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CcoO Upon successful completion of this course, the students will be able to:

No.

1 Explain the fundamental concepts of Human Anatomy, Physiology and Pathophysiology.

2 Explain the gross morphology, structure and functions of various organs of the human body.
Understand the etiology and pathogenesis of diseases/disorders associated with

3 integumentary system, peripheral nervous system and cardiovascular system

4 Understand the basic mechanism behind inflammation

5 Identify and differentiate the various tissues and organs of different systems of human body.

Sr. No. Learning Outcome CO
1 Identify and classify the 206 bones of the axial and appendicular skeleton. BP104.2
2 Explain joint classifications and apply structural mechanics to joint BP104.2

3 Analyze the electro-chemical steps of the Neuromuscular Junction (NMJ) and BP104.2
sarcomere contraction. ‘

4 Evaluate synaptic failures (Myasthenia Gravis) and metabolic bone/joint diseases BP104.2
(Rheumatoid Arthritis, Osteoporosis, Gout). .
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> The Skeletal System and Bone Morphology

» Structural Divisions: Axial vs. Appendicular Skeleton
The adult human skeletal system comprises 206 distinct bones, organized into

two fundamental divisions based on their spatial orientation:

AXIAL SKELETON (80 BONES) N APPENDICULAR SKELETON (126 BONES)
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1. The Axial Skeleton (80 Bones)

The axial skeleton forms the central, longitudinal axis of the human body. Its

primary physiological role is the protection of vital internal organs (brain, spinal

cord, heart, and lungs).

o Skull (22 bones): Divided into Cranial bones (8) which enclose the brain
cavity (frontal, parietal, temporal, occipital, sphenoid, ethmoid) and Facial
bones (14) forming the facial framework (nasal, lacrimal, palatine, inferior
nasal conchae, vomer, maxillae, zygomatic, mandible).

« Associated Bones (7 bones): Includes the Hyoid bone (1) in the neck which
supports the tongue, and Auditory ossicles (6, three in each middle ear cavity:

malleus, incus, stapes).
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« Vertebral Column (26 bones): Arranged into regions supporting the trunk:
Cervical vertebrae (7), Thoracic vertebrae (12), Lumbar vertebrae (5), Sacrum
(1, formed by 5 fused segments), and Coccyx (1, formed by 4 fused segments).

« Thoracic Cage (25 bones): Comprises the Sternum (1, anchor point) and Ribs
(24, or 12 pairs), classified as true, false, and floating ribs based on their
attachment mode.

2. The Appendicular Skeleton (126 Bones)

The appendicular skeleton facilitates locomotion and interaction with the external

environment. It consists of the limbs and the bone girdles that anchor them to the

axial framework.

o Pectoral (Shoulder) Girdle (4 bones): Consists of the Clavicle (2) and
Scapula (2) on each side, establishing a highly mobile connection to the upper
body.

o Upper Limbs (60 bones): Comprises the Humerus (2, arm), Ulna (2) and
Radius (2, forearm), Carpals (16, wrist bones), Metacarpals (10, palm bones),
and Phalanges (28, finger segments).

o Pelvic Girdle (2 bones): Consists of two Coxal (Hip) bones, which fuse
firmly with the sacrum to provide a heavy, weight-bearing base.

o Lower Limbs (60 bones): Comprises the Femur (2, thigh), Patella (2,
kneecap), Tibia (2, primary weight-bearing leg bone), Fibula (2, lateral leg
bone), Tarsals (14, ankle bones), Metatarsals (10, foot bones), and Phalanges

(28, toe segments).
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» Morphological Classification (Types) of Bones
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Long, Short, and Flat Bones

Long Bones: Characterized by a length that significantly exceeds their width.
Structurally composed of a central shaft (diaphysis) enclosing the medullary
cavity, and two expanded ends (epiphyses) faced with hyaline articular
cartilage. They consist primarily of dense compact bone tissue in the shaft
with spongy bone cores at the ends (e.g., Femur, Humerus, Tibia).

Short Bones: Cube-shaped structures displaying nearly equal length, width,
and depth. They consist of internal spongy bone faced with a very thin
superficial layer of compact bone (e.g., Carpals, Tarsals).

Flat Bones: Thin, broad, slightly curved structures composed of two parallel
layers of compact bone enclosing a central core of spongy bone tissue (termed
diplée in cranial plates). They provide maximal surface area for muscle

attachments and enclose cavities to safeguard soft tissues (e.g., Sternum, Ribs,

Cranial plates).
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Irregular and Sesamoid Bones

o Irregular Bones: Display complex, elaborate shapes with varying proportions
of compact and spongy bone tissue that cannot be accommodated in any other
morphological category (e.g., Vertebrae, Calcaneous, Ethmoid bone).

o Sesamoid Bones: Specialized small, rounded bones that develop entirely
within specific tendon pathways where intense friction, compression, and
mechanical forces are consistently applied. They serve to protect the tendon
from tearing and alter the mechanical pull angle of muscles (e.g., Patella).

> Salient Features and Functions of Core Structural Bone Groups

1) Bones of the Axial Skeleton (80 Bones)

The bones of the axial skeleton are located along the central vertical axis of the

body. Their design prioritizes structural protection of the central nervous

system and vital thoracic organs, as well as providing extensive surfaces for
muscle attachment.
i. Cranial and Facial Bone Groups (The Skull)

Salient Features:

o Cranial Bones (8): Composed of flat plates of bone joined tightly by
interlocking, immovable fibrous joints called sutures (e.g., coronal, sagittal,
lambdoid sutures). The bone tissue exhibits a diploe architecture—two outer
layers of compact bone protecting a shock-absorbing inner layer of spongy
bone.

o Facial Bones (14): Form the structural framework of the face and cavities for
the upper respiratory tract and special senses. The mandible (lower jaw) is
unique as the only freely movable bone of the skull, articulating via the
synovial temporomandibular joint (TMJ).

o Paranasal Sinuses: Air-filled, mucus-lined cavities found within the frontal,

sphenoid, ethmoid, and maxillary bones.
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Primary Functions:

o Encloses, insulates, and completely safeguards the brain within the cranial
cavity.

o Protects and mechanically stabilizes the organs of special senses (vision,
olfaction, gustation, and hearing/equilibrium).

o Paranasal sinuses lighten the overall weight of the skull and act as resonating
chambers to echo and intensify vocal sounds.

ii. The Vertebral Column (Spine)

Salient Features:

o Consists of a flexible, segmented chain of 26 bone segments split into distinct
regions: Cervical (7), Thoracic (12), Lumbar (5), Sacrum (1 fused), and
Coccyx (1 fused).

o Displays four normal physiological curvatures (cervical, thoracic, lumbar,
sacral) that form an S-shape to enhance mechanical strength.

o Individual vertebrae are separated by fibrocartilaginous intervertebral discs
(amphiarthrodial joints) and feature a central opening called the vertebral
foramen.

