
 

INTRODUCTION 

Analysis of osteoblast, osteoclast levels 
and radiographic patterns in the healing process  

of bone fractures (preliminary research) 
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Objectives: The healing process of a bone fracture 
goes through many phases. This study aimed to 
examine the analysis of bone fracture healing 
between osteoblasts and osteoclast numbers and 
radiographic patterns.  

Materials and Methods: The study used 12 male 
Wistar rats with an incomplete fracture in the right 
femur made by a dental tapered bur with 0.3 mm in 
length and 0.2 mm in depth. Digital radiographic 
examinations were carried out on days 0, 5, 10, 17, 
and 25 after fracturing in a lateral position.  
Radiographic analysis was performed using Image-J 
to obtain changes in the value of length and depth 
in the healing area. The number of osteoblasts and 
osteoclasts was determined using a microscope. 
The study was conducted to determine the 
radiopaque and radiolucent patterns, as well as the 
number of osteoblasts and osteoclasts. 

 

Results: This study resulted in a change in the 
radiograph pattern. Callus formation resulted in 
fracture areas with a smaller distance from day 0 to 
day 25. The bone healing process begins with 
granulation tissue formation, followed by the 
gradual replacement of the connective tissue and 
bone. This process is comparable to the increase in 
osteoblasts up to day 25, which blocks bone 
resorption. Osteoclasts regulate bone resorption, 
and their number increases after 10 and 17 days to 
replace bone formation. Osteoclasts decline after 
25 days because osteoblasts inhibit them, which 
control bone formation.  

Conclusion: The conclusions were obtained there 
are changes in the radiograph pattern. The 
radiopaque increased while the radiolucent 
decreased; the osteoclast pattern tended to be 
stable and lowered while the osteoblasts increased 
during the fracture healing process. The correlation 
of all the factors is very closely related.  
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Bone is an organ of the skeletal system that 
provides shape, structure, motion, and protection 
for the human body. The primary function of bone 
is to provide a strong and mechanically optimal 
support structure for soft tissues and muscles.1,2 

Fracture is a condition where the continuity of 
the bone is broken due to mechanical forces that 
the body cannot tolerate. Most cases of fracture 
are caused by trauma or certain bone diseases. 
Fractures are divided into three types based on 
etiology: trauma, fatigue, and pathological. Trauma 
is the most common cause of fracture.1 

The World Health Organization (WHO) states 
that in 2008 there were about 13 million fracture 
cases in the world. The prevalence of this case was 
around 2.7% and increased in 2009 to 18 million 
people with a plurality of 4.2%. In 2010 it increased 
to 21 million people with a majority of 3.5%. These 
fractures include incidents of accidents, sports 
injuries, and others.3 Fracture cases have been 
recorded in the Indonesian National Basic Health 

Research (Riskesdas) conducted by the Indonesian 
Ministry of Health. In the Riskesdas report, it was 
stated that in 2007 7.5% of the Indonesian 
population had experienced fractures, and this 
number continues to increase every year. For 
example, in 2013, the incidence of fractures went 
from 7.5% in 2007 to 8.5%. In 2018, there was an 
increase again where 9.2% of the Indonesian 
population had fractures. Based on this data, it can 
be concluded that in 2018 there were around 
26,312,000 people who experienced fractures out 
of 286 million Indonesian people in 2018. This 
incident was recorded as a reasonably significant 
incident.4 

The fracture healing process will generally 
repair bone damage based on cellular composition, 
structure, and biomechanical function before the 
injury, but about 10% of fractures will not heal. 
Fracture healing is a complex process that includes 
inflammation, repair, and remodelling phases. It 
begins with the occurrence of a hematoma 
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characterized by hypoxia, activation of complement 
and the coagulation cascade, release of 
inflammatory cytokines, and recruitment of 
immune cells within minutes of injury. The 
inflammatory phase begins with clearing debris, 
thereby limiting tissue damage. Next, endothelial 
cells secrete inhibitors, initiating soft callus 
formation and ultimately bone regeneration. Thus, 
a balance between pro-and anti-inflammatory 
events is critical, as disruption, enhancement, or 
prolonged inflammation is thought to impair 
fracture healing. 5,6 

Osteoblasts and osteoclasts can be used as 
parameters for the severity or cure of a disease. If a 
bone fracture occurs, the number of osteoblasts 
will increase, indicating the remodelling process in 
the fractured bone. Osteoblast cells play a role in 
bone formation and regeneration by producing, 
secreting, depositing, and mineralizing the bone 
matrix. In the callus formation phase, the number 
of osteoblast cells has not reached the normal value 
because they continue to proliferate until they 
reach their peak value in the remodelling phase. 
The number of osteoblasts will return to normal 
values after the remodelling process is complete 
and the healing process has ended.7,8 

