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 Background: This study aimed to investigate the clinical significance of postoperative serum levels of interleukin-1b (IL-1b), 
interleukin-17 (IL-17), and tumor necrosis factor-a (TNF-a) in patients who required hip replacement surgery 
for traumatic fractured neck of femur.

 Material/Methods: A retrospective study included 180 patients who had hip replacement surgery for traumatic fractured neck of 
femur and a control group of 100 patients. Differences between the two groups were compared for serum lev-
els of IL-1b, IL-17, and TNF-a, and the Harris Hip Score (HHS) (maximum 100 points) using Pearson’s correlation.

 Results: Serum levels of IL-1b, IL-17, and TNF-a in the control group were significantly lower than those in the study 
group (P<0.05). According to the HHS, there were 53 patients in the excellent group, 65 patients in the good 
group, 43 patients in the fair group and 19 patients in the poor group. Postoperative indicator analysis showed 
significant differences in IL-1b, IL-17, and TNF-a levels between the four groups (P<0.05). Clinical indicators 
increased from the excellent group to the poor group, with significant differences between the four groups 
(P<0.05). Postoperative levels of IL-1b, IL-17, and TNF-a were significantly decreased (P<0.05). Pearson’s corre-
lation analysis showed a significant correlation with the clinical indicators (P<0.05).

 Conclusions: In patients with hip replacement surgery for traumatic fractured neck of femur, measurement of postoperative 
serum levels of IL-1b, IL-17, and TNF-a were shown to be potential prognostic indicators.
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Background

Worldwide, with the increasing aging population, there has 
been increasing attention to the quality of life, safety, and 
health in the elderly [1]. Recently, the rapid development of 
the economy has improved population living standards, includ-
ing increased ownership and use of motor vehicles. The inci-
dence of road traffic accidents has risen significantly, with an 
increased prevalence of bone injury and fracture caused by 
trauma [2]. Femoral neck fracture is common in clinical prac-
tice and can present as complete or partial fracture. The inci-
dence of fracture of the femoral neck in the elderly is signifi-
cantly greater than that in young people, and the elderly are 
prone to fracture during falls and from torsion associated with 
lack of mobility [3,4]. Following femoral neck fracture, patients 
have limited mobility and may not be able to walk, and this 
can severely impact the activities of daily life [5]. Currently, 
the primary approach to the treatment of traumatic femoral 
neck fracture is artificial hip joint replacement, but although 
surgery can result in functional improvement, the postopera-
tive prognosis varies between patients. Currently, no prognos-
tic indicator can predict postoperative outcome in patients fol-
lowing hip replacement surgery for traumatic fractured neck 
of the femur [6].

Tumor necrosis factor-a (TNF-a) is a functional cytokine with 
a wide range of biological effects in humans. Studies have 
shown that TNF-a has a dual regulatory role in the repair pro-
cess of fractures that can inhibit new bone formation and stim-
ulate bone resorption [7]. Interleukin-1b (IL-1b) and interleu-
kin-17 (IL-17) are members of the interleukin family. IL-1b is 
a pro-inflammatory cytokine, and when tissue is damaged or 
local edema occurs, levels of circulating IL-1b rise rapidly [8]. 
Previous studies have shown that IL-1b levels increase rap-
idly after bone fracture [9]. IL-17 is a pro-inflammatory cyto-
kine secreted by Th17 cells and is associated with the pro-
duction of other inflammatory cytokines, including IL-6, IL-8, 
and tumor necrosis factor-a (TNF-a) and is involved in the re-
cruitment of inflammatory cells, including macrophages and 
neutrophils [10]. A recent study has shown that IL-17 plays 
an important role in bone repair, but its role as a prognostic 
biomarker for bone healing following surgery in patients with 
bone fracture remains unclear [11].

Therefore, this study aimed to investigate the clinical signifi-
cance of serum levels of interleukin-1b (IL-1b), interleukin-17 
(IL-17), and tumor necrosis factor-a (TNF-a) in patients who 
required hip replacement surgery for traumatic fracture of the 
neck of the femur.

Material	and	Methods

Patient data

This study was approved by the Medical Ethics Committee of 
Gansu Provincial Hospital West Campus. A retrospective study 
included 180 patients with orthopedic trauma and fractured 
neck of the femur who underwent surgery at our hospital from 
January 2016 to June 2017.

All patients were diagnosed with a traumatic femoral neck frac-
ture. Patients who underwent hip replacement surgery were in 
the study group, which included 100 men and 80 women, with 
an age range of 22–68 years and mean age of 50.41±10.33 
years. The study inclusion criteria were age >18 years, patients 
who required hip replacement surgery for traumatic fracture 
of the femoral neck who were without malignancy, and with-
out contraindications to surgery, without immune disease, and 
patients with adequate clinical data. Patients were included 
if they or their families were able to understand and sign in-
formed consent to participate in the study.

