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Abstract 

Copper, an essential trace element in bone tissue, plays a cru-
cial role in the active centers of vital enzymes. It is involved in the 
synthesis of key connective tissue proteins like collagen and elas-
tin, which form the structural matrix of bones and cartilage. This 
research aims to investigate the copper content in human lumbar 
vertebrae and explore how it changes with age, with a particular 
focus on gender differences. The study involved the analysis of the 
third lumbar vertebrae from 211 individuals spanning ages 0 to 90 
years. Copper content was determined using an atomic absorption 
spectrophotometer C-115M1 (PA “Electron,” Ukraine), while the or-
ganic component of bone tissue was calculated using the weighing 
method. The obtained data were statistically analyzed using ANOVA 
and independent samples t-tests. The results revealed that copper 
levels in the spongy bone of human lumbar vertebrae ranged from 
2.45 to 6.12 mg/kg dw, and the organic component of bone tissue 
varied from 6.5% to 49.6%. The statistical analysis demonstrated 
a positive correlation between the organic component and cop-
per content in the spongy bone tissue for both males (r=0.5195, 
p<0.01, n=106) and females (r=0.6101, p<0.01, n=105). Our study 
demonstrated that bone copper levels decrease with age, irrespec-
tive of gender. A strong positive correlation was observed between 
bone copper and organic content in the spongy bone of human 
lumbar vertebrae.

Keywords: Lumbar vertebra; Copper; Bone composition; Trace 
elementsIntroduction

Bone is a calcified tissue that responds to changes in dietary 
intake and nutritional status. It consists of approximately 60% 
inorganic components (hydroxyapatite), 10% water, and 30% 
organic components (proteins). The primary functions of bone 
are to provide mechanical support for movement, protect vital 
internal organs, and regulate mineral balance within the body. 
In addition to well-known macro minerals, trace elements such 
as iron, zinc, copper, and selenium also play a role in bone me-
tabolism [1].

The bone tissue undergoes a constant turnover process in-
volving resorption by osteoclasts and formation by osteoblasts. 
The overall balance of bone depends on the relative contribu-
tion of these processes. Trace elements can influence skeletal 
metabolism and tissue properties indirectly by regulating mac-
romineral metabolism or directly by affecting the proliferation 
or activity of osteoblasts and osteoclasts, which are incorporat-
ed into the bone mineral matrix [1].

Deficiency in trace elements can hinder the increase of bone 
mass during childhood and adolescence and accelerate bone 
loss after menopause or in old age. Deterioration in bone qual-
ity increases the risk of fractures. To identify and treat individu-

als at risk of non-traumatic fractures, it is important to monitor 
the homeostasis of trace elements, measure bone density, and 
assess biochemical markers of bone metabolism [2].

Within the human body, copper content ranges from 50 to 
120 mg, with about two-thirds of the total copper found in the 
muscles and skeleton [3,4]. Copper plays a crucial role in the 
formation of enzymes that facilitate electron transfer and the 
reduction of molecular oxygen, making it essential for cellular 
energy metabolism [5,6]. One of these enzymes, lysyl oxidase, 
utilizes lysine and hydroxylysine as substrates to produce cross-
links necessary for the development of connective tissues, in-
cluding those in bones [6-8].

