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Cleft lip and cleft palate are distinct conditions with distinct causes, though they frequently occur

together.

The lip and palate form during the fifth-sixth week of embryonic development through a series

of fusions:
The first step is fusion of the two medial nasal prominences to form the midline intermaxillary segment.

The left and right maxillary prominences then fuse with the midline intermaxillary segment to form the
upper lip, the four medial maxillary teeth, and the primary palate.

The secondary palate forms from palatine shelves (maxillary prominence), which fuse in the midline,
posterior to the incisive foramen.

The primary and secondary palates fuse at the incisive foramen to form the definitive hard palate.

If one of the maxillary prominences fails to fuse with the intermaxillary segment, a unilateral cleft lip
results (For unknown reasons, this occurs more commonly on the left).

If both maxillary prominences fail to fuse with the intermaxillary segment, a bilateral cleft lip result.

Cleft palate results when the palatine shelves of the maxillary prominence fail to properly fuse with one
another or with the primary palate.
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Normal palate development

Cleft palate Cleft lip and cleft palate

= —
Week 5 Week 7 Weeks 8-10
| Maxillary prominence "1 Primary palate
. Medial nasal prominence . Secondary palate
[ Nasal septum

[ ]

= |t typically develops by 2 to 4 weeks of age.

= |tis most commonly caused by birth trauma (breech delivery) or malposition of the head in utero (due
to fetal macrosomia or oligohydramnios), both of which can result in sternocleidomastoid muscle
(SCM) injury and fibrosis.

= Rarely, it can be due to cervical spine deformities.

=  Children with congenital torticollis may have additional musculoskeletal anomalies, including hip
dysplasia and talipes equinovarus (clubfoot).

= The diagnosis of congenital torticollis is made clinically.

= On physical examination, the head is tilted toward the affected side with the chin pointed away from
the contracture.

= Asoft-tissue mass may be palpable in the inferior one-third of the affected SCM.

=  Most cases resolve with conservative therapy and stretching exercises.
Congenital torticollis

Head tilted
toward affected
muscle

Chin point away from Contracted
contracted muscle SCM muscle
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Chapter 2 Anatomy
Brachial plexus

The brachial plexus provides the motor and sensory innervation to the upper limb and is formed by the
ventral rami of Cs through Ty spinal nerves.

Five major nerves arise from the brachial plexus:

The musculocutaneous, median, and ulnar nerves contain anterior division fibers and innervate
muscles in the anterior arm, anterior forearm, and palmer compartments that function mainly as
flexors.

The axillary and radial nerves contain posterior division fibers and innervate muscles in the posterior
arm and posterior forearm compartments that function mainly as extensors.

Terminal Branches: (5)  Cords: (3)  Divisions (6)  Trunks (3) Roots (5)
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Axillary (C5-C6)

Quadral
Tricep S |

Teres majc

Innervation:
Deltoid [arm abduction at shoulder (> 15 degrees)].

Teres minor.

Sensation over deltoid muscle and lateral Arm.

Causes of injury
Fractured surgical neck of humerus.

Anterior dislocation of humerus.

Presentation
Flattened deltoid.

Loss of arm abduction at shoulder (> 15 degrees).

Loss of sensation over deltoid muscle and lateral Arm.

Axillary nerve

Deltoid

Humerus

Axillary nerve
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Axillary nerve injury

Shoulder Dislocation

Normal Anterior Posterior
anatomy dislocation dislocation

Humerus Humerus
(anterior dislocation)

Musculocutaneous (C5-C7)

= Asits name implies, the musculocutaneous nerve provides both motor innervation and somatic sensory
innervation to the arm.

= Innervation:
- All the muscles of the anterior compartment of the arm.

- Itinnervates the major upper arm flexors including the biceps brachii, brachialis muscles - forearm
flexion and supination, and coracobrachialis - flexion and adduction of the arm.

- After innervating these muscles, the remaining fibers continue as the lateral cutaneous nerve of the
forearm, providing sensory innervation to the skin of the lateral forearm.

= Causes of injury
- Most commonly occurs in the setting of trauma (shoulder dislocation) and strenuous upper extremity
activity (baseball pitching). Front Back

= Presentation
- Loss of forearm flexion and supination. s

- Loss of sensation over lateral forearm.

- biceps (C5-6) reflex.

Lateral cutaneous
nerve of forearm
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Musculocutaneous nerve

Biceps brachii: B | oteral cord

Long head of brachial
Musculocutaneous
nerve

Coracobrachialis

Brachialis

Biceps brachii

Lateral cutaneous
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forearm
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= The radial nerve receives fibers from C5-C8 and T1. It is the largest branch of the brachial plexus.

= The radial nerve enters the forearm anterior to the lateral epicondyle (near the humeroradial
articulation) and divides into superficial and deep branches.

= The superficial branch provides purely somatic sensory innervation to the radial half of the dorsal hand,
and the deep branch innervates the extensor compartment muscles in the forearm.

= After passing through the supinator canal (between the superficial and deep parts of the supinator

muscle), the deep branch continues to the wrist to become the posterior interosseous nerve, which
innervates muscles involved in finger and thumb extension.

= |nnervation:
- Posterior compartment muscles of the arm and forearm (the extensor muscles of the upper limb).

- It also supplies the skin of the posterior arm and forearm.

SATURDAY NIGHT PALSY
Posterior cutaneous nerve of arm i

\

= Causes of injury
- Midshaft fracture of humerus. The radial nerve and deep brachial artery can also be injured by midshaft
humerus fractures.

- Compression of axilla due to improperly fitted crutches or sleeping with arm over chair (“Saturday night
palsy”). The radial nerve can be injured at its superficial location within the axilla by repetitive pressure
and trauma caused by an ill-fitting crutch ("crutch palsy").

- Injury to the radial nerve during its passage through the supinator canal may occur due to repetitive

pronation/supination of the forearm (frequent screwdriver use), direct trauma, or subluxation of the
radius.

11
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=  Presentation
- Damage to the radial nerve results in "wrist drop," a condition in which the wrist and fingers cannot be
extended.

- grip strength (wrist extension necessary for maximal action of flexors).

- Loss of sensation over posterior arm/forearm and dorsal hand.

