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ABSTRACT

Through the use of clinical locomotor and ultrasound measurements, this study
was aimed at investigating the impact of advanced platelet-rich fibrin (A-PRF),
mesenchymal stem cell-derived microvesicles (MVs), and zinc oxide
nanoparticles (ZnO-NPs) on the healing of tendon defects in rabbits. Thirty-six
adult male New Zealand rabbits were allocated into four equal groups. An
Achilles tendon defect was induced. The control group was left untreated, A-PRF
group treated with application of PRF membrane, ZnO-NP group was treated
with 0.2% ZnO-NPs, and MV group treated with MSC-derived MVs. Healing was
assessed through clinical and ultrasound evaluations at 2-, 4- and 6-weeks.
Results revealed that all the treatment groups had better outcomes than the
control group regarding lameness, pain during complete flexion of the tarsal
joint, adhesion, and inflammation. The MVs and ZnO-NPs significantly decreased
lameness and adhesion than the A-PRF and control groups. Ultrasonographic
examination revealed a normal echogenic fibrillar pattern with normal margins
and no evidence of ultrasonographic abnormalities in the MVs or ZnO-NP groups
compared to other groups. Overall, ultrasonographic locomotive observation
revealed the MVs and ZnO-NP groups' superiority in treating Achilles tendon
defects compared with the A-PRF and control groups when used to fill a tendon
defect in a rabbit model.

Keywords: Achilles tendon, Healing, Lameness, Zinc-oxide Nanoparticles,
Microvesicles.

as a result of several extrinsic causes,
including steroids, medications, and
fluoroquinolones. (SODE et al., 2007y

INTRODUCTION

Tendon injuries, particularly those

affecting the Achilles tendon, pose
substantial challenges in veterinary
medicine. The tendon may deteriorate

as well as intrinsic factors such as age,
sex, and obesity (HOLMES and LIN,
2006). Additionally, the self-repairing
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ability of tendons is poor because
resident cells are rare and their
metabolism is high, which inhibits the
repair process from being properly
guided and restores native tissue
function. (SHARMA and
MAFFULLI, 2006; SHOJAEE and
PARHAM, 2019). The Achilles
tendon, which is crucial for locomotion
and overall musculoskeletal integrity,
often requires interventions that
enhance its natural healing process
(STEINMANN et al., 2020). Advanced
platelet-rich fibrin (A-PRF) is one of
platelet concentration materials and
has many advantages in many of
medicine  fields (KARIMI and
ROCKWELL, 2019). PRF can
stimulate the healing process for a
range of chronic tendons, bones,
muscles, and other injuries of soft
tissue (GRECU et al., 2019). It is a
cytokine  delivery  vehicle that
promotes cell viability, differentiation,
proliferation and extracellular matrix
synthesis (AL-HUSSEIN et al., 2023).
Recently, mesenchymal stem cell-
derived micro vesicles (MSCs-MVs)
have been identified as a new
therapeutic  strategy  for  tissue
regeneration (MOHAMMADI et al.,
2020). Microvesicles (MVs), also
known as microparticles, exosomes,
and ectosomes, are membrane tiny
vesicles that have the ability to
transmit proteins, messenger RNA
(mRNA), and microRNAs (miRNAs)
into cells, causing changes in the
recipient cells' gene expression,
proliferation, and  differentiation.
(TSENG and HSU, 2014). Compared
to MSCs, MVs not only play a pivotal
role in regeneration and tissue repair
but are also more durable and
preservable (Cocuccl and
MELDOLESI, 2015; PANT et al,
2012), inducing a greater protective
effect that decreases over time. In
addition, because of their small size,
systemic administration of MVs