Numerous in vitro studies have confirmed the beneficial im-
pact of copper on the cells involved in bone metabolism. Some 
studies demonstrated that copper ions could inhibit osteoclas-
tic resorption [9], while other researchers have shown that the 
effects of copper are dependent on its dosage. Specifically, low 
concentrations of copper have been found to enhance the vi-
ability and growth of osteoblastic cells, whereas higher concen-
trations can be cytotoxic [10].
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Under normal physiological conditions, copper ions can cre-
ate a hypoxic microenvironment similar to hypoxia-mimicking 
ions and increase bone mineral density by promoting the ex-
pression of bone-related genes such as ALP, OPN, and OPN. This 
inhibition of active bone resorption and promotion of angio-
genesis is achieved through the upregulation of vascular endo-
thelial growth factor [11-13]. Copper has been found to down-
regulate the expression of Runx2 and other genes related to 
osteogenic differentiation, as well as inhibit collagen formation 
while stimulating angiogenesis in vivo studies [14]. Addition-
ally, copper has been observed to hinder cytoskeletal changes 
in Bone Mesenchymal Stem Cells (BMSCs) during osteogenic 
differentiation, suggesting its interference with mesenchymal 
stem cells involved in osteogenesis by affecting cytoskeleton or-
ganization [14]. Other studies indicate that copper can also pro-
mote both osteogenesis and adipogenic differentiation of BM-
SCs, with a preference for the osteogenic lineage [15]. Higher 
concentrations of copper have been found to induce apoptosis 
in BMSCs [16].

In vivo, experiments on bone tissue formation have demon-
strated that copper inhibits the accumulation of collagen type I 
and the formation of connective tissue while stimulating micro-
vascular formation [14]. These findings suggest a balance be-
tween inhibiting collagen accumulation and promoting micro-
vascular formation with copper supplementation, which can aid 
in the development of copper-containing implants to promote 
angiogenesis [17-19].

The insufficient amount of copper ions has detrimental ef-
fects on bone tissue, leading to increased bone resorption and 
disruption of lysyl oxidase [20]. Copper deficiency can result 
in decreased cancellous bone, weakened bone formation and 
mineralization, impaired cartilage integrity, and ultimately re-
duced bone density. Animal experiments have shown that cop-
per deficiency leads to bone deformities, hypoplasia, fragile 
bones, and frequent fractures [21].

The impact of copper supplementation on bone health has 
been examined in several studies, primarily focusing on meno-
pausal women. One study investigated the effects of a 3 mg 
copper daily intake in the diet of healthy women over a span of 
2 years. The results showed decreased vertebral bone density 
loss compared to the control group without supplementation 
[22]. Another study conducted by Baker et al. explored the in-
fluence of a 3-week diet with varying levels of copper (1.6 mg/d 
vs. 0.7 mg/d vs. 6 mg/d) on healthy men. The transition from 
a copper-poor to a copper-rich diet led to a significant reduc-
tion in markers of bone resorption [23]. Thus, it can be inferred 
that nontoxic doses of copper are unlikely to induce detrimental 
changes in bone tissue. 

Furthermore, another study indirectly supports the role of 
copper in maintaining bone integrity [24]. Cu and Zn SOD-de-
ficient mice, which exhibited increased cytoplasmic superox-
ide, displayed compromised bone integrity. These mice dem-
onstrated greater weakness in bone stiffness and decreased 
bone mineral density. In the lumbar vertebrae of SOD-deficient 
mice, there was a decrease in the presence of osteoblasts and 
osteoclasts on the surface area. Primary osteoblasts exhibited 
enhanced cell death and reduced proliferation, likely due to 
decreased antioxidant activity. These findings may be attrib-
uted not only to decreased collagen crosslinking but also to in-
creased free radical production [25].

Results of studies aimed at determining the effects of exces-

sive copper levels indicated that copper exhibits direct toxicity 
to cartilage and bone tissue in chicken embryos, primarily due 
to the inhibition of collagen synthesis [26,27], and elevated se-
rum copper level is associated with decreased bone size and 
density in C57 mice [28]. Another study demonstrated that 
copper-induced inhibition of mineral and matrix formation re-
mained unaffected by zinc intake [29]. 

In patients with Wilson's disease, copper overload can in-
terfere with bone metabolism, resulting in a generalized loss 
of bone density, rickets, and abnormal osteophytes [12]. Epi-
demiological studies in individuals with Wilson's disease have 
revealed normal bone mineral density in cortical and cancellous 
bone but an increased risk of fractures [30]. Moreover, exces-
sive copper levels and decreased bone strength have been as-
sociated with other conditions, such as rickets and abnormal 
osteophytes [31].

