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	 Background:	 Spinal burst fractures are pathologies that occur in spinal injuries and cause significant mortality and morbid-
ity as a result. Burst fractures in spinal cord injuries can result in rapid and significant oxidative stress. In ad-
dition to the primary injury in severe spinal cord injuries, subsequent secondary lesions are mainly due to in-
flammatory cascade activation and excessive production of free radicals. This study evaluated oxidative stress 
and antioxidant enzyme levels in burst fractures.

	 Material/Methods:	 Twenty patients with burst fractures were diagnosed and underwent surgery and 20 healthy control subjects 
were included in the study. Neurological status was evaluated using the American Spine Injury Association 
Impairment Scale (ASIA) before and after surgery. Neurological function was scored as ASIA A: complete def-
icits, ASIA B–D: incomplete deficits, and ASIA E: neurologically intact. Spectrophotometry was performed to 
measure malondialdehyde (MDA) and low glutathione (GSH), glutathione peroxidase (GPx) levels, which rep-
resent lipid peroxide content. Evaluations were performed within 2 days after injury in the patients.

	 Results:	 MDA levels were higher in the burst fracture group (p<0.001), whereas GSH and SOD activities were higher in 
the control group (both p<0.001). There was no statistically significant difference in GPx levels between the 
groups (p=0.482).

	 Conclusions:	 Oxidative stress appears to be related to burst fractures. Considering the importance of burst fractures in spi-
nal cord injuries, a better understanding of these mechanisms may help in defining the role of oxidative stress 
after burst fractures. Prospective, randomized, controlled trials may reveal new therapeutic approaches that 
include antioxidants for explosive fractures focusing on oxidative stress.
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Background

Spinal column and spinal cord traumas are associated with 
very poor outcomes and significant neurological damage. In 
addition to causing physical disability and insufficiency, they 
cause significant psychological and socioeconomic effects. One 
type of such trauma is a burst fracture, which was first iden-
tified by Holdsworth in 1963 [1]. Such vertebral fractures are 
a common type of high-energy spinal fracture. Burst fractures 
constitute 15% of all spinal fractures [2,3]. The cause is mostly 
motor vehicle accidents and high falls. There is no consensus 
about treatment of these cases because of the many differ-
ent conservative and surgical treatment options available [4].

Oxidative stress is defined as an increase in oxidation as a re-
sult of destruction of the balance between oxidation and anti-
oxidant systems. Physiological adaptation is also responsible 
for oxidative stress, lipid peroxidation, and DNA damage [5]. 
Oxidative stress, which is usually the end product of lipid per-
oxidation malondialdehyde (MDA), can be measured with non-
enzymatic markers such as 8-hydroxy-2-deoxyguanosine (8-
OHdG), oxidative DNA damage indicator, protein oxidation 
SOD, GPx, GST, GR and antioxidant enzymes such as ascorbic 
acid, glutathione, ubiquinone, and cysteine [6].

Accelerated oxidative stress as a result of impaired physiolog-
ical balance has been associated with many diseases, such as 
neurodegenerative diseases, including aging, Alzheimer’s dis-
ease, and Parkinson’s disease [7]; mental diseases, including 
depression, anxiety, and schizophrenia [8]; gastric cancer [9]; 
diabetes [10]; and heart valve diseases [11]. It has also been 
reported that oxidative stress may affect osteoporosis and 
fractures [12]. Specifically, it has recently been reported that 
oxidative stress may play a role in spinal cord injury and that 
glucocorticoid therapy may have an effect on such stress [13]. 
However, only limited research has been performed on the as-
sociations of oxidative stress with spinal fractures and chang-
es in biochemical parameters.

As spinal fractures have a major impact on both patients and 
society in general, more research has been launched in this 
area, focusing on the pathogenetic mechanisms of disease 
and its course. We aimed to clarify the relationship between 
burst fractures, which constitute a significant proportion of 
spinal fractures, and the oxidative stress markers MDA, GSH, 
GPx, and SOD.

Material and Methods

Ethics Committee approval was obtained from the Ethics 
Committee of Scientific Research, Faculty of Medicine, Yüzüncü 
Yıl University (3/5/2016, approval number 12/03). Our study 

included 20 patients diagnosed with burst fracture who 
were treated at the Neurosurgery Department of Yüzüncü Yıl 
University Medical Faculty Hospital and 20 healthy control pa-
tients matched by sex.

