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Background: The aim of this study is to compare the effect of Bone Morphogenetic Proteins (rhBMP), carried on a gelatin sponge scaffold in comparison with the

Xenograft BioOss® in the management of bone defects.

Case presentation: The case is a one-year-old rabbit that had 4 identical holes 5*5 mm within the femur bone, BMP2 was placed within the first hole with a gelatin
sponge, and the second defect was left empty. A gelatin sponge was placed alone within the third hole, and a BioOss® graft was placed within the last defect. The
radiographic evaluation was conducted (1 and 2) months after the surgical work, and the histological assessment was conducted two months after the surgical work.

Results: The results of the radiographic evaluation found that healing the BMP2 hole was better than healing in the empty and the gelatin sponge group holes. There
was no big difference between the healing in the holes filled with rhBMP2 with gelatin sponge and the healing in the holes filled with BioOss®.

Conclusion: The use of a gelatin sponge impregnated with Bone Morphogenetic Proteins improves and accelerates the healing of bone defects and is comparable

to the effectiveness of using a BioOss® graft.

Introduction

Bone defects in the jaws are a common problem facing
oral and maxillofacial surgeons, especially when they need
to perform dental implants within such bone. This deficiency
is due to several reasons, the most important of which are
periodontal tissue diseases, maxillary cysts, or severe surgical
trauma during extraction [1].

Several techniques have been described to compensate
and speed up the healing of defective bone for the purpose of
placing dental implants or to avoid fracture or deformation of
the bone [2].

The use of Xenografts recently, such as inorganic bovine
bone grafts, has been widely described in achieving three-
dimensional healing of the maxillary bone in the field of repair
of defects, and alveolar resorption in several studies [3].

Accompanying studies on bone grafting using growth-
directed membranes and describing the application of growth
factors using platelet-rich plasma or bone morphogenetic
proteins, which can stimulate the processes of chemotaxis
and cellular differentiation, and hemostatic sponges have been
included in some studies as a carrier of medicinal materials or
a pergola for osteoblasts [4].
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In the latest 2020 study, Vasyliev, et al. investigated the
effect of adding a low dose of 10 g/ml bone morphogenetic
proteins to BioOss® inorganic bovine bone graft on stimulating
bone formation in rabbits [5].

To this day, obtaining the best material for the restoration
of defective bony cavities in the jaws, in the fastest and best
way to stimulate bone formation, as well as with the least
possible complications and costs, is one of the most significant
concerns of oral and maxillofacial surgeons around the world.

Esfahanizadeh, et al. studied the efficacy of using a BioOss®
bone graft on bone defects and concluded that this graft
supported bone morphogenesis in defects made in rabbit tibias

[6].

Tavakoli, et al. found that applying hemostatic sponges
to the alveolar bone sockets after extraction accelerates
hemostasis, collagen, and connective tissue formation, and
alleviates post-extraction complications [7].

Sohn, et al. applied gelatin sponge to nine patients with
lateral window maxillary sinus lifts to support the lifted
mucosa, and found new bone formation after six months of
operation [8].

In their comparative study between artificial bone grafts
and gelatin sponges, Singh et al. indicated that sponges are not
as effective as grafts and cannot be used alone as an alternative
to grafting in bone defects [9].

Kim, et al. applied gelatin sponges loaded with bone-
forming proteins to a bony defect of the radius of the rabbit
and confirmed the effectiveness of this participation in bone
regeneration [10].

As for Fiorellini, et al. the application of a gelatin sponge
impregnated with bone morphogenetic protein gave great
efficacy in preserving alveolar bone after extraction [11].

This research aims to compare the effectiveness of a gelatin
sponge impregnated with bone-forming proteins with BioOss®
bone graft in healing and managing bone defects.

Case presentation

The case included 4 bone defects, the case of this research
consisted of 1 rabbit that had 4 identical cylindrical bony holes
within the femur, where each hole was managed according to
Figure 1.

First defect: The hole contains the gelatin sponge saturated
with Bone-forming Proteins (BMP2).

Second defect: The hole left for spontaneous healing
without any materials (Empty) (control group).

Third defect: The hole in which the gelatin sponge was
placed alone.

