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on this subject. One of these studies reported significant
increase in antioxidant levels of blood on the 7th and
14th days after a long bone fracture (21). In our clinical
prospective study, TAC in serum of the patients with
isolated musculoskeletal injury and femoral fracture was
periodically measured for 2 weeks and any change in
antioxidant capacity of the organism during fracture
healing was investigated. 

MATERIAL AND METHODS

Patients 
After the institutional Ethic Council had approved the

study, 20 patients with isolated musculoskeletal system
injury and closed femoral fracture who had not under-
gone the operative intervention in the 2 weeks following
trauma were included in the study. In these patients, sur-
gery had been delayed because of the causes such as the
problems of health insurance. Open fractures were not
included in the study. Other exclusion criteria were de-

INTRODUCTION

Oxygen-derived free radicals (ODFRs) formed in dif-
ferent tissues after ischemia-reperfusion injury are fre-
quently cited for their contribution to tissue injury in
the recent years (3, 8, 11, 18). ODFRs cause disintegra-
tion of cell membrane and damage DNA (13, 14, 17).
Detrimental effects of ODFRs are counteracted by an-
tioxidative mechanisms. Antioxidant molecules of either
endogenous or exogenous origin prevent formation of
ODFRs or deactivate the formed free radicals (5, 25).
Different antioxidant molecules can be measured sepa-
rately or total antioxidants in one sample can be meas-
ured to determine the total antioxidant capacity (TAC),
(5, 16). In some diseases, balance between oxidant and
antioxidant molecules is disturbed in favor of oxidant
molecules causing oxidative injury in the tissues (3, 6,
10, 12). Ischemia-reperfusion mechanism may cause an
oxidative stress injury in a fractured extremity and neg-
atively affects the fracture healing (2, 7, 20, 21, 24). But
is there any change in TAC of the organism during frac-
ture healing? Our literature search revealed few studies
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ABSTRACT

PURPOSE OF THE STUDY
The aim of this study was to determine the changes in total antioxidant capacity (TAC) during the fracture healing process. 

MATERIAL AND METHODS
Twenty patients with isolated closed femoral fracture, between the ages 18 and 60 years, were included in the study. The

control group was formed with healthy volunteers. Venous blood was drawn from the healthy volunteers once, and from the
patients five times during 14 days after fracture. TAC was measured in the sera of these samples. 

RESULTS
In the patient group, the serum TAC was the highest in the first 6 hours, whereas there was a decreasing trend on the

3rd, 7th and 14th days, and an increasing trend on the 5th day. The mean serum TAC in all measurements of the patient group
were lower than those in the control group. 

CONCLUSION
The present study suggests that TAC may be decreased in considerable amounts during the first 2 weeks of fracture

healing.
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tically significant (p > 0.05), the difference was signifi-
cant (p < 0.05) between the levels of the 3rd–7th and 3rd–
14th days. The other level differences were very signifi-
cant (p < 0.01).

DISCUSSION

Ischemia after a fracture may be due to soft tissue
contusions, lacerations, vascular injuries or compartment
syndrome secondary to trauma; and subsequent local
hypoperfusion caused by all of these factors (14). One
of the most reliable indicator of oxidative stress is level
of malonyldialdehyde (MDA) either in local tissue or in
systemic circulation (2, 7, 20, 21). MDA levels together
with other indicators of oxidative stress have been shown
to increase in bones of animals with experimental frac-
tures and in serum samples of humans with bone fracture
(12, 21, 24).These studies have also shown that oxidative
stress is particularly increased on the 7th and 14th day
after fracture. Common assumption of these studies was
as follows: first few days of fracture healing is the is-
chemia period during which no oxidative stress injury
is formed. But afterwards; during callus formation ap-
proximately corresponding to 2nd and 3rd weeks, forma-
tion of new capillary beds increase the amount of oxygen
in the surrounding, thus leading to formation of ODFRs.
These free radicals cause oxidative injury on the bones
and hinder fracture healing.

Deleterious effects of ODFRs are counteracted by an-
tioxidative mechanisms. Antioxidant molecules prevent
formation of ODFRs or deactivate the formed free radi-
cals (5, 25). Some researchers, have stated that endoge-
nous antioxidant mechanisms become insufficient in the
first month of fracture healing and recommended an-
tioxidant treatment for patients with fracture (2, 24). In
addition, some studies have showed that administration
of exogenous antioxidants exerted positive effects on
fracture healing (1, 4, 9, 15, 19, 20, 22, 23). But these
studies have not examined the changes in antioxidant
capacity during fracture healing. Our literature search
revealed few studies on changes of antioxidant capacity
in patients with fracture. In one of these studies, Prasad
et al., have determined that endogenous antioxidant levels

fined as follows: pregnancy, diabetes mellitus or any
metabolic disease, vascular dysfunctions and organ dys-
functions, administration of major intravenous volume
resuscitation. The control group was formed with healthy
volunteers. Each group was formed by 20 subjects, 6 of
which were females (30%) and 14 were males (70%)
between the ages 18 and 60 years. 