Osteoclasts will increase in the early phase of 
inflammation because of their function as 
resorption of damaged bone. At the same time, the 
number of osteoblasts will increase in the 
proliferative phase, which will act as bone-forming. 
The healing phase consists of 3 stages: the 
Inflammation Phase, divided into early 
inflammation (hemostasis phase) and late 
inflammation, which occurs from day 0 to day five 
after the injury. The proliferative phase, which 
includes three main processes: Neoangiogenesis, 
fibroblast formation, and re-epithelialization, 
happens from day 3 to day 21 post-injury. The 
maturation phase occurs from day 21 to 1-year post
-injury, aiming to maximize the strength and 
structural integrity of new wound-filling tissue, 
epithelial growth, and scar tissue formation. These 
three phases influence each other, and many cells 
and cytokines are involved in each step. The 
number of studies on the wound healing process to 
achieve satisfactory results with a shorter time than 
the normal phase has resulted in a more detailed 

theory of the wound healing process which will be 
explained from the aspect of cellular and molecular 
mechanisms.6,17 

Radiography is the most frequently used 
technique to develop the healing process in clinical 
practice. It can interpret callus formation, fracture 
line fracture, alignment, and complications such as 
delayed union or pseudarthrosis. In addition, the 
radiation dose given is relatively small, and the 
estimated cost is also low. Although conventional 
radiography is of limited value for assessing the 
fracture process, it is still the most widely used 
radiographic technique. All other standard 
radiographic procedures or modifications have their 
limitations. Therefore, conventional radiography is 
currently considered the most favourable 
diagnostic tool for evaluating fracture healing.9,10  

Osteoblasts and osteoclasts have an important 
role in the bone healing process which can be 
assessed from conventional radiographs and 
histopathology. Conventional radiographs provide 
an image of the callus that will be seen starting 
from the proliferative phase. This image is a 
parameter of bone healing. In addition, the number 
of osteoblasts and osteoclasts seen from 
histopathological examination indicates the healing 
process has been completed or not. Based on the 
description above, the writer is interested in this 
research.  

 
 

MATERIALS AND METHODS 
 
This research has received approval from the 

Research Ethics Commission Universitas 
Padjadjaran Bandung. This preliminary study used 
12 male Wistar rats with an incomplete fracture in 
the right femur made by a dental tapered bur with 
0.3 mm in length and 0.2 mm in depth (Figure 1). 
Digital radiographic examinations were carried out 
on days 0, 5, 10, 17, and 25 after fracturing in a 
lateral position. Furthermore, a radiographic 
analysis was performed using Image-J to obtain 
changes in the value of length and depth in the 
healing area. The number of osteoblast and 
osteoclast was calculated by microscope. The 
analysis was performed to find the radiopaque and 
radiolucent patterns and the number of osteoblasts 
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Figure 1. Distribution of CBCT-3D Examination Refer-
rals in Dental Hospital Universitas Airlangga based on 
the origin of the referrals 
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and osteoclasts. The study results were in a 
radiograph pattern, osteoblast and osteoclast 
levels, and their relationship used ONE Way ANOVA 
statistical analysis. 

 
 

RESULTS 
 
This study resulted in a change in the 

radiograph pattern. Callus formation resulted in 

fracture areas with a smaller distance from day 0 to 
day 25 (Figure 2 and 3). The bone healing process 
begins with granulation tissue formation, followed 
by the gradual replacement of the connective tissue 
and bone. This process is comparable to the 
increase in osteoblasts up to day 25, which blocks 
bone resorption. Osteoclasts regulate bone 
resorption, and their number increases after 10 and 
17 days to replace bone formation (Figure 4). 
Osteoclasts decline after 25 days because 

Figure 2. Length (mm) of callus Day 0-25  

Figure 3. Depth (mm) of callus Day 0-25  

Figure 4. Level of osteoblast and osteoclast Day 0-25  
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osteoblasts inhibit them, which control bone 
formation. Figure 5 shows that the formation of 
callus increased with increasing days. 

 
 

DISCUSSION 
 
Bone is an active tissue that will undergo 

continuous physiological remodelling. This process 
consists of bone formation by osteoblasts and bone 
resorption by osteoclast activity. This process is 
lifelong and allows new bone formation as long as 
calcium homeostasis remains sufficient for this 
activity. This process is accomplished and regulated 
by various actions of systemic hormones and local 
mediators.11,12 

