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A B S T R A C T 

 

Background: Trauma is a significant burden on causes of death, disabilit y , 

and financing in least developed or "third world" countries. Fracture healing, 

especially in wounds and tissues, begins with a hemostatic and 
inflammatory phase triggered by inflammatory mediators such as cytoki ne s , 

particularly IL-1β and TNF- . The purpose of this study was to determi n e 

the difference in levels of interleukin -1β in open and closed fractures of long 
bones in Padang Methods: This type of research is analytic observati ona l 

with cross sectional design with primary data. The data were taken from the 

examination of IL-1β levels in long bone fracture patients at RSUP Dr. M. 
Djamil, RSKB Ropanasuro and RST Reksodiwiryo Padang for 4 month s 

starting from March 2021 to July 2021. The sampling technique in this study 
used non-probability sampling with the consecutive sampling method. The 

analysis was carried out using the Independent sample T-Test to see the 

difference in mean IL-1 which would be calculated for open fractures and 
closed fractures of long bones. Results: The results showed that most 

(92.9%) of the patients were male, 50% had open fractures, and 50% closed 

fractures. The mean value of the patient's age was 34 years and the mean 
level of IL-1β was 555,951 pq/L. Most of the fracture sites in patients were 

tibia and fibula (35.7%) and femur (35.7%) and 28.6% were radius and ulna. 

The results showed that there was a significant difference in the mean levels 
of IL-1β in patients with open and closed fractures of long bones (p-value = 

0.007). Conclusion: There are differences in the levels of interleukin -1β in 

open and closed fractures of long bones in Padang. This research is expect e d 
to provide consideration to support examinations in health services, in this 

case in fracture patients. 

 

1. Introduction 

Trauma is one of the epidemics that continues to 

increase worldwide today. Much of the literature on 

trauma comes from more developed countries and with 

more established trauma care systems. Trauma is a 

significant burden on the causes of death, disability, 

and financing in less developed or “third-world” 

countries. Traffic accidents alone are estimated to be 

the third largest contributor to the global burden of 

disease by 2030. These injuries occur frequently in 

parts of the developing world, where traffic systems are 

poorly organized, overcrowded, and the number of 

passengers in one vehicle is significantly high.1 

Limb injuries associated with traffic accidents and 

various traumas are a major health problem in 

developed countries, resulting in long-term treatment 

with substantial socioeconomic effects. These injuries 

also have a major impact in less developed countries 

where secondary complications often lead to major 

disability.2 Long bone fractures are difficult and slow to 

heal and may take months for consolidation to 

complete. Long hospital stays are not only associated 

with significant lost workdays with economic effects on 

patients and society.2 

Fracture healing can be classified into primary 
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healing and secondary healing. Primary healing of a 

fracture, or intramembrane ossification, refers to 

healing that occurs without the formation of an 

intermediate cartilage callus. Hematoma forms at the 

fracture site accompanied by an inflammatory response 

immediately after the fracture. Platelets and 

macrophages enter the fracture site and begin to 

secrete inflammatory cytokines, such as interleukin 1β 

(IL-1β) and IL-6, tumor necrosis factor-alpha (TNF-α) 

and PGE2. into osteoblasts, endothelial cells, and 

osteoclasts. 3 

Secondary fracture healing or enchondral 

ossification refers to the healing that occurs through 

the cartilage callus. The inflammatory phase initiates 

fracture healing secondary to trauma, as well as 

primary healing. New bone does not bridge the fracture 

directly, but through the formation of cartilage callus 

which is gradually replaced by hard bone. Platelets and 

macrophages enter the fracture site which then secrete 

inflammatory cytokines, such as IL-1β and IL-6, TNF, 

and PGE. 3,4 Most fractures heal by both 

intramembranous and enchondral ossification 

processes.3 

Healing of wounds and tissues begins with a phase 

of hemostasis and inflammation in which macrophages 

will immediately go to the injured area which then 

releases inflammatory mediators in the form of 

cytokines, especially IL-1β and TNF-α. These 

inflammatory mediators will initiate epithelialization by 

increasing the expression of the Keratinocyte Growth 

Factor (KGF) gene in fibroblasts. Fibroblasts synthesize 

KGF to stimulate surrounding keratinocytes to migrate 

to the wound area where they proliferate and 

differentiate into epithelium. 