- Injury to the radial nerve during its passage through the supinator canal typically have weakness on
finger and thumb extension (“finger drop"). The triceps brachii (involved in elbow extension) and
extensor carpi radialis longus (wrist extension) are typically not affected as the radial nerve branches
supplying these muscles come off proximal to the supinator canal. Cutaneous sensory branches are
similarly preserved.

Greater
tubercle

Head

Fracture of |2 Axillary nerve

---------

surgical neck —

Deltoid ' Fracture of shaft

tuberosity Radial nerve

Shaft
Deep brachial artery
Brachial artery Supracondylar Ulnar nerve
fracture
Radial nerve
Fracture of

Mid-humerus medial epicondyle
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The median nerve receives contributions from the C5 through T1 spinal nerves and emerges as a
distinct structure from a combination of fibers from the lateral and medial cords of the brachial plexus.

From this location, the median nerve courses with the brachial artery in the groove between the biceps
brachii and the brachialis muscles.

It gains access to the forearm in the medial aspect of the antecubital fossa and immediately courses
between the humeral and ulnar heads of the pronator teres muscle.

It then courses between the flexor digitorum superficialis and the flexor digitorum profundus muscles
before entering the wrist and hand within the flexor retinaculum.

Innervation:

Anterior compartment except 1.5 muscles by ulnar nerve (flexor carpi ulnaris and the ulnar half of the
flexor digitorum profundus) - wrist flexion and abduction.

Thenar (median): Opponens pollicis, Abductor pollicis brevis, Flexor pollicis brevis, superficial head
(deep head by ulnar nerve).

Lateral Lumbricals (lumbricals of 2nd and 3™ digits): flex at the MCP joint, extend PIP and DIP
joints.

Sensation over thenar eminence and dorsal and palmar aspects of lateral 3 7 fingers.

Causes of injury:

‘Proximal Iesion:‘ Supracondylar fracture of humerus.

Distal lesion:| Carpal tunnel syndrome and wrist laceration from suicide attempts.

Median Nerve

~ ® \] motor innervation The median nerve innervates the LOAF muscles.
\ L'I mn . f i . L = lateral two Lumbricals
o ) Median nerve ( }‘ =3 /'t | 0 = Opponens pollicis
| = /h' ,‘:] | ) y A = Abductor pollicis brevis
| : L/§" i 1 2 Y4 A\ | F = Elexor pollicis brevis
» Ligh )
y
\ /N
y

|

y

REMEMBER: Adductor pollicis is
NOT a thenar muscle!
Innervated by the ULNAR nerve

14
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Flex metacarpophalangeal

Extend interphalangeals

+K

Flexor digitorum
superficialis tendon (cut)

R—\\| | L umbrical

= Presentation
- |Ape hand: Thumb adducted (Cannot oppose or abduct the thumb) with thenar atrophy.

- |Median claw:

o Distal median nerve lesion.
o Ask the patient to extend fingers/at rest.

o Due to paralysis of lateral lumbricals. Remaining extrinsic flexors of the digits (spared in distal lesion)
exaggerate the loss of the lumbricals - fingers extend at MCP, flex at DIP and PIP joints.

- [Pope’s blessing:
o Proximal median nerve lesion.

o Ask the patient to make a fist

o Thumb and lateral fingers cannot flex.

“Pope’s blessing” “Median claw”

U :
"\'\ y \ ’!
Making a fist Extending fingers/at
rest
Proximal median Distal median nerve
nerve
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- Loss of wrist flexion, flexion of lateral fingers, thumb opposition, lumbricals of 2nd and 3™ digits

- Loss of sensation over thenar eminence and dorsal and palmar aspects of lateral 3 % fingers with
proximal lesion.

- Ulnar deviation of the wrist upon flexion.

- Tinel sign (tingling on percussion) in carpal tunnel syndrome.

Recurrent branch of median nerve (C5-T1)

= Causes of injury
- Superficial laceration of palm (Superficial nerve near flexor retinuculum).

=" |nnervation:
- Motor innervation to the thenar muscles.

- No sensory innervation.

=  Presentation
- “Ape hand”.

- Loss of thenar muscle group: opposition, abduction, and flexion of thumb.

- No loss of sensation.

Palmar branch
(of median nerve)

Recurrent branch
(of median nerve)
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N.B:

Supracondylar humeral fractures are common pediatric elbow fractures that often occur after

hyperflexion or hyperextension injuries (falling onto an outstretched arm).

= These fractures carry a significant risk of neurovascular compromise, particularly if the fracture is
displaced.

= The brachial artery, median nerve, and radial nerve all run anterior to the elbow with the brachial
artery and median nerve running together medially and the radial nerve running laterally.

= Due to this configuration, supracondylar fractures resulting in anterolateral displacement of the
proximal fracture fragment typically cause radial nerve injury.

=  This causes wrist drop (due to denervation of hand/finger extensor muscles) and sensory loss over the
posterior forearm/dorsolateral hand.

= Supracondylar fractures resulting in anteromedial displacement of the proximal fracture fragment
typically cause median nerve and brachial artery injury.

=  Patients with median neuropathy often have sensory loss over the first 3 digits and weakness on flexion
of the first 3 digits and wrist.

= Brachial artery injury may result in a pulseless hand due to vascular insufficiency.

X3

%

Anterolateral humeral fracture Anteromedial humeral fracture

Brachial artery

Humerus
(fractured)

Brachial artery
(injured)

Median nerve

Radial nerve

(injured) _ Median nerve
Medial (injured)
Lateral epicondyle

epicondyle
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Ulnar (C8-T1)

Ulnar nerve

Ulnar nerve

Flexor digitorum
profundus

Flexor carpi ulnaris

Flexor

retinaculum Guyon canal

Superficial branch of

|
Deep branch of ulnar nerve

ulnar nerve
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It enters the forearm after passing behind the medial epicondyle of the humerus.

Within the forearm, it innervates the flexor carpi ulnaris and the medial portion of the flexor digitorum
profundus.

In the wrist, the ulnar nerve passes between the hook of the hamate and the pisiform bone in a
fibroosseous tunnel known as Guyon’s canal. The nerve then divides into a superficial branch that
provides sensation over the medial 1 % digits and hypothenar eminence and a deep motor branch that
supplies most of the intrinsic muscles of the hand.

