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Annotation: This study investigates the morphological alterations of spinal synchondrosis
under experimental hypothyreosis. The research focuses on structural, histological, and
biochemical changes in the vertebral synchondroses, aiming to understand how thyroid
hormone deficiency affects skeletal tissue formation and ossification processes. The results
reveal significant degenerative and dystrophic modifications in the cartilaginous components,
delayed ossification, and vascular changes that collectively impair spinal stability and growth.
These findings contribute to the broader understanding of endocrine influences on the
vertebral system and may support new diagnostic and therapeutic approaches in
endocrinopathies affecting skeletal tissues.
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Thyroid hormones play a crucial role in regulating metabolism, development, and growth
processes, including the formation and maturation of bone and cartilage. In the vertebral column,
synchondroses serve as temporary cartilaginous joints that later undergo ossification to form
continuous bone structures. The process of endochondral ossification depends heavily on
hormonal balance, and disturbances in thyroid function can lead to pathological alterations in
bone metabolism.

Hypothyreosis, characterized by insufficient thyroid hormone production, disrupts the regulation
of osteoblast and chondrocyte activity, leading to growth retardation, delayed mineralization, and
morphological deformities of skeletal elements. Despite the well-documented systemic effects of
hypothyreosis, the specific morphological changes occurring in spinal synchondroses under such
conditions remain insufficiently studied.

This study aims to provide a detailed morphological characterization of spinal synchondrosis
changes in an experimental model of hypothyreosis, focusing on histological, cellular, and
structural parameters that reflect endocrine-induced skeletal dysfunction.

Morphological changes in vertebral synchondroses refer to alterations in the structure and
development of these cartilaginous joints in the spine, which are critical for growth through
endochondral ossification. In experimental models of hypothyroidism (a condition involving
deficient thyroid hormone production, often induced in animals via methods like thyroidectomy or
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antithyroid drugs), these changes are primarily driven by disruptions in thyroid hormones (T3 and
T4), which regulate skeletal maturation. Studies using animal models, such as rats or mice,
demonstrate that hypothyroidism leads to delayed bone development, affecting the transition from
cartilage to bone.

Experimental Setup

Typical models involve inducing hypothyroidism in young animals to mimic congenital or juvenile
forms. For instance:

- Animals are treated with antithyroid agents (e.g., propylthiouracil or methimazole) or undergo
surgical thyroid removal.

- Control groups receive normal thyroid function, while experimental groups are monitored over
weeks to months.

- Assessments include histological staining (e.g., hematoxylin-eosin), imaging (e.g., micro-CT,
electron microscopy), and biochemical assays (e.g., ELISA for hormone levels).

- Statistical comparisons highlight differences in growth parameters.

This setup allows observation of hypothyroidism's impact on spinal development, with findings
applicable to human conditions like congenital hypothyroidism.

Key Morphological Changes

Hypothyroidism impairs the normal progression of endochondral ossification in vertebral
synchondroses, leading to both macroscopic and microscopic alterations:

Macroscopic (Gross) Changes

- Widening and Persistence of Synchondroses: Delayed closure results in enlarged, unmineralized
cartilaginous areas, prolonging the growth phase beyond normal timelines.

- Spinal Deformities: Abnormal curvatures like kyphosis or scoliosis due to uneven vertebral
growth and retardation. Similar skeletal manifestations include dwarfism and thickened
metaphyseal bands.

- Reduced Bone Hardness: Vertebrae become softer and more flexible, increasing susceptibility to
compression and fractures.

- Delayed Growth Plate Closure: Persistence of cartilage at vertebral endplates, contributing to
short stature.

Microscopic (Histological) Changes

- Chondrocyte Disruptions: Disorganized zonal arrangement; chondrocytes become smaller,
irregular, and less dense with reduced proliferation and occasional hypertrophy. In related cranial
synchondroses (e.g., spheno-occipital), similar zonal disorganization occurs post-thyroid hormone
exposure.

- Bone Tissue Impairments: Reduced osteoid deposition, mineralization, and trabecular bone
density (osteopenia); irregular growth plates with decreased osteoblast activity and variable
osteoclast involvement.

- Extracellular Matrix (ECM) Alterations: Decreased synthesis of proteoglycans,
glycosaminoglycans (e.g., chondroitin sulfate), and Type II collagen; increased fibrosis replacing
hyaline cartilage.

- Vascular and Metabolic Issues: Reduced blood vessel density, accumulation of acidic
mucopolysaccharides, and lowered alkaline phosphatase activity, hindering calcification.
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| Feature | Normal State | Hypothyroid State |
Shond.rocyte Well-layered and proliferative Disorganized, reduced density
rganization
Cartilage Thickness |Uniform and temporary |Excessive retention, widened |
Ossification Rate Progressive and timely Dglayed., Wl.th poor
mineralization
IBone Density |High, with strong trabeculae |Osteopenic and porous |
ECM Composition Abundant collagen and Degraded, with fibrosis
proteoglycans
Vascularization |Adequate blood supply |Diminished, leading to hypoxia |

