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INTRODUCTION
Development of systemic osteoporosis worldwide pro-
vokes an increasing number of proximal femur fractures. 
Osteosynthesis and endoprosthetics are generally accepted 
methods of such fractures surgical treatment. However, 
long-term results after plate osteosynthesis are often 
unsatisfactory (up to 87.5% of cases) [1]. The method of 
hip arthroplasty is more effective and contributes to the 
achievement of functional recovery in the early stages.

It is known that the risk of unsatisfactory results of ar-
throplasty increases with the age of the patient. A feature 
of patients of older age groups is the combination of 2 or 
more diseases that can be mutually aggravating. However, it 
remains unclear why with similar clinical conditions; some 
patients suffer trauma and surgery, while others do not, in 
some implants fail, and in others remain stable. Evaluation 
and prediction of treatment outcomes is a difficult task, 
since the decision must be based on a comprehensive 
assessment of many factors, including from the point of 
view of a system analysis of the state of adaptation reserves 
of the body.

The reaction to damage is determined by the state of 
the connective tissue, the reserves of adaptation and the 
ability to maintain homeostasis. This is the basis of the pro-

cesses: inflammation and regeneration, the development 
of a stereotypical reaction of the body to damage. These 
processes are basic for acute surgical pathology; determine 
the current and long-term prognosis [2].

The clinical outcome of the disease is associated precisely 
with the reaction of the connective tissue, as a physiological 
system, as one of the most important components of the 
systemic inflammatory response syndrome [3]. For elderly 
patients, this becomes critically important, not only be-
cause we are talking about bone damage in the background 
of osteoporosis, but primarily because the physiological 
reserves of the body are significantly reduced.

The nature, depth, duration of the inflammatory process 
and the body’s immune response regulate cytokines. The 
change in their level is a reflection of the functioning of the 
regulatory systems of the body, has an impact on the main 
parts of the pathological process [4]. The fracture healing 
process can be considered as a form of tissue regeneration. 
Regeneration processes are a complex interweaving of gen-
eral effects at the system level and local changes in tissue 
metabolism, including changes at the molecular level. The 
result of the adaptive multifactor reaction of bone tissue 
to the implant is stress remodeling, which largely depends 
on the state of regulatory mechanisms that determine the 
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ABSTRACT
The aim of this study is to identify the dependence of the result of surgical treatment of patients of elderly and senile age with fractures of the proximal femur on the characteristics 
of the response cytokine-mediated regulatory response to trauma and surgery.
Materials and methods: In 74 patients after hip arthroplasty, serum levels of bone metabolism markers were determined using enzyme-linked immunosorbent assay. Patients 
were divided into 2 groups depending on the results of treatment.
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1, correlations were found between OPG and RANKL (r = 0.88; p = 0.000), OPG and OPG/RANKL (r = 0.44; p = 0.006), TGF-β1 and OPG/RANKL (r = 0.66; p = 0.000) , IL-6 and 
OPG (r = 0.67; p = 0.000), IL-6 and RANKL (r = 0.53; p = 0.001), IL-6 and OPG/RANKL (r = 0.39; p = 0.016). In group 2, only between OPG and OPG/RANKL (r = 0.72; p = 
0.000), RANKL and OPG/RANKL (r = −0.53; p = 0.0007). In patients of group 2, there was a decrease in the level of OPG relative to the control and a less significant increase in 
TGF-β1 and IL-6 relative to group 1.
Conclusion: The prognosis of the results of treatment of patients with proximal femur fractures is largely determined by the nature of the adaptive response to injury and the 
implant, the synchronism of the mechanism of stress remodeling of the bone. A less favorable prognosis after arthroplasty is associated with exacerbation of the initial metabolic 
disorders in the bone tissue due to severe cytokine-mediated dysfunction of the regulatory pathways.
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enhancement of bone resorption and the failure of repair 
processes. Consequently, to assess adaptation reserves and 
highlight informative prognostic criteria, it is important 
to assess the state of regulatory pathways, such as RANK-
RANKL-OPG and others, which include cytokines.

