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Abstract
Introduction Optimization of the conditions of distraction osteogenesis using the method of G.A. Ilizarov remains an important 
challenge to ensure a reduction in the number of complications and an increase in the effectiveness of this technology. The aim of the 
study was to study the changes in the antioxidant/prooxidant balance in patients with acquired shortening of the lower leg bones at the 
stages of the Ilizarov lengthening procedure. Methods The antioxidant/prooxidant status was studied in 12 patients with shortening of 
one of the lower legs resulting from hematogenous osteomyelitis (group 1) and in 13 patients with post-traumatic shortening of one of 
the lower legs (group 2). The level of peroxidation products, the activity of superoxide dismutase and vitamins E and A in the blood 
of these patients were assessed in the dynamics of monofocal bone lengthening using the Ilizarov method. Results It was found that 
in patients with acquired shortening of the shin bones, regardless of the shortening etiology, during surgical lengthening, an increase 
in the level of peroxidation products in the blood was observed with a decrease in the level of vitamin E and an increase in superoxide 
dismutase activity. Discussion The data obtained, together with the current findings from fundamental research, allow us to note that 
the use of antioxidants (AOs) in patients undergoing segment length correction using the Ilizarov technology is possible from two 
positions. 1. The positive effect of AOs in terms of stimulation of distraction osteogenesis has been proven. 2. AOs have a systemic 
effect in the regulation of the recovery processes in the paraosseous tissues of the limb segment under lengthening. Conclusion 
Peroxidation is activated in the course of surgical lengthening of the lower leg bones in patients with acquired shortenings, regardless 
of the shortening etiology. The use of antioxidants in such patients can specifically inhibit peroxidation, thereby reducing the risk of 
provoking bone formation disorders.
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INTRODUCTION

Acquired shortening of the bones of the lower extremities 
due to various etiologies can be quite effectively corrected 
with the method of transosseous distraction osteosynthesis 
developed by G.A. Ilizarov [1–5]. Optimization of the 
conditions for distraction osteogenesis (DO) remains an 
important task to reduce the number of complications 
and improve the efficiency of this technology [6, 7]. At 
present, methods for stimulating distraction osteogenesis 
have been intensively investigated and are associated 
with the development of cell technologies [8–10] and 
pharmacotherapy [11–13]. However, among the studies in 
the direction of pharmaceutical stimulation, the works in 
which the search for direct means of activating DO prevail. 
Methods for pharmacocorrection of systemic disorders 

and complications in the application of transosseous 
distraction osteosynthesis (contracture, pain) have been 
poorly developed, and studies in this area are scarce [14]. 
In this regard, there are very few works studying the need 
for the use of systemic regulators: vitamins, antioxidants, 
immunomodulators, etc. One of the possible reasons 
for this is that there is no data to justify the use of such 
regulators, since most of the research has been devoted to 
the study of the state of bone metabolism in the course of 
surgical lengthening of limb bones [15].

The purpose of our study was to investigate 
the changes in the antioxidant/prooxidant balance in 
patients with acquired shortening of lower leg bones at 
the stages of the Ilizarov lengthening procedure.

MATERIALS AND METHODS

The study included 12 patients with shortening of 
one of the lower legs resulting from hematogenous 
osteomyelitis (group 1), and 13 patients with post-
traumatic shortening of one of the lower legs (group 
2). The mean age was 38.5 ± 5.6 and 34.4 ± 8.7 years, 
respectively, for groups 1 and group 2. The ratio of men 
to women was 9/3 and 11/2 for groups 1 and 2. The 
average lengthening magnitude in group 1 was 3.2 ± 0.2 

cm, and 2.7 ± 0.1 cm in group 2 (differences between 
groups are significant at p = 0.03).

Patients of both groups underwent surgical 
lengthening of the bones of the shortened segment by 
the method of Ilizarov monofocal osteosynthesis. The 
surgical treatment was aimed at the restoration of the 
support function and the length of the affected lower 
limb. Pharmacotherapy in the postoperative period 
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included painkillers, antibiotics and anticoagulant 
therapy. At the time of removal of the apparatus, all 
patients of both groups achieved the planned result of 
treatment. The mechanical axis of the lower limb was 
aligned, no complications were noted.

The permission of the Ethics Committee at the 
Federal State Budgetary Institution Ilizarov National 
Medical Research Center of the Ministry of Health of 
Russia was obtained.