Innervation:

Anterior Compartment: 1 %2 muscles not innervated by the median nerve (motor innervation to the
flexor carpi ulnaris and to the medial section of the flexor digitorum profundis in the forearm) = wrist
flexion and adduction.

Hypothenar compartment (ulnar): Opponens digiti minimi, Abductor digiti minimi, Flexor digiti
minimi brevis.

Interossei muscles (Palmar and Dorsal):

Dorsal interossei - ABduct the fingers. DAB = Dorsals ABduct.

Palmar interossei - ADduct the fingers. PAD = Palmars ADduct.

Medial Lumbricals (Digits 4 & 5): flex at the MCP joint, extend PIP and DIP joints.

Adductor pollicis - adduct the thumb.

The ulnar nerve provides sensory innervation to medial 1 % digits (the fifth digit and the medial half of
the fourth digit) as well as to the palmar and dorsal surfaces of the hand.

Ulnar nerve

19
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Causes of injury
A. ‘Proximal Iesion:‘
- Fracture of medial epicondyle of humerus “funny bone”.

- The ulnar nerve enters the forearm after passing behind the medial epicondyle of the humerus where it
is covered by a small amount of overlying soft tissue. This region, sometimes referred to as the "funny

bone," is a common site of ulnar nerve injury.

B. |Distal lesion:

- Fractured hook of hamate from fall on outstretched hand.

Guyon canal syndrome
“ulnar trap”

G:;’:;: Hook of
hamate
Pisiform
Ulnar
nerve

Normal Guyon syndrome

=  Presentation

- |Ulnar claw:

o Distal ulnar nerve lesion.

o Ask the patient to extend fingers/at rest.

Hamate
injury

o Due to paralysis of medial lumbricals. Remaining extrinsic flexors of the digits (spared in distal lesion)

exaggerate the loss of the lumbricals - fingers extend at MCP, flex at DIP and PIP joints.

:

o Proximal ulnar nerve lesion.
o Ask the patient to make a fist.

o 4™ and 5™ fingers cannot flex.

20
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“Ulnar claw” “OK gesture”
\
% A ﬂw
A\
Extending fingers/at Making a fist
rest
Distal ulnar nerve Proximal ulnar nerve

Loss of wrist flexion/adduction, flexion of 4™/5%" digits (medial lumbricals), abduction and adduction of
fingers (interossei).

Radial deviation of wrist upon flexion (proximal lesion).

Loss of sensation over medial 1 % fingers including hypothenar eminence.

21
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= The segmental innervation to the muscles of the upper limbs has a proximal-distal gradient, the more
proximal muscles are innervated by the higher segments (C5 and C6) and the more distal muscles are
innervated by the lower segments (C8 and T1).

= Therefore, the intrinsic shoulder muscles are innervated by C5 and C6, the intrinsic hand muscles are
innervated by C8 and T1.

Humerus fractures, proximally to distally, follow the ARM (Axillary - Radial = Median)
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<C8 R

{f ;/—Median nerve
\‘ 2

l
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Intercostobrachial Ulnar nerve ~ /
nerve L

r Radial nerve

Medial brachial ‘
cutaneous nerve Palm of hand

Axillary nerve

Axillary nerve
Musculocutaneous nerve

Radial nerve
Radial nerve
Radial nervein

spiral groove

4
Median nerve T\ Uil riaree Musculocutaneous

| nerve—, L‘ Medial antebrachial

i N/"y
cutaneous nerve  Median nerve ~ L
Radial nerve

Recurrent branch

of median nerve  /
///f’
/

}
\\L@IQ

/ 1[
Radialnervej% 7/_ Ulnar nerve

Dorsum of hand

Radial nerve ~y

Greater Head
tubercle

1) Lesser tubercle
Fracture of C.\ 2 Axillary nerve
surgical neck

Deltoid ,.,""'— Fracture of shaft
tuberosity | Radial nerve
Shaft
Supracondylar / Ulnar nerve
fracture

Fracture of
medial epicondyle
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N.B:

The latissimus dorsi is a large thoracolumbar muscle that origihates from the iliac crest and lumbar

fascia to the spinous processes of T7-12 and lower ribs, and inserts at the bicipital groove of the

humerus.

= |tisinnervated by the thoracodorsal nerve.

=  Primary functions include extension, adduction, and medial rotation of the humerus.

= Due to its broad area and exposed location, the latissimus dorsi is vulnerable to injury from external
trauma.

= [tis also frequently injured in sports requiring forceful downward movement of the humerus, such as

throwing, climbing, or swinging a tennis racket overhead.

X3

%

Insertion:
the bicipetal groove

Origin: inferior
angle of scapula

Origin:
thoracolumbar
aponeurosis
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Brachial plexus lesions

@ Erb palsy ("waiter's tip") 5 Upper Lateral
@ Klumpke palsy (claw hand) (1) € Musculocutaneous
© Wrist drop C6
- Axillary
o ng?d scapula.x Middle Posterior
© Deltoid paralysis €7 © _(Extensors) €)  Median (flexors)
@ Saturday night palsy” (wrist drop) 6/
) Difficulty flexing elbow, variable 8 Radial
sensory loss Lower Medial
© Decreased thumb function, (2 O  Utnar
“Pope’s blessing” T = e e T '
© lritrisic inscies of barid Trunks  Divisions Cords Branches
claw hand ' ;
Long thoracic
I_'_J
Roots
Erb palsy (waiter’s tip)
= Injury: Traction or tear of upper trunk (C5-C6 roots).
= Causes:
- lateral traction on neck during delivery.
- |Adults: trauma.
= Presentation:
- Loss of function of:
o Supraspinatus, Deltoid (Abduction) = arm hangs by side.
o Infraspinatus (Lateral rotation) - arm medially rotated.
o Biceps brachii (Flexion, supination) = arm extended and pronated. e

Brachial Plexus is
stretched

due to traction.

Randy
Travis

Drinks
Cold

Beer
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Klumpke palsy

= Injury: Traction or tear of lower trunk (C8-T1 roots).

= Causes:

- upward force on arm during delivery.

- |Adults: trauma (grabbing a tree branch to break a fall).

= Presentation:
- The lower trunk of the brachial plexus carries nerve fibers from the C8 and T1 spinal levels that
ultimately contribute to the median and ulnar nerves.

- Together, these nerves innervate all of the intrinsic muscles of the hand. Thus, injury to the lower trunk
of the brachial plexus can cause hand clumsiness or paralysis.

