
IN TRO DUC TION
Frac tures of the proxi mal end of the fe mur are one of

the most com mon types of frac tures af fect ing eld erly peo -
ple. World wide, this type of frac ture an nu ally af fects
ap proxi mately 2.5m peo ple, in clud ing 30,000 Poles, thus
this  phe nome non  is a se ri ous health, so cio logi cal and
eco nomic prob lem. Moreo ver, along with the ex tend ing
hu man life span and an ag ing popu la tion it may be come
in creas ingly im por tant. Many pa tients af fected by such
a frac ture are im mo bile for sev eral months, hos pitalized
or re quire con stant care at home. It is pre dicted that thou -
sands of pa tients will never re gain their nor mal physi cal
ac tiv ity and as many as 10-20% will die in the af ter math
of it [3, 5, 9, 13].

These fractures are usually a consequence of os teo-
porosis. They may occur even due to a minor low-energy

injury and therefore such cases are classified as low-
energy fractures. Currently, the used methods of assessing 
a risk of fracture affecting the proximal end of the femur
are not flawless. The main criteria in the treatment of
osteoporosis are based on bone mineral density assessed
using a densitometric examination. However, a recent
research has shown that a significant number of fractures
of the proximal end of the femur (55-75%) occurs in
patients with normal densitometric parameters [1]. Thus,
it seems that this measurement alone is not sufficient to
qualify patients for osteoporosis treatment [6]. For this
reason, more effective markers of the risk factors of these
fractures,  are looked for. This preliminary study aimed to
establish if there are any changes in the blood level of
pro-inflammatory cytokines in patients with a fracture of
the proximal end of the femur.

METHODS
Sixty women were quali fied for the ex ami na tion at the

age of 64-96. The in ves ti gated group (av er age age: 78.48
± 7.37 years) con sisted of forty pa tients treated for a low-

Analysis of selected pro-inflammatory cytokines in patients 
with fracture of the proximal end of the femur

BARBARA MADEJ-CZERWONKA1,2*, MAŁGORZATA PIASECKA-TWARÓG3, 
SŁAWOMIR MANDZIUK4, MONIKA CENDROWSKA-PINKOSZ1

1Department of Human Anatomy, Medical University of  Lublin, Poland
2Department of Breast Surgery, Cardinal Rev. Wyszynski Voivodship Specialist Hospital in Lublin, Poland
3Department of Anesthesiology and Intensive Therapy, Cardinal Rev. Wyszynski Voivodship Specialist Hospital in Lublin, Poland
4Oncological Pneumology and Alergology Department, Medical University of Lublin, Poland

AB STRACT
Fracture of the proximal end of the femur is one of the most common fractures in elderly patients. Worldwide, this type of fracture
occurs in 2.5 m of people annually including approximately 30, 000 Poles. It usually occurs as a complication of osteoporosis. In the
bones, changes in the level of cytokines following osteoporosis are observed. These changes refer mainly to pro-inflammatory
cytokines: tumor necrosis factor α (TNF-α), interleukin 1 (IL-1) and interleukin 6 (IL-6). The aim of this preliminary study was to
assess if there are any changes in the blood level of these cytokines in postmenopausal patients with low-energy fracture of the
proximal end of the femur. Additionally, the changes in cytokines concentration were also analyzed in conjunction with the body
mass index, sex hormones (FSH and estradiol) as well as parameters connected with bone turnover (calcium, phosphorus). The
study showed a significantly higher concentration of interleukin 1, interleukin 6 and TNF-α in patients with a low-energy fracture
of the proximal end of the femur and confirmed the relationship between blood estradiol level and body mass index versus the
tested fracture.
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 energy frac ture of the proxi mal end of the fe mur. A low-
 energy frac ture was rec og nized as a frac ture which oc -
curred due to a fall from one’s own height or an in jury of
lower en ergy. The di ag no sis was based on clini cal ex ami -
na tion and ra dio graphic im ages of the frac ture of the
proxi mal end of the fe mur. The main cri te ria for the
patients to par tici pate in the ex ami na tion in cluded hav ing
had meno pause, suf fer ing from os teopenia or os teoporo sis. 
Os teo po ro sis or os teopenia were de fined based on dual-
 energy X- ray ab sorb ti ome try (DXA) meas ure ment – ac -
cord ing to the defi ni tion pro posed by WHO [18]. It means 
that the value of min eral den sity lower than 2.5- fold stan -
dard de via tion be low the av er age value for a popu la tion of 
Cau ca sian young adults is con sid ered as os teo po ro sis.
Twenty healthy women (av er age age 75.8±4.93) hav ing
no frac ture and with out os teo po ro sis or os teopenia were
quali fied for con trol group. The cri te rion ex clud ing from
the ex ami na tion was the use of phar maco- ther apy with
es tab lished in flu ence on bone me tabo lism. All pa tients
signed a con sent to the ex ami na tion. 

