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Introduction 

 

The bioaccumulation of chemical elements in human bone is rather a complex process. 

Factors that influence bioaccumulation include age, gender, genetic inheritance, dietary 

habits, environmental quality, and so on. Many chemical elements in human organism act 

antagonistically and/or synergistically. Some elements in the bone can be substituted by other 

elements and, as a result, change biochemical reactions in humans. Variations in relative 

content of chemical elements in the bone lead to modulation/dysfunction of bone metabolism. 

To use chemical element composition as estimation of bone health in clinical, 

geographical, environmental and occupational medicine, paleoanthropology, and other 

directions, it is necessary to know normal levels and age- and gender-related changes of 

chemical element ratios.
[1]

 

This work had three aims. The first was to determine the Ca, Cl, K, Mg, Mn, Na, P, and 

Sr mass fractions in the intact trabecular bone of human femoral neck by instrumental neutron 

activation analysis with high resolution spectrometry of short-lived radionuclides (INAA-

SLR) and to calculate some statistical parameters of Cl/Ca, K/Ca, Mg/Ca, Mn/Ca, Na/Ca, 

P/Ca, Sr/Ca, Ca/P, Cl/P, K/P, Mg/P, Mn/P, Na/P, Sr/P, Ca/Mg, Cl/Mg, Mn/Mg, Na/Mg, 

P/Mg, Sr/Mg, Ca/Cl, K/Cl, Mg/Cl, Mn/Cl, Na/Cl, P/Cl, Sr/Cl, Ca/K, Cl/K, Mg/K, Mn/K, 

Na/K, P/K, Sr/K, Ca/Na, Cl/Na, K/Na, Mg/Na, Mn/Na, P/Na, and Sr/Na mass fraction ratios. 

The second aim was to evaluate the effect of age and gender on mean values of ratios of 

chemical element mass fractions. The third aim was to estimate the inter correlations between 

Ca, Cl, K, Mg, Mn, Na, P, and Sr mass fractions in the intact trabecular bone of femoral neck. 

All studies were approved by the Ethical Committee of the Medical Radiological 

Research Center, Obninsk.  

 

Experimental 

 

Femoral neck samples were obtained at postmortems from intact cadavers (38 female and 

46 male, 15–55 years old) within 24 h of death. The samples were immediately frozen at -18 

ºC until use. All subjects died suddenly due to automobile accident, falls, shootings, stabbing, 

hanging, acute alcohol poisoning, or hypothermia. The sample sides contacted with surgical 

instruments were cut off and soft tissue and blood were removed. A titanium tool was used to 

cut and to scrub samples. Samples were freeze dried until constant mass was obtained. A 

titanium scalpel was used to cut trabecular bone sample weighing about 50–100 mg. The 
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samples for INAA-SLR were sealed separately in thin polyethylene film washed with acetone 

and rectified alcohol. The sealed samples were placed in labeled polyethylene ampoules. 

To determine contents of the elements by comparison with a known standard, biological 

synthetic standards (BSS) prepared from phenol–formaldehyde resins were used.
[2]

 In 

addition to BSS, aliquots of commercial, chemically pure compounds were also used as 

standards. Ten certified reference materials (CRM) IAEA H-5 (Animal Bone) and standard 

reference materials (SRM) NIST 1486 (Bone Meal) sub-samples weighing about 50–100 mg 

were analyzed in the same conditions as bone samples to estimate the precision and accuracy 

of results. 

The mass fractions of Ca, Cl, K, Mg, Mn, Na, P, and Sr were determined by INAA-SLR 

using a horizontal channel equipped with the pneumatic rabbit system of the WWR-c research 

nuclear reactor. The neutron flux in the channel was 1.7×10
13 

n cm
-2

 s
-1

. Ampoules with bone 

samples, BSS, intralaboratory-made standards, CRM, and SRM were put into polyethylene 

rabbits and then irradiated separately for 30 s. Copper foils were used to assess neutron flux. 