Fourth defect: The hole in which the foreign bone graft
(Bio-0ss) was placed.
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Figure 1: Schematic image of the femur illustrating the study design where 1- The
hole in which the gelatin sponge impregnated with BMP2 is placed 2- The hole

that is left for spontaneous healing, 3- The hole in which only the gelatin sponge is
placed, 4- The hole in which the Bio Oss is placed.
Image source- Getty Images

Research sample conditions, and selection criteria:
1-  White municipal rabbit.
2- Male rabbit.
3- Age is one year.
4- The absence of diseases.
Research materials
Surgical materials and tools

Syringe - needle holder - scalpel holder No. 3 - retractors
- dissection scissors - sharp scissors - periosteal lifter -
straight forceps - trephine surgical bur - crooked forceps
- sterile medical gauze - blades 11 - 3_0 silk threads and
3_ 0 absorbent vicryl threads - lidocaine 2% anesthetic With
adrenaline 1/80000 - gelatin sponge cubes - BioOss bone graft
package - rhBMP2 Bone Morphogenetic protein package - graft
containers - xylazine rabbit relaxant - ketamine anesthetic
- physiological serum sodium chloride 9% for perfusion -
hemostat forceps.

The research and its experiments are approved by the
Syrian Animal Care Organization (num 220031) and the study
complies with all regulations.

The surgical room was prepared, and the rabbits were
prepared and numbered. Rabbits were treated with xylazine 2cc
and then anesthetized with ketamine 2cc anesthetic. The skin
around the thigh area was shaved and the area was sterilized
with povidone and a sterile scarf was placed around the surgical
field as seen in Figure 2.

The surgical approach was performed through the skin,
muscles, access to the bone, and elevation of the periosteum.

After that, 4 cylindrical bony holes of 5 mm in diameter and
5 mm in length were made identically and regularly spaced as
seen in Figure 3.

A gelatin sponge was then saturated with bone
morphogenetic proteins (BMP2) at 10 g/ml and was placed in
the first hole. The second hole was left empty to be filled with
blood clots. A gelatin sponge alone was placed within the third
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hole and the fourth hole was filled with (BioOss) graft mixed
with physiological serum as seen in Figure 4.

Suturing was done after and the rabbit was given an
intramuscular injection of 1 cc of Rosflex 1000 mg antibiotic.
The wound was covered with gauze and bandages and left for a
week, after which the sutures were removed (Figure 5).

Clinical indicators of successful work

o e

1- The graft is not exposed #
Figure 4: Picture of the f es after filling them.

2- The soft tissues covering the groin area are normal,
with the absence of the following infection

Radiographic observation

Three simple X-rays were taken at three different time
intervals, shown in Figure 6.

1- To immediately after surgery.
2- Ti after a month of work.
3- T2 after two months of work.

The radial densities of the four bone defects were measured
during the observation periods using Digora for Windows 2.7
by measuring the variance in Hounsfield units.

" B o A
Figure 5: Sewing picture.
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Figure 6: Simple radiographs over the three time periods.

The radiographs were then uploaded to the program and
the option to measure the density within a specific area in
the form of a square by calculating the arithmetic average of
the radiographic density at all points within that region was
selected.

All numbers taken from the program were recorded within
the rabbit form for the research

Figure 2: A picture of the rabbit before starting the process. Histological observation

Rabbit was sacrificed after two months for tissue biopsy
from the site of grafting using trephine bur and the biopsies
were preserved with formol.

The biopsies were then sent to the pathological anatomy
laboratory at the Faculty of Dentistry at Damascus University
to make microscopic slides after processing, cutting, staining
with hematoxylin-eosin, and preparing them.

After placing the microscopic slides under the microscope,
histological photographs were taken as shown in Figure 7.

Histological findings and percentage of calcified mineral
tissues were measured using Image J software.

Figure 3: Picture of the four holes before filling them.
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The case consisted of 4 bone defects within the femur in
imunicipal male rabbit at the age of one year. The rabbit had
4 symmetrical and parallel bone defects, and each defect was
managed with one material.

The results of the radiological density were recorded after
a month of surgery for the four holes. The results are shown
in Table 1.

It is noted from the previous table that the radial density in
the BMP2 hole (78.01) was greater than the mean in the Emp
(67.38) and Gel (66.29) holes and was close to the mean in the
BioOss group (78.14).

The results of the radiological density were recorded after
two months of surgery for the four holes, and the results were
as shown in Table 2.

It is noted from the previous table that the mean radial
density in the BMP2 hole (104.18) was greater than the mean
in the Emp (89.72) and Gel (88.67) holes and was close to the
mean in the BioOss defect (104.2)

From the tables above, we can see that there is a difference
between the four holes in the two measurement periods.

It is noted in the above table that there is a difference in
the values of the digital density of the BMP2 hole and the EMP
hole in favor of the first hole at the two measurement periods
due to the fact that density is 78.01 after one month and 104.18

GEL EMP

BIOOSS

re 7: Image showing histological photographs of the four biopsies after two

months of work.

Table 1: The descriptive statistics for density measurements after one month.

