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ABSTRACT

BACKGROUND: This study aimed to determine trace element levels (Zn, Fe, Mn, Mg, Cu, Cd, Co, and Pb) in patients with burst 
fractures in Van Province, Turkey.

METHODS: The study included a total of 44 participants with no additional pathologies, including 22 patients with burst fractures 
aged over 18 years who were admitted to the neurosurgery departments at two hospitals between June 15, 2015 and January 20, 
2016 and 22 healthy volunteers. Serum samples were obtained from all participants to measure the serum levels of trace and heavy 
elements, including Mn, Cd, Cu, Pb, Fe, Co and Zn, using atomic absorbance spectrophotometry.

RESULTS: The trace element levels of Zn, Mn, Cu, Co, and Mg were significantly lower (p<0.001), whereas those of Fe, Cd, and Pb 
were significantly higher in the patient group than in the control group. In addition, the levels of Zn, Mn, Cu, Co, and Mg were lower 
and the levels of Fe, Cd, and Pb were higher in the patient group than in the control group.

CONCLUSION: The probability of burst fracture and its causes leading to any injury may be considered as an indicator balance for 
the concentration of trace elements between the patient group and control group and may also be a risk factor associated with the 
bone exposed to burst fracture Significant changes in serum levels of Zn, Cd, Mn, Mg, Pb, Fe, Cu and Zn elements can be observed in 
patients with burst fractures.
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terior and middle vertebral columns are often damaged due 
to high-energy axial loading, leading to repositioning of the 
nucleus pulposus of the vertebral disc toward the corpus.[5] 
In some cases, bone fracture fragments can enter the spinal 
canal, causing neurological deficits as well as instability.[7–9] 
Neurological injury has been shown to occur in 30%–90% of 
patients with burst fracture due to damage in the proximal 
portion of the spinal cord, conus medullaris, or the filaments 
of the cauda equina.[10,11]

The treatment of burst fractures remains controversial. Some 
authors propose non-surgical methods, such as resting for 
a while, stability, or medical treatments, unless neurological 

  O R I G I N A L  A R T I C L E

INTRODUCTION

Vertebral fractures predominantly occur in young people as 
a result of traumatic injuries and in elderly people as a re-
sult of osteoporosis.[1] Burst fractures account for 17% of all 
major vertebral fractures.[2,3] Of all spinal regions, burst frac-
tures commonly occur in the thoracolumbar region due to its 
biomechanical properties and anatomical structure.[4,5]

The term “burst fracture” was first defined by Holdsworth.
[6] The most frequent causes of burst fractures are motor 
vehicle accidents and falls from a height. The clinical criteria 
for spinal instability were first defined by Denise.[2] The an-
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deficits are presented.[12] On the other hand, the common 
view is that the stabilization of burst fractures should be 
achieved by emergency surgery, and compression on the neu-
ral tissue should be eliminated by enlarging the spinal canal if 
there are fractures inside the canal.[13,14] Moreover, surgery 
becomes unavoidable in the presence of neurological deficits.

MATERIALS AND METHODS

This study included a total of 44 participants with no addi-
tional pathologies, including 22 patients with burst fractures 
aged over 18 years who were admitted to the neurosurgery 
departments at Yuzuncu Yil University School of Medicine 
and Van Regional Training and Research Hospital between 
June 15, 2015 and January 20, 2016; 22 healthy volunteers 
were included as a control group (Table 1). The patient group 
included 8 (36.4%) women and 14 (63.6%) men with a mean 
age of 39.77±3.81 years, and the control group included 8 
(36.4%) women and 14 (63.6%) men with a mean age of 
40.5±0.473 years.

Biochemical Analysis
Blood samples (3 cm3) were drawn from each participant 
in the morning after a 12-h fasting. Venous blood samples 
were placed in NF 800 tubes (Nüve-Bench Top Centrifuge, 
NF 800R, Ankara-Turkey ) and were immediately stored in a 
freezer at 4°C. Blood samples were centrifuged at 5,000 rpm 
for 10 min to obtain serum. The serum samples to be used 
for the measurement of trace element levels were stored at 
−80°C until analysis. Serum samples were processed using 
atomic absorbance spectrophotometry at Central Research 
Laboratory of Yuzuncu Yil University.

Statistical Analysis
Table 2 presents the statistical evaluation of the concentra-
tions of Zn, Fe, Mn, Mg, Cu, Cd, Co, and Pb using Error (Mean 
± Standard Deviation) or (± SH) parameters. The serum lev-
els of trace were compared in both groups.