instead of MSCs may reduce safety
concerns such as vascular occlusions
(XIE et al., 2016). Numerous studies
have examined the use of nanoparticles
in textile materials with the goal of
creating completed fabrics with
various performance levels. For
example, ZnO nanoparticles have been
used for antibacterial properties
(BECHERI et al., 2008), and have
attracted increased amounts of research
attention due to their safety (KHALIL
et al., 2019; SINGH et al., 2021). ZnO-
NPs are powerful wide-spectrum
antibacterial agents with a tidal effect
due to the generation of reactive
oxygen species along with the rupture
of the bacterial cell membrane (SINGH
et al., 2021). Moreover, ZnO-NPs have
been shown to enhance tendon, bone
and soft tissue regeneration (EL-
SHAER et al., 2022). Ultrasonography
is a noninvasive, dynamic tool that
provides real-time insights into tendon
healing. Through ultrasonographic
images, the echo pattern, width, depth,
and cross-sectional area of the Achilles
tendon can be measured, permitting us
to obtain a nuanced understanding of
regenerative processes over time,
which will provide valuable data on
the structural aspects of tendon healing
(ALKETBI, 2016). This study
addresses the regenerative potential of
ZnO-NPs, A-PRF, and MVs in
accelerating tendon healing using
ultrasonographic  assessments  and
lameness as key evaluation parameters.

MATERIALS AND METHODS
Animals:

The experimental protocol received
approval from the Local Ethical
Committee and the Institutional
Review Board of the Faculty of
Veterinary Medicine, New Valley
University, in adherence to pertinent
guidelines (ref. no. 4-2023-100086).
Thirty-six adult male New Zealand
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white rabbits, with an average weight
of 2.5-3.5 kg, were utilized. The
animals were housed singly in stainless
steel cages under a controlled
environment (25+5°C, 60-70% relative
humidity, 12-hour light/dark cycle),
access to dry food pellets and tap
water, and a two-week acclimation
period. All the rabbits were examined,
and they were free of any
musculoskeletal disorders.

Study Design:

Animals were categorized into four
groups: the control (untreated), A-PRF-
treated, MV-treated, and ZnO-NP-
treated groups. The control group was
used to assess natural Achilles tendon
healing, while the treated groups were
treated with A-PRF membranes, MV
gel, or ZnO-NP solution.

Preparation and Application of
Interventions:

Advanced Platelet-Rich Fibrin (A-
PRF): Prepared following Abd-Elkawi
et al. s protocol (ABD-ELKAWTI et al.,
2023), A-PRF membranes were
applied around the tendon defect.

MVs: MVs gel, derived from
lyophilized MSC extracellular vesicles
(EL-TOOKHY et al, 2017), was
injected around the tendon defect in
the MV-treated group.

ZnO-NPs: A 0.2% ZnO-NP (ZALAMA
et al., 2022) solution was injected
around the tendon defect in the ZnO-
NP treatment group.

Surgical procedure:

An incision of one cm, gently curved,
was made laterally to the Achilles
tendon. Following the creation of the
skin flap, two parallel incisions, each
0.5 mm wide and 5 mm long, were

made in the Achilles tendon. These
incisions extended from the tendon-
bone insertion at the calcaneus to the
mid-tendon, ensuring a full-thickness
defect in the mid-substance of the
tendon. (Figure 1). Once the tendon
defect was established, the respective
biomaterials were applied to the
treatment groups as follows:

e (Control Group: No biomaterial
was applied, allowing for the
natural healing process to
occur.

e A-PRF Treatment Group:
Advanced PRF membranes
were carefully placed between
and around tendon defect.

e For the MV-treated group, MV
gel was injected between and
around the tendon defect, and
this process was repeated twice
within a two-week interval.

o /nO-NP Treatment Group: A
0.2% ZnO-NP solution,
prepared as previously
described, was injected around
the tendon defect.

Study design, animal grouping and
treatment administration are illustrated
in Figure 2.

Following  the  application  of
biomaterials, meticulous closure of the
subcutaneous tissues and skin was
performed using standard surgical
techniques. Post closure of the skin, a
splint cast was used to immobilize the
operative limb for a week., ensuring
minimal disturbance to the applied
biomaterials and  facilitating a
controlled  healing  environment.
Throughout the entire procedure,
efforts were made to minimize
variability, providing a consistent and
reproducible model for subsequent
evaluations.
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Figure 1. Induction of a split tendon rabbit model. The surgical procedure
encompasses preparation of the surgical site (a), exposure of the Achillis tendon,
splitting of the tendon (c), and removal of a central tendon strip (d).
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Figure 2. Application of biomaterials into Achilles tendon defect. A. (A.PRF)
membrane into Achilles tendon defect, B. (MVs) injection into and around Achilles
tendon defect and C. (ZnO-NPs) injection into and around Achilles tendon defect.

