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Introduction: The autograft treatment has become a gold standard therapy for bone defects, although it has its
drawbacks and a side effect of donor site morbidity. Furthermore, the bovine hydroxyapatite xenograft due to its
excellent osteoconduction characteristic combined with platelet-rich fibrin (PRF), which is a source of growth
factor, makes both utilized as therapeutic measures. Therefore, this study examines the potential use of bovine
hydroxyapatite xenograft and platelet-rich fibrin in the treatment of bone defects.

Method: The report on three cases of bone defects that were treated using a combination of bovine hydroxyapatite
xenograft and platelet-rich fibrin (PRF) for internal fixation and grafting was used for this investigation. The
study showed that delayed and non-union fractures of the femur, humerus, and tibia may cause bone deformities.
Result: The outcome revealed a positive clinical and radiological finding about using the combination of bovine
hydroxyapatite xenograft and platelet-rich fibrin (PRF) in the repair of bone defects and acceleration of healing
processes.

Conclusion: The use of a combination of bovine hydroxyapatite xenograft and platelet-rich fibrin (PRF) in the
repair of bone defects shows more effective and accelerated healing. Future studies with a bigger sample size may
be carried out and are expected to yield optimal results.

1. Introduction and importance

In the discipline of Orthopedics, bone defects are still a major issue.
They are characterized by a steady increase in hospitalization, compli-
cations, and expense [1]. Additionally, high-energy trauma with bone
loss and infection are the most common causes of these defects and if not
treated appropriately, bone loss might result in delayed or non-union
[2,3]. The incidence of bone abnormalities caused by trauma in
Indonesia increases yearly [4]. Therefore, bone grafting which is one of
the methods used to address these issues has experienced an increased
level of demand [2,4]. The problem of bone defects has also contributed
to making bone autograft become the gold standard for treating bone
abnormalities, although it has its limitations which aregraft quantity
and donor site morbidity. Contributory, allografts have become popular
for replacing bone defects because the graft size can be easily adjusted
but it also has several drawbacks, including disease transfer, rejection
reactions, non-union, graft resorption, fracture, and donor restrictions

[3,4].

A xenograft is one of the choices used to overcome these limitations
since the raw material is plentiful, readily available, and inexpensive.
Additionally, several previous studies showed that organic or inorganic
matrix derived from bovine bone is biocompatible, but this biomaterial
requires proper preparation to avoid risks such as the transmission of
zoonoses [4,5]. Conversely, the addition of an osteoinductive phase to
hydroxyapatite has resulted in enhanced stiffness, interconnectivity, and
in vitro bioactivity. This scaffold is made entirely of the bone's natural
constituent materials, resulting in non-toxic degradation of by-products,
high biocompatibility, and the ability to disintegrate in tandem with the
creation of new bone in vivo [6].

Platelet Rich Fibrin (PRF) and platelet-rich plasma (PRP) have been
thought to promote bone healing because they contain lots of growth
factors and cytokines. The use of this fibrin with other bone graft ma-
terials has been reported to enhance bone formation. PRF can release
growth factors and cytokines, including platelet-derived growth factor
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(PDGF), transforming growth factor 1 and 2 (TGF-f1 and $2), vascular
endothelial growth factor (VEGF), platelet-derived endothelial growth
factor, for the promotion of bone healing. The composition of this fibrin
is almost the same as PRP but it contains leukocytes and differs in the
manufacturing process [7-9].

The use of PRP has become widely accepted in orthopedic, plastic,
dental, and oral surgery, either alone or in combination with bone ma-
terial. This plasma is commonly utilized in the orthopedic sector to treat
muscle and tendon wounds, cartilage therapy, and fracture repair [7,8].
Although there hasn't been much coverage of it in bone grafting,
particularly for bone defects, its usage in maxillofacial intrabony mal-
formations is extensively documented in this study [9]. Studies on the
efficacy of PRF on bone defects are still limited in experimental animals,
and clinical studies are also sparse [10].

Therefore, the use of bovine hydroxyapatite xenograft and PRF is
expected to provide positive benefits for bone grafting on bone defects.
The xenograft of bovine hydroxyapatite is used to build the bony
structure. Meanwhile, PRF may aid bone grafting by providing growth
factors and cytokines [9,10]. This combination is intended to speed up
bone grafting and potentially solve difficulties with bone defect therapy.
As a result, the purpose of this study is to report the details of employing
both of the materials mentioned. Each case received the necessary
consent from both patients and was written in accordance with PRO-
CESS guidelines [11]. This report has been registered on Research Reg
istry.com (with the registration number of researchregistry7770).

2. Case presentation

The reports of three cases of bone fracture with bone defects were
delayed and non-union fractures of these patients were caused by
trauma.

2.1. First case

A woman, 45 years old with a diagnosed open fracture of the distal
humerus and bone loss of 1.5 cm because of a traffic accident. At Mat-
aram University Hospital we perform debridement and internal fixation
with plate and screw. Six months later, a patient came to our hospital
with a complaint of pain in the distal humerus. Patients lose control
because of limited access from home to our hospital. One X-ray exami-
nation found delayed union of the distal humerus, minimal callus and
loosening of plate and screw (Table 1).

