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Abstract
Background/Aim: Paediatric physeal injuries account for about 30 % of 
all bone injuries, often affecting growth plates. Current treatments empha-
sise prevention, as regenerating the damaged physis is challenging. This 
study aimed to analyse whether combining bone marrow mesenchymal 
stem-cell (BM-MSC) and platelet-rich fibrin (PRF) can regenerate physis 
bone.
Methods: The twenty-four New Zealand white rabbits, aged 6 weeks, 
were acclimatised for 1 week. BM-MSC and PRF were then prepared. A 
physis injury was induced in the proximal tibia of the rabbits, then divided 
into four groups: control, BM-MSC treatment, PRF treatment, combination 
of BM-MSC and PRF treatment. After 4 weeks, rabbits were sacrificed and 
evaluated. The bony bar diameter was measured using haematoxylin-eo-
sin (H&E) staining, while the expression of tumour necrosis factor-alpha 
(TNF-α), vascular endothelial growth factor (VEGF) and SRY-box transcrip-
tion factor 9 (SOX-9) was evaluated using immunohistochemistry (IHC). 
Results: Histology showed that the BM-MSC and PRF combination led 
to better regeneration than the control, BM-MSC alone, or PRF alone in 
terms of osteochondral union. SOX-9 indicators showed significant differ-
ences between the control vs BM-MSC groups (p = 0.099); BM-SC vs PRF 
groups (p = 0.032). TNF-α indicators showed no significant differences at 
all. VEGF indicators showed significant differences between the control vs 
BM-MSC and PRF groups (p = 0.008); PRF vs BM-MSC and PRF groups 
(p = 0.021).
Conclusion: Administration of BM-MSC, PRF or a combination of BM-
MSC and PRF showed comparable effectiveness in osteochondral union 
based on histological outcomes. Conversely, PRF alone exhibited the 
highest effectiveness in IHC analysis. However, none of these results were 
statistically significant.
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Introduction

Paediatric physeal injuries generally account for 
about 30 % of all bone injuries, often affecting 
growth plates near major joints.1 They are more 
common among boys who are active in sports. 

These injuries focus on damaging the cartilage 
in the growth plates, causing abnormal bone 
growth and potentially leading to problems such 
as low back pain and osteoarthritis. The current 



Study design and sampling
This study employed a true experimental method 
with a post-test only control group design. Ex-
perimental and control groups were created ran-
domly to ensure equivalence. The experimental 
group received the treatment and after a specific 
period, the dependent variable was measured in 
both groups to compare differences. There were 
four groups: a control group, treatment group 1 
(injected with PRF only), treatment group 2 (in-
jected with BM-MSC only) and treatment group 
3 (injected with a combination of PRF and BM-
MSC). After four weeks, the rabbits were sacri-
ficed to measure levels of TGF-α, SOX-9 and VEGF. 
The subjects were the distal femoral physes of 
adult New Zealand white rabbits with inclusion 
criteria of male gender, age 6-9 weeks, no physical 
deformities and being healthy and active. Exclu-
sion criteria included being younger than 6 weeks 
or older than 9 weeks and any illness or infection 
during the study. 

Simple random sampling was used to select 24 
rabbits, with 6 in each group. New Zealand white 
rabbits were chosen because they are ideal for 
physeal injury studies due to their predictable 
growth, manageable size and bone structure simi-
lar to human growth plates. Their availability and 
widespread use in research ensure consistent, 
reproducible results. Extensive literature and es-
tablished protocols further support their applica-
tion in orthopaedic research, providing a robust 
framework for experimental design and data in-
terpretation.

Research procedure
This procedure was adapted from Yin et al, who 
used a rabbit model in their research.12 

Animal preparation
Twenty-four 6-week-old New Zealand white rab-
bits were purchased and acclimated for one week 
before the procedure. They were housed in 50 x 
70 cm cages, fed 300 g of pellets daily and given 
water ad libitum. Their cages were cleaned dai-
ly. On surgery day, the rabbits were anesthetised 
with intravenous ketamine (25 mg/kg) and xyla-
zine (2.5 mg/kg), maintained with 1.5–3.0 % iso-
flurane. Vital signs were monitored and the surgi-
cal area was prepared and disinfected. 

