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Abstract
Context: Anterior cruciate ligament (ACL) reconstruction often faces challenges due to poor integration of the tendon with bone.
Aims: To evaluate the potential benefits of alendronate and platelet-rich plasma (PRP) in enhancing tendon-to-bone osteointegration in ACL surgery.

Methods: This was a post-test only control group experimental study with Ovis aries Linnaeus sheep as experimental animals. The sample was divided into
four groups: the control group ACL reconstruction with calcaneal tendons given NaCl, the group given PRP, alendronate, and PRP and alendronate. Bone
healing biomarkers (NF-kB, TNF-a, MMP-9, TGF-B1, and COL1A1) were examined through immunohistochemical analysis and histological studies to assess
osteoblast counts and inflammatory tissue.

Results: There was a statistically significant (p<0.05) increase in MMP-9 and osteoblast count after alendronate and PRP administration. Administration of
alendronate and PRP also increased other variables, namely TNF-a, COL1AL, and the level of inflammation, although not statistically significant (p>0.05). The
intervention did not affect NF-kB and TGF-31 (p> 0.05).

Conclusions: These results show that the administration of alendronate and PRP improves the healing of tendon-calcaneal ACL reconstruction surgery in
sheep.

Keywords: alendronate; anterior cruciate ligament reconstruction; platelet-rich plasma.

Resumen

Contexto: La reconstruccién del ligamento cruzado anterior (LCA) a menudo se enfrenta a desafios debido a la mala integracion del tenddn con el hueso.
Objetivos: Evaluar los beneficios potenciales del alendronato y el plasma rico en plaquetas (PRP) en la mejora de la osteointegracion tenddn-hueso en la
cirugia del LCA.

Métodos: Se trat6 de un estudio experimental de grupo control sélo postest con ovejas Ovis aries Linnaeus como animales de experimentacién. La muestra se
dividié en cuatro grupos: el grupo de control de reconstruccién del LCA con tendones calcaneos al que se administré NaCl, el grupo al que se administrd PRP,
alendronato, y PRP y alendronato. Se examinaron los biomarcadores de curacién ésea (NF-kB, TNF-a, MMP-9, TGF-B1 y COL1Al) mediante analisis
inmunohistoquimicos y estudios histolégicos para evaluar el recuento de osteoblastos y el tejido inflamatorio.

Resultados: Hubo un aumento estadisticamente significativo (p<0,05) de la MMP-9 y del recuento de osteoblastos tras la administracién de alendronato y
PRP. La administracién de alendronato y PRP también aumentd otras variables, concretamente el TNF-a, COL1AL y el nivel de inflamacién, aunque no de
forma estadisticamente significativa (p>0,05). La intervencidn no afect6 al NF-kB ni al TGF-B1 (p>0,05).

Conclusiones: Estos resultados demuestran que la administracién de alendronato y PRP mejora la cicatrizacidn de la cirugia de reconstruccién del LCA
tendinoso-calcaneo en ovejas.

Palabras Clave: alendronato; reconstruccion del ligamento cruzado anterior; plasma rico en plaquetas.

ARTICLE INFO AUTHOR INFO
Received: October 14,2023. ORCID:
Accepted: January 5, 2024. 0000-0002-7587-8374 (TS) 0000-0002-3498-5106 (AM)

Available Online: February 16, 2024. 0000-0002-5494-4571 (BP) 0000-0002-5501-3541 (BW)



https://jppres.com/
https://doi.org/10.56499/jppres23.1845_12.3.526
mailto:tangkas_sibarani@staff.uns.ac.id
mailto:sbrn.orto@gmail.com
https://orcid.org/0000-0002-7587-8374
https://orcid.org/0000-0002-3498-5106
https://orcid.org/0000-0002-5494-4571
https://orcid.org/0000-0002-5501-3541

Sibarani et al.