This was a descriptive, prospective, controlled, and analyti-
cal. As the inclusion criteria for the study, only patients with 
burst fracture were selected within the last year for patients 
with spinal fractures. In addition, patients aged 18 years and 
older were included in the study. Exclusion criteria were: pres-
ence of spinal fracture other than a burst fracture, refusal to 
participate, and another comorbid condition that could be a 
source of oxidative stress.

In our study, which focused on patients diagnosed with a 
burst fracture and a paired control matched by sex, the pa-
tients were first informed about the study and then they pro-
vided informed consent. We collected 3-cc blood samples with-
in 2 days after injury from the brachial veins of the patients 
(as well as from the controls) and centrifuged samples for 10 
min at 5000 rpm in a Nude NF 800 centrifuge in EDTA tubes, 
after which the serum was removed and stored at –80°C. 
Evaluation of serum samples was carried out at a laboratory 
in the Department of Biochemistry, Science Faculty, Yüzüncü 
Yıl University. Oxidative stress markers were evaluated in the 
serum samples, including reduced glutathione (GSH), a low 
molecular weight antioxidant, superoxide dismutase (SOD), 
and glutathione peroxidase (GPx) in the antioxidant enzyme 
structure, and malondialdehyde (MDA), a product of lipid per-
oxidation. Measurements were performed using an ultravio-
let spectrophotometer.

Reduced glutathione (GSH)

The low molecular weight glutathione, which is synthesized 
in the cell as a tripeptide (glutamic acid), exists in 2 differ-
ent forms: an oxide and a reductant. It is observed in all cells 
except erythrocytes and is important for hemostatic mecha-
nisms [14]. It has roles in various processes, including anti-
oxidant defense, detoxification of electrophilic xenobiotics, 
regulation of regulated responses via signal transduction, de-
oxyribonucleotide synthesis, regulation of immunological re-
sponses, and leukotriene and prostaglandin metabolism [15]. 
In addition to its biochemical functions, GSH is also involved 
in clearing ROS [16].

After mixing 0.2 ml of the blood sample with 2 ml of distilled 
water, 2 ml of the obtained mixture was taken and mixed with 
a solution containing 50.1 mg of glacial metaphosphoric acid, 
6 mg of disodium EDTA, and 0.9 g of sodium chloride. This 
mixture was incubated for 5 min at room temperature, after 
which filtration with filter paper was performed.
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After 0.5 ml of the filtrate had been removed and mixed with 
2 ml of disodium phosphate solution, the absorbance at 412 
nm was measured using a UV spectrophotometer. After 0.5 ml 
of filtrate was removed and mixed with 2 ml of disodium phos-
phate solution, the absorbance at 412 nm was measured using 
a UV spectrophotometer. Reductive glutathione concentrations 
in μmol/L were reached in the presence of both absorbances.

Superoxide dismutase (SOD)

SOD is a major factor in the defense against oxygen radicals. It 
prevents endothelial and mitochondrial dysfunction by inacti-
vating nitric oxide and inhibiting peroxynitrite formation [17]. 
It also clears oxygen radicals produced in the respiratory chain. 
Dilated cardiomyopathy has been reported to be deficient or 
absent [18]. In SOD measurement, the xanthine–xanthine ox-
idase system produces superoxide radicals and reacts with 
radical iodonitrotetrazolium (INT) to form colored formazan. 
The intensity of color from this reaction was measured over 
a 3-min period at a wavelength of 505 nm. The reaction was 
inhibited in a manner dependent on the CuZn–SOD activity 
in the medium. The level of inhibition was measured and the 
SOD level in U/g was thus determined.

Glutathione peroxidase (GPx)

GPx performs the enzymatic catalysis of reactive oxygen spe-
cies. GPx-1 inhibits hydrogen peroxide accumulation in the cell. 
It is responsible for clearing reactive oxygen radicals via gluta-
thione together with glutathione reductase [19]. The GPx mea-
surement method is based on the spectrophotometric dem-
onstration of the reduction in NADPH used. Measurements 
were performed at a wavelength of 340 nm. GPx levels are 
expressed in U/g [6].