Primary Functions:

o The aligned vertebral foramina form a continuous, reinforced bony pipeline
(vertebral canal) that completely encloses and protects the spinal cord.

o Serves as a strong, flexible longitudinal axis that supports the head, neck, and
trunk.

o Absorbs vertical mechanical shocks during high-impact movements (running,

jumping) via the intervertebral discs.
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ili. The Thoracic Cage (Ribs & Sternum)

Salient Features:

o A cone-shaped, semi-rigid cage anchored anteriorly by the flat sternum
(breastbone) and posteriorly by the 12 thoracic vertebrae.

o Comprises 12 pairs of ribs: Ribs 1-7 are True Ribs (attach directly to the
sternum via hyaline costal cartilages); Ribs 8—10 are False Ribs (attach
indirectly via the cartilage of rib 7); Ribs 11-12 are Floating Ribs (no anterior
attachment).

Primary Functions:

o Creates a protective enclosure around the primary organs of the cardiovascular
and respiratory systems (heart and lungs).

o The elastic costal cartilages allow the cage to expand and contract flexibly,
facilitating changes in thoracic volume required for pulmonary ventilation
(breathing).

2) Bones of the Appendicular Skeleton (126 Bones)

The appendicular skeleton is structurally optimized for locomotion, leverage,

and manipulation of objects. These bones are dominated by long lever arms and

highly mobile synovial joints.
i. The Pectoral (Shoulder) Girdle

Salient Features:

o Consists of the Clavicle (an S-shaped long bone) and the Scapula (a flat,
triangular bone on the posterior thorax).

o The girdle does not articulate directly with the vertebral column; it is attached
to the axial skeleton only at a single point: the sternoclavicular joint.

o Features a shallow depression called the glenoid cavity, which hosts the head

of the humerus.
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Primary Functions:

o Anchors the upper limbs firmly to the axial skeleton while maximizing
mobility.

o Because the glenoid cavity is shallow, it allows the shoulder to execute a wide
tri-axial range of motion, enabling the upper limb to reach in almost any
spatial direction.

ii. The Upper Limbs (Arm, Forearm, Wrist, & Hand)

Salient Features:

o Dominated by the Humerus (arm), Radius (lateral forearm bone), and Ulna
(medial forearm bone featuring the olecranon process that forms the elbow
hinge).

o The wrist contains 8 short Carpals arranged in two rows, leading to 5
Metacarpals (palm) and 14 Phalanges (digits).

Primary Functions:

o Acts as a system of mechanical levers optimized for lifting, reaching, and
pushing.

o The structural arrangement of the radius sliding over the ulna allows for
unique rotational movements: pronation and supination.

o The highly versatile joints of the carpals and phalanges—coupled with an
opposable thumb—allow for fine motor skills, precise grasping, and
writing.

ili. The Pelvic (Hip) Girdle

Salient Features:

o Consists of two heavy, massive Coxal (Hip) bones, which articulate
anteriorly at the pubic symphysis and fuse completely with the sacrum

posteriorly.
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o Features a deep, heavily reinforced spherical socket called the acetabulum,
which encloses the head of the femur.

o Primary Functions:

o Provides an exceptionally rigid, stable base that transmits the entire weight of
the upper body down to the lower limbs.

o Safeguards the delicate internal structures of the pelvic cavity, including the
urinary bladder, reproductive organs, and the lower digestive tract.

iv. The Lower Limbs (Thigh, Leg, Ankle, & Foot)

Salient Features:

o Houses the Femur, which is the longest, heaviest, and strongest bone in the
human body.

o The leg contains the thick, medial Tibia (the sole weight-bearing bone of the
lower leg) and the slender, lateral Fibula (used purely for muscle attachments,
non-weight-bearing).

o The foot infrastructure includes 7 massive Tarsals (including the weight-
bearing calcaneus or heel bone), 5 Metatarsals, and 14 Phalanges.

Primary Functions:

o Engineered exclusively for sustained weight-bearing, maintaining upright
bipedal posture, and executing locomotion (walking, running).

o The tarsals and metatarsals bind together to form distinct foot arches
(longitudinal and transverse), which act like mechanical leaf springs to
distribute body weight evenly and absorb massive kinetic shocks during
movement.

+» Articulations (Joints)

» Functional Classification (Degree of Movement)

Articulations are categorized functionally based on the magnitude of physical

movement they permit:
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o Synarthrosis: An immovable joint. These joints are exceptionally stable and

are located where motion must be entirely restricted to safeguard internal

organs (e.g., Sutures binding cranial bones, Gomphoses anchoring teeth into
alveolar sockets).
Amphiarthrosis:

structural

slightly movable joint. These configurations balance
stability with modest flexibility (e.g., Pubic symphysis,
intervertebral joints of the spinal column)

Diarthrosis: A freely movable joint. All diarthrodial articulations exhibit a

highly specialized anatomical cavity and are categorized structurally as

synovial joints. They dominate the appendicular skeleton to permit extensive
dynamic movement
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» Structural Classification (Anatomical Connective Medium)

Articulations are categorized structurally based on the specific anatomical

connective tissue binding the bones together and the presence or absence of a
fluid-filled joint space
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o Fibrous Joints: Characterized by the total absence of a joint cavity. The
articulating surfaces are held together by dense irregular connective tissue
(e.g., Sutures, Syndesmoses).

o Cartilaginous Joints: Completely lack a joint cavity. The articulating bone
elements are firmly bridged together by either resilient hyaline cartilage or
dense fibrocartilage plates (e.g., Synchondroses, Symphyses).

o Synovial Joints: The defining feature is a specialized Synovial Cavity
separating the articulating bones. This fluid-filled space is surrounded by a
capsule lined with a synovial membrane that secretes a friction-reducing, clear
Synovial Fluid.