Post-operative follow-up evaluation:

Following their procedure, the rabbits
were kept in a warm room at 37°C
until they were completely awake.
Upon regaining consciousness, the
rabbits were carefully transferred to
their individual cages. The rabbits
were closely monitored for any signs
of distress, general health, feeding,
weight, temperature, or breathing.
Wound healing and movement were
observed. A dose of 0.6 mgkg of
meloxicam (Anticox II 15 mg,
ADWIA, Egypt) was given to control
postoperative pain.

Clinical and locomotor evaluation:

All the groups were subjected to
clinical and lameness examinations
based on the blind observer’s reports,
and the assessments were performed at
the 2nd, 4™ and 6™ weeks post

implantation. Lameness and
comfortable/uncomfortable  physical
activities were assessed both in the
cage and on the floor. Pain upon
palpation of the injured area and pain
in complete or incomplete flexion of
the tarsal joint were assessed through a
numerical scale in which a score of
zero was considered to indicate
worsening or abnormal pain. This
numerical scale was modified from
those scales previously mentioned by
(CONZEMIUS et al., 2002; KIM et al.,
2010; STOLL et al., 2011).

Ultrasonographic evaluation:

Preoperative  ultrasound in  the
longitudinal plane was performed. A
numerical scoring system (Table 2)
was used to evaluate tendon healing
based on echo patterns according to
Saini et al. (SAINI et al., 2010)
Preoperative evaluations were
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performed to establish  baseline
measurements and reference values
using a Sonar device (Mindray DP-20,
MSL, Guangdong China) equipped
with a 10-14 MHz linear array probe.

Post implantation, ultrasonographic
examinations were conducted at the
2nd, 4™ and 6% weeks post
implantation. Longitudinal (LS) plane
images were acquired with the U.S.

beam set at a depth of 2-3 ¢cm and a
gain of 50%. The LS images were
analyzed for echo patterns and tendon
fiber arrangement utilizing a numerical
scoring system based on previously
described criteria (Table 1). The
ultrasonographic  images of the
individuals in the examined groups
were assessed blindly by two
specialists.

Table 1: Numerical scoring system for ultrasonographic evaluation of tendon healing
according to Saini et al. (SAINI et al., 2010).

Score Description
1 assigned when most of the area (80%) was anechoic.
2 assigned when half the area was anechoic, and half was a hypo echoic.
3 indicated that most of the area (80%) was hypo echoic.
4 Indicated the normal echotexture of the tendon, i.e., mottled hypo-echoic to
hyperechoic texture.

Histopathological examination:

Six weeks following the operation, the
Achilles tendons were removed by
dissection at the calcaneal insertion
and just below the musculo-tendinous
junction. The extracted tendons
underwent physiological buffer
washing, 48 hours of fixing in 10%
buffered formalin, dehydration, xylene
clearing, and paraffin embedding.
Haematoxylin and eosin (H&E) were
used to stain thin longitudinal sections,
4-5 um in thickness, that were cut from
the paraffin blocks that had hardened.

Statistical analysis:

The results were analyzed as the
median + standard deviation. Statistical
analyses were performed using one-
way ANOVA. P-value <0.05 was
considered a statistical significance.
The statistical analysis was conducted
using SPSS software (version 19.0;
IBM , America).

RESULTS

Clinical and locomotor findings:

Regarding the general health condition
of the rabbits, all rabbits in the treated
and control groups were in good health
by the 2™ week post implantation.
Moreover, statistical analysis revealed
no significant differences at any of the
evaluation times or among the groups.
The total clinical and locomotor
evaluation scores were significantly
different at all time points (P= 0.00)
among all the experimental groups
(P=0.000-0.001) (Table 2) (Figure 3).
Lameness was observed in all groups
at 2 weeks post implantation but
subsequently decreased gradually by 4
weeks  post  implantation  and
disappeared in the MVS- and ZnO-NP-
treated groups at 6 weeks post
implantation. During manipulation of
the operated leg in the 2" week of the
experiment, every rabbit in the tested
groups  displayed evidence  of
discomfort; however, the control group
had more obvious signals of pain than
the other groups. Pain decreased
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gradually until it disappeared at the 6"
week post implantation. All of the
animals showed evidence of complete
flexion of the tarsal joint in the
operated limbs by the 2" week
following implantation; however, this
flexion was more pronounced in the
control group than in the other
treatment groups and subsequently
decreased until it vanished in the A-
PRF, MVS, and ZnO-NP groups at the
6 week. Tendon adhesion to the skin
was observed at the 2" week post

implantation in all groups, but it was
more obvious in the control group than
in other groups and then decreased
gradually until the tendon became
more slidable at the 6" week post
implantation in the treated groups.
Inflammation was present in all groups
during the second postoperative week;
it progressively subsided and vanished
by the sixth postoperative week, except
for the MVS- and ZnO-NP-treated
groups.

Table 2: Results of clinical and locomotor score in control, A-PRF, MVS and ZnO-

NP groups.
Groups Times (weeks)
P value
2w 4w 6w
General health condition of rabbit
Control 00-0)" 1(0-1)" 1(1-1)* 0.027
A-PRF 00-0)" 11-1)° 1(1-1) -
MVS 0(0-1)" 1(1-1)" 1(1-1)* 0.079
ZnO-NPs 0(0-1)" 1(1-1)" 1(1-1)* 0.079
p. value 0.596 0.441 -
Lameness
Control 1(0-1)" 1(1-2)" 2(2-2)" 0.031
A-PRF 1(1-1)5" 2(2-2)% 2(2-3)%" 0.007
MVS 2(1-3)™" 2(2-3)™ " 3(2-3)%" 0.579
ZnO-NPs 2(2-3)"" 3(3-3)" 3(3-3)™ 0.079
p value 0.039 0.007 0.077
Pain on manipulation
Control 0(0-0)" 0(0-1)" 1(0-1)" 0.296
A-PRF 0(0-0)" 1(1-1)%" 2(1-2)* 0.003
MVS 00-1)" 1(1-2)" 2(2-2)" 0.014
ZnO-NPs 1(1-1)" 2(1-2)" 2(2-2)" 0.027
p value 0.009 0.055 0.002
pain in complete flexion of the tarsal joint
Control 0(0-0)" 1(0-1)" 2(1-2)" 0.014
A-PRF 00-1)" 2(2-2)™ 3(2-3)™ 0.002
MVS 1(1-1)" 2(2-2)"" 3(2-3)" 0.003
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ZnO-NPs 0(0-0)" 2(1-2)" 3(3-3)™ 0.000
p value 0.009 0.012 0.052
Connection of tendon to skin
Control 0(0-0) 0(0-0) 00-1)" 0.422
A-PRF 0(0-0)" 0(-1)" 1(0-1)" 0.296
MVS 00-1)" 1(1-1)™ 1(1-1)"™ 0.079
ZnO-NPs 1(0-1)" 1(1-1)" 1(1-1)% 0.422
p value 0.219 0.006 0.596
Inflammation
Control 0(0-0)" 0(0-0)" 1a-10° -
A-PRF 0(0-0)" 1(1-1)" 1(1-2)% 0.007
MVS 00-1)" 1(1-2)™ 2(2-2)" 0.014
ZnO-NPs 0(00-1)" 2(1-2)™ 2(2-2)™ 0.001
p value 0.596 0.005 0.006
Total clinical and locomotor evaluation score
Control 2(1-2) 32-3)" 7(6-8)" 0.000
A-PRF 1(1-2)% 7(6-7)" 9(9-10)" 0.000
MVS 3(3-3)"¢ 9(8-9)"® 11 (11 -12)™ 0.000
ZnO-NPs 4(3-4)" 10 (10 - 11) ™ 12 (11-12)"" 0.000
p value 0.001 0.000 0.000

* %% and *** : median and standard deviations with different asterisk superscripts in the
same column are significantly different at P <0.05.

a, b, c: Means and standard deviations with different lowercase letters in the same row are
significantly different at P <0.05.
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Figure 3: Total clinical and locomotor evaluation scores revealed significant
differences among the four groups (P = 0.000-0.000) at the 2nd, 4th, and 6th
postoperative weeks (P = 0.000). At the end of the observation period, there was no
significant difference between the MV and ZnO-NP groups (P=0.058), but there was a
significant difference between the two groups and between the A-PRF and control

groups.