- Loss of function of intrinsic hand muscles (lumbricals, interossei, thenar, hypothenar) = Total claw
hand (lumbricals normally flex MCP joints and extend DIP and PIP joints).

Thoracic outlet syndrome

= The thoracic outlet syndrome (TOS) is the space above the first rib and behind the clavicle that is
bordered by the cervical vertebral bones and the sternum.

=  TOS most commonly occurs within the scalene triangle, which is formed by the anterior and middle
scalene muscles and the first rib.

= |njury:
- Compression of lower trunk and subclavian vessels, most commonly within the scalene triangle.

25




Chapter 2 Anatomy

= Causes:
- Anomalous cervical rib (extra rib from C7).

- Scalene muscular hypertrophy or anomalies.
- Pancost’s tumor.

=  Presentation:

- Compression of the lower trunk of the brachial plexus as it passes through the thoracic outlet - upper
extremity numbness, tingling, and weakness (Same as Klumpke palsy).

- Compression of the subclavian vein = upper extremity swelling.

- Compression of the subclavian artery - exertional arm pain.

Thoracic outlet

Muscles

26

Thoracic outlet

Anterior scalene
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Posterior scalene

Brachial plexus
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Winged scapula

njury:
- Lesion of long thoracic nerve, roots C5-C7.

;

= |nnervation (Serratus anterior muscle):
surface of the first 8 ribs.

nsertion:{the medial border of the scapula.

- |Function:
o Stabilize and rotate the scapula upward.

o The deltoid and supraspinatus muscles abduct the arm up to the horizontal position, after which the
serratus anterior and trapezius are required to rotate the glenoid cavity superiorly, thereby allowing
complete abduction of the arm over the head.

= Causes:
- Axillary lymph node dissection (radical mastectomy) or chest tube insertion.

- Lateral chest wall penetrating injury.

= Presentation:

- Scapular winging due to inability of the serratus to hold the scapula against the thorax - the medial
border and inferior angle sticks out posteriorly like a bird's wing when the patient presses anteriorly
against a wall.

- Patients will also show weakness in abducting the arm above horizontal due to impaired rotation of the
scapula.

Winging of scapula

Origin: upper 8
or9ribs

serratus
Insertion: medial anterior

border of scapula _
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Arm abduction
DEGREE MUSCLE NERVE
0°-15° Supraspinatus Suprascapular
15°-100° Deltoid Axillary
>90° Trapezius Accessory
>100° Serratus Anterior Long Thoracic (SALT)
“* N.B:

Interscalene nerve block is a regional anesthesia technique used for procedures involving the shoulder
and upper arm.

In this technique, anesthetic is administered in the scalene triangle and affects the brachial plexus roots
and trunks.

Interscalene nerve block also causes transient ipsilateral diaphragmatic paralysis in nearly all patients
by anesthetizing the roots of the phrenic nerve (C3-C5) as they pass through the interscalene sheath.
This nerve block should therefore be avoided in patients with chronic lung disease or with contralateral
phrenic nerve dysfunction.

28
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= Shoulder muscles that form the rotator cuff (SItS small t is for teres minor):

- ‘Supraspinatus (suprascapular nerve):‘ abducts arm initially (before the action of the deltoid); most
common rotator cuff injury (trauma or degeneration and impingement = tendinopathy or tear),
assessed by “empty/full can” test.

- ‘Infraspinatus (suprascapular nerve):‘ externally rotates arm; pitching injury.

- ’Teres minor (axillary nerve):‘ adducts and laterally rotates arm.

- ‘Subscapularis (upper and lower subscapular nerves):‘ medially rotates and adducts arm.

Innervated primarily by C5-C6.

Clavice SItS (small t is for teres minor).
~
Acromion S : P ‘——-Coracoid process Acromion
| Superior glenohumoral
ligament
Posterior Biceps brachii

tendon (cut)

(W
| = Inferior glenohumoral

Supraspinatus (S) ligament
Infraspinatus (1)
Teres minor (T)
Subscapularis (SC)

T

Rotator Teres minor

cuff

Lesser tubercle Subscapularis

] Inferior and anterior

shoulder dislocation : Humerus

Rotator cuff muscles

Anterior view Posterior view

-5

—— Supraspinatus muscle \

Supraspinatus
tendon
Infraspinatus
muscle

Teres minor
muscle

Subscapularis
muscle
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Chapter 2 Anatomy
Anterior dislocation of the shoulder

The glenohumeral joint is the most commonly dislocated joint in the body due to the shallow
articulation between the humeral head and the glenoid fossa of the scapula.

The shoulder may dislocate anteriorly, inferiorly, or posteriorly, but anterior dislocations are by far the
most common.

Anterior dislocations are typically caused by a blow to an externally rotated and abducted arm.

When the head of the humerus is displaced anteriorly, there is flattening of the deltoid prominence,
and anterior axillary fullness (due to the humeral head's displacement into this location).

The axillary nerve is the nerve most commonly injured by anterior shoulder dislocations.

It innervates the teres minor and deltoid (weakened shoulder abduction) muscles. It also provides
sensory innervation to the skin overlying the lateral shoulder. Flattening of the deltoid muscle after a
shoulder injury suggests anterior shoulder dislocation.

AP and lateral x-rays are diagnostic.

Some patients develop recurrent dislocations with minimal trauma.

Shoulder Dislocation

-
T —
I—

Normal Anterior Posterior
anatomy dislocation dislocation
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Rotator cuff syndrome

= The rotator cuff is made up of the tendons of the supraspinatus, infraspinatus, subscapularis, and teres
minor muscles.

= The tendons of these rotator cuff muscles, along with the glenohumeral joint ligaments and the tendon
of the long head of the biceps brachii muscle, contribute to the stability of the glenohumeral joint.

= Of the rotator cuff structures, the tendon of the supraspinatus muscle is most commonly affected in
rotator cuff syndrome. Due to its superior location, this tendon is vulnerable to chronic repeated
trauma from impingement between the head of the humerus and the acromioclavicular joint.

=  Empty-can supraspinatus test" is 90% specific for supraspinatus pathology. Patient abducts arm to 90°,
flexes arm to 30°, points thumbs down toward ground (as if pouring out a can) resisting examiner’s
downward force - unilateral pain and weakness.