Synovial Joint Subtypes and Mechanical Axes

Synovial joints are further sub-classified based on the geometric shapes of the

articulating bone surfaces, which dictate their precise axes of mechanical

movement:

v' Planar (Gliding) Joints: Articulating surfaces are flat or slightly curved,
permitting side-to-side and back-and-forth gliding movements. They are non-
axial (e.g., Intercarpal and intertarsal joints).

v" Hinge Joints: The convex surface of one bone fits into the concave surface of
another, producing an angular opening-and-closing movement. They are
mono-axial/unaxial (e.g., Knee joint, elbow joint, interphalangeal joints).

v" Pivot Joints: A rounded or pointed surface of one bone articulates with a ring
formed partly by another bone and partly by a ligament, permitting rotation
around a single longitudinal axis (e.g., Atlanto-axial joint, radioulnar joint).

v Condyloid (Ellipsoidal) Joints: An oval-shaped condyle of one bone fits into
an elliptical cavity of another, permitting movement around two perpendicular
axes (bi-axial), allowing flexion, extension, abduction, adduction, and

circumduction (e.g., Radiocarpal joint of the wrist).
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v' Saddle Joints: The articular surface of one bone is saddle-shaped, and the
articulating surface of the other bone fits into the "saddle" like a rider. This is
a modified bi-axial configuration permitting free movement (e.g.,
Carpometacarpal joint of the thumb).

v" Ball-and-Socket Joints: The ball-like spherical surface of one bone fits into
a cup-like depression of another. These are tri-axial/multi-axial configurations
permitting broad movement across all planes (e.g., Shoulder and hip joints).

¢ Muscular Physiology and the Neuromuscular Junction

» Microscopic Organization of Skeletal Muscle and the Sarcomere

Skeletal muscle tissue is highly organized to efficiently translate electrochemical

commands into mechanical force:

1) Connective Tissue Sheaths

Individual muscle fibers are wrapped inside sequential protective connective

tissue boundaries:

Epimysium (Surrounds the entire muscle organ) = Perimysium (Surrounds

Fascicles/Bundles of Fibers) 2 Endomysium (Surrounds individual fibers)

2) Microscopic Anatomy of the Sarcomere

The Sarcomere is the basic functional, contractile unit of a skeletal muscle

myofibril, extending chronologically from one structural Z-disc to the next.

o Thick Filaments: Occupy the central region of the sarcomere (forming the
dark A-band). They are composed of the motor protein Myosin, which features
long, interwoven tails and moving globular myosin heads pointing outward
toward adjacent thin strands.

o Thin Filaments: Anchor directly into the boundary Z-discs and extend inward
toward the center (occupying the light I-band). They are composed primarily
of the structural protein Actin, coiled into a helical double strand.

3) Roles of Regulatory Proteins
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o Tropomyosin: A continuous, rope-like regulatory strand that wraps around
the actin helix. In a resting muscle state, it physically shields the myosin-
binding sites on actin, preventing cross-bridge interaction.

o Troponin: A three-subunit regulatory protein complex bound directly to
tropomyosin. It serves as the primary molecular switch for contraction,

possessing a high binding affinity for Calcium ions.

» Electrochemical Transmission at the Neuromuscular Junction (NMJ)
The Neuromuscular Junction (NMJ) is the highly specialized chemical synapse
established between the axon terminal of a somatic motor neuron and the motor
end plate of a muscle fiber. Transmission follows a sequential pathway:

[Somatic Nerve Action Potential Arrives]

l

[Voltage-Gated Ca2+ Channels Open —> Influx of Calcium]

l

[Exocytosis of Acetylcholine (ACh) into Synaptic Cleft]

l

[ACh Binds to Nicotinic Receptors on Motor End Plate]

l

[Massive Na+ Ion Influx —> Muscle Action Potential Generated]

v' Anerve action potential propagates down the motor neuron axon, depolarizing
the presynaptic terminal membrane.
v" This depolarization opens Voltage-gated Ca?" channels, causing a rapid influx

of Calcium ions into the nerve terminal down their electrochemical gradient.

The Pioneer Pharmacy Institute of Punjab




Amar Shaheed Baba Ajit Singh Jujhar Singh Memorial

COLLEGE OF PHARMACY

(AN AUTONOMOUS COLLEGE)
BELA (Ropar) Punjab

v' The rise in intracellular Ca** prompts synaptic vesicles to fuse with the
presynaptic membrane, releasing Acetylcholine (ACh) into the synaptic cleft
via exocytosis.

v ACh molecules diffuse across the cleft and bind to ligand-gated Nicotinic
Acetylcholine Receptors localized on the folded motor end plate of the muscle
fiber.

v" Receptor binding opens the receptor's integral ion channels, causing a massive
influx of Sodium Na" ions into the sarcoplasm. This generates a localized
graded potential termed the End-Plate Potential (EPP), which triggers a full-
scale, propagating Muscle Action Potential.

> Physiology of Contraction: The Sliding Filament Mechanism

Once generated, the muscle action potential initiates contraction through

Excitation-Contraction Coupling and the Cross-Bridge Cycle:

v' Excitation-Contraction Coupling

The muscle action potential spreads across the sarcolemma and plunges deep into

the cell interior through invaginations called Transverse (T) Tubules. This

depolarization activates voltage-sensitive receptors coupled to Ca?" release
channels (ryanodine receptors) embedded within the adjacent Sarcoplasmic

Reticulum (SR). This opens the channels, causing an immediate flood of Calcium

Ca*" ions out of the SR storage banks and into the surrounding sarcoplasm.

v The Cross-Bridge Cycle

1. Active Site Exposure: Released Ca®" binds to Troponin, inducing a rapid
conformational shape shift. This shift pulls Tropomyosin away from the
myosin-binding sites on the actin filament, exposing them to the myosin

heads.
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2. ATP Hydrolysis (Activation): The myosin head splits a bound ATP molecule
into ADP and an inorganic phosphate Pi, locking the head into an energized,
high-energy posture.