Ultrasound findings (table 3) (fig: 8):

Ultrasonographic evaluation revealed
significant differences among the four
groups at the 4th and 6th postoperative
weeks. At 2 weeks, there was no
significant difference among the
control, A-PRF and ZnO-NP groups,
but there was a significant difference
between the three groups and the MV
group. At the end of the observation
period (at six weeks), the highest
ultrasonographic score was obtained in
the MV and ZnO-NP groups (P= 4).
(table 3 - Fig. 8) In the control group,
ultrasonography of the Achilles tendon
at the 2" week revealed the presence
of an entangled hyperechoic area in the
distal region (tendon insertion), loss of
a normal fibrillar pattern, irregularity
of tendon margins, and the presence of
a hypoechoic area in the mid-section of
the Achilles tendon. At the 4™ week,

there were irregularities in the tendon
margins and a loss of the normal
fibrillar pattern. At the 6 week, there
were irregularities in the tendon
margins (Figure 4). In the A-PRF
group, ultrasonographic examination at
2 weeks post implantation revealed a
hyperechoic area, loss of the normal
fibrillar pattern, and irregularity in the
tendon margins. At 4 weeks post
implantation, there was an irregular
fibrillar pattern and hyperechoic area
along the course of the tendon. Later,
at 6 weeks post implantation, there
were irregular tendon  margins,
hyperechoic areas along the tendon
fibrils and irregular fibrillar patterns.
(Fig. 5) Evaluation of ultrasonographic
images of the MV and ZnO-NP groups
revealed that 2  weeks  post
implantation, a hypoechoic area, an
irregular fibrillar pattern and irregular
tendon margins were present. At 4
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weeks post implantation, a normal echogenic fibrillar pattern
ultrasonographic examination revealed with normal margins and no evidence
only irregular tendon margins. At 6 of  ultrasonographic  abnormalities
weeks post implantation, (Figs. 6, 7).

ultrasonographic examination revealed

Control untreated group:

After induction of the lesion

6 weeks postoperative

Figure 4. Ultrasonographic findings in the control untreated group at 0-, 2-, 4- and 6-
weeks post-surgery. The red star indicates fibrous tissue formation, the orange star
indicates edema and inflammatory exudate, and the green star indicates a normal
arrangement of tendon fibers.

10
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A-PRF treatment group:

4 weeks postoperative

6 weeks postoperative

Figure 5. Ultrasonographic findings in the A-PRF-treated group at 0, 2, 4 and 6
weeks after surgery. The red star indicates fibrous tissue formation, the orange star
indicates edema and inflammatory exudate, and the green star indicates a normal
arrangement of tendon fibers.

11
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MYV-treated group:

After induction of the lesion

2 weeks postoperative

4 weeks postoperative

6 weeks postoperative

Figure 6. Ultrasonographic findings in the MV-treated group at 0, 2, 4 and 6 weeks
after surgery. The red star indicates fibrous tissue formation, the orange star indicates
edema and inflammatory exudate, and the green star indicates a normal arrangement
of tendon fibers.

12
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ZnO-NP-treated group:

2 weeks postoperative

4 weeks postoperative

6 weeks postoperative

Figure 7. Ultrasonographic findings in the ZnO-NP-treated group at 0-, 2-, 4- and 6-
weeks post-surgery. The red star indicates fibrous tissue formation, the orange star
indicates edema and inflammatory exudate, and the green star indicates a normal
arrangement of tendon fibers.

13
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Table 3: Results of ultrasound score in the control, A-PRF, MVS and ZnO-NP groups.