The measurement of each sample was made twice, 1 and 120 min after irradiation. The 

duration of the first and second measurements was 10 and 20 min, respectively. A coaxial 98 

cm
3
 Ge (Li) detector and a spectrometric unit (NUC 8100), including a PC-coupled 

multichannel analyzer, were used for measurements. The spectrometric unit provided 2.9 keV 

resolution at the 
60

Co 1332 keV line. The information of used nuclear reactions, 

radionuclides, gamma-energies, and other details of the analysis including the quality control 

of results were reported by us before.
[3]

 

A dedicated computer program of NAA mode optimization was used.
[4]

 Using the 

Microsoft Office Excel programs, the summary of statistics, arithmetic mean, standard 

deviation, standard error of mean, minimum and maximum values, median, percentiles with 

0.025 and 0.975 levels were calculated for different ratios of chemical element mass fractions. 

The reliability of difference in the results between two age groups and between females and 

males was evaluated by Student’s t-test. The Pearson’s correlation analysis was used to 

identify relationships between elements. 

 

Results and discussion 
 

Tables 1-3 represent certain statistical parameters (arithmetic mean, standard deviation, 

standard error of mean, minimal and maximal values, median, percentiles with 0.025 and 

0.975 levels) of 42 different ratios of Ca, Cl, K, Mg, Mn, Na, P, and Sr mass fractions in the 

femoral trabecular bone of males and females, and of both females and males, taken together. 

The obtained values for Ca/P ratio, as shown in Tables 1-3, agree well with median of 

means cited by other researchers for the femoral trabecular bone.
[5-7]

 No published data 

referring to ratios of other chemical element mass fractions in human femoral trabecular bone 

was found. 

To estimate the effect of age on the chemical element ratios in femoral trabecular bone we 

examined two age groups: one comprised a younger group with ages from 15 to 35 years and 

the other comprised older people with ages ranging from 36 to 55 years (Table 4). No changes 

with age in Ca/P ratio in human femoral trabecular bone were demonstrated in previously 

published studies.
[5-7]

 No published data referring to age-related changes of ratios of other 

chemical element mass fractions in human femoral trabecular bone were found. 

We used the entire data set for both females and males taken separately, seeking to detect 

the presence of gender-related differences (see Table 5). 



Table 1. Some statistical parameters of 42 different ratios of Ca, Cl, K, Mg, Mn, Na, P, and 