INTRODUCTION

The anterior cruciate ligament (ACL) is a strong fi-
brous ligament that is minimally vascularized and
located inside the knee joint, so ACL reconstruction
using tendon/ligament donors is the main option for
maintaining knee joint stability (Gans et al., 2018). The
incidence of ACL ligament rupture itself varies. In the
United States alone, 80,000 to 250,000 cases per year
can be seen, with up to 50,000 cases per year of recon-
structive surgery performed (Zbrojkiewicz et al,
2018). The procedure of ACL reconstruction is a high-
ly efficacious surgical intervention, yielding a re-
markable 75 to 90% of patients reporting positive
outcomes categorized as good or excellent. However,
it is important to note that a considerable proportion
of patients (10 to 15%) may necessitate a revision pro-
cedure (Samitier et al., 2015). One of the etiologies of
graft failure that continues to occur is a failure of os-
teointegration of the tendon to the bone (Gans et al,,
2018).

So far, the treatment for ACL rupture is ACL re-
construction alone without bioengineering from plate-
let-rich plasma (PRP) or injection of other drugs. It is
necessary to be bioengineered to prevent the failure of
ACL reconstruction, so several studies have been
carried out, including using alendronate (ALN) and
PRP. Alendronate substantially enhances bone mass
and tissue density within the bone canal. Moreover,
alendronate also augments peri tunnel bone mass and
density along the tunnel, resulting in superior integra-
tion of the graft tunnel in the 6th week. Alendronate
diminishes peri-tunnel bone resorption, enhances
tissue mineralization within the tunnel as well as
histologically and biomechanically, and expedites the
healing of graft tunnel, which is presumably attribut-
able to the reduced expression of MMP-9 and CD 68-
positive cells (Lui et al., 2013).

PRP is a highly concentrated autologous suspen-
sion of platelets in plasma following centrifugation.
This exceptional blood product is packed with an
impressive selection of proteins and growth factors,
which are crucial in managing the growth and matu-
ration of a diverse range of tissues. The utilization of
PRP has been shown to greatly accelerate the process
of wound healing by boosting the proliferation of
cells, formation of matrices, and osteoid production. It
also promotes the healing of connective tissue, angio-
genesis, and collagen synthesis (Gobbi and Vitale,
2012).

The balance between bone resorption and for-
mation is critical for maintaining bone mass. The re-
duction in bone mass is brought about by inflamma-
tory conditions that promote bone resorption while
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impeding bone formation. It has been reported that
NF-«B inhibitors possess anti-inflammatory proper-
ties, while also inhibiting osteoclast formation and
promoting bone formation. Tumor necrosis factor
alpha (TNF-a) has been found to cause the degrada-
tion of bones by stimulating osteoclast activity while
hindering the differentiation of osteoblasts and induc-
ing apoptosis. Therefore, biologic drugs targeting
TNF-a are effective for treating bone damage (Zhao,
2017). TGFE-p is the primary endogenous growth fac-
tor in bone healing that stimulates cellular activity,
growth, differentiation, and extracellular matrix pro-
duction. The TGF-p released by the platelets in the
affected region after the formation of the first blood
clot leads to the proliferation of periosteal cells
(Boakye et al., 2015). Osteoblasts, which are in charge
of bone formation, develop from precursors found in
the periosteum's deeper layers and the bone marrow.
They then produce an osteoid matrix, primarily type I
collagen (Zhao, 2017).

Based on the background of the problems present,
the study was designed to investigate the impact of
alendronate and PRP on calcaneal tendon-based ACL
surgery in experimental animals, specifically at the
molecular level.

MATERIAL AND METHODS

Experimental animals

This study has procured ethical clearance from the
Research Ethics Commission of the Faculty of Veteri-
nary Medicine, Gadjah Mada University, bearing the
identifier Number 0008/EC-FKH/ Ex./2021.

The experimental study utilized Owvis aries Linnae-
us sheep as experimental animals in a post-test only
control group design. The study was scheduled from
March 2021 to December 2022 at Lembaga Penelitian
dan Pengujian Terpadu (LPPT) Universitas Gajah
Mada in Yogyakarta, Indonesia. The research was
conducted in collaboration with the Department of
Anatomical Pathology, Dr. Moewardi Hospital, in
Surakarta, Indonesia. The research subjects were male
sheep, aged about two years and weighing 20 kg,
obtained from the Universitas Gajah Mada. Adapta-
tion was carried out for research subjects with appro-
priate cage care so they continued moving freely and
did not experience stress. All research subjects were
given a standard diet during the trial period. ACL
reconstruction was carried out afterward. The num-
ber of samples taken was 28, divided into 4 groups.
The first/control group (K0) was given only NaCl, the
second group (K1) was given only alendronate, the
third group (K2) was given PRP only, and the fourth
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group (K3) was given PRP and alendronate. After 12
weeks, the subjects were sacrificed, and the histologi-
cal/chemical examination was conducted afterward.

