. 4. Incidence of hip fractures per 100,000 people per year 
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The 10-year probability of MOF and HF in Bulgaria and neighboring countries is shown 

by the age of Figure 5 and Figure 6 in women with a previous fracture. The 10-year probabilities 

are higher than those in neighboring countries such as Serbia and Romania, lower than those for 

Turkey and similar to those for Greece. 

 

 

Fig. 5. 10-year probability of MOF in women with previous fractures by age for Bulgaria, 

Greece, Turkey, Serbia and Romania. The body mass index is set to 25 kg/m
2
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Fig. 6. 10-year probability of BF in women with previous fractures by age for Bulgaria, Greece, 

Turkey, Serbia and Romania. The body mass index is set to 25 kg/m
2
 

 

Considering that the fracture frequency in Stara Zagora district could represent that in the 

whole country and based on the population data calculated by the United Nations for Bulgaria, 

we assume that the annual number of hip fractures in men and women over 50 years of age in 

2015 is 9322, consisting of 2521 men and 6801 women. The number of hip fractures is expected 

to increase progressively by 2050 by 22% (Table 1). The increase in the number of hip fractures 

is higher in women (24% for women and 18% for men) due to their higher age dependence.  
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Table. 1: Prediction of hip fractures by 2050 

 

 

 

Years 2015 2020 2030 2040 2050 

Men 2521 2567 2739 2903 2973 

Women 6801 7136 7923 8397 8425 

All 9322 9703 10662 11300 11398 

Increase (%) - 4 14 21 22 

 

 

The total number of hip fractures (ICD-10 codes S72.0, S72.1, S72.2) in men and women over 

the age of 50 in 2015 is calculated with a forecast until 2050 in Bulgaria. 

 

The remaining lifetime probability of hip fractures in Bulgarian women over the age of 

50 years is 11.2%, which  lay midway between Romania and Serbia (7.1 and 7.7%, respectively) 

and those of Greece and Turkey (15.4 and 15.9%, respectively), Figure 7 
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Fig. 7. Remaining lifetime probability of hip fractures in Bulgarian women over the age of 50 

years, compared to other countries 
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5.2. Analysis of the results of REMS research  

5.2.1. Results of lumbar spine examinations of axial skeleton with REMS and comparison 

of the BMDUS, respectively T-score between left and right femoral neck  

 

The mean BMDUS of the first lumbar vertebra (BMDUS L1) from the REMS studies was 

0.765g / cm
2 

± 0.152g/cm
2
 (range 0.427-1.235 g/cm

2
), the mean BMDUS of the second lumbar 

vertebra (BMDUS L2) was 0.837g/cm
2
 ± 0.145 g/cm

2
 (range 0.567-1.310g/cm

2
), the mean 

BMDUS of the third lumbar vertebra (BMDUS L3) is 0.892 g/cm
2
 ± 0.137 g/cm

2
 (range 0.578-

1.303 g/cm
2
) and the mean BMDUS of the fourth lumbar vertebra (BMDUS L4) ) is 0.918 g/cm

2
 ± 

0.137 g/cm
2
 (range 0.632-1.341 g/cm

2
). The mean value of the total BMDUS of LS from REMS 

studies is 0.860 g/cm
2
 ± 0.140 g/cm

2
 (range 0.529-1.291 g/cm

2
). The T-scores from the REMS 

LS tests have an average value of -1.7 standard deviations (SD) ± 1.2 SD (range -4.7 SD to 3.0 

SD), and the Z-scores have an average value of -0.2 standard deviations (SD) ± 0.9 SD (range -

2.0 SD to 3.1 SD). Women's body fat content averaged 37.8% ± 8.8% (range 9-52%) and BMR 

averaged 1274.01 kcal/day ± 163.17 kcal/day (range 929.7-1908.4 kcal/day), Table 2. 
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Table. 2: Values obtained from LS measurements with REMS 

 

REMS of 

lumbar spine 

Mean Min Max SD SE 

BMDUS L1 .765 .427 1.235 .152 .008 

BMDUS L2 .837 .567 1.310 .145 .008 

BMDUS L3 .892 .578 1.303 .137 .008 

BMDUS L4 .918 .632 1.341 .137 .008 

Total BMDUS 

LS 

.860 .529 1.291 .140 .008 

Total T-score 

LS 

-1.7 -4.7 3.0 1.2 .1 

Total Z-score 

LS 

-.2 -2.0 3.1 .9 .0 

Fat (%) 37.8331 9.0000 52.0000 8.8160 .5287 

BMR 

(kcal./day) 

1274.01 929.700 1908.400 163.1696 9.7863 
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The mean BMDUS of the left femoral neck from the REMS studies was 0.671 g/cm
2
 ± 

0.133 g/cm
2
 (range 0.347-1.093 g/cm

2
), the T-score of the left femoral neck had an average value 

of -1.7 SD ± 1.1 SD (range -4.5 to 2.2 SD), and Z - the score of the left femoral neck has an 

average value of -0.2 SD ± 1 SD (range -2.4 to 3.3 SD). The mean BMDUS of the left trochanter 

is 0.833 g/cm
2
 ± 0.142 g/cm

2
 (range 0.447-0.833 g/cm

2
), the T - score of the left trochanter has 

an average value of -0.8 SD ± 1 SD (range -3.6 to 2.9 SD), and Z - the score of the left trochanter 

has an average value of -0.1 SD ± 0.9 SD (range -2.1 to 3.5 SD). The total BMDUS of the left hip 

is 0.818 g/cm
2
 ± 0.149 g/cm

2
 (range 0.433-1.275 g/cm

2
), the total T-score of the left hip has an 

average value of -1.1 SD ± 1.1 SD (range -4.2 to 2.7 SD) , and the total Z - score of the left hip 

has an average value of 0 SD ± 1 SD (range -2.2 to 3.5 SD). The 10-year fracture risk associated 

with FRAX MOF, calculated from the T-score of the left femoral neck from REMS studies, 

averaged 15.5% ± 11.6% (range 1.9-66.9%). The 10-year fracture risk associated with FN 

fracture averaged 4.7% ± 7.3% (range 0.01-56.2%), Table 3.  
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Table. 3: Values obtained from left hip measurements with REMS 