3. Cross-Bridge Formation: The energized myosin head binds tightly to the
exposed myosin-binding site on actin, forming a physical Cross-Bridge.

4. The Power Stroke: The myosin head releases the trapped ADP and Pi,
rotating inward toward the center of the sarcomere. This mechanical rotation
slides the thin actin filament past the thick myosin filament, pulling the Z-
discs closer together and shortening the sarcomere.

5. Cross-Bridge Detachment: At the conclusion of the power stroke, a fresh
ATP molecule binds to the myosin head. This binding instantly reduces
myosin's affinity for actin, causing the cross-bridge to detach. The cycle
repeats as long as ATP is available and sarcoplasmic Ca®" remains elevated.

1. Pathophysiology of Bone and Joint Diseases

1) Rheumatoid Arthritis (RA)

« Pathophysiology: Rheumatoid Arthritis is a chronic, systemic autoimmune
disease that primarily targets the synovial membranes of peripheral joints. The
process is initiated when helper T-cells encounter an unidentified arthritogenic
antigen, leading to infiltration of the synovium by T-cells, B-cells, and
macrophages. These immune cells release pro-inflammatory cytokines,
primarily Tumor Necrosis Factor-alpha (TNF alpha) and Interleukin-1
(IL-1).

« This sustained cytokine surge drives the hyper-proliferation of the synovial
membrane, transforming it into an abnormal, thick, vascularized tissue mass
known as a Pannus. The growing pannus releases destructive lysosomal
enzymes and collagenases that erode the articular cartilage and underlying

bone matrix. Over time, this leads to extensive joint remodelling, subluxation,
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and joint fusion (Ankylosis), producing characteristic deformities like ulnar
deviation of the fingers.
2) Osteoporosis

« Pathophysiology: Osteoporosis is a metabolic bone disorder characterized by
low bone mass and micro-architectural deterioration of bone tissue, causing
severe bone fragility and susceptibility to fractures. Normal bone health relies
on balanced bone remodelling, where bone resorption by osteoclasts is
matched by bone deposition by osteoblasts.

o In osteoporosis, this balance is disrupted, and osteoclast-mediated bone
resorption outpaces osteoblast-mediated bone deposition. This is highly
pronounced in postmenopausal females due to a sharp decline in circulating
Estrogen levels. Estrogen normally suppresses bone resorption by
downregulating osteoclast activity and promoting osteoclast apoptosis. The
loss of estrogen allows unchecked osteoclastic survival, leading to the
progressive demineralization and architectural thinning of the trabecular
spongy bone matrix.

Postmenopausal Estrogen Decline

l

Loss of Osteoclast Inhibition

l

Osteoclast Resorption Exceeds Osteoblast Deposition

!

Spongy Bone Porosity

l

Advanced Osteoporosis

High Fragility (Spontaneous Femur/Spine Fractures)
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3) Gout

« Pathophysiology: Gout is a metabolic disorder that manifests as acute,
recurrent inflammatory arthritis, driven by the deposition of urate crystals
within joint cavities. The foundational root cause is Hyperuricemia
(persistently elevated uric acid levels in the blood), which arises from either
the metabolic overproduction of purines or impaired renal clearance of uric
acid.

« When systemic uric acid levels exceed its physiological saturation threshold,
it precipitates out of solution, forming sharp, needle-like Monosodium Urate
(MSU) Crystals within the avascular synovial fluid of peripheral joints. These
crystals trigger an aggressive immune response; macrophages phagocytose the
crystals and release inflammatory mediators, which recruit neutrophils into
the joint space. The neutrophils release lysosomal enzymes and free radicals,
inducing acute, excruciatingly painful joint inflammation, classically

presenting in the metatarsophalangeal joint of the Great Toe (Podagra).
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Advanced Case-Based Learning (CBL)

¢ Case Study 1

Clinical Scenario: The Microscopic Architectural Failure

« Patient Profile: A 14-year-old male cross-country runner presents to the
sports clinic complaining of localized, sharp pain in his lower leg that
worsens during running but subsides completely with rest. Physical
examination reveals point tenderness over the anterior aspect of the
middle third of his tibia. An MRI scan confirms a micro-fracture line
across the dense compact cortical bone layer, classifying it as an acute
tibial stress fracture.

@ Investigative Questions:

1. Bone Type Identification: Classify the Tibia into its correct morphological
bone category and state its primary weight-bearing functional role in the
appendicular skeleton.

2. Microscopic Breakdown: Distinguish between the structural roles of
Compact Bone (composed of Osteons or Haversian systems) and Spongy
Bone (composed of intersecting Trabeculae). Which architectural matrix
failed in this athlete?

3. Cellular Response: Detail the distinct physiological tasks of the three core
bone cells (Osteoblasts, Osteoclasts, and Osteocytes) required to remodel and
repair this stress fracture line.

¢ Case Study 2

Clinical Scenario: The Frictionless Biological Bearing Failure

« Patient Profile: A 68-year-old retired mechanical engineer presents with
progressive, severe bilateral knee pain over the last 8 years. He reports
severe joint stiffness in the morning lasting about 15 minutes and a harsh

grating sensation (crepitus) whenever he flexes or extends his knees.
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Radiographs reveal a near-total loss of the joint space, subchondral bone
sclerosis, and prominent marginal bone spurs (osteophytes). He is
diagnosed with advanced bilateral Osteoarthritis.

@ Investigative Questions:

1. Structural Anatomy Mapping: Describe the micro-structural components of
a standard Synovial Joint, highlighting the exact biochemical roles of the
Articular Cartilage, Synovial Membrane, and Synovial Fluid.

