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Abstract
Purpose Much research is now being conducted in order to
understand the role of cytokines in the development of the
inflammatory response following trauma. The purpose of this
study was to evaluate whether serum levels of certain cyto-
kines, measured immediately after initial injury, can be used as
potential biomarkers for predicting the development and the
degree of severity of the systemic inflammatory response
(SIRS) in patients with moderate and severe trauma.
Methods We conducted a prospective study with 71 individ-
uals of whom 13 (18.3 %) were healthy controls and 58
(81.7 %) were traumatized orthopaedic patients who were
categorized into two groups: 31 (43.6 %) with moderate
injuries and 27 (38.1 %) patients with severe orthopaedic
trauma. Thirty cc of heparinized blood were drawn from each
individual within a few hours after the injury. Serum levels of

pro-inflammatory, regulatory and anti-inflammatory cyto-
kines were measured in each individual participant.
Results High levels of pro-inflammatory cytokines IL-1β,-6,-
8,-12, tumour necrosis factor alpha and interferon gamma
were found in all injured patients compared to healthy con-
trols. Only IL-6 and IL-8 were significantly higher in the
injured patients. Levels of the regulatory cytokines, trans-
formed growth factor beta (TGF-β) and IL-10 were higher
in the injured patients, but significant only for TGF-β. Levels
of IL-4 were significantly lower in the injured groups as
compared to the controls.
Conclusions Secretion of large amounts of pro-inflammatory
cytokines and decreased level of anti-inflammatory cytokines
during the acute phase of trauma may lead to the development
of systemic inflammatory response syndrome (SIRS) in un-
stable polytraumatized patients. SIRS may result in life threat-
ening conditions as acute respiratory distress syndrome
(ARDS) and multiple organ failure (MOF). High levels of
IL-6, IL-8, TGFβ and low levels of IL-4 were found to be
reliable markers for the existence of immune reactivity in
trauma patients. More research is needed to study pattern of
cytokine levels along the acute period of injury, after surgical
interventions and during recovery.
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Introduction

Recently, an increasing research interest has been focused on
the issue of cytokines and their role in immune activity in
trauma patients [1–5]. Skeletal and tissue injuries may cause a
hyper-inflammatory reaction of the immune system manifest-
ed by elevation in levels of pro-inflammatory cytokines and
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may lead to the development of systemic inflammatory reac-
tion syndrome (SIRS). The degree of this reaction depends on
the severity of the trauma and is known as the “first hit” [2, 6].
The regular mode of treatment in the last few decades of
patients with multiple injuries consists of immediate
prolonged and extensive surgical procedures of isolated
or combined head, chest and abdominal injuries follow-
ed by fixations of fractures of the pelvis and/or long
bones of these patients and is called “early total care”
(ETC). The secondary inflammatory reaction in such
polytraumatized patients during and after surgical pro-
cedures, including immediate fracture fixation, is known
as the “secondary hit” [2, 3, 5].

It was also found that ETC in polytraumatized patients with
major blood loss may increase significantly the severity of this
inflammatory response (SIRS) as described by various authors
[2, 3, 5, 7, 8]. The development of this hyper-inflammatory
reaction is manifested by activation of the immune system
which triggers increased secretion of pro-inflammatory cyto-
kines, such as interleukin-6 (IL-6) and IL-8 [2, 4]. The increase
in pro-inflammatory cytokines is evident soon after injuries
(six hours) and lasts usually for 24–48 hours inmost cases. The
duration of this reaction depends on the severity of the trauma.
In patients with severe injuries this increase may persist longer
[2, 3]. In such patients the “secondary hit” inflammatory
reaction, following ETC procedures, may aggravate the acute
systemic inflammatory reaction syndrome (SIRS), and may
lead to development of acute respiratory distress syndrome
(ARDS) and multiple organ failure (MOF) with a relatively
high morbidity and mortality [2, 9–12].