 

REMS of left 

hip 

Mean Min Max SD SE 

BMDUS FN .671 .347 1.093 .133 .008 

T-score FN -1.7 -4.5 2.2 1.1 .1 

Z-score FN -.2 -2.4 3.3 1.0 .1 

BMDUS 

trochanter 

.833 .447 1.316 .142 .008 

T-score 

trochanter 

-.790 -3.600 2.900 1.038 .060 

Z-score 

trocahnter 

.1 -2.1 3.5 .9 .1 

Total BMDUS 

FN 

.818 .433 1.275 .149 .009 

Total T-score 

FN 

-1.1 -4.2 2.7 1.1 .1 

Total Z-score 

FN 

.0 -2.2 3.5 1.0 .1 

FRAX MOF 15.4601 1.8700 66.9300 11.5523 .6966 

FRAX HF 4.7327 .0100 56.2300 7.2515 .4373 

 

 

6.2.3. Comparison of BMDUS of left and right femur, measured with REMS 

 

In 141 of 324 women, tests were performed on the left and right femurs in parallel. Using 

the Bland-Altman diagram, we compare the BMDUS of the right FN with the BMDUS of the left 

FN. The diagram shows that most of the mean values of the right FN BMDUS and the left FN 

BMDUS show a difference between the right FN BMDUS and the left FN BMDUS around zero. 



24 

Some of the cases deviate with a difference of BMDUS on the right FN and BMDUS on the left 

FN by about 0.05 compared to zero (-0.05, + 0.05). Very few of the cases differ in the BMDUS of 

the right FN with the BMDUS of the left FN between -0.2 and -0.05. These results show that the 

values of BMDUS on the left and right FN do not differ significantly (Figure 8). 

 

Fig. 8. Bland-Altman plot for comparing the values of BMDUS between right and left FN 
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After comparing the BMDUS of the two femoral necks, we also compare their T-scores (Figure 

9). 

Fig. 9. Comparison of the T-scores of the two femoral necks using Scatterplot 

After performing the Pearson correlation test, we found that the T - scores of the left and 

right FN have a strong correlation (r = 0.991), which is significant (p = 0.000). 
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5.2.2. Investigation of the cases with a change in the final diagnosis after measuring both 

hips with REMS 

 

The analysis showed that after an additional examination of the right hip, the diagnosis 

changed in a total of 7 of 141 patients (5%). According to the assessment of BMDUS, 

respectively of the T - score on the left FN, it was found that 34 women have normal BMDUS, 68 

women have osteopenia and 39 women have OP. After additional assessment of BMDUS of the 

right FN, respectively of T - score this situation changes for as 5 of the patients with normal 

BMDUS, who after the additional examination are diagnosed with osteopenia, and for 2 of the 

patients with osteopenia, who are subsequently diagnosed with OP (Figure 10).  

 

Fig. 10. Comparison of the diagnoses of normal BMDUS of FN, osteopenia and OP after a 

simultaneous examination of both hips with REMS  
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5.2.3. Assessment of the differences in age, height, weight and BMI between women with 

normal BMDUS, osteopenia and osteoporosis of the lumbar spine and femoral neck, 

measured with REMS  

 

After performing the ANOVA test, it was found that the age of the women increased 

significantly in the groups with: 1. normal BMDUS, 2. osteopenia and 3. OP. This significant 

dependence is valid for the measurements of both - LS BMDUS (p = 0.000) and FN BMDUS (p = 

0.000). The mean age of women with normal BMDUS is 55 years ± 10 years (range 33-83 years), 

the mean age of women with osteopenia is 60 years ± 9 years (range 35-86 years), and this in 

women with OP is 73 years ± 8 years (range 50-88 years). The mean age of the women with 

normal left FN BMDUS is 58 years ± 11 years (range 33-86 years), the mean age of the women 

with osteopenia is 62 years ± 9 years (range 35-87 years), and this in the women with OP is 71 

years ± 8 years (range 50-88 years). Boxplot diagrams show the mean age of patients in the 

groups with normal BMDUS, osteopenia and OP according to the measurements of the two axial 

locations - LS and FN, Figure 11. 
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Fig. 11. Boxplot diagrams of the mean age of patients in the groups with: 1. normal BMDUS, 2. 

osteopenia, 3. OP according to BMDUS measurement of: a- LS; b - left FN  
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After performing the ANOVA test, it was found that the height of women decreased 

significantly in the groups with: 1. normal BMDUS, 2. osteopenia and 3. OP. This significant 

dependence is valid for the measurements of BMDUS of the lumbar spine (p = 0.000) , as well as 

the measurements of the BMDUS of the hip (p = 0.000). The mean height of the women with 

normal BMDUS of LS is 165.2 cm ± 8.1 cm (range 155-182 cm), the mean height of women with 

osteopenia is 157 cm ± 6 cm (range 140-172 cm), and this in women with OP is 151.3 cm ± 6.1 

cm (range 150.1-152.6 cm). The mean height of women with normal BMDUS of left FN is 163.1 

cm ± 8.7 cm (range 146-182 cm), the mean height of women with osteopenia is 156.1 cm ± 7 cm 

(range 134-176 cm), and that of women with OP is 152.1 cm ± 8.9 cm. The ANOVA test also 

found that the weight of women decreased significantly in the groups with: 1. normal BMDUS, 2. 

osteopenia and 3. OP, as in the measurements of BMDUS of lumbar spine (p = 0.000) and in the 

measurements of BMDUS on the left femoral neck (p = 0.000). The average weight of women 

with normal BMDUS is 87.7 kg. ± 14.9 kg. (range 49-127 kg.), the average weight of women 

with osteopenia is 69.2 kg. ± 11.5 kg. (range 43-103 kg), and that of women with OP is 58.8 kg. 