At the stages of treatment, the antioxidant/prooxidant 
status of patients was assessed. To assess the intensity of 
peroxidation (PO) in the blood serum of patients, the level 
of protein peroxidation products (PPOP) and lipids such 
as diene conjugates (DC) and malondialdehyde (MDA) 
was determined. To evaluate the antioxidant system, the 
activity of the antioxidant enzyme superoxide dismutase 
(SOD) in erythrocytes and the concentration of vitamins 
A and E in blood serum were found.

The level of PPOP was determined in the protein 
precipitate by reaction with 2,4-dinitrophenylhydrazine; 
the reaction products were recorded at a wavelength of 
270 nm. The PPOP concentration was expressed in units 
of optical density (opt. dens.) per mg of total protein, 
the level of which in blood serum was determined 
using reagent kits from Vital Diagnostics (Russia). The 
concentration of DC in blood plasma was determined 
in the heptane phase after extraction from a heptane-
isopropanol mixture (1:1) at a wavelength of 232 nm. 
MDA was determined in deproteinized plasma by 
reaction with thiobarbituric acid. The concentration of 

DC and MDA was calculated per mg of total lipids, 
the level of which in the blood serum was determined 
using reagent kits from LaChema (Czech Republic). 
SOD activity in erythrocytes was determined by a 
reaction based on the ability of the enzyme to compete 
with nitroblue tetrazolium (NBT) for superoxide 
anions formed as a result of the aerobic interaction 
of NADH and phenazine methsulfate. The activity 
of SOD in erythrocytes was expressed in µmol NBT 
per 109 erythrocytes per minute. The concentration of 
vitamins A and E in blood serum was determined by 
the fluorescence method on the Fluorat-02-ABLF-T 
analyzer (Russia). The indicators of 15 practically 
healthy people (reference group) aged 20 to 40 years 
(mean age 33.2 ± 5.7 years) were taken as the norm.

The results of the study, shown in the tables, are 
presented as the arithmetic mean and standard deviation 
(Xi ± SD). The normality of the distribution of samples 
was determined using the Shapiro-Wilk test. The 
significance of differences between the values of patients' 
indicators before treatment and at the time of treatment 
was compared with the values of the reference group. 
In addition, patients' findings at the time of treatment 
were compared with baseline values (before treatment) 
and between the groups. The procedure for statistical 
assessment of the significance of differences in indicators 
within the study groups (before/after treatment) was 
performed using the Wilcoxon W-test. The Mann-Whitney 
T-test was used to assess the statistical significance of the 
studied parameters with the norm and between groups.

RESULTS

The study of the concentration of PO products 
showed that in patients of group 2 (post-traumatic 
shortening etiology), the level of MDA in the 
blood plasma was significantly higher relative to 
the corresponding norm before the start of surgery 
(Table 1). At the stage of distraction, a statistically 
significant increase in the level of DC and MDA in 

the blood of patients of both groups was found. In 
the period of fixation and by the time of the device 
removal, the concentration of PO products in patients 
of group 1 did not differ significantly compared to the 
norm and preoperative values, while in patients of 
group 2, by the time of the device removal, DC and 
MDA values remained elevated.

Table1
Concentration of peroxidation products in the blood of patients of the studied groups in the course of lower leg 

lengthening (Хi ± SD)

Stage Group PPOP, unit opt. dens. / mg protein DC, nmpl/mg lipids MDA, nmol/mg lipids 
Norm 198 ± 25 2.10 ± 0.26 1.20 ± 0.21

Before operation 1 204 ± 15 2.21 ± 0.74 1.19 ± 0.26
2 222 ± 41 2.93 ± 1.06 1.59 ± 0.21#

Distraction day 10 1 207 ± 15 2.82 ± 0.74 2.95 ± 0.42*#
2 229 ± 31 7.37 ± 2.40*# 2.05 ± 0.45*#

End of distraction 1 202 ± 41 7.38 ± 2.11*# 2.27 ± 0.51*#
2 186 ± 19 6.25 ± 2.00*# 2.51 ± 0.79*#

Fixation day 30 1 197 ± 21 3.09 ± 0.82* 1.37 ± 0.36
2 215 ± 31 2.72 ± 0.80 2.53 ± 0.55*#

Frame removal 1 210 ± 29 2.92 ± 1.12 1.07 ± 0.26
2 204 ± 27 4.11 ± 1.01*# 2.44 ± 0.34*#