The massive secretion of pro-inflammatory cytokines usu-
ally induces up-regulation of anti-inflammatory cytokines
such as IL-4, and regulatory cytokines such as transforming
growth factor-beta (TGF-beta) and IL-10, which results in a
decrease of the severity of the inflammatory reaction [2, 4].
An imbalance between the early systemic inflammatory re-
sponse and the later compensatory anti-inflammatory re-
sponse may be responsible for organ dysfunction and in-
creased susceptibility to infections [2, 4].

These findings led in the last decade to the development of
a new concept of treatment of polytraumatized patients which
is known as “damage control orthopaedics” (DCO). The basic
principles of DCO are control of the life threatening injuries
combined with minimal invasive stabilization of the fractures
mainly by external fixators and then only after few days of
metabolic and respiratory recovery to perform the definitive
management of fracture fixation [2, 5, 7].

The purpose of this study was to evaluate the degree of the
systemic inflammatory response in patients followingmoderate
and severe trauma. Therefore, differences in the levels of serum
pro-inflammatory, anti-inflammatory and regulatory cytokines
were assessed in injured patients with various types of trauma
and compared to healthy controls.

Patients and methods

This study was approved by the Institutional Review Board
(Helsinki Committee) in the Western Galilee Hospital. It
consisted of 71 participants, all in the age range of 20–55,
with mean age of 36.1 years (±10.4 SD). Thirteen (18.3 %)
were healthy individuals that served as controls, and 58
(81.7 %) were patients, of whom 35 were males (60.3 %)
and 23 females (39.7 %). Patients and controls were similarly
distributed by age and gender. All patients were injured in
traffic or work accidents and were categorized into two
groups: 31 (43.6 %) patients with a moderate injury including
isolated fractures of ankle or humerus and 27 (38.1%) patients
with severe trauma injuries including fractures of the femur or
tibia or both femora, or of femur and tibia together. Inclusion
criteria were age 20–60 years and ability to answer the ques-
tionnaires; exclusion criteria were chronic diseases that may
affect immune functions. Patients with any head, chest, ab-
dominal or pelvic injuries were also excluded.

Abbreviated injury scale (AIS)

Abbreviated injury scale (AIS) was used to assess the severity
of injuries [13, 14]. This scale is an anatomically based con-
sensus derived global severity scoring system that classifies
each injury by body region according to its relative impor-
tance on a 6-point ordinal scale, 1 being minor, 2 being
moderate, 3 serious, 4 severe, 5 critical, and 6 a non-
survivable injury [13, 14]. In this study the injury severity
scores (ISS) were not evaluated since this series of patients
with fractured limbs had not any additional injuries of any
other different body regions such as head, face, neck, chest,
and abdomen. The ISS is an overall score for patients with
multiple injuries; in each of them the AIS of six different body
regions such as head and neck, face, chest, abdomen, extrem-
ities and external are evaluated [15]. The highest AIS scores of
the three most severe injured regions are then squared and
added together and the sum of them produces the ISS score.
The AIS therefore is the most appropriate system in this paper
dealing with various types of bone fractures without any other
associated body injuries. The mean severity AIS injury score
was 2.7 (SD±0.8). The AIS of the moderate group was 2,
whereas that of the severe group was 3.44 (SD±0.5).

Serum cytokine levels

A few hours following injury (T1) 30 cm3 of heparinized
venous blood samples were drawn for measurement of cyto-
kine levels. A multiple analyte detection system based on
fluorescent bead immunoassay was used as described previ-
ously by the present authors [16] for quantitative detection of
the serum cytokines IL-1β, Il-2, IL-4, IL-6, IL-8, IL12,
TGF-β, interferon-gamma (INFγ) and tumor necrosis factor-
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alpha (TNFα) as follows: (1) beads were coated with antibod-
ies that specifically react with each of the analytes to be
detected in the multiplex system, (2) a mixture of coated beads
for each of the analytes was incubated with the samples or
standard mixture, (3) a biotin-conjugated second antibody
mixture was added, and (4) streptavidin–phycoerythrin was
added, which bound to the biotin conjugate and emitted
fluorescent signals. Data analysis was collected on a
FACSCalibur and analysed using FlowCytomix Pro 2.2 soft-
ware from Bender MedSystems [16].

