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Chromium content in bones taken from 
inhabitants of highly industrialized Taiwan, China 
was 11.9 µg/g[24]. It is higher than the average  
value of all elements of the hip joint in our study 
(7.53 µg/g). 

Considering chromium content in different age 
groups, it can be observed that the lowest chromium 
content was in age group <40 years (3.14 μg/g), and 
the highest chromium content was in the oldest age 
group-over 80 years (11.64 μg/g). However, no 
significant correlations between age and chromium 
content were observed in particular parts of the hip 
joint. According to Kuo et al.[24], the lowest 
chromium content in Taiwanese was found in age 
group <40 years (5.36 μg/g) and the highest in age 
group 41-60 years (21.68 μg/g). The differences 
between own results and the results of Kuo et al.[24], 
might be duo to the fact that in their own research, 
the sample size with fractures was small (n=7). In 
addition, Kuo et al.[24] does not explain what other 
diseases can be found in the group. 

Garcia et al.[32] determined that the average 
chromium content in bones of people living in the 
region of Tarragona in Spain was 0.33 μg/g (range: 
0.2-5.8 μg/g). This content is much lower in 
comparison to our study. In his study, Garcia 
confirmed that there were no statistical significant 
differences in chromium content in the bone tissue 
among different age groups. In our study, there was 
no statistical significant difference in chromium 
content between males and females. And in males, 
the chromium content was higher in non-smokers 
than in smokers. The samples size of smokers in our 

study was small, but most of the general population 
were non-smokers. Perhaps, this is why such results 
were obtained. 

D’Haese et al.[33] have determined that the 
chromium content in the bones was higher in people 
after dialysis (0.5 µg/g) compared with that in people 
with normal renal function (0.2 µg/g). 

Hirayama et al.[34] measured the chromium 
content in the femur of rats, the average content 
was 1.4 µg/g. 

The analysis of chromium content in terms of 
other factors included the group similarity analysis. 
Tree diagrams (dendrogram) are illustrations of this 
method. The measure of similarity is the euclidean 
distance. When analysing the similarity of 
occurrence of chromium in the groups of female and 
male, other similarity groups can be observed. In the 
males, the greatest occurrence similarity concern the 
cortical bone and cancellous bone and the highest 
dissimilarity was observed in the articular cartilage. 
However, in the females, the greatest similarity of 
the occurrence was related to the articular cartilage 
and the fragment of the joint capsule and the 
highest dissimilarity concern the cortical bone 
(Figure 2). Moreover, the sex specific euclidean 
distance varied, but in females the distance was 
greater. In patients with fractures, the greatest 
similarity of occurrence was observed for the joint 
capsule and the cancellous bone. In patients with 
osteoarthritis, the similarity of the occurrence of 
chromium was related to the joint capsule and the 
cancellous bone from the intertrochanteric region 
(Figure 3). 

 

Figure 2. Analysis of group similarity in the population of female and male. 





96 Biomed Environ Sci, 2015; 28(2): 89-96 

Revieved: June 25, 2014;  
Accepted: December 9, 2014 

REFERENCES 

1. Nordberg GF, Fowler BA, Nordberg M, et al. Handbook on the 
Toxicology of Metals, Third Edition. London, Amsterdam, 
Bulingtow, San Diego, Academic Press, 2007; 487-9, 506. 

2. Kabata-Pendias A, Mukherjee AB. Trace elements from soil to 
human. Springer Berlin Heidelberg New York, 2007; 182-3.  

3. Pechova A, Pavlata L. Chromium as an essential nutrient: a 
review. Vet Med, 2007; 52, 1-18. 

4. Kirman CR, Aylward LL, Suh M, et al. Physiologically based 
pharmacokinetic model for humans orally exposed to 
chromium. Chem-Biol Interac, 2013; 204, 13-27. 

5. Stoecker BJ. Chromium absorption, safety, and toxicity. J Trace 
Elem Exp Med, 1999; 12, 163-9. 

6. Bilezikian JP, Raisz LG, Rodan GA. Principles of Bone Biology. 
Second Edition Academic Press. Amsterdam: Elsevier Academic 
Press, 2008; 362-3. 

7. O'Flaherty E. A physiologically based model of chromium 
kinetics in the rat. Toxicol Appl Pharm, 1996; 138, 54-64. 

8. Witmer CM, Harris R. Chromium content of bone after 
tolerance factor. Toxicologist, 1991; 11, 41.  

9. Brodziak-Dopierała B, Kwapuliński J, Bogunia M, et al. 
Metabolizm chromu w głowie kości udowej w aspekcie nałogu 
palenia. Przegl Lek, 2006; 63, 1020-2. (In Polish) 

10.Weber H. Long-term study of the distribution of soluble 
chromate-51 in the rat after a single intratracheal 
administration. J Toxicol Environ Health, 1983; 11, 749-64.  

11.O'Flaherty E. Chromium as an essential and toxic metal. Scand J 
Work Environ Health, 1993; 19, 124-5. 

