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Abstract: This study aimed to examine the impact of thyroidectomy on the process of fracture healing. A total of sixteen
adult male rabbits of the local breed were utilized. The animals were segregated into two equivalent groups, namely the
control group and the treatment group. The animals were administered atropine sulfate (1mg /Kg B.W) intramuscularly
as a premedication. Ten minutes later, a combination of xylazine hydrochloride (20mg /Kg B.W) and Ketamine
hydrochloride (40 mg /Kg B.W) was administered intramuscularly. The control group had the induction of a mid-shaft
femoral fracture, followed by fixation with intramedullary pinning. In the treated group, the identical treatment
mentioned above, which involved thyroidectomy, was performed. The clinical examination showed that the
inflammatory symptoms, such as swelling, discomfort, and increased temperature in the surgical site, were more severe
in the control group compared to the treated group. The indications vanished during a span of four to five days in the
treatment group and five to six days in the control group. The histological analysis showed that the control group had a
greater presence of granulation tissues, trabecular bone, and compact bone compared to the treated group. Ultimately,
it was seen that the fracture healing process was more advanced in the control group compared to the treated group.
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INTRODUCTION

Bones are structural structures in the body that
serve various crucial roles. They provide support for soft
tissues and internal organs, facilitate mobility, and help
regulate calcium levels in the blood as they are the
primary supply of calcium in the body (Butter, 1975;
Dellman and Brown, 1976; Remedios, 1999). Fractures
pose significant challenges in orthopedic surgery, as the
process of fixing and repairing them involves a series of
intricate physiological and biochemical processes that
impact the health of both humans and animals (Ding
wall, 1974; Mullis et al., 2021). Orthopaedic surgeons
have made significant progress in the past twenty years
in improving their capacity to repair and restore the form
and function of injured bones and joints. By employing
innovative techniques of internal fixation, external
fixation, and rehabilitation, they are now able to
effectively treat even the most severe fractures
(Buckwalter, 2004). Unlike other mature tissues, which
produce fibrous tissue at the location of an injury, the

skeletal system undergoes healing by creating new bone
that is identical to the surrounding, undamaged tissue.
Certain elements of this process of adult regeneration
share similarities with the aggregation of fetal and adult
skeletal progenitor cells, which eventually form cell
condensations and develop into skeletal tissue
(Thompson et al., 2002; Luisetto et al., 2020). Early in
the process of fracture healing, the restoration of blood
vessels is a crucial step. Increasing the process of
angiogenesis can enhance the development of new bone
tissue (Saifzadeh et al., 2009). Thyroid hormones have a
significant impact on the cardiovascular system, namely
on the regulation of heart rate (HR). In animal models,
hypothyroidism is characterized by a low heart rate,
while hyperthyroidism is linked to tachycardia
(Dillmann, 1996; Vargas-Uricoechea et al., 2014;
Abdelatif and Saeed, 2016). Thyroid hormones elevate
the amount of oxygen used in the peripheral tissues and
the amount of substances needed, leading to a subsequent
rise in the contractile strength of the heart (Sievert,
2017). Thyroid hormones also have the ability to regulate
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the strength and rhythm of the heart's contractions (Klein
and Ojamaa, 1998). Thyroid hormones exert significant
effects on the immune response of animals. Multiple
investigations have demonstrated that thyroid hormones
have  immunomodulatory  effects in  animals.
Administering thyroid hormones to healthy animals
causes an increase in the number of white blood cells, a
condition known as leukocytosis (Gupta et al., 1983;
Botella-Carretero et al., 2005; Jara et al., 2017; Galbiati
et al., 2021). This study aimed to assess the impact of
thyroidectomy on the process of fracture healing.

MATERIALS AND METHODS

Sixteen mature male rabbits of local breed,
weighting (1-1.6) Kg B.W. were used. They were healthy
as presented by their clinical and physical examination,
and housing under similar condition and feeding. The
animals were divided randomly into two equal groups:
First group (control): Induced mid-shaft femoral
fracture, and the fracture ends fixed by intramedullary
pinning. In second group (treated): Which was similar to
first group but thyroidectomy was done. The animals
were fasted for 24 hours for food and 12 hours for water
before operation. The surgical site which included lateral
and medial side of thigh in addition the neck in second
group were prepared under aseptic technique. Penicillin-
streptomycin at a dose of 10000, 20 mg/kg B.W
intramusculary respectively was given one hour before

Figure 1: Photograph shows longitsdina! incision in
1ateral aspect of thisgh.

Figurs 3: Photogragh shows intsodocs of wire saw bensath
the mid - shaft of femoral bone.