For the pur pose of the ex ami na tion blood sam ples were 
taken from the ba silic vein within 24 hours af ter the pa -
tients’ in jury prior to op era tive treat ment. In all in di vi duals
serum con cen tra tions of IL-1 and IL-6 (BioV en dor, Czech
Re pub lic), TNF-α (Bio medica, Aus tria) and level of FSH
and 17beta-e str adiol (Dia Me tra, It aly) were de ter mined
us ing ELISA tests ac cord ing to the manu fac turer’s rec -
om men da tions. The de ter mi na tions were made with the
use of a mi cro plate reader Power Wave XS (Bio- tek,
USA). The se rum level of to tal cal cium and in or ganic
phos pho rus (Bio Sys tem S.A., Spain) was de ter mined
spec tro pho tomet ri cally us ing a bio chemi cal ana lyzer Co -
bas Mira Plus (Roche, Swit zer land). In ad di tion, the body
mass in dex (BMI) was ana lysed in pa tients.

Re sults were then sub jected to sta tis ti cal analy sis. The
Shapiro- Wilk, t-St udent,  Mann –Whit ney U test and  rank 
Spear man (Rs) meth ods were used. Pro gram STATISTICA
5.5 (Stat Soft Inc., USA) was ap plied [15].

RESULTS
The higher, statistically significant concentrations of

all analyzed cytokines were observed in patients from the
investigated group (Table 1). A significant decrease in FSH
and estradiol concentrations was observed in patients of
the investigated group (Table 2). No statistically significant
differences between both groups were observed (Table 2).

The average BMI value for the investigated group was
26.67 ± 4.39 kg/m2. Median BMI in the control group was
26.77-±2.94 kg/m2. Individual parameters were assessed
depending on BMI value, i.e. lower than median (lower
than 26) vs. higher than median. In patients from the
investigated group, there were no statistically significant
differences in the serum concentration of IL-1, IL-6 and

TNF-á depending on median BMI (Table 4). Similarly, in
patients from the investigated group there were no signi-
ficant differences in the FSH concentration depending on
median BMI (Table 5). However, a significant higher
concentration of estradiol in the serum was found in
patients with a higher than median BMI value (Table 5).
There were no significant differences in the concentrations
of serum calcium and phosphorus depending on median
BMI in patients from the investigated group (Table 6).

Ta ble 1. Se rum con cen tra tion of cy to ki nes (pg/ml)
Control Tested group

p
N M SD N M SD

IL-1 20   8.75 0.93 40 10.27   1.83 0.0013
IL-6 20   9.51 1.24 40 10.57   1.81 0.0370
TNF-α 20 21.31 4.67 40 31.85 13.50 0.0029

Ta ble 2. The FSH and es tra diol se rum level (pg/ml)
Control Tested group

p
N M SD N M SD

FSH 20 95.36 37.74 40 70.95 41.53 0.0336
Estradiol 20   1.82   0.20 40   1.55   0.38 0.0002

Ta ble 3. The cal cium and phos pho rus se rum level (mg/dl)
Control Tested group

p
N M SD N M SD

Calcium 20 8.22 0.85 40 8.03 1.11 0.4853
Phosphorus 20 3.76 0.55 40 4.04 1.18 0.4015

Ta ble 4. Me dian BMI vs. se rum cy to ki nes lev els in pa tients from
the in ves ti gated group

≤ Me > Me
p

N M SD N M SD
IL-1 22 10.47   2.02 18 10.02   1.59 0.407
IL-6 22 10.60   1.78 18 10.54   1.89 0.828
TNF-α 22 29.98 12.32 18 34.13 14.86 0.541

Ta ble 5. BMI vs. se rum FSH and es tra diol level in the in ves ti gated
group

≤ Me > Me
p

N M SD N M SD
FSH 22 68.19 47.05 18 74.33 34.65 0.5960

Estradiol 22   1.38   0.35 18   1.75   0.32 0.0020

Table 6. Concentration of total calcium turnover and phosphorus
in the serum of patients from the investigated group considering
median BMI

≤ Me > Me
p

N M SD N M SD
Calcium 22 8.05 1.03 18 7.99 1.24 0.8384
Phosphorus 22 4.01 1.51 18 4.07 0.65 0.2013

DISCUSSION
 Epidemiological examinations, which have been

conducted in recent years, show clearly that the problem
of osteoporotic fractures is more and more common and
the predicted number of adults treated for it within the
next 50 years will almost triple [13]. Thus, now it is ne ces- 
sary to develop a special health policy encompassing new
solutions to overcome this problem. New research
explaining the molecular mechanisms of osteoporosis and 
enabling certain therapeutic actions may be helpful.
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However, it is most important to predict and to prevent the 
main complication of osteoporosis, i.e. the fracture of the
proximal end in the femur. The studies underline a great
importance of determining the risk  of the low-energy fracture 
in the population of each country as it has been practiced
in Great Britain. Such a procedure will enable an effective 
prophylaxis for fractures, especially in postmenopausal
women. A standard procedure now is the use of a fracture
risk assessment system FRAX. The tool has been deve-
loped by WHO and is the basis for all decisions con cer-
ning the introduction of osteoporosis treatment in patients
[5].