J\MlRotator cuff impingement or tendinopathy:

= Rotator cuff tendinopathy results from repetitive activity above shoulder height (painting, ceilings) and
is most common in middle-aged and older individuals.

= |n addition to the rotator cuff itself, pain may also emanate from the subacromial bursa and the tendon
of the long head of the biceps.

= On flexion or abduction of the humerus, the space between the humeral head and acromion is
reduced, causing pressure on the supraspinatus tendon and subacromial bursa.

Acromioclavicular joint

Clavicle Acromion

Supraspinatus tendon
Subdeltoid

bursa

Deltoid
muscle
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MR otator cuff tears:

The supraspinatus is most commonly injured due to degeneration of the tendon with age and repeated
ischemia induced by impingement between the humerus and the acromion during abduction.

A complete supraspinatus tear causes weakness of abduction, which can be appreciated in the drop
arm test.

In this test, the patient's arm is abducted above the head and the patient is asked to lower the arm
slowly. With a complete tear, the patient will be unable to lower the arm smoothly and it will drop
rapidly around mid-adduction.

Although the supraspinatus is the primary muscle responsible for initiating the first 15 degrees of
abduction, the loss of smooth adduction in the drop arm test typically occurs when the humerus is near

the horizontal plane.

MRI can confirm the diagnosis, and treatment usually requires surgery.

Rotator cuff tear
Supraspinatus muscle

Supraspinatus
tendon

Arm Drop
Test

Subscapularis
muscle
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= The clavicle is one of the most commonly injured bones in the body. The majority of clavicular fractures
occur in the middle third of the bone (at the junction of middle and distal thirds).

= Injury to this bone classically occurs during athletic events and follows a fall on an outstretched arm or
a direct blow to the shoulder.

=  Patients with clavicular fractures present with pain and immobility of the affected arm. The
contralateral hand is classically used to support the weight of the affected arm.

= Medial fragment is pulled superiorly and posteriorly by the sternocleidomastoid muscle. Lateral
fragment is pulled inferiorly and anteriorly the weight of the arm and the pectoralis major.

= All patients with a clavicular fracture should have a careful neurovascular examination to rule out injury
to the underlying brachial plexus and subclavian artery and vein.

Clavicle fracture
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| ]

Lateral epicondylitis (tennis erow):\
Repetitive extension (backhand shots) or idiopathic = pain near lateral epicondyle.

Lateral epicondylitis (tennis elbow) is classically seen in casual tennis players, in whom "backhand”
strikes transmit sudden, extreme forces through the lateral epicondyle.

The lateral epicondyle serves as the primary attachment point for the extensor carpi radialis brevis
(ECRB) and extensor digitorum, which are involved in wrist extension.

Overuse of the ECRB can cause repetitive microtrauma of the ECRB tendon and lead to
angiofibroblastic tendinosis (excess fibroblasts and neovascularization) at its origin on the lateral
epicondyle.

There is generally little to no true inflammatory infiltrate.

Lateral epicondylitis

Extensor muscles

Swollen extensor
tendon /

Lateral epicondyle
of humerus

\Medial epicondylitis (golfer’s elbow):|
Repetitive flexion (forehand shots) or idiopathic = pain near medial epicondyle.

Tennis Elbow vs. Golfer’s Elbow

Tennis Elbow:
lateral epicondylitis

strained & inflammed Golfer’s Elbow

Tennis Elbow

I\
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= Scaphoid, Lunate, Triquetrum, Pisiform, Hamate, Capitate, Trapezoid, Trapezium (So Long To Pinky,
Here Comes The Thumb).

= Scaphoid (palpated in anatomic snuff box) is the most commonly fractured carpal bone (typically from a
fall on an outstretched hand) and is prone to avascular necrosis owing to retrograde blood supply.

= Dislocation of lunate may cause acute carpal tunnel syndrome.

= Afall on an outstretched hand that damages the hook of the hamate can cause ulnar nerve injury.

Capitate Trapezoid Trapezium

Carpal bones

Hook of
Hamate

Hamate

Course of
Ulnar Nerve

Hamate Triquetrum

Trapezium Capitate Trapezium Pisiform
Trapezoid

Course of

Triquetrum r
Capitate Median Nerve

Trapezoid Triquetrum

; Lunate Lunate  Scaphoid
Scaphoid Ulna

: : s i -“ ] “',"9.
Lunate dislocation Lunate Scaphoid Radius

= The lunate is one of the proximal carpal bones. It can be identified on an X-ray of the hand as the more
medial of the two bones that articulate with the radius.

= A fall on an outstretched, dorsiflexed hand is the classic injury that causes lunate dislocation.
=  May precipitate acute carpal tunnel syndrome - median nerve injury.

= |njuries that cause lunate dislocation also often cause fracture of the scaphoid. The scaphoid is the
other (more lateral) bone that articulates with the radius.
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Scaphoid fractures

= The scaphoid is the largest bone of the proximal carpal row and is located on the radial aspect of the
hand just distal to the radius itself.

= Scaphoid fractures are the most common of the carpal bone fractures.

= Mechanism of injury: They frequently result from falls onto an outstretched arm that cause direct

axial compression or wrist hyperextension.

= Presentation:
- Ascaphoid fracture should be suspected in any patient with persistent wrist pain and tenderness in the
anatomical snuff box following a fall.

- The snuffbox is a triangular deepening on the dorsoradial aspect of the hand at the level of the carpal
bones.

= Complication:
- Scaphoid fractures are at risk for avascular necrosis and nonunion.

- The dorsal scaphoid branch of the radial artery supplies the majority of the scaphoid after entering near
the bone's distal pole.

- Blood supply to the proximal pole proceeds in a retrograde manner and can be easily interrupted by a

fracture. Scaphoid avascular necrosis

Metacarpals

Palmar scaphoid
branch

Superficial
Dorsal carpal branch

Trapezoid palmar branch

Trapezium
—

Dorsal scaphoid
branch

Scaphoid fracture

Scap hoid Necrosis of proximal

Fracture pole of scaphoid Radial artery

Anatomic snuffbox

/

Extensor pollicis longus
Extensor poliicis brevis

Scaphoid bone

Extensor retinaculum

Abductor policis longus
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Metacarpal neck fracture

= Metacarpal neck fracture (typically the fourth or fifth, or both) happens when a closed fist hits a hard
surface (like a wall).