Density Group

78.01 BMP2
67.38 Emp
66.29 Gel
78.14 BioOss

Table 2: The descriptive statistics for density measurements after two months.

Density Group

104.18 BMP2
89.72 Emp
88.67 Gel
104.2 BioOss
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after two months in BMP hole, which is more than c placing
a gelatin sponge saturated with bone morphogenetic proteins
contributed to better healing of the bone defect, and the bone
was denser after one month and two months after the bone
defect, which was left for spontaneous healing without any
fillers.

It was also observed that there was a difference between
the values of the digital density of the BMP2 hole and the Gel
hole in favor of the first hole at the two measurement periods
due to the fact that the value was 78.01 after one month and
104.18 after two months, which is more than the density in the
Gel hole 66.29 after one month and 88.67 after two months.
This means placing a gelatin sponge saturated with bone
morphogenetic proteins furthered better healing of the bone
defect, and the bone was denser after one month and after two
months of the bone defect for which the gelatin sponge was
placed alone without any other materials.

It was found that there was no real difference between the
BMP2 hole and the BioOss hole at the two measurement periods,
where the density was 78.01 after one month and 104.18 after
two months in the BMP hole, while the density was 78.14 after
one month and 104.2 after two months in BioOss hole. This
means gelatin sponge saturated with bone morphogenetic
proteins contributed to the healing of the bone defect similar
to the healing of the defect for which the bone graft was placed
after a month and two months after the surgery.

A difference was found between the BioOss hole and the Gel
hole in favor of the first hole at the two measurement periods
due to the fact that the density was 78.14 after one month and
104.2 after two months in the BioOss hole, which is greater
than the density in the Gel hole 66.29 after one month and
88.67 after two months. That is, the application of the BioOss
bone graft contributed to a better healing of the bone defect,
and the bone was denser after one month and after two months
of the bone defect for which the gelatin sponge was placed
alone without any other materials.

It was noted that there was a difference between the values
of radioactive density between the BioOss group and the EMP
group in favor of the first group at the two measurement
periods due to the fact that the density was 78.14 after one
month and 104.2 after two months in BioOss hole, which is
more than the density in the empty hole 67.38 after one month
and 89.72 after two months. This means placing the BioOss
bone graft contributed to better healing of the bone defect and
the bone was denser after one month and after two months of
the bone defect that was left for spontaneous healing without
any fillers.

It was found that there was no statistically significant
difference between the GEL group and the EMP group at the
two measurement periods, that is, placing the gelatin sponge
on its own contributed to the healing of the bone defect similar
to the healing of the defect for which no filler was placed and
left for spontaneous healing after a month and two months

after the surgical operation.
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Histological results

Histological findings were recorded after two months of
surgery for the four holes, and the results were as shown in
Table 3.

It is noted from the above table that the percentage of
calcified area mineralized in the BMP2 hole (88.56) was greater
than the mean in Emp (64.02) and Gel (66.93) holes and was
close to the mean in the BioOss hole (89.02).

It is noted in the previous table that there was a difference
in the percentage values of the BMP2 hole and the EMP hole in
favor of the first hole, after two months, which means placing
a gelatin sponge saturated with bone morphogenetic proteins
elicited better healing of the bone defect, and the bone was
more mineralized after two months of the bone defect that was
left for spontaneous healing without any fillers.

It was also observed that there was a difference between the
values of the BMP2 hole and Gel hole in favor of the first hole,
after two months, that is, placing a gelatin sponge saturated
with bone morphogenetic proteins has brought about better
healing of the bone defect and the bone is more mineralized
two months after the bone defect for which the gelatin sponge
was placed alone without any other materials.

It was found that there was no difference between the
BMP2 hole and the BioOss hole after two months, that is,
placing a gelatin sponge saturated with bone-forming proteins
contributed to the healing of the bone defect similar to the
healing of the defect for which the bone graft was placed after
two months of surgery.

A difference was found between the BioOss hole and the
Gel hole in favor of the first hole, which is two months, that is,
the application of the BioOss bone graft contributed to a better
healing of the bone defect, and the bone was more mineralized
after two months than the bone defect for which gelatin sponge
was placed alone without any other materials.

A difference was observed between the values of the BioOss
hole and EMP hole in favor of the first hole after two months,
that is, the application of the BioOss bone graft contributed
to better healing of the bone defect, and the bone was more
mineralized than the bone defect that was left for spontaneous
healing without any fillers.

It was found that there was no difference between the GEL
hole and the EMP hole after two months. That is, placing the
gelatin sponge on its own contributed to the healing of the
bone defect in a similar way to the healing of the defect for
which no filler was placed and left for spontaneous healing.

Table 3: The descriptive statistics of histological measurements after two months.