Sr mass fractions in the intact femoral trabecular bone of males  

Ratio M SD SEM Min Max Med P0.025 P0.975 

(Cl/Ca)×10
3
 9.94 4.55 0.70 0.737 22.0 9.25 3.86 20.2 

(K/Ca) ×10
3
 3.57 2.59 0.45 0.781 12.1 2.73 1.03 10.4 

(Mg/Ca) ×10
2
 1.32 0.23 0.04 0.765 1.96 1.31 0.929 1.75 

(Mn/Ca) ×10
6
 2.91 1.93 0.38 0.647 8.32 2.24 0.722 8.03 

(Na/Ca) ×10
2
 2.79 0.58 0.09 1.68 4.75 2.66 1.70 3.89 

P/Ca 0.488 0.052 0.008 0.368 0.636 0.481 0.405 0.561 

(Sr/Ca) ×10
3
 1.81 0.92 0.14 0.213 3.51 1.74 0.311 3.29 

Ca/P 2.07 0.23 0.04 1.57 2.72 2.08 1.78 2.47 

(Cl/P) ×10
2
 2.01 0.82 0.13 0.157 4.16 1.96 0.833 3.87 

(K/P) ×10
2
 0.743 0.545 0.095 0.167 2.26 0.579 0.215 2.22 

(Mg/P) ×10
2
 2.75 0.64 0.10 1.61 4.85 2.66 1.80 3.77 

(Mn/P) ×10
6
 6.14 4.08 0.82 1.26 18.1 5.25 1.48 16.9 

(Na/P) ×10
2
 5.82 1.62 0.25 3.50 12.9 5.52 3.76 8.29 

(Sr/P) ×10
3
 3.87 2.04 0.32 0.472 8.26 3.40 0.911 7.76 

Ca/Mg 78.3 14.8 2.28 50.9 131 76.2 57.1 108 

Cl/Mg 0.785 0.403 0.062 0.060 1.81 0.693 0.267 1.67 

K/Mg 0.282 0.221 0.038 0.049 1.04 0.218 0.071 0.866 

(Mn/Mg) ×10
4
 2.42 1.91 0.37 0.469 8.98 1.77 0.564 7.29 

Na/Mg 2.17 0.64 0.10 1.17 4.07 2.02 1.24 3.75 

P/Mg 38.4 8.9 1.4 20.6 62.2 37.6 26.5 55.7 

Sr/Mg 0.138 0.070 0.011 0.0198 0.247 0.126 0.0249 0.271 

Ca/Cl 118 52.9 8.3 45.5 259 108 49.3 258 

K/Cl 0.355 0.220 0.038 0.120 1.04 0.303 0.126 0.921 

Mg/Cl 1.57 0.79 0.12 0.552 3.75 1.42 0.599 3.72 

(Mn/Cl) ×10
4
 3.55 2.21 0.43 0.764 10.4 3.04 0.801 9.25 

Na/Cl 3.29 1.63 0.26 1.12 8.74 2.94 1.43 7.26 

P/Cl 56.1 22.7 3.5 24.0 120 51.0 25.8 115 

Sr/Cl 0.221 0.164 0.026 0.0301 0.610 0.157 0.0338 0.606 

Ca/K 380 202 36 82.5 917 363 96.3 815 

Cl/K 3.71 2.06 0.36 0.578 8.35 3.24 0.884 7.95 

Mg/K 5.02 2.84 0.50 0.962 13.2 4.58 1.16 11.5 

(Mn/K) ×10
4
 8.62 4.65 0.97 1.41 18.5 8.59 1.51 17.7 

Na/K 10.2 5.2 0.9 3.21 25.6 9.53 3.36 22.6 

P/K 188 103 18 44.3 440 169 45.0 397 

Sr/K 0.668 0.444 0.079 0.0325 1.62 0.567 0.0807 1.60 

Ca/Na 37.3 7.5 1.2 21.1 59.5 37.7 25.7 58.7 

Cl/Na 0.362 0.169 0.026 0.0266 0.891 0.339 0.114 0.694 

K/Na 0.123 0.070 0.012 0.0267 0.311 0.102 0.0369 0.297 

Mg/Na 0.497 0.136 0.021 0.246 0.853 0.495 0.267 0.804 

(Mn/Na) ×10
4
 0.942 0.526 0.105 0.263 2.37 0.790 0.271 2.26 

P/Na 18.2 4.3 0.7 7.75 28.5 18.1 12.1 26.6 

Sr/Na 0.661 0.356 0.056 0.0867 1.54 0.635 0.125 1.32 
M - arithmetic mean; SD – standard deviation; SEM – standard error of mean; Min – minimum value; Max – 

maximum value; Per. 0.025 – percentile with 0.025 level; Per. 0.975 – percentile with 0.975 level 



Table 2. Some statistical parameters of 42 different ratios of Ca, Cl, K, Mg, Mn, Na, P, and 