Platelet-rich plasma

Each 10 mL of blood taken was given 1 mL of so-
dium citrate and then spun with 900 relative centrifu-
gal force (RCF) for 5 minutes to form a platelet-poor
plasma (PPP) layer, buffy coat, and red blood cells.
The PPP layer and the buffy coat were separated with
a second spin with a speed of 1500 RCF to form two
layers of PPP and platelet pellets. The PRP was ob-
tained with the homogenization of the two layers
(Machado et al., 2019).

Alendronate administration

Alendronate was administered subcutaneously,
with a moderate dose of 60 pg/kg, once a week for six
weeks (Lui et al., 2013).

ACL reconstruction

The ACL reconstructive surgery procedure was
performed surgically in a veterinary operating room.
The sheep were anesthetized by the veterinarian, and
then the hair around the operating area was shaved
and cleaned with betadine and 70% alcohol. A sterile
drape was attached to the operating area, and the
knee joint was opened through a medial parapatellar
incision. The semitendinosus tendon from the same
side was isolated as a graft; its length and diameter
were measured, and the graft was compacted with a
holding suture, then the diameter of the graft was
measured again. The patella was dislocated, and the
prepatellar fat pad was cleaned. The original ACL
was identified and cut, and the length and diameter
were measured. Then, a femoral tunnel was created
from the ACL footprint at a 55-degree angle to the
articular surface using a K wire. A tibial tunnel was
created at a 55-degree angle to the articular surface
using K wire. The ends of the graft were wrapped
with a collagen scaffold, and then the graft was im-
mersed in PRP. The tendon graft was pulled into the
tunnel, and the femoral and tibial ends were fixed
using a bio-degradable screw with a diameter of 6-7
mm with maximum tension at 30 degrees of flexion.
PRP was injected around the graft in the tunnel. The
synovial and joint capsule were closed. The patellar
was relocated and sutured, and then the wound was
covered with a gauze dressing (Meller et al., 2008).

Evaluation of immunohistochemistry

The examination of outcomes from immunohisto-
chemistry was executed via the utilization of an
Olympus CX22 Microscope. This was carried out by a
trained professional in the field of Anatomical Pa-
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thology, specifically an Anatomical Pathologist, with-
in the Department of Anatomical Pathology, Sebelas
Maret University. All 28 samples were observed for
accumulated total expression of NF-xB, TNF-a, MMP-
9, TGF-B1, and COL1A1l. Stained cells that exhibit
immunoreactivity would be enumerated for their
complete aggregation in the full field of vision, em-
ploying a magnification of 400x. Subsequently, the
overall percentage would be evaluated to be em-
ployed as the percentage of NF-xB, TNF-a, MMP-9,
TGF-f1, and COL1A1 protein expression. Meanwhile,
the number of osteoblasts and the percentage of in-
flammation were examined for histological inspec-
tion.

Statistical analysis

In this study, the data obtained was statistically
analyzed using the Statistical Product and Service
Solutions (SPSS) program for Microsoft Windows
release 25.0. The number of research samples was less
than 50 samples, so the Shapiro-Wilk distribution test
was used to determine the distribution of expression
data for all immunohistochemical variables and histo-
logical data. The statistical test used was the one-way
ANOVA test to compare 4 unpaired sample groups
with normal distribution. If the data was not normally
distributed, it was first transformed using the root
transformation so that it was normally distributed. If,
after the transformation, it was still not normally
distributed, the Kruskal-Wallis test was used (Dahlan,
2011).