The patient underwent surgery by removing the implant and changes
to more stabil internal fixation, freshening fracture and grafting with
bovine hydroxyapatite and platelet rich fibrin (PRF). The bovine hy-
droxyapatite was provided by Dr. Soetomo Hospital Network Bank,
which has been standardized by the Indonesian POM while the PRF was
prepared according to Doohan standards immediately before surgery [7]
(Fig. 1). An evaluation after 6 months found union in the distal humerus
on X-ray and achieved a good clinical outcome. No complaints of pain,
she can be fully flexed and extended, and has no limitations on doing her
daily activities.

Table 1
Case of bone defect and treatment.
No Case Treatment
1 Female, 45 y.o. with Delayed union Distal ~ Internal fixation + Bovine HA +
Humerus Fracture + Bone Defects Platelet-rich fibrin (PRF)
2 Female, 25 y.o. with Non-union of Distal ~ Internal fixation + Bovine HA +
Femur fracture + Bone Defects PRF
3 Male, 35 y.o. with Delayed Union of Internal Fixation + Bovine HA +
Tibial Fracture + Bone Defects PRF
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2.2. Second case

A female is 25 years old with an open comminuted fracture of the
distal femur and 2.5 cm of bone loss. The patient underwent debride-
ment and external fixation. After there are no signs of infection, the
fixation is replaced with internal fixation nailing (Fig. 2). Ten months
later, there were no signs of bone union, minimal callus, and bone de-
fects still found. Then, the patient was operated by adding plates and
screws to make the fixation more rigid and grafting with bovine HA and
administration of platelet rich fibrin (PRF). On evaluation six months
later, it was found that the bones had union on X-ray and achieved a
good clinical outcome. The patient can walk without a cane, no
complaint of pain, and can be fully flexed and extended.

2.3. Third case

Male, 35 years old. Patients come up with complaints of pain in the
distal tibia. A clinical examination, we found deformity, no infection. On
X-ray we found a delayed union of the distal tibia with a 1.5 cm of bone
defect. The patient underwent internal fixation surgery at another hos-
pital seven months earlier. In our hospital, we performed internal fixa-
tion with plate and screw and grafting with bovine HA and
administration of platelet rich fibrin (PRF).

In the three cases, the healing of bone defects was successful. Patients
who previously had delayed and non-union within 6 months were able
to achieve union. The radiology examination revealed that the femur
and tibia bones were well-aligned and had a union. Clinically, it also
produces great outcomes, including the absence of discomfort, adequate
joint range of motion, and the capacity to conduct daily activities with
no impairment. The postoperative assessment for tibia and femur frac-
tures was based on Kalstrom criteria [12] (Table 2).

3. Discussion

In this case, the main treatment is internal fixation, while bovine
hydroxyapatite xenograft and the platelet rich (PRF) fibrin are used as
adjunctive therapies [2]. Bovine hydroxyapatite is made up of materials
which have biological properties that makes it biocompatible and
osteoconductive. These important biological properties allow the
apposition of newly formed bone by osteoprogenitor cells and the partial
remodeling by osteoclast and osteoblast of the host [3]. Hydroxyapatite
is used as scaffolds to support the development of bone tissue from an
osteoblast proliferation stage through to extracellular matrix (ECM)
deposition and on to cell-mediated early-stage mineralization. The
addition of small quantities of hydroxyapatite to the scaffolds consid-
erably increases calcium deposition and has a mild osteogenic impact
[6].

The transplantation of bone, which stimulates skeletal repair and
regeneration, can be influenced by the mechanical environment that can
make the procedure multifaceted with several variables determining the
rates of success or failure [3,5]. The rejection of a bone graft is one factor
that affects graft incorporation. The immunogenicity of allograft and
xenograft was investigated, and discovery showed that neither group of
bone transplants had a significant increase in Immunoglobulin G. There
was also no significant difference in fibrous tissue formation-level be-
tween xenograft and allograft in the fourth week [14].

Acomparative study was conducted on the effects of bone regener-
ation between bovine hydroxyapatitecombined with freeze-dried
platelet-rich plasma (FD-PRP) as a bonegraft in afemoral fracture
defect on white rabbits. The study found an elevation in the production
of woven bone, osteocalcin, and alkaline phosphatase in the group
receiving bovine hydroxyapatite and FD-PRP at the third and sixth-week
evaluations. This shows that the combination of these two therapies has
contributed to the healing of bone defects [16].

Furthermore, an investigation was carried out on the effects of a
bovine-derived xenograft (BDX) and PRP, as well as the combination of
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Bovine HA Xenograft Platelet Rich Fibrin (PRF)  Application in Non-Union

fracture

Fig. 1. Application process of bovine Hydroxyapatite (HA) xenograft and Platelet Rich Fibrin (PRF).
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Non-union fracture of distal Femur + Union fracture Femur (6 months
Bone defects (before) after surgery).

