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 Abstract: Osteoporosis is the most common metabolic bone disease with serious physical, 
psychosocial and economic consequences. It is a chronic, asymptomatic, progressive disease 
with multifactorial aetiology, characterized by reduced bone mineral density and 
microarchitectural deterioration of bone tissue; A retrospective study was conducted, which 
included an initial cohort of 243 patients hospitalized between January 2023 and December 
2023 at the County Emergency Hospital of Sibiu, Clinical Endocrinology Department ; Study 
results suggest that assessment of bone mineral density (BMD) remains a primary standard in 
the diagnosis of osteoporosis, as measured by T and Z scores from DXA densitometry. 
However, biomarkers such as total calcium, ionic calcium, vitamin D, phosphorus, PTH and 
bone degradation markers (e.g. Beta Crosslaps) play a significant role in assessing bone 
metabolism and identifying fracture risk; The study highlights the importance of screening in 
postmenopausal women and the need for calcium and vitamin D supplementation in patients 
with osteoporosis or osteopenia. 
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1. Introduction 

  Osteoporosis is the most common metabolic bone disease with serious 
physical, psychosocial and economic consequences. It is a chronic, asymptomatic, 
progressive disease with multifactorial aetiology, characterized by reduced bone 
mineral density and microarchitectural deterioration of bone tissue [1]. The disease 
is clinically silent for a long time, until a fracture occurs due to minimal trauma. 
Medical studies indicate it is a serious health problem worldwide, with an increasing 
incidence [2]. 
Osteoblasts, the bone-forming cells, create an unossified bone matrix in which 
calcium crystals are deposited, which give the bone its stiffness [3]. When there is an 
imbalance between these two interrelated processes, there is a decrease in bone 
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mineral density. It can therefore be said that osteoporosis occurs when the balance is 
broken, with bone resorption not being followed by adequate bone formation [4]. In 
general, people reach peak bone mass in the third decade of life, but the exact age 
varies depending on a number of factors such as gender or race. After peaking, both 
sexes experience a decrease in bone mass [5]. Due to lower peak bone mass and more 
rapid bone loss during menopause, women are at higher risk of osteoporosis than 
men [6,7].  

In current practice, osteoporosis has been operationally defined on the basis of 
bone mineral density (BMD) assessment. According to World Health Organization 
(WHO) criteria, we can consider the diagnosis of osteoporosis when BMD is more 
than 2.5 x standard deviation below the mean value for young healthy women 
considered as control subjects (T score < -2.5 SD) [8]. Accordingly, the WHO defines 
osteoporosis as that situation where the T-score < -2.5 in postmenopausal women and 
men aged > 50 years. This definition, based on T-score value, does not apply to 
premenopausal women. Normal T-score > - 1, whereas osteopenia is characterized 
by T-score values between -1 and -2.5. In conclusion, the lower the T-score, the higher 
the risk of bone fractures. For premenopausal women, men under 50 and children, 
the Z-score is used. The Z-score is the difference between the bone mineral density 
and the average bone mineral density for healthy people of the same age, ethnicity 
and sex. In these cases, if the Z-score is less than -2, BMD is low, which may indicate 
the presence of osteoporosis caused by medication or other diseases and conditions 
[9,10,11,12].  Bone mineral density assessment is not the only tool used by physicians 
to determine osteoporosis [13].  

  Laboratory tests used in the diagnosis of osteoporosis include calcium, 
phosphorus, vitamin D, alkaline phosphatase (ALP) and alkaline phosphatase (ALP) 
as well as hormones such as parathormone (PTH), which plays a key role in 
regulating calcium and phosphorus levels in the body. These have a significant 
impact on bone metabolism [14]. 

 Last but not least, bone degradation markers such as C-telopeptide or Beta 
Crosslaps [15] are used. Information from paraclinical investigations can lead to a 
better understanding of fracture risk and then guide treatment. 

2. Results 
 

2.1. Demographics. Of the 243 patients, 115 were chosen for the study. These 
patients were postmenopausal women with a primary or secondary diagnosis of 
osteoporosis (Table 1).  