RESULTS

Post-test histological tissue collection was carried
out after the sample received ACL reconstruction and
different interventions for 12 weeks at the Animal
Laboratory of the Faculty of Veterinary Medicine
UGM. The sample tissue was then brought to the
Laboratory of Anatomical Pathology, Faculty of Med-
icine, Sebelas Maret University, where immunohisto-
chemistry was used to check for the variables under
investigation. All research results are presented in
Table 1. All histological analysis results were provid-
ed in the attachment section after the references (see
Supplementary data).

The results of immunohistochemical examination
of NF-kB, TNF-a, MMP-9, TGF-$1, and COL1A1 are
expressed in percentage form of stained variables
compared to the entire tissue. The mean NF-xB per-
centage in the control group (K0) was 32.14 £ 25.31.
While the average number of NF-kB in the sample
group treated with alendronate (K1), PRP (K2), and
PRP with alendronate (K3) respectively were 22.07 +
19.51, 31.79 + 14.05, and 27.50 + 23.80%. The mean
TNF-a percentage in the control group (K0) was 31.14
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Table 1. The mean percentage of the results of the immunohistochemical variable.

Group N Mean + standard deviation (%) P-value
NF-«B 0.792°
KO 7 32.14+25.31

K1 7 22.07+19.51

K2 7 31.79+14.05

K3 7 27.50 +23.80

TNF-a 0.145°
KO 7 31.14+33.14

K1 7 43.93+9.56

K2 7 65.36 +24.43

K3 7 58.57 +15.47

MMP-9 0.015°*
KO 7 10.64 +16.22

K1 7 11.79£15.37

K2 7 40.00 +23.80

K3 7 40.00 +27.12

TGF-B1 0.673°
KO 7 2.86+7.56

K1 7 0.36 £0.48

K2 7 2.64+5.53

K3 7 0.21+0.39

COL1A1 0.465%
KO 7 34.64 +23.17

K1 7 41.43+22.31

K2 7 53.93+29.11

K3 7 36.07 +22.82

KO: control group; K1: alendronate group; K2: PRP group; K3: PRP and alendronate group. *One-way ANOVA test (numeric data normally distributed);
PKruskal Wallis test (numeric data is not normally distributed); *significant at a = 5%, p<0.05.

+ 33.14%. While the average TNF-a in the sample
group treated with alendronate (K1), PRP (K2), and
PRP with alendronate (K3), respectively, were 43.93 +
9.56, 65.36 + 24.43, and 58.57 + 15.47%. The mean per-
centage of MMP-9 in the control group (K0) was 10.64
* 16.22. While the mean percentage of MMP-9 in the
sample group receiving alendronate (K1), PRP (K2),
and PRP with alendronate (K3), respectively, were
11.79 + 15.37, 40.00 + 23.80, and 40.00 + 27.12%. TGF-
1 mean percentage in the control group (KO0) was
2.86 £ 7.56. While the mean percentage of TGF- p1 in
the alendronate group (K1), PRP (K2), and PRP with
alendronate (K3), respectively, were 0.36 + 0.48, 2.64 +
5.53, and 0.21 * 0.39%. The mean COL1A1 percentage
in the control group (K0) was 34.64 £ 23.17. While the
mean percentage of COL1A1l in the sample group
receiving alendronate (K1), PRP (K2), and PRP with
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alendronate (K3), respectively, were 41.43 + 22.31,
53.93 £ 29.11, and 36.07 + 22.82%.

According to a one-way ANOVA analytical test,
the NF-xB and COL1A1 groups did not differ signifi-
cantly. This demonstrated that these two variables did
not significantly differ between groups. Further study
of Tukey's post hoc test was not conducted because
there were no apparent differences between the
groups.

According to the results of the Kruskall-Wallis
analysis test, the MMP-9 variable demonstrated that
there were significant differences between the groups.
So, a follow-up study of the Mann-Whitney post hoc
test was performed to determine which group differ-
ences were significant.

J Pharm Pharmacogn Res (2024) 12(3): 529


https://jppres.com/

Sibarani et al.

Alendronate and platelet-rich plasma in sheep anterior cruciate ligament

Table 2. Results of MMP-9 analysis with post hoc test Mann-Whitney.