Sr mass fractions in the intact femoral trabecular bone of females 

Ratio M SD SEM Min Max Med P0.025 P0.975 

(Cl/Ca)×10
3
 11.4 4.9 0.9 1.95 25.9 10.6 4.10 22.8 

(K/Ca) ×10
3
 5.01 1.92 0.36 2.37 9.25 4.68 2.39 8.22 

(Mg/Ca) ×10
2
 1.43 0.29 0.05 0.915 1.97 1.47 0.925 1.96 

(Mn/Ca) ×10
6
 3.59 2.21 0.45 1.05 7.82 2.99 1.06 7.34 

(Na/Ca) ×10
2
 2.84 0.37 0.07 2.21 3.65 2.83 2.21 3.55 

P/Ca 0.494 0.066 0.011 0.408 0.646 0.500 0.409 0.636 

(Sr/Ca) ×10
3
 2.64 1.74 0.33 0.224 6.40 2.57 0.300 5.97 

Ca/P 2.06 0.27 0.05 1.55 2.45 2.00 1.57 2.45 

(Cl/P) ×10
2
 2.31 0.91 0.16 0.455 4.88 2.40 0.670 4.07 

(K/P) ×10
2
 1.03 0.41 0.08 0.421 1.80 0.982 0.430 1.73 

(Mg/P) ×10
2
 2.96 0.75 0.13 1.70 4.14 3.05 1.72 4.01 

(Mn/P) ×10
6
 7.34 4.22 0.86 2.47 15.1 6.03 2.48 14.7 

(Na/P) ×10
2
 5.92 1.20 0.21 4.04 7.84 5.83 4.13 7.83 

(Sr/P) ×10
3
 5.35 3.21 0.61 0.371 12.3 5.85 0.655 11.2 

Ca/Mg 72.7 16.0 2.8 50.6 109 67.9 50.9 108 

Cl/Mg 0.860 0.429 0.075 0.140 2.01 0.787 0.268 1.99 

K/Mg 0.367 0.159 0.030 0.152 0.802 0.353 0.156 0.712 

(Mn/Mg) ×10
4
 2.71 1.83 0.37 0.634 8.11 2.19 0.710 6.56 

Na/Mg 2.06 0.46 0.08 1.33 3.13 1.92 1.40 3.12 

P/Mg 36.1 10.1 1.8 24.2 58.7 32.8 24.9 58.1 

Sr/Mg 0.195 0.144 0.027 0.0168 0.519 0.160 0.0191 0.503 

Ca/Cl 97.1 41.9 7.4 27.1 212 92.5 36.0 211 

K/Cl 0.503 0.260 0.049 0.130 1.28 0.418 0.151 0.967 

Mg/Cl 1.37 0.62 0.11 0.498 3.33 1.25 0.503 2.72 

(Mn/Cl) ×10
4
 3.67 2.26 0.46 0.961 9.30 3.57 0.966 8.64 

Na/Cl 2.76 1.09 0.20 0.989 5.71 2.54 1.17 5.68 

P/Cl 45.2 17.3 3.1 14.1 97.0 39.9 18.9 79.0 

Sr/Cl 0.294 0.241 0.045 0.0244 0.897 0.198 0.0273 0.873 

Ca/K 227 101 19 57.4 422 212 92.9 419 

Cl/K 2.61 1.70 0.32 0.568 7.69 2.37 0.716 6.67 

Mg/K 3.22 1.59 0.29 0.742 6.59 2.78 1.10 6.41 

(Mn/K) ×10
4
 6.86 3.64 0.74 1.38 12.5 7.16 1.51 11.9 

Na/K 6.37 3.02 0.57 1.83 13.8 5.81 2.68 12.9 

P/K 112 53 10 30.5 237 97.6 48.1 232 

Sr/K 0.740 0.678 0.136 0.0324 2.33 0.579 0.0394 2.29 

Ca/Na 35.8 4.7 0.8 27.4 45.3 35.4 28.2 45.2 

Cl/Na 0.387 0.143 0.026 0.0879 0.815 0.383 0.153 0.661 

K/Na 0.182 0.071 0.014 0.0724 0.324 0.164 0.0774 0.299 

Mg/Na 0.508 0.105 0.019 0.319 0.753 0.519 0.320 0.716 

(Mn/Na) ×10
4
 1.29 0.82 0.17 0.322 2.96 0.985 0.354 2.91 

P/Na 17.6 3.7 0.7 12.8 24.8 17.1 12.8 24.2 

Sr/Na 1.07 0.85 0.16 0.0888 3.39 0.802 0.0987 3.04 
M - arithmetic mean; SD – standard deviation; SEM – standard error of mean; Min – minimum value; Max – 

maximum value; Per. 0.025 – percentile with 0.025 level; Per. 0.975 – percentile with 0.975 level 



  Table 3. Some statistical parameters of 42 different ratios of Ca, Cl, K, Mg, Mn, Na, P, and 

Sr mass fractions in the intact femoral trabecular bone of males and females, taken together 