Excessive copper also leads to the generation of high levels 
of free radicals, triggering lipid peroxidation and interfering 
with bone metabolism, resulting in decreased bone cortex and 
strength. Oxidation itself can promote aging and reduce bone 
strength [32].

Furthermore, high concentrations of copper ions have the 
potential to impact collagen synthesis negatively. Ascorbic acid 
is well-known for its essential role in collagen production. How-
ever, at elevated levels of copper, free copper ions can reduce 
the half-life of ascorbic acid, leading to reduced collagen accu-
mulation [7].

Impaired bone growth is frequently observed in various 
conditions linked to disrupted copper metabolism, implying a 
physiological significance of copper in bone tissue growth and 
mineralization [33]. However, recent studies examining the re-
lationship between copper and bone are rare, both in humans 
and animals. One of the main reasons for this could be the rela-
tively minor prevalence of copper deficiency among most popu-
lation groups in the United States [34]. 

Therefore, the aim of this study was to investigate the physi-
ological changes in copper content within the spongy bone of 
human lumbar vertebrae across different age groups.

Materials and Methods

This study utilized a collection of 211 regular lumbar spine 
specimens gathered from diseased residents of Luhansk City in 
Ukraine. The study was approved by the Bioethics Committee 
of Luhansk State Medical University (3/10112005) and the MPH 
of Ukraine (2000/20.23.23). The samples of the third lumbar 
vertebrae (L3) consisted of 106 male and 105 female individu-
als spanning an age range from 0 to 88 years, with an average 
Table 1: Material of the research: number of lumbar spine specimens 
- age distribution.

Age Group Year-old
Males

(n)
Females

(n)
1 0 11 12
2 0-1 7 5
3 1-3 5 4
4 3-7 3 4
5 8-12 4 3
6 13-16 5 3
7 17-20 7 6
8 21-35 18 15
9 36-60 21 17

10 61-74 14 22
11 75-90 11 15

Total 106 105
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age of 40-year-old. All specimens were sourced from individuals 
who experienced trauma, poisoning, asphyxia, or sudden death 
due to vascular disorders without spinal damage recorded (Ta-
ble 1).

The bone samples obtained from the L3 vertebral body un-
derwent a series of procedures to analyze the chemical com-
position of the spongy bone tissue. First, the samples under-
went a dry-heating process at 105°C until a constant weight 
was achieved. Then they were incinerated at a temperature of 
450°C for 48 hours to convert to ashes. A percentile of organic 
substances in the bone tissue was calculated by weighing the 
samples before and after the incineration. 

The quantitative determination of copper (324.7 nm) was 
performed using an atomic absorption spectrophotometer C-
115M1 (PA "Electron," Ukraine). Results were expressed as mi-
crograms of element per kilogram of dry bone weight.

Descriptive statistics were calculated for all measurements, 
and the relationships between Cu content, age, and organic 
bone component were assessed using analysis of variance 
(ANOVA) in TIBCO Statistica® software. An independent sam-
ples t-test was employed to compare the data between male 
and female groups. Statistical significance was determined at a 
threshold of P<0.05.

Results

Figure 1 illustrates age-related changes in Cu content in the 
vertebral body of L3. Our data demonstrated that the average 
Cu content in spongy bone tissue of L3 was 3.82±0.70 mg/kg 
dw, with a range of 2.45–5.63 mg/kg dw for men and 3.87±0.73 
mg/kg dw, with a range of 2.72–6.12 mg/kg dw for women. 
The independent group t-test did not show significant differ-
ences in copper content between male and female groups (t-
value 0.547, p=0.589).

The least squares fit equation for males was Copper (mg/kg 
dw) = 4.1292–0.0089* Age (years), n=106, p<0.05, correlation 
coefficient = -0.35. For females, the equation was Copper (mg/
kg dw) = 4.2429–0.0094* Age (years), n=105, p<0.05, correla-
tion coefficient = -0.37.

Table 2: The copper and organic bone content in spongy bone of the 
L3 for 212 persons of different age groups.