THE AIM
The aim of the work is to identify the dependence of the 
result of surgical treatment of elderly and senile patients 
with fractures of the proximal femur on the characteristics 
of the response cytokine-mediated regulatory response to 
trauma and surgical intervention.

MATERIALS AND METHODS 
74 patients with proximal femur fractures elderly and 
senile age were examined. The average age of patients 
was 77.6 ± 4.9 years, among them 24 men and 50 women. 
All patients were treated and were operated on under 
conditions of the trauma department of the Kharkiv City 
Clinical Multidisciplinary Hospital No. 17 from 2008 to 
2017 inclusive. The research was carried out in accordance 
with the requirements of the Helsinki Declaration (2008, 
2013 revision) with the approval of the local Bioethical 
Committee. Signed informed consent allowing use of their 
data in this study was obtained from all patients. The pa-
tients were thoroughly informed about the purposes and 
procedures of the study before they gave written consent.

Patients with type A fractures were examined accord-
ing to the international classification of fractures of the 
proximal femur in joint-stock companies (extra-articular, 
trochanteric fractures). Primary fractures of 31A2 (61.5%) 
were diagnosed (periarticular fragmental fractures of the 
acetabular zone), simple fractures of the acetabular zone 
(31A1) − in 5.8% of cases, and inter-turn fractures (31A3) 
− in 23.1% of cases. 9.6% of cases were other types of 
fractures. All patients underwent cement bipolar hemiar-
throplasty with augmentation, fixation with needles and/or 
cerclege. A bipolar stainless steel endoprosthesis (Narang, 
bipolar hip prosthesis; TIPSAN, STAINLESS STEE), bone 
cement from EVOCEM 1 40g, and Kirschner knitting 
needles 1.2 mm in diameter were used.

Almost all patients had cardiovascular system pathology: 
90% had coronary heart disease, 87% had hypertension 
(mainly 2 degrees). Diseases of other organs and systems 
were less common. Among them, 25% of patients had neu-
rological disorders (consequences of strokes, dyscirculato-
ry encephalopathy), 5% had diabetes, 9% had pathology of 
the gastrointestinal tract (erosive gastritis and pancreatitis), 
10% had respiratory and urinary tract diseases.

Patients whose survival rate was more than 18 months 
were included. Treatment results were evaluated 12 months 
after surgery. A clinical evaluation of the results was carried 
out using the Harris Hip Score [7] rating scale to evaluate 
the results of treatment of hip fractures. Then Harris Hip 
Score answers were scored and the median was calculated. 
Depending on the number of points scored, all patients 

were divided into 2 groups: 1 group – 37 patients with a 
score higher than the median value (treatment results are 
better), 2 group – 37 patients with a score lower than the 
median value (treatment results are worse). The control 
group was 37 persons representative by age, sex and the 
presence of concomitant diseases.

The inclusion and exclusion criteria were formulated in 
such a way that the sample most closely corresponded to 
the general population of elderly and senile patients with 
fractures of the proximal femur. Therefore, patients were 
included in the study regardless of the type of concom-
itant pathology. Patients with infectious postoperative 
complications within 1 month after surgery, a history of 
co-infection (pneumonia, urinary tract infection), and a 
surgical procedure within 3 months before admission were 
excluded from the study.

The serum enzyme-linked immunosorbent assay deter-
mined the cytokine content: receptor activator of nuclear 
factor kappa-B ligand (RANKL) (Biomedica, Austria), 
osteoprotegerin (OPG) (Bioscience, Austria), transformed 
growth factor-β1 (TGF-β1) (DRG, Germany), interleu-
kin-6 (IL-6) (Vector-Best, Russia). OPG/RANKL ratio 
was calculated. Studies were conducted on the 21st day 
after surgery. Statistical analysis was performed using the 
Statistica 6.0 package using the variance statistics methods 
ANOVA (Fisher LCD post-hoc test). Differences were 
considered statistically significant at a p-level <0.05.