Percentage Group

88.56% BMP2
64.02% Emp
66.93% Gel
89.02% BioOss
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Discussion

The design of this case report relied on the use of the
femur to include the four study defects in order to isolate the
individual factors different from one individual to another.

Since the doctor’s experience and manual skill can affect
complications and research results, the researcher himself
performed all procedures with the help of a veterinarian
surgeon in order to neutralize this factor.

The sample was distributed into 4 holes. One defect for
which a gelatin sponge impregnated with BMP2 was applied
to the first bone defect and a second defect for which a Bovine
bone graft BioOss was applied to the bone hole. A third hole
for which a gelatin sponge alone was applied to a bone defect
in order to isolate the effect of the sponge on bone healing. A
fourth hole for which its bone defect was left for spontaneous
recovery and served as the control defect.

The radiological density of the new bone tissue formed
within the bone defects was measured after a month and
after two months by measuring Hounsfield units on digital
radiographs after they were inserted into the computer program
Digora for Windows 2.7. The results of this study showed that
the density after one month and after two months in the BMP2
group does not differ from the density in the BioOss group.
There is a difference between the previous two holes and the
two Gelfoam, Empty holes.

The histological findings of the new bone tissue formed
within the bone defects were measured after two months,
where rabbit was sacrificed, bone biopsies were taken, and the
percentages of bone and mineralized tissues were measured
by measuring the proportion of color contrast on digital
photographs after their inclusion on the Image] computer
program. The results of this study showed that the average
percentages after two months in the BMP2 defect do not
differ from the intensity in the BioOss defect with a difference
between the two previous defects and the two Gelfoam and
Empty holes.

The case agreed with the results of the research done by
[12] who performed cylindrical bone defects measuring 5 mm
(similar to the measurements of defects made in this research)
in mice and placed in one group an absorbable compound
consisting of gelatin sponge and beta-tri-calcium phosphate
TCP saturated with bone-forming proteins BMP2. The results
of the bone density radiographic study confirm that recovery
is statistically significantly better than the other group whose
bone defects were placed within the gelatinous sponge only
after 4 weeks and after 8 weeks.

When studying the percentage of tissue mineralization
within these defects, a significant difference was also found
between the two groups studied.

The results of this case also agreed with the results of
the research done by [10] which indicated that the use of a
hemostatic gelatin sponge for bleeding as a carrier of bone
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morphogenetic proteins when a bone defect in the radius of
rabbits improves bone healing and accelerate the healing of the
defects with a statistically significant difference with the defect
which has a hemostatic sponge only, after a month and after
two months of the surgical procedure through radiographic
and histological study as well.

The results of the report also converged with what was
concluded by the radiographic study done by Kader, et al. [13],
who studied 16 bone defects, in the maxillary socket, which
were divided into two groups (a group placed within the defects
bmp2 on a scaffold of hemostatic collagen sponge for bleeding
and a group placed within the defects bone graft defects) and
the results showed that there was no statistically significant
difference between the two groups upon radiographic
examination after 6 months.

This report also agreed with the study done by
Esfahanizadeh, et al. [6], where they studied the effectiveness
of using a BioOss® bone graft within the bone defects made
in the tibia of rabbits and concluded that this graft supported
bone formation in some way.

The results of this research study also agreed with what was
indicated by Singh, et al. [9]in their comparative study between
artificial bone grafts and gelatin sponges, in which they
showed that the effectiveness of the sponge is not equivalent
to the effectiveness of grafts and cannot be used alone as an
alternative to grafting in bone defects.

The results of this research study also agreed with what
was indicated by Wang, et al. [14] in their comparative study,
and they showed that the active bone material exhibited
satisfactory bone regeneration performance in rabbits.

This report also agreed with the study done by Ueyama,
et al. [15], where they studied the effectiveness of using a
zoledronate with recombinant human bone morphogenetic
protein-2 within the bone defects made in the femur of rabbits
and concluded that this graft can induce and maintain bone
formation.

Conclusion

It was concluded that the use of hemostatic sponges
impregnated with BMP2 bone morphogenetic proteins in bone
defects improved and accelerated the healing of bone defects,
both radiologically and histologically. Using hemostatic
sponges impregnated with BMP2 bone morphogenetic proteins
was more effective than leaving the bone defect empty.

It was also concluded that the effectiveness of using this
material was comparable to the effectiveness resulting from
the use of BioOss foreign bone graft in terms of radial density
and good bone mineralization.

It was concluded that the single gelatin sponge has no
effect on the healing of bone defects, as the study concluded
that there is no statistically significant difference between the
effectiveness of using a gelatin sponge alone and not using any
substance and leaving the defect to heal by the blood clot.
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