Ratio M SD SEM Min Max Med P0.025 P0.975 

(Cl/Ca)×10
3
 10.6 4.7 0.6 0.737 25.9 9.72 3.53 21.9 

(K/Ca) ×10
3
 4.23 2.40 0.31 0.781 12.1 3.82 1.18 9.76 

(Mg/Ca) ×10
2
 1.37 0.26 0.03 0.765 1.97 1.37 0.925 1.96 

(Mn/Ca) ×10
6
 3.24 2.08 0.29 0.647 8.32 2.57 0.794 7.84 

(Na/Ca) ×10
2
 2.81 0.50 0.06 1.68 4.75 2.70 2.03 3.82 

P/Ca 0.491 0.058 0.007 0.368 0.646 0.488 0.406 0.634 

(Sr/Ca) ×10
3
 2.15 1.37 0.16 0.213 6.40 1.88 0.285 5.53 

Ca/P 2.07 0.24 0.03 1.55 2.72 2.05 1.58 2.46 

(Cl/P) ×10
2
 2.14 0.87 0.10 0.157 4.88 2.00 0.684 3.93 

(K/P) ×10
2
 0.876 0.507 0.065 0.167 2.26 0.717 0.244 2.05 

(Mg/P) ×10
2
 2.84 0.69 0.08 1.61 4.85 2.79 1.72 4.00 

(Mn/P) ×10
6
 6.73 4.15 0.59 1.26 18.1 5.55 1.64 15.9 

(Na/P) ×10
2
 5.86 1.44 0.17 3.50 12.9 5.79 3.77 7.93 

(Sr/P) ×10
3
 4.48 2.67 0.32 0.371 12.3 4.13 0.688 9.89 

Ca/Mg 75.8 15.5 1.8 50.6 131 73.1 51.0 108 

Cl/Mg 0.818 0.413 0.048 0.0597 2.01 0.735 0.248 1.84 

K/Mg 0.321 0.198 0.025 0.0493 1.04 0.286 0.0835 0.812 

(Mn/Mg) ×10
4
 2.56 1.86 0.26 0.469 8.98 1.95 0.624 7.70 

Na/Mg 2.12 0.57 0.07 1.17 4.07 1.97 1.31 3.42 

P/Mg 37.4 9.5 1.1 20.6 62.2 35.9 25.0 58.0 

Sr/Mg 0.161 0.109 0.013 0.0168 0.519 0.142 0.0201 0.474 

Ca/Cl 109 49 5.7 27.1 259 101 44.1 252 

K/Cl 0.423 0.249 0.032 0.120 1.28 0.363 0.129 0.966 

Mg/Cl 1.48 0.72 0.09 0.498 3.75 1.36 0.543 3.41 

(Mn/Cl) ×10
4
 3.61 2.21 0.31 0.764 10.4 3.18 0.855 9.13 

Na/Cl 3.06 1.44 0.17 0.989 8.74 2.77 1.20 6.80 

P/Cl 51.4 21.1 2.5 14.1 120 49.8 23.2 110 

Sr/Cl 0.251 0.201 0.024 0.0244 0.897 0.175 0.0296 0.692 

Ca/K 307 178 23 57.4 917 255 91.4 784 

Cl/K 3.19 1.97 0.25 0.568 8.35 2.72 0.684 7.76 

Mg/K 4.16 2.48 0.32 0.742 13.2 3.37 1.09 10.3 

(Mn/K) ×10
4
 7.72 4.21 0.62 1.38 18.5 8.22 1.44 17.0 

Na/K 8.44 4.74 0.61 1.83 25.6 6.90 3.15 19.3 

P/K 152 91 12 30.5 440 137 44.8 377 

Sr/K 0.699 0.555 0.073 0.0324 2.33 0.579 0.0371 2.10 

Ca/Na 36.6 6.4 0.8 21.1 59.5 37.0 26.2 49.7 

Cl/Na 0.372 0.158 0.019 0.0266 0.891 0.348 0.108 0.721 

K/Na 0.149 0.076 0.010 0.0267 0.324 0.142 0.0425 0.303 

Mg/Na 0.502 0.123 0.014 0.246 0.853 0.508 0.293 0.763 

(Mn/Na) ×10
4
 1.11 0.70 0.10 0.263 2.96 0.885 0.286 2.84 

P/Na 18.0 4.06 0.48 7.75 28.5 17.3 12.6 26.5 

Sr/Na 0.829 0.637 0.076 0.0867 3.39 0.650 0.0990 2.33 
M - arithmetic mean; SD – standard deviation; SEM – standard error of mean; Min – minimum value; Max – 

maximum value; Per. 0.025 – percentile with 0.025 level; Per. 0.975 – percentile with 0.975 level 