Study exclusion criteria were patients with congenital defects, 
autism, cognitive or hearing impairment, patients and their 
families who could not adhere to treatment and follow-up, 
and patients who lacked clinical data. Also, 100 healthy vol-
unteers were included in the control group, including 62 men 
and 38 women, with an age range of 20–70 years and mean 
age of 48.39±9.58 years.

Serum levels of interleukin-1b (IL-1b), interleukin-17 
(IL-17), and tumor necrosis factor-a (TNF-a) measured by 
enzyme-linked immunoassay (ELISA)

The enzyme-linked immunoassay (ELISA) kits used were ob-
tained from Qiyi Biological Technology, Shanghai and included 
a kit for tumor necrosis factor-a (TNF-a) (QY-H10038), inter-
leukin-1b (IL-1b) (99008), and interleukin-17 (IL-17) (R10-79). 
ELISA was performed according to the manufacturer’s instruc-
tions. Briefly, serum samples were added to 50 μL of standard 
solutions in the wells, and 50 μL of distilled water and 50 μL 
of primary antibodies were added to the control well. The re-
maining wells included 40 μL of samples and 10 μL of biotin-
labeled secondary antibodies were incubated at 37°C for 30 
min. The plates were washed five times for 30 seconds, and 
50 μL of the enzyme-labeled solution was added to each well, 
and the plate was sealed and incubated at 37°C for 60 min. 
After washing five times, and dried, horseradish peroxidase 
(HRP) at 100 μL/well was added, and the plate was sealed and 
incubated at 37°C for 15 min in the dark. The chromogen, 3,3’, 
5,5;-tetramethylbenzidine (TMB) at 100 μL per well was add-
ed and incubated at room temperature for 20 min in the dark. 
Finally, a clearing solution of 50 μL per well was added, and 
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the maximum absorption wavelength of 450 nm was detect-
ed within 15 min using a microplate region. The experiments 
were performed in triplicate.

Outcome measurements

The main outcome measurements were the differences in se-
rum levels of IL-1b, IL-17, and TNF-a between the study group 
and the control group. The Harris Hip Score (HHS) and serum 
IL-1b, IL-17 and TNF-a levels were measured at one week af-
ter surgery. The maximum HHS was 100 and was divided into 
four categories, including the excellent group with an HHS 
of ³90, the good group with an HHS of 80–89, the fair group 
with a HHS of 70–79, and the poor group with an HHS <70. 
A higher HHS indicated better patient recovery after surgery.

The secondary outcome measurements were the relationships 
between indicators of the study group, which were compared 
using Pearson’s correlation analysis.

Statistical analysis

Data were analyzed using SPSS version 20.0 software 
(Guangzhou Pomine Info. Tech. Co., Ltd., China), and the data 
was drawn by using GraphPad Prism version 7 (Shanghai Beka 
Communication Equipment Co., Ltd., China). Data were ex-
pressed as the mean ± standard deviation (SD) and as the per-
centage (%). The chi-squared (c2) test was used. Comparison 
between groups was performed by independent sample t-test. 
Comparison before and after the treatment in the groups was 
performed by the paired t-test. Multiple group analysis was per-
formed by analysis of variance (ANOVA) and expressed as the 
F-value. Paired comparisons were performed by post hoc analy-
sis and the least significant difference (LSD) t-test. The relation-
ships between indicators were analyzed by Pearson’s correlation. 
A P-value <0.05 was considered to be statistically significant.

Characteristic	
Study group group 

(n=180) n (%)
Control group (n=100) 

n (%)
t/c2 P-value

Gender
Male  100 (55.56)  62 (62.00)

1.095 0.295
Female  80 (44.44)  38 (38.00)

Age (years)
>50  65 (36.11)  27 (27.00)

2.419 0.120
£50  115 (63.89)  73 (73.00)

Hypertension 
Yes  43 (23.89)  20 (20.00)

0.558 0.455
No  137 (76.11)  80 (80.00)

Diabetes
Yes  53 (29.44)  26 (26.00)

0.377 0.539
No  127 (70.56)  74 (74.00)

Smoking 
Yes  110 (61.11)  68 (68.00)

1.317 0.251
No  70 (38.89)  32 (32.00)

Alcohol history
Yes  32 (17.78)  12 (12.00)

1.620 0.203
No  148 (82.22)  88 (88.00)

Education
>Junior middle school  120 (66.67)  58 (58.00)

2.085 0.149
<Junior middle school  60 (33.33)  42 (42.00)

BMI (kg/m2)  22.84±1.58  22.57±1.66 1.345 0.180

WBC (109/l)  4.69±1.84  11.25±1.69 29.416 0.000

Hb (g/l)  135.35±15.48  136.24±13.88 0.478 0.633

PLT (109/l)  193.84±52.19  238.34±56.88 6.619 0.000

Table 1. General clinical and demographic characteristics of the study group and the control group.