 
 Number of patients (N) N % 

Gen Female 115 100.00% 
Living 

environment 
Rural 24 20.87% 
Urban 91 79.13% 

Specific treatment 
Yes 108 94.00% 
No 7 6.00% 

 
The mean age of osteopenia patients enrolled was 64.8 ± 10.42 years, all patients 

were female. About 79% of the patients were from rural areas.  
Only 6% of patients are at their first consultation and have not yet received 

supportive treatment. 
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Figure 1. Distribution of patients by background 
 

In this study, we utilized dual-energy X-ray absorptiometry (DXA) bone 
densitometry to assess the bone mineral density (BMD) of patients. The T-score helps 
to identify patients at increased risk of osteoporosis. A low T-score indicates a lower 
than normal bone mineral density, suggesting an increased predisposition to 
fractures. The Z score is particularly useful for identifying conditions that may 
influence bone metabolism (Table 2). 

 
Table 2. Disease stages according to T and Z scores (DXA) 

Score 
 

Reference values 
Disease stage 

Number of 
patients (N) 

N % 

T 
T score ≥ -1.0 normal 6 5.22% 

-2.5<Scor T<-1.0 osteopenia 28 24.35% 
T score ≤ -2.5 osteoporosis 81 70.43% 

Z 
Z-score ≥ -2.5 normal 15 13.04% 
Z-score < -2.5 osteoporosis 100 86.96% 

 

 

    Figure 2. Distribution of patients according to T-score or Z-score values 

 
Figure 2 shows, by T-score, that osteoporosis is the most common bone density 

disorder among the 115 patients followed by osteopenia. The number of results with 
normal bone density values being very low (5.22%). If we analyze according to      
Z-score values, it can be seen that osteoporosis is a very prevalent condition among 
the patients with almost 87%. 
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 Among the most important markers chosen for this study are levels of total 
calcium, ionic calcium or calciuria, phosphorus, vitamin D and FAS (bone alkaline 
phosphatase) (Table 3).  

Table 3. Description of values obtained for laboratory parameters 
 Media Standard Deviation Minimum Maximum 

Density - lumbar collar 0,73 0,12 0,37 1,13 
T - lumbar collar -3,03 1,15 -6,70 -0,40 
Z - lumbar collar -1,31 1,28 -5,20 2,20 

total calcium (mg/dl) 9,74 0,55 8,76 11,68 
ionic calcium (mg/dl) 4,39 0,40 3,77 5,64 
Calciuride (mg/24h) 129,52 93,82 2,00 477,40 

TSH U/l 2,21 1,49 0,04 6,56 
25-OH vit D (ng/ml) 28,33 10,55 7,88 54,00 

PTH (pg/ml) 57,40 34,06 5,60 172,00 
Phosphorus (mg/dl) 3,39 0,42 2,60 4,25 

Beta-crosslaps (ng/ml) 0,47 0,21 0,10 1,05 
FAS  (U/L) 85,82 46,42 30,00 187,71 

Magnesium (mg/dl) 1,94 0,23 1,57 2,27 
     

 
The mean total calcium value is 9.74 mg/dl with a standard deviation of 0.55 

mg/dl. The reference range is (8.8 - 10.2) mg/dl. 
Ionic calcium shows an average value of 4.39±0.40 mg/dl. Reference values vary 
between 3.5 and 5.5 mg/dl. 

Urinary calcium has a mean value of 129.52±93.82 mg/24h. The reference values 
of urinary calcium for a person with a normal diet and sufficient calcium intake are 
in the range of 100 - 300 mg/ 24h. 

The mean value for vitamin D is 28.33±10.55 ng/ml, with a maximum value of 
7.88 ng/ml and a maximum value of 54 ng/ml. 

Another hormone of interest is PTH (parathyroid hormone), which regulates 
calcium and phosphorus levels in the body. The mean value is 57.40±34.06 pg/ml, 
with a maximum value of 172 pg/ml and 5.60 pg/ml. 