2. Pathophysiological Breakdown: Based on the patient's clinical symptoms
(crepitus, friction, loss of joint space), deduce which specific structural
component of his knee joint has structurally degraded. Explain why this
degradation accelerates friction and osteophyte formation.

3. Kinematic Classification: Classify the Knee joint according to both its
structural subtype and its functional mobility class. How does this structural
configuration restrict its mechanical axis of movement?

¢ Case Study 3

Clinical Scenario: The Autoimmune Synaptic Blockade

o Patient Profile: A 29-year-old female presents with progressive ptosis
(drooping of the upper eyelids), diplopia (double vision), and profound
skeletal muscle weakness that worsens significantly toward the evening or
after mild physical exertion. Her speech becomes slurred after talking for
extended periods. A diagnostic serum panel reveals highly elevated levels of
pathogenic autoantibodies directed against Nicotinic Acetylcholine (ACh)

Receptors. She is diagnosed with Myasthenia Gravis.

@ Investigative Questions:
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1. Synaptic Disruption: Describe how the competitive binding of
autoantibodies to Nicotinic receptors alters the normal generation of an End-
Plate Potential (EPP) at the motor end plate.

2. Contraction Interference: If the motor end plate cannot reach its activation
threshold, trace downstream what happens to the T-tubules, Sarcoplasmic
Reticulum, and Calcium release, explaining why the patient experiences
profound muscle weakness.

3. Pharmacological Rescue: A pharmacist dispenses Neostigmine, an
Acetylcholinesterase (AChE) Inhibitor. Explain the physiological
mechanism by which blocking the AChE enzyme temporarily restores this
patient's muscular contractile strength.

+» Case Study 4

Clinical Scenario: The Postmenopausal Silent Fracture

o Patient Profile: A 63-year-old postmenopausal female is admitted after
slipping on a rug in her living room. She experienced immediate, agonizing
pain in her left hip and was entirely unable to bear weight. Radiographs
confirm a displaced fracture across the neck of the left femur. Dual-Energy X-
ray Absorptiometry (DEXA) scanning of her lumbar spine and contralateral
hip reveals a T-score of -3.2, confirming advanced Osteoporosis.

@& Investigative Questions:

1. Remodeling Imbalance: Explain the cellular mechanism by which a drop in
circulating Estrogen levels post-menopause accelerates the destruction of the
trabecular bone matrix.

2. DEXA Metrics Evaluation: Define what a T-score signifies. Differentiate
between the diagnostic cut-off scores for Osteopenia vs. Osteoporosis

according to World Health Organization (WHO) standards.
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3. Pharmacological Mechanism: Bisphosphonates are a first-line drug class
used for this condition. They work by binding to bone matrices and inducing
apoptosis specifically within Osteoclasts. Explain how this slows the

progression of the disease.
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Advanced Problem-Based Learning (PBL)
Raw Problem Trigger: The Paralyzed Camp Fire
1. The Raw Problem Statement
A group of university students on a wilderness research trip are brought to a rural
field hospital. They report that roughly 3 hours after eating an improperly cooked,
wild pufferfish dish, they began experiencing numbness around their lips,
followed rapidly by progressive skeletal muscle weakness, difficulty swallowing,
and respiratory distress.
Two of the students are now entirely paralyzed and require mechanical
ventilation. The resident physician notes that pufferfish contains Tetrodotoxin
(TTX), a potent biological toxin that selectively blocks and seals the outer pores
of Voltage-Gated Sodium (Na") Channels on excitable membranes.

2. The Student 3-Column Brainstorming Matrix (Template)

WHAT WE KNOW WHAT WE NEED TO KNOW OUR HYPOTHESES
1. Ingested pufferfish | ¢  What is the role of Voltage-gated | 1. TTX stops the motor
containing Tetrodotoxin Sodium channels in neuron from
(TTX). nerve/muscle? propagating action
2. Symptoms: Numbness, | ¢ How does stopping Na+ influx potentials.
progressive paralysis, affect the sliding filament loop? | 2. Without Na+ entry, no
respiratory failure. e  Why did respiration fail first? muscle action potential
3. TTX seals  Sodium can travel down the T-
channels. tubule systems.

@ Core Mechanistic Investigative Questions:

1. The Action Potential Blockade: Detail the precise functional role of voltage-
gated sodium channels in the propagation of an action potential across the
sarcolemma. What happens to the muscle membrane potential when these
channels are physically sealed by TTX?

2. The Coupling Interruption: Trace the downstream effects of TTX binding

on the sliding filament mechanism. If the sarcolemma cannot depolarize,
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clarify why Troponin and Myosin remain completely uncoupled despite the
abundance of intracellular ATP.

3. The Lethal Variable: Why does paralysis of skeletal muscle tissue lead to
fatal respiratory distress? Identify the primary skeletal muscle organ
responsible for ventilation and classify its structural position within the

axial/appendicular architecture.
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Multiple Choice Questions

1) How many total bones constitute the adult
human axial skeleton?

A) 126

B) 80

C) 206

D) 60

2) Which of the following is classified
morphologically as a flat bone?

A) Femur

B) Carpals

C) Sternum

D) Vertebrae

3) The structural unit of mature compact
bone tissue is called:

A) Trabeculae

B) Osteon

C) Canaliculi

D) Lamellae

4) The process of blood cell production
occurring within red bone marrow is termed:
A) Calcification

B) Hemopoiesis

C) Osteogenesis

D) Bone Resorption

5) Which cell type is directly responsible for
synthesizing and secreting the organic
components of the bone matrix?

A) Osteoclast

B) Osteoblast

C) Osteocyte

D) Chondrocyte

6) Postmenopausal osteoporosis is primarily
driven by a systemic deficiency in which
hormone?

A) Thyroxine

B) Parathyroid Hormone

C) Estrogen

D) Calcitonin

7) Monosodium urate crystal deposition
joint spaces is the defining
pathophysiological hallmark of:

A) Osteoarthritis

B) Rheumatoid Arthritis

C) Gout

D) Myasthenia Gravis

8) Which of the following functional classes
represents a completely immovable joint?
A) Diarthrosis

B) Amphiarthrosis

C) Synarthrosis

D) Synovial

9) The pivot joint established between the
atlas and axis vertebrae (C1 and C2) allows
movement across how many mechanical

inside

axes?