= Also called boxer’s fracture.

= The hand is swollen and tender, and x-rays are diagnostic.
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Distortions of the hand

= At rest, a balance exists between the extrinsic flexors and extensors of the hand, as well as the intrinsic
muscles of the hand, particularly the lumbrical muscles (flexion of MCP, extension of DIP and PIP
joints).

Clawing: seen best with distal lesions of median or ulnar nerves. Remaining extrinsic flexors of the
digits exaggerate the loss of the lumbricals = fingers extend at MCP, flex at DIP and PIP joints.

Deficits less pronounced in proximal lesions; deficits present during voluntary flexion of the digits.

Note: Atrophy of the thenar eminence (unopposable thumb = “ape hand”) can be seen in median
nerve lesions, while atrophy of the hypothenar eminence can be seen in ulnar nerve lesions.

SIGN “Ulnar claw” “Pope’s blessing” “Median claw” “OK gesture”

} @ 0
9 M) (\\C (\\\‘

PRESENTATION

\ \ r ‘,
| \
|

{
|

==
_

(ONTEXT Fxtending fingersfat ~ Making a fist Extending fingersfat ~ Making a fist
rest rest
LOCATION OF LESION Distal ulnar nerve Proximal median Distal median nerve  Proximal ulnar nerve
nerve

Hand muscles

] ’Thenar (median):| Opponens pollicis, Abductor pollicis brevis, Flexor pollicis brevis, superficial head
(deep head by ulnar nerve).

‘Hypothenar (ulnar):‘ Opponens digiti minimi, Abductor digiti minimi, Flexor digiti minimi brevis.

=  Both groups perform the same functions: Oppose, Abduct, and Flex (OAF).

. ‘Dorsal interossei:‘ ABduct the fingers. DAB = Dorsals ABduct.

. ‘Palmar interossei:| ADduct the fingers. PAD = Palmars ADduct.

. flex at the MCP joint, extend PIP and DIP joints.
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Flex metacarpophalangeal

Extend interphalangeals

Thenar
eminence

Hypothenar
eminence

L umbrical

Carpal tunnel syndrome

= Carpal tunnel is an anatomic space in the wrist defined by the carpal bones on the dorsal aspect and
the transverse carpal ligament (flexor retinaculum) on the volar aspect.

= The ligament attaches to the hamate and pisiform on the ulnar side and to the trapezium and scaphoid
tuberosity on the radial side.

= The carpal tunnel contains the flexor digitorum profundus tendons, the flexor digitorum superficialis
tendons, the flexor pollicis longus tendon, and the median nerve.

= Associated with pregnancy, rheumatoid arthritis, hypothyroidism, diabetes, dialysis-related
amyloidosis; may be associated with repetitive use.

= Presentation:

- Entrapment of median nerve in carpal tunnel; nerve compression = paresthesia, pain, and numbness
in distribution of median nerve (thenar eminence atrophies but sensation spared, because palmar
cutaneous branch enters the hand external to carpal tunnel).

- The pain is worse at night and is more frequent in those whose work involves prolonged use of the
hands such as typing.

- reproduction of the pain and tingling with tapping or percussion of the median nerve.

- |Phalen sign:reproduction of symptoms with flexion of the wrists to 90 degrees.

= Treatment:
- Alongitudinal incision through the ligament relieves the pressure on the nerve.
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Flexor retinaculum (transverse carpal ligament)

Carpal tunnel, palmar view

Ulnar artery Flexor digitorum

Ulnar nerve superficialis tendons

Guyon canal \

Palmar surface
= Median nerve

Flexor carpi

Hypothenar \ radialis tendon

eminence

Hook of hamate

Transverse carpal
ligament Tubercle of
’ (flexor retinaculum) trapezium
Flexor digitorum Ei"g‘:j’s';::ﬁn
pridls o Pisiform Tubercle of scaphoid
Carpal tunnel (with contents)
Carpal tunnel - .
. Median nerve
Radius

Provocative tests for carpal tunnel syndrome

Flexion of wrist compresses
nerve inside carpal tunnel

Light tapping elicits
tingling sensation

Phalen test Tinel sign
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Guyon canal syndrome

=  Compression of ulnar nerve at wrist or hand.

= (Classically seen in cyclists due to pressure from handlebars.

Guyon canal syndrome
“ulnar trap”

Normal Guyon syndrome
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Lumbosacral plexus

= The lumbosacral plexus provides the motor and sensory innervation to the lower limb and is formed by
ventral rami of the L2 through S3 spinal nerves.

_ Posterior Division
|:| Anterior Division

——Fom 12th Thoracit

—1st Lumbar

lliohypograstic

—2nd Lumbar

llioinguinal
Genitofemoral
—3rd Lumbar
Lateral femora
cutaneous n.
— 4th Lumbar
b Psoas and
lliacus
5th Lumbar
Femoral
Accessory obturat
Obturator
Lumbosacral Tunk.
Lo
L3
La
Femoral nerve Ls
Obturator nerve
Superior gluteal nerve S4
Inferior gluteal nerve S
2

Common fibular nerve <
Tibial nerve
Sciatic nerve 4@
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[ )

lliohypogastric (T12-L1)

Subcostal nerve

lliohypogastric nerve

llioinguinal nerve

Genitofemoral nerve

Lateral cutaneous

nerve of thigh

Femoral nerve

Obturator nerve

Innervation:

Motor:|transversus abdominis and internal oblique.

suprapubic region. Its anterior branch emerges above the superficial inguinal ring to
innervate the skin above the pubic region; the lateral branch descends over the iliac crest to innervate
the gluteal region.

Causes of injury:

Abdominal and pelvic surgery can damage nerves innervating the abdominal wall skin and muscles due
to transection from the incision, entrapment from fascia closure, or compression/stretching from tissue
retraction or patient positioning.

Transection may cause loss of skin sensation or muscle paralysis. Entrapment can cause burning/sharp
pain due to continuous stimulation of pain fibers.

Presentation:
Burning or tingling pain in surgical incision site radiating to inguinal and suprapubic region.

Injury to the anterior branch during appendectomy causes decreased sensation at the suprapubic
region.