Age group Sex

Cu
(mg/kg dw)

Organic
(%)

Mean ± SD Mean ± SD Range Range

(1) 0 yr M 4.68±0.84 43,4±2,6 39,3-46,5 3.48-5.63

F 4.99±0.94 44,3±2,5 41,0-49,6 3.59-6.12

M+F 4.84±0.89 43,9±2,5 39,3-49,6 3.48-6.12

(2) 0-1 yr M 4.49±0.42 34,1±2,0 31,6-36,2 3.96-5.06

F 4.48±0.17 33,6±2,7 30,2-36,4 4.29-4.67

M+F 4.49±0.32 33,9±2,2 30,2-36,4 3.96-5.06

(3) 1-3 yr M 4.31±0.46 29,2±1,5 27,1-31,1 3.58-4.82

F 4.40±0.59 29,1±2,0 26,7-31,5 3.57-4.89

M+F 4.35±0.49 29,1±1,6 26,7-31,5 3.57-4.89

(4) 3-7 yr M 4.52±0.32 22,9±1,2 21,6-23,8 4.32-4.89

F 4.61±0.46 23,6±0,9 22,3-24,3 4.12-5.04

M+F 4.57±0.38 23,3±1,0 21,6-24,3 4.12-5.04

(5) 8-12 yr M 4.27±0.72 17,5±1,5 16,3-19,4 3.28-4.97

F 4.45±0.42 17,0±0,6 16,5-17,4 4.15-4.75

M+F 4.33±0.6 17,3±1,2 16,3-19,4 3.28-4.97

(6) 13-16 
yr

M 3.16±0.35 17,1±1,2 15,9-18,9 2.68-3.50

F 3.22±0.27 17,5±0,7 16,9-18,3 2.98-3.52

M+F 3.19±0.31 17,3±1,0 15,9-18,9 2.68-3.52

(7) 17-20 
yr

M 3.23±0.20 15,6±2,6 12,0-18,8 2.99-3.52

F 3.29±0.25 15,8±1,5 13,0-17,2 3.00-3.65

M+F 3.25±0.21 15,7±2,1 12,0-18,8 2.99-3.65

(8) 21-35 
yr

M 3.40±0.41 13,9±2,9 6,5-17,0 2.73-4.09

F 3.32±0.37 14,5±2,4 10,7-18,5 2.72-3.93

M+F 3.36±0.39 14,1±2,7 6,5-18,5 2.72-4.09

(9) 36-60 
yr

M 3.75±0.57 14,3±2,1 10,9-17,2 2.83-4.56

F 3.71±0.33 14,6±2,5 11,3-19,0 3.19-4.26

M+F 3.74±0.47 14,5±2,3 10,9-19,0 2.83-4.56

(10) 61-74 
yr

M 3.53±0.52 14,9±1,4 12,3-17,5 2.45-4.31

F 3.56±0.41 15,1±2,7 9,8-21,2 2.93-4.60

M+F 3.55±0.45 15,0±2,2 9,8-21,2 2.45-4.60

(11) 75-90 
yr

M 3.81±0.60 13,0±2,0 9,2-15,8 3.11-4.86

F 3.92±0.70 13,7±2,2 10,2-16,1 3.18-4.89

M+F 3.87±0.65 13,4±2,1 9,2-16,1 3.11-4.89

Figure 1: Age-related changes of the copper content in spongy 
bone of L3.