Methodstreatment focuses on prevention, as regeneration 
of the damaged physis is still difficult to achieve.2 
Various regenerative therapies, including the use 
of bone marrow-mesenchymal stem cells (BM-
MSC) and platelet-rich fibrin (PRF) are being de-
veloped.3, 4

The MSCs derived from bone marrow or adipose 
tissue induce bone regeneration by promoting 
osteogenesis and angiogenesis. MSCs enhance 
bone formation, exhibit mechanical properties 
similar to native bone and modulate the immune 
response to facilitate healing in bone defects and 
physeal injuries.5

The use of PRF, a platelet derivative, offers superi-
or regeneration outcomes and avoids platelet-rich 
plasma (PRP)’s limitations. PRP production ne-
cessitates anticoagulants and bovine thrombin, 
potentially inducing antibodies and coagulopa-
thies. PRP’s liquid form may disperse from injury 
sites, reducing effectiveness. PRF, in gel form, is 
easier to apply, prevents dispersion and serves as 
a scaffold for physis defects.6, 7 

Tumour necrosis factor-alpha (TNF-α), vascular 
endothelial growth factor (VEGF) and SRY-box 
transcription factor 9 (SOX-9) are crucial for 
physis bone healing. TNF-α initiates the inflam-
matory response, recruiting immune cells. VEGF 
promotes angiogenesis, ensuring blood supply 
and nutritional delivery. SOX-9 regulates chon-
drogenesis, guiding cartilage formation and bone 
repair. These factors coordinate to enhance phy-
sis regeneration during bone healing.8, 9

A comprehensive comparison of BM-MSCs alone, 
PRF alone and the combination of MSCs and PRF 
elucidates their individual and synergistic re-
generative potential, underlying mechanisms, 
clinical significance, therapeutic interactions 
and inherent limitations, ultimately contribut-
ing to more effective tissue repair and regener-
ation strategies.10, 11 However, research on their 
effectiveness in physeal injuries, specifically in 
osteochondral union promotion and bony bridge 
prevention in fibrous union is limited: This study 
aimed to explore whether the combination of BM-
MSC and PRF can successfully regenerate physeal 
bone.
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A total of 24 preparations underwent histology 
examination with H&E staining, then observed 
under a microscope with 400 x magnification to 
identify the presence of fibrous union, osteochon-
dral union and bone union (Table 1) (Figure 1).

An immunohistochemistry examination was car-
ried out on 24 preparations using ELISA, with in-
dicators of physical bone regeneration examined 
in the form of transcription factors SOX-9, TNF-α 
and VEGF (Figure 2).

Results

PRF preparation
About 5 mL of venous blood was drawn from the 
rabbit’s ear and placed into sterile 6 mL vacuum 
tubes without any anticoagulant. The tubes were 
then placed in a centrifuge and spun at 2700 rpm 
for 12 min. This process resulted in three layers 
in the tube: the bottom layer containing red blood 
cells, the top layer containing cellular plasma and 
the middle layer containing a fibrin clot. The top 
plasma layer was removed and the middle layer 
was taken 2 mm below the dividing line.

BM-MSC preparation
Bone marrow sampling. Rabbits were anesthe-
tised with ketamine (40 mg/kg) and xylazine (10 
mg/kg). The rabbits were then sacrificed. The fe-
mur bones were collected and sectioned for BM-
MSC culture.

BM-MSC culture. Bone marrow samples were di-
luted with MSC growth medium and distributed 
across multiple culture dishes. The dishes were 
incubated at 37 °C with 5 % CO2 and 2 % O2 (hy-
poxia) for 4-5 days. The medium was replaced ev-
ery 3-4 days to remove dead cells. MSC colonies 
started forming within 5-7 days, with some cells 
continuing to divide. By days 12-14, small colonies 
were visible. Cells were washed and sub-cultured 
using trypsin or EDTA to detach them. The cells 
were then washed off the surface and divided into 
two dishes. If needed, MSCs were concentrated by 
centrifugation and resuspended in fresh growth 
medium. The cells were counted using a haemo-
cytometer and placed into tubes at the final con-
centration. This process allowed for the isolation 
and expansion of MSCs for further study.