12.Berry DJ, Wold LE, Rand JA. Extensive osteolysis around an 
aseptic, stable, uncemented total knee replacement. Clin 
Orthop Relat Res, 1993; 293, 204-7. 

13.Allen MJ, Myer B, Jmillett PJ, et al. The effects of particulate 
cobalt, chromium and cobalt-chromium alloy on human 
osteoblast-like cells in vitro. J Bone Joint Surg, 1997; 79, 
475-82. 

14.Andrews RE, Shah KM, Wilkinson JM, et al. Effects of cobalt 
and chromium ions at clinically equivalent concentrations after 
metal-on-metal hip replacement on human osteoblasts and 
osteoclasts: Implications for skeletal health. Bone, 2011; 49, 
717-23. 

15.Yang J, Shen B, Zhou Z, et al. Changes in cobalt and chromium 
levels after metal-on-metal hip resurfacing in young, active 
Chinese patients. J Arthroplasty, 2011; 26, 65-70.  

16.Sankaramanivel S, Jeyapriya R, Hemalatha D, et al. Effect of 
chromium on vertebrae, femur and calvaria of adult male rats. 
Hum Exp Toxicol, 2006; 25, 311-8. 

17.Pabbruwe MB, Standard OC, Sorrella ChC, et al. Bone 
formation within alumina tubes: effect of calcium, manganese, 
and chromium dopants. Biomaterials, 2004; 25, 4901-10. 

18.Mabilleau G, Filmon R, Petrov PK, et al. Cobalt, chromium and 
nickel affect hydroxyapatite crystal growth in vitro. Acta 
Biomater, 2010; 6, 1555-60. 

19.Doi Y, Aoba T, Okazaki M, et al. Organic-bound chromium in 
enamel, dentin, and bone studied by Electron Spin Resonance. 
J Dent Res, 1981; 60, 1053-6. 

20.Soudani N, Ibtissem BA, Troudi A, et al. Oxidative stress 
induced by chromium (VI) in bone of suckling rats. Toxicol Ind 
Health, 2011; 27, 724-34. 

21.Jenkins RA, Guerin MR, Tomkins BA. The chemistry of 
environmental tobacco smoke: composition and measurement, 
Second Edition. Lewis Publisher, Boca Roton, London, New 
York, Washington. D.C., 2000; 71, 74, 306-9.  

22.Anttila S, Kokkonen P, Pääkkö P, et al. High concentrations of 
chromium in lung tissue from lung cancer patients. Cancer, 
1989; 63, 467-73. 

23.Pääkkö P, Kokkonen P, Anttila S, et al. Cadmium and chromium 
as markers of smoking in human lung tissue. Environ Res, 1989; 
49, 197-207. 

24.Kuo HW, Kuo SM, Chou CH, et al. Determination of 14 
elements in Taiwanese bones. Sci Total Environ, 2000; 255, 
45-5. 

25.Kosugi H, Hanihara K, Suzuki T, et al. Elemental composition of 
ancient Japanese bones. Sci Total Environ, 1986; 52, 93-107. 

26.Brodziak-Dopierała B, Kwapuliński J, Kusz D, et al. Interactions 
between concentrations of chemical elements in human 
femoral heads. Arch Environ Contam Toxicol, 2009; 57, 203-10. 

27.Kwapuliński J, Brodziak-Dopierała B, Kowol J, et al. Anomalies 
in interactions of selected metals in the femur heads of people 
living within their permanent emission. Fresenius Environ Bull, 
2009; 18, 1075-9. 

28.Reid IR. Relationships among body mass, its components and 
bone. Bone, 2002; 31, 547-55. 

29.Brodziak-Dopierała B, Kwapuliński J, Sobczyk K, et al. 
Distribution of magnesium, calcium, sodium and potassium in 
tissues of the hip joint. Magnes Res, 2013; 26, 125-31. 

30.Reid IR. The skeleton in pregnancy and lactation. Intern Med J, 
2002; 32,433-4. 

31.Hisanaga A, Hirata M, Tanaka A, et al. Variation of trace metals 
in acient and contemporary Japanes bones. Biol Trace Elem 
Res, 1988; 22, 221-31. 

32.Garcia F, Ortega A, Domingo JL, et al. Accumulation of metals 
in autopsy tissues of subjects living in Tarragona county, Spain. 
J Environ Sci Health, 2001; 36, 1767-86. 

33.D'Haese PC, Couttenye MM, Lamberts LV, et al. Aluminium, 
iron, lead, cadmium, copper, zinc, chromium, magnesium, 
strontium and calcium content in bone of end-stage renal 
failure patients. Clin Chem, 1999; 45, 1548-56. 

34.Hirayama M, Iijima S, Iwashita M, et al. Aging effects of major 
and trace elements in rat bones and their mutual correlations. 
J Trace Elem Med Biol, 2011; 2, 73-84. 

35.Yoshinaga J, Suzuki T, Morita M, et al. Trace elements in ribs of 
elderly people and elemental variation in the presence of 
chronic diseases. Sci Total Environ, 1995; 162, 239-52.  

 