Malonaldehyde (MDA)

MDA, one of the most important products of lipid peroxida-
tion, can affect ion exchange in the cell membrane and can 
lead to adverse effects, such as changes in ion permeability 
and enzyme activity [6]. MDA is mutagenic, genotoxic, and car-
cinogenic since it can react with nitrogen bases [20]. Cancer 
has been used to measure oxidative stress in chronic ob-
structive disease, asthma, and cardiovascular diseases [21]. 
Malondialdehyde measurement is based on the color formed 
with thiobarbituric acid [22]. MDA forms a pink complex as a 
result of incubation with thiobarbituric acid at 95°C and pH 3.4 
in aerobic conditions. The level of this complex was expressed 
in nmol/mL of serum malondialdehyde (MDA), as determined 
by spectrophotometric measurement at 532 nm.

Statistical analysis

Statistical analyses were performed using the SPSS (ver. 
20) statistical package. The descriptive statistics used were 
mean, standard deviation, median, minimum, and maximum. 
Preoperative and postoperative ASAI scores were statistical-
ly analyzed using the Wilcoxon signed ranks test. Normal dis-
tribution of variables was assessed visually (histogram and 
probability plots) and using an analytical method (Shapiro-
Wilk test). The results showed that SOD, GSH, GPx, and MDA 
did not follow a normal distribution. The Mann-Whitney U 
test was thus used to compare the intra-group averages. In 
the analysis of GPx values, the values of the 1st and 16th pa-
tients were much higher than the group averages, and the re-
sults of these 2 patients were analyzed. Spearman correla-
tion test was used to determine the relationships between 
SOD, GSH, GPx, and MDA. When Spearman correlation coeffi-
cient ranged from 0.05 to 0.30, it was considered to represent 
a low or negligible correlation, between 0.30 and 0.40 repre-
sented a low to medium correlation, between 0.40 and 0.60 
a moderate correlation, between 0.60 and 0.70 a good cor-
relation, and between 0.70 and 0.75 a very good correlation. 
Values above 0.75 were considered to reflect a perfect corre-
lation. Statistical significance in the calculations was accept-
ed at the 5% level (p<0.05).

Results

Our study included 20 patients with burst fracture and 20 
healthy controls. The average age of the 20 fracture patients 
was 38.14±16.4 years, with a median age of 37. The young-
est patient was 12 years old and the oldest patient was 63 
years old. More traffic accidents were detected in the etiology 
of fracture (Figure 1). Looking at the results in terms of levels, 
the lumbar region was most often affected (54.5%) (Figure 2)

Figures 3 and 4 show preoperative and postoperative views 
of the 2 patients who underwent surgery.

When we compared the preoperative and postoperative ASAI 
scores statistically, it was observed that patients’ paralysis 
scores improved significantly (p <0.001) (Figure 5).

The mean SOD value of the patient group was 2.94±1.5101 U/g, 
whereas that of the control group was 9.3105±0.8883 U/g, 
with a significant difference between them (p<0.001) 
(Table 1, Figure 6). The mean GPx value of the patient group 
was 111.2±80.0 U/g, whereas that of the control group was 
111.0±3.1 U/g. There was no significant difference between 
them (p=0.482) (Table 2, Figure 7).
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Figure 1. �More traffic accidents were detected in the etiology of 
fracture.
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Figure 2. �Looking at the results in terms of levels, the lumbar 
region is more affected by 54.5%

A B C D

Figure 3. �A 36-year-old male (No: 13) who fell from a height. T12 burst fracture (A) Preoperative thoracolumbar CT. (B) Preoperative 
thoracolumbar CT Sagittal reconstruction. (C) postoperative CT. (D) posterior thoracolumbar CT (posterior instrumentation).

A B C D

Figure 4. �A 45-year-old male who was in a traffic accident (No. 14). L1 burst fracture (A) Preoperative thoracolumbar CT. 
(B) Preoperative thoracolumbar CT (Sagittal reconstruction). (C) Postoperative CT(posterior instrumentation). (D) Posterior 
Thoracolumbar CT (Scenogram) (posterior instrumentation)
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The mean GSH value of the patient group was 0.00485±0.00267 
μmol/L, whereas that in the control group was 0.02875±00578 
μmol/L, and the difference was significant (p<0.001) (Table 3, 
Figure 8).

The mean MDA level of the patient group was 1.246±0.052 
nmol/mL, whereas that of the control group was 0.598±0.091 
nmol/mL, which were significantly different (p<0.001) (Table 4, 
Figure 9).