Groups Times ( weeks )
P-value

2w 4w 6w
Control 1(1-1) 1(1-2)" 2(2-3)" 0.031
A-PRF 2(1-2)5" 1 2(@2-2)™0 | 3(2-3)"" | 0.098
MVS 2(2-2)" [3@2-3)""0143-4)" | 0.014
ZnO-NPs 2(1-2)5"13@3-4)"" 1 43-4"" 0.011

p-value 0.085 0.006 0.045

k ksk kkck
s s

in the same column are significantly different at P < 0.05. a, b Median

(minimum-maximum) values with different letters in the same row are significantly

different at P<0.05.

| Ultrasonographic (US.) evaluation score

score

2w 4w

a ‘O"..

i Bl control
- mm A-PRF
B MVs

Bl ZnONPs

-
-
-
-
-
1]

6w

observation period

Figure (8) shows significant differences in ultrasonographic evaluation scores among
the four groups at the 4th and 6th postoperative weeks, while at 2 weeks of
observation, there was no significant difference among the control, A-PRF and ZnO-
NP groups; however, there was a significant difference between the three groups and
the MV group. At the end of the observation period (at six weeks), the highest
ultrasonographic score was obtained in the MV and ZnO-NP groups (4).

DISCUSSION

Animal models are crucial to the
understanding of tendinopathies and
Achilles tendon ruptures in terms of
surgery and recovery.(BEASON et al.,

14

2012; YASUDA et al., 2000). Because
the rabbit 1is readily available,
manageable, and has a suitable-sized
Achilles tendon, it has been utilized to
investigate the tendon. (JASSEM et al.,




Journal of Current Veterinary Research, Volume (7), issue (1), April 2025.

2001; THERMANN et al., 2001).
Moreover, the Achilles tendon of
rabbits is located superficially and
somewhat large, and this approach is
practical and economic (DE CESAR
NETTO et al., 2018; SKALEC et al.,
2016) Regarding clinical signs, the
operated rabbits in the different groups
had good general health conditions at
the first clinical investigation, and
there was no significant difference
between the groups. This might be due
to the proper postoperative care, which
led to the control of infection; these
results agree with those reported by
Bennett et al. and Atkins et
al. (ATKINS, 1960; BENNETT JR and
BEESON, 1953). In parallel, lameness
scores, as assessed by a blind observer,
provide a functional dimension to our
evaluation (DUNTHORN et al., 2015).
By tracking the animals' movement
patterns and assessing pain levels, we
gained insights into the practical
implications of the healing process
(MARTIN et al., 2018). This dual
evaluation  strategy, in  which
ultrasonography and lameness scores
are combined, offers a holistic
perspective on tendon recovery,
bridging the gap between structural
improvements and functional
outcomes. By the second week
following implantation, every rabbit
that had surgery had become lame,
experienced pain when moving the
operated hind limb, and experienced
difficulty fully flexing the tarsal joint.
These symptoms could have been
brought on by the surgical procedure,
which involved skin incisions and
tendon cutting, as well as the relatively
lengthy period of immobilization and
exercise restriction that followed the
surgery.; these findings agreed with
Stoll et al. (STOLL et al., 2011).
Nevertheless, these symptoms
vanished after four weeks in the ZnO-
NP-treated group and six weeks in the
MV-treated group, which is consistent