A) Non-axial

B) Uniaxial (Mono-axial)

C) Biaxial

D) Triaxial

10) The thick connective tissue sheath that
wraps around an entire skeletal muscle organ
is the:

A) Perimysium

B) Endomysium

C) Epimysium

D) Sarcolemma

11) What molecule acts as the exclusive
neurotransmitter released into the synaptic
cleft of the Neuromuscular Junction (NMJ)?
A) Noradrenaline

B) Acetylcholine

C) Dopamine

D) Serotonin
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12) What molecule acts as the exclusive
neurotransmitter released into the synaptic
cleft of the Neuromuscular Junction (NMJ)?
A) Noradrenaline

B) Acetylcholine

C) Dopamine

D) Serotonin

13) A single functional sarcomere is defined
anatomically as the structural contractile
region extending between adjacent:

A) M-lines

B) H-zones

C) Z-discs

D) A-bands

14) Which enzyme breaks down the somatic
neurotransmitter inside the synaptic cleft to
allow muscle relaxation?

A) Creatine Kinase

B) Acetylcholinesterase

C) Myosin ATPase

D) Alkaline Phosphatase

15) The highly mobile,
inflammatory tissue mass characteristic of
advanced Rheumatoid Arthritis is called a:
A) Tophi

B) Osteophyte

C) Pannus

D) Sequestrum

vascularized

16) How many distinct bones form the
standard adult appendicular skeleton?

A) 80

B) 126

C) 206

D) 60

17) Which of the following represents a
sesamoid bone?
A) Patella

C) Clavicle

B) Scapula
D) Radius

18) The deep, reinforced socket of the hip
bone that accommodates the spherical head
of the femur is the:

A) Glenoid cavity

B) Acetabulum

C) Foramen magnum

D) Obturator foramen

19) What type of joint is
established by the cranial sutures?

A) Cartilaginous joint

B) Synovial joint

C) Fibrous joint

D) Diarthrodial joint

20) The specialized internal storage and
release network for Calcium ions inside a

structural

muscle fiber is the:

A) Transverse tubule

B) Sarcoplasmic Reticulum

C) Mitochondrion

D) Golgi apparatus

21) Which muscle protein contains the
moving globular heads with active ATP-
binding sites?

A) Actin

B) Myosin

C) Troponin

D) Tropomyosin

22) In Myasthenia Gravis, the patient’s body
generates autoantibodies that primarily target
and destroy:

A) Voltage-gated Calcium channels

B) Nicotinic Acetylcholine receptors

C) Muscarinic receptors

D) Sarcoplasmic ryanodine channels

23) The unique protein filament that
physically blocks the myosin-binding sites
on actin in a resting muscle is:

A) Troponin B) Tropomyosin

C) Titin D) Dystrophin
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24) What happens to the actual physical
lengths of the thin and thick myofilaments
during the sliding filament process?

A) Thin filaments shorten

B) Thick filaments lengthen

C)Both filaments retain their original lengths
D) Both filaments shrink significantly

25) The shoulder joint (glenohumeral joint)
belongs to which structural category of
synovial joints?

A) Hinge

B) Condyloid

C) Ball-and-socket

D) Saddle

26) Which anatomical plane splits the human
body vertically into anterior and posterior
halves?

A) Sagittal plane

B) Transverse plane

C) Frontal (Coronal) plane

D) Midsagittal plane

27) The primary weight-bearing bone of the
lower leg that transmits the body's
hydrostatic load is the:

A) Fibula

B) Tibia

C) Femur

D) Patella

28) Which skull bone contains the

specialized sella turcica depression hosting
the master pituitary gland?

A) Ethmoid bone

B) Sphenoid bone

C) Occipital bone

D) Frontal bone

29) Which metabolic parameter is
consistently elevated in the bloodstream of
patients presenting with clinical Gout?

A) Glucose B) Uric Acid
C) Cholesterol D) Creatinine

30) The structural network of fine micro-
through which osteocyte cell
extensions communicate across the calcified
bone matrix is called:

A) Volkmann’s canals

B) Haversian canals

C) Canaliculi

D) Lacunae

31) The uncalcified organic matrix rich in
Type I collagen fibers secreted by osteoblasts

channels

during bone formation is:

A) Osteon

B) Osteoid

C) Hydroxyapatite

D) Trabeculae

32) Because the intervertebral discs are
composed of fibrocartilage plates that permit
slight movement, they are functionally
classified as:

A) Synarthroses

B) Amphiarthroses

C) Diarthroses

D) Gomphoses

33) The shallow structural depression on the
scapula that receives the head of the humerus
is the:

A) Acetabulum

B) Glenoid Cavity

C) Olecranon Fossa

D) Coronoid Fossa

34) Hollow tunnels of the muscle surface
membrane that carry action potentials deep
into the sarcoplasm are:

A) Sarcoplasmic Reticulum

B) Terminal Cisternae

C) Transverse (T) Tubules

D) Myofibrils
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35) Tetrodotoxin (TTX), found in pufterfish,
halts nerve and muscle action potentials by
selectively blocking:

A) Ligand-gated Acetylcholine channels

B) Acetylcholinesterase enzymes

C) Voltage-gated Sodium channels

D) Calcium release channels

36) Which bone cell type is derived from
monocyte-macrophage lineages and features
a ruffled border with lysosomal acid
secretions?

A) Osteoblast

B) Osteoclast

C) Osteocyte

D) Chondrocyte

37) The clear, viscous fluid that lubricates
and supplies nutrients to avascular articular
cartilage is synthesized by the:

A) Articular cartilage caps

B) Fibrous joint capsule

C) Synovial membrane

D) Periosteum layer

38) The region of a sarcomere that contains
only thin actin filaments and narrows or
disappears during contraction is the:

A) A-band

B) I-band

C) M-line

D) H-zone

39) What ion channel type dominates the
folded motor end plate membrane at the
NMJ?