When the association of oxidative stress markers was evalu-
ated in the patient group, strong negative correlations were 
found between SOD and MDA (p<0.001, P=−0.723) and be-
tween GSH and MDA (p<0.001, rho=−0.759). There was also a 
strong positive correlation between SOD and GSH (p<0.001, 
rho=0.752). There was no correlation of GPx with MDA, SOD 
with GPx, or GPx with GSH (Table 5).

Discussion

Spinal fractures are among the most feared type of fracture 
due to their associations with mortality and permanent neu-
rological deficits [23]. Most spinal fractures from motor vehicle 
accidents or high-energy trauma such as falls [24,25] occur in 
the thoracolumbar region (65%), whereas a smaller proportion 

Figure 5. �The comparison of preoperative and postoperative 
ASAI scores. When we compared the preoperative and 
postoperative ASAI scores statistically, it was observed 
that patients’ paralysis scores improved significantly 
(p<0.001).
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Figure 6. SOD values of the groups.
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Figure 7. GPx values of the groups.

n Ortalama ±SD Median Min. Max. p

Patient 20 2.9499±1.5100 2.6410 1.0100 5.6560
<0.001

Control 20 9.3105±0.8882 9.2000 8.2700 11.0100

Table 1. The SOD values of the patient and control groups.

* Mann-Whitney U test was used.

n Ortalama ±SD Median Min. Max. p

Patient 18 111.2±80.0 79.9 16.8 311.2
0.482

Control 20 111.0±3.1 110.4 107.6 119.5

Table 2. GPx values of patient and control groups.

* Mann-Whitney U test was used.
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occur in the cervical region (35%) [26]. Burst fractures are the 
most unstable fractures of the thoracolumbar region, consti-
tuting 15% of all spinal injuries and fractures [2,3].

The neurological status of the patients was assessed accord-
ing to the ASIA scale (Table 6, Figure 5). Preoperative neuro-
logic dysfunction was present in all patients and AISA A (n=1, 
4.5%); AISA (n=1, 4.5%); AISA C (n=11, 50%); and AISA D (n=9, 
40.9%). Normal preoperative function AISA E was not observed 
in any patient.

All patients except one patient had improved ASIA score 
(No: 11). The postoperative ASIA score increased to E level in 
18 patients. In a similar study, Louis et al. reported 66% com-
plete recovery in patients with incomplete injury. None of the 
patients in our series had a neurological decline, during the 
course of the treatment [27].

Physical, chemical, and inflammatory damage as well as aging 
increase the production of free oxygen radicals [28]. Free oxygen 
radicals are also used in physiological processes such as phago-
cyte activation, activities of the immune system, lipid peroxidation, 
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Figure 9. MDA values for the groups.
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Figure 8. GSH values of the groups.

n Ortalama ±SD Median Min. Max. p

Patient 20 0.00485±0.00267 0.00474 0.00064 0.01360
0.001

Control 20 0.02875±00578 0.02700 0.01600 0.03700

Table 3. GSH values of patient and control groups.

* Mann-Whitney U test was used.

n Ortalama ±SD Median Min. Max. p

Patient 20 1.246±0.052 1.256 1.083 1.320
<0.001

Control 20 0.598±0.091 0.588 0.452 0.744

Table 4. The MDA values of the patient and control groups.

* Mann-Whitney U test was used.

Table 5. Relationships between oxidative stress markers.

SOD GPx MDA

SOD

GPx p=0.514

MDA p<0.001, rho=–0.723 p=0.657

GSH p<0.001, rho=0.752 p=0.543 p<0.001, rho=–0.759

* Spearman’s correlation test was used
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and the electron transport chain in mitochondria [29,30]. However, 
such radicals must be controlled by the antioxidant system. To 
achieve this, the antioxidant system is constantly involved in a 
battle against oxidative stress. Oxidative stress occurs when free 
radicals increase or the antioxidant system becomes insufficient, 
leading to a prooxidant–antioxidant imbalance and an excess 
amount of prooxidants. Oxidative stress has been shown to be 
involved in post-traumatic stress disorder [31], diabetes, and car-
diovascular diseases [32], and neurodegenerative diseases [33,34]. 
In addition, it has been reported that the oxidative stress level 
increases after trauma. However, the data on this issue in cas-
es of burst fractures from major trauma are rather limited [28].