RESULTS
It was established that the level of RANKL in patients of 
both groups had no significant differences with the control 
(table I). An increase level of RANKL in patients of group 2 
relative to the control group can be regarded as differences 
at the level of the statistical trend (p = 0.07). The level of 
OPG compared with control was significantly reduced in 
patients of group 2. The ratio of OPG/RANKL compared 
with the control was lower in patients of groups 1 and 2 (2.6 
and 3 times, respectively). Differences between the studied 
groups for all the above indicators were not identified.

The content of serum TGF-β1 relative to the control 
increased in patients of both groups, most significantly 
in patients of group 1. Its level was significantly higher in 
patients of group 1 as compared with group 2. Its level was 
significantly higher in patients of group 1 as compared with 
group 2. In patients of group 2, the level of this cytokine 
was significantly lower than in group 1.

In patients of group 1, there was a strong positive correla-
tion between OPG and RANKL (r = 0.88, p = 0.000) and a 
moderate strength positive relationship with a high level 
of statistical significance between the level of OPG and the 
ratio OPG/RANKL (r=0.44, p=0.006) (Fig. 1).

In patients of group 2, a strong positive relationship of 
a high degree of significance between the OPG level and 
the OPG/RANKL ratio (r = 0.72, p = 0.000) was revealed, 
as well as a negative relationship of the average power of 
a high degree of significance between the RANKL level 
and the OPG/RANKL ratio (r=−0.53, p=0.0007). At the 
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same time, in the control group there was also an inverse 
relationship between RANKL and OPG/RANKL (r=−0.58, 
p=0.00017).

A moderate negative correlation between TGF-β1 and 
OPG levels was found in the control group (r = −0.36, p = 
0.027), in group 1 there was a strong positive relationship 
between TGF-β1 and the OPG/RANKL ratio (r=0.66, 
p=0.000) (Fig. 2). In the control group, a moderate strength 
negative correlation was found between IL-6 and OPG 
levels (r=−0.62, p=0.000). In group 1, positive correlations 
of the average force between IL-6 and OPG (r = 0.67, p = 
0.000), IL-6 and RANKL (r = 0.53, p = 0.001), IL-6 and 
OPG/RANKL (r = 0.39, p = 0.016). At the same time, 
there were no significant correlations between the similar 
indicators in patients of the 2 groups.

DISCUSSION
There is evidence that serum OPG levels increase with age, 
as well as in patients with osteoporosis. The age-related 
increase in OPG as an antiresorptive factor may reflect a 
failure of the paracrine mechanism for compensating for 
bone loss. In osteoporosis, an increase in the level of OPG 
is a compensatory response to enhanced osteoclastic bone 
resorption [8].

In our study, a decrease in the level of OPG in patients 
of group 2 was found. A decrease in the level of the main 
blocker of osteoclast activity may indicate a breakdown of 
compensatory mechanisms due to a decrease in adaptive 
reserves. However, it should be borne in mind that our 
study was conducted 3 weeks after the injury, i.e. during 
the healing of a fracture. Therefore, a decrease in serum 
OPG may reflect the corresponding remodeling step, since 
the regeneration of bone tissue after a fracture is a complex 
cascade process, not limited to the synthesis process.

The level of OPG in patients of the 1st group was not sta-
tistically significantly different from its level in the control 
group. But in the 2nd group, where the treatment results 
were worse, it was significantly lower. It can be assumed 

that a low level of OPG in these conditions of bone turn-
over may indicate an increase in the risk of complications 
in the long term. OPG, first described as an inhibitor of 
osteoclastic bone resorption, performs many functions, 
including an anti-inflammatory effect [9], and stimulates 
angiogenesis [10]. Taking into account the anti-inflam-
matory effect of OPG, a decrease in its concentration in 
serum may contribute to the insufficiency of anti-inflam-
matory regulatory factors, which may increase the risk of 
an adverse outcome.