Statistical analysis

The SPSS 19 software package was used for data analysis.
Log transformed values of cytokine levels were used in t-test
and ANOVA test. T-test for independent samples was used to
assess differences between the injured and the control groups
in levels of serum cytokines. Analysis of variance (ANOVA)
was applied for comparison of the severe injured, moderate
injured and the control groups. This analysis was followed by
Scheffe post-hoc test in order to assess differences between
pairs of groups. T-test for paired samples was applied for
comparison between the measures at T1 (at injury) and T2
(six months later).

Results

Levels of cytokines in serum were not significantly associated
with age, except for levels of IL-4 that were lower with higher
age (r=-0.28, p=0.044). The findings of the present study
show that patients with moderate and severe orthopaedic
injuries present a distinct pattern of cytokine levels in serum
as compared with healthy age- and sex-matched controls. The
mean levels of the pro-inflammatory, anti-inflammatory and
regulatory cytokines in all injured participants were compared
to the control group. The levels of the pro-inflammatory
cytokines IL-6 and IL-8 were significantly higher in the in-
jured group compared to controls (p<0.001 and p<0.05, re-
spectively), but the differences for the other pro-inflammatory
cytokines were not statistically significant (Table 1, Fig. 1).
The means and differences in the pro-inflammatory cytokines
in the moderate injured, the severe injured and the control
groups are presented in Table 2 and Fig. 2. The analysis of
variance (ANOVA) showed that significantly higher levels of
pro-inflammatory IL-6 and IL-8 were found in the severe and
moderate injured groups as compared to controls (p<0.01).
Scheffe post-hoc comparisons between pairs among the three
groups indicated that the differences were significant for each
of the injured groups as compared to controls. The differences
between the severely injured group and the moderately injured
group themselves were not statistically significant (Fig. 2).

Mean values for the anti-inflammatory cytokine IL-4, and
regulatory cytokine TGF-β and IL-10 for all injured partici-
pants compared to controls are presented in Table 1 and Fig. 3.
The levels of IL-4 were significantly lower (p<0.05) and the
levels of TGF-β were significantly higher (p<0.01) in the
injured patients as a whole group, compared to controls,
whereas IL-10 levels were not statistically different between
the injured group and the controls. Table 2 and Fig. 4 show the
means of levels of IL-4, IL-10 and TGF-β for the severe,
moderate and control groups. ANOVA and Scheffe post-hoc
test showed that the levels of IL-4 were significantly lower in
each of the two injured groups as compared to controls
(p<0.01).

In addition, a preliminary assessment of the first four
injured individuals for serum cytokines six months after initial
traumawas done. The differences between the two time points
(T1 after initial trauma and T2 six months later) for IL-6, IL-8,
IL-4 and IL-10 are presented in Table 3 and Fig. 5. The levels
of pro-inflammatory cytokines IL-6 and IL-8 decreased from
T1 to T2, and the differences were statistically significant for

Table 1 Levels of cytokines in injured and control groups, immediately
after trauma (t1)

Cytokines Injured (n=58) Controls (n=13) t-test

M SE M SE t (69)

IL-1β 21.9 12.8 0.8 0.4 0.9

IL-2 57.8 21.1 61.6 17.5 -1.4

IL-6 60.2 18.2 5.0 3.4 3.7***

IL-8 138.6 34.7 12.2 4.3 3.2*

IL-12 16.4 9.2 19.1 8.6 -1.2

IFN-γ 51.4 9.4 47.2 14.9 0.0

TNF-α 16.2 11.5 11.9 6.4 1.0

IL-4 17.0 5.2 32.4 6.0 -3.5*

IL-10 8.6 6.4 4.9 2.3 -1.2

TGF-β 23.1 3.2 13.7 3.4 2.8**

*p<0.01, **p<0.01, ***p<0.001

Levels of cytokines are presented in pg/ml, except for TGFβ presented in
ng/ml; t-test was conducted for log transformed measures