Figure 5: Photozraphshows introducz of pin in
distal sezment of fracturs end

operation to reduce the risk of postoperative infection.
The animal were given atropine sulphate at a dose of
1mg/kg B.W intramusculary as a premedication 15
minutes later a mixture of xylazine hydrochloride (2%)
20 mg/kg B.W and ketamine hydrochloride (5%) 40
mg/kg B.W intra-muscularly and repeated as a half dose
if needed. Animal was fixed on lateral recumbency. In
control group: Longitudinal skin incision was made on
lateral side of the thigh between the great trachontar of
femur and the lateral aspect of the patella (Fig 1), then
sharp incision of the fascia, and blunt dissection between
biceps femoris and vastus lateralis muscles, to exposure
of femoral bone (Fig. 2), introduce curved artery forceps
beneath the bone to facilitated of the wire saw to induce
transverse fracture through the mid-shaft of the bone
(Fig. 3). The fracture ends were fixed by intra-madullary
pinning (steinmenn stainless steel 2.4 Q x 120 mm) by
retrograde technique (Fig 4, 5, and 6). The muscle and
fascia was closed by simple continous pattern, using cat
gut size (2.0). Skin was sutured with simple interrupted
pattern by silk size (2.0). While in treated group using
same the procedure as describe in control group except
that the thyroidectomy was done after fixation of two
fracture ends. Penicillin —streptomycin in a dose of
10000 1.U, 20 Mg /Kg B.W intramuscular respectively
for four days post-operation, and all the animals were
kept under observation during the exponents period and
skin suture was removed ten days after operation.
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Figure 4: Photogragh shows intsodoce theof steinman
pin in bone morrow of proximal end of femur by
(r=trograde method)

Figure 6: Photozraph shows applied a
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RESULTS AND DISCUSSION

The clinical examination findings indicated that
the control group had inflammatory indications starting
from the second day after the operation. These signs
included swelling at the site of the operation, elevated
temperature in the region, discomfort, and inability to
bear weight on the afflicted legs. Within a period of five
to six days following the procedure, the swelling had
completely subsided, and the animal was able to bear
weight on the injured limb. The sensation of movement
in the fracture ends was there initially, but it ceased at the
start of the third week.

In the treated group, all of the aforementioned
symptoms were less pronounced compared to the control
group. Furthermore, these symptoms completely
resolved by five days after the surgery. The movement of
the fractured ends ceased by the end of the fourth week.
The presence of edema, redness, pain, and increased heat
at the surgical site on the second day after the operation
may be attributed to increased blood flow in the area, as
well as the dilation and increased permeability of blood
vessels, resulting in the migration of white blood cells
and inflammatory cells outside of the blood vessels and
the subsequent formation of edema at the surgical site.
This observation was agreed with other workers (Jones
and Hunt, 1983).

The discomfort may be attributed to the edema
surrounding the fractured location, resulting in
heightened pressure on the nerve endings. The degree of
inflammation stimulates cells to produce prostaglandin,
which in turn leads to vasodilation and increased
infiltration of blood vessels, resulting in the buildup of
exudate in the fracture region. The signs disappeared
within four to five days after the operation in the control
group. However, in the treated group, the clinical signs
were less severe compared to the control group. This
could be attributed to the vascular effect of thyroid
hormones, which stimulate the production of many
phagocytes cells at the surgical site. This increased the
severity of tissue inflammation. Thyroid hormones have
a highly vascular effect and are known to promote the
growth of blood vessels in nearby tissues. This finding is
consistent with the research conducted by Parfitt in 1976.

Furthermore, the tearing of the blood supply to
the bone and surrounding tissues leads to the exudation
of plasma and white blood cells. This results in a
decrease in oxygen levels and an increase in acidity in
the affected area, leading to swelling and inflammation.
As a result, necrotic tissues are removed (Delves et al.,
2017; Leung, 2021).

Table 1: Average thyroxin hormone concentrations pre- and post-Thyroidectomy

Groups

Pre- Thyroidectomy

Post-Thyroidectomy

Control

56.23+ 14.21 nmol/L @

49.63+ 45.27 nmol/L?

Treated

52.71+ 18.01 nmol/L?

0.23+ 21.11 nmol/LP

a, b within each row, averages marked with different letters differ considerably in terms of significance (p < 0.05).