The present study is closely linked with worldwide
multicentre research aimed to discover reliable risk factors
of such a fracture and to elaborate an effective schedule to
treat it. Results of this study reveal that a low-energy
fracture of the proximal end in the femur is associated
with a higher blood level of all tested pro-inflammatory
cytokines. The obtained in the study statistically significant
differences between the study group and the control group 
have clinical relevance as well. Thanks to the study, there
can be designated not yet determined reference values for
IL-1, IL-6 and TNF-α. In that case there can be
determined as mean ±2SD for healthy control group, thus
for these cytokines, the “normal range” is as follows:
8.75±1.86, 9.51±2.48 and 21.31±9.34, respectively.
Comparing to the results obtained for the same parameters 
in the investigated group (mean ± SD; 10.27±1.83,
10.57±1.81 and 31.85±13.50, respectively) one can doubt
in the clinical usefulness of such fracture risk “markers”.
However, assuming that statistical importance and clinical
importance are comparable, the key question is what is the 
main cause of these risks? Is it related to or accompanied
by osteoporosis process lasting before the fracture or is it
result of the fracture? 

In the studies of other authors, it was underlined that
these cytokines play an important role in the process of
developing osteoporosis [9]. Nowadays, it is known that
in osteoporosis caused by inflammatory conditions of the
bones or joints, e.g. in rheumatoid joints inflammation,
the process occurs due to the activation of pro- inflam-
matory cytokines including IL-1 and IL-6 as well as TNF-α.
TNF-α and IL-1 both stimulate gene expression for
collagenase and stromelisyn [16]. It was proved that
activation of these cytokines is accompanied by a de cre-
ase in the mineral bone density and an increase in the
concentration of serum osteocalcin [16]. Braun and Zwerina
[2] also showed an influence of pro-inflammatory
cytokines (TNF-α, IL-1, IL-17) on the loss of bone mass.
Lacativa et al. [8] state that a high level of IL-1 and TNF-α
can be treated as an independent risk factor for fractures.
The role of these cytokines is quite significant due to the
fact that anti-osteoporotic drugs have been developed.

They work as IL-1 receptor antagonists and antibodies
against TNF-α [8]. O’Brien [12] and Sims [14] also
suggested that IL-6 inhibits bone formation directly as
well as by means of regulating OPG/RANK/RANKL
system. The mechanism of indirect influence by means of
the above mentioned system seems to be of greater
importance than the direct one. The clinical effect of it is a
significant loss of bone mass [12,14]. In the study
conducted by Mysliwiec [10] it was underlined that IL-6
plays an important role as a factor facilitating osseous
turnover in postmenopausal women and as a factor
increasing the risk of developing osteoporosis. Regardless 
of this observation, in the present study there were no
significant changes in blood calcium and phosphorous
levels, but in other diseases a high level of RANKL and
IL-6 was associated with hypercalcemia [4]. The authors
suggested that OPG/RANKL system and inflammatory
processes take part in increased bone resorption and lead
to hypercalcemia [4].

It is also possible that the observed increase in the
blood level of the tested cytokines is related to the
inflammatory response playing a key role in postoperative 
organ dysfunction. According to the suggestion by Sun
[17] it is worth checking whether the therapy with
anti-cytokine antibodies will enable to decrease the
mortality rate and the risk of complications after an
operation on the hip [17]. Krämer et al. assessed the role
of pro-inflammatory cytokines in hip fracture as well [7].
They showed an increase in the concentration of TNF-á in
patients even one month after having fracture damage. 

In the present study, it was revealed that the incidence
of low-energy fractures is accompanied by a lower
concentration of estradiol, which is a confirmation of the
well-known scientific fact. Badurski [1] and Mysliwiec
[11] also underline a huge role of pro-inflammatory
cytokines, thyroid and sex hormones in the regulation of
bone remodeling processes and osteoporosis. Hormonal
deregulations in postmenopausal women also have an
important influence on BMI elevation and thus the related
incidence of fractures. This was observed in our study
because a significantly higher concentration of estradiol
in the serum was found in patients with a higher than
median BMI value.

CON CLU SION
 Concluding, significant statistically higher serum

concentrations of IL-1, IL-6 and TNF-α were observed in
patients with a low-energy fracture of the proximal end of
femur. Thus future studies should be designed to answer
the question if the observed changes are of clinical
significance allowing use them as a risk marker; are
related to osteoporosis process or are a direct response to
bone injury.
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