BMI – body mass index; WBC – white blood cell; Hb – hemoglobin; PLT – platelet.
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Results

Comparison	of	the	clinical	and	demographic	data	of	the	
control group and study group

Comparison of the clinical and demographic data between the 
control group and the study group showed that there was a 
significant difference in the white blood cell (WBC) count and 
blood platelet (PLT) count between the two groups (P<0.05), 
and there was no significant difference in the other indica-
tors (P>0.05) (Table 1).

Serum levels of interleukin-1b (IL-1b), interleukin-17 
(IL-17), and tumor necrosis factor-a (TNF-a) measured by 
enzyme-linked immunoassay (ELISA) at one week after 
surgery

Comparison of postoperative levels of serum IL-1b, IL-17, and 
TNF-a between the two groups showed that the levels of serum 
IL-1b, IL-17 and TNF-a in the control group were significantly 
lower than those in the study group (P<0.05) (Table 2, Figure 1).

Group Study (n=100) Control (n=180) t-value P-value

IL-1b (ng/ml)  1.82±0.65  3.02±0.58 15.903 0.000

IL-17 (pg/ml)  2.54±1.36  6.88±2.33 21.961 0.000

TNF-a (pg/ml)  38.54±6.84  78.92±8.79 55.454 0.000

Table 2. Serum levels of levels of interleukin-1b (IL-1b), interleukin-17 (IL-17), and tumor necrosis factor-a (TNF-a).

IL-1b – interleukin-1b; IL-17 – interleukin-17; TNF-a – tumor necrosis factor-a.
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Figure 1.  Serum levels of interleukin-1b (IL-1b), interleukin-17 (IL-17), and tumor necrosis factor-a (TNF-a) measured by enzyme-
linked immunoassay (ELISA). (A) Serum levels of IL-1b level in the control group are significantly lower than in the study 
group. (B) ELISA shows that serum IL-17 levels in the control group are significantly lower than that in the study group. 
(C) ELISA shows that serum TNF-a levels in the control group are significantly lower than in the study group. *** P<0.001. 
IL-1b – interleukin-1b; IL-17 – interleukin-17; TNF-a – tumor necrosis factor-a.

Group Excellent (n=53) Good (n=65) Fair (n=43) Poor (n=19) F-value P-value

IL-1b (ng/ml)  1.60±0.34  2.37±0.16a  2.87±0.15ab  3.59±0.30abc 404.165 0.000

IL-17 (pg/ml)  2.82±0.54  4.28±0.38a  5.46±0.29ab  6.66±0.69abc 428.604 0.000

TNF-a (pg/ml)  45.87±2.33  51.81±1.48a  56.25±1.26ab  61.24±2.15abc 449.996 0.000

Table 3.  Relationship between the Harris Hip Score (HHS) and serum levels of interleukin-1b (IL-1b), interleukin-17 (IL-17), and tumor 
necrosis factor-a (TNF-a) at one week after surgery.

IL-1b – interleukin-1b; IL-17 – interleukin-17; TNF-a – tumor necrosis factor-a. a Compared with the excellent group (P<0.05). 
b Compared with the good group (P<0.05). c Compared with the fair group (P<0.05). The Harris Hip Score (HHS) was out of 100 and 
was divided into four categories, including the excellent group with an HHS of ³90, the good group with an HHS of 80–89, the fair 
group with a HHS of 70–79, and the poor group with a HHS <70.
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The	Harris	Hip	Score	(HHS)	and	IL-1b, IL-17 and TNF-a level 
at one week after surgery