Table 4. Effect of age on mean values (MSEM) of ratios of chemical element mass fractions 

in the intact femoral trabecular bone (Student’s t-test) 

Ratio Females Males 

15-35 year 36-55 year p 15-35 year 36-55 year p 

(Cl/Ca)×10
3
 9.89±1.04 12.5±1.3 N.S. 10.5±1.1 9.45±0.95 N.S. 

(K/Ca) ×10
3
 5.07±0.49 4.96±0.53 N.S. 3.68±0.59 3.48±0.68 N.S. 

(Mg/Ca) ×10
2
 1.43±0.06 1.44±0.08 N.S. 1.35±0.06 1.29±0.04 N.S. 

(Mn/Ca) ×10
6
 2.81±0.60 4.25±0.62 N.S. 2.30±0.38 3.35±0.58 N.S. 

(Na/Ca) ×10
2
 2.90±0.11 2.79±0.08 N.S. 2.68±0.15 2.88±0.10 N.S. 

P/Ca 0.479±0.019 0.507±0.014 N.S. 0.476±0.011 0.498±0.012 N.S. 

(Sr/Ca) ×10
3
 2.28±0.41 3.00±0.51 N.S. 1.76±0.23 1.85±0.18 N.S. 

Ca/P 2.13±0.07 2.00±0.06 N.S. 2.12±0.05 2.03±0.05 N.S. 

(Cl/P) ×10
2
 2.13±0.24 2.44±0.22 N.S. 2.18±0.19 1.87±0.17 N.S. 

(K/P) ×10
2
 1.10±0.12 0.98±0.10 N.S. 0.78±0.13 0.71±0.14 N.S. 

(Mg/P) ×10
2
 3.04±0.18 2.90±0.19 N.S. 2.88±0.16 2.63±0.12 N.S. 

(Mn/P) ×10
6
 6.01±1.20 8.47±1.18 N.S. 5.04±0.85 6.87±1.22 N.S. 

(Na/P) ×10
2
 6.19±0.35 5.68±0.25 N.S. 5.75±0.47 5.88±0.25 N.S. 

(Sr/P) ×10
3
 4.67±0.75 6.04±0.95 N.S. 3.77±0.52 3.96±0.41 N.S. 

Ca/Mg 72.4±3.8 73.0±4.1 N.S. 76.2±3.1 80.0±3.3 N.S. 

Cl/Mg 0.80±0.11 0.91±0.10 N.S. 0.800±0.085 0.774±0.091 N.S. 

K/Mg 0.381±0.043 0.356±0.042 N.S. 0.279±0.050 0.285±0.058 N.S. 

(Mn/Mg) ×10
4
 2.23±0.51 3.12±0.53 N.S. 1.79±0.33 2.88±0.58 N.S. 

Na/Mg 2.08±0.11 2.04±0.12 N.S. 2.04±0.14 2.28±0.14 N.S. 

P/Mg 34.9±2.5 37.2±2.5 N.S. 36.4±1.9 39.9±2.0 N.S. 

Sr/Mg 0.165±0.030 0.225±0.045 N.S. 0.132±0.018 0.143±0.014 N.S. 

Ca/Cl 103±14 92.6±7.8 N.S. 112±12 122±12 N.S. 

K/Cl 0.554±0.096 0.471±0.053 N.S. 0.354±0.051 0.357±0.058 N.S. 

Mg/Cl 1.42±0.19 1.33±0.13 N.S. 1.51±0.15 1.62±0.19 N.S. 

(Mn/Cl) ×10
4
 3.45±0.77 3.86±0.57 N.S. 2.58±0.34 4.26±0.66 N.S. 

Na/Cl 2.93±0.35 2.62±0.21 N.S. 3.00±0.35 3.55±0.37 N.S. 