Fractures can be classified into two, namely open 

and closed fractures. Closed fractures are fractures in 

which bone fragments do not penetrate the skin so that 

the fracture site is not polluted by the environment, 

while open fractures are fractures in which bone 

fragments penetrate the skin causing significant 

damage to the surrounding soft tissue and 

contamination of the wound.5 

Given these differences, the authors wanted to 

compare the levels of IL1β levels in open fractures and 

closed fractures in patients with long bone fractures in 

Padang City. 

 

2. Methods 

 The study was an observational analytic study with 

a cross sectional design to compare the levels of 

interleukin-1β in open and closed long bone fractures. 

Data obtained by sampling technique using non-

probability sampling with consecutive sampling 

method, namely all closed and open long bone fracture 

patients who meet the research criteria are included in 

the study until the number of subjects is met. The 

study used primary data. Data were taken from 

examination of interleukin-1β levels in patients with 

long bone fractures at RSUP DR M Djamil, RSKB 

Ropanasuri and RST Reksodiwiryo Padang from March 

2021 to July 2021. The sample size in this study that 

met the inclusion criteria were 14 patients. The data 

were tested statistically by using the Independent 

sample Test. 

 

3. Results 

This study was conducted from March 2021 to July 

2021, data collection was carried out through 

examination of Interleukin-1 levels in long bone 

fracture patients at DR M Djamil Hospital, Ropanasuri 

Hospital and Reksodiwiryo Hospital Padang. The 

results obtained by collecting data on sex, age, type of 

fracture, interleukin levels and fracture location. A total 

of 14 patients were included in the inclusion criteria of 

this study. 
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 Table 1 Characteristics of gender and type of patient fracture 

 

Variabel N % 

Gender   

Man 13 92,9 

Women 1 7,1 

Fracture Type   

Open 7 50,0 

Close 7 50,0 

Location Fracture   

Radius and Ulna Bone 4 28,6 

Tibia and Fibula Bone 5 35,7 

Femur Bone 5 35,7 

Total 14 100 

 
 

The results showed that most (92.9%) of the 

patients were male and 7.1% were female. The results 

showed that the majority of fracture sites in the patient 

were the tibia and fibula (35.7%) and the femur (35.7%) 

and 28.6% were the radius and ulna.

  

Table 2 Characteristics of age and interleukin levels in 1 patient 
 

Variabel Mean Median SD Min - Max 

Age 34,14 34,00 9,502 18– 45 

Interleukin 1β Level 555,951 513,711 192,961 386.381– 
1101.524 

 
The results showed that the mean age of the 

patients was 34.14 or 34 years with a mean of 34. The 

mean level of interleukin 1 was 555.951 pq/L with a 

mean of 513.711 pq/L. 

 

Table 3 Differences in the mean levels of interleukin 1 in patients with open and closed fractures of long 

bones. 
 

Variabel 
Fractures Type 

n Mean 
Std. 
Deviasi 

Std. 
Error 

p-Value 

Interleukin 1β 
Open 7 416,257 29,541 11,165 

0,007 

 Close 7 695,645 185,114 69,966  

 
The results showed that there was a significant 

difference in the mean levels of Interleukin 1 in patients 

with open and closed fractures of long bones (p value = 

0.007).  

4. Discussion 

In this study, 14 patients were declared to meet the 

inclusion criteria and were included in the study. Data 

analysis was performed using IBM SPSS version 24. 

Based on the collected data, it was found that the 

majority of patients were male, namely 92.9%, while 

only 7.1% were female (Figure 6.1). The results of this 
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study are similar to those found by Ridwan et al in their 

