
SUMMARY
Introduction During oral surgery, trauma causes a number of different 

local and systemic alterations to the host. 
Objective Determining the cytokines IL-1α, IL-6, TNF-α; and specifying 

the signs of possible traumatic damage in the course of standard oral 
surgical procedures -cumulated surgical trauma on both soft and bone tissue. 

Material and Method Research was conducted on 20 patients at 
the Clinic of Oral Surgery, Faculty of Stomatology in Skopje, planned for 
oral surgery. Cytokines serum levels of the patients were registered before 
surgery, 24 hours after it, and on the seventh day.

Results and Discussion Post-operative values of the examined 
cytokines showed statistically significant differences. The data showed 
connection between the changes in TNF-α during oral surgery and age 
of patients. The subjects differed only with respect to the number of the 
osteotomed surfaces, which had a discrete impact on the analyzed system 
parameters (weak correlation). There was a statistically positive correlation 
between duration and complexity of surgery (degree of the surgical trauma) 
and the occurrence of post-operative complications.

Conclusion The rapid post operative increase of the levels of the IL-1α, 
TNF-α, IL-6, demonstrated and proved high sensitivity.  
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Introduction

Cytokines are low-molecular regulatory proteins, or 
glycol-proteins, which impact the intensity and duration 
of immunological response by stimulating or inhibiting its 
activation, proliferation or differentiation of various cells. 
They are secreted by leukocytes or various other cells as 
a response to different stimuli. Their average molecular 
mass is 30 kD. They posses an α helix structure and bind 
to specific receptors on the membrane of the target cells, 
causing signal transduction (Fig. 1), which results in 
change of the genetic expression of the target cells.

There are 3 known cytokine actions: autocrine 
(the receptor belongs to the cell secreting the cytokine), 
paracrine (the cytokine binds to its receptor in the 
proximity of the cell which produced it) and endocrine 
(the receptor is located in the distant parts of the 
organism). Furthermore, there are a number of cytokine 
functions: redundant action (2 or more cytokines with 

similar function), synergetic (the combined action of 2 
cytokines is greater than the additive effect of individual 
cytokines) and antagonistic (opposite effect)1-5.

Types of cytokines: 
- IL-1 to IL-18
-  TNFα and β-TNF family
-  IFN α, β, γ  -  interferon family
- Hematopoietic family, factors of colony stimulation 

(GM-CSF, G-CSF, IL-2-7, IL-11-13, IL-15)
-  Growth transformation factors (TGF-α and β)
-  Migration inhibition factors (MIF) causes the inhibition 

of macrophage migration 
- Chemokynes (IL-8) responsible for chemotaxis.

Types of receptors:
-  Immunoglobulin super-family of receptors
-  Class 1 (hematopoietic)
-  Class 2 (interferon)
-  TNF receptor family
-  chemokyne receptor family (e.g. IL-8).



Cytokines and Surgical Trauma
All harmful stimuli and mechanical damage 

contribute to ”awakening” of the organism response, 
called the acute phase response, which aims to minimise 
the damage and initiate the healing process. Very often, 
this does not represent an optimal reaction, but a hypo- 
or hyper-reaction, even though most of the reactions 
are essentially beneficial to the host. The direct effect 
of anaesthesia of immunological cells, stress-induced 
hormonal changes, suppressor activation, occurrence 
of suppressive serum factors6 and changes in cytokine 
production also play a role in post-surgical immuno-
suppression. Cytokine measurements are conducted 
clinically on peripheral blood, but the absence of 
detectable cytokines in peripheral blood, often does not 
exclude local production of cytokines in the injured or 
inflamed organ7.

IL-1 is produced by all cells with a nucleus 
(including monocytes, macrophages, B-lymphocytes), 
NK (natural killer) cells, fibroblasts and muscular cells. 
The molecular weight of IL-1 is 17,500D. The human 
IL-1 is represented by 2 molecular forms IL-1α and IL-1β. 
The potential and the biological effects are identical in 
both forms and they have similar affinities in binding to 
receptors8. Both forms are encoded by different genes 
with different amino acid sequences and are connected 
in 3-dimensional levels.  Some cell types also produce a 
third gene, which encodes an IL-1 receptor antagonist 
protein (IL-1ra) and is a competitive inhibitor of IL-1 
α and IL-1β. IL-1 indicates the production of other 
cytokines. Various tissues constantly produce IL-1, e.g. 
the skin contains significant levels of IL-1, as well as the 
sweat and urine. Unlike them, macrophages and other 
cells produce IL-1 only as a result of external stimuli, 
for example bacterial poly-saccharide (LPS). IL-1 causes 