The phosphorus assay gives a mean value of 3.39±0.42 mg/dl, with a maximum 
of 4.25 mg/dl and a minimum of 2.60 mg/dl. In this case, the reference range is (2.5-
4.5) mg/dl. 

FAS has widely varying values, from a maximum of 187.71 U/L to a minimum of 
30.00 U/L. Normal values are < 104 U/L. 

Finally, Beta Crosslaps is a marker of bone degradation that reflects osteoclast 
activity  and helps to assess the rate of bone remodeling. For it an average value of 
0.47±0.21ng/ml is obtained, with a minimum value of 0.10 ng/ml and a maximum 
value of 1.05 ng/ml. 

If we analyze the distribution of values in terms of mean bone density, we obtain 
a bell-shaped curve, in which lumbar spine density values are symmetrically 
distributed around the mean, with most values clustering near the mean and fewer 
values occurring in tails (Figure 3). 
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Figure 3. Lumbar spine density distribution in the 115 patients 
 

     The mean lumbar spine density for the 115 patients is approximately 0.73±0.12 
g/cm2 .  

 

 

 

 

 

 

 
 
 
 

Figure 4. Distribution of T-score and Z-score values  
 
The values for the T score are generally lower than those for the Z score. The 

mean value for T-score is -3.03, the minimum is -6.7 and the maximum is -0.40. The 
mean for the T-score falls in the osteoporosis zone, indicating a predominance of 
specific values. 

   The mean value for the Z-score is -1.31, with a minimum of -5.20 and a 
maximum of 2.20  2.20.  The distance between lower and upper quartiles is 
similar for the T score and the Z   score.   

The correlation between DXA parameters and laboratory markers is shown in 
Table 4. 
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Table 4. Correlation between DXA values and laboratory parameters 
 Densit. T score Z score 

 

Density 
r 1.000 0.773 0.650 

Sig. - 0.000 0.000 

T score 
r 0.773 1.000 0.792 

Sig. 0.000 - 0.000 

Z score 
r 0.650 0.792 1.000 

Sig. 0.000 0.000 - 
Total calcium 

(mg/dl) 
r 0.174 0.329 0.277 

Sig. 0.120 0.003 0.012 
Ionic calcium 

(mg/dl) 
r 0.275 0.262 0.273 

Sig. 0.044 0.053 0.043 
25-OHvit D 

(ng/ml) 
r -0.131 -0.223 -0.225 

Sig. 0.342 0.098 0.095 

PTH (pg/ml) 
r 0.044 -0.071 -0.106 

Sig. 0.708 0.545 0.365 
       Note: r- correlation coefficient 
                    Sig. – level of significance 

 
There was a minor positive relationship between bone density and total calcium 

with r=0.174, between bone density and ionic calcium with r=0.275, between T-score 
and ionic calcium with r=0.262, between Z-score and total calcium plus ionic calcium 
with r=0.277 and r=0.273 respectively (Figure 5). 

 

       Figure 5. Correlation between T score and total and ionic calcium values   
 

There was a moderate positive relationship between T score and total calcium 
with r=0.329.  

A positive correlation with high value (0.5<r<0.7) is realized between bone 
density and Z-score.  

A very high positive correlation is realized between bone density and T score 
and between Z score and T score.  

Weak and medium negative correlations are found between 25-OH vit D and 
all DXA parameters. 
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 There is a minor positive correlation between PTH and bone density and is a 
minor negative correlation between PTW ant T-score and Z-score. 

In the case of total calcium R2 =0.185 indicates a positive, high correlation. 
For ionic calcium, the R-value2 may indicate a weak correlation (0.043), which 

means that factors other than lumbar spine density may play a significant role in 
determining ionic calcium levels. 

Having the most positive correlations on Z-score, we study the stages of disease 
caused by decreased bone density from this perspective (Table 5). 