research in 2019 which found that men were 2.3 to 2.9 

times higher risk than women.6 Hurmanto and 

Firmansyah O also found the same thing with the 

percentage Fracture incidence in men reaches 72.8%.7 

Another study by Winda et al also found that more 

men experienced long bone fractures than women with 

a percentage of 63.3%. 8 The high incidence of 

fractures in men is due to the high mobility and activity 

in men, especially when driving, thereby increasing the 

risk of injury to men.6 

However, the results of the sex distribution in this 

study were different from several other studies which 

found that the female sex was the most experienced 

fracture. As the study conducted by Chitnis et al found 

that the percentage of fractures in the long bones was 

found to be higher in women, namely 50.8% and 55.3% 

for the incidence of fractures in the femur and 

humerus, respectively.9 

A study by Feldstein et al found that the incidence 

of fracture in women was 78.3%.10 and a study by 

Amin et al concluded that women had 1.5 times more 

fractures than men.11 This difference may be due to the 

number of samples. and the age distribution of the 

samples in these studies. In these three comparative 

studies, it was found that the number of samples was 

much higher than this study which only amounted to 

14 samples. The large number of samples also allows 

for a diverse age distribution which causes a large 

number of women who are no longer in their productive 

age or have gone through menopause to be included in 

the study. In contrast to this study, all of the samples 

were in the productive age with an average age of 34 

years. Based on the literature, women who are over 60 

years of age or have menopause, will be more at risk for 

fractures than men due to hormonal changes and 

increased incidence of osteoporosis.12,13 Research by 

Bergh et al proves this, in his study found that the 

incidence Fractures were found to be higher in males 

than females up to the age of 48 years, but this 

proportion changed significantly after the age of 50-75 

years where women were found to have more fractures 

at this age.13 

The results showed that the majority of fracture 

sites in the patient were the tibia and fibula (35.7%) 

and the femur (35.7%) and 28.6% were the radius and 

ulna. This is in line with research conducted by 

Prabowo in 2018 in Palu, Indonesia regarding the 

epidemiology of orthopedic cases which showed 32% in 

the tibia and fibula and 32% femur, followed by 20% in 

the radius and ulna bones.14 

The overall incidence of tibial fractures in Sweden 

in 2018 was 51.7/100,000 per year.15 In an 

epidemiological study by Norma In 2021 in Spain the 

average majority of fracture types were the tibia 

followed by the femur and humerus.16 The study 

multicenter conducted in India in 2020 in a tertiary 

hospital from data on all fractures specifically in the 

lower extremities, the most common fractures were 

fractures of the tibia and fibula (4.8%) and fractures of 

the femur (3.5%). In addition, the most common 

fractures in the upper extremity were the clavicle 

(4.1%), humerus (1.8%) and radius ulna (0.8%). This is 

related to the high incidence of motorcycle use, but the 

majority of drivers in India do not pay attention to 

safety.17 

In a study conducted by Hongzhi in China in 2020 

with an epidemiological study of fracture cases in the 

COVID-19 pandemic situation, there were differences 

with the results of this study. In Hongzhi's study it was 

found that in the epidemic group the majority were 

fractures of the femur (32.7%), followed by fractures of 

the tibia and fibula (15.1%) and radius/ulna (7.8%). In 

the control group, the majority were fractures of the 

femur (25.8%), fractures of the tibia and fibula 17.2% 

and the radius of the ulna (8.8%). This happens 

because in the context of COVID-19, less physical 

work, more activities at home, a more sedentary 

lifestyle, and psychological states of panic and 

depression generally place the elderly population at 

increased risk of falls and bone fractures, especially 

fractures of the femur.18 

From the analysis by age, the patients in this study 

were 34 years old on average. In several studies, such 

as the study by Santos et al, Omagbemi, and Ghouri et 

al, it was found that the average age was 36, 36, and 

31 years, respectively.19,20,21 In this study, all of them 

found the average age of fracture was in the productive 
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age. In a study by Ridwan et al, it was found that the 

most patients with long bone fractures were aged > 18 

years, as well as a study by Weber which found that the 

most age occurred at the age of 16 years.  6,33 Research 

by Chitnis et al found that the incidence of Most 

fractures occur at an average age of 45.3 years which 

are also included in the productive age group.9 Based 

on the literature, the incidence of fractures is most 

common in people of productive age. This is associated 

with high-intensity activities in this age group, which 

can increase the risk of accidents. As it is known that 

accidents are the most common etiology of fractures.23 

The results of the statistical data of this study 

showed the mean level of interleukin 1 was 555.951 

pq/L with a median value of 513.711 pq/L. Research 

conducted by Khallaf in 2016 showed the average level 

of IL-1 was 1000 pq/L with a median value of 500 pq/L, 

this indicates a data distribution similar to this study. 

