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How do Integumentary and Skeletal Systems
function to maintain the Body's
Homeostasis?

Posted on September 13, 2018

The human body maintains homeostasis through coordinated organ systems rather than through
organs working independently. The skeletal and integumentary systems are especially important
because they form structural and protective boundaries, regulate mineral and temperature balance,
support blood-cell production, and communicate with immune, endocrine, muscular, and circulatory
systems. The original essay correctly identifies bones, skin, hair, nails, glands, cartilage, ligaments,
and related tissues as key components. It also recognizes that bone is living tissue that undergoes
continuous remodeling and that skin helps the body interact safely with the external environment.
However, the relationship between these systems is more direct and complex than the statement that
skin simply “provides calcium” to bone. Skin initiates vitamin D synthesis after ultraviolet B exposure,
while the liver and kidneys convert vitamin D into forms involved in calcium absorption and bone
metabolism. Diet, hormones, physical activity, age, disease, and medical treatment all influence this
partnership (OpenStax, 2022; Rodan, 1998).

Homeostasis as Dynamic Regulation

Homeostasis does not mean that the body remains perfectly unchanged. It means that physiological
variables are maintained within functional ranges despite internal and external disturbances. Body
temperature rises during exercise and falls during rest; blood calcium is adjusted continuously; skin
blood vessels constrict or dilate; and bone tissue is removed and rebuilt. Feedback systems detect
change and activate responses through nerves, hormones, blood flow, behavior, and cellular activity.
The integumentary and skeletal systems participate in these loops while depending on the kidneys,
intestines, lungs, muscles, endocrine glands, and brain. A disturbance in one system can therefore
affect many others (OpenStax, 2022).

Major Components of the Integumentary System

The integumentary system includes the skin and its accessory structures, including hair, nails, sweat
glands, sebaceous glands, sensory receptors, blood vessels, and supporting tissues. The skin is
commonly divided into the epidermis and dermis, with the subcutaneous tissue lying beneath them.
The epidermis contains keratinocytes and specialized cells involved in pigmentation and immune
defense. The dermis contains collagen, elastin, vessels, nerves, hair follicles, and glands.
Subcutaneous fat cushions the body, stores energy, provides insulation, and anchors skin to deeper
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structures. These layers work together rather than functioning as separate coverings (OpenStax,
2022).

The Skin as a Protective Barrier

The skin protects against mechanical injury, water loss, ultraviolet radiation, chemicals, and
microorganisms. Keratin, lipids, cell junctions, resident microbes, immune cells, and acidic surface
conditions all contribute to barrier function. The barrier is selective rather than absolute. Some
substances penetrate skin, and damaged skin loses water while allowing pathogens to enter. Burns,
pressure injuries, eczema, infection, and surgical wounds illustrate how disruption of the
integumentary barrier can threaten fluid balance, temperature regulation, and systemic health.
Wound healing therefore requires coordinated inflammation, tissue formation, blood-vessel growth,
collagen deposition, and remodeling.

Temperature Regulation

Skin helps regulate temperature through sweating, blood-vessel adjustment, insulation, and sensory
feedback. When core temperature rises, cutaneous blood vessels dilate and sweat glands release
fluid. Evaporation removes heat when environmental conditions permit. In cold conditions, vessels
constrict to reduce heat loss, while subcutaneous fat provides insulation. Muscles may produce heat
through shivering, showing direct cooperation between the integumentary, muscular, nervous, and
skeletal systems. Severe dehydration, high humidity, impaired circulation, or reduced sweating can
interfere with this process (OpenStax, 2022).

Sensation and Behavioral Homeostasis

Sensory receptors in the skin detect touch, pressure, pain, vibration, and temperature. These signals
allow rapid protective behavior. A person withdraws a hand from a hot surface, changes position to
relieve pressure, adds clothing in cold weather, or seeks shade in extreme heat. Such actions are part
of homeostasis because behavior often corrects environmental stress before internal physiology is
overwhelmed. Loss of sensation from neuropathy or spinal injury increases the risk of burns, ulcers,
and unnoticed trauma.

Major Components of the Skeletal System

The adult human skeleton is commonly described as containing 206 bones, although the number can
vary because of fused or accessory bones. The axial skeleton includes the skull, vertebral column,
ribs, and sternum. The appendicular skeleton includes the shoulder girdles, upper limbs, pelvic girdle,
and lower limbs. Cartilage provides flexible support and smooth joint surfaces. Ligaments connect
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bone to bone, while tendons connect muscle to bone and are generally classified with the muscular
system or connective tissues rather than as bones themselves. Joints, marrow, and connective tissues
allow the skeleton to function as a living mechanical and metabolic system (OpenStax, 2022).