Figure 2: L3 spongy bone organic component versus Cu content in 
males.
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The data of Cu and organic content in the L3 vertebral body 
for persons of different age groups and gender are summarized 
in Table 2. According to the results of our study, the concentra-
tion of Cu in the spongy bone of the L3 body of newborns rang-
es from 3.48 mg/kg dw to 6.12 mg/kg dw, averaging 4.84±0.89 
mg/kg dw. In boys (4.68±0.84 mg/kg dw), the average concen-
tration of this element is lower than in girls (4.99±0.94 mg/
kg dw), but these differences are not statistically significant 
(p=0.34). In children of 1–12 years old, Cu content in spongy 
bone of L3 was in the range of 3.28 mg/kg dw to 5.06 mg/kg 
dw with an average of 4.4±0.46 mg/kg dw for boys and in the 
range of 2.98 mg/kg dw to 5.04 mg/kg dw with an average of 
4.34±0.55 mg/kg dw for girls. In teenagers, there is a decrease 
in the content of copper in the spongy bone of the L3 by 26.3%, 
and the average concentration of this element is 3.19±0.31 mg/
kg dw (range of recorded values from 2.68 mg/kg dw to 3.52 
mg/kg dw). In other age periods, the content of copper in the 
bone tissue was relatively stable. It averaged 3.25±0.21 mg/kg 
dw for adolescent subjects, 3.36±0.39 mg/kg dw for adults, and 
3.74±0.47 mg/kg dw, in the elderly -3.55±0.45 mg/kg dw and in 
the senile -3.87±0.65 mg/kg dw.

The results of our study demonstrated that the average or-
ganic component of L3 spongy bone tissue was 19.79±10.13%, 
with a range of 6.5–46.5% for men, and 19.95±10.34%, with a 
range of 9.8–49.6% for women, generally decreasing with age. 

The independent group t-test did not show statistical differ-
ences in the organic component of L3 between male and female 
groups (t-value 0.114, p=0.909).

Discussion

Copper is vital in various physiological processes, including 
forming and maintaining connective tissues, bone health, and 
enzymatic reactions. While copper is present in different tissues 
and organs throughout the body, its concentration may vary de-
pending on different factors such as age, sex, and overall health 
[12]. 

Imbalances in trace metal elements, whether excessively 
high or low, can have detrimental effects on bone mineral for-
mation and the synthesis of the bone matrix, there by increas-
ing the risk of osteoporosis and other bone disorders [35]. The 
association between copper deficiency and radiographic signs 
of metabolic bone diseases, including osteoporosis, metaphyse-
al changes, and disruptions of the physical structure, has been 
observed in premature infants [33]. Copper deficiency signifi-

cantly impacts bone metabolism, particularly in newborns with 
Menkes disease, a genetic disorder caused by mutations in the 
ATP7A gene. This condition affects copper absorption and leads 
to various systemic manifestations, including bone abnormali-
ties such as delayed growth, generalized osteoporosis, and ab-
normal development of long bones [36]. The impact of copper 
deficiency on bone changes primarily arises from functional im-
pairments in osteoblasts, while osteoclast activity remains un-
affected [37]. This imbalance, with reduced osteoblast function 
and unaltered osteoclast activity, disrupts the normal remodel-
ing of bone tissue, ultimately resulting in osteopenia [38].

On the contrary, excessive levels of copper can have adverse 
effects. The excess copper can generate Reactive Oxygen Spe-
cies (ROS), leading to the peroxidation of lipids and interference 
with bone metabolism. As a result, there is a general reduction 
in bone density, the occurrence of rickets, and the formation 
of abnormal osteophytes in individuals with Wilson's disease, a 
genetic disorder characterized by impaired copper metabolism 
[32]. Thus, maintaining balanced copper homeostasis is vital for 
supporting skeletal growth during childhood and promoting op-
timal bone health in adulthood [2]. To ensure adequate bone 
quality, it is recommended that adults maintain a daily intake of 
0.9 mg of copper [39].

According to the results of our study, copper content in the 
spongy bone of human lumbar vertebrae is in the range of 
2.45–6.12 mg/kg dw. A value of 5–6 mg/kg dw was considered 
the physiological level of Cu in bone tissue, with the range vary-
ing according to people’s age and/or bone type [40,41]. In a sys-
tematic review, Ciosek et al. [42] analyzed the average copper 
concentrations in the various bone types available in scientific 
literature. Copper levels range from 0.16 to 6.30 mg/kg dw, with 
the highest value recorded in ribs. Comparing bone types, cop-
per concentrations can be arranged in the following descending 
series: tibia > femur > ribs. 