several measurable clinical and biological activities, such 
as induction of increased body temperature, activation 
of endothelial cells and neutrophils, expression of 
adhesive molecules, induction of hypotension and 
shock. Furthermore, it stimulates the production of 
other cytokines IL-2, 4, 6 and 8, GM-CSF and IFN-γ 
- its concentrations rapidly increase following trauma, 
including moderate surgical trauma9.

TNF is capable of acting independently or in 
conjunction with a wide range of other factors. It exists 
in 2 forms: TNF α and TNF β. TNF α is produced by 
activated macrophages, though much less by other cell 
types, while TNF β is primarily a product of activated T 
lymphocytes. TNF α and TNF β bind to same receptors. 
They both have a half-life of 15-18 minutes, yet indicating 
metabolic and hemodynamic changes. There is a presence 
of endogenous inhibitors (transmembrane soluble 
TNF receptors-STNFRs) which inhibit the potential 
unregulated TNF activity. TNF α has cytotoxic effects on 
endothelial cells, it increases the adhesion of neutrophils 
to endothelial cells through regulation of adhesive 
molecules10 and increases vascular permeability, both 
directly and indirectly, through activation of neutrophils. 
It helps the release of prostaglandin PGE2, it activates 
PAF (thrombocyte activating factor) and the coagulation 
process. TNF and IL-1 are the most important inducers of 
acute phase response.

IL-6  has a molecular mass of 26kD. Its main features 
include synergism with IL-1 and TNF for the purpose of 
co-stimulating immunological response and inducing 
production of acute phase proteins. It has a short life span 
of about 1 hour. Following the occurrence of a trauma, 
its values can be detected after 1 hour, the concentration 
peak is reached after 4-6 hours and it can be present for 
10 days in circulation. This cytokine is constantly detected 
in plasma, which suggests its constant production. It 
has been ascertained that the intestinal source of IL-6 
is the “background” of its detectable plasma levels. It 
is also created in phagocytes, the vascular endothelial 
cells and the fibroblasts. IL-6 enables B-cell replication, 
differentiation and immunoglobulin production. IL-6 
and IL-1 have the role of  mediators of the acute phase 
response (CRP, fibrinogen, haptoglobin, amyloid α, α-1-
antitrypsin and complement activation-C3 and factor B). 
It possesses imunomodulatory characteristics, including 
initiating PMN (polymorphonuclear leukocytes)-
mediated hyper-inflammation and, paradoxically, deferred 
immunosuppression of the host. IL-6 can also serve as 
an anti-inflammatory mediator through a sophisticated 
mechanism of releasing sTNFs (soluble TNF receptors) 
and IL-1ra, which leads to attenuation of the functional 
capabilities of TNF and IL-1. IL-1 does not regulate the 
main inflammatory regulators, such as PG, nitric oxide, 
matrix metaloproteases, nor does it include the synthesis 
of adhesive molecules involved in the inflammatory 
response, such as ICAM-111. IL-6 even inhibits several 

Figure 1. Signal transduction
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key inflammatory responses by impacting the secretion of 
PGE2, which is a powerful immunosuppressive mediator 
of T-cells and macrophages. On the other hand, PGE2, 
induces the release of IL-10, which is a powerful anti-
inflammatory mediator deactivating monocytes. This 
serves to explain the fact why IL-6 protects the organism 
from mortality in the occurrence of septic or toxic shock, 
which has been demonstrated through the administering 
of neutralising anti-bodies against IL-6. However, the 
increased plasma concentrations have been registered 
in acute states, such as surgical interventions, burns and 
bacterial infections. IL-6 is closely associated with the 
events occurring in the post-operative period (elective 
surgery) or following trauma, with the increased levels of 
IL-6 48 hours post-operatively constituting an alarm of 
possible infective post-operative complication, present 
immunosuppression or representing a reaction of the 
organism to a hyper-inflammatory condition12. There is a 
significant correlation between the IL-6 values and age. 
Still, IL-6 remains the cytokine that is most constantly 
elevated or most easily detectible.