Thoracoabdominal
T9 f—nerves

Anterior cutaneous
nerves

Subcostal nerve (T12)
lliohypogastric nerve (L1)

llioinguinal nerve (L1)

Femoral branch of the
genitofemoral nerve

Genital branch of the
genitofemoral nerve
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Genitofemoral nerve (L1-L2)

= |nnervation:

- cremaster.
- scrotum/labia majora, upper medial thigh.

= Causes of injury: Laparoscopic surgery.

= Presentation
- upper medial thigh and anterior thigh sensation beneath the inguinal ligament (lateral part of the
femoral triangle); absent cremasteric reflex.

Lateral femoral cutaneous (L2-L3)

= |nnervation: purely a sensory nerve anterior and lateral thigh.

= Causes of injury: Tight clothing, obesity, pregnancy, pelvic procedures (any condition that increases
pressure on the groin).

= Presentation: | thigh sensation (anterior and lateral).

Obturator (L2-L4)

= |nnervation: Medial compartment of thigh (gracilis, adductor longus, adductor brevis, anterior portion
of adductor magnus) - Thigh adduction, with sensory innervation to medial thigh.

= Causes of injury: This nerve can be damaged during pelvic surgery, especially in procedures such as
lymph node dissection.

= Presentation: { thigh sensation (medial) with weakness on thigh adduction.

Obturator nerve

s
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Femoral (L2-L4)

= The femoral nerve descends through the fibers of the psoas major muscle, emerges laterally between
the psoas and iliacus muscle, and then runs beneath the inguinal ligament into the thigh.

Femoral nerve & lateral femoral cutaneous nerve

Lateral femoral

T2
cutaneous nerve L1
(L2, 3)
L2 Lumbar
Femoral nerve L3 plexus
(L2,3,4) L4
lliacus muscle
Obturator nerve

Sartorius muscle Lumbosacral trunk
Tensor fascia

Psoas major muscle
latae muscle

_ Pectineus muscle

Rectus femoris i
Anterior cutaneous

muscle
. branches of
Vastus lateralis
femoral nerve
muscle
B Vastus
intermedius .
muscle Sartorius muscle

Vastus medialis
muscle

Saphenous nerve

|
Quadriceps
femoris muscle
Infrapatellar branch
of saphenous nerve

Medial cutaneous
nerves of leg
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= |nnervation:
- Anterior compartment of thigh (quadriceps femoris, sartorius, pectineus) = thigh flexion and leg
extension.

- Sensory innervation over the anterior and medial thigh and medial leg.

= Causes of injury:
- Pelvic fracture.

- Mass involving iliopsoas muscle.

- Compression from a hematoma or abscess.

= Presentation:
- thigh flexion and leg extension.

- They often complain of difficulty with stairs and frequent falling secondary to "knee buckling".

- On examination, the patellar reflex is generally diminished.

- In addition, sensory loss over the anterior and medial thigh and medial leg is typical.

/j/ Femoral nerve

Saphenous
nerve

< N.B:
1. The optimal site for femoral nerve block is in the inguinal crease at the lateral border of the femoral
artery.

= Injecting at this site anesthetizes the skin and muscles of the anterior thigh, femur, and knee.
= The block also anesthetizes the saphenous nerve (terminal extension of the femoral nerve) to decrease
sensation in the medial leg below the knee.
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v ~om Retroperitoneal hemorrhage

Pubic
“ symphysi

Retroperitoneal
blood

Puncture
site

o

2. The CT image below reveals a large fluid collection in the right retroperitoneum lying anterior to the
psoas muscle.

= The fluid is isodense and displaces the right kidney anteriorly.

= These findings are consistent with a spontaneous retroperitoneal hematoma, most likely secondary to
warfarin use.

= The risk of bleeding while on warfarin therapy is greatest in patients with risk factors such as increased
age, diabetes mellitus, hypertension, and alcoholism.

= Femoral nerve mononeuropathy can occur due to trauma (pelvic fracture), compression from a
hematoma or abscess, stretch injury, or ischemia.

Vena Cava

Psoas minor muscle

Psoas major muscle

lliacus muscle

Retroperitoneal
Hematoma

3. Major muscles used when sitting up from the supine position include the external abdominal obliques,
the rectus abdominis, and the hip flexors.

The psoas major and iliacus contribute most significantly to the hip flexion; they, along with the psoas
minor, are collectively known as the iliopsoas.

The below arrow points to a bilaterally symmetric structure that lies in close association to the
vertebral body and vertebral transverse process.

This is the psoas muscle. Interiorly, the psoas muscle combines with the iliacus muscle to form the
iliopsoas muscle, which functions in hip flexion.

Intraabdominal or more distal infections can spread to these muscles (psoas abscess) and cause
abdominal pain, fever, and weight loss. HIV, intravenous drug use, and diabetes are risk factors for
primary psoas abscess development.
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Common peroneal (fibular) nerve (L4-S2)

= The sciatic nerve branches into the common peroneal nerve and the tibial nerve posteriorly in the thigh
just proximal to the popliteal fossa.

= The common peroneal (fibular) nerve is the most commonly injured nerve in the leg due to its
superficial location where it courses laterally around the neck of the fibula.

= After coursing around the neck of the fibula, the common peroneal nerve divides into superficial and
deep branches.

Normal Common peroneal neuropathy

Common
peroneal
nerve

Tibial

nerve Deep

peroneal
nerve

Superficial
peroneal
nerve

= |nnervation:
- The superficial branch innervates the muscles of the lateral compartment of the leg which function
primarily to evert the foot.

- The deep peroneal nerve innervates the anterior compartment of the leg whose muscles act as
dorsiflexors of the foot and toes.

- The superficial peroneal nerve gives off branches that provide sensory innervation to the majority of
the dorsum of the foot while the deep peroneal nerve provides sensory innervation only to the region

between the first and second digits of the foot.

- PED: Peroneal Everts and Dorsiflexes; if injured, foot dropPED.
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e
-

Sciatic nerve

Motor:
« Knee flexion

Biceps femoris
(short head)

Common peroneal nerve Anterolateral

Motor: ,
* Dorsiflexion ‘
« Eversion T
Sensory:
» Lateral calf & dorsal
surface of foot

Biceps femoris
(long head)

Gastrocnemius

Soleus

Superficial
peroneal

Tibial nerve nerve

Motor:

* Plantar flexion
* Inversion neal
Sensory: :::e

* Plantar surface .

of foot

Reflex:

* Ankle (Achilles)

Deep flexors

w

= Causes of injury:
- Trauma or sustained pressure to the neck of the fibula (Prolonged lying during surgery, leg crossing, leg

cast) can cause injury to the common peroneal nerve as it courses superficially and laterally to this
structure.