Methods
Venous blood samples were taken from healthy vol-

unteers only once at room temperature, and from trau-
matic patients during the first 6 hours after the trauma
and then on 3, 5, 7 and 14th days. Venous blood samples
were drawn into vacutainer tubes without an anticoagu-
lant to obtain serum. Blood samples were centrifuged
immediately at 2000 × g for 10 minutes and the serum
samples obtained were stored at -80 °C until assayed.
Within the first 3 day of storage, TAC of serum samples
was measured according to the method of Erel (5).
Briefly, 225 μl reagent 1 (xylenol orage 150 μM, NaCl
140 mM and glycerol 1.35 M in 25 mM H2SO4 solution,
pH 1.75) and 11 μl reagent 2 (ferrous ion 5 mM and 
0-dianisidine 10 mM in 25 mM H2SO4 solution) are
added to 35 μl of serum. The resulting chromogen is de-
termined at 560 nm. The reaction rate is calibrated with
Trolox, which is widely used as a traditional standard
for TAC measurements assays, and the assay results are
expressed in mmol Trolox equivalent/l. 

Statistical analysis 
Independent-samples t test was used to determine the

statistical significance among the patient and control
groups. Total antioxidant level differences at different
times were tested with paired-samples t-test. SPSS soft-
ware, version 11.5, was used in order to perform statis-
tical evaluations (SPSS, Chicago, Ill., USA). Data were
presented as mean ± SD, and a p-value < 0.05 was con-
sidered significant, while p < 0.01 was regarded as very
significant and p > 0.05 nonsignificant.

RESULTS

The mean ages in the patient and the control groups
were 35.35±12.19 and 36.05±13.02 years, respectively.
At all times, the mean serum total antioxidant levels in
the patient group were significantly lower than those of
the control group (Table 1). The total antioxidant level
difference between the patient and the control group
was statistically significant (p < 0.05) in the first 6 hours,
and very significant (p < 0.01) at the other times. In the
patient group, whereas the mean serum total antioxidant
level was highest in the first 6 hours, it was decreased
on the 3rd day and increased on the 5th day. Subsequently,
the level was decreased to the lowest value on the 7th

day, and thereafter remained almost stable. Compared
with the first 6 hours value, the decreasing percentages
of the mean serum total antioxidant level on the 3st, 5th,
7th and 14th days were 45.3%, 30.2%, 47.2% and 49.1%,
respecively. Whereas the difference between the total
antioxidant levels of the 7th and 14th days was not statis-

Table 1. Serum total antioxidant levels in the control and pa -
tient groups in the first 6 hours and on 3, 5, 7, 14 days after
injury

Time Total antioxidant levels 
(mmol Trolox equiv./l)

minimum maximum mean ± SD
within 6 hours 0.30 1.40 0.71 ± 0.37
day 3 0.20 0.40 0.33 ± 0.08
day 5 0.30 0.80 0.46 ± 0.16
day 7 0.20 0.40 0.31 ± 0.09
day 14 0.20 0.40 0.29 ± 0.09

Control group 0.50 1.90 0.99 ± 0.37

p < 0.01, very significant; p < 0.05, significant; p > 0.05, non-signi-
ficant. The differences between mean total antioxidant levels of the
patient and control groups were significant in the first 6 hours, and
very significant at the other times.

Patient
group
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in bloods of individuals with long bone fracture were
significantly increased on the 7th and 14th day after frac-
ture compared to control group and they considered this
increase as the response of organism to counteract the
oxidant molecules (21).

In our study, opposite to the results reported by Prasad
et al. (21) TAC of patients with long bone fractures was
significantly lower within 2 weeks after fracture com-
pared to control group. TAC was highest within 6 hours
after the fracture and demonstrated a tendency to de-
crease except for the 5th day. Antioxidant levels were
significantly elevated on the 5th day compared to all
other levels excluding the first 6 hours. These findings
suggest that long bone fractures negatively affect TAC
of the organism. Trauma and resultant fractures create
an unpleasant situation for the patient; so they are mal-
nourished for a certain period of time. Exogenous an-
tioxidants supplied by diet may improve the total an-
tioxidant capacity. Malnourishment during the first few
days after fracture may be one of the reasons for reduc-
tion of TAC. Some of the studies mentioned above have
reported significant increase of ODFRs within one month
after fracture, particularly in the 2nd and 3rd weeks. Most
likely, more antioxidant molecules are consumed to de-
activate these free radicals. This way of consumption of
antioxidant molecules may be another reason for reduced
TAC. We believe that significant increase of TAC in our
patients on the 5th day indicates the effort of the organism
to struggle with these free radicals. But as antioxidant
molecules are rapidly consumed, this effort is short-
lived and insufficient. 

CONCLUSION

TAC is significantly reduced during the first 2 weeks
of fracture healing. Antioxidant treatment administered
during the first few weeks after fracture may support
fracture healing.
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