Cytokine Response to Surgical Intervention
Surgical intervention and trauma induce a series 

of inflammatory responses, such as elevation of body 
temperature, increased sedimentation, leukocytosis and 
increased levels of acute phase proteins. The most up-to-
date research shows that these responses are mediated 
by cytokines: IL-1, TNF, IL-6. IL-6 response is detected 
4-6 hours post-operatively and prior to the increase of 
circulating acute phase proteins. The response is not 
always fast, but it can be long-lasting.

There is a correlation between the cytokine levels 
and the degree of surgical trauma - more pronounced 
trauma leads to greater changes. Furthermore, the duration 
of surgery and anaesthesia determine the cytokine 
response. Shenkin et al13 detected the increased levels 
of IL-6 30 min. after the incision of skin. Cruickshank et 
al14 detected the increased levels of IL-6 during the first 
2-4 hours postoperatively. The type of intervention is 
very significant with regards to the cytokine response; 
for example, abdominal interventions show a sharp rise 
in the cytokine response. IL-6 is the only cytokine that is 
constantly elevated following tissue trauma and there is a 
clear correlation between prolonged and excessive IL-6 
elevations and morbidity and mortality. Understanding the 
cytokine patho-physiological response serves as the basis 
for intervention therapy aimed at modulating the response 
to surgical trauma.

According to Bone’s theory15, the cytokine response 
to trauma is divided into 3 phases:
1. Occurrence of local production of cytokines as a 

reaction to a local injury;
2. Small portions of cytokines are present in the systemic 

circulation, which helps to optimise the defence 
mechanism;

3. The circulating levels of cytokines are higher than 
those necessary for the reparatory period and negatively 
impact the organism with their action. During this 
phase, a systemic inflammatory response (SIRS) can 
also occur, which if left untreated can be fatal. 

In accordance with this, lower levels of measurable 
cytokines in systemic circulation in the post-operative 
period should be a goal which is worth insisting on. 
Consequently, it is necessary for locally produced 
cytokines to be “kept” locally. 

Angele and Chaudry16 point to the fact that bone 
damage in conjunction with soft tissue trauma produce 
protracted depression of immunological function, as 
opposed to soft tissue trauma without bone trauma. 
This data suggest possible additive effects of traumatic 
damage on the depression of immunological functions. 
In their study, the authors indicate possible patho-
physiological mechanism of immunosuppression during 
surgical interventions: depression of HLA-DR (Human 
leukocyte antigen receptor) expression, reduction of 
antigen-presenting capacity of macrophages, reduction 
of metabolic capacity of the organism, disturbance of 
homeostasis between the pro-inflammatory and anti-
inflammatory cytokines. NO and prostaglandins are 
responsible for the depression of the antigen-presenting 
cells. Possible defects in the T-cell proliferation and 
cytokine secretion lead to reduced secretion of IL-2, 
IFN-γ and TNF α. 

Aims of the Study

Following the most up-to-date scientific and research 
trends, which focus on the close relation between surgical 
traumatic stress and its direct impact on the first and 
immediate non-specific response, for the purpose of 
insuring complication free post-operative period and 
consequent quick, complete and functional recovery, we 
have formulated the following objectives of this paper:
1. Quantitative determination of the serum components 

of cytokines and their qualitative activity in the peri-
operative period;

2. Establishment of correlation between the degree of 
traumatic damage and the levels of the cytokines 
IL-1α, IL-6, TNF-α in the peri-operative period, taking 
into account the complexity of the performance, as 
well as the correlation between the time interval 
of duration of the intervention and activity of the 
examined immunological parameters. We aimed 
to determine a potential impact of sex and age 
on immunological activity in the peri-operative 
period, and also to determine a correlation between 
immunological behaviour and possible objective 
clinical complications in the post-operative period;
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3. Standardisation of a position on the protocol 
regarding minimising traumatic stress, eliminating 
the cumulative impact of other stress factors of non-
traumatic origin, as well as defining a protocol for 
medical therapy, including immunotherapy.

Material and Method

Patient Selection and Working Protocol
For the purpose of implementing the defined test 

goals, the study involved 20 patients from the Clinic for 
Oral Surgery at the Faculty of Stomatology in Skopje 
undergoing removal of impacted third molars, following 
a detailed anamnesis, extra-oral and intra-oral clinical 
examination and x-ray analysis. Furthermore, the age and 
sex of the patients were also taken into consideration. This 
study did not include patients which, prior to being treated, 
showed any clinical sign of infection or neoplasm, or had 
been surgically treated at least 3 months before the date of 
the intervention. Each intervention was characterized by its 
own quantitative and qualitative attributes, such as: type of 
intervention, duration, complexity of performance, as well 
as the degree of surgical trauma of the periosteum and the 
bone tissue (osteotomy).