 

Table 5. T-score classification of bone density deficiency stages 

 Stages of bone density deficiency (T-score classification) 

 Normal Osteopenia Osteoporosis 

 Mean Standard 

Deviation 

Mean Standard 

Deviation 

Mean Standard 

Deviation 

Density 0,91 0,16 0,82 0,09 0,68 0,10 

T score -0,65 0,20 -1,91 0,47 -3,60 0,77 

Z score 0,78 1,52 -0,18 0,73 -1,86 0,97 

Total calcium 

(mg/dl) 
10,43 0,63 9,99 0,67 9,63 0,45 

Ionic calcium 

(mg/dl) 
4,43 0,17 4,40 0,35 4,38 0,44 

Calciuria 

(mg/24h) 
122,75 22,94 92,04 69,51 139,41 104,13 

TSH U/l 1,85 0,66 2,16 1,46 2,25 1,58 

25-OH vit D 

(ng/ml) 
18,00  25,97 9,63 29,48 10,83 

PTH (pg/ml) 36,80  46,72 36,02 61,47 33,06 

Ph (mg/dl) 3,30 0,35 3,54 0,45 3,37 0,42 

Beta-crosslaps 

(ng/ml) 
.  0,45 0,07 0,47 0,25 

FAS (U/L) .  88,92 51,91 84,91 46,38 

Mg (mg/dl) 1,57  . . 2,00 0,18 

Age (years) 69,50 11,74 66,86 8,74 68,32 8,18 

 
The table helps to understand how these paraclinical parameters differ between   

 people with normal bone density, osteopenia and osteoporosis.  
By comparing mean values and standard deviations, trends and differences 

between categories can be identified.  
For example it can be seen that people with osteoporosis have lower mean 

values for bone density parameters and higher standard deviations, indicating 
greater variability in their bone health. 
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Figure 6. Bone density variation diagram for different disease stages 

       
        The box plot for the normal group shows a relatively narrow box with a 
median near the top of the range. This suggests that individuals with normal bone 
density tend to have higher values of bone density in the lumbar spine, with a 
smaller spread of values. 

    The plot for the osteopenia group is shifted lower on the y-axis compared to 
the normal group. The box is also slightly wider, indicating a wider spread of values. 
This suggests that people with osteopenia have lower values of bone density in the 
lumbar spine, with greater variability in bone density. 

The box plot for the osteoporosis group is shifted further down the y-axis 
compared to the osteopenia group. The box is also wider, indicating an even wider 
spread of values. This suggests that people with osteoporosis have significantly 
lower bone density values in the lumbar spine, with a high degree of variability in 
bone density. Figure 7 shows the variation of total calcium for different stages of the 
disease 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Diagram of total calcium variation for different stages of the disease 
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The plot for the normal group shows a relatively narrow box with a median near 
the middle of the range. This suggests that individuals with normal bone density tend 
to have total calcium levels in a relatively narrow range. 

The box plot for the osteopenia group is shifted slightly lower on the y-axis 
compared to the normal group. The box is also slightly wider, indicating a wider 
spread of values. This suggests that people with osteopenia have slightly lower total 
calcium levels compared to those with normal bone density, with greater variability 
in their calcium levels. 

The plot for the osteoporosis group is shifted further down the y-axis compared 
to the osteopenia group. The box is also wider, indicating an even wider spread of 
values. This suggests that people with osteoporosis have significantly lower total 
calcium levels compared to those with osteopenia or normal, with a high degree of 
variability in their calcium levels. 

 

Figure 8. Diagram of variation of 25-OH vit D for different stages of the disease 

     
  Figure 8 shows the variation of total calcium for different stages of the disease 

The plot for the normal group shows a single line at the bottom of the y-axis 
without a box. This suggests that vitamin D levels for people with normal bone 
density are very low, with little variability. 

The box plot for the osteopenia group shows a box with a median near the 
middle of the range. The whiskers extend slightly out of the box, indicating some 
variability in vitamin D levels. 

The plot for the osteoporosis group is similar to the osteopenia group, with a 
median close to the middle of the range and some variability in vitamin D levels. 

 
3. Discussion 

        Although osteoporosis is a health problem affecting both sexes, most 
research has focused on the female gender, as women are more likely than men to 
develop osteoporosis and subsequent fractures [16]. 