It is believed that the nature of bone remodeling is largely 
determined by the ratio of OPG and RANKL products. The 
decrease in the OPG/RANKL ratio in patients of groups 1 
and 2 indicates the preservation of increased resorptive ac-
tivity characteristic of the initial stages of osteoreparation. 
However, at this stage, activation of synthetic processes is 
of key importance, since the result will be determined by 
the optimal ratio of synthesis and resorption. Delay and 
insufficient level of activity of synthetic processes can be an 
unfavorable prognostic sign for stable long-term fixation of 
the components of the endoprosthesis. It is the balance of 
bone formation and resorption in remodeling cycles that 
determines the optimal ratio of reparative and resorptive 
processes at the endoprosthesis – bone interface.

TGF-β1 is one of the main growth factors involved in 
the multi-stage healing process of bone fractures at various 
stages of ossification. TGF-β1 promotes matrix formation 
and differentiation of osteoblasts, reduces the ability of os-
teoblasts to secrete the differentiation factor of osteoclasts 
RANKL, thereby indirectly restricting the further forma-
tion of osteoclasts and can affect bone mass [11]. TGF-β1 
contributes to the activation of myofibroblasts [12], which 
play a key role in wound healing. The highest concen-
tration of TGF-β1 was registered in patients of group 1, 
whose long-term results of treatment were better, which 
confirms the assumption that a more adequate response 
to bone damage is formed in patients of this group aimed 
at activating the osteoreparation process.

After bone resorption occurs, TGF-β is locally released 

Table I. The cytokines content in the serum of patients depending on the results of treatment

Parameters Control group 
1 group

р – significance level of 
differences with control 

2 group 
р – significance level of 
differences with control 

Significance level of 
differences between 

groups 1 and 2 (р)

RANKL, pmol/l 0.21±0.02 0.23±0.02
p=0.52

0.26±0.02#
p=0.07 p=0.23

OPG, pg/ml 63.2±4.32 51.7±6.88
p=0.102

45.0±2.68 *
p=0.011 p=0.344

OPG/RANKL 574±116 224±15.0* 
p=0.00043

188±13.3*
p=0.00011 p=0.708 

TGF-β1, ng/ml 11.9±0.35 15.5±0.55*
p=0.000

13.4±0.46**
p=0.026 p=0.001

IL-6, pg/ml 3.72±0.232 13.2±1,27*
p= 0,000

6,17±0,75**
p= 0,047 p=0,000

* − differences are significant compared with the control (р<0.05)
** − differences are significant compared with group 1 (р<0.05) 
# − differences in the level of statistical trends (0.1>p>0.05)
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from the bone matrix and then partially inhibits bone 
resorption, causing osteoclast apoptosis, and partly stim-
ulating osteoblastic bone formation [13]. TGF-β released 
during osteoclastic resorption (osteoplastic resorption) can 
then induce the expression of OPG osteoblasts in the local 
bone microenvironment and thereby inhibit the formation 
/ activity of osteoclasts and stop bone resorption [14]. It 
can be assumed that a higher level of TGF-β1 in patients of 
group 1 allows you to maintain a more active expression of 
OPG and indirectly – a higher bone turnover. These data 
suggest that in patients with a more favorable prognosis, 
a shift in the synthesis / resorption balance occurs both by 
increasing the synthetic activity and by reducing the level 
of resorption, which are regulated by TGF-β1 and OPG, 
respectively.

There is evidence that the level of TGF-β1 increases 
with various inflammatory reactions, fibrous changes in 
the liver, kidneys, myocardium [15]. This should be taken 
into account when evaluating the results, since our study 
included patients of old and old age with the presence of 
concomitant diseases. In a study by Hara Y. et al. (2017) 
showed that in the group of patients with normal fracture 
of the fracture, the maximum peak of TGF-β1 was ob-

served 2 weeks after the injury, and in the group without 
adhesion, a delayed maximum peak was observed after 3 
weeks [5]. It is also possible that the very presence of an 
implant leads to a local release of TGF-β by osteoblasts. [6]. 
Therefore, further studies are required on the expression 
of TGF-β1 in the dynamics of the regeneration process of 
the damaged bone, taking into account the chronological 
sequence of its stages.