Prior to surgery, then 24 hours after, as well as on 
the seventh day postoperatively, the patients were tested 
for cytokine serum levels (IL-1α, IL-6, TNF-α), which 
provided an overview of the activities of the individual 
immune system. 

The samples of vein blood were taken in quantities 
of 10 ml. The taken blood samples were then kept 
on temperatures ranging from 2-60C up to 24 hours. 
Following this, they were centrifuged and stored at a 
temperature of -200C until the time of laboratory testing.

Correlation was made between their variations before 
and 24 hours after the intervention and the objective 
post-operative complications on the first day after the 
intervention, which were of general (body temperature) 
and local character, the presence of post-operative 

pain, oedema, haematoma, post-operative infection, 
and functional disturbance (trismus). Postoperatively, 
during the first 24 hours, patients were not administered 
antibiotic and anti-inflammatory drugs due to the 
requirements of the study and the need for achieving 
authentic results. On the seventh post-operative day, 
sutures were removed.

Principle of determining the cytokine concentration 
- ELISA method

The laboratory research was carried out at the 
Institute of Human Immunology and Genetics at 
the Medical Faculty in Skopje. For the purpose of 
determining the cytokine levels, blood was taken by using 
venipuncture, than left to coagulate, after which the serum 
is separated by centrifuging (5 min. on 4000 rpm). If it 
was necessary to keep the sample for longer than 1 day, 
it was stored at a temperature of -200C, while if it was 
required to store the samples for a period longer than a 
week, they were kept at -800C.

The cytokine concentration in the sample was 
determined by ELISA (enzyme linked immunosorbent assay) 
method (Medgenix Diagnostics, Belgium). Today, there 
are various commercially available toolkits to determine 
the cytokine concentration, but they do not always provide 
approximately the same results. Immunological tests 
represent an alternative to biological methods and flow 
cytometry. They are simple to perform and results are 
obtained in a matter of hours (Fig. 2). 

Statistical analysis
The statistical analysis was conducted with the 

statistical program STATISTICA 7.

Results and Discussion

The variations of IL-1α, IL-6 and TNF-α are presented 
both in tables and on charts (Tabs. 1-6 and Figs. 3-5).

Figure 2. Laboratory equipment
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Table 1. Variations of IL-1α

IL-1a N Mean Confidence -95.0% Confidence +95.0% Min Max Std.Dev.

IL-1a / before 20 0.58 0.39 0.77 0.23 1.59 0.41

IL-1a / 24 h 20 0.60 0.39 0.81 0.21 2.02 0.45

IL-1a / 7 day 20 0.57 0.38 0.76 0.23 1.58 0.41

Table 2. Differences in IL-1α

Parameter N T Z p-level p Sig. / N. Sig.

IL-1abefore / IL-1a 24 h 20 93.00 0.08 0.94 p>0.05 N.Sig.

IL-1a before/ IL-1a 7 day 20 42.5 1.32 0.19 p>0.05 N.Sig.

Table 3. The variations of IL-6 

IL-6 N Mean Confidence -95.0% Confidence +95.0% Min Max Std.Dev.

IL-6 / before 20 14.47 4.36 24.58 0.92 67.70 21.59

IL-6 / 24 h 20 18.27 5.21 31.34 1.34 89.90 27.92

IL-6 / 7 day 20 14.53 4.44 26.62 0.94 67.90 21.57

Table 4. Differences in IL-6

Parameter N T Z p-level p Sig. / N. Sig.

IL-6 before / IL-6 24 h 20 24.00 3.02 0.002 p<0.01 Sig.

IL-6 before / IL-6 7 day 20 33.5 2.67 0.008 p<0.01 Sig.

Table 5. The variations of  TNF-α.

TNF-a N Mean Confidence -95.0% Confidence +95.0% Min Max Std.Dev.

TNF-a/ before 20 4.81 2.14 7.47 0.17 17.79 5.69

TNF-a/24 h 20 3.98 1.94 6.03 0.18 13.20 4.37

TNF-a / 7 day 20 4.52 2.12 6.93 0.18 15.99 5.14

Table 6. Differences in TNF-α.