RESULTS

The trace element levels of Zn, Mn, Cu, Co, and Mg were 
significantly lower (p<0.001), whereas those of Fe, Cd, and 
Pb were significantly higher in the patient group than in the 
control group. In addition, the levels of Zn, Mn, Cu, Co, and 

Table 1. Demographic data, etiology and level of vertebral 
fracture

No Age  Gender Level  Etiology

1 36 Male L1 γ

2 41 Male T12 γ

3 39 Female L3 ∞

4 42 Female L4 α

5 44 Female L4 ∞

6 40 Male T7 α

7 38 Female T9 ∞

8 41 Male L5 γ

9 41 Female L1 ∞ 

10 35 Female L1 α

11 44 Female T12 ∞

12 38 Female T12 γ

13 44 Male T12 γ

14 37 Male T11 α

15 40 Female L3 α

16 40 Female T5 γ

17 38 Female L4 ¥

18 43 Male L1 γ

19 43 Female L4 ∞

20 40 Female T12 γ

21 33 Female T11 ¥

22 41 Male L1 γ

γ: Trauma; ∞: Falling from high; ¥: Spontaneous; α: Traffic accident.

Table 2. Trace element levels in the patient and control groups

  Control group (n=22) Burst fracture patient group (n=22)

 Mean SD Min. Max. Mean SD Min. Max. p

Zn (mg/L) 3.1849  0.1599 2.235    4.551 0.5699 0.0859 0.17 1.497 <0.0001

Fe (mg/L) 0.3026  0.0317 0.043    0.603 2.8893 0.3319 1.36 5.799 <0.0001

Mn (mg/L) 0.2932  0.0132 0.222    0.414 0.136 0.0124 0.04 0.2585 <0.0001

Mg (mg/L) 25.033 0.4345 22.162 30.435 7.6365  0.7432 3.24 14.2625 <0.0001

Cu (mg/L) 5.1564  0.2904 3.55    8.663 0.5552 0.0553 0.11 1.26 <0.0001

Cd (mg/L) 0.0067  0.0002 0.004    0.009 0.1408 0.0111 0.03 0.236 <0.0001

Co (mg/L) 0.4609  0.0338 0.28    0.93 0.1713 0.0274 0.03 0.4545 <0.0001

Pb (mg/L) 0.4048  0.0259 0.2123 0.6519 1.9719 0.0981 1.39 2.911 <0.0001

SD: Standard deviation; Min.: Minimum; Max.: Maximum.
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Mg were lower and the levels of Fe, Cd, and Pb were higher 
in the patient group than in the control group.

DISCUSSION
Burst fractures constitute a type of traumatic spinal injury 
caused by severe compression of the vertebrae. These frac-
tures typically result from severe traumas such as motor ve-
hicle accidents, falls from a height, or assaults. Burst fractures 
can occur in any part of the vertebra. A vertically directed 
force on the spine may lead to vertebral fractures. Trace ele-
ments, in addition to being primary constituents of biological 
structures, have significant roles in various diseases. They also 
have a crucial role in the structure of bones. Numerous stud-
ies have investigated the concentrations of trace elements.
[15,16] In the present study, the levels of certain trace elements 
(Zn, Fe, Mn, Mg, Cu, Cd, Co, and Pb) were measured in pa-
tients with burst fractures. The results revealed marked dif-
ferences between the concentrations of these elements in 
patients with burst fractures and healthy volunteers.

The serum levels of all trace elements in patients with burst 
fractures are shown in Table 2. Zinc (Zn) is an essential nutri-
tional microelement and plays a significant role in the growth 
of humans and animals.[17] As shown in Table 2, serum levels of 
Zn were lower in the patient group than in the healthy group. 
Although these findings were consistent with those reported 
by Cobanoglu et al. (2010),[11] Mazdak et al. (2010),[18] and Cebi 
et al. (2010),[10] they contradicted the findings reported for 
patients with malignant glioma by Arslan et al.[19] Although Zn 
has the ability to stimulate collagen synthesis in osteoblasts 
and activate alkaline phosphatase, these processes have a cru-
cial role in the mineralization and calcification of bones.[20] Zn 
deficiency is commonly associated with numerous disorders 
such as retarded bone growth.[21] Intervertebral discs have the 
lowest Zn concentration because the peak concentrations 
start from the cartilage, bone, and posterior longitudinal lig-
aments.[22] Zn has also been shown to be effective in fracture 
healing. The primary role of Zn in fracture healing has been 
shown in diaphyseal tissues of rats that were removed 7 or 14 
days after femoral diaphyseal fractures.[23]