± 9 kg. (range 39.4-78 kg.). The average weight of women with normal BMD on the left FN is 

88.1 kg. ± 11.7 kg. (range 65-127 kg.), the average weight of women with osteopenia is 67.2 kg. 

± 8.7 kg. (range 46-96 kg), and that of women with OP is 54.9 kg. ± 7.6 kg. (range 39.4 kg. - 88 

kg.). The BMI of women also decreased significantly in the groups with: 1. normal BMDUS, 2. 

osteopenia and 3. OP in the measurements of BMDUS of lumbar spine (p = 0.000) and in the 

measurements of BMDUS of the left FN (p = 0.000 ). The mean BMI of women with normal 

BMDUS is 32.4 kg/m
2
 ± 6.4 kg/m

2
 (range 20.4-47.5 kg/m

2
), the mean BMI of women with 

osteopenia is 28.3 kg/m
2
 ± 5.6 kg/m

2
 (range 16.9-46.4 kg/m

2
) and that of women with OP is 25.9 

kg/m
2
 ± 4.9 kg/m

2
 (range 14.9-37.7 kg/m

2
), Table 4.  
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Table. 4: Distribution of women by weight, height and BMI in the groups with normal BMDUS, 

osteopenia and OP according to the measurements of BMDUS of LS and left FN with REMS 

 

Characteristics Cout 

(N) 

Mean SD SE 95% CI Min. Max. 

lower upper 

Weight 

(kg) 

 

BMDUS of 

LS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Normal  

BMDUS 

73 87.86 14.8

7 

1.740

5 

84.393 91.333 49.0 127.0 

Osteopenia 157 69.23 11.5

3 

.9198 67.419 71.053 43.0 103.0 

OP 94 58.83 9.00 .9334 56.979 60.686 39.4 78.0 

Total 324 70.45 15.6

7 

.8716 68.735 72.165 39.4 127.0 

Height 

(cm) 

Normal  

BMDUS 

73 165.1

5 

8.07 .9450 163.267 167.03

4 

155.0 182.0 

Osteopenia 157 157.0

0 

5.97 .4766 156.065 157.94

8 

140.0 172.0 

OP 94 151.3

2 

6.12 .6348 150.063 152.58

5 

134.0 165.0 

Total 324 157.2

1 

8.18 .4550 156.316 158.10

6 

134.0 182.0 

BMI 

(kg/m
2
) 

 

Normal  

BMDUS 

73 32.43 6.37 .745 30.946 33.920 20.4 47.5 

Osteopenia 157 28.30 5.59 .446 27.420 29.184 16.9 46.4 

OP 94 25.92 4.89 .507 24.914 26.929 14.9 37.7 

Total 324 28.55 6.04 .336 27.888 29.212 14.9 47.5 

Weight 

(kg) 

 

BMDUS of 

FN 

 

 

 

 

Normal  

BMDUS 

79 88.09 11.6

8 

1.315 85.472 90.706 65.0 127.0 

Osteopenia 146 67.21 8.67 .716 65.794 68.631 46.0 96.0 

OP 74 54.87 7.59 .888 53.098 56.639 39.4 88.0 

Total 

 

 

299 69.72 15.3 .885 67.981 71.465 39.4 127.0 



31 

 

SD - standard deviation, SE - standard error; CI – confidence interval  

 

 

 

 

Charact

eristics 

 Coun

t (N) 

Mean SD SE 95% CI 

Upper 

95% 

CI 

Lower 

Min. Max. 

Height 

cm) 

Normal  

BMDUS 

79 163.0

5 

8.70 .979 161.102 165.00

0 

146.0 182.0 

Osteopenia 146 156.0

8 

7.04 .582 154.930 157.23

4 

134.0 176.0 

OP 74 152.0

8 

8.92 1.044 150.001 154.16

6 

100.0 165.0 

Total 299 156.9

5 

8.92 .517 155.934 157.96

6 

100.0 182.0 

BMI 

(kg/m
2
) 

 

Normal  

BMDUS 

79 33.38 5.41 .609 32.169 34.594 21.9 47.5 

Osteopenia 146 27.85 4.65 .385 27.086 28.608 16.9 39.5 

OP 74 23.64 3.87 .453 22.741 24.546 14.9 34.4 

Total 299 28.28 5.85 .339 27.618 28.951 14.9 47.5 
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5.2.4. Comparison between the groups with normal BMDUS, osteopenia and osteoporosis in 

premenopausal and postmenopausal women assessed with REMS 

 

Of the 324 women, 260 women (80%) are menopausal. The mean age at which 

menopause occurs in the patient population is 47 years ± 5 years (range 33-56 years). Out of 324 

women, 70 women (21.6%) have premature menopause (menopause under the age of 45). Of 

menopausal women, the highest number of women with osteopenia - 135 women (51.9%) and 

OP - 35.4% (92/260 women), and the lowest number of women with normal BMDUS - 12.7% ( 

33/260 women). Out of a total of 64 premenopausal women, the majority of women had normal 

BMDUS: 40 women (62.5%), fewer were with osteopenia: 22 women (34.4%) and only 2 women  

had OP (3.1%). After a chi-square test, menopause was found to be a significant risk factor for 

LS BMDUS reduction, measured by REMS (p = 0.000), Figure 12. Of a total of 64 

premenopausal women, 55 women underwent assessment of the BMDUS of the left FN with 

REMS. Most of them are women with normal BMDUS - 32 women (58.1%). There are fewer 

women with osteopenia - 20 women (36.4%) and the least are women with OP - 3 women 

(5.5%). Out of a total of 260 postmenopausal women, 244 women underwent assessment of the 

BMDUS of left FN with REMS. Of these, the largest number of patients is with osteopenia - 126 

women (51.6%), followed by patients with OP - 71 women (29.1%), and the smallest number of 

women is with normal BMDUS of the left  FN - 47 women (19.3%). After conducting a chi-

square test, it was found that menopause is a significant risk  

factor for reducing BMDUS of the left femoral neck, measured by REMS (p = 0.000), Figure 13. 
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.  