*

*

Fig. 1 Means (±SE) of levels of pro-inflammatory cytokines in injured
and control groups immediately after trauma (t1) *p<0.01
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measurements of IL-6 (p<0.05). The levels of regulatory (IL-
10) and anti-inflammatory (IL-4) cytokines substantially in-
creased from T1 to T2 but the differences were statistically
significant only for IL-10.

Discussion

The present results show that patients with various orthopae-
dic injuries present a distinct pattern of cytokine levels as
compared with healthy matched controls. Significantly higher
serum levels of pro-inflammatory cytokines IL-6 and IL-8 and
of the regulatory cytokine TGF-β and low levels of anti-
inflammatory IL-4 were found in each type of injured group
compared to controls, while the difference in the levels of IL-
10 was not significant. The higher levels of pro-inflammatory

cytokines in the injured patients accord with the reported pro-
inflammatory state in reaction to injury. Secretion of anti-
inflammatory cytokines are induced by IL-6, in order to
attenuate the inflammatory activity [9–12].

The increase of pro-inflammatory cytokine levels follow-
ing injuries indicates their role in the body reaction to trauma
[2, 3]. The pro-inflammatory cytokines are produced during
early immune response and upregulate the expression of en-
dothelial cells adhesion molecules and the activation of neu-
trophils. TNFα and IL-1β induce epithelial adhesion mole-
cules and chemokines, recruiting leukocytes to infected tis-
sues. IL-6 is produced by T lymphocytes and macrophages
and induces B lymphocytes proliferation and antibody pro-
duction and the proliferation and maturation of T cells. IL-8 is
released by activated monocytes and serves as a chemokine
for neutrophils and macrophages and plays a key role in the
accumulation of leukocytes at sites of inflammation [9, 10].
IL-12 is produced by dendritic cells and macrophages and is
involved in the differentiation of Th1 cells and in stimulating
natural killer activity and production of IFN-γ from natural
killer cells. IFN-γ is produced predominantly by natural killer
and Th1 cells and upregulates their activity and is critical for
innate and adaptive immunity. IL-2 is secreted by Th1 cells
and is necessary for the growth, proliferation, and differenti-
ation of Th1 cells and induces B cell proliferation [6, 17].

Table 2 Levels of pro- and anti-inflammatory cytokines in severe and
moderate trauma and in control group immediately after trauma (t1)

Cytokines Moderately
injured (n=31)

Severely injured
(n=27)

Controls
(n=13)

ANOVA

M SE M SE M SE F (2,68)

IL-1β 16.4 10.3 28.3 25.0 0.8 0.4 0.3

IL-2 53.2 13.8 63.0 42.9 61.6 17.5 2.4

IL-6 39.6 9.1 83.9 37.5 5.0 3.4 7.2*

IL-8 118.5 51.4 161.6 46.0 12.2 4.3 6.5*

IL-12 24.1 16.9 7.6 4.3 19.1 8.6 -1.2

IFN-γ 40.4 11.3 64.1 15.2 47.2 14.9 0.1

TNF-α 23.0 21.3 8.5 5.0 11.9 6.4 0.6

IL-4 14.3 4.6 20.1 9.9 32.4 6.0 6.1*

IL-10 1.8 0.7 16.4 13.6 4.9 2.3 1.2

TGF-β 23.6 4.8 22.4 4.4 13.7 3.3 1.7

* p<0.01

ANOVAwas conducted for log transformed measures

Levels of cytokines are presented in pg/ml, except for TGFβ presented in
ng/ml

*
*

Fig. 2 Means (±SE) of levels of IL-4 and IL-10 in injured and control
groups immediately after trauma (t1). Note: Levels of TGFβ are present-
ed in ng/ml; * p<0.01