The serum levels of Fe were higher in the patient group 
than in the control group. This finding was consistent with 
that reported by Cobanoglu et al. (2010)[11] and Arslan et al. 
(2011)[19] but contradicted the findings reported by Arslan 
et al. (2011).[24] Oxidative stress affects the mitochondrial 
DNA by impairing the balance.[25] Free Fe ions, which lead 
to the formation of reactive oxygen species (ROS), including 
superoxide and hydrogen peroxide, in mammalian cells, are 
released via the Fenton and Haber–Weiss reactions. Fe is a 
physiologically important trace element; however, it is bio-
chemically hazardous. Fe is an important nutritional element 
for all living organisms, and low levels of Fe may have a role 
in the prevention of numerous diseases such as infection and 
cancer. Fe deficiency may also lead to various bone abnor-

malities in patients with thalassemia major.[26] The deposition 
of Fe in the bone marrow has been shown to cause delayed 
bone maturation and focal osteomalacia and to prevent local 
mineralization.[21]

In our study, the serum levels of Mn were lower in the patient 
group than in the healthy group. This finding was consistent 
with that reported by Onyeaghala et al.[16] and Asker et al.[24] 
but contradicted the findings reported by Cobanoglu et al.[11] 
and Arslan et al.[19] Mn is a trace mineral required for bone 
development, and it affects the activation of superoxide dis-
mutase (SOD) and certain other enzymes that play a key role 
in antioxidant defense mechanisms.[27] Therefore, in patients 
with low serum levels of Mn, the antioxidant activity in the 
organs may be reduced and thus, these patients may become 
susceptible to various diseases. These findings were consis-
tent with those reported by Mazdak et al.[18] Mn deficiency 
leads to numerous disorders in humans such as bone defi-
ciency, joint pain, diabetes, and dysmnesia.

The serum levels of Mg were lower in the patient group than 
in the healthy group. This finding was consistent with that 
reported by Cobanoglu et al.[11] and Asker et al.[24] but contra-
dicted the findings reported by Arslan et al.[19] More than 60% 
of Mg ions may accumulate in the bones and muscles and may 
also be present in hydroxyapatite surfaces. Because 

Mg is diffused into the components of the body, the concen-
tration of Mg in the bones is twice higher than that in the 
intervertebral disc (IVD).[28] Mg deficiency may result from 
reduced intestinal absorption and excessive urine retention, 
and it is also associated with osteoporosis, diabetes, hyper-
tension, metabolic syndrome, nephropathies, and age-related 
diseases.[29] Moreover, Mg deficiency may also have a role in 
the progression of oxidative damage.

The serum levels of Cu were lower in the patient group than 
in the control group. This finding was consistent with that 
reported by Cobanoglu et al.,[11] Asker et al., and Onyeaghala 
et al. but contradicted the findings reported by Arslan et 
al.[5,17,19] Although free Cu+ is a potent oxidant, it may 
lead to certain diseases due to the production of ROS in the 
cells. Cu deficiency may result in osteoporosis and joint prob-
lems.[30] Although Cu deficiency may not affect the collagen 
content, it may lead to fragile bones in animals.[31]

The serum levels of Cd were lower in the patient group than 
in the control group. This finding was consistent with that 
reported by Kellen et al.[32] and Arslan et al.[19] The amount 
of toxic Cd in the bones and cartilage is three times higher 
than that in the IVD because the end-plate forms a barrier 
for the removal of Cd.[28] Cd has been shown to generate free 
radicals via the Fenton reaction. However, in other reaction 
models, Cd can activate oxidative stress and produce super-
oxide and hydrogen peroxide radicals.[33] Cd is a mutagen in 
mammals.[34]
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The serum levels of Co were lower in the patient group than 
in the control group. This finding was consistent with that 
reported by Angelova et al. but contradicted the findings re-
ported by Cobanoglu et al.[11] and Arslan et al.[19,35] The serum 
levels of Co have been assessed in the cell culture of ex-
perimental animal and human models.[36] Furthermore, the 
serum levels of Co have been investigated in various organs 
of experimental rat models, such as testicular edema and mi-
tochondrial cardiac muscle, and significant findings have been 
reported.[37]