 

Fig.  12. a - distribution by age of menopause; b - distribution of patients with and without 

menopause by diagnosis according to BMDUS of LS: normal BMDUS, osteopenia and OP  
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Fig.  13. Distribution of women with and without menopause in the 3 groups: 1. normal BMDUS, 

2. osteopenia, 3. OP according to BMDUS of the left FN  
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5.2.5. Assessment of the differences in body fat content and basal metabolic rate between 

the groups with normal BMDUS, osteopenia and osteoporosis measured by REMS 

 

Body fat and BMR were measured in 278 of 324 women. Of these, a total of 259 women 

had a BMDUS examination of the left femoral neck. With the help of the ANOVA test, the 

dependence between the content of body fat, respectively of BMR and BMDUS of LS and left FN 

is assessed. After the analysis, it was found that women with OP of LS have a significantly lower 

body fat content - an average of 36% ± 8.8% (range 16.3% -52%) compared to women with 

osteopenia - an average of 38% ± 8.2% (range 9% -52%) and those with normal BMDUS - 

average value 40% ± 10.2% (range 14% - 52%), (p = 0.022). This dependence is even more 

significant for women with OP of the left FN compared to those with osteopenia and normal 

BMDUS (p = 0.000). The mean body fat content in women with OP of the left FN was 32% ± 

7.3% (range 16% -48%), in those with osteopenia was 38% ± 9.6% (range 14% - 52%), and in 

those with normal BMDUS is 42% ± 9.6% (range 14% -52%). A similar dependence is observed 

for BMR. Women with LS OP have a mean BMR of 1152 kcal/day ± 89 kcal/day (range 930-

1432 kcal/day), women with LS osteopenia have a mean BMR of 1263.6 kcal/day ± 95.2 

kcal/day (range 1008.3- 1489.3 kcal/day), and those with normal BMDUS of LS - 1480.7 

kcal/day ± 177.8 kcal/day (range 1120.5-1908.4 kcal/day). These differences were statistically 

significant (p = 0.000). Women with OP of left FN have a mean BMR of 1125 kcal/day ± 90.8 

kcal/day (range 929.7-1432.3 kcal/day), women with osteopenia of FN have a mean BMR of 

1248 kcal/day ± 81.7 kcal/day (range 1070-1625.8 kcal/day), and those with normal BMDUS of 

FN - 1467 kcal/day ± 157.5 kcal/day (range 1134.3-1908.4 kcal/day). These differences are 

statistically significant (p = 0.000), Figure 14. 
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Fig.  14. Mean values of body fat content (%) in the groups with normal BMDUS, osteopenia and 

OP: a-by BMDUS of LS; b-by BMDUS of left FN and BMR (kcal/day) in the groups with normal 

BMDUS, osteopenia and OP: c-by BMDUS of LS; d-through the BMDUS of the left FN  

  



37 

5.2.6. Development of a specific model for predicting the independent risk factors for T-

score <-1 SD of the lumbar spine and femoral neck using REMS 

 

After determining with the ANOVA univariate analyses the statistically significant risk 

factors that differ significantly between the groups with normal BMDUS, osteopenia and OP, we 

perform a step-by-step binary regression analysis to determine which of them are independent 

risk factors for BMDUS of LS, corresponding to T score <-1 SD. We create two groups - one 

consists of women with T - score of LS > -1 SD, and the other of those with T - score of LS <-1 

SD. The regression analysis included all significant risk factors - age, weight, height, BMI, 

menopause, body fat composition and basal metabolic rate. The stepwise binary regression 

analysis is performed in four steps, assessing in the fourth step which of the risk factors remain 

independent significant factors for T - score of LS <-1 SD. According to the obtained 

classification table, the binary regression analysis was performed for 273 out of 324 women 

(84.3%). The model is correctly predicted for 94.9% as 82.7% are correctly predicted women 

with T - score above -1 SD, and 97.7% are correctly predicted women with T - score below -1. 

Overall, the model is significant (p = 0.014) in the fourth step. Table 5 presents the results of step 

4 of the binary regression analysis. 
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Table. 5: Indicators from the 4th step of the binary regression analysis for prediction of T - score 

of LS <-1 SD 

 

Independent risk factors RC DF Wald SS P-

value 

Odds 

      

Step 4 age 0.144 0.039 13.462 1 0.000 1.155 

BMI -0.167 0.069 5.976 1 0.015 0.846 

Menopause 2.255 0.819 7.586 1 0.006 9.538 

BMR -0.019 0.004 26.904 1 0.000 0.982 

Const 21.291 4.124 26.659 1 0.000 1.764E9 

 

RC - regression coefficients; DF - degree of freedom; p - value.  
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From the stepwise binary regression analysis, we found that the independent risk factors 

significant for low BMDUS of LS, corresponding to T - score <-1 SD, are age, BMI, menopause 

and BMR. Weight and height are eliminated in the first steps of the regression analysis, as they 

are most likely not independent of BMI risk factors for T - score <-1 SD, and body fat is 

eliminated in the first steps, as it is most likely not independent of BMR as a risk factor for T - 

score <-1 SD. After calculating the Odds ratios for the independent risk factors, we find that each 

added year of women's age increases the risk of T-score <-1 SD of LS by 1.16% or more 

precisely after calculating the sensitivity and specificity of the model and the corresponding 

Their Youlden indices show that 65 years of age is a threshold value for BMDUS of LS, 

corresponding to a T-score <-1 SD. This means that women over the age of 65 are very likely to 

have a lumbar spine T-score lower than -1 SD. The Odds ratio of menopause as a risk factor for 

T-score <-1 SD of LS is 9.54, ie. Menopausal women have about 9.5 times higher risk of T-score 

<-1 SD of LS than premenopausal women. The Odds ratio for BMI is 0.85 and is less than one. 

