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Background : The bone substitutes are being spreadly used in long bone but not in 
maxillofacial fracture, the reconstruction of maxilla itself was the 4th grade of the 10 most 
common treatment in the departement of plastic surgery in dr. Moewardi hospital (Aug-Oct 
2022).2,4 The benefits of synthetic bone graft is to reduce complications of infectious that can 
be transmitted by allografts, and the availability of materials in the market.10 We attracted to 
research the difference in the effectiveness of density in bone healing between the use of 
synthetic bone substitute granule (SBSG) and without synthetic bone substitute granule (Non 
SBSG) in reconstruction of maxilla fractures at Dr. Moewardi Hospital. 
Methods: This study is an experimental study, using independent T Test statistical study, and 
consecutive sampling. We compared 16 patient between the group reconstruction of maxilla 
using a granule type of synthetic bone graft substitute, and 16 patient in the group control. We 
evaluated the bone density in hounsfield units (HU) once in the period of 4 to 6 months after 
the reconstruction, using a Head CT scan.8 

Result : The density of maxillary group reconstructed with the Synthetic Bone Substitute 
Granule (SBSG) is 618.06 HU, and  401.63 HU in the Group control. With p value < 0.001 
(signifikan p < 0.05), its mean the hypothesis has been proved. We also found that there is no 
significantly differences between the each group based on age and gender. 

Finding : The defects with minimum sized 0.5 cm was filled with bone graft substitute, as a 
bridging, the materials have properties of osteoconduction to conjunct the osteoblasts on the 
edges of defects to spread and form a new bone and osteoinduction to stimulate the 
osteopregenitor.1,.3 Those two roles combine with osteogenesis in the remodeling phase, at 4-
6 months after surgery, which form high bone density.11 

INTRODUCTION 
 
Maxillary fractures are fractures of the facial bones which are more common than the other 
facial bone fractures. Based on a study conducted by Rowe and Killey in 1995, the ratio 
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between fractures of the maxilla and mandible exceeded 4:1, some recent studies conducted in 
trauma units of hospitals in several countries showed that the incidence of maxillary fractures 
was more than mandible fractures. Other data were also reported from level one trauma centers 
that among 663 patients with facial bone fractures, 25.5% were maxillary fractures. 25 
The incidence of maxillary fractures at Dr. Moewardi Hospital treached 131 cases in 1 year 
(January 2019 to December 2019), which most of cases were caused by motorized vehicle 
accidents.11 With this high incident rate, the management of maxilla fracture continues to 
develop in an effort to provide the best goals for patients. 
The rigid internal fixation on a functionally stable bone surface and the size of the gap in the 
fractured bone are known as a factors that affect the healing of craniomaxillofacial bones 
contained in the basic principles of AO/ASIF (Arbeitsgemeinschaft Osteosynthesefragen / 
Association for the Study of Internal Fixation) of craniomaxillofacial surgery, apart from the 
other factors which are surgical application and vascularization. 32  

Reconstruction of maxilla fractures with bone defect are start from the arranged of bone 
fragments, repositioned and reduced the fracture bone, and then maintaining immobilization 
with internal fixation. In the last 2 decades, the provision of bone grafts for reconstruction has 
also developed. After immobilization is achieved, the defect was filled with bone grafts as an 
effort to reduce the size of the gap, to accelerate and stimulate the growth of new bone. 
However, there is a problem of supply availability for both autografts and allografts that makes 
researchers interested in finding substitute materials. A study conducted by Andries 
Pascawinata et al., it was explained that the synthetic bone graft material is as good as natural 
material in a function of bone graft.34 In a study by William R. Moore et al said, in the last 30 
years it is known that synthetic bone grafts have other benefits, namely in terms of reducing 
infectious complications that can be transmitted by allografts or autografts apart from the 
availability of materials, reducing patient morbidity is particular value for the relevance of 
synthetic bone graft.35  
Several studies have been carried out on the use of synthetic bone grafts for long bones, but 
only a few for the maxillofacial bones. While its use quite often in RSUD dr. Moewardi, both 
in long bone and maxillofacial surgery. This research was conducted to assess the maxillary 
bone reconstructed by administering synthetic bone graft in terms of bone density, so it is hoped 
that its use in maxillofacial fractures will be wider. 14 

 

RESEARCH METHODS 
Synthetic Bone Substitute Granule (SBSG) 
Synthetic bone substitute granule Is a non-structural bioactive bone graft that contains 
Hydroaxyapatite (HA), Calcium Phospate (CP), and Synthetic Calcium Sulphate (CS) with 
varying particle sizes in the form of granules. The graft was filled to the bone defect after the 
bone was fixed with a plate and screw. 
 