BM-MSC characterisation and differentiation. The 
process involved extracting bone marrow, cultur-
ing the mononuclear cells in DMEM medium with 
10 % foetal bovine serum and subculturing when 
the cells reached 80 % confluence. The cells were 
then washed, counted and verified for cell pheno-
type. The final product was a suspension of 1.0-
2.5 × 10⁶ BM-MSCs per 2 mL, ready for transplan-
tation. 

Physeal injury model
The injury model was applied to the right proxi-
mal tibia of rabbits. A 3 cm incision was made to 
expose the physis. The soft tissue was cleared to 
reveal the medial collateral ligament. A 1 mm drill 
bit was used to create a 5 mm deep defect perpen-
dicular to the tibial axis. The defect was irrigated 
with sterile saline and the wound closed with su-

tures. The rabbits were then allowed to resume 
normal activity. This model mimics a common in-
jury in humans and allows for the study of bone 
healing and regeneration.

PRF and BM-MSC implantation
The PRF and BM-MSC were implanted into the 
defect area, which was then closed with a muscle 
flap followed by wound closure. All animals were 
returned to their cages and monitored until the 
evaluation procedure.

Evaluation procedure
Animals were sacrificed in the fourth week and 
an evaluation was conducted by measuring the 
diameter of the bony bar using histological exam-
ination with haematoxylin-eosin (H&E) staining 
at 8 x magnification. Histological findings were 
evaluated with a histological grading scale mod-
ified from Wakitani et al with amount of the new 
bone 0 = < 25 %; +1 = 25-50 %; +2 = 50-75 %; 
+3 = 75-100 %; +4 = > 100 %, the mean amount of 
the repaired bone compared with the surrounding 
bone. Additionally, an evaluation was performed 
using immunohistochemistry (IHC) staining to as-
sess the expression of TNF-α, VEGF and SOX-9. The 
concentrations of TNF-α, VEGF and SOX-9 were 
measured from the injured physeal tissue using 
enzyme-linked immunosorbent assay (ELISA).

Statistical analysis
The recorded data were described, categorised 
and analysed using SPSS 27.0.0 for Windows 
(IBM Chicago, IL, USA). Appropriate parametric 
or non-parametric test were performed: Shap-
iro Wilk test, independent t-test, Mann-Whitney 
U-test. Significance was set at p < 0.05. 
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Sample N Osteochondral 
union

Bone
union

Fibrous
union

Control group

BM-MSC 
group

PRF group

BM-MSC and 
PRF group

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

0

0

0

0

0

0

+1

+1

+1

0

0

0

0

0

0

0

+1

+1

+2

+2

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+2

+1

+1

+2

+3

+3

+2

+1

+2

+1

+1

+1

+1

+2

+2

+1

+1

+3

+1

+1

+2

Table 1: Histological score of groups

Amount of the new bone, 0 = < 25 %; +1 = 25-50 %; +2 = 50-75 %; +3 = 
75-100 %; +4 = > 100 %; BM-MSC: bone marrow-mesenchymal stem cells; 
PRF: platelet-rich fibrin;

1. Control group

2. BM-MSC group

A

A B C

B
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Figure 1: Pathohistological examination: 1. Control group; 2. Bone marrow-mesenchymal stem cells (BM-MSC) group; 3. Platelet-rich fibrin 
(PRF) group; BM-MSC and PRF group: (A) Osteochondral union; (B) Bone union; (C) Fibrous union (magnification 400 x).