This means a decrease in Odds in terms of T-score <-1 SD of LS for this risk factor, ie. with the 

increase of BMI by one kg / cm2 decreases the probability of decreased T - score <-1 SD of LS 

by 0.15%. More precisely, after calculating the sensitivity and specificity of the model, as well as 

the corresponding Youlden indices for risk factors, we find that women with a BMI above 28.63 

kg/m
2
 are unlikely to have a T-score <-1 SD of LS. The Odds ratio for BMR is 0.98 and is also 

less than one. With the increase of BMR by one kcal/day the probability for T - score <-1 SD of 

LS decreases by 0.02%, ie. women with BMR> 1331.75 kcal/day are unlikely to develop a BMD 

corresponding to a T-score <-1 SD. Graphically, all Odds ratios are presented in Figure 15. 

  



40 

 

 

Fig. 15. Graphical representation of Odds ratios of the independent risk factors for T - score <-1 

SD of LS 

After determining with the ANOVA univariate test which are the statistically significant 

risk factors that differ significantly between the groups with normal BMDUS of the left FN, 

osteopenia and OP of the left FN, we perform a step-by-step binary regression analysis to see 

which of them are independent risk factors. for the BMDUS of the left FN, corresponding to T 

score <-1 SD. We create two groups of women - one with T - score on the left FN > -1 SD, and 

the other with T - score on the left FN <-1 SD. The regression analysis included all significant 

risk factors - age, weight, height, BMI, menopause, body fat composition and BMR. The step-

by-step binary regression analysis is performed in four steps, assessing in the fourth step which 

of the risk factors remain independent significant factors for the T - score of the left FN <-1 SD. 

According to the obtained classification table, the binary regression analysis was performed for 

254 of 324 women (78.4%). The model is correctly predicted for 92.9% as 80.3% are correctly 

predicted women with a T-score on the left FN above -1 SD, and 96.9% are correctly predicted 

women with a T-score on the left BS below -1 SD. Overall, the model is significant (p = 0.001) 

in the fourth step. Table 6 presents the results of the 4th step of the binary regression analysis. 
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Table. 6. Indicators from the 4th step of the binary regression analysis for prediction of T - score 

of FN <-1 SD 

 

Independent risk factors RC DF Wald SS P 

value 

Odds 

Step 4 age .165 .043 14.884 1 .000 1.179 

BMI -.437 .098 20.010 1 .000 .646 

Menopause 2.808 .952 8.702 1 .003 16.569 

BMR -.017 .004 21.090 1 .000 .983 

Const 24.643 4.531 29.581 1 .000 5.038E10 

 

RC - regression coefficients; DF - degree of freedom; p - value 

 

From the stepwise binary regression analysis, we found that the independent risk factors 

significant for low BMDUS of the left femoral neck, corresponding to a T - score <-1 SD, are age, 

BMI, menopause and BMR. Weight and age are eliminated in the first steps of the regression 

analysis, as they are most likely not independent of BMI risk factors for T - score of left FN <-1 

SD, and body fat is eliminated in the first steps, as most likely not is independent of BMR as a 

risk factor for T - score of left BS <-1 SD. After calculating the odds ratios (ORs) for the 

independent risk factors, we find that each added year of women's age increases the risk of left 

FN T-score <-1 SD by 1.18%, or more precisely after calculating the sensitivity and specificity 

of the model and the corresponding Youlden indices, we found that 63 years of age is a threshold 

value for BMDUS of the left femoral neck, corresponding to a T-score <-1 SD. This means that 

women over the age of 63 are very likely to have a T-score on the left femoral neck lower than -1 

SD. Odds ratio of menopause as a risk factor for T - score of the left BS <-1 SD is 16.57, ie. 

Menopausal women have about 16.6 times higher risk of T - score of left BS <-1 SD than 

premenopausal women. Odds ratio for BMI is 0.65 and is less than one. This means a decrease in 

Odds in relation to the T - score of the left FN <-1 SD for this risk factor, ie. with the increase of 

BMI by one kg/m
2
 decreases the probability of T - score of left FN <-1 SD by 0.35%. More 

precisely, after calculating the sensitivity and specificity of the model, as well as the 
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corresponding Youlden indices, we find that women with a BMI above 26.5 kg/m
2
 are unlikely 

to develop a T-score on the left FN <-1 SD. The Odds ratio for BMR is 0.98 and is also less than 

one. With the increase of BMR by one kcal/day the probability of T - score of left FN <-1 SD 

decreases by 0.02%, ie. women with BMR> 1364.4 kcal/day are unlikely to develop a left 

femoral neck BMDUS corresponding to a T-score <-1 SD. Graphically, all Odds ratios are 

presented in Figure 16. 

 

 

Fig.  16. Graphical representation of Odds ratios of the independent risk factors for T - score of 

the left FN <-1 SD 

 

We comparatively present the two predictive models for T - score <-1 SD for FN and LS, 

as well as Odds ratios of the individual risk factors  (Figure 17)  
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Fig. 17. Graphical representation of Odds ratios of the independent risk factors for T - score <-1 

SD of FN and LS 

When comparing the two models, we find that the independent risk factors BMI, BMR 

and age have a relatively similar predictive ability for T - score <-1 SD, both LS and FN. Only 

the independent risk factor menopause shows about twice the risk of T-score <-1 SD on the left 

FN than of T-score <-1 SD on LS. 

 

5.2.7. Distribution and significance of the risk factors for assessment of 10-year fracture 

risk (FRAX) in patients who underwent REMS assessments 

 

Of the 324 women who underwent the REMS study, the risk factors for 10-year fracture 

risk (FRAX) were analyzed for 304 women aged 40-90 years. About one third of women have a 

history of a previous fracture - (107/304 patients), and 3.3% (10/304) have a history of a parent's 

femoral neck fracture. Current smokers are about 22.7% (69/304 patients), and the number of 

those consuming alcohol is more than 30 ml. daily, amounts to 6.6% (20/304). The incidence of 

0

2

4

6

8

10

12

14

16

18

ИТМ БМО възраст менопауза

Odds ratios

БШ ЛГ



44 

RA among women was about 22.4% (68/304 patients), with about 12.8% (39/304) using CS at 

the time of the study. 70/304 women (23%) have premature menopause and are accordingly 

included in the group of patients with secondary OP, Table 7. 