When comparing the content of copper in the different tis-
sues of patients living in rural areas and cities, some studies in-
dicated an elevated level [43]. In contrast, others did not show 
statistically significant differences [44]. Also, some studies in-
dicated that copper levels are higher in spongy bone than in 
cortical bone [45,46]. Since Luhansk is a city in a very industrial 
region and we studied spongy bone specimens, this can explain 
slightly higher copper levels. We have not found specific data 
for copper levels in the human vertebrae.

Based on the conducted studies, it can be observed that the 
average copper level in the lumbar vertebrae of newborns is 
4.84±0.89 mg/kg dw versus 3.87±0.65 mg/kg dw in elderly peo-
ple. copper level in spongy bone of L3 generally declines with 
age despite the significant variation. This data supports other 
studies on different human bones that have shown the same 
trend [40,47,48]. In general, copper concentrations in the body 
tend to decrease with age due to reduced absorption and in-
creased excretion. However, it's important to note that bone 
composition and mineral content are influenced by factors 
beyond copper alone, such as calcium, phosphorus, and other 
trace minerals [12].

Our data did not show statistically significant gender differ-
ences for copper levels in lumbar vertebrae, as well as it was 
not found in other studies for the ribs [40,41,48], femur [47,49], 
and tibia bones [44]. 

The mineral portion of the bone is comprised of hydroxyapa-

Figure 3: L3 spongy bone organic component versus Cu content in 
females.
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tite, which contributes up to 65% of the weight of the bone. The 
remaining 20–30% of the bone weight contains organic com-
ponents, primarily type I collagen (~90%), and the remaining 
~10% noncollagenous proteins. The last 10% of the bone weight 
includes water molecules in the collagen and mineral portions 
[50]. 

Our data indicated that the organic component of bone tis-
sue in lumbar vertebral bodies lies in the range of 6.5–49.6% of 
the bone weight for the different age groups, with no statistical 
differences between male and female groups.

Statistical analysis of our data shows a positive correlation 
between organic components and copper content in spongy 
bone tissue of L3. The least squares fit equation for males was 
Organic (%) = -8.8395+7.4965* Cu (mg/kg dw), n=106, p<0.01, 
correlation coefficient = 0.5195 (Figure 2). For females, the 
equation was Organic (%) = -2.9706+8.5007* Cu (mg/kg dw), 
n=105, p<0.01, correlation coefficient = 0.6101 (Figure 3).

Our findings align with previous research, providing further 
evidence that copper plays a vital role in the synthesis and sta-
bilization of collagen, a crucial organic component of bones [1]. 
Additionally, copper actively participates in enzymatic reactions 
that regulate bone remodeling and mineralization processes. 
Animal studies have demonstrated the influence of copper on 
collagen accumulation and angiogenesis during in vivo bone 
formation [14]. Numerous studies have established that cop-
per deficiency impairs the mechanical strength of bones by 
reducing the crosslinking of elastin and collagen [51,52]. Fur-
thermore, the dosage of copper has been emphasized by other 
authors, as low concentrations of copper (0.1% w/w) have been 
shown to improve the viability and growth of osteoblastic cells, 
while higher concentrations (2.5% and 1% w/w) have proven to 
be cytotoxic [10,53].

The biochemical processes within the skeletal system are 
complex, with a delicate balance between cells, organic com-
pounds, and inorganic elements [54]. Disruptions in this equi-
librium, whether through excessive or insufficient amounts, can 
significantly impact bone metabolism. Despite numerous publi-
cations addressing this subject, there is still much to uncover to 
comprehensively understand the influence of minerals on bone 
metabolism.

Conclusion

In conclusion, our study demonstrated that bone copper 
level declines with age without gender differences. There was 
a strong positive correlation between bone copper and organic 
content in the spongy bone of human lumbar vertebrae. This 
correlation suggests that copper plays an essential role in bone 
metabolism and collagen interactions.
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