- Fibular neck fracture.
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=  Presentation:

-

Injury to the common peroneal nerve would cause a clinical presentation of foot drop due to weakness

’ of the dorsiflexors.
o The foot would also be held in inversion due to weakness of the muscles of the lateral compartment as
well as loss of sensation over the dorsum of the foot.

o Inversion and plantarflexion would remain intact due to the action of the tibial nerve.

- Steppage gait.

- Loss of sensation on dorsum of foot.

.// / I“I |'j| | |I

’/// /}//f/ l V‘ ',] ,""

= ‘ '

Common
peroneal nerve

Deep peroneal nerve

Superficial

Tibial nerve
peroneal nerve

Sural nerve
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Tibial (L4-S3)

= The tibial nerve is the large medial branch of the sciatic nerve that descends through the popliteal fossa
together with the popliteal vein and artery.

= |nnervation:
- The tibial nerve innervates the gastrocnemius, soleus and plantaris muscles, which are responsible for
plantar flexion of the foot.

- It also supplies the flexor digitorum longus and flexor hallucis longus, which are responsible for toe
flexion.

- The tibial nerve also innervates the tibialis posterior muscle, which is responsible for inversion of the
foot.

- After delivering its motor innervation, the tibial nerve terminates by dividing into the medial and lateral
plantar nerves to provide sensory innervation to the skin of the sole of the foot.

- TIP: Tibial Inverts and Plantarflexes; if injured, can’t stand on TIPtoes.

= Causes of injury

- ‘Proximal Iesion:‘ Knee trauma, Baker cyst.

- |Distal lesion:| Tarsal tunnel syndrome.

= Presentation
- Inability to curl toes and loss of sensation on sole of foot.

- In proximal lesions, foot everted at rest with loss of inversion and plantarflexion.
- Injury to the tibial nerve at the tarsal tunnel (distal) may cause sensory loss over the sole with intrinsic

foot muscle weakness. However, plantarflexion and inversion remain intact as fibers innervating these
muscles branch off more proximally.

|
Tibial nerve — l |
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< N.B:

= Sciatic neuropathy is a common complication of hip fracture and/or arthroplasty because of the
proximity of the sciatic nerve to the hip joint.

= |njury to the sciatic nerve in the pelvis causes neurological deficits across the sciatic nerve (knee
flexion), common peroneal nerve (dorsiflexion, numbness of the calf and dorsal foot), and tibial nerve
(plantar flexion, ankle reflex).

Superior gluteal (L4-S1)

®* |nnervation:
- Gluteus medius, gluteus minimus, and tensor fascia latae.

- These muscles function to stabilize the pelvis and abduct the thigh.

= Causes of injury:
- latrogenic injury during intramuscular injection to upper medial gluteal region.

- The superolateral quadrant of the buttock is a relatively safe site for intragluteal injections.

Superior gluteal nerve lesion

e = % s h " A LR L B

- L R N R LI BT R )

Weakened
gluteus medius,
minimus cannot
contract

Proper placement
spares nerves

Trendelenburg
sign (hip drop)
observed
contralaterally
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=  Presentation

- ’Trendelenburg sign/gait:‘

o Weakness of the gluteus medius and gluteus minimus muscles will cause the pelvis to sag toward the
unaffected (contralateral) side when the patient stands on the affected leg (positive Trendelenburg
sign). Pelvis tilts because weight-bearing leg cannot maintain alignment of pelvis through hip
abduction.

- When walking, the patient will lean toward the affected (ipsilateral) side to compensate for the hip
drop (gluteus medius lurch).

Superior gluteal nerve injury

Weakened
gluteus medius,
minimus cannot
contract
Trendelenburg sign

(hip drop) observed
contralaterally l

Gluteus medius lurch
Patient leans ipsilaterally
to maintain a level pelvis

Inferior gluteal (L5-S2)

= |nnervation: Gluteus maximus - hip extension.

= Causes of injury: Posterior hip dislocation.

= Presentation
- Loss of hip extension.

- Difficulty climbing stairs, rising from seated position.
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Pudendal (S2-S4)

Innervation:

Motor:|external urethral and anal sphincters.
Sensory:| perineum.

Causes of injury: Stretch injury during childbirth.

Presentation
J sensation in perineum and genital area; can cause fecal or urinary incontinence.

Can be blocked with local anesthetic during childbirth using ischial spine as a landmark for injection.

Pudendal nerve (52-54) innervates perineum. Can be blocked with local anesthetic during childbirth
using the ischial spine as a landmark for injection.

Pudendal nerve block

Ischial tuberosity

Ischial spine

Pudendal nerve

Sacrospinal ligament
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=  Avascular necrosis or osteonecrosis is death of a segment of bone due to loss of blood supply.

= The femoral head and neck derive their blood supply from the superior and inferior gluteal arteries and
the medial and lateral femoral circumflex arteries, vessels that together form the trochanteric
anastomosis. The medial femoral circumflex artery makes the largest contribution to the blood supply
of this region.

= The femoral head has 2 main sources of blood: the ascending arteries and the foveal artery, which lies
within the ligamentum teres. The foveal artery is patent early in life, but may become obliterated in
older patients. For this reason, avascular necrosis of the femoral head is uncommon in children, but the
risk rises in older patients.

Femoral head arteries

Anterior view Posterior view
Retinacular arteries Ppee
nacular arter 2 ircul
et { AR Banchol Watershed
- | ‘ Inferior | Inferior ¥ rancn o 0ne (infafcted)
(;.m:;;rms{u = Anastomosis obturator artery
Medial circumflex
femoral artery

Anastomosis

Acetabular branch .
— of abturaor artery Medial femoral
(¥) ligament \«f circumflex

artery (posterior)

T lliopsoas tendon
Lateral femoral

circumflex
artery (anterior)

Ischiofemoral ligament

Medial circumflex femoral artery

\ Lateral circumflex femoral artery

Ascending,
Transverse,
