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Botulinum toxin B is an attenuated toxin produced by the bacterium Clostridium botulinum used in non-surgical cosmetic
operations and for correcting skin wrinkles. This article was designed to describe the effect of denervated hind limb skeletal mus-
cle impact on the femur bone of albino rabbits. Twenty-five male animals were enrolled in the five study groups. Five rabbits
served as the control group, were given only distilled water and sacrificed at the end of the study for histological study.
The remaining 20 rabbits were inoculated with a single dosage of botulinum toxin B (8 IU) between the gluteal muscle group and
the biceps femoris muscle of the thigh, and each group of five was sacrificed sequentially on day 10, day 15, day 30, and day 45
after the inoculation. Samples of femur bone were removed from the dissected animals. The microscopic examination of femur
bone sections of the experimental 1st group showed an irregular endosteum border and narrowed bone collar. Animals from the
experimental 2nd group showed remnant lacunae of hyaline cartilage and atrophied osteocytes. In the experimental 3rd group,
results showed increased cavities within the bone matrix. In the experimental 4th group, the microscopic examination revealed
the diminished periosteal membrane to the endosteum, atrophied lacunae, surrounded with irregular periosteum. The femoral
bone displayed numerous histological changes due to the flaccid paralysis of the gluteal group muscles (disused muscles of the
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Introduction

Bone is a unique type of connective tissue that contains 35% or-
ganic minerals and 65% inorganic proteins (Bianco, 2020). Bone un-
dergoes ongoing resorption, remodeling, and cyclic creation (Vieira
etal., 2015). The periosteum, endosteum, bone marrow, and calcified
bone are strongly innervated and vascularized parts of the bone (Liu
et al., 2023). The central nervous system could induce changes in bo-
ne mass (Kelly and others, 2020). Carina et al. (2020), stated that
muscle contraction loading is essential for preserving appropriate
bone homeostasis. Bartl et al. (2023) stated that disused skeletal mus-
cle is a significant risk factor for developing secondary bone osteopo-
rosis. Induced secondary osteoporosis immobility due to motor neu-
ron diseases and extended bed rest is another factor (Brent, 2021).

Globally, cosmetic surgery procedures are rising dramatically
(Griffiths & Mullock, 2018). The primary objective of cosmetic sur-
gery is to improve a person's look (Atiyeh et al., 2020). Botulinum
toxin (botox) is used in non-surgery facial cosmetics to improve facial
wrinkles through skin regeneration and reshape the appearance of the
lower face and neck-shoulder (Fadila et al., 2016; Park et al., 2021).
Botulinum toxin is an attenuate neurotoxin produced by Clostridium
botulinum anaerobic bacteria, inhibiting the secretion of acetylcholine
at the neuromuscular junction of striated muscles, resulting in short-
term flaccid paralysis (Ahsanuddin et al., 2021). In 2018, over 7 mil-
lion cosmetic procedures were performed in the USA using botuli-
num toxin treatment (Brown & Teller, 2022). Adverse side effects of
botulinum toxin occur, depending on the injection site, such as
blurred vision after ptosis surgery, dysphagia, and muscular weakness
(Kim et al., 2023). Botulinum toxin affects the masseter muscle, caus-
ing a temporal change in the bite force (Owen et al., 2022).

Chappard et al. (2001) were the first to study the bone loss in hind
limbs of rats due to flaccid paralysis induced by BTX injection. How-
ever, some studies are focused on the side effects that could affect
bone homeostasis (Al-Bari et al., 2022). Muscle atrophy affects the

hind limb) of the thigh caused by a single botulinum toxin B dose.
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growth and remodeling of bones (Warner et al., 2006). Spinal cord
injury (SCI) induces muscle atrophy and bone loss. (Lanyon, 1996).
Post-SCI osteoporosis has a complex pathophysiology; however, one
of the main factors responsible for bone demineralization is the reduc-
tion of mechanical load (Kingery, 2003). Many experimental crushed
nerve studies were done in animal models (Zeng et al., 1996).
This study aimed to identify a histopathological defect in the rat fe-
mur bone caused by a paralyzed sciatic nerve (Yevchuk et al., 2024).
The current study was designed to demonstrate histological investiga-
tion of the effect of flaccid paralysis of the hind limb induced with
botulinum toxin B inoculation in the gluteal group muscle of the thigh
on the femur bone in albino rabbits.

Matherials and methods

From October 2024 to January 2025, the entire experiment de-
cribed in the present article was carried out in the surgical lab of Tikrit
University's Veterinary Medicine College.

The experiment involved twenty-five male rabbits weighing be-
tween 1100 and 1200 grams, ages 12 to 13 months. The rabbits were
housed in steel cages measuring 1.250 x 0.5 x0.5 meters, and they
were given food and water prior to the experiment. The rabbits sur-
vived under suitable environmental conditions of 21 to 25 °C, free
access to food and water with cleaning cycles.

The study was designed to elucidate the effect of denervated glu-
teal group muscles of the thigh (induced by inoculation of botulinum
toxin B) on the femoral bone of albino rabbits. The biceps femoris
muscle of the hind limb was inoculated with a single dose 8 TU of
botulinum toxin B (botulinum toxin type B 2500 IU vial/Myobloc),
which is used in treating cervical dystonia. Injectable solution from
Solstice Neurosciences, Inc (San Francisco, USA) was administered
using a 25 gauge syringe. A 1.0 cm needle insulated the required
botulinum toxin B injectable solution (Zhou et al., 2020). The tested
animals were subdivided into four groups of five rabbits each plus
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control; 1st group was sacrificed after 10 days of inoculation; 2nd
group: sacrificed after 15 days of inoculation; 3rd group: sacrificed
after 30 days of inoculation; and 4th group: sacrifiecd after 45 days of
inoculation, and the fifth group were control received nothing other
than distilled water.

All animals were kept until their end period and then killed using
extensive dose inhalation of chloroform vapors inside a sealed glass
container. All samples from the study and control groups were taken
and fixed with 10% neutral buffer formalin for 48 h, followed by de-
calcification in acetic acid and nitric acid for one week, and cut into
the smallest possible size (Alkhafaji et al., 2024; Ali et al., 2024).
The decalcified bone tissue samples of the femur bone were prepared
for histological technique, followed by transfer through serial graded
ethanol from 70%, 80%, 90%, and 100%, then clearing by xylene and
embedded in paraffin wax at 60 °C (Nichat et al., 2024; Ajitha et al.,
2024). Blocking of the samples was done, and the sectioning was
performed with a 5 pm thickness using a rotary microtome (Devadze
et al., 2024). After staining with hematoxylin and eosin and Masson’s
trichrome dyes, tissue sections were mounted on the slides using
dibutyl phthalate in xylene (DPX) and covered by cover slides.
The slides were examined using a light microscope and photographed
by a manipulated camera prepared for this purpose.

Results

The slides of the control group rabbit femur bones display com-
pact bone osteocytes situated within lacunae surrounded by Haversian
canals covered by periosteum, which has two layers, the fibrous outer
layer and osteogenic inner layer, the endosteum covered the inner
face of compact bone from bone marrow (Fig. 1).

In group 1 the bony matrix was surrounded by periosteum; the
outer layer was fibrous collagen bundles, and many osteoblasts occu-
pied the inner surface. Certain osteocytes were also inside lacunae, the
irregular endosteum adjacent to the bone marrow (Fig. 2i). The slide
shows that the periosteum is devoid of the osteogenic layer, there is
an aggregate of cellular debris within the sinus beneath the endos-
teum, a decreased amount of collagen bundles, atrophied osteocytes
and delicate connective tissue in endosteum (Fig. 2ii).

The results for group 2 display narrowed bone collar and many
lacunae, primarily devoid of osteocytes. The outer border of the bone
was covered by a thick degenerated fibrous coat associated with fi-
broblasts, and the endosteum was adjacent to the bone marrow, which
was occupied by multiple haemopoiesis tissue (Fig. 3i). Other results
revealed that the bone tissue contained remnant lacunae of hyaline
cartilage and a few osteocyte lacunae situated at the peripheral parts
of bone tissue. The external aspect of bone tissue is adhered to by a

thin strand of dense connective tissue; otherwise, the inner surface is
surrounded by marrow cavities that have WBCs and RBCs (Fig. 3ii).
The results of Masson’s trichrome dyes showed extensive bone mar-
row associated with cellular debris, decrease in amount of collagen
bundles, atrophy of lacunae, bulky blood vessels surrounded with
vacuolated bone within the bone collar (Fig. 3iii).

The results of bone alteration in group 3 revealed a bony matrix
with different sizes of lacunae. Moreover, there were atrophied osteo-
cytes (Fig. 4). Other results showed longitudinal cracks situated with-
in the bone matrix, which appeared devoid of any cellular elements
and contained a few atrophied lacunae, several cavities within the
bone matrix, one of them containing RBCs; the inner layer of the
periosteum was devoid of osteoblasts (Fig. 4). Other spots showed a
vesicular tunnel-like projection extending from the periosteum of
bone to the bone matrix, with an increased number of atrophied lacu-
nae; on the other hand, remnants of necrotic chondrocytes were dem-
onstrated as dark lines (Fig. 4).

On the other hand, there is a decrease in the thickness of bone,
collar with the appearance of multiple large cracks filled with necrotic
cells; the other aspect of bone was devoid of periosteum. Figure 5
showed large cavities of future Haversian canals engorged with mi-
cro-vessels; the bone tissue was formed by a matrix associated with
osteocytes. Other sections revealed immature collagen fibers within
bone matrix, remnant of osteocytes within lacunae, formed vacuoles
in the bone matrix containing cell debris, and irregular bone border
devoid of endosteum. Remnants of collagen of bundles were scattered
within bone matrix and there was a decreased amount of osteocytes
(Fig. 5).

The results for group 4 in Figure 61 demonstrate that massive si-
nuses were present in the bony matrix, which are considered future
Haversian canals with micro-blood vessels within it, adjacent to a
scanty lacuna with osteocytes/atrophied, irregular aspect of bone
devoid of a periosteal layer. Bone matrix contains many lacunae de-
void of osteocytes and the bone aspect devoid of the fibrous layer coat
of periosteum (Fig. 6ii). There was a degeneration in the fibrous layer
of the periosteum and the bone lamellar matrix contained a significant
lacuna with osteocytes formed within bone matrix (Fig. 6iii). Figures
6iv and 6v showed bone tissue that had many longitudinally eroded
vacuoles with many lacunae devoid of osteocytes; in the periosteum,
however, in some regions of bone, a few atrophied osteocytes ap-
peared (Fig. 6vi). In Figures 6v and 6vi extensive cavities were
present in the bony matrix with necrotic cellular elements, surrounded
by many lacunae occupied by osteocytes. The cellular aspect of the
inner periosteum was absent, and the outer aspect was just a delicate
strand of collagen fiber.

>

Fig. 1. Representative images for the femur bone of rabbits for the control group showing normal bone architecture: 4 — periosteum layer,
B — osteoblast, C — osteocytes within lacunae, D — bony matrix, £ — endosteum layer, F'— Haversian canal;
i —using hematoxylin and eosin, i — using Masson's trichrome, 400X
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Fig. 2. Representative images for the femur bone of rabbits for the group 1: i showing A4 — periosteum, B — osteoblast,
C — degeneration of osteocytes within lacunae, D — the irregular inner border of endosteum, using hematoxylin and eosin; if showing
A — periosteum devoid of osteogenic layer of, B — aggregate of cellular debris within sinus beneath endosteum, C — decrease in amount
of collagen bundles, D — atrophy of osteocytes, F'— endosteum with delicate connective tissue, using Masson's trichrome, 400X

Fig. 3. Representative images for the femur bone of rabbits for the group 2: i showing 4 —bone collar devoid of osteocytes, B — thick fibrous
coat with fibroblasts, C — bone marrow with cells, using hematoxylin and eosin; ii showing 4 — remnant chondrocytes, B — osteocytes with
lacunae, C — dense connective tissue around the outer border of bone, £ — bone spicule, D and F'— marrow cells, using hematoxylin and eosin;
iii showing 4 — extensive bone marrow associated with cellular debris, B — decrease in amount of collagen bundles, C — atrophy of lacunae,
D —bulky blood vessels surrounded with cavitated bone collar, using Masson's trichrome, 400X

In Figure 7i, a necrotic area filled with necrotic elements in bone
tissue underneath the necrotic fibrous layer of periosteum is sur-
rounded by many lacunae with atrophied osteocytes. As demonstrated
in Figure 7ii, the bony matrix had many vacuoles filled with necrotic
elements; most of the bony lacunae were devoid of osteocytes; a few
irregular bony lamellae were indicated, and the periosteal membrane
was absent. Other sections showed a few scattered collagen bundles,

with decreased osteocytes, longitudinal boney crack (Fig. 7iii). Other
sections showed disappearance of fibrous layer of periosteum with
atrophied osteogenic layer, degenerated collagen bundles, decrease of
in number of osteocytes, irregular bone border, disorganization of dege-
nerated collagen bundle and vacuolation within the bone collar (Fig.
7iv, Tv).
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Discussion

Bone is a specialized mineralized connective tissue composed of
many sympathetic and sensory nerve fibers. Osteogenesis is a signifi-
cant biological process requiring cooperation of neurovascular supply,
endocrine regulation, and many types of connective cells. Hormonal,
autocrine, and paracrine processes control the modeling and remode-
ling of bone and neuronal pathways (Al-Suhaimi, 2022). The perios-
teum, bone marrow, and calcified bone all contain nerve fibers (Alen-
car et al., 2020). Botulinum toxin is used in numerous aspects of cos-
metic surgery (Srivastava et al., 2015). The purpose of the current stu-
dy was to evaluate the effect of paralyzed, flaccid skeletal muscles on
the bones of femur albino rabbits.

The mechanism action of botulinum toxin B acts on neuro-mus-
cular junctions which blocks release of acetylcholine neurotransmitter
from the nerve fibers’ endings and leads to flaccid paralysis. BONT/B
is used for treatment of cervical dystonia, hyperhidrosis and facial
wrinkles (Raman et al., 2023). When botulinum toxin B was used in
sialorrhea treatment, there was an increase in the incidence of xeros-
tomia and dysphagia as side effects when compared with botulinum
toxin A (Bomeli et al., 2008).

The results of the current study's histological investigation sho-
wed uneven endosteum surfaces. Outcomes of research by Ali et al.
(2018) revealed several uneven, less acidophilic staining patches in
the bone matrix. In some places, there were irregularly eroded patches
on the endosteum aspect and osteocytes in the bone matrix; in others,
the areas appeared degenerated, leaving large empty lacunae (Ali
etal., 2018).

Histological examination in the present study revealed cleared la-
cunae from osteocytes and increased size of lacunae with atrophied

osteocytes; Delgado demonstrated that the overdose medication of
glucocorticoid and estrogen deficiency both enhanced the incidence
of bone fragility disorders, or osteoporosis, in animal models and me-
chanical unloading, all of which are associated with a rise in osteocyte
apoptosis (Ru & Wang 2020; Delgado-Calle & Bellido 2022). An al-
ternative study showed that the bone matrix appeared devoid of any
cellular elements and contained few atrophied lacunae; the rate of de-
veloped osteoblasts and the degree of apoptosis in osteoporosis both
had an impact on the density of osteocytes (Gropp & Varela, 2024).

The current study's findings showed deteriorated periosteum,
Gropp & Varela revealed that sensory nerve fibers connect osteo-
blasts and their progeny cells, osteoclasts, bone marrow cells, and en-
dothelial layers of blood vessels by penetrating the inner layer of the
periosteum next to the locations of the mineralized bony matrix
(Gropp & Varela, 2024). Chen et al. showed the critical function that
bone load plays in preventing osteoporosis; in the event of bone loss,
this might be considered a means of compensating to maintain bone
strength (Chen et al., 2008). On the other hand, results revealed short-
ened bone collars. The size of the fracture callus decreased at a more
advanced stage of the healing process in limbs that were paralyzed
(Nazzal et al., 2024; Tukeshov et al., 2024).

Other spots showed a vesicular tunnel-like projection extended
from the periosteum of bone to the bone matrix, with an increased
number of atrophied lacunae; on the other hand, remnants of necrotic
chondrocytes were demonstrated as dark lines. This finding revealed
the high level of demineralization of bone in the paralyzed limb. Du-
tra et al. (2018) suggested that the injection of BTX in the rat masseter
muscle results in diminishing mineralization in the bony matrix and
atrophied osteoclast cells.

Fig. 4. Representative images for the femur bone matrix of rabbits for the group 3: i — showing 4 — bony matrix with different sizes of lacunae,

B — atrophied osteocytes; ii showing 4 — longitudinal sinus and crack, B — filled up with RBCs, C — osteoblasts of the inner layer of endosteum,

periosteum was devoid of osteogenic layer; iii showing 4 — longitudinal crack, B — atrophied osteocytes; iv showing 4 —bony matrix tunnel-like
extension, B — lacunae with ill-defined osteocytes, C — remnant of necrotic chondrocytes, using hematoxylin and eosin, 400X
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Fig. 5. Representative images for the femur bone cracks and cavities of rabbits for the group 3: i showing A — tremendous crack with necrotic
cells, B — thin bone collar, D — bone devoid of periosteum, hematoxylin and eosin; ii showing 4 — bony matrix cavities with future Haversian
canals, B —engorged with micro-blood vessels, C —bone marrow cells, D — osteocytes in lacunae, using hematoxylin and eosin; zii showing
A —immature collagen fibers in bone matrix A, B — remnant of osteocytes within lacunae, C — formed vacuoles in the bone matrix
containing cell debris, and irregular bone border devoid of endosteum, using Masson's trichrome, 400X

o -

Fig. 6. Representative images for the femur bone matrix of rabbits for the group 4: i showing 4 — remnant sof collagen bundles were scattered
within bone matrix, B — decrease of osteocytes, C — Haversian canal, using Masson's trichrome; ii showing 4 — massive sinus in a bony matrix
with future Haversian canals, B — micro-vessels, C — irregular bone border devoid of periosteum, using hematoxylin and eosin; #ii showing 4 —
bony matrix with many lacunae devoid of osteocytes, B — Haversian canals, C — osteogenic layer devoid D — fibrous layer coat of periosteum,
using hematoxylin and eosin; iv showing 4 — bony lamellae, B — degeneration in fibrous layer of periosteum, C — lacunae with osteocytes, D —
significant lacunae, using hematoxylin and eosin; v showing 4 — longitudinal crack, B — lacunae without osteocytes, C — periosteum without
osteogenic layer, using hematoxylin and eosin; vi showing 4 — eroded area, B —lacunae without osteocytes, D — periosteum devoid
of osteogenic layer C, using hematoxylin and eosin, 400X
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Fig. 7. Representative images of femur bone cracks and cavities in rabbits of the group 4: i showing 4 —necrotic cavity with cellular debris,
B —atrophied osteocytes within lacunae, C —necrosis in fibrotic layer of periosteum, using hematoxylin and eosin; 7 showing A4 — extensive
cracks, with B — necrotic cellular debris, C —lacunae devoid of osteocytes, D — no signs of periosteal membrane, using hematoxylin and eosin;
iii showing 4 — few scattered collagen of bundles, B — decrease of osteocytes, C — irregular bone crack, using Masson's trichrome;

iv showing 4 — disappearance of fibrous layer of periosteum, B — atrophied osteogenic layer, C — degeneration of collagen bundles,

D — decrease of osteocytes, E — irregular bone border, using Masson's trichrome; v showed 4 — disorganization of degenerated
collagen bundle, B — vacuolation within bone collar, using Masson's trichrome, 400X

The group 4 results showed future Haversian canals, irregular bo-
ne aspects with diminishing periosteal membrane to endosteum, and
necrotic areas filled with necrotic elements in bone tissue underneath
degenerated periosteum. During the period that BTXA was injected
into the fractured hind limb of a rat, fibro-calluses turned into an atro-
phied bone, with quadriceps muscle atrophy being the primary cause
(Hao et al., 2012). In the present study, neurotoxin acted on the neu-
romuscular junction, leading to skeletal muscle atrophy and nerve in-
jury blockers. Wua et al. (2021) revealed post-compressed sciatic ner-
ve-induced forelimb muscle atrophy and decreased bone mass of the
humerus and radius.

These results may be attributed to the mechanical forces of mus-
cular bone which tightly induced the cytoplasmic membrane of osteo-

6

cytes to convert into anti-apoptotic for osteocyte signals, which were
mediated by the integrin protein pathway and focal adhesion kinases
(FAKSs) (Plotkin et al., 2005; Wawrzyniak & Balawender, 2022).
Changes in circulating markers of bone metabolism indicate that early
sciatic nerve damage, which impacts skeletal activity, stimulates bone
resorption and lowers bone modeling activity (Taha et al., 2024).
In the same group, microscopic examination showed large vacuoles
filled with necrotic cells within the border of the bone; these results
were consistent with the findings of Chappard et al. (2001) when em-
ploying botulinum toxin as a forelimb nerve blocker in rats: a decrea-
se in the production of new bone, a quick rise in the resorption of
existing bone because of a higher number of activated osteoclasts, and
a perforation of the bone's longitudinally eroded area.
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They result from the unloading of skeletal muscles (Chappard
etal., 2001). Warner et al. (2006) investigated the impact of a large,
unattended gap with osteocytes in most areas and a dispersed, uneven
bone resorption caused by botulinum toxin. In the same experiments,
Deng et al. (2021) suggested that both neurectomy and botox hind
limb injection impaired osseointegration, which occurred in the cor-
tical bone area. Takata & Yasui (2001) suggested that botulinum to-
xin-induced flaccid paralyzing of skeletal muscle (disuse) was accom-
panied by unbalanced bone remodeling in between bone resorption
and bone modeling. These results agreed with the demonstrated re-
sults in the third and fourth groups, which showed numerous longitu-
dinal cracks and erosion areas within the bone matrix. Botox inhibits
the release of acetylcholine (ACH) neurotransmitters, leading to bloc-
king nerve impulses. Therefore, the ACH level can contribute to bone
protection, so botulinum toxin -induced bone osteoporosis changes.

The atrophied, irregular aspect of bone with a diminishing peri-
osteal membrane to endosteum. Longitudinal Haversian canals were
found. In Figure 7, the bone lamellar matrix contains a significant la-
cuna with osteocytes. The results obtained by Ali et al. (2018) showed
multiple bone matrices with irregular, less acidophilic staining regions
that were apparent. Irregular eroded areas were seen on the endoste-
um aspect and osteocytes in the bone matrix and were absent in some
spots, while other spots appeared degenerated, leaving significant
empty lacunae (Ali et al., 2018).

Other spots of the 4th group showed that the cellular aspect of the
inner periosteum was absent, and the outer aspect was just a delicate
strand of collagen fiber. Ali et al. (2018) revealed the atrophied perio-
steum, a remnant of necrotic tissue, which appeared as dark regions
due to its extensive vascularity; the periosteum contains an abundance
of pericytes. On the other hand, a necrotic area filled with necrotic
elements in bone tissue underneath the degenerated periosteum is
surrounded by many lacunae with atrophied osteocytes (Ravi et al.,
2025). Pericytes are cells situated in contact with the capillary cell
wall, and they can differentiate into various cell types, like osteoblasts
(Zhu et al., 2022). Defective progenitor cells of blood vessels may af-
fect adjacent cells such as osteocytes (Xu et al., 2024). Atrophied os-
teocytes will release numerous endogenous inflammatory cascades,
induced osteoclast activity (Wang et al., 2022). The results of bone al-
teration revealed several cavities within the bone matrix, one of them
containing RBC:s; other results showed large cavities of future Haver-
sian canals engorged with micro-vessels; the bone tissue was formed
by a matrix associated with osteocytes, and beneath the outer aspect
was invaded with blood vessels. Ashley et al. revealed that vascular
changes result from the denervation of muscles, loss of contractile ac-
tivity, and loss of muscular vascular pump activity. On the other hand,
the denervation of vasoconstrictor blood vessels affects vascular tone
and bone vascular blood flow (Ashley et al., 2007; Preethi et al., 2024).

Finally, the irregular endosteum showed a constricted bone collar
with numerous lacunae, generally lacking osteocytes, decreased bone
collar thickness, no periosteum, a significant split in the bony matrix,
and irregular periosteum.

Conclusion

The femoral bone displayed numerous histological changes in
this study due to the flaccid paralysis of the gluteal group muscles of
the thigh caused by a single botulinum toxin B dose. These included
an irregular endosteum, lacunae that were primarily devoid of osteo-
cytes, large vacuoles, erosion cracks that appeared with cellular debris
in the bony matrix, an irregular outer border of the bone with atrophi-
ed osteogenic cells, and an area of necrotic osteocytes within the bone
matrix and fragments of bone. The bone defect was increased with
prolonged periods of paralyzed skeletal muscles of the hind limb of
albino rabbits.
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