Figure 2: ELISA result (A) SOX-9 (The levels were highest in PRF and lowest in BM-MSC); (B) TNF-α (The levels were higher than the standard 
OD curve, indicating an increase in TNF-α in all samples); and (C) VEGF (The levels were higher than the standard OD curve, indicating an 
increase in VEGF in all samples. The largest increase was observed in the PRF sample, while the smallest increase was in the BM-MSC and 
PRF sample). The yellow dot represents BM-MSC; Orange dot represent PRF; Green dot represent BM-MSC and PRF; TNF-α: tumour ne-
crosis factor-alpha; VEGF: vascular endothelial growth factor; SOX-9: SRY-box transcription factor 9; BM-MSC: bone marrow-mesenchymal 
stem cells; PRF: platelet-rich fibrin;

3. PRF group

Transcription factor examination

4. BM-MSC and PRF group

A

A

A

B

B

B

C

C

C

Comparison analysis in this study showed, most 
Shapiro-Wilk p-values were above 0.05, except 
for PRF data with the TNF-α indicator. For the 
SOX-9 indicator, the p-values for independent 
t-tests were: control vs BM-MSC (p = 0.099), con-
trol vs PRF (p = 0.202), control vs BM-MSC and 
PRF (p = 0.348), BM-MSC vs PRF (p = 0.032), MSC 

vs BM-MSC and PRF (p = 0.727) and PRF vs BM-
MSC and PRF (p = 0.105). For TGF-α, Mann-Whit-
ney and t-test p-values were non-significant. For 
VEGF, significant differences were observed in 
control vs BM-MSC and PRF (p = 0.008) and PRF 
vs BM-MSC and PRF (p = 0.021) (Table 2).
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0.918 ± 0.65

0.923 ± 0.18

0.918 ± 0.65

1.113 ± 0.14

0.918 ± 0.65

0.958 ± 0.16

0.923 ± 0.18

1.113 ± 0.14

0.923 ± 0.18

0.958 ± 0.16

1.113 ± 0.14

0.958 ± 0.16

0.501 ± 0.08

0.541 ± 0.10

0.501 ± 0.08

0.571 ± 0.07

0.501 ± 0.08

0.559 ± 0.07

0.541 ± 0.10

0.571 ± 0.07

0.541 ± 0.10

0.559 ± 0.07

0.571 ± 0.07

0.559 ± 0.07

1.067 ± 0.12

1.218 ± 0.08

1.067 ± 0.12

1.345 ± 0.15

1.067 ± 0.12

1.110 ± 0.15

1.218 ± 0.08

1.345 ± 0.15

1.218 ± 0.08

1.110 ± 0.15

1.345 ± 0.15

1.110 ± 0.15

Compared 
groups

Control
BM-MSC

Control
PRF

Control
BM-MSC + PRF

MSC
PRF

MSC
BM-MSC + PRF

PRF
BM-MSC + PRF

0.099 0.288 0.152

0.202 0.262 0.791

0.348 0.368 0.008*

0.032* 0.423 0.242

0.727 0.730 0.310

0.105 0.873 0.021*

Table 2: Comparison between groups of factors crucial for physis bone healing

* Independent t-test, p < 0.05, 95 % confidence interval; SD: standard deviation; TNF-α: tumour necrosis factor-alpha; VEGF: 
vascular endothelial growth factor; SOX-9: SRY-box transcription factor 9; BM-MSC: bone marrow-mesenchymal stem cells; PRF: 
platelet-rich fibrin;

SOX-9
Mean ± SD p-value

TNF-α
Mean ± SD p-value

VEGF
Mean ± SD p-value

A study by Wong et al demonstrated that a single 
intra-articular MSC injection into injured distal 
femur growth plates in rats enhanced growth 
plate repair and reduced limb-length discrep-
ancies, despite histological bone-bridge forma-
tion.13 Research by Guo et al showed a potential 
of MSCs, which facilitate growth plate repair and 
mitigate bone-bridge formation, influenced by 
MSC quantity, pre-existing conditions, growth 
factors, chondrocyte-MSC interactions and scaf-
fold roles.14 PRF promotes bone regeneration 
by significantly increasing osteoblast alkaline 
phosphatase activity within 72 hours post-PRF 
application, with low complication risks and sim-
ple preparation.15 It was hypothesised that the 
combination of BM-MSCs and PRF is considered 
optimal as it combines the osteogenic potential 
of BM-MSC with the growth factors of PRF and 
its gel form can serve as a scaffold for BM-MSC. 
However, presented study showed no significant 
differences in histological outcomes. A close ex-
amination of the histological results for osteo-
chondral union reveals that all samples produced 
similar outcomes. This union better represents 
the cartilage condition in the physis and de-
scribes non-bony bridge formation.