Osteoporosis is classified into two categories, primary and secondary. Primary 
osteoporosis is seen in postmenopausal women and in women and men over the age 
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of 70, and is due to the normal aging process. Secondary osteoporosis is caused by 
various systemic diseases, endocrine diseases or malignant neoplasms, treatments, 
lifestyle, habits and major depressions, etc. [17,18].  

Demographic analysis of patients showed a higher distribution of osteoporosis 
among urban (79%) compared to rural (20%) women. This may reflect differences in 
lifestyle, physical activity, sun exposure and access to calcium and vitamin D 
supplements. Previous studies have shown an association between urbanization and 
increased incidence of osteoporosis due to dietary changes and reduced physical 
activity [19.20]. 

Study results suggest that assessment of bone mineral density (BMD) remains a 
primary standard in the diagnosis of osteoporosis, as measured by T and Z scores 
from DXA densitometry. However, biomarkers such as total calcium, ionic calcium, 
vitamin D, phosphorus, PTH and bone degradation markers (e.g. Beta Crosslaps) 
play a significant role in assessing bone metabolism and identifying fracture risk 
[21,22]. 

Calcium is essential for maintaining bone structure and more than 1/3 of the 
phosphate in the body is found in the bones, where it acts synergistically with 
calcium to form hydroxyapatite, the main mineral in bone tissue. This is why 
deficiencies can lead to impaired bone mineralization [23,24]. 

Vitamin D deficiency impairs calcium absorption, contributing to the 
development of osteoporosis [24].  

Magnesium plays a crucial role in regulating calcium metabolism and the activity 
of osteoblasts, the cells responsible for bone formation.  

The analysis of thyroid hormones, such as TSH (thyroid stimulating hormone), 
also plays a crucial role, having a significant impact on bone metabolism. 

Another hormone of interest is PTH (parathyroid hormone), which regulates 
calcium and phosphorus levels in the body. An imbalance in its secretion may 
indicate problems in bone metabolism and may contribute to the risk of osteoporosis 
[25]. 

Finally, Beta Crosslaps is a marker of bone degradation that reflects osteoclast 
activity and helps to assess the rate of bone remodeling. Analysis of these markers 
allows clinicians to gain a detailed understanding of the patient's osteologic status 
and identify risks associated with osteoporosis [26]. 
       The moderate correlations identified between total calcium, ionic calcium and 
DXA values (T and Z scores) emphasize the importance of these parameters in 
monitoring calcium homeostasis. In the literature, it has been observed that calcium 
levels play a crucial role in bone health, and abnormalities may indicate imbalances 
in bone resorption and bone formation [27].  

 Although values for vitamin D and PTH showed weak and moderate negative 
correlations with DXA, these results are in line with other studies that have observed 
that vitamin D deficiency and secondary hyperparathyroidism are common in 
patients with osteoporosis and contribute to decreased bone density [28].   

In our study, the box plots suggest that individuals with normal bone density 
tend to have very low levels of vitamin D, whereas those with osteopenia or 
osteoporosis have a wider range of vitamin D levels. However, it is important to note 
that the reference range for vitamin D levels is not provided, so it is difficult to 
determine whether the observed levels are within the normal range. This somewhat 
unexpected result is obtained because most of the patients are under treatment with 
old records of osteoporosis in the database [29].  

Study results show that T-score is essential in the assessment of osteoporosis in 
postmenopausal women [30,31]. 
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Approximately 70% of patients studied had T-scores indicating osteoporosis, 
confirming that this population group is prone to rapid bone loss. Z-scores, although 
less commonly used in this age group, provided additional information on impaired 
bone metabolism [32]. 

Another important aspect of the analysis is that 87% of the patients had Z-score 
values indicating osteoporosis, which emphasizes the extent of the disease in this 
group. Also, the strong correlation between T and Z scores suggests a good 
concordance between these two indicators in assessing the severity of osteoporosis 
[33]. 

In correlation analysis, it was found that biochemical parameters such as total 
calcium and ionic calcium had positive correlations with bone density, suggesting 
that a good mineral status contributes to the maintenance of BMD. Bone density 
variability was higher in the osteopenia and osteoporosis groups compared to the 
normal group. This suggests that individuals with these conditions have a wider 
range of bone density values, indicating a more heterogeneous population [34]. 