 

Table. 7. Distribution of patients according to risk factors 

 

 

Risk factors Count 

Previous fracture yes 107 

no 197 

Femoral neck fracture yes 10 

no 294 

Current smoker yes 69 

no 235 

Currently using 

corticosteroids 

yes 39 

no 265 

RA yes 68 

no 236 

Secondary OP yes 70 

no 234 

Consuming alcohol 

more than 30 ml 

daily 

yes 20 

no 284 
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Using Student's T-test, we determine whether there is a statistically significant difference 

in the mean values of FRAX MOF from REMS in the groups of patients with and without 

previous fracture, with and without smoking, with and without the use of CS, with and without 

RA, with and without consumption of  alcohol more than 30 ml. daily with and without 

secondary OP. After the test, we found that there was a statistically significant difference in the 

mean values of FRAX MOF using REMS in patients with a previous fracture compared to those 

without a fracture (p = 0.000), in patients with current use of CS compared to those who do not 

use CS = 0.003), as well as in patients with RA compared to those without RA (p = 0.000). The 

mean values of FRAX MOF using REMS did not have a statistically significant difference in the 

groups of patients with and without consumption of  alcohol more than 30 ml. daily. Smokers 

also did not show a significantly higher fracture risk than non-smokers. There was no statistically 

significant difference between the mean FRAX MOF values in women with and without 

secondary OP. The diagrams show the average values of FRAX MOF using REMS in the 

individual groups according to the risk factor, Figure 18. 
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Fig. 18. Diagrams of the average values of FRAX MOF using REMS in the separate groups 

according to the risk factor: previous fracture; current use of CS; RA; smoking; consumption of 

alcohol> 30 ml. daily; secondary OP 

 



47 

Using the Student's T-test, we determine whether there is a statistically significant 

difference in the mean values of FRAX HF from REMS in the groups of patients with and 

without previous fracture, with and without smoking, with and without the use of CS, with and 

without RA, with and without consumption of hard alcohol more than 30 ml. daily with and 

without secondary OP. After the test, we found that there was a statistically significant difference 

in the mean values of FRAX HF from REMS in patients with a previous fracture compared to 

those without a fracture (p = 0.004), in patients with current use of CS compared to those who do 

not use CS = 0.027), in patients with RA compared to those without RA (p = 0.004). The mean 

values of FRAX HF from REMS did not show a statistically significant difference between the 

group of current smokers and the group of patients who did not smoke, as well as in the groups 

of patients with and without consumption of hard alcohol more than 30 ml. daily and in the 

group of patients with and without secondary OP. The mean values of FRAX HF from REMS in 

the groups of only the significant risk factor are shown, Figures 19, 20, 21. 
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Fig. 19. Diagram of the mean values of FRAX HF from REMS in the individual groups 

according to the risk factor anamnesis for previous fracture 
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Fig. 20. Diagram of the average values of FRAX HF from REMS in the separate groups 

according to the risk factor use of CS 
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Fig. 21. Diagram of the mean values of FRAX HF from REMS in the individual groups 

according to the risk factor anamnesis for RA  
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5.2.8. Creation of a specific model for predicting the independent risk factors for FRAX 

MOF ≥20% with REMS  

 

The regression analysis included all significant risk factors for FRAX MOF identified by the 

univariate analysis. We divide women according to the value of FRAX MOF into two groups - 

one with FRAX MOF <20%, the other with FRAX MOF ≥ 20%. We investigate whether the 

following factors - previous fracture, use of CS, RA and BMD of the left FN are independent 

risk factors for FRAX MOF ≥ 20%. The stepwise binary regression analysis is performed in four 

steps, assessing in the fourth step which of the risk factors remain independent significant risk 

factors for FRAX MOF ≥ 20%. According to the obtained classification table, the binary 

regression analysis was performed for 274 out of 304 women (90.1%). The model was correctly 

predicted for 93% of cases, with 97% being correctly predicted women with FRAX MOF <20% 

and 81.9% being correctly predicted women with FRAX MOF ≥ 20%. Overall, the model is 

significant (p = 0.006) in the fourth step. Table 8 presents the results of step 4 of the binary 

regression analysis. 

 

Table. 8: Indicators of the 4th step of the binary regression analysis for prediction of FRAX 

MOF ≥ 20% 

 

Independent risk 

factors 

RC DF Wald SS P  

val 

Odds 

Step 4 Previous 

fracture 

3.658 .649 31.730 1 .000 38.770 

CS 2.602 .861 9.137 1 .003 13.494 

RA 1.934 .722 7.168 1 .007 6.918 

BMDUS 

FN 

-.342 .053 41.847 1 .000 .710 

Const 17.330 2.857 36.789 1 .000 33606359.707 
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From the stepwise binary regression analysis we found that the independent risk factors 

significant for FRAX MOF ≥ 20% are previous fracture, use of CS, RA and BMDUS of the left 

FN. After calculating the Odds ratios for the independent risk factors, we found that the 

previous fracture increased the risk of FRAX MOF ≥ 20% by 38.77. This means that women 

with a previous fracture have about 38.8 times the risk of future major osteoporotic fracture 

than women without a previous fracture. Odds ratio for women who use CS is 13.49, ie. women 

who use CS have about a 13.5-fold higher risk of future major osteoporotic fracture than those 

who do not use CS. Rheumatoid arthritis increased the risk by 6.92 for FRAX GMOF ≥ 20%. 

Odds ratio for left femoral neck BMDUS is 0.710, i.e. each 1% increase in left femoral neck 

BMD decreases the risk for FRAX MOF ≥ 20% by 0.29%. Graphically, all Odds ratios are 

presented in Figure 22. 