There are two forms of bone fracture healing, 
namely primary and secondary. Primary bone 
healing occurs when bone fragments adhere tightly 
under compression from implantation. There is no 
callus formation, and the two bone fragments are 
joined and healed directly by osteoclast and 
osteoblast activity. Secondary bone healing is the 
most common form of bone healing, occurring 
when there are small cracks at the fracture site. 
Interfragmentary movements lead to soft callus 
formation, leading to secondary bone formation via 
intramembranous and endochondral ossification. 
This form of bone healing begins with the analytic 
phase and overlaps with the catabolic phase when 
the callus volume is reduced. Following this 
process, the bone remodeling phase begins with 
coordinated osteoblast and osteoclast activity over 

several months. Callus tissue will be reabsorbed, 
and bone will be formed.13 

Fracture healing is a complex process that 
includes inflammation, repair, and remodeling 
(Figure 6). The first phase is the inflammatory 
phase. This phase begins when the injury occurs, 
damages the blood vessels, induces hematoma 
formation, and releases inflammatory mediators. 
The result of this phase is the formation of a bone 
callus. This phase lasts 5-7 days. The next stage is 
the repair phase. This stage lasts 4-40 days after the 
first trauma. In this phase, the callus develops, and 
its growth is 40% of the healing process. Hematoma 
and callus form changes into mature callus 
structures caused by the growth of mediators, 
protein, and calcium so that callus can be seen 
radiographically. The last stage is the remodeling 
phase. This phase accounts for about 70% of the 
healing time, occurring within 1-2 years. The 
hallmark of this phase is a continuous process of 
bone formation and resorption, the result being the 
formation of new tissue.11 

A series of healing processes will follow each 
fracture. The bone healing process is a series of 
cellular and molecular processes involving the 
inflammatory and proliferative phases and ends 
with the remodeling phase.14 

When a fracture occurs, mesenchymal stem 
cells (MSC) from the local surrounding tissue and 
the systemic circulation enter the fracture site, 
proliferate, and differentiate into chondrocytes and 
osteoblasts.15 Osteoblasts can stimulate osteoclast 
formation and bone resorption by increasing RANKL 
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Figure 6. Schematic of 4 phases for fracture healing13  

109 

Figure 5. Callus Formation on Day 0-17  
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formation and decreasing OPG. Osteoclasts 
originate from the differentiation of monocytes/
macrophages found in bone. Differentiation and 
function of osteoclasts are mainly regulated by 
several factors, namely Macrophage Colony-
Stimulating Factor (M-CSF), Receptor for Activation 
of Nuclear Factor Kappa 8 Ligand (RANKL), and 
Osteoprotegerin (OPG). 16,17 

MSC differentiation provides several 
chondrogenic and osteogenic cells. Under the right 
conditions, they will begin to form bone and form 
cartilage in some cases. Some osteoclasts are ready 
to clean up dead bone in some of these cells. 
Together with islands of immature bone and 
cartilage, a thick cellular mass forms a callus or 
skeleton on the periosteum and endosteum 
surfaces. As the immature mineralized bone 
becomes tougher, movement at the fracture site 
decreases progression and the fracture fuses. 18 

This phase begins when injury and damage to 
blood vessels induce hematoma formation and 
releases inflammatory mediators. The result of this 
phase is the formation of a bone callus. In this 
phase, the callus develops, and its growth is 40% of 
the healing process. Hematoma and callus form 
changes to mature callus structures caused by 
growth mediators, protein, and calcium so that 
callus can be seen radiographically. The last stage is 
the update phase. The hallmark of this phase is a 
continuous process of bone formation and 
resorption, the result being the formation of new 
tissue.11 

Osteoblasts and osteoclasts can be used as 
parameters for the severity or cure of a disease. If a 
bone fracture occurs, the number of osteoblasts 
will increase, indicating the remodeling process in 
the fractured bone. Osteoblast cells play a role in 
bone formation and regeneration by producing, 
secreting, depositing, and mineralizing the bone 
matrix. In the callus formation phase, the number 
of osteoblast cells has not reached the standard 
value because they continue to increase until they 
reach their peak value in the remodeling phase. The 
number of osteoblasts will return to average values 
after the remodeling process is complete and the 
healing process has ended.7,8 

Callus formation and growth are critical in 
secondary fracture healing. Callus growth can be 
observed radiographically and measured using the 
callus length. 19,20 The callus index can usually be 
calculated from conventional radiographs obtained 
during routine follow-up of fractures. Digital 
imaging gives the best measurements, but manual 
measurement with visual eyes and a ruler can be an 
alternative. Digital image analysis is up to 20 times 
more accurate. Still, in this particular application, 
any errors generated by the eye are unlikely to 
influence the results significantly. Excessive 
variations in radiographic exposure can alter the 
appearance of the callus. Overexposure reduces the 
apparent size of the callus, while underexposure 
can give the impression that soft tissue shadows are 
callus. The quality of radiographs has improved with 
digital radiography to reduce this problem. 19 

 

 

CONCLUSION 
 
The conclusions were obtained there are 

changes in the radiograph pattern. The radiopaque 
increased while the radiolucent decreased; the 
osteoclast pattern tended to be stable and lowered 
while the osteoblasts increased during the fracture 
healing process. The correlation of all the factors is 
very closely related. 
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