P/Cl 44.1±5.7 46.0±3.6 N.S. 52.4±4.9 59.2±5.1 N.S. 

Sr/Cl 0.270±0.066 0.318±0.064 N.S. 0.203±0.037 0.237±0.037 N.S. 

Ca/K 226±29 228±25 N.S. 327±41 421±54 N.S. 

Cl/K 2.31±0.46 2.81±0.43 N.S. 3.74±0.53 3.68±0.50 N.S. 

Mg/K 3.10±0.41 3.30±0.42 N.S. 4.46±0.57 5.45±0.77 N.S. 

(Mn/K) ×10
4
 5.40±0.95 8.09±1.0 N.S. 5.80±0.87 10.4±1.3 0.0075 

Na/K 6.28±0.66 6.44±0.89 N.S. 8.50±1.01 11.6±1.4 N.S. 

P/K 111±18 114±12 N.S. 157±20 212±28 N.S. 

Sr/K 0.82±0.25 0.67±0.14 N.S. 0.61±0.19 0.71±0.11 N.S. 

Ca/Na 35.2±1.3 36.3±1.1 N.S. 39.3±2.1 35.6±1.2 N.S. 

Cl/Na 0.343±0.035 0.424±0.036 N.S. 0.411±0.043 0.320±0.030 N.S. 

K/Na 0.178±0.017 0.185±0.021 N.S. 0.132±0.017 0.115±0.017 N.S. 

Mg/Na 0.498±0.022 0.517±0.029 N.S. 0.531±0.034 0.468±0.026 N.S. 

(Mn/Na) ×10
4
 1.00±0.23 1.54±0.23 N.S. 0.81±0.13 1.05±0.16 N.S. 

P/Na 17.0±1.1 18.2±0.8 N.S 18.9±1.1 17.7±0.8 N.S. 

Sr/Na 1.02±0.24 1.11±0.22 N.S. 0.668±0.096 0.656±0.065 N.S. 

M – Arithmetical mean, SEM – standard error of mean, N.S. – non significant (p>0.05) 



 

Table 5. Effect of gender on mean values (MSEM) of ratios of chemical element  

mass fractions in the intact femoral trabecular bone (Student’s t-test) 

Ratio Females Males p 

(Cl/Ca)×10
3
 11.4±0.9 9.94±0.70 N.S. 

(K/Ca) ×10
3
 5.01±0.36 3.57±0.45 0.016 

(Mg/Ca) ×10
2
 1.43±0.05 1.32±0.04 N.S. 

(Mn/Ca) ×10
6
 3.59±0.45 2.91±0.38 N.S. 

(Na/Ca) ×10
2
 2.84±0.07 2.79±0.09 N.S. 

P/Ca 0.494±0.011 0.488±0.008 N.S. 

(Sr/Ca) ×10
3
 2.64±0.33 1.81±0.14 0.026 

Ca/P 2.06±0.05 2.07±0.04 N.S. 

(Cl/P) ×10
2
 2.31±0.16 2.01±0.13 N.S. 

(K/P) ×10
2
 1.03±0.08 0.743±0.095 0.022 

(Mg/P) ×10
2
 2.96±0.13 2.75±0.10 N.S. 

(Mn/P) ×10
6
 7.34±0.86 6.14±0.82 N.S. 

(Na/P) ×10
2
 5.92±0.21 5.82±0.25 N.S. 

(Sr/P) ×10
3
 5.35±0.61 3.87±0.32 0.036 

Ca/Mg 72.7±2.8 78.3±2.3 N.S. 

Cl/Mg 0.860±0.075 0.785±0.062 N.S. 

K/Mg 0.367±0.030 0.282±0.038 N.S. 

(Mn/Mg) ×10
4
 2.71±0.37 2.42±0.37 N.S. 

Na/Mg 2.06±0.08 2.17±0.10 N.S. 

P/Mg 36.1±1.8 38.4±1.4 N.S. 

Sr/Mg 0.195±0.027 0.138±0.011 N.S. 

Ca/Cl 97.1±7.4 118±8 N.S. 