 

 

 

Fig. 22. Odds ratios for individual independent risk factors for FRAX MOF prediction ≥ 20% 

Therefore, the previous fracture increases the fracture risk associated with a future major 

osteoporotic fracture the most, followed by a reduction in the strength of prediction, respectively, 

the use of CS, RA and BMDUS of the left FN. 
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6. DISCUSSION 

The present study characterizes the regional frequencies of femoral fractures in the Stara 

Zagora region. The incidence increases with age in both sexes under the age of 65 and is higher 

in men than in women. At age 65, the incidence of hip fractures is higher in women. Similar 

results have been reported from studies in many other Eastern European countries, including 

Russia, Armenia, Moldova and Belarus. 

Based on regional frequencies, the number of hip fractures in 2015 for the whole country 

is estimated at 9322 and is expected to increase by 22% to 11398 in 2050. These calculations are 

relatively stable, as all studied individuals who in 2050 will be ≥60 years old, are now elderly 

people. However, these estimates are conservative, as they suggest that the age- and gender-

specific risk of femoral fractures remains unchanged during this period. Decreases in age-

specific frequencies occur in countries with a higher fracture risk, and increases over time are 

common in countries with lower risks. It is estimated that a slight increase in normal trends (eg 

1% per year), as observed in Mexico, together with demographic changes, would double the 

number of hip fractures over a 20-year period. Such forecasts are important for health care 

planning. In this regard, the rates of hip fractures and mortality are used to create a specific 

FRAX model for Bulgaria. The 10-year probability of fractures in Bulgaria is significantly 

higher than in neighboring countries such as Serbia and Romania, lower than in Turkey and 

similar to those in Greece. These differences in fracture probabilities cannot be attributed to the 

difference in mortality, but rather are a reflection of differences in femoral fracture risk. The fact 

that there are differences in the incidence of femoral fractures compared to neighboring countries 

underscores the importance of using a country-specific FRAX model rather than a surrogate one. 

Similarly, individuals with a fracture probability that is equivalent to or greater than that 

of women with previous fractures should also be referred for treatment. Age-specific 

intervention thresholds are widely used in Europe and South America. If the same strategy is 

used in Bulgaria, an intervention would be recommended for people with a 10-year probability 

of MOF in the range of 7.7% - 23% depending on age. 

To date, no study has been published with REMS to assess the relationship between age 

and BMDUS of LS and FN. It is generally well known that OP is a disease that is most common 

in older individuals and age has been found to be an independent risk factor for bone loss and 
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pathological fractures. Bones are structures that are constantly renewed. It is an equilibrium 

process that is carried out by many basic units, including osteoblasts and osteoclasts. Osteoclasts 

break down bone, after which osteoblasts replace the removed bone structure, which mineralizes 

over time. With aging, this balance is disturbed by reducing bone formation by osteoblasts and 

increasing bone resorption. At present, there are no previous studies comparing height, weight 

and BMI in the groups with normal BMDUS, osteopenia and OP, assessed with the innovative 

REMS technology. The published literature regarding such comparisons, but based on a T-score 

from DEXA studies, is in line with our results. For example, in the scientific work of Kim and 

co-authors, height, body weight, and BMI were positively associated with the T-score 

established on the basis of a DEXA study. Height and body weight show a stronger correlation 

with the T-score compared to BMI. It has also been found that a low BMI increases the risk of 

fracture due to its association with lower BMD as well as muscle weakness. 

In the present study, for the first time, the frequency of osteopenia and OP with REMS is 

compared between pre- and postmenopausal Bulgarian women. According to the data obtained, 

the incidence of osteopenia and OP is significantly higher among menopausal women compared 

to their frequency in premenopausal women. No previous studies have been published 

comparing the incidence of osteopenia and OP between premenopausal and postmenopausal 

women with the innovative REMS technology. Only studies based on DEXA studies have linked 

menopause to increased bone loss, similar to our study. The effect of menopause on bone loss of 

the femur was studied in 263 women aged between 20 and 84 years. The analysis showed that 

BMD decreased faster in the early postmenopausal years. In the first 6 years after menopause, 

the reduction in BMD of the hip is 3-10 times higher than the reduction before menopause. 

The relationship between body fat and BMDUS has already been studied with REMS by 

Bojincă et al., as well as in two of our previous studies. All these scientific papers agree that 

women with lower body fat rates are more likely to suffer from OP. In a previous study with 

REMS, we showed that women with body fat over 32% had a significantly higher femoral neck 

BMDUS than those with body fat below 32%. These data confirm the results of our current 

analysis. Regarding BMR in our previous study we prove the positive relationship between BMR 

and BMD, ie. women with a higher BMR also have a higher BMI. BMR is closely related to 

BMD in the elderly and may be a new goal aimed at preventing age-related decline in BMD.  
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In the present study, we create a specific model for predicting the risk factors for T-score 

<-1 SD of LS and left FN through the innovative REMS technology. To date, no such model has 

been developed for this methodology. In our analysis, we found that age, BMI, BMR, and 

menopause were independent risk factors for T-score <-1 SD in both LS and left FN. After 

calculating the Youlden indices for these risk factors, we obtain threshold values at which the 

probability of developing a T-score <-1 SD is very high. Thus, we found that age over 65 years is 

the threshold for T-score <-1 SD of LS. According to the analysis for FN, the probability of 

developing a T-score <-1 SD is at the age of 63. Women with a BMI below 28.63 kg/m
2
 are very 

likely to have a T-score <-1 SD of LS, while the threshold value for BMI by BMDUS on the left 

FN is slightly lower - 26.5 kg/m
2
. The probability of developing a T-score <-1 SD of LS is 

significantly high at BMR <1331.75 kcal/day, and that of developing a T-score <-1 SD of left 

FN is high at BMR <1364.4 kcal/day. Menopause increases 9.5 times the risk of developing a T-

score <-1 SD  of LS and 16.6 times the risk of developing a T-score <-1 SD of left FN. The 

construction of such a specific model can be used to assess the risk of developing a T-score <-1 

SD of LS, respectively of the left FN. Therefore, in this way it is possible to assess which women 

are at high risk for the given risk factors and in which of them it is appropriate to measure the 

BMDUS of LS, respectively FN with REMS. 