Support, Protection, and Movement

Bones support the body and protect organs. The skull protects the brain, vertebrae surround the
spinal cord, the rib cage protects the heart and lungs, and the pelvis supports abdominal and
reproductive structures. Bones also act as levers moved by skeletal muscles across joints. Movement
depends on the shape of joint surfaces, cartilage, ligaments, tendons, muscle force, and nervous
control. Bone strength without flexible joints would not produce useful movement, while muscle
contraction without a rigid skeletal framework would lack mechanical direction.

Bone as Living Tissue

Bone is a mineralized connective tissue supplied by blood vessels and nerves. Its matrix contains
collagen and mineral crystals, mainly hydroxyapatite. Collagen contributes flexibility and tensile
strength, while mineral contributes stiffness and resistance to compression. Bone exists in compact
and trabecular forms arranged according to mechanical demands. It adapts to loading, repairs
microdamage, stores minerals, and participates in endocrine signaling. This living quality
distinguishes bone from an inert frame (National Institute of Arthritis and Musculoskeletal and Skin
Diseases, 2026; Rodan, 1998).

Cells Involved in Bone Remodeling

Osteoblasts form new bone matrix and support mineralization. Osteoclasts resorb bone, releasing
mineral and creating space for renewal. Osteocytes are mature bone cells embedded in the matrix;
they sense mechanical strain, communicate through cellular networks, and help coordinate
remodeling. Osteoprogenitor cells can develop into osteoblast-lineage cells. Remodeling occurs in
organized cycles. NIAMS explains that osteoporosis develops when old bone is removed faster than
new bone is formed, leaving bone more susceptible to fracture. Bone resorption and formation must
therefore remain appropriately coupled rather than simply minimized or maximized (National Institute
of Arthritis and Musculoskeletal and Skin Diseases, 2026; Rodan, 1998).

Mineral Homeostasis

Bone stores most of the body’s calcium and a large share of its phosphorus. Blood calcium is needed
for muscle contraction, nerve signaling, blood clotting, and cellular processes, so the body regulates it
tightly. Parathyroid hormone, vitamin D, calcitonin, kidneys, intestines, and bone interact in this
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regulation. When dietary absorption and circulating calcium are insufficient, hormonal signals can
increase bone resorption to maintain blood levels. This protects immediate physiological function but
can weaken the skeleton over time if the imbalance persists (OpenStax, 2022; Rodan, 1998).

Vitamin D Links Skin and Bone

Vitamin D provides one of the clearest connections between the integumentary and skeletal systems.
Ultraviolet B radiation converts a cholesterol-related molecule in skin into vitamin D3. The liver and
kidneys then modify it into biologically active forms that help the intestine absorb calcium and
phosphorus. Limited sun exposure, darker skin pigmentation, aging, malabsorption, kidney or liver
disease, certain medications, and dietary insufficiency can contribute to low vitamin D status. Sun
exposure is not the only source, and excessive ultraviolet exposure increases skin-cancer risk. Food
and supplements may be appropriate depending on age, diet, laboratory findings, and clinical advice
(OpenStax, 2022).

Bone Marrow and Blood-Cell Production

Red bone marrow produces red blood cells, many white blood cells, and platelets through
hematopoiesis. Red blood cells transport oxygen, white blood cells contribute to immune defense, and
platelets support clotting. This function links the skeleton with circulatory and immune homeostasis.
Marrow is not distributed equally in every adult bone; much active red marrow is found in the pelvis,
vertebrae, ribs, sternum, skull, and proximal ends of certain long bones. Disorders affecting marrow
can impair oxygen delivery, immunity, or clotting even when bone structure appears intact
(OpenStax, 2022).

Skin, Immunity, and Bone Health

Skin is an immune organ as well as a physical barrier. Resident immune cells detect injury and
pathogens, while inflammatory signals coordinate defense and repair. Chronic inflammation can affect
bone metabolism, and some inflammatory diseases or medications used to treat them increase
osteoporosis risk. Conversely, skeletal injury triggers inflammation that is necessary for fracture
healing. Excessive or persistent inflammation can impair repair. The systems therefore communicate
through cytokines, hormones, blood cells, and metabolism.

Wound Healing and the Skeletal System

Deep wounds can expose tendons, joints, or bone and create risk of osteomyelitis. Pressure injuries
over bony prominences demonstrate how skeletal anatomy affects skin integrity. Areas such as the
heels, sacrum, hips, and elbows receive concentrated pressure when a person cannot reposition
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independently. Reduced blood flow can damage skin and underlying tissue. Prevention requires
mobility, pressure redistribution, nutrition, moisture management, and skin inspection. The skeleton
creates the prominences, but injury results from the interaction of pressure, time, circulation, friction,
and tissue tolerance.