The present study sheds light on this issue by showing that 
SOD enzyme activity, which constitutes the major defense sys-
tem against oxygen radicals causing oxidative stress, was low 
in patients with burst fracture compared with that in the con-
trol group (p<0.001). Physical trauma-activated polymorpho-
nuclear leukocytes (PMNL) have also been shown to trigger 
the production of free oxygen radicals [35].

With the production of these radicals, cell integrity deterio-
rates as various systems in the cell are damaged. Similarly, 
Rana et al. reported that patients with abdominal trauma 
had reduced SOD levels compared with those in the control 
group [28]. Moreover, there have been a range of reports about 
reductions of SOD levels, such as by Wang et al. in acute trau-
matic brain injury [36], Alzoghaibi et al. in Crohn’s disease [37], 
Esposito et al. [38] in Alzheimer’s disease, Regan et al. in os-
teoarthritis [39], and Vachier et al. in asthmatic patients [40]. 
However, there have been few studies examining the associ-
ation of SOD with the skeletal system compared with those 
on other diseases. Smietana et al. reported that bone strength 
and stiffness decreased upon SOD deficiency [41], which was 
confirmed by Muller et al. [42]. In addition, an animal study by 
Halıcı et al. showed that SOD levels were reduced in cases of 
femur fracture [43]. Moreover, Göktürk et al. reported that free 
oxygen radicals delayed the healing of fractures [44]. These 
findings were supported by our study. However, although SOD 
activity is believed to play physiologically essential roles, it is 
not known exactly whether a decrease in its level is caused by 

M – Male; F – Female T – thoracic; L – lumbar; C – cervical; ASIA – American Spinal Injury Association.

No Age Sex Etiology Level of burst fracture Level of stabilization Preop ASIA Postop ASIA

1 59 M Traffic accident L1 T11–L3 C E

2 51 M Falling from high L1 T11–L3 D E

3 38 F Traffic accident L2 T12–L4 C E

4 12 M Traffic accident T11–T12 T10–L2 D E

5 29 M Falling from high L5 L4–L5 C E

6 20 M Assault T12 T10–L1 D E

7 17 M Traffic accident L4 L3–L5 C D

8 38 F Traffic accident L2 L1–L4 C E

9 19 M Falling from high L2 T12–L3 D E

10 63 F Traffic accident L2 L1–L3 C E

11 59 F Traffic accident T12 T10–L1 D D

12 34 M Assault L5 L5 C E

13 36 M Falling from high T12 T11–L2 D E

14 45 M Traffic accident L1 T11–L3 B E

15 23 M Falling from high T12 T10–L2 D E

16 24 M Assault T12 T10–L1 D E

17 62 M Falling from high L3 L1–L4 C D

18 32 F Traffic accident C5, 6, and 7 C5, 6, and 7 A D

19 46 F Traffic accident T2 T1–T3 C E

20 58 M Traffic accident L2 L1–L4 C E

21 56 M Falling from high T11 T9–L1 C E

22 21 M Traffic accident T12 T11–L1 D E

Table 6. Demographic data, level of burst fracture, level of stabilization, pre-postop ASIA score in patients.
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burst fractures, which increases the level of oxidative stress 
as a primer, or because the role of the deficiency in the pro-
cess of healing is reduced. This issue cannot be resolved here 
because of the particular design of our study. However, in a 
study by Grabitz et al., this issue was researched and an in-
crease in SOD levels was shown to be protective against spi-
nal cord injury by inhibiting spinal neuron damage [45], which 
was confirmed by Taoka et al. [46].

Taking these findings together, it can be considered that oxi-
dative stress plays an important role in spinal fracture or spi-
nal cord injury, and that the removal of oxidative stress by an-
tioxidants can lead to better clinical results. However, it has 
also been reported that SOD levels after trauma are first re-
duced and then decreased. Unfortunately, there have been 
few long-term studies on this issue. For this reason, there is 
a need for further studies on how SOD activities decrease af-
ter trauma. In this context, the results of our work go some 
way to bridging this gap by reflecting the levels of oxidative 
stress in the acute phase.