Parameter N T Z p-level p Sig. / N. Sig.

TNF-a before/ TNF-a 24 h 20 101.00 0.15 0.031 p<0.05 Sig.

TNF-a before / TNF-a 7 day 20 61.00 1.37 0.171 p>0.05 N.Sig.
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IL-1
The studies of the following authors point out the 

post-operative increase of IL-1 levels: Mokart et al17, 
Aasen et al18, Huang Tsung-Jen et al19. On the other hand, 
Baigrie et al20, Grzelak et al21 state in respective studies 
that they haven’t detected any changes in the serum levels 
of this cytokine.

Data on possible immunosuppression is provided by 
the following authors: Angele and Faist22 and Angele and 
Chaudry16.

IL-6
The post-operative increase of IL-6 values is reported 

by the following authors: Prondzinsky et al23, Mokart et 
al17, Baigrie et al20, Kashiwabara and Miyashita24, Decker 
et al25, Maruszynsk and Pojda26, while Kudoh et al18 
provided data on their reduction.

TNF-α 
It is the earliest and most powerful mediator of the 

immune response, with a rapid and very short period of 
existence. Still, it can initiate metabolic and hemodynamic 
changes by activating cytokines, even though it has a 
half-life of 15-18 min. It reaches its peak in the plasma 
90 minutes after stimulation. Thus, it is a highly sensitive 
parameter with rapid and sharp peaks immediately after 
the operative treatment. 

Post-operative alterations, i.e. the increase or 
reduction of cytokine levels, depend significantly on the 
TNF gene polymorphism. Infections, severe injuries and 
surgical trauma are known to affect cellular immunity, 
which is considered to be responsible for secondary 
complications, such as sepsis or multiple system organ 
failure. “Ex vivo”  detection of LPS (lipopolysaccharide)-
stimulated cytokine response is widely used as an 
indicator of a compromised response of the host in cases 
of accidents or surgical trauma.

Great number of authors indicate the occurrence 
of the reduction of TNF-α levels after the surgical 
intervention16,18,27,28, which also coincides with 
our own results and which might refer to a possible 
immunosuppression of the organism as an inadequate 
response to stress. In our examined materials, 50% of 
the subjects registered post-operative reduction of TNF-α 
values, while the rest registered an increase of the same 
values.

Correlations
We have only included statistically significant 

correlations. When examining the relation between the 
surgical traumatic stress and the values of systemic 
parameters, we determined a weak positive correlation. 
This indicates that subjects differ among themselves 
only in the number of osteotomed surfaces, which results 
in only a discreet impact on the analyzed systemic 
parameters (weak correlation). According to Bone15, the 

Figure 3. Variations of IL-1α

Figure 4. The variations of IL-6

Figure 5. The variations of TNF-α
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organism, in accordance with its individual capacities, 
succeeds in keeping the locally produced mediators 
locally. This represents a good outcome of the post-
operative process. Another group of authors clearly define 
the difference of the effects on the immunological system 
in various types of tissues, as well as the quantitative level 
of the release of the mediators of inflammation in various 
types of tissue (bone tissue contains greater number of 
tissue damage mediators than soft tissues)

Whitman29 examined the impact of isolated tissue 
damage (soft tissue or bone tissue), and the combined 
tissue damages on the immunological system, coming 
to the conclusion that in cases of the combined tissue 
damages there is a significant depression of IL-2, IL-3 and 
of IL-1, IL-6 as compared to isolated tissue damage..

Heating of bone tissue during oral surgery changes 
qualitatively the monocyte-macrophage function and 
impacts hematopoesis, quantitatively and qualitatively30. 
These cells produce less acute phase proteins (APPs) C3 
and transferin, but possess greater cyto-toxicity measured 
according to the release of 1-lactate dehydrogenase.

The examined correlation between the type of 
intervention (interventions in which only impacted 
teeth are extracted and interventions where other 
neighbouring teeth are extracted simultaneously with 
the impacted teeth) and IL-1 (24 hours after the 
intervention) for R = -0.47 demonstrates medium high 
negative correlation, which means that in instances of 
increasing surgical trauma during surgery (increasing 
the number of simultaneously extracted teeth) reduces 
the post-operative values of analyzed parameters, which 
indicates an increased probability of post-operative 
immunosuppression.