Without Synthetic Bone Substitute Granule ( Non SBSG) 
Reconstruction using a plate and screw (Fig 1) in a fracture of maxilla without applied synthetic 
bone graft on bone defects. 
The bone defect size in the both group is  0.5 - 1 cm. 
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Figure 1. The screw hole mechanism fixation, independently compresses the plate. 

 
Patients and Methods  
This research is an experimental study in which the researcher treats the research subjects. The 
design is an experimental post test control design only, it compare the group with experiment, 
and the group that wasn’t given the experiment.  

After the ethical clearance (EC) arrangements (EC No. 825/VI/HREC/ 2020), researchers 
start to collect patient medical record, with a history of reconstruction maxilla fracture 
using SBSG or without SBSG, operation report, and preoperative head ct scan. 

The samples was carried out at The Medical Record Departement in RSUD Dr. Moewadi 
Surakarta, for two years (January 2020 – January 2022). With the Inclusion and exclusion 
criteria : 

1. Inclusion criteria 
a. Patient pasca reconstruction maxilla with SBSG. 
b. Patient pasca reconstruction maxilla without SBSG. 
c. Maxillary complex fracture patients (multiple, communited, complete, complicated, 
depressed). 
d. Maxilla fracture patients were aged 10 to 60 years. 
e. Maxilla fracture patients without history of systemic and chronic disease. 
f. Maxillary fracture patients without infection of internal fixation. 
g. Maxillary fracture patients with related injury of trauma 
2. Exclusion criteria 
a. Simple fractures maxillary (incomplete). 
b. Patients who refuse CT Scan Evaluation. 
c. Maxillary fracture without bone defects. 
d. Maxillary fracture caused by non trauma case. 

The inclusion criteria group will be measured for bone density examination with Ct Scan 
Radiology, the study was examined on the 4 months after surgery. The density in normal bone 
is 500 - 2000 Hounsfield Unit (HU), and for bone grafts is 100 – 400 HU.31  

The data were tested using independent T Test to assess differences in the outcome of 
operations. Shapiro Wilks Normality Test for sample < 50 and Levene Test for homogeneity 
of variance. The data were processed using SPSS for windows 22.0. A p value > 0.05 is no 
significants, p ≤ 0.05 is significants, p < 0.01 is highly significants. 
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RESULTS 

The Characteristics of Research Subjects 
This research was conducted at Doctor Moewardi General Hospital from January 2020 to 
January 2022. This is an experimental study with posttest-only control group design, it was 
comparing between the two groups where the reconstruction of maxillary fracture group with 
SBSG, and the group without SBSG, to determine the effectiveness in density of reconstruction 
maxillary fractures with bone defects using SBSG. 

The secondary data taken from medical records patients at dr. Moewardi Hospital Surakarta, 
on January 2020 to January 2022, the data contained patient identity, history of bone fractures, 
history of surgery, CT scan photos before surgery and after surgery. We used the consecutive 
sampling technique, obtained a sample of 32 subjects, and devided in 2 group, each group has 
16 patients in a group of reconstruction maxillary fracture with SBSG and 16 patients in a 
group of reconstruction maxillary fracture without SBSG .  
An overview of the basic characteristics research subjects can be seen in table 1 as follows. 
Tabel 1 Characteristics of Subjects Research  

Characteristics  

Group 

p-value SBSG 

(n=16) 

Non SBSG 

(n=16) 

Gender a   0.264 

Men 9 (56.3%) 12 (75.0%)  

Women 7 (43.8%) 4 (25.0%)  

Ageb   0.595 

Mean ±SD 27.19 ±9.99 26.81 ±8.27  

Noted: a unpaired different group test nominal categorical data with chi sqaure test, b unpaired 
different group test numerical data were not normally distributed with the Mann Whitney test. 
*)significant if p<0.05 

Based on table 1, it is known that the gender patients in the SBSG group has the proportion 
mostly male, namely there are 9 patients (56.3%), in the SBSG group, the proportion of patients 
in Non-SBSG group is also mostly male, namely there are 12 patients (75.0%). The statistical 
test results obtained a p value = 0.264 (p> 0.05) which means that there was no significant 
difference in the characteristics of the study subjects based on gender between the SBSG group 
and the Non-SBSG group. 