The vast majority of glutathione, an endogenous antioxidant, is 
in reduced form (GSH). GSH, GPx, and GR together bring about 
an important antioxidant defense system [47]. In our study, 
the GSH values of the patient group were lower than in the 
control group (p<0.001). Luo et al. reported a reduction in GSH 
levels after abdominal surgery, supporting the findings of our 
work [48]. In addition, Kamencic et al. [49] and Lucas et al. [50] 
reported that an improvement in functional outcome was in-
duced by promoting GSH synthesis in patients with spinal cord 
trauma. Studies have also reported that GSH levels are elevat-
ed after trauma. Furthermore, Wang et al. reported that GSH 
levels in acute traumatic brain injury patients were higher than 
those in controls. These findings contradict the results of our 
study, but in the study of Wang et al., GSH levels were stud-
ied within the first week after trauma, showing that GSH and 
SOD levels were associated with prognosis [36]. In our work, 
evaluations were made within the first 2 days. The difference 
in the obtained findings may thus be due to the fact that the 
underlying GSH levels decrease early in response to trauma, 
and then tend to rise in the long-term period.

GPx is an important enzyme in the antioxidant system that 
works with GSH and GR to prevent the formation of hydrogen 
peroxide. In our study, GPx levels were similar in the control 
group with burst fractures (p=0.482). In the literature, contra-
dictory results of post-traumatic GPx levels have been report-
ed. The causes of cellular and molecular events such as spinal 
fractures or spinal cord trauma persist for a long time after in-
jury, causing lesion enlargement and tissue damage. For this 
reason, the future functional status in spinal cord injury de-
pends on the initial injury and secondary events and compli-
cations. Vaziri et al. found that GPx levels did not change on 

the 1st day of the experiment and that the experimental spinal 
cord injury showed a significant increase on the 14th day [51]. 
However, irrespective of the inconsistent results regarding an 
increase or a decrease in GPx level after spinal injury report-
ed previously, an increase in GPx levels caused significant im-
provement in clinical outcomes.

Lipid peroxidation is an oxidative stress indicator resulting from 
MDA. In our study, the MDA levels of patients with burst frac-
tures were found to be significantly higher than those in the 
control group (p<0.001). This study supports the findings of 
increased oxidative stress levels in burst fractures using rats 
obtained by Göktürk et al. In this study, after the tibia fracture 
of the MDA levels, there was an increase at 2-3 weeks [52].

An experimental fracture model was established using rats 
in a study by Halıcı et al., in which MDA levels were found to 
be increased after fracture [42]. It was also shown that MDA 
levels, which are high when using the antioxidant melatonin, 
are reduced upon fracture. Prasad et al. similarly demonstrat-
ed that MDA levels increased in single or multiple fractures 
in humans [53]. MDA levels were also found to be higher in 
multiple fractures and were thought to be proportional to the 
severity of trauma. The oxidative stress cascade triggered af-
ter trauma is thought to lead to secondary problems indepen-
dently of the trauma itself. For this purpose, it is estimated 
that the results obtained when oxidative stress is neglected 
will be well developed. In this context, Porter and colleagues 
performed antioxidant treatment for 18 trauma patients and 
compared them with 18 control trauma patients who did not 
receive such treatment. The results showed that there were 
fewer complications such as organ dysfunction and infection 
in the patients given antioxidants [54].

As a result, it can be considered that oxidative stress increas-
es upon spinal trauma, which negatively affects healing, and 
oxidative stress is decreased.

Our work has some limitations. First, parameters that affect 
oxidative stress, such as sociodemographic characteristics, 
fracture time, used treatments, and antioxidant use, were 
not evaluated. However, this issue was partially overcome by 
matching of the control group according to sex and excluding 
comorbid conditions that can be sources of oxidative stress. 
Another limitation is that the oxidative stress markers were 
only evaluated once. Therefore, it was not possible for us to 
draw any conclusions about the temporal changes in oxidative 
stress markers in this study. Moreover, because the patients 
were often evaluated in the acute phase, our results reflect 
the level of oxidative stress in this phase alone.
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Results and Recommendations

Our study is the first to show increased levels of oxidative stress 
in burst-type spinal fractures from high-energy trauma. Our 
findings show that the antioxidant effect was slowed in ma-
jor traumas, especially in the late period, such as via increased 
MDA, and decreased SOD and GSH. In the case of burst frac-
tures, which are frequently accompanied by spinal cord inju-
ry, antioxidant treatment, especially from an early stage, can 
improve the functional status of patients by preventing the 
formation of free radicals or at least by reducing their levels. 
Prospective, randomized, controlled trials may reveal new 
therapeutic approaches that include antioxidants for explo-
sive fractures focusing on the oxidative stress.
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