Note: * – significance of difference with preoperative values at a significance level of p < 0.05; # – significant difference with the norm 
at a significance level p < 0.05
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Changes in the intensity of peroxidation reactions 
caused significant changes in the antioxidant system 
(Table 2). Initially, we found a significantly reduced 
level of vitamin E in patients of group 1. In the 
period of distraction, a significant decrease in the 
level of vitamin E and an increase in SOD activity 
in erythrocytes were observed in patients of both 
groups. At the same time, a more significant decrease 
in vitamin E was noted in patients of group 2. At the 
time of removal of the device, the antioxidant status in 
patients of group 2 was restored to the normal range, 
while a reverse decrease in the level of vitamin E was 
noted in the patients of group 1.

To assess the antioxidant-prooxidant (AO-PO) 
balance, we additionally calculated the AO/PO ratio, 
which is equal to the ratio of the products of all studied 
antioxidants (SOD*vitamin E*vitamin A) to the product 
of all prooxidants (DC*MDA*PPOP) (Table 3).

The table shows that the ratio of AO/PO was 
significantly lower relative to the norm in patients of both 
groups before the start of treatment. In the distraction stage, 
even a greater decrease in this ratio was noted, which was 
more significant in group 2. The AO/PO ratio at the time of 
the device removal remained reduced relative to the norm, 
and in the patients of group 2, this decrease was significantly 
lower relative to the initial preoperative values.

Table 2
Concentration of vitamins in the blood serum and the activity of superoxide dismutase in the erythrocytes of patients in 

the course of lower limb lengthening (Хi ± SD)

Stage Group Vitamin Е,mcg/ml Vitamin A,mcg/ml SOD, µmol NBT-109 erythrocyte/min
Norm 3.32 ± 0.76 0.28 ± 0.10 21 ± 3

Before operation 1 1.70 ± 0.50# 0.27 ± 0.09 18 ± 5
2 3.40 ± 1.59 0.24 ± 0.07 16 ± 8

Distraction day 10 1 1.10 ± 0.37# 0.25 ± 0.07 49 ± 7*#
2 0.80 ± 0.22*# 0.20 ± 0.09 37 ± 15*

End of distraction 1 2.06 ± 0.37# 0.25 ± 0.09 38 ± 4*#
2 1.20 ± 0.06*# 0.32 ± 0.04 32 ± 11*#

Fixation day 30 1 2.80 ± 0.57* 0.25 ± 0.07 36 ± 6*#
2 1.46 ± 0.29*# 0.29 ± 0.03 44 ± 6*#

Frame removal 1 1.20 ± 0.22# 0.29 ± 0.04 20 ± 5
2 2.79 ± 0.65 0.27 ± 0.06 26 ± 9

Note: * – significance of difference with preoperative values at a significance level p < 0.05; # – significant difference with the norm 
at a significance level p < 0.05

Table 3
Antioxidant-prooxidant ratio in patients in the course of lower limb lengthening (Хi ± SD)

Lengthening stage Group AO(SOD*А*Е)*100 / PO(PPOP*DC*MDA)
Norm 3.91 ± 0.78

Before operation 1 1.63 ± 0.41#
2 1.35 ± 0.30#

Distraction day 10 1 0.81 ± 0.22*#
2 0.17 ± 0.05*#

End of distraction 1 0.61 ± 0.19*#
2 0.42 ± 0.17*#

Fixation day 30 1 2.98 ± 0.61*
2 1.26 ± 0.33#

Frame removal 1 1.22 ± 0.41#
2 0.95 ± 0.17*#

Note: * – significance of difference with preoperative values at a significance level p < 0.05; # – significant difference with the norm at 
a significance level p < 0.05. Significant difference between the groups at < 0.05

DISCUSSION

Our findings show that in patients with acquired 
shortening of the tibia, regardless of the shortening 
etiology, a decrease in the AO/PO ratio was observed in 
the course of surgical lengthening. It was also observed 
in the case of patients who underwent lengthening for 