After conducting Student's T-test, we found that there is a statistically significant 

difference in the mean values of FRAX MOF and FRAX FN from REMS in patients with 

previous fracture compared to those without fracture, in patients with current use of CS 

compared to those who do not use CS , as well as in patients with RA compared to those without 

RA. The mean values of FRAX MOF and FRAX FN from REMS did not have a statistically 

significant difference in the groups of patients with and without consumption of alcohol more 

than 30 ml. daily, as well as in the groups of smoking and non-smoking patients and those with 

and without secondary OP. 

To date, no other large population studies have been published to assess the risk factors 

for FRAX MOF and FRAX HF calculated by REMS for comparison. Only in our previous study 

with REMS did we find that women with a previous fracture had higher mean values of FRAX 

MOF and FRAX HF than women without a previous fracture. 
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From the stepwise binary regression analysis we found that the independent risk factors 

significant for FRAX MOF ≥ 20% are previous fracture, use of CS, RA and BMDUS of the left 

FN. After calculating the probability ratios for the independent risk factors, we found that 

women with a previous fracture had about 38.8 times higher risk of future major osteoporotic 

fracture than women without a previous fracture. Patients who use CS have a risk of FRAX 

MOF ≥ 20% 13.5 times higher than those who do not use CS. RA increases the risk by a factor 

of 6.92 for FRAX MOF ≥ 20%. Each 1% decrease in BMDUS of left FN increase the risk for 

FRAX MOF ≥ 20% by 0.29%. The specific model thus created for predicting FRAX MOF ≥ 

20% by REMS may be useful in assessing therapy in women with risk factors with a high 

probability ratio for FRAX MOF ≥ 20%. 
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7. CONCLUSION: 

 

In conclusion, a FRAX model has been created for Bulgaria based on a regional 

population-based estimate of the incidence of low energy hip fractures. The model should 

enhance accuracy of determining fracture probability among the Bulgarian population and help 

to guide decisions about treatment. It is published on the website of the University of Sheffield: 

https://www.sheffield.ac.uk/FRAX/tool.aspx?country=9 as a FRAX calculator for Bulgaria, 

through which every Bulgarian between the ages of 40 and 90 years can calculate his 10-year 

fracture risk by entering data on age, sex, height, weight and risk factors with or without bone 

mineral density data. The model aims to improve the accuracy of fracture risk determination 

among the Bulgarian population and to support treatment decisions. 

Radiofrequency echographic multi spectrometry (REMS) is an innovative ultrasound 

approach for the assessment of lumbar spine and femoral BMDUS, which has been found to have 

a high degree of correlation with DEXA scan. In the present dissertation, measurements of the 

axial skeleton are made in 324 women with REMS. The influence of the risk factors on the 

BMDUS, as well as on the fracture risk FRAX, calculated by REMS, was studied. Based on the 

obtained data, specific models have been developed for predicting the T-score <-1 SD of the 

lumbar spine and femoral neck, as well as for predicting fracture risk for a major osteoporotic 

fracture ≥20%. They aim to determine the need for a REMS scan, as well as to assess the need 

for treatment.  
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8. INFERENCES: 

 

Based on the results obtained from the present dissertation and comparing them with the 

literature published so far, we can draw the following conclusions: 

1. Before the age of 65, hip fractures are more prevalent in men than in women (ratio of women 

to men: 0.7), but after the age of 65 the opposite trend is observed - their frequency is higher in 

women. 

2. The incidence of hip fractures is expected to increase by 22% in 2050. 

3. According to the prediction of fracture risk through the values of FRAX MOF and FRAX HF, 

we find that Bulgaria has a higher fracture risk than Serbia and Romania, lower than Turkey and 

similar to that in Greece. 

4. Therapeutic intervention is recommended for the Bulgarian population with a 10-year 

probability of MOF in the range of 7.7% - 23% depending on age. 

5. Measurement of both femurs with REMS changes the final diagnosis in only 5% of cases. 

6. Women with osteopenia and OP of the LS and FN, diagnosed with REMS, are significantly 

older and have lower height, weight and BMI compared to those with normal BMDUS. 

7. Postmenopausal women are more likely to develop osteopenia and OP diagnosed with REMS 

than premenopausal women. 

8. Body fat and BMR are significantly lower in the groups with osteopenia and OP of LS and 

FN, established with REMS, compared with those with normal BMDUS. 

9. The independent risk factors for T-score <-1 SD obtained through our specific REMS-based 

model are age, BMI, BMR, and menopause. 

10. Significant risk factors for FRAX MOF and FRAX HF from REMS are previous fracture, 

use of CS and RA. 

11. The independent risk factors for FRAX MOF ≥20% by REMS are previous fracture, use of 

CS, RA and BMDUS of the left FN.  
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9. CONTRIBUTIONS: 

I. Scientifically-applied character 

1. For the first time in Bulgaria, a epidemiological study on femoral fracture risk was conducted. 

2. For the first time, a prediction is made of how the hip fractures will increase by 2050 for the 

Bulgarian population. 

3. For the first time, a specific national model for predicting the osteoporotic fracture risk valid 

for the Bulgarian population is being developed. 

4. For the first time, the lifelong osteoporotic fracture risk is reported among the Bulgarian 

population 

II. With an original character 

1. For the first time, results are presented through the innovative REMS methodology on a 

representative sample of women 

2. For the first time, it is assessed which factors influence the BMDUS of the axial skeleton, 

measured by REMS 

 3. For the first time, a specific model was developed through REMS, which would assess the 

probability of a T-score <-1 SD of LS and left FN in the presence of a certain risk factor. This 

model is useful in determining the need for REMS testing.  

4. For the first time, the independent risk factors for FRAX MOF and FRAX HF are assessed 

through REMS. 

5. For the first time, a specific model has been developed for predicting FRAX MOF> 20% by 

REMS and thus the need for therapy can be assessed. 
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