The examined correlation between the type of 
intervention and TNF- (24 hours after the intervention) 
for R = -0.54 demonstrates medium high negative 
correlation. 

The differences between the analyzed parameters, in 
regards to distribution according to sex, for p > 0.05, are 
insignificant. Male sex hormones have immunosuppressive 
capacities, unlike female sex hormones, which possess 
immunoprotective characteristics23.

There is data in the relevant literature31 that IL-6 
naturally increases with age and is related to heart 
disease, type 2 diabetes, osteoporosis and other age-
related conditions. It has been ascertained that individuals 
subjected to longer periods of chronic stress continue 
to have higher levels of IL-6 even after the ceasing of 
activity of the chronic stressor. Furthermore, they show 
high level of vulnerability to viral infections, high blood 
pressure and slower healing of wounds. 

State of mind affects one’s state of health (mind-body 
interaction). In the material we examined, we came across 
data that indicate relation between TNF-α changes during 
oral surgery and patient’s age. These are considered to be 
authentic results.

Conclusions

Surgical intervention causes immune and acute 
phase response, aseptic inflammatory reaction, which 
universally accompany all types of trauma.

The rapid post-operative rise of the levels of 
IL-1α, TNF-α and IL-6 is demonstrated and proven to 
be of high sensitivity, thus enabling us to highlight their 
responsibility in the systemic immunological response 
of the organism and determining their roles as adequate 
indicators of tissue trauma. 

Oral surgery induces systemic effects! During oral 
surgery there is a cumulative effect of the peri-operative 
stress: surgical traumatic stress, psychological stress and 
anaesthetic stress. 

We determined justification of the use of diagnostic 
tests to assess the levels of the aforementioned cytokines 
as orientation marks for the level of post-operative 
inflammation. They also represent efficient prognostic 
instruments for early diagnosis of post-operative infection. 
The knowledge of cytokine levels can give insight 
to clinical practitioners into the intracellular changes 
(intracellular environment), as well as provide guidance 
for further treatment. 

Very high post-operative levels of all measured 
parameters and the maintenance of those high levels 
after the 4th day (hyper-reaction) may indicate potential 
complications, post-operative infection and development 
of septic shock. The condition has the same negative 
effects as immunosuppression (hypo-responsiveness).

 Our research and a great number of studies confirm 
the thesis that the greater the degree of surgical trauma 
(soft tissue, periosteum, bone tissue) the greater the 
possibility of inadequate reaction of the organism, i.e. 
immunosuppression. 

Local post-operative complications depend on the 
level of local cytokine release. Systemic cytokines and 
other analyzed parameters are responsible for the general 
post-operative immunological status of the organism.

The benefits of the minimal invasive surgery 
(such as minimal pain, quicker recovery and shorter 
hospitalization) can be connected to decreased cytokine 
production. Therefore, we are inclined to suggest 
choosing the methods of the modern minimal invasive 
surgery rather than conventional surgery in all the cases 
where applicable.

Individuals suffering from chronic stress show 
greater degree of immunosuppression during oral surgery, 
which is a result of exhausted mechanisms of adaptation 
to the acute stressor - the intervention. This implies the 
need to ask one more question during the anamnesis: “Are 
you under stress?” This could help to select patients for 
whom you could more easily foresee the possibility of an 
inadequate post-operative reaction.

In accordance with previously stated conclusions, 
we can underlie the importance of minimizing traumatic 
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stress during oral surgery by favouring an atraumatic 
approach, minimizing pressures and vibrations during the 
intervention, lowering the temperature developed during 
the osteotomy (by using systems with continuous internal 
and external cooling, reducing the number of revolutions 
per minute of the instruments), using drills made of high 
quality materials and adequate sharpness.

Equally important is the elimination of stress 
factors of non-traumatic origin by using premedication 
(anxiolytics, analgesics), as well as psychological 
techniques and stress reduction strategies.

It is recommended to use antibiotic and anti-
inflammatory prophylaxis during complicated, long-
lasting and comprehensive interventions 

Steroids, non-steroid anti-inflammatory agents, 
the cytokines IL-4, IL-10, IL-13 reduce the production 
of pro-inflammatory cytokines. The most up-to-date 
administration of these agents can be effective in 
attenuating post-traumatic and post-operative hyper-
inflammation. 
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