The average age of patients in the SBSG group was 27.19 years with a standard deviation of 
9.99 years (27.19 ± 9.99 years), with a minimum age is 14 years and a maximum age is 56 
years, and in the Non-SBSG group an average age is 26.81 years with standard deviation is 



THE COMPARISON OF THE EFFECTIVENESS OF DENSITY IN BONE HEALING PROCESS USING THE GRANULES TYPE OF SYNTHETIC BONE GRAFT SUBSTITUTE 
VERSUS WITHOUT USING THE GRANULES TYPE OF SYNTHETIC BONE GRAFT SUBSTITUTE IN MAXILLARY FRACTURE AT Dr. MOEWARDI GENERAL HOSPITAL : AN 

EXPERIMENTAL STUDY 

Vol.: 28 Issue: 1, 2024  544 

8.27 years (26.81 ± 8.27 years), with a minimum age is 14 years and a maximum age is 37 
years. The statistical test results obtained a p value = 0.595 (p> 0.05) which means that there 
was no significant difference in the character of the research subjects based on age between the 
SBSG group and the Non-SBSG group. 

Variance Normality and Homogeneity Test 

Based on Shapiro Wilk Test, the distribution of data from measurements of maxilla fracture 
reconstruction with bone defects (Ct Scan) in both sample group met the assumption of 
normality with a p>0.05 value. The normality test results can be seen in table 2 as follows. 

Table 2 Shapiro Wilk Normality Test 

Group 
Maxilla Fracture Reconstruction 

Information 
Statistics df p-values 

SBSG 0.959 16 0.642 Normal 

Non SBSG 0.954 16 0.564 Normal 

Noted: Shapiro Test ; Normal if the value of  p> 0.05 

The results of the homogeneity test between 2 groups can be seen in table 3 as follows. 

Table 3 Homogeneity Test 

Levene Statistics p-values 

1,981 0.170 

Noted: Levene Test ; homogeneous if the value of p> 0.05 

The results of the homogeneity test based on the Levene Test, showed that the variance of 
measurement results for maxilla fracture reconstruction with bone defects between a group 
using SBSG and a group without using SBSG is reported as a value of p=0.170 (p>0.05), which 
means homogen. 

The Effectiveness of Bone Healing Density 

The effectiveness of bone healing density after reconstruction of maxilla using internal fixation 
accompanied by Synthetic Bone Substitute Granule (SBSG) or Without Synthetic Bone 
Substitute Granule (Non SBSG) was carried out using the independent t test because the data 
met the assumption of normality. The results can be seen in table 4 as follows. 
 
 
Table 4  The Differences Results of Bone Density in Maxilla Fracture 
Reconstruction with Bone Defects Between SBSG and Without SBSG Groups 
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Variable 

Group 

p-
values 

SBSG 

(n=16) 

Non SBSG 

(n=16) 

Maxilla Fracture 
Reconstruction (Ct Scan 
- HU) 

  <0.001* 

Mean ± SD 618.06 + 82.72 401.63 + 55.59  

Noted: Differences test in unpaired groups of numerical data passed the normality 
requirements (Independent t test) . * Significant if p<0.05. 

Based on table 4, the average value in a group with SBSG was 618.06 HU with a standard 
deviation of 82.72 (618.06 + 82.72). And in a Group without SBSG, the average value was 
401.63 HU with a standard deviation of 55.59 ( 401.63 + 55.59 ), which we can see in the 
diagram below. 

 

Figure 2.  Box Plot Diagram for Reconstruction of Maxilla Fracture with Bone defects between 
the SBSG and Non SBSG groups 

The statistical results for each group obtained p = <0.001 (p <0.05) which means that there was 
a significant difference of bone density (HU) between a SBSG Group and Non-SBSG Group. 
Patients who undergo the maxilla reconstruction with addition of SBSG on the bone deffect 
has higher bone density than without the addition of SBSG. The hypothesis can be proven 
which states "There is a difference in the effectiveness of bone healing density between the use 
of Synthetic Bone Substitute Granule (SBSG) and Without Synthetic Bone Substitute Granule 
(Non SBSG) in the reconstruction of maxilla fractures with bone defects at Dr. Moewardi 
General Hospital.” 
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DISCUSSION 