Fig. 2. Radiology of bone fracture with bone defect before and after 6 months surgery.

both, on early wound healing in deep intrabony defects [13]. In this
regard, a total of 85 intrabony defects were selected in 20 advanced
chronic periodontitis patients. These defects were surgically treated

Table 2
Clinical and radiology outcome after treatment.

No  Case Outcome (radiology and with PRP/BDX and after one year of surgery, the results showed that
clinics) BDX in combination with PRP lead to a significantly favorable clinical
1 Delayed union Distal Humerus Fracture + Excellent improvement in deep intrabony periodontal defects [13]. There is also a
I high, statistically significant difference in the percentage of defect res-

2 Non-union of Distal Femur fracture + Bone Good . . . . .
Defects olution in sites treated with hydroxyapatite and PRP as shown by
3 Delayed Union of Tibial Fracture + Bone Excellent Dawood. Subsequently, this will indicate that PRP is a more beneficial
Defects and effective adjuvant to bone transplant in the treatment of periodontal

osseous defects [21].
Additionally, PRF either used alone or in combination with an
autogenous bone transplant, resulted in accelerated healing of bone
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defects, as demonstrated by Kokderen There were statistically signifi-
cant differences in osteoblast, new bone area values, and autogenous
graft with PRF compared to the other groups [9]. Flowable (injectable)
PRF also became an increasingly favored approach for both soft and
mineralized tissue healing due to the development of a three-
dimensional fibrin network embedding. Nonetheless, this flowable
PRF showed similar results with the conventional PRF, but the ease of
preparation, application, and manipulation emphasizes its benefits and
recommends its application in the implant and bone defects grafting
scenarios [19].

The sinus augmentation with freeze-dried Allogenic bone substitute
material (ABSM) in combination with injectable PRF, resulted in a
reduced healing time before the implant placement as shown by Solo-
mia. Furthermore, the addition of PRF to ABSM has been shown to
enhance bone maturation and shorten the period before implant
placement. This could be explained by the (minimal) osteoinductive
potential of ABSM which may be further enhanced by platelet concen-
trates cellular components, and could be used to compare its induction
characteristics to autologous bone transplants, opening up new avenues
for bone regeneration [10].

The combination of bovine hydroxy apatite xenograft and PRF fulfill
the requirements for the promotion of bone regeneration. This PRF
contains leukocytes that regulate immunological responses, anti-
infectious activities, and matrix remodeling during wound and bone
healing through the release of growth factors [18]. The bovine hy-
droxyapatite xenograft would serve as a scaffold to osteoconduction
while the PRF serves as a growth factor that allows bone healing.
Similarly, Anorganic Bovine Bone Mineral (ABBM) and its combination
with PRF can effectively treat intra-bony defects in the maxillofacial
region as discovered by Yosemin [18]. Additionally, the combination of
Demineralized Freeze-Dried Bone Allograft (DFDBA) and PRF showed
improved clinical and radiographic parameters. Furthermore, this
combination produced a synergistic effect for treating intrabony defects
in chronic periodontitis patients [17].

A study was conducted by Djarni and Siswanto on the effects of PRF
and bone graft in the treatment of intrabony defects, using a total of 4
studies for inclusion with 107 patients as subjects. The result of this
study showed that utilizing bone graft as a single therapy produced
better outcomes than using this fibrin alone or in combination with bone
graft [21]. It was also discovered that PRF and DFDBA provided superior
outcomes than the standard technique. Additionally, because this fibrin
is made from the patient's blood, it has a lower risk of allergic responses,
is easily available, and is cost-effective [18].

However, there are contradictory reports on the biological influence
of PRP on bone healing enhancement. The combination of PRP with
autogenous bone did not improve the bone healing process in rabbits
with calvarial defects utilizing an autogenous graft with or without the
plasma as shown by studies [24]. In rabbits with calvarial defects, an
examination was carried out on the influence of PRF on bone regener-
ation of different grafting materials. It was also shown that PRF
improved bone production when administered alone or in combination
with autogenous bone, but not when paired with deproteinized bovine
bone [22].

In another study that examined the relationship between PRF and
Bio-Os in the rat calvarium, this fibrin showed a synergistic effect with
Bio—Os. According to the results, the autogenous graft-PRF combina-
tion was more effective than another xenograft group, but the results
were statistically insignificant [23]. In terms of new bone formation,
autograft combined with the fibrin yielded superior results but its
combination with Beta tricalcium phosphate (b-TCP) had no effect
compared to the only b-TCP group. However, further experimental and
clinical studies may be beneficial in clarifying the exact mechanism and
results of combining this fibrin with bone grafts on the bone healing
process [22].

International Journal of Surgery Case Reports 97 (2022) 107370
4. Conclusion

The combination of bovine hydroxyapatite xenograft and platelet-
rich fibrin (PRF) on the treatment of bone defects led to the achieve-
ment of outstanding results with good radiological and clinical backings.
This treatment modality may offer new hope for the healing of bone
defects. Furthermore, future research with larger sample size is required
to strengthen the optimism of the results.
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