The serum levels of Pb were higher in the patient group than 
in the control group. This result was consistent with the ref-
erence values reported in the literature.[16,11,19,24] Excessive ex-
posure to Pb leads to accumulation in bone tissues, thereby 
leading to toxic levels. Moreover, increasing concentration of 
Pb may pose a serious risk. Although it is a severe toxic el-
ement, Pb has been shown to yield an age-related positive 
correlation.[28]

Conclusion
This study determined the levels of trace elements in patients 
diagnosed with burst fractures. There was a relationship be-
tween the levels of trace elements and burst fractures. There-
fore, we considered that the levels of Zn, Fe, Mn, Mg, Cu, Cd, 
Co, and Pb may be beneficial parameters for the clinical eval-
uation and diagnosis of burst fractures. Nevertheless, further 
prospective studies are needed to investigate the relationship 
between the changes in Mn and Zn levels and burst fractures.

Conflict of interest: None declared.
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OLGU SUNUMU

Burst kırığı olan hastalarda bazı eser element seviyelerinin incelenmesi
Dr. Shahab Ahmed Salih Gezh,1 Dr. Abdurrahman Aycan,2 Dr. Halit Demir,1 Dr. Cemal Bozlına3

1Yüzüncü Yıl Üniversitesi Fen Fakültesi, Kimya Anabilim Dalı, Van
2Yüzüncü Yıl Üniversitesi Tıp Fakültesi, Nöroşirürji Anabilim Dalı, Van
3Van Eğitim ve Araştırma Hastanesi, Nöroşirürji Kliniği, Van

AMAÇ: Bu çalışmada Van ilinde burst kırığı olan hastalarda, bazı eser element seviyelerini (Zn, Fe, Mn, Mg, Cu, Cd, Co ve Pb) araştırmayı amaçladık.
GEREÇ VE YÖNTEM: Bu çalışma, 15 Haziran 2015 ile 20 Ocak 2016 tarihleri arasındaki dönemde iki hastaneye başvuran burst kırığı olan hastalar-
dan alınan serum örnekleri üzerinde yürütüldü. Çalışma, ek patolojileri olmayan toplam 44 katılımcıyı kapsadı. Bunlara, 18 yaş üzeri patlama kırıkları 
olan ve nöroşirürji bölümüne kabul edilen 22 hasta ve 22 sağlıklı gönüllü dahildi. Mn, Cd, Cu, Pb, Fe, Co ve Zn dahil olmak üzere eser element ve 
ağır metallerin serum seviyeleri Atomik Emilim Spektrofotometrisi (AAS) ile analiz edildi.
BULGULAR: Sonuçlar, Zn, Mn, Cu, Co ve Mg iz düzeylerinin anlamlı olarak düşük (p<0.001) olduğunu ve Fe, Cd ve Pb düzeylerinin hasta grubunda 
kontrol grubuna göre anlamlı olarak daha yüksek olduğunu ortaya koymuştur. Zn, Mn, Cu, Co ve Mg seviyelerinin daha düşük olduğu ve Fe, Cd ve 
Pb düzeylerinin kontrol grubuna göre hasta grubunda daha yüksek olduğu bulundu.
TARTIŞMA: Patlamanın olasılığı ve herhangi bir yaralanmaya neden olan sebepleri, hasta grubu ile sağlıklı grup arasındaki eser element konsantras-
yonu için bir gösterge dengesi olarak düşünülebilir ve patlama kırığına maruz kalan kemik ile ilişkili bir risk faktörü olabilir. Burst kırığı etiyolojisinde 
Zn, Cd, Mn, Mg, Pb, Fe, Cu ve Zn düzeyleri önemli rol oynayabilir.
Anahtar sözcükler: Burst kırığı; CD; Co; Cu; Fe; Mg; Mn; Pb; Zn.

Ulus Travma Acil Cerrahi Derg 2018;24(3):244-248     doi: 10.5505/tjtes.2017.08839

  ORİJİNAL ÇALIŞMA - ÖZET

https://doi.org/10.1093/ndtplus/sfr164
https://doi.org/10.4172/2161-0495.S3-001
https://doi.org/10.1080/10937400600755911
https://doi.org/10.1016/j.cdp.2006.12.001
https://doi.org/10.1007/3-7643-7378-4_5
https://doi.org/10.1148/radiographics.11.1.1996397
https://doi.org/10.1155/2014/718089
https://doi.org/10.1016/0890-6238(92)90019-P