*

*

*

*

Fig. 3 Means (±SE) of levels of pro-inflammatory cytokines in severe
and moderate trauma and in control groups immediately after trauma (t1);
* P<0.01

*

Fig. 4 Means (±SE) of levels of anti-inflammatory cytokines, by severe,
moderate and control groups immediately after trauma (t1). Note: Levels
of TGFβ1 are presented in ng/ml; * p<0.01
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The lower levels of the anti-inflammatory cytokines IL-4
found in the injured group compared to controls accords with
previous studies that show suppression of these cytokines
during the immediate immune reaction to acute injury. IL-4
is secreted by Th2 helper cells and is depressed when levels of
pro-inflammatory cytokines increase. Increase in IL-4 in later
stages of the immune response induces suppression of pro-
inflammatory cytokines [2, 4].

TGF-β and IL-10 are regulatory cytokine secreted by T
cells and macrophages, and have a central role in regulation of
proliferation and differentiation of cells, wound healing, and
angiogenesis [18]. Our findings of high levels of TGF-β and
IL-10 in the injured patients are supported by previous reports
demonstrating increase in serum concentrations during the
early response to injury [19–22]. Evidence exists that the high
serum concentrations of TGF-β and IL-10 are involved in the
further down regulation of the inflammatory cytokines. In
addition, TGF-β is involved in the process of fracture healing
[20–22]. It enhances the proliferation and differentiation of
mesenchymal stem cells and increases the production of ex-
tracellular matrix. It has a key role in the promotion of carti-
lage formation and increases the formation of callus and bone
strength [20].

Our other findings are that in a subsample of four injured
patients checked six months after initial injury (T2) the levels
of the pro-inflammatory cytokines decreased (the difference
was statistically significant for IL-6 only) and that levels of
anti-inflammatory cytokines substantially increased (the dif-
ference was statistically significant for IL-10 only). These
preliminary findings are supported by previous findings
reporting differences during the first week after the initial
trauma [2–9, 23, 24]. However, we consider our findings as
an only pilot observation of a small group of patients and it
should be submitted to replication and further investigations in
a larger groups of patients.

The significant increase in the levels of pro-inflammatory
cytokines IL-6 and IL-8 in all injured patients, with the highest
levels in the severe injured group, is very important as fracture
management in patients with multiple injuries continues to be
of crucial importance. Early treatment of unstable traumatized
patients with head, chest, abdomen or pelvic injuries and
major blood loss that consists of immediate life saving surgi-
cal procedures and fracture fixation of long bones mainly with
reamed nails (early total care) may be associated with the
development of a secondary life threatening posttraumatic
systemic inflammatory response syndrome (SIRS). This may
be followed by acute respiratory distress syndrome (ARDS)
and multiple organ failure (MOF) with a relatively high mor-
bidity and mortality [1–4]. Primary external fixation of long
bone fractures in such patients is safe and a short procedure.
Therefore, the current recommendation in unstable poly-
traumatized patients is to use modular and minimally invasive
external frames for the initial fracture fixation. This approach
is named “damage control orthopaedic surgery” (DCO). The
basic principles of DCO in such patients consist of immediate
treatment of life threatening conditions and primary minimal
invasive fixation of long bone fractures, followed by metabol-
ic and respiratory stabilization of the patients. After an addi-
tional few days of metabolic and respiratory recovery the final
definitive management of fracture fixation is performed. A
significant reduction in incidence of general systemic compli-
cations such as ARDS and MOF has been described in the
DCO groups of patients despite higher ISS in comparisonwith
the ETC group.