Fracture Healing

Fracture healing begins with bleeding and inflammation, followed by formation of a soft callus,
mineralized callus, and long-term remodeling. Skin and soft-tissue integrity influence healing because
open fractures carry contamination and infection risk. Blood supply, stability, nutrition, smoking,
diabetes, medication, age, and mechanical loading affect recovery. The final remodeled bone may
regain substantial strength, but complicated fractures can produce delayed union, nonunion, or
deformity. Protecting the skin and soft tissues is therefore central to orthopedic care.

Nutrition for Both Systems

Protein, essential fatty acids, vitamins, minerals, and adequate energy support skin renewal, wound
healing, bone formation, and muscle function. Calcium and vitamin D are especially important for
bone health, but they do not work alone. Protein supports collagen and tissue repair; vitamin C is
involved in collagen synthesis; phosphorus, magnesium, vitamin K, and other nutrients contribute to
normal physiology. More is not always better. Excessive supplementation can be harmful, and
nutrient needs differ by age, pregnancy, disease, medication, and diet. A varied diet and
individualized clinical guidance are safer than assuming one supplement prevents every disorder.

Physical Activity and Mechanical Loading

Weight-bearing and resistance activities stimulate bone and muscle adaptation. Walking, stair
climbing, strength training, jumping activities where appropriate, and balance work can support bone
health and reduce fall risk. Mechanical loading is sensed partly by osteocytes, leading to remodeling
responses. Physical activity also improves circulation and may support skin health, although repetitive
friction, pressure, heat, or equipment can cause injuries. Training should progress gradually and
account for age, disability, fracture risk, and medical conditions (National Institute of Arthritis and
Musculoskeletal and Skin Diseases, 2026).

Osteoporosis

Osteoporosis is characterized by reduced bone strength and increased fracture risk. Risk factors
include aging, menopause, family history, low body weight, prior fracture, smoking, heavy alcohol
use, low calcium or vitamin D intake, inactivity, and some diseases or medications such as long-term

Copyright © 2026 Academic Master. | 5



@ ’ACADEMIC

glucocorticoids. The original essay incorrectly suggests that only body structure and weight can be
addressed. Many modifiable risks can be managed, although genetics, age, and past exposures
cannot be erased. Diagnosis may involve bone-density testing, fracture history, and clinical risk
assessment (National Institute of Arthritis and Musculoskeletal and Skin Diseases, 2026).

Current Osteoporosis Treatment

Hormone therapy is not universally considered the most suitable treatment after all other options fail.
Treatment depends on fracture risk, age, sex, medical history, kidney function, and patient
preference. Options may include bisphosphonates, denosumab, selective estrogen-receptor
modulators, parathyroid hormone analogues, romosozumab, or hormone therapy in selected patients.
NIAMS emphasizes calcium and vitamin D, physical activity, fall prevention, and approved
medications where indicated. Hormone therapy has benefits and risks and should be individualized
rather than presented as the default. The original claim that ovarian cancer is the defining risk is also
too simplistic; risk profiles vary by formulation, route, duration, and patient factors (National Institute
of Arthritis and Musculoskeletal and Skin Diseases, 2026).

Skin Aging and Skeletal Aging

With age, skin becomes thinner, less elastic, and more vulnerable to injury, while sweat and oil-gland
activity may change. Bone mass and muscle strength can decline, increasing fall and fracture risk.
Reduced mobility then increases pressure-injury risk, producing a cycle between skeletal and
integumentary problems. Preventive care includes strength and balance training, safe environments,
vision correction, medication review, appropriate footwear, skin care, nutrition, and treatment of
osteoporosis where indicated.

Effects of Diabetes and Vascular Disease

Diabetes can impair sensation, circulation, immune response, and wound healing, especially in the
feet. Ulcers can extend to bone and lead to osteomyelitis or amputation. Diabetes also influences
fracture risk through mechanisms that are not captured fully by bone density alone. Vascular disease
reduces oxygen and nutrient delivery to skin and bone. These examples show why homeostatic failure
cannot be assigned to only one system. Effective prevention requires glucose management, foot
inspection, vascular assessment, pressure relief, and early treatment.

Conclusion

The integumentary and skeletal systems maintain homeostasis through protection, temperature
control, sensation, movement, mineral storage, blood-cell production, tissue repair, and
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communication with other organ systems. Skin supports vitamin D synthesis, while bone stores
calcium and phosphorus and responds to hormonal and mechanical signals. The skeleton protects
organs and enables movement; the skin protects the body’s internal environment and helps regulate
external exchange. Their relationship becomes especially visible in wound healing, pressure injuries,
fractures, osteoporosis, aging, diabetes, and infection. Neither system works alone. Homeostasis
depends on coordinated feedback among skin, bone, muscle, nerves, blood, kidneys, intestines,
endocrine glands, immune cells, nutrition, and behavior (OpenStax, 2022; Rodan, 1998).
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