Additionally, administering a combination of BM-
MSC and PRF with the indicator SOX-9, TNF-α and 
VEGF yielded lower outcomes than PRF alone. 

Discussion When BM-MSCs were combined with PRF; SOX-9, 
TNF-α and VEGF results improved over controls 
but were similar to PRF. In bone regeneration, 
BM-MSC did not significantly outperform PRF. 
This aligns with Wang et al study, where a single 
intraarticular BM-MSC injection into 40 rat dis-
tal femurs with growth plate injuries triggered 
growth plate repair, reduced limb-length dis-
crepancy, but did not histologically inhibit bone-
bridge formation.10 

For physeal injuries, MSCs reduced bone-bridge 
formation and improved tissue repair. Factors in-
cluded MSC count, preconditions, growth factors, 
interactions and scaffolds.16 PRF has a straight-
forward manufacturing process with no risk of 
immunological rejection or infection from ad-
ditives. In presented study, there were observa-
tions of osteochondral union, bone union and a 
few fibrous unions. When PRF was administered 
with SOX-9, TNF-α and VEGF indicators, better 
outcomes were seen compared to controls. PRF 
also outperformed BM-MSC administration, with 
a significant difference observed in the SOX-9 in-
dicator. This aligns with research indicating that 
administering PRF to bone defects can enhance 
bone regeneration, as evidenced by increased al-
kaline phosphatase activity from osteoblasts 72 
h after PRF administration. PRF offers a low risk 
of complications and its manufacturing process is 
relatively simple.16 PRF treatment yielded higher 
Pax7 expression scores than the control at both 
two and four weeks, benefiting muscle healing. 
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PRF enhances bone union, cortical growth and 
graft integration in rabbits. However, research 
on PRF is limited, with no studies on its effects on 
physeal injuries.17, 18

In general, in presented study, the outcomes of 
treatment with BM-MSC alone, PRF alone and 
combination BM-MSC with PRF showed no sig-
nificant differences, contrasting with previous 
studies that reported MSC-PRF combination as 
having the best results in muscle.19 This is also in 
contrast with a systematic review of 24 studies, 
which demonstrated that combining PRF with 
other elements showed more promising results 
than using PRF alone. Several other conducted 
studies also show improved muscle regenera-
tion outcomes when using a combination of MSC 
compared to using biomaterials alone. Besides, 
usage of BM-MSC and PRF significantly enhanced 
physis bone healing, with TNF-α initiating the 
inflammatory response, VEGF promoting angio-
genesis and SOX-9 regulating chondrogenesis.15, 19 
However, no studies have specifically focused on 
the effects of BM-MSC and PRF on physeal injuries 
compared to BM-MSC alone and PRF alone. 

This study has several limitations that should be 
addressed in future research that subject rabbit 
results may not fully replicate human paediatric 
physeal injuries. However, four weeks may be too 
short to assess long-term bone regeneration. Ra-
diological evaluation with an X-ray or CT-scan is 
needed to assess bone healing post-physeal injury.

Administration of BM-MSC, PRF or a combina-
tion of BM-MSC and PRF showed comparable 
effectiveness in osteochondral union based on 
histological outcomes. Conversely, PRF alone 
exhibited the highest effectiveness in immuno-
histochemical analysis. However, none of these 
results were statistically significant.

Conclusion

Ethical Clearance was granted by the Animal 
Care and Use Committee (ACUC), Universitas Air-
langga, decision No 2.KEH.175.12.2022, dated 27 
December 2022.
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