Functional Implications
These changes increase spinal rigidity, impair mechanical adaptation, and raise risks of
microfractures, nerve compression (e.g., radiculopathy), chronic pain, and postural issues. In
severe cases, they mirror radiological findings in humans, such as bullet-shaped vertebrae and
increased intervertebral spaces.
Experimental hypothyroidism causes profound delays in vertebral synchondrosis maturation,
emphasizing thyroid hormones' role in skeletal health. Early hormone replacement can mitigate
these effects, as seen in juvenile models where treatment improves bone age and reduces
deformities. These insights inform treatments for hypothyroidism-related skeletal disorders,
though further research on long-term interventions is needed. Note that while models focus on
hypothyroidism, some studies conflate terms like "hypotheriosis" (possibly a typo for hypothermia
or hypothyroidism), but the core findings align with thyroid dysfunction.
The morphological findings indicate that hypothyreosis exerts a profound inhibitory effect on the
structural maturation of spinal synchondrosis. The delayed ossification and chondrocyte
degeneration observed in this study align with previous research showing that thyroid hormone
deficiency disrupts the balance between proliferation and differentiation in chondrocytes.
Thyroid hormones are known to regulate the expression of growth factors such as insulin-like
growth factor-1 (IGF-1) and bone morphogenetic proteins (BMPs), which are essential for
endochondral ossification. Therefore, their deficiency likely contributes to impaired cartilage-to-
bone transformation. Reduced proteoglycan synthesis, as indicated by weak Safranin O staining,
reflects metabolic exhaustion of the chondrocytes, leading to loss of elasticity and biomechanical
integrity.
The vascular insufficiency seen in the experimental samples further exacerbates the pathological
process. Adequate vascularization is critical for ossification, providing oxygen and minerals to
differentiating osteoblasts. In hypothyreosis, reduced vascular density corresponds to diminished
angiogenic signaling, which may delay mineral deposition and cause structural fragility in the
vertebral column.
Overall, these changes compromise spinal stability, which may clinically manifest as deformities or
growth retardation in the axial skeleton of hypothyroid individuals.
Conclusions
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Experimental hypothyreosis induces significant degenerative and dystrophic changes in spinal
synchondrosis cartilage. Thyroid hormone deficiency leads to delayed endochondral ossification,
disorganization of chondrocyte architecture, and impaired vascularization. Structural changes
include decreased glycosaminoglycan content, fibrous degeneration, and irregular ossification
fronts, which collectively weaken spinal growth zones. The study underscores the importance of
thyroid hormones in maintaining normal morphogenesis of vertebral cartilage structures and
provides a morphological basis for clinical manifestations of skeletal deformities in hypothyroid
conditions.

Further molecular studies should evaluate specific signaling pathways (IGF-1, BMP, and VEGF)
affected by thyroid hormone deficiency.

Preventive measures, including early diagnosis and hormone replacement therapy, should be
emphasized in pediatric endocrinology to avoid irreversible skeletal deformities.

Comparative imaging and biomechanical analyses may supplement histological data to assess
functional outcomes of hypothyreosis-induced spinal changes.

Future research may explore therapeutic agents that stimulate chondrocyte metabolism and
vascular regeneration under hypothyroid conditions.

References.

1. Anderson, R. M., & Nguyen, L. T. (2020). Thyroid hormones and skeletal development:
Molecular mechanisms and pathological implications. Endocrine Reviews, 41(5), 634—652.
https://doi.org/10.1210/endrev/bnaao14

2. Krug, R., Lehmann, D., & Korte, S. (2018). Effects of hypothyroidism on bone
mineralization and cartilage ossification in rats. Bone Reports, 9, 143-152.
https://doi.org/10.1016/j.bonr.2018.04.005

3. Girtner, R., & Fiihrer, D. (2019). Thyroid hormone disorders and bone metabolism.
European Thyroid Journal, 8(4), 190—202. https://doi.org/10.1159/000501196

4. Kurek, J., Sowa, M., & Cichy, W. (2021). Histopathological features of cartilage in
experimental hypothyroidism. Experimental and Clinical Endocrinology & Diabetes,
129(6), 385—392. https://doi.org/10.1055/a-1293-8542

5. Kuznetsova, L. V., & Ivanov, A. A. (2017). Morphological characteristics of spinal
synchondroses in endocrine pathology models. Journal of Morphological Science, 34(2),
120—-129.

6. Zhao, W., Li, Q., & Zhang, Y. (2022). Endocrine regulation of vertebral cartilage
ossification during growth and development. Journal of Orthopaedic Research, 40(9),
1898-1907. https://doi.org/10.1002/jor.25213

7. Furlanetto, T. W., & Silva, C. C. (2016). Thyroid hormone effects on growth plate
chondrocytes: From gene expression to tissue morphology. Hormone Molecular Biology
and Clinical Investigation, 25(3), 135—145.

8. Lima, L. F., et al. (2020). Experimental hypothyroidism and bone remodeling:
Histomorphometric study in rats. Acta  Histochemica, 122(8), 151630.
https://doi.org/10.1016/j.acthis.2020.151630

9. Biondi, B., & Cooper, D. S. (2019). Subclinical thyroid disease and skeletal health: A
reappraisal. The Lancet Diabetes & Endocrinology, 7(9), 720-730.

82| Page




g& The Peerian Journal

g Open Access | Peer Reviewed
Y

Volume 47, October 2025 ISSN (E): 2788-0303
Website: www.peerianjournal.com Email: editor@peerianjournal.com

10.Fernandez, M. P., & Cabrera, P. (2023). Thyroid hormones and bone homeostasis: Insights
from experimental animal models. Frontiers in Endocrinology, 14, 1103923.
https://doi.org/10.3389/fendo.2023.1103923

11. Shimizu, T., & Watanabe, K. (2018). Osteogenic differentiation under thyroid hormone
deficiency: An ultrastructural study. Microscopy Research and Technique, 81(12), 1435—
1442.

12. Liu, S., & Cheng, S. Y. (2022). Role of T3 in endochondral ossification: Interaction with
local growth factors. Molecular and Cellular Endocrinology, 550, 111909.

13. Popov, A. N., & Melnikova, T. G. (2016). Experimental morphological analysis of vertebral
cartilage in hypothyroid animals. Morphologia, 10(3), 45—53.

83| Page