A) Voltage-gated channel

B) Ligand-gated channel

C) Mechanically-gated channel

D) Leakage channel

40) The mechanical binding of an energized
myosin head to an exposed active site on
actin establishes a:
A) Cross-bridge
C) Motor unit

B) Sarcomere
D) T-tubule triad

41) Drug classes like Bisphosphonates
manage osteoporosis progression by directly
inducing apoptosis in:

A) Osteoblasts

B) Osteocytes

C) Osteoclasts

D) Fibroblasts

42) Uric acid is an end-product derived from
the metabolic breakdown of which specific
biomolecules?

A) Carbohydrates

B) Purines

C) Triglycerides

D) Pyrimidines

43) Bone tissue functions as the body's
primary mineral vault, housing over 99% of
systemic reserves of:

A) Potassium

B) Sodium

C) Calcium

D) Iron

44) The articulation between the trapezium
of the carpus and the first metacarpal of the
thumb is an example of a:

A) Hinge joint

B) Pivot joint

C) Saddle joint

D) Ball-and-socket joint

45) The microscopic horizontal tunnels
through which blood vessels pass from the
periosteum into the central bone matrix are:
A) Haversian canals

B) Volkmann's canals

C) Canaliculi

D) Nutrient foramina

46) In a resting muscle cell, what continuous
strand-like protein physically masks the
binding sites on the actin filament?

A) Myosin tail B) Tropomyosin
C) Titin D) Troponin-C
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47) Rheumatoid arthritis can be clinically
distinguished from osteoarthritis by the
baseline presence of:

A) Joint crepitus during movement

B) Symmetric, systemic autoimmune joint
inflammation

C) Asymmetric, localized mechanical wear
D) Marginal osteophyte spur formation

48) Clinically administered Neostigmine
restores muscle function in Myasthenia

Gravis patients by:
A) Synthesizing new nicotinic receptors
B) Reversibly inhibiting the

Acetylcholinesterase enzyme
C) Blocking presynaptic calcium channels
D) Stimulating direct ATP generation

49) The carpal bones of the human wrist and
tarsal bones of the ankle are morphologically
categorized as:

A) Long bones

B) Flat bones

C) Short bones

D) Irregular bones

50) What type of cell division loop occurs to
allow normal growth and structural repair
within somatic bone tissue?

A) Meiosis

B) Mitosis

C) Amitosis

D) Apoptosis

ANSWER KEY (MCQs) 1. C|2.C[3.B|4.B|5.B[6.C|7.C|8.C|9.B[10.C|11.B
112.C|13.C|14.B|15.C|16.B|17.A|18.B|19.C|20.B|21.B|22.B|23.B|24.C
125.C26.C|27.B|28.B[29.C|30.B|31.B|32.B|33.B|34.C|35.C|36.B|37.
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B.

The Pioneer Pharmacy Institute of Punjab




Amar Shaheed Baba Ajit Singh Jujhar Singh Memorial

COLLEGE OF PHARMACY

(AN AUTONOMOUS COLLEGE)
BELA (Ropar) Punjab

Very Short Answer (2- Marks)

1. How many distinct bones constitute the adult human appendicular skeleton?
(Bloom’s Level 1: Remember)

A. 126 bones.

2. Name the vertical central pipeline hosting blood vessels inside an osteon.
(Bloom’s Level 1: Remember)

A. Haversian canal.

3. What thick connective tissue sheath completely wraps an entire muscle organ?
(Bloom’s Level 1: Remember)

A. Epimysium.

4. Name the exclusive structural site of adult red blood cell production.
(Bloom’s Level 1: Remember)

A. Red marrow.

5. Which specific skeletal bone protects the master pituitary gland?
(Bloom’s Level 1: Remember)

A. Sphenoid bone.

6. Classify the structural bone category of the human patella.
(Bloom’s Level 2: Understand)

A. Sesamoid bone.

7. Give the exact medical term for a functionally immovable joint.
(Bloom’s Level 2: Understand)

A. Synarthrosis.

8. Classify the knee joint according to its structural synovial subtype.
(Bloom’s Level 2: Understand)

A. Hinge joint.
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9. What cell type is derived from monocytes to execute bone resorption?
(Bloom’s Level 2: Understand)

A. Osteoclast.

10.Name the baseline structural and functional unit of a muscle myofibril.
(Bloom’s Level 2: Understand)

A. Sarcomere.

11.What diagnostic scan must be applied to evaluate bone mineral density?
(Bloom’s Level 3: Apply)

A.DEXA scan.

12. Which specific chemical currency must bind to myosin to break a cross-
bridge? (Bloom’s Level 3: Apply)

A. ATP.

13.Name the clear fluid applied naturally by the body to lubricate diarthroses.
(Bloom’s Level 3: Apply)

A. Synovial fluid.

14.Give the clinical term for grinding sounds caused by bone-on-bone friction.
(Bloom’s Level 3: Apply)

A. Crepitus.

15.Which specific regulatory protein serves as the muscle's primary calcium
sensor? (Bloom’s Level 4: Analyze)

A. Troponin.

16.What chemical channel type handles sodium influx at the motor end plate?
(Bloom’s Level 4: Analyze)

A. Ligand-gated.

17.Name the mechanical process where myosin heads rotate inward toward the
M-line. (Bloom’s Level 4: Analyze)

A. Power stroke.
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18.What continuous, strand-like protein physically masks actin binding sites at
rest? (Bloom’s Level 4: Analyze)

A. Tropomyosin.

19.Name the hypertrophied, destructive autoimmune tissue mass unique to
Rheumatoid Arthritis. (Bloom’s Level 5: Evaluate)

A. Pannus.

20.What explicit molecule targets and destroys Myasthenia Gravis synaptic
function? (Bloom’s Level 5: Evaluate)

A. Autoantibody.
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Short Answer Questions (5- Marks)

1. Enumerate the bones that constitute the adult human thoracic cage and state
their total count. (Bloom's Level 1 & 2: Remember & Understand)

2. Differentiate between true ribs, false ribs, and floating ribs based on their
mode of attachment. (Bloom's Level 1 & 2: Remember & Understand)