The Harris Hip Score (HHS) identified 53 patients in the ex-
cellent group, 65 patients in the good group, 43 patients in 
the fair group, and 19 patients in the poor group. Analysis of 

indicators at one week after surgery showed significant dif-
ferences in IL-1b, IL-17, and TNF-a levels between the four 
groups (P<0.05). Indicators increased from the excellent group 
to the poor group, with significant differences between the 
four groups (P<0.05) (Table 3, Figure 2).
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Figure 2.  Relationship between the Harris Hip Score (HHS) and serum levels of interleukin-1b (IL-1b), interleukin-17 (IL-17), and tumor 
necrosis factor-a (TNF-a) at one week after surgery. (A) The Harris Hip Score (HHS) significantly decreased with the increased 
serum levels of IL-1b. (B) The HHS significantly decreased with the increased serum levels of IL-17. (C) The HHS significantly 
decreased with the increased serum levels of TNF-a. a Compared with the excellent group (P<0.05). b Compared with the 
good group (P<0.05). c Compared with the fair group (P<0.05). IL-1b – interleukin-1b; IL-17 – interleukin-17; TNF-a – tumor 
necrosis factor-a.
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Figure 3. C omparison of serum levels of interleukin-1b (IL-1b), interleukin-17 (IL-17), and tumor necrosis factor-a (TNF-a) before 
and after surgery. (A) The serum level of IL-1b decreased at one week after surgery, and there was a significant difference 
compared with the serum levels before surgery. (B) The serum level of IL-17 decreased at one week after surgery, and there 
was a significant difference compared with the serum levels before surgery. (C) The serum level of TNF-a decreased at one 
week after surgery, and there was a significant difference compared with the serum levels before surgery. *** P <0.001. 
IL-1b – interleukin-1b; IL-17 – interleukin-17; TNF-a – tumor necrosis factor-a.

Group
Before surgery 

(n=180)
One week after surgery 

(n=180)
t-value P-value

IL-1b (ng/ml)  3.02±0.57  2.43±0.67 8.288 0.000

IL-17 (pg/ml)  6.78±2.21  4.23±1.36 12.621 0.000

TNF-a (pg/ml)  78.26±8.62  52.38±5.44 33.881 0.000

Table 4.  Change in serum levels of interleukin-1b (IL-1b), interleukin-17 (IL-17), and tumor necrosis factor-a (TNF-a) before and after 
surgery.

IL-1b – interleukin-1b; IL-17 – interleukin-17; TNF-a – tumor necrosis factor-a.
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Comparison	of	the	IL-1b, IL-17, and TNF-a levels before 
and	after	surgery	in	the	study	group

Comparison of the serum levels of IL-1b, IL-17, and TNF-a be-
fore and after surgery showed that the levels were significant-
ly reduced after surgery (P<0.05) (Table 4, Figure 3).

Relationship	between	serum	levels	of	IL-1b, IL-17, and 
TNF-a

Pearson’s correlation analysis showed a significant correla-
tion between the indicators of serum levels of IL-1b, IL-17, 
and TNF-a (P<0.05) (Table 5, Figure 4).

Discussion

In this study, serum levels of interleukin-1b (IL-1b), interleu-
kin-17 (IL-17), and tumor necrosis factor-a (TNF-a) measured 
by enzyme-linked immunoassay (ELISA) were significantly re-
duced in patients after hip replacement for traumatic femoral 
neck fracture. Using the Harris Hip Score (HHS) for the postop-
erative outcome, there were significant differences in levels of 
IL-1b, IL-17, and TNF-a between the excellent group, the good 

group, the fair group, and the poor group. These findings indi-
cated that IL-1b, IL-17, and TNF-a might be potential prognostic 
indicators after hip replacement surgery. Correlation analysis 
showed a positive correlation between serum levels of IL-1b, 
IL-17, and TNF-a, indicating that there might be a certain syn-
ergistic relationship between expression of these cytokines.

Femoral neck fracture is more common in the elderly, due to 
reduced mobility and an increase in falls, which leads to a sig-
nificant increase in the incidence of traumatic fractures [12]. 
The main treatment for femoral neck fracture is surgical hip 
replacement. Hip replacement surgery is usually successful in 
replacing the hip joint with an artificial prosthesis [13]. Hip 
replacement surgery is a routine surgical procedure, and in 
2003 in the United States, more than 200,000 people under-
went hip replacement surgery [14].

TNF-a is an important pro-inflammatory cytokine that is main-
ly produced by monocytes and macrophages. Serum levels of 
TNF-a have been shown to increase in diseases that include 
malignancy, cardiovascular and cerebrovascular disease, chron-
ic inflammatory disease, and bone fracture [15]. The findings 
of the present study showed that the serum TNF-a levels in 
the study group of patients with traumatic femoral neck frac-
ture were significantly increased when compared with the 
control group, which is a finding that is supported by a pre-
viously published study by Ko et al. [16]. Recently, Lim et al. 
showed that TNF-a promoted angiogenesis in fracture heal-
ing in patients with diabetes [17]. Alblowi et al. [18] showed 
that TNF-a stimulated bone resorption by activating the FOXO1 
gene through the receptor activator of nuclear factor kappa-
b ligand (RANKL) pathway, indicating that TNF-a plays an im-
portant role in fractures and may be a potential prognostic in-
dicator in patients with fracture.