Variable Group Sig.
KO vs. K1 0.805
KO vs. K2 0.026*
KO vs. K3 0.026*

MMP-9
K1 vs. K2 0.026*
K1vs. K3 0.026*
K2 vs. K3 0.902

KO: control group; K1: alendronate group; K2: PRP group; K3: PRP and alendronate group.

Table 3. The mean result of histological variable.

Group N Mean * standard deviation (%) P-value
Number of osteoblasts 0.017%*
KO 7 391.14+106.48

K1 7 380.86 +125.17

K2 7 485.43 £153.15

K3 7 593.71+127.37

Inflammation 0.72°
KO 7 8.57+5.37

K1 7 15.43+19.93

K2 7 30.36 £28.74

K3 7 15.00 £15.34

KO: control group; K1: alendronate group; K2: PRP group; K3: PRP and alendronate group. *One-way ANOVA test (numeric data normally distributed);
PKruskal Wallis test (numeric data, not normally distributed); *significant at a =5%, p<0.05.

Table 4. The analysis results of the number of osteoblast cells by post hoc test LSD.

Variable Group Sig.
KO vs. K1 0.883
KO vs. K2 0.185
KO vs. K3 0.007*

MMP-9
K1 vs. K2 0.143
K1vs. K3 0.005*
K2 vs. K3 0.130

KO: control group; K1: alendronate group; K2: PRP group; K3: PRP and alendronate group.

Based on the outcomes of the post hoc analysis
from Table 2, notable distinctions were observed
among the MMP-9 variables in the KO vs. K2, KO vs.
K3, K1 vs. K2, and K1 vs. K3 groups. However, the KO
vs. K1 and K2 vs. K3 groups did not exhibit any sig-
nificant difference. These findings suggest that the
PRP-administered group invariably exhibited a note-
worthy difference when compared to the non-PRP
group. Nevertheless, the PRP and alendronate group
did not depict any significant difference compared to
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the PRP group, nor did the control group exhibit any
significant difference compared to the alendronate
group.

The results of histological and histochemical exam-
ination were carried out by evaluating the number of
osteoblasts and assessing the level of inflammation.

The variable data are then displayed as mean results
according to Table 3.

J Pharm Pharmacogn Res (2024) 12(3): 530


https://jppres.com/

Sibarani et al.

Table 3 shows the mean histological results in each
study group. First, the mean total number of osteo-
blasts in the control group (KO0) and the alendronate
(K1), PRP (K2), and PRP and alendronate (K3) sam-
ples, respectively, were 391.14 * 106.48, 380.86 *
125.17, 485.43 + 153.15 and 593.71 + 127.37%. The
mean levels of inflammation in the control group (KO0)
and the alendronate (K1), PRP (K2), and PRP and
alendronate (K3) sample groups, respectively, were
8.57 £ 5.37, 1543 + 19.93, 30.36 + 28.74, and 15.00 +
15.34%.

Based on the comparative test results that have
been conducted, a significant difference (p<0.05) in
the number of osteoblast cells between groups was
observed (Table 4). By contrast, in terms of inflamma-
tion level, no significant difference was detected be-
tween the groups (p>0.05). This implies that in this
study, neither the control group nor the groups ad-
ministered with alendronate and PRP exhibited any
differences in the level of inflammatory tissue. While
the intervention demonstrated a significant contrast
in the quantity of osteoblast cells, a post hoc follow-
up analysis was performed to determine which dif-
ferences among the groups were significant.

Based on the post hoc analysis results, there was a
significant difference between the number of osteo-
blast cells in the KO vs. K3 and K1 vs. K3 groups.
Meanwhile, between groups KO0 vs. K1, KO vs. K2, K1
vs. K2, and K2 vs. K3 did not show significant differ-
ences. These results indicated that the combination of
alendronate and PRP provided a significant difference
in the number of osteoblast cells when compared to
the control group (KO) or the PRP treatment group
alone (K2).