esthetic reasons [16]. At the same time, it was found 
that the values of the concentration of PO products in 
patients with post-traumatic shortening were higher 
than in patients of the group with the consequences 
of hematogenous osteomyelitis at all periods of the 
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examination. The reason for this is either the initially 
reduced antioxidant activity in patients with post-
traumatic shortening, or these changes are the result of 
surgical treatment, where the main difference between 
the studied groups was the lengthening magnitude (in 
group 1 it was higher than in group 2). The first reason 
is supported by the above data, which demonstrate 
that in patients with post-traumatic shortening, the 
prooxidant activity was indeed higher relative to the 
control group (AO/PO ratio was lower in group 2 
relative to group 1). In turn, our correlation analysis of 
the level of PO products by the end of distraction with 
the lengthening magnitude did not reveal significant 
values (correlation coefficients did not exceed 0.3 
at p > 0.05). Therefore, it is impossible to state that 
the magnitude of elongation could have affected 
the decrease in AO/PO balance, especially since the 
maximum decrease in the AO/PO ratio in group 2 was 
observed not by the end of distraction but on its tenth 
day. Therefore, it can be concluded that the intensity 
of PO growth in patients with acquired shortenings of 
the bones of the lower extremities did not increase with 
an increase in the lengthening value, but to a greater 
extent depended on the initial preoperative state of the 
AO/PO status in the examined patients.

Obviously, at the stages of surgical lower limb 
lengthening, the activation of PO is an indispensable 
element of the body's systemic response to surgery. 
Considering that it is now widely recognized that 
oxidative stress, which causes PO growth, underlies the 
stimulation of apoptosis of osteoblasts and osteocytes, 
simultaneously activating osteoclastogenesis [17], it can 
be concluded that developing oxidative stress during 
surgical limb bone lengthening may be a factor if not 
influencing, then creating conditions for DO inhibition. 
Under such conditions, adequate antioxidant support, 
which provides PO inhibition, can have a positive 
impact on DO. Indeed, to date, there are works showing 
the positive effect of the use of vitamin E and other 
antioxidants, in particular, on DO [18, 19] and bone 
metabolism in general [20].

In this regard, the prospects for the use of various 
antioxidants (AOs) of natural and synthetic origin to 
stimulate osteogenesis have been discussed in many 
current studies. Thus, numerous works show the ability 

of various compounds with antioxidant properties to 
suppress oxidative stress reactions, thereby stimulating 
osteogenesis by inhibiting osteoclastogenesis while 
simultaneously stimulating osteoblastogenesis [21–26]. 
Moreover, the use of AOs in cases of their impregnation 
into implantable products for the tasks of increasing 
their osseointegration looks promising [27, 28]. Such 
studies look promising and also support the wider use of 
compounds with AO properties.

Thus, the use of antioxidant support to optimize the 
conditions for DO, at least theoretically, looks like a 
fairly reasonable and promising technology. However, 
for the further development of this direction, it is 
important to determine the indications for the use of 
AO in order to optimize DO. This problem is rather 
complicated, because even the experience of using 
osteogenesis stimulators (hormones, bisphosphonates) 
for the purpose of DO stimulation requires special 
indications [29]. In our study, the issue of indications 
for the use of AOs requires further clarification, because 
despite a significant decrease in AO/PO balance, clinical 
outcomes in all the patients examined by us were 
assessed as positive.

It should be said that an additional point in favor 
of the use of AOs in distraction osteogenesis may be 
the fact that the effect of AO is systemic, providing 
optimization of not only bone repair, but of paraosseous 
tissues. Thus, a positive effect of PO inhibition on 
the state of the skeletal muscles of the elongated limb 
segment has been shown [30, 31].

Therefore, the use of AOs in orthopedic patients 
undergoing surgical correction of segment length is 
justified from at least two points of view: 1) a positive 
effect of AOs in terms of osteogenesis stimulation 
has been proven; 2) AOs have a systemic effect. An 
additional advantage to this is the fact that the number of 
potential osteogenesis stimulators with AO activity has 
been constantly growing [32]. Obviously, the limitation 
for the use of AOs is the lack of clear indications for 
their use in clinical practice. In this direction, in order 
to obtain evidence-based results, a comparative study is 
required, in which the effect of AOs (individually or as 
part of compounds) on the outcomes, efficacy and safety 
of surgical treatment of target patients would be studied 
in homogeneous groups.

CONCLUSION

Activation of peroxidation occurs in the course 
of surgical lengthening of the lower leg bones in 
patients with acquired shortenings, regardless of the 
etiology. This may be a factor provoking a slowdown 
in distraction osteogenesis. The use of antioxidants can 

specifically inhibit the growth of peroxidation reactions, 
thereby decreasing the risks of bone formation disorders 
in the target patients. The theoretical prerequisites for 
the use of antioxidants to stimulate osteogenesis are 
quite obvious.
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