This equation is strongly suspected due to trauma to 

long bones which have a larger wound area than 

trauma to other bones.24 

There are different results from the research 

conducted by Wang in 2018 in China by conducting 

research on the number of cytokines before surgery 

showing an average of 13.14 pq/L and seven days after 

surgery, namely 14.25 pq/L.25 Research conducted by 

Iversen in 2021 in Denmark showed an average IL-1 

result of 5.16 pq/L and a median value of 2.86 pq/L in 

patients with proximal tibial fractures, but when 

compared with the control group there was a five-fold 

increase from the mean IL-1 value of 0.127. and a 

median of 0.00 pq/L .26 In addition, a study conducted 

by Hao in 2021 in the United States showed a mean IL-

1 of 100 pq/L and a median value of 80 pq/L.27 This 

difference may be due to differences in the area of the 

wound that became the subject of each study.25,26,27 

IL-1 is known to regulate bone resorption and 

formation. However, the results of different studies on 

the effect of IL-1 on osteoblast function are somewhat 

different. On the one hand, both IL-1α and IL-1β have 

been shown to inhibit osteoblast proliferation and 

promote bone formation, as demonstrated by increased 

alkaline phosphatase activity and bone nodule 

formation. On the other hand, depending on the stage 

of cell differentiation, prolongation of the culture 

period, and cytokine concentration, IL-1α and IL-1β 

can stimulate osteoblast proliferation, and inhibit bone 

formation, osteocalcin, and type I collagen production. 

Interleukin-1 can also stimulate osteoblasts to produce 

other proinflammatory cytokines, such as IL-6, IL-7, 

tumor necrosis factor-a (TNF-a), prostaglandin E2, and 

nitric oxide.24,28 

The results showed that there was a significant 

difference in the mean levels of Interleukin 1 in patients 

with open and closed fractures of long bones (p value = 

0.007). In a study conducted by Khallaf in 2016 there 

was a 3-week persistent increase of the cytokine 

human interleukin-1 (IL-1) with statistical significance 

in patients with spinal cord injury and concomitant 

long bone fractures. This situation can be explained 

because IL-1 is needed in the fracture healing process 

in producing an abundance of proinflammatory 

cytokines and inflammatory mediators to induce the 

early inflammatory stage of bone repair because the 

intense inflammatory process after fracture can 

promote bone healing. 24,28 

In a study conducted by Qing in 2019 in Wuhan, 

the results showed that serum IL-1 beta levels in the 

experimental group were higher than those in the 

control group (P<0.05) and serum IL-1 beta levels were 

significantly increased in patients with open fractures. 

. This happens because the open fracture process is 

more exposed to the outside world so that there is a 

faster body response to avoid contamination by 

increasing the inflammatory process.29 

A study conducted by Iversen in 2021 in Denmark 

showed an increase in almost all investigated pro-

inflammatory cytokines including IL-1β after the 

occurrence of proximal tibial fractures. This study 

compared with healthy contralateral bone. The results 

of this study indicate that there is an initiation of the 

inflammatory process after fracture which is 

characterized by an increase in pro and anti-

inflammatory cytokines. 26 As in a study conducted by 

Xiaoen in 2017 in China, data showed that the level of 

expression and IL-1 was significantly increased in the 

cartilage of knee osteoarthritis patients and showed a 

significant positive correlation with the healing process  
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in trauma.30 

A study conducted by Wang in 2018 in China that 

compared the results of IL-1 levels before surgery on 

the femur and seven days after surgery showed data 

that there was no significant difference in serum IL-1 

levels before surgery. On the seventh day after surgery, 

serum IL-1 levels showed a statistically significant 

difference in the mean when compared between the two 

groups.25 Bone healing is a complex process involving 

a series of events and changes in the expression of 

several thousand genes. The physiological processes 

involved in fracture healing occur in three stages: 

inflammatory, proliferative and reparative, and 

remodeling. The inflammatory phase is immediate, 

involving hematoma and granulation tissue formation. 