An increase in the level of IL-6 in patients of both groups 
relative to the control was an expected and regular result, 
since IL-6 is produced as an acute phase protein to stimulate 
the immune response. IL-6 is considered a key mediator in 
this complex scenario due to its significant correlation with 
injury severity and clinical complications [16].

However, the duration and relative variability of the 
morbidity of the intervention cannot be considered as 
a determining factor in the dynamics of IL-6 increase. 
The most important factor regulating the inflammatory 
response to surgery is the patient’s age [17]. One of the 
manifestations of the age-related problem of decreasing 
physiological reserves is a decrease in adrenocortical sen-
sitivity to surgical stress, which is characteristic of the el-
derly against the background of an increase in the baseline 

Figure 1. Correlations between OPG and RANKL, OPG and OPG/RANKL, RANKL and OPG/RANKL, TGF-β1 and OPG markers are presented. 
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level of cortisol [18]. This increase may lead to a decrease 
in the synthesis of OPG, increased expression of RANKL 
and inhibition of the synthesis of IL-6 [19]. These data are 
consistent with the observed decrease in the level of serum 
OPG and lower levels of IL-6 in patients of group 2 relative 
to group 1. Cytokine expression distorted in this way leads 
to impaired bone remodeling, leading to an increase in the 
rate of resorption without compensatory bone formation, 
and as a result, a rapid loss of bone matter.

Expression of IL-6 in fracture conditions is considered to 
be biphasic. It peaks during the acute inflammatory phase 
after a fracture, when it causes the recruitment of immune 
cells and stimulates angiogenesis. Later, IL-6 expression 
increases again due to remodeling of the bone during its 
secondary formation [20]. The relatively low level of serum 
IL-6 in patients of group 2 can be explained by the insuf-
ficient response of immune and regulatory mechanisms 
to damage. In addition, this may be due to a violation of 
the process of stress adaptive remodeling in the form of a 
delay in the stage at which it can regulate intramembranous 
and endochondral ossification [20]. There is experimental 
evidence that inhibition of IL-6 at an early stage after a 
fracture reduces systemic inflammation, recruitment of 

immune cells and bone regeneration, which leads to de-
layed healing of the fracture [21].

In addition, IL-6 is a pleiotropic cytokine that has not 
only pro-inflammatory but also anti-inflammatory effect. 
IL-6 initiates a fracture healing cascade and can also 
play a key role in the remodeling phase [22]. Therefore, 
a relatively low level of its content in the blood serum of 
patients of group 2 may be a manifestation of the changing 
nature of the adaptive response due to the violation of the 
regulatory role of this cytokine in the complex cascade of 
fracture healing.

The expression ratio of OPG and RANKL is critical in 
regulating osteoclast activity during bone remodeling. In 
our study, the relationship between OPG and RANKL levels 
was found only in group 1. In group 2 (treatment outcome 
is worse) and in the control this relationship was absent 
(Fig. 1). Consequently, the differences in the change of 
remodeling processes between these groups are minimal, 
which can be considered as the lack of an adequate response 
to damage in patients of group 2. It can be assumed that 
the activation of osteoclasts along the regulatory path 
RANK/RANKL/OPG during bone remodeling in patients 
of group 1 is more coordinated than in other groups. Since 

Figure 2. Correlations between TGF-β1 and OPG/RANKL, IL-6 and OPG, IL-6 and RANKL, IL-6 and OPG/RANKL.
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the control group did not undergo surgery, similar indica-
tors of the regulatory pathway in patients of group 2 may 
indicate insufficient activation of the remodeling process 
and, accordingly, the processes of osteointegration and 
implant engraftment.