The study has some limitations that should be acknowl-
edged. It is a one time-point assessment; therefore the markers
correlation to clinical course was not feasible. The sample
consists of patients with moderate or severe fractures of the
limbs, without involvement of head, chest, abdominal or
pelvic injuries. Therefore the abbreviated injury scale (AIS)
was used to assess the severity of injuries [13, 14]. The injury
severity score (ISS), which is the sum of the AIS squared
values of the three most severe injured regions, was not
evaluated since this series of patients with fractured limbs
did not have any additional injuries of any other different
body regions. We initially and purposefully excluded patients

Table 3 Differences in levels of selected pro- and anti-inflammatory
cytokines across two time points—at injury and after additional six
months post-injury

Cytokines On injury After six months t-test

M SE M SE t(3)

IL-6 80.0 16.0 1.7 0.8 4.7*

IL-8 415.0 145.5 85.9 42.9 2.5

IL-4 0.0 0.0 330.7 189.7 -1. 7

IL-10 0.0 0.0 6.0 0.5 -13.0**

* p<0.05, ** p<0.01

Paired t test for t1-t2 was conducted on log transformed measures (injured
only, N=4)

*

*

Fig. 5 Differences in levels of cytokines between hospitalization (t1),
and six months (t2). Note: the scale was log transformed * p<0.01
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with complicated injuries in order to achieve homogeneity in
severity levels. The severity of AIS is therefore much lower
than the ISS. Further assessments of cytokines as biomarkers
of systemic inflammatory response in multiple trauma injuries
including orthopaedic injuries are needed.

The causes and effects of changes in balance of pro- and
anti-inflammatory cytokines due to injury should be further
studied. One example is the need to study the role of genetic
polymorphism in inducing hyper-inflammation. Our prelimi-
nary results provide an indication for the involvement of
genetic factors, such as polymorphism in certain genes
(TLR9), that regulate immune responses in accelerated
hyperinflammation in response to injury [25]. Another direc-
tion is to study the long-term effect of hyperinflammation due
to injury on psychological reactions to trauma. Our previous
studies as well as others showed that high serum levels of pro-
inflammatory cytokines IL-6 and IL-8, and low levels of the
regulatory cytokine TGF-β and anti-inflammatory IL-4 and
IL-10 predicted higher levels of acute stress symptoms soon
after injury [16, 26]. Moreover, when controlling for age and
severity of injury, higher serum levels of IL-8 and lower serum
TGF-β predicted higher posttraumatic stress symptoms
one month after injury [16]. According to previous findings
that certain pro-inflammatory cytokines, such as IL-6, may
cause or intensify psychological symptoms [27], these results
suggest that high levels of inflammation due to injury may be
a risk factor for post trauma psychological symptomatology.
Other studies described other conditions with significant
levels of various cytokines in the synovial fluid of patients
with rheumatoid arthritis and also in patients with osteoarthri-
tis, supporting a pro-inflammatory process in the pathogenesis
of osteoarthritis [28–30]. Elevated plasma levels of pro-
inflammatory cytokines, such as IL-1beta, IL-8 and TNF-
alpha, were also observed as useful markers of bone
resorption in patients with aseptic loosening of large joint
prosthesis [31].

Based on the findings of this study of such significant
increases in the levels of pro-inflammatory cytokines IL-6,
TGFβ and IL-8, with the highest levels in the severely injured
group, combined with significant low levels of IL-4 in all
injured patients, it is suggested that serum high levels of these
cytokines can be used as potential reliable biomarkers for
predicting the development of systemic inflammatory re-
sponse syndrome (SIRS) in patients with multiple trauma.
Secretion of large amounts of pro-inflammatory cytokines
and decreased level of anti-inflammatory cytokines during
the acute phase of trauma, mainly in unstable polytraumatized
patients, may lead to the development of systemic inflamma-
tory response syndrome (SIRS). This may result in life threat-
ening conditions as acute respiratory distress syndrome
(ARDS) and multiple organ failure (MOF). In such conditions
this may suggest the use of DCO as the initial treatment of
unstable poly-traumatized patients. DCO surgery appears to

be a viable alternative for poly-traumatized patients with long
bone fractures. More research is needed to study the pattern of
specific changes in the levels of subgroups of cytokine along
the acute period of injury, after surgical interventions and
across several time points during recovery.
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