It is during this phase that proinflammatory molecules 

such as tumor necrosis factor-α (TNF-), IL-1, and IL-6, 

are secreted that promote angiogenesis and 

proliferation of osteoblasts and osteoclasts.31 

In addition to the study conducted by Hao in 2021 

in the United States, researchers carried out further 

analysis of markers in hematomas in fracture patients 

6 hours after femoral osteotomy, in the smokers group 

showing higher concentrations of pro-inflammatory 

cytokines including IL-1β. Furthermore, marker 

analysis in hematoma 24 hours after femoral 

osteotomy showed that it was still high. IL-1, IL-6, IL-

12p40, IFN-γ, IP-10, TNF-, KC, MCP-1 and macrophage 

inflammatory proteins are known proinflammatory 

mediators that regulate migration, infiltration, and 

function of different immune cells in acute 

inflammatory phase of fracture healing.27 

Fracture healing occurs in four distinct phases: (1) 

inflammation, (2) soft callus, (3) hard callus, and (4) 

remodeling. After bone injury, the developmental 

process when bone regenerates is endochondral and 

intramembrane ossification. In contrast to 

development, bone healing requires inflammation. At 

the beginning of the bone healing process, various 

kinds of inflammatory cells enter the wound, clean the 

wound and stimulate the repair process. There is an 

effect of the pro-inflammatory cytokine, Interleukin 

1beta (IL-1β) on osteoblasts because IL-1β exerts an 

effect on skeletal homeostasis and is regulated in 

response to fracture. IL-1β stimulates osteoblast 

proliferation and mineralized bone matrix production, 

but suppresses proliferation and inhibits bone marrow-

derived MSC differentiation.28 

The inflammatory response occurs immediately 

after fracture. Trauma causes the rupture of blood 

vessels in and around the fracture site, resulting in a 

hematoma. The microenvironment of the hematoma is 

initially characterized by localized hypoxia, acidity, and 

lower temperature, and is rich in calcium and lactic 

acid. The hematoma acts as a scaffold for recruited 

inflammatory cells and various cytokines, including 

IL1, IL6, TNFL, CCL2, and others, to initiate the 

inflammatory cascade. First, PMNs are recruited and 

then monocytes/macrophages infiltrate the fracture 

site. Macrophages are polarized to the M1 phenotype. 

After macrophage infiltration, the immune response 

shifts towards adaptive immunity, which is reflected by 

the invasion of lymphocytes into the fracture zone. 

PMNs and macrophages clear areas of dead cells and 

debris, and the process turns to resolution of 

inflammation, which is a complex and well-regulated 

activity. In this process, the agents that initiate the 

inflammatory response and the synthesis of pro-

inflammatory mediators are reduced, and immune cells 

are gradually cleared from the tissues. Osteomacs, a 

specialized subtype of macrophages residing in bone 

tissue, are distributed among bone lining cells within 

the endosteum and periosteum and contribute to bone 

homeostasis. Osteomas not only sense the original 

noxious stimulus and initiate the inflammatory 

cascade, but also provide a source of molecules that 

initiate cellular events important for bone 

healing.32,33,34,35 

During resolution of acute inflammation, 

macrophages are polarized from an M1 phenotype to an 

M2 phenotype by anti-inflammatory cytokines such as 

IL4, IL10, and IL13. BM-MSCs are attracted locally by 

cytokines such as TNFα and stromal cell-derived factor 

1 (SDF1) (known as chemokine C-X-C motif chemokine 

ligand 12 [CXCL12]). Recruited inflammatory cells and 

BM-MSCs participate in critical inter-cell 

communication or crosstalk through pro-inflammatory 

cytokines, anti-inflammatory cytokines, as well as 
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growth factors (TGFβ), bone morphogenetic proteins 

(BMPs), and growth factors (eg. , vascular endothelial 

growth factor [VEGF], platelet-derived growth factor 

[PDGF] and fibroblast growth factor-2 [FGF-2]) to 

initiate osteogenesis and angiogenesis. This process 

can also create reparative granulomas that form the 

template for subsequent callus formation. The acute 

inflammatory response peaks within 24-48 hours and 

disappears about 1 week post-fracture.36,37,38,39,40 

The limitations of this study are that it is hoped that 

there will be further studies with a larger sample so 

that a heterogeneous sample can be obtained that can 

be compared to assess the relationship between IL-1β 

levels with open and closed fracture types, especially in 

long bones. 

 

5. Conclusion 

The results showed that there was a significant 

difference in the mean levels of Interleukin 1 in patients 

with open and closed fractures of long bones (p value = 

0.007). It is hoped that this study will become the basis 

for further research that directly links the examination 

of interleukin 1β levels to one of the markers of the 

wound and fracture healing process. 
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