DISCUSSION

According to the findings of this investigation, nei-
ther PRP nor alendronate nor their combination
demonstrated a significant variance in average rates
of NF-kB across groups. This outcome deviates from
prior research. Xin et al. (2020) discovered a reduction
(p<0.01) in protein expression associated with the NF-
kB signaling pathway in the ALN and PRP group in
comparison to the OA group. Moreover, the ALN +
PRP group exhibited a greater protein expression
decrease than the ALN or PRP group alone (p<0.01).
This phenomenon can be attributed to ALN or PRP
treatment enhancing chondrocyte viability. Notably,
the ALN + PRP group displayed a higher level of
chondrocyte viability than the ALN and PRP groups.
Other investigations have demonstrated a positive
correlation between elevated leukocyte concentrations
and high interleukin-1 beta (IL-1P) levels and TNF-a
in leukocyte-concentrated PRP. This rise in TNF-a is
consistent with the present research outcomes, which
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revealed an increase in TNF-a in the PRP group, alt-
hough this increase was not statistically significant.
The upsurge of IL-1p and TNF-a levels plays a crucial
role in the inflammatory response, leading to an esca-
lation in NF-«B (Yin et al., 2017).

This study also showed that giving PRP or PRP
with alendronate increased MMP-9 statistically signif-
icantly. PRP itself is known to have high concentra-
tions of cytokines such as TNF-a and IL-1p, which
positively correlates with MMP-9 concentrations. The
primary function of platelet-rich plasma lies in its
ability to optimize the growth factors contained with-
in platelet a-granules, aiming to foster an anabolic
environment at the injury site (Sundman et al., 2011).

This study has yielded the finding that the admin-
istration of alendronate or alendronate in conjunction
with PRP resulted in a reduction of TGF-f1, albeit
lacking statistical significance. It has been demon-
strated that the inhibition of TGF-P1 signaling can
lead to an increase in bone mass and an enhancement
of bone quality (Jia et al., 2013). In this study, PRP did
not induce any significant alteration in TGF-p1 ex-
pression. However, a different study reported an ele-
vation in TGF-f1 expression 12 weeks following sur-
gery with PRP administration. TGF-p1 can stimulate
mesenchymal stem cells and chondrocytes, thereby
facilitating chondrogenic proliferation. Furthermore,
it impedes the catabolic activity of IL-1, which pro-
motes the degradation of the cartilage extracellular
matrix (Boakye et al., 2015).

This study also showed that giving PRP increased
COL1A1, although not statistically significant, this
result is in line with previous research, which found
PRP increased COL1A1, which was statistically signif-
icant. The increase in COL1A1 by PRP likely origi-
nates from platelet a-granules. Furthermore, it is
widely acknowledged that PRP possesses cartilage
oligomeric matrix protein (COMP), a non-collagen
pentameric glycoprotein that plays a significant role
in the construction of the collagen matrix through its
binding to collagen types I and II, subsequently pro-
moting collagen fibrillogenesis (Avila et al., 2016;
Schnabel et al., 2007).

Based on the findings of the present investigation,
notable variations were detected in the mean count of
osteoblast cells among the groups, as inferred from
the One-Way ANOVA comparative test analysis. The
administration of alendronate and PRP yielded a
noteworthy disparity in the average count of osteo-
blast cells compared to the control group (K0) and the
alendronate group (K1). Nevertheless, no significant
difference was observed between the PRP (K2) and
alendronate with PRP (K3) groups. These results
demonstrate that PRP has a significant impact on the
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augmentation of osteoblast cells. These conclusions
are consistent with Kinoshita et al. (2020) research,
which established that the administration of PRP led
to a ten-fold surge in the number of osteoblasts in
comparison to non-administration. This phenomenon
is attributable to the elevated platelet-derived growth
factor (PDGF) level present in PRP (Lee et al., 2013).
The elevated content of PDGF has been observed to
amplify the proliferation rate of osteoblasts through
the PDGFR-mediated ERK signaling pathway (Ki-
noshita et al., 2020). The induction of osteoblast dif-
ferentiation is achieved by PDGF through the aug-
mentation of collagen synthesis, bone cell prolifera-
tion, and tissue repair (Shah et al., 2014). Furthermore,
the aforementioned findings are in concurrence with a
systematic analysis conducted by Gentile and Garco-
vich (2020), wherein they ascertained that PRP in-
duced a considerable elevation in osteoblast prolifera-
tion. The research conducted by Arumnada (2021)
suggests that using PRP after a 60-day interval signif-
icantly enhanced the quantity of histologically detect-
ed osteoblasts, which aligns with the results obtained
in this investigation.