K/Cl 0.503±0.049 0.355±0.038 0.021 

Mg/Cl 1.37±0.11 1.57±0.12 N.S. 

(Mn/Cl) ×10
4
 3.67±0.46 3.55±0.43 N.S. 

Na/Cl 2.76±0.20 3.29±0.26 N.S. 

P/Cl 45.2±3.1 56.1±3.5 0.024 

Sr/Cl 0.294±0.045 0.221±0.026 N.S. 

Ca/K 227±19 380±36 0.00043 

Cl/K 2.61±0.32 3.71±0.36 0.024 

Mg/K 3.22±0.29 5.02±0.50 0.0032 

(Mn/K) ×10
4
 6.86±0.74 8.62±0.97 N.S. 

Na/K 6.37±0.57 10.2±0.9 0.00080 

P/K 112±10 188±18 0.00066 

Sr/K 0.740±0.136 0.668±0.079 N.S. 

Ca/Na 35.8±0.8 37.3±1.2 N.S. 

Cl/Na 0.387±0.026 0.362±0.026 N.S. 

K/Na 0.182±0.014 0.123±0.012 0.0021 

Mg/Na 0.508±0.019 0.497±0.021 N.S. 

(Mn/Na) ×10
4
 1.29±0.17 0.94±0.11 N.S. 

P/Na 17.6±0.7 18.2±0.7 N.S. 

Sr/Na 1.07±0.16 0.661±0.056 0.021 

M – Arithmetical mean, SEM – standard error of mean, N.S. – non significant  



The statistically significant age-related increase of Mn/K ratio was only found in the 

intact femoral trabecular bone of males.  

A statistically significant gender-related differences was detected for K/Ca, Sr/Ca, K/P, 

Sr/P, K/Cl, P/Cl, Ca/K, Cl/K, Mg/K, Na/K, P/K, K/Na, and Sr/Na mass fractions ratios. No 

gender-related dependence in Ca/P ratio in human femoral trabecular bone was found in 

previously published studies.
[5-7]

 No published data referring to gender-related changes of 

ratios of other chemical element mass fractions in human femoral trabecular bone were found. 

Table 6 depicts the inter-correlation calculations including all chemical elements 

identified by us. The positive inter-correlations of Ca mass fractions with Mg (p<0.001), Na 

(p<0.001), P (p<0.001), and Sr (p<0.001) mass fractions were found in femoral trabecular 

bone tissue. 

 

Table 6. Inter-correlations (r – coefficient of correlation) of Ca, Cl, K, Mg, Mn, Na, P, and Sr 

mass fractions in the intact femoral trabecular bone 

Element Ca Cl K Mg Mn Na P Sr 

Ca 1.00 0.137 0.181 0.782
c
 0.080 0.748

c
 0.892

c
 0.467

c
 

Cl 0.137 1.00 0.297
a
 0.182 0.314

a
 0.226 0.268

a
 0.070 

K 0.181 0.297
a
 1.00 0.147 0.404

b
 0.314

a
 0.173 0.094 

Mg 0.782
c
 0.182 0.147 1.00 0.046 0.606

c
 0.647

c
 0.435

b
 

Mn 0.080 0.314
a
 0.404

b
 0.046 1.00 0.147 0.127 0.208 

Na 0.748
c
 0.226 0.314

a
 0.606

c
 0.147 1.00 0.576

c
 0.377

b
 

P 0.892
c
 0.268

a
 0.173 0.647

c
 0.127 0.576

c
 1.00 0.452

b
 

Sr 0.467
c
 0.070 0.094 0.435

b
 0.208 0.377

b
 0.452

b
 1.00 

Statistically significant difference:  
a
 - p0.05, 

b
 - p0.01, 

c
 - p0.001. 

 

 

Conclusions 

 

 All the deceased were citizens of Obninsk, a small city of non-industrial region 105 km 

south-west from Moscow. None of those who died a sudden death had suffered from any 

systematic or chronic disorders before. Thus, our data for chemical element mass fraction 

ratios in the intact femoral trabecular bone may serve as indicative normal values for residents 

of the Central European region of Russia. 
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