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Parathyroid

Parathyroid Glands

Primary Disciplinary Field(s): Endocrinology, Human Anatomy, Physiology

1. Core Definition

The parathyroid glands are small, vital endocrine glands, typically four in number, situated in the
neck, usually posterior to the thyroid gland. These glands are a crucial component of the endocrine
system, responsible for the meticulous regulation of calcium and phosphate levels within the blood
and bones. Unlike the thyroid, to which they are anatomically juxtaposed, the parathyroid glands
operate independently, performing the singular, yet profoundly important, function of maintaining
calcium homeostasis. This intricate regulatory system is so indispensable that calcium is the only
nutrient with its own dedicated endocrine apparatus for its control, underscoring its multifaceted
roles in physiological processes.

Their primary mechanism of action involves the secretion of parathyroid hormone (PTH), a

polypeptide hormone that acts on several target organs to increase circulating calcium
concentrations when they fall below a critical threshold. PTH directly influences bone remodeling,
stimulating the release of calcium from skeletal reserves into the bloodstream. Concurrently, it
enhances calcium reabsorption in the kidneys, preventing its loss through urine, and promotes the
renal synthesis of calcitriol, the active form of vitamin D. Calcitriol, in turn, is instrumental in
facilitating calcium absorption from the gastrointestinal tract. This coordinated effort ensures that

blood calcium levels remain within a narrow, physiologically optimal range, critical for numerous
bodily functions.

2. Etymology and Historical Development

The term "parathyroid" is derived from Greek roots: "para" meaning "beside" or "near," and
"thyroid," referring to the adjacent thyroid gland. This nomenclature accurately reflects their
anatomical positioning. The discovery of these minute glands is credited to Swedish medical
student lvar Sandstrém, who identified them in 1880 while dissecting a dog, publishing his findings

in a little-known journal. Initially, their physiological significance remained unclear, and they were
often mistaken for accessory thyroid tissue or lymph nodes due to their small size and close
proximity to the thyroid.

Over subsequent decades, the understanding of parathyroid function gradually evolved. Early
clinical observations and experiments by researchers like Eugéne Gley in the late 19th century
began to link parathyroid removal with tetany and other severe symptoms, hinting at their critical
role in calcium metabolism. It wasn't until the early 20th century that the specific role of the
parathyroid glands in calcium regulation was firmly established, largely through the work of William
G. MacCallum and Carl Voegtlin, who demonstrated the inverse relationship between parathyroid
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activity and blood calcium levels in 1909. The isolation of PTH in the 1920s further solidified the
understanding of its hormonal action, paving the way for diagnostic and therapeutic advancements
in parathyroid disorders. This historical progression highlights a classic example of how anatomical
discovery precedes functional elucidation, gradually revealing the intricate mechanisms governing
human physiology.

3. Key Characteristics

Typically, there are four parathyroid glands, although their number can vary, with some individuals
having fewer or more (supernumerary glands) and sometimes in ectopic locations. Each gland is
remarkably small, often resembling a grain of rice, measuring approximately 3-5 mm in length and
weighing around 30-50 milligrams. They are usually embedded within the capsule of the thyroid
gland or located on its posterior surface, with two superior and two inferior glands. Despite their
minute size, their cellular composition is highly specialized, primarily consisting of chief cells, which
are responsible for synthesizing and secreting PTH, and oxyphil cells, whose function is less clear
but may be involved in PTH secretion under certain conditions.

The parathyroid glands operate under a unique and sensitive feedback loop, making them
exquisite sensors of circulating calcium levels. When blood calcium drops even slightly, the chief
cells rapidly increase PTH secretion. Conversely, when calcium levels rise, PTH secretion is
inhibited. This precise homeostatic control mechanism ensures that calcium concentrations are
maintained within a very narrow physiological range, which is critical for the myriad cellular
processes dependent on this ion. Unlike many other endocrine glands that are regulated by the
pituitary, the parathyroid glands primarily respond directly to changes in extracellular calcium
concentrations, utilizing calcium-sensing receptors (CaSRs) on the surface of their chief cells to

monitor these levels.