Based on histological studies, there was no differ-
ence in the level of inflammation in the control group
(KO), the alendronate group (K1), the PRP group (K2),
and the PRP and alendronate group (K3). The results
obtained did not exhibit a significant difference in the
inflammatory tissue in the histological studies despite
indicating an increase in the intervention groups. The
absence of significant differences is likely attributable
to the extensive duration between the intervention
and the evaluation, which allowed for the resolution
of the inflammatory process. In studies concerning
alendronate and its impact on inflamed tissue, admin-
istering alendronate did not elicit any substantial
differences in the response of inflammatory cells and
tissues observed from a histological perspective com-
pared to the control group on days 30 and 60. These
findings are analogous to those of the present study
(Cengiz et al., 2005).

The findings of this research proved that the com-
bination of PRP and alendronate significantly increas-
es the total count of osteoblast cells, which improves
tendon-to-bone healing after six weeks. These find-
ings showed different results from a systematic re-
view from Figueroa et al. (2015) that found there was
no evidence regarding the improvement of tunnel
healing with the intervention of PRP only (Figueroa et
al, 2015). Nevertheless, a recent meta-analysis
showed that the administration of PRP improved the
clinical outcomes of ACL reconstruction assessed
through VAS, IKDC, and Lysholm and Tegner scores
(Zhu et al., 2022) even though further research is still
needed to reduce inconsistencies in existing findings.
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This study is subject to a significant limitation,
namely the small size of the specimens utilized in the
investigation. The researcher readily acknowledges
that a more sizable sample would yield more robust
and meaningful findings. Therefore, it is highly rec-
ommended that future research should consider us-
ing data obtained from a larger sample size. Despite
the limitations acknowledged, the author remains
confident that our research provides valuable insights
into the integration of tendons and bones in the ante-
rior cruciate ligament of sheep.

CONCLUSION

The administration of alendronate and PRP result-
ed in a significant increase in MMP-9 and osteoblast
count, as well as TNF-a, COL1A1, and inflammation
levels, except for the latter, which was not statistically
significant. Additionally, the administration of alen-
dronate and PRP exhibited a reduction in NF-kB and
TGEF-p1. These findings demonstrate that the admin-
istration of alendronate and PRP enhances the tunnel
healing process of ACL reconstruction surgery utiliz-
ing tendon-calcaneal in sheep. However, further re-
search is required before direct application in humans
can be considered.
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Supplementary data
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Figure S1. Results of NF-kB immunohistochemistry.

NF-kB immunohistochemical staining shows its expression in the cytoplasm of cells marked in brown using 10x magnification in each group.
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Figure S2. Results of TNF-a immunohistochemistry.

TNF-a immunohistochemical staining shows its expression in the cytoplasm of cells marked in brown using 10x magnification in each group.
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Figure S3. Results of MMP-9 immunohistochemistry.

MMP-9 immunohistochemical staining shows its expression in the cytoplasm of cells marked in brown using 10x magnification in each group.
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Figure S4. Results of TGF-B1 immunohistochemistry.

TGF-B1 immunohistochemical staining shows its expression in the cytoplasm of cells marked in brown using 10x magnification in each group.
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Figure S5. Results of COL1A1 immunohistochemistry.

COL1Al immunohistochemical staining shows its expression in the cytoplasm of cells marked in brown using 10x magnification in each group.
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Figure S6. Hematoxylin eosin (HE) staining results for the number of osteoblasts.

HE staining showed the number of osteoblasts showing osteoblast cells using 10x magnification in each group. All osteoblasts were counted by an anatomical
pathologist.
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Figure S7. Hematoxylin eosin (HE) staining results for the inflammatory tissue.
HE staining shows the percentage of inflammatory tissue using 10x magnification in each group.
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