3. Define the structural components of a standard osteon (Haversian system)
found in compact bone. (Bloom's Level 1 & 2: Remember & Understand)

4. Categorize the three functional classes of human joints based on the degree of
movement they permit. (Bloom's Level 1 & 2: Remember & Understand)

5. Describe the primary biochemical roles of the skeletal framework beyond
mechanical body support. (Bloom's Level 1 & 2: Remember & Understand)

6. A patient presents with a deep laceration on the palm. Apply directional terms
to describe the wound's location relative to the wrist and the skin surface.
(Bloom's Level 3: Apply)

7. Apply your knowledge of mechanical lever systems to identify the
components of forearm flexion at the elbow joint via the biceps brachii
muscle. (Bloom's Level 3: Apply)

8. A patient 1s diagnosed with fluid accumulation in a diarthrosis. Apply
structural joint anatomy rules to pinpoint where this fluid is located and what
membrane synthesized it. (Bloom's Level 3: Apply)

9. Dissect the continuous connective tissue packaging that isolates and groups
skeletal muscle fibers into a whole organ. (Bloom's Level 4: Analyze)

10.Analyze what happens to the structural regions of a sarcomere (A-band, I-
band, and H-zone) during the sliding filament contraction process.

(Bloom's Level 4: Analyze)
11.Trace the chronological steps involved in the exocytosis of Acetylcholine into

the synaptic cleft of the Neuromuscular Junction. (Bloom's Level 4: Analyze)
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12.Deconstruct the mechanical turning point in a sarcomere where an energized
myosin head attaches to an actin filament. (Bloom's Level 4: Analyze)

13.Critique the molecular target error that compromises synaptic safety and
causes flaccid muscle weakness in Myasthenia Gravis. (Bloom's Level 5:
Evaluate)

14.Evaluate how a chronic postmenopausal drop in circulating Estrogen levels
disrupts the uncoupled balance of bone remodeling. (Bloom's Level 5:
Evaluate)

15.Defend the clinical choice of prescribing an anti-inflammatory drug that
targets the Tumor Necrosis Factor-alpha (TNF-alpha) cytokine in advanced
Rheumatoid Arthritis. (Bloom's Level 5: Evaluate)
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Long Answer Questions (10- Marks)

1. Detail the macroscopic and microscopic architecture of the Axial Skeleton.
Discuss the salient features and specific protective functions of the skull,
vertebral column, and thoracic cage, supported by organizational flowcharts.
(Bloom's Level 2: Understand)

2. Apply your knowledge of skeletal leverage systems to analyze how the human
body executes movement. Describe the components of a biological lever and
differentiate between first-class, second-class, and third-class levers with
explicit anatomical examples for each. (Bloom's Level 3: Apply)

3. Apply the structural rules of Synovial Articulations to explain how they
minimize friction. Diagram a standard diarthrodial joint and evaluate the
clinical consequences that manifest when these individual protective layers
degenerate. (Bloom's Level 3: Apply)

4. Analyze the microscopic organization of the Sarcomere from the gross muscle
level down to the atomic interactions of thin and thick myofilaments. Describe
the specific biochemical identities and roles of all structural, contractile, and
regulatory proteins involved. (Bloom's Level 4: Analyze)

5. Analyze the sliding filament mechanism of contraction by breaking down the
four distinct biochemical stages of the Cross-Bridge Cycle. Explain how the
consumption of chemical energy drives mechanical rotation. (Bloom's Level
4: Analyze)

6. Analyze the sliding filament mechanism of contraction by breaking down the
four distinct biochemical stages of the Cross-Bridge Cycle. Explain how the
consumption of chemical energy drives mechanical rotation. (Bloom's Level

4: Analyze)
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7. Break down and analyze the complete cellular and biochemical cascade of
Ischemic Bone Injury during fracture healing. Map out the chronological
tissue transformations required to restore structural integrity. (Bloom's Level
4: Analyze)

8. Compare and contrast the complete etiologies, cellular pathways, tissue-level
modifications, and final clinical outcomes of Rheumatoid Arthritis and
Osteoarthritis. (Bloom's Level 4: Analyze)

9. Evaluate the complex cell-signaling errors and systemic pathogenesis of
postmenopausal Osteoporosis. Discuss the specific role of Estrogen in
balanced bone remodeling, and evaluate how its withdrawal alters trabecular
micro-architecture. (Bloom's Level 5: Evaluate)

10.Evaluate the metabolic, biochemical, and immunological pathways of Gouty
Arthritis. Trace purine conversion into uric acid, hyperuricemic thresholds,
and the precise mechanism by which crystal precipitation triggers an
aggressive joint wildfire. (Bloom's Level 5: Evaluate)

11.Evaluate the complex endocrine feedback loops that maintain human blood
Calcium homeostasis. Map out the opposing homeostatic pathways triggered
by Hypercalcemia and Hypercalcemia, detailing the target organs involved.
(Bloom's Level 5: Evaluate)

12.Evaluate the structural and functional consequences that manifest when the
synaptic machinery of the Neuromuscular Junction is compromised. Compare
the pathophysiology, molecular targets, and clinical presentations of
Myasthenia Gravis and Eaton-Lambert Syndrome. (Bloom's Level 5:

Evaluate)
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13.Compare the biological dynamics of cutaneous tissue repair via Primary
Intention with healing via Secondary Intention. Chronologically evaluate the
four overlapping physiological phases of wound healing during heavy tissue
loss. (Bloom's Level 5: Evaluate)

14.Evaluate the physiological and clinical consequences of chemical and
toxicological interventions on the Neuromuscular Junction. Map out the
precise cellular chain reaction that occurs when the NMJ is exposed to
Organophosphate nerve agents, Botulinum toxin, and Curare. (Bloom's Level
5: Evaluate)

15. Evaluate the anatomy and physiology of the Appendicular Skeleton. Discuss
the structural layout of the upper and lower limbs, and evaluate how the
geometric configurations of the shallow glenoid cavity and the deep

acetabulum balance mobility and stability. (Bloom's Level 5: Evaluate)
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