15

with the anti-inflammatory and
antibacterial characteristics of these
treatment groups. (LO SICCO et al.,
2017; WANG et al., 2023). All groups
showed evidence of tendon adhesion to
skin at the two-week mark following
implantation; however, in the control
group, this adhesion was more severe
than in the other groups. In the
treatment groups, adhesion gradually
diminished until the tendon was
slidable at the six-week mark
following implantation. Since these
exogenous cells predominate over
endogenous tenocytes, the surrounding
tissues attach to the repair area and
form adhesions that limit the tendinous
gliding capacity and, consequently, the
range of motion. This adhesion can be
explained by the invasion of the repair
site by granulation tissue and tenocytes
from the surrounding tissue following
disruption of the synovial sheath
during injury or surgery (SHARMA
and MAFFULLI, 2006; ZHOU and
LU, 2021). In this study, the adhesion
of the treated tendons improved faster
than that of the control tendons. A-
PRF, MVs, and ZnO-NPs were used;
they may have reduced acute
inflammation and postsurgical oedema.
They also prevented the formation of
peritendinous adhesions and produced
painless mobility; these data are
consistent with those of Naderi et
al. (NADERI et al., 2018). Ultrasound
is a noninvasive and dynamic tool for
assessing Achilles tendon regeneration
(S.-Y. LEE et al., 2017). It is available,
relatively inexpensive, repeatable, and
can be performed anywhere (L. LEE
and DECARA, 2020).
Ultrasonography enables the
assessment of tendon regeneration and
dimensions and correlation of the 3
phases of tendon healing:
inflammatory, proliferative, and
remodeling (AGARWAL et al., 2012;
KLAUSER et al., 2014). Several
previous studies have demonstrated the
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use of ultrasound for evaluating tendon
health, and they were designed to
determine the correlation between
measured ultrasound properties and
tissue  properties (DUENWALD-
KUEHL et al., 2012; KULIG et al.,
2013, 2016). In this study, we used
longitudinal sonographically sections
because the cross-sectional area was
not diagnostic due to the narrow
diameter of the rabbit’s tendon, while
the longitudinal sections were suitable
and considered diagnostic
(BUSCHMANN et al, 2014). A
normal tendon structure is observed
ultrasonographical in the form of linear
echoes representing acoustic borders
between collagen fibers and loose
connective tissue permeating the
fascicles (NEUHOLD et al.,, 1992)
while during the healing process after
Achilles tendon injury, the collagen
fibrils are arranged parallel to the
longitudinal axis of the tendon
(KOMATSU et al, 2016). The
ultrasound findings in this study can be
correlated with tendon healing phases
in humans and rabbits (KOMATSU et
al., 2016; THERMANN et al., 2002).
During the remodeling phase,
fibroblasts produce, deposit, orient,
and cross-link fibrillar  collagen
(THOMOPOULOS et al., 2015). The
fibrillar morphology in the US is
gradual, as fibrillar collagen is cross-
linked and aligns along the long axis of
the repaired tendon
(THOMOPOULOS et al., 2015) In the
present study, the repaired tendons
mostly exhibited a normal fibrillar
pattern that appeared faster in both the
MV- and ZnO-NP-treated groups at the
6 week than in the control group
(HIRAMATSU et al., 2018;
MERSMANN et al.,, 2019). Tendon
margins have been described in the
healthy Achilles tendon as thin lines
surrounding the Achilles tendon and as
regular  isoechoic or slightly
hyperechoic; however, in pathological

16

situations, the para-tendon shows
irregularities of the tendon margins,
fluid collection (hypoechoic), and
adhesions between the para-tendon and

peritendinous tissues due to
inflammatory phenomena and
increased thickness (LEUNG and

GRIFFITH, 2008; ZABRZYNSKI et
al., 2018). The current study revealed
alterations in the tendon margins (para-
tendons), and normal tendon margins
appeared faster in both the MV- and
ZnO-NP-treated groups at the 6 week
than in the control group. These data
agreed with those of Leung and
Griffith et al. (LEUNG and
GRIFFITH, 2008). Presence of a
hypoechoic area in the mid-section of
the Achilles tendon in our study at the
2nd week post implantation in all
groups. This can be explained by the
presence of hemorrhage, fibrinolysis,
PRF membrane formation, MV gel
formation and early granulation tissue
formation (KULIG et al., 2013). The
increase in the incidence of
hyperechoic areas along the tendon
fibrils of the Achilles tendon in the
current study at 2 weeks after surgery
in the control and A-PRF-treated
groups and in the MV- and ZnO-NP-
treated groups at 4 weeks may be
attributed to the occurrence of intra-
tendinous scar formation. These results
are consistent with those of Niki et al.
and Ehrle et al. (EHRLE et al., 2021;
NIKI et al., 2013) who reported that
intra-tendinous scar formation resulted
in multiple hyperechoic areas.

CONCLUSIONS
At the end of the study,
ultrasonographic locomotive

observation revealed the superiority of
the MV and ZnO-NP groups for the
treatment of Achilles tendon defects
compared with the A-PRF and control
groups when used to fill a tendon
defect in a rabbit model.
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