In the control group, there is no correlation between the 
OPG level and the OPG/RANKL ratio; there is a negative 
correlation between RANKL and OPG/RANKL (Fig. 1). 
In patients of group 1 with a more favorable long-term 
prognosis, an inversion of these relationships is observed: 
there is a correlation between OPG and OPG / RANKL, 
and between RANKL and OPG/RANKL there is no. Thus, 
the resorptive activity, characterized by the OPG/RANKL 
ratio, in the control and in patients of group 1 is realized 
through different regulatory pathways. In group 2, where 
the results of treatment were worse, the effect of both 
RANKL and OPG on resorptive activity was observed to 
about the same extent.

It is worth considering the fact that TGF-β regulates 
osteoclastogenesis and osteoclast survival, in particular, 
through the induction of OPG, which is known to inhibit 
their formation and functioning [14.]. The lack of correla-
tion between the levels of TGF-β1 and OPG in patients of 
both groups, characteristic of the control group (Fig. 2), 
indicates insufficient activation of reparative processes. 
Under physiological conditions, a balance is achieved 
due to the fact that changes in the production of TGF-β1 
and OPG balance each other. The presence of a negative 
correlation between these indicators in the control group 
can probably be explained by the fact that the activation of 
synthetic processes in bone due to an increase in the level 
of TGF-β1 results in a compensatory decrease in the level 
of OPG, which simultaneously leads to the activation of 
osteolytic processes, which maintains bone homeostasis. In 
terms of injury, this compensatory mechanism is no longer 
valid. In the case of injury, the relationship between these 
two regulatory paths is broken, which results in the absence 
of a correlation between these two indicators. This may 
partly explain the correlation between TGF-β1 and OPG 
in the control group and the absence of such after injury.

The presence of a correlation between TGF-β1 and OPG/
RANKL in patients of group 1 suggests that the processes 
of resorption and restoration of damaged bone are more 
balanced. In this case, we can talk not only about the 
activation of osteoblastic bone formation processes in 
which TGF-β1 is involved, but also about the synchronous 
activation of the regulatory path RANK/RANKL/OPG, 
which inhibits osteoclast activity and accordingly provides 
a shift in remodeling towards consolidation of the implant. 
The absence of significant correlations in the control and 
in group 2 can be interpreted as insufficient activation of 
bone remodeling processes in conditions of injury, which 
can lead to longer healing periods.

The negative correlation between IL-6 and OPG in the 
control group may be related to the fact that an increase in 
IL-6 levels due to changes in intercellular signaling in aging 
conditions and the development of chronic inflammatory 
background is a factor that provokes the activation of the 

resorptive process in bone, which is realized through a de-
crease in OPG level. As a result of this kind of relationship 
through other regulatory paths, a compensatory increase 
in the level of OPG may occur, which is characteristic of 
elderly and senile age [8]. 

In group 1, there is a change in the direction of the 
relationship between IL-6 and OPG compared to control 
group, the correlation becomes positive. In this group, 
there is also a correlation between IL-6 and RANKL. It can 
be assumed that at this stage both the pro-inflammatory 
effect of IL-6 and its participation in adaptive remodeling 
is manifested. However, the positive correlation between 
IL-6 and the OPG/RANKL ratio suggests that IL-6 activates 
both resorptive and synthetic processes, but at this stage 
its influence on the activation of osteosynthesis prevails. 
Patients 2 groups of such patterns were not observed, which 
may indicate a violation of the coordination of reparative 
processes.

CONCLUSIONS
The data obtained confirm the well-known position that 
after endoprosthesis replacement of large joints, both 
resorption and bone formation is activated. In patients 
with a less favorable outcome, the initial metabolic ab-
normalities in the bone tissue are significantly aggravated, 
consisting in the relative predominance of the process of 
bone resorption over bone formation. These changes are 
generally characterized by the imbalance in the activation 
of signaling pathways due to the disruption of the synthesis 
of regulatory molecules.

A key factor in the favorable outcome of treatment is 
the coordination of activation of regulatory pathways. 
Therefore, in our opinion, the prediction of results should 
be primarily based on an assessment of these relationships, 
taking into account changes in individual parameters. The 
results of treatment are largely determined by the violation 
of the regulatory mechanisms of osteoinductive activity of 
bone tissue.
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