Factor r-value P-value

IL-1b vs. IL-17 0.603 0.000

IL-1b vs. TNF-a 0.560 0.000

IL-17 vs. TNF-a 0.688 0.000

Table 5.  Comparisons between serum levels of interleukin-1b 
(IL-1b), interleukin-17 (IL-17), and tumor necrosis 
factor-a (TNF-a).

IL-1b – interleukin-1b; IL-17 – interleukin-17; TNF-a – tumor 
necrosis factor-a.
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Figure 4.  Comparison of the relationships between interleukin-1b (IL-1b), interleukin-17 (IL-17), and tumor necrosis factor-a (TNF-a). 
(A) Pearson’s correlation analysis shows a significant correlation between serum levels of IL-1b and IL-17 (r=0.603, P=0.000). 
(B) Pearson’s correlation analysis shows a significant correlation between serum levels of IL-1b and TNF-a (r=0.560, 
P=0.000). (C) Pearson’s correlation analysis shows a significant correlation between serum levels of IL-17 and TNF-a 
(r=0.688, P=0.000). IL-1b – interleukin-1b; IL-17 – interleukin-17; TNF-a – tumor necrosis factor-a.
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In the present study, serum levels of IL-1b and IL-17 were de-
tected. IL-1 is an inflammatory cytokine secreted by monocytes, 
endothelial cells, and fibroblasts, mainly in the form of IL-1a 
and IL-1b, following infection or injury [19]. In the present study, 
serum levels of IL-1b in the study group were significantly in-
creased when compared with the control group. A previously 
published study by Lange et al. showed that serum IL-1b lev-
els were significantly increased in the serum of patients with 
fractures, which is consistent with the findings of the present 
study [20]. These findings might be explained by the series of 
pathological changes that follow fracture, including neuroen-
docrine and metabolic changes, which result in increased se-
rum levels of TNF-a and IL-1b [21]. IL-17, as an early promoter 
of T cell-induced inflammatory responses, aggravates inflam-
mation by promoting the pro-inflammatory cytokines, IL-1b and 
TNF-a [22]. In this study, serum IL-17 levels in the control group 
were significantly lower compared with the study group, sup-
porting a potential prognostic role in patients with fracture. A 
previously published study showed that IL-17 had a key inter-
mediary role in cellular immune responses in osteogenesis [23], 
and an in vitro study showed that IL-17 stimulates osteoblast 
maturation [24], suggesting that IL-17 may play a role in the 
recovery and prognosis of patients with fracture.

The Harris Hip Score (HHS) is an important clinical indicator 
used to evaluate patient outcome following artificial hip joint 
replacement. In this study, the relationships between postop-
erative IL-1b, IL-17, TNF-a levels, and the HHS were analyzed 
and showed that the HHS gradually decreased with the in-
crease in serum levels of IL-1b, IL-17 and TNF-a level, indicat-
ing an association with postoperative outcome. Detection of 
serum levels of IL-1b, IL-17, and TNF-a before and after sur-
gery showed that these indicators were significantly reduced 
after surgery. Correlation analysis of these indicators before 

showed a positive correlation between these indicators, which 
might be explained by trauma associated with the stimulation 
of CD4+ lymphocytes, which induced the secretion of IL-17 by 
Th17 cells. IL-17 may have interacted with the other factors 
by inducing an increase in TNF-a and IL-1b levels, and stimu-
lated the cascade of inflammatory mediators to promote in-
creased levels of IL-17.

This study had several limitations. A retrospective clinical study 
was undertaken that did not investigate the mechanism un-
derlying the association with serum cytokine levels and post-
operative outcome. Also, as most of the subjects included in 
the study were elderly, the influence of undiagnosed or chronic 
diseases was not excluded and it is unclear whether the find-
ings were applicable to people of all ages. Further studies to 
investigate the mechanisms associated with the release of in-
flammatory cytokines, including in vitro studies, and prospec-
tive controlled studies with a larger patient study sample size 
should be performed to validate the findings of this study.

Conclusions

Hip replacement surgery is an effective method of treatment 
for patients with traumatic femoral neck fracture. The find-
ings from this retrospective study from a single center showed 
that measurement of postoperative serum levels of interleu-
kin-1b (IL-1b), interleukin-17 (IL-17), and tumor necrosis fac-
tor-a (TNF-a) might be potential prognostic indicators of pa-
tient outcome.
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