4. Significance and Impact

The significance of the parathyroid glands stems directly from the indispensable role of calcium in
virtually every physiological system. Calcium is not merely a component of bones; it is a critical
intracellular and extracellular messenger that governs nerve impulse transmission, muscle
contraction (including the heart), blood clotting, hormone secretion, and enzyme activity. Without
proper calcium regulation, these fundamental processes would fail, leading to severe and
potentially life-threatening consequences. The parathyroid glands, by meticulously maintaining
calcium homeostasis, thus act as guardians of systemic physiological stability.

Their impact extends across multiple organ systems. For the nervous system, calcium flux is
essential for neurotransmitter release and neuronal excitability; imbalances can lead to
neurological disturbances ranging from irritability to seizures. In the muscular system, calcium

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://en.wikipedia.org/wiki/Principal_cell_(parathyroid_gland)
https://en.wikipedia.org/wiki/Oxyphil_cell
https://en.wikipedia.org/wiki/Calcium-sensing_receptor
https://scales.arabpsychology.com/?p=33637
https://scales.arabpsychology.com
https://scales.arabpsychology.com

Parathyroid

ions trigger muscle contraction, and dysregulation can manifest as muscle weakness or
uncontrolled spasms (tetany). For the skeletal system, while bones serve as the primary reservoir
for calcium, their structural integrity is also influenced by the constant remodeling process
orchestrated in part by PTH. Long-term imbalances can lead to bone demineralization or abnormal
bone formation. Given these pervasive effects, the proper functioning of the parathyroid glands is
paramount for overall health and well-being, highlighting their disproportionately large physiological
impact relative to their small size.

5. Clinical Relevance and Disorders

Disruptions in parathyroid gland function lead to significant clinical conditions primarily
characterized by imbalances in calcium metabolism. These disorders typically fall into two main
categories: hypoparathyroidism (too little PTH) and hyperparathyroidism (too much PTH), each

presenting with distinct symptoms and health implications.

Hypoparathyroidism occurs when the parathyroid glands produce insufficient amounts of PTH,
leading to abnormally low blood calcium levels (hypocalcemia) and elevated phosphate levels. The
most common cause is iatrogenic, often resulting from accidental damage or removal of the glands
during neck surgery, particularly thyroidectomy. Other causes include autoimmune destruction,
genetic disorders, or magnesium deficiency. Symptoms typically include tingling sensations
(paresthesias) in the extremities and around the mouth, muscle cramps, spasms (tetany), and in
severe cases, seizures or cardiac arrhythmias. Treatment involves calcium and vitamin D
supplementation to restore normal calcium levels and alleviate symptoms, often requiring lifelong
management.

Conversely, hyperparathyroidism arises from the overproduction of PTH, resulting in chronically
elevated blood calcium levels (hypercalcemia). This condition is broadly categorized into primary,

secondary, and tertiary forms. Primary hyperparathyroidism is most commonly caused by a
benign tumor (adenoma) in one of the parathyroid glands, leading to autonomous PTH secretion.
Less common causes include hyperplasia of multiple glands or, rarely, parathyroid carcinoma.
Symptoms are often insidious and non-specific, earning it the moniker "bones, stones, abdominal
groans, and psychic moans." This refers to bone pain and fractures, kidney stones, gastrointestinal
issues like nausea and constipation, and neuropsychiatric symptoms such as fatigue, depression,
and impaired cognition. Secondary hyperparathyroidism typically develops in response to
chronic low calcium levels, most frequently due to chronic kidney disease or severe vitamin D
deficiency, where the glands continuously produce PTH in an attempt to normalize calcium. If
secondary hyperparathyroidism persists and the glands become autonomously hyperactive even
after the underlying cause is addressed, it can evolve into tertiary hyperparathyroidism.
Management of hyperparathyroidism depends on its cause and severity, ranging from watchful
waiting for mild cases to surgical removal of the affected gland(s) (parathyroidectomy) for
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symptomatic or severe primary hyperparathyroidism, or addressing the underlying cause for
secondary forms.
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