Also, alkaline phosphatase (ALP), a marker of bone formation, showed significant 
variations, being an important indicator in the assessment of bone remodeling 
activity [35]. 
      The bone degradation marker Beta Crosslaps had mean values indicating 
moderate osteoclastic activity, which corresponds to an accelerated resorption 
process in patients with osteoporosis. This may correlate with the literature, which 
suggests that increased levels of bone resorption markers are associated with a higher 
risk of fractures. 
       In Diba, S.F.'s study analyzing the correlation between Beta-CrossLaps (β-
CTx) and trabecular structural parameters of postmenopausal women using CBCT 
found no significant positive correlation of to bone volume fraction (bone density 
equivalent) [35]. 
Some people don't realize they have osteoporosis until a habitual movement or 
walking causes a bone fracture. That's why laboratory tests along with DEXA scans 
are effective tools to prevent the disease and stop this pandemic that causes extreme 
suffering to patients and huge costs to the health care system. In addition, specialists 
are seeking to identify effective methods to relieve patient suffering and prevent the 
disease [36,37]. 

3.1.Study limitations 

        A major limitation of the study is the retrospective selection of patients and 
the absence of a control group of patients with no problems of decreased bone density. 
The study also did not include patients with DXA for bone locations other than the 
lumbar spine, which limits the generalizability of the results. Another problem that 
marks the marker variation analysis is that the patients are in different phases of 
treatment, which does not allow us to correctly stage the disease. This does not pre-
vent the correlation of DXA values with the results of laboratory analysis.  

4. Materials and Methods 
       A retrospective study was conducted, which included an initial cohort of 243 
patients hospitalized between January 2023 and December 2023 at the County 
Emergency Hospital of Sibiu, Clinical Endocrinology Department.  
 
4.1.Aim of the study. This study aims to perform a comparative analysis of the main 
paraclinical investigations used in the evaluation of osteoporosis.  
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4.2. The objectives we will pursue are: 
• To identify and analyze relevant biomarkers and assess the importance of each 
laboratory test in the diagnosis of osteoporosis. 
• Correlation of laboratory tests with DXA test results by investigating the rela-
tionships between paraclinical markers and bone densitometry (DXA) results to as-
sess the consistency and relevance of these tests in determining the severity of osteo-
porosis. 
• To examine the relationships between paraclinical markers and the severity of 
osteoporosis. 

The values for the biochemical parameters studied and for the results of 
osteodensitometry DXA were retrieved from the Hospital archive (ATLAS - 
Integrated Computerized Information System for Electronic Document 
Management). 

Patients were selected who had the diagnosis of postmenopausal osteoporosis 
with pathologic fracture, multiple localizations, unspecified vitamin D deficiency, 
unspecified vitamin D deficiency, vertebral fatigue fracture, multiple localizations in 
the spine in the inpatient, principal, secondary or discharge diagnosis. 
      The study was approved by the Ethics Commission of the Sibiu County 
Emergency Hospital. 
 
4.3. The criteria for including patients in this study were: postmenopausal women 
with a diagnosis of osteoporosis or osteopenia who had DXA measurements of the 
lumbar spine.  
 Exclusion criteria were the following: women in the fertile period, men, lack of 
complete information about the DXA value or about the value of the results of 
medical tests. Patients with DXA measurements for femoral neck or calf were also 
eliminated. 
 
4.4. Statistical Analysis 

Microsoft Excel and SPSS version 22 were used for statistical analysis. Pearson 
linear correlation was evaluated. The Kolmogorov-Smirnov test was used to check 
the normality of data distribution. The significance threshold for all tests was 0.05. 

5. Conclusions 

The results of this study emphasize the importance of an integrative diagnosis 
in osteoporosis, combining both imaging (DXA) and biochemical analysis to assess 
fracture risk and guide therapeutic treatments. The study also highlights the im-
portance of screening in postmenopausal women and the need for calcium and vita-
min D supplementation in patients with osteoporosis or osteopenia 
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