 Bone grafting is a surgical procedure that uses transplanted bone to repair and rebuilt desease 
or damaged bones. The transplanted bone can be taken either from the patient it self (autograft), 
from donor bone (allograft), or from synthetic materials. 18 

A Synthetic Bone Graft Substitute is a non-structural bioactive bone graft that contains 
Hydroxyapatite (HA), Calcium Phosphate (CP), and Calcium Sulphate (CS), combined with 
mineral ingredients, ions, and growth factors such as bone marrow aspirate and strontium.8,18  

A calcium phosphate has high biocompatibility, high porosity, fast absorption, and 
osteoconducting activity. 
This study was used Hydrociapatite (A calcium phosphate), it has high biocompatibility, high 
porosity, similiar to inorganic phase of bone, and osteoconductive properties. A calcium 
phosphate is a bioresorbable material, it resorbs in aproximately 13-20 weeks after implantation 
and is then completely replaced by remodeled bone, so that we evaluate on 16 weeks after 
implantation. The new bone regeneration after HA bone substitute grafting was measured as 
the presence of newly formed bone (histomorphometric), bone density (radiographic), or bone 
defect fill (radiographic or bone sounding methods). in this study we measure the bone density, 
which was evaluated independently by one readers, a head and neck radiology consultant.33,37 

In another study, Beta-tricalcium phosphate (b-TCP) and hydroxyapatite (HA) had high purity, 
and chemical compositions with predictable biological effects. TCP and HA ceramic granules 
have shown a correlation between bone replacement resorption and bone regeneration 
depending on the density and purity of the bone graft ceramic material, defect size, implant, 
and capability of osteogenetics in each patient. 33 
There are various forms of synthetic bone graft preparations, ranging from porous blocks, 
granules, and pastes cement, as we can see in Figure 3. In this study, a granules synthetic bone 
graf (Figure 4), were placed on the defect or filled in the bone gaps after being reduced and 
internal fixation. 
 

 

Figure 3. Four main forms of bone graft substitutes: (a) Granule ; (b) Block ; (c) 
hydraulic cement–injectable paste; (d) putties. With a pore size range of 
0.1 – 1.0 mm. 6 
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Figure 4 . Synthetic Bone Substitute Granule (SBSG) 
 

In the bone healing, with the principle of minimal movement, through several stages of repair 
in the form of increasing mechanical strength as simultaneously, namely, hematoma and 
inflammation, callus formation, replacement by woven bone, and finally remodeling into flat 
or trabecular bones. When there is direct bone apposition and compression of small rigid 
spaces, healing occurs more rapidly because the initial repair stage is minimized or eliminated. 
The best achievement of bone healing in the remodeling phase is achieved in the 4th to 6th 
month after the procedure, so we conducted an assessment in that time frame. 33 

Synthetic bone graft substitute has osteoconductive and osteoinduction properties. 
Osteoconductive is the process of connecting the growth of natural bone, where osteoblasts 
from the edge of the defect will use the bone graft as a framework to spread and form new 
bone. Osteoinductive is the process of converting undifferentiated cells into active osteoblasts 
so that they will differentiate. This stimulates the osteoprogenitor to differentiate into 
osteoblasts in osteogenesis to initiate new bone formation. 
In this study, the authors measured the density of maxillary bone using a ct scan device in the 
number of Honsfield units (HU). Then compare the bone density values of the two groups 
(Figure 5). 
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Figure 5.  Head CT Scan Post Maxillary Reconstruction With SBSG and Without SBSG : ( 1 
a) 3D CT Post reconstruction with SBSG ; ( 1b ) Axial view for calculating hounsfield units ; 
( 2a ) 3D CT Post reconstruction Without SBSG ; ( 2b ) Axial view for calculating hounsfield 
units. 

The results of maxillary reconstruction in a SBSG group, the mean bone density was 618.06 
HU. And the result of a maxilla reconstruction without SBSG group was 401.63H. The 
statistical value for the differences result of Ct Scan between a SBSG group and without SBSG 
group was obtained a p value =<0.001 (p<0.05), which means that there was a significant 
difference in the results. 

CONCLUSION 

 The results of bone density in the healing process of post-reconstruction maxillary patient with 
SBSG were higher than patient of post-reconstruction maxillary without SBSG. 
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