Hormonal Assay in control group shows, there
is no significant difference between its values at pre-
thyroidectomy (56.23+ 14.21 nmol/L) when compared
with Post-thyroidectomy (49.63+ 45.27 nmol/L) (Table
1). The results of the clinical and radiographic
examination showed that the fracture healing was not
affected, and it was within the normal rates, and this is
due to the stability of the factors affecting the healing,
the most important of which is the hormone thyroxin.
shows transformation of most of the cartilage tissue to
bone tissue, characterized by an increase in the thickness
and regularity of bone trabeculi, as well as proliferation
of osteoblasts that lining the bone morrow. This is
consistent with what he found (Chmurska et al., 2021).

The hormonal assay in the treatment group
demonstrates a substantial change in results between the
pre-thyroidectomy (52.71+ 18.01 nmol/L) and post-
thyroidectomy (0.23+ 21.11 nmol/L) periods (Table 1).
The process of bone fracture healing was shown to be
considerably impacted, with instances of delayed healing
and non-healing seen. This conclusion was supported by
the findings of both clinical and radiographic
examinations. The primary cause for the delay in healing
may be the cessation of the thyroxine hormone's
influence since it plays a crucial part in facilitating the

process of fracture healing. This aligns with the findings
you have obtained (Lo et al., 2002; Reddy et al., 2016).

At 2 weeks after the procedure,
histopathological analysis of the control group revealed
clogged blood vessels with an increase in fibroblast cells
that invaded the fracture site and generated connective
tissue fibers (Fig. 7). Trabecular bone growth is shown,
along with the presence of connective tissue fibers.
Additionally, there is infiltration of macrophages and
plasma cells. Furthermore, there is evidence of osteoblast
proliferation, resulting in the production of osteoid tissue
as shown in Figure 8 and 9. At 4 weeks after surgery, the
examination reveals the presence of dense bone tissue
with Haversian canals (Fig 10), proliferation of
osteoblasts, with increase in the thickness and regularity
of bone trabeculi ‘(Fig 11).

At 2 weeks after surgery in the treated group,
there is an organized hematoma between the two fracture
fragments. This hematoma is characterized by the
presence of a network of connective tissue fibers and
infiltration with inflammatory cells such as neutrophils,
macrophages, and fibroblasts (Fig 12). Additionally,
there is the formation of fibrous tissue with the presence
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of necrotic osteocytes that are devoid of nuclei in the
lacunae (Fig 13).

This is a consequence of reduced levels of
thyroid hormones, which is consistent with the findings
of Kalfas, 2001 and Loi et al., 2016.

During the progression of vascular ingrowth, a
collagen matrix is deposited as osteoid is produced and
then calcified. This process results in the development of
a soft callus surrounding the site of repair. During the
initial 4 to 6 weeks of the healing phase, this callus
exhibits a low level of resistance to movement and
necessitates sufficient protection through the use of
bracing or internal fixation. Arazi and Canbora
conducted a study in 2016. The callus undergoes

Figure (7) photomicrograph of control group at 15%
day postoperation show presence of congestad
blood vessels £=p ) around the fracture site with
proliferation of fibroblast (A& ) (H&E 100X).

CHEE

ossification, resulting in the formation of a woven bone
bridge between the fragments of the fracture. If adequate
immobilization is not employed, ossification of the callus
may fail to take place, resulting in the formation of an
unstable fibrous union instead, Noviana et al., (2011) and
Hyytiainen (2016).

The control group exhibited greater maturity in
the remodeling stage compared to the treated group. This
is because when the fracture site is subjected to an axial
loading force, bone deposition occurs where it is
required, while resorption takes place in areas where it is
not needed. This finding aligns with the conclusions of
Kalfas (2001), Mistry and Mikos (2005), Liu et al.,
(2017), Eliaz and Metoki (2017), and Barnsley et al.,
(2021).

show extemal callus formation (
little connective tissue fibers with jnfiltration with
) (H&E 10X).

) that have

macrophages and plasma cells (

i =
Figure (10) CmmlmaSﬂ‘W
show the lamellar bone formation ( Jinstead of
bone with increasad in Haversian canal (
10X,
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Figu= (11) Control group at 30  day
postoparation show intemal callus marked by
more thicknsss and rezularity of bons plate and
incraase in the thickness and regularity of bone
tnbeculi(H&BM)X):

(13) Control group at 15% day
postoperation show fibrous tisspe with pressnce
the nacrotic osteocyte that free of the nuclei in
lacuns: (H&E 100X).

Figur=

Figure (12) Teatad grovp at 15% day
postoparation show presence of 2 network of
fibrous tissupae ( ) and infiltration of
inflammatory calts (A ) H&E 10030

Figure (14) Trestad grovp at 30% day
postoperation show extemal callus formation,
that markad Dy the transformation of most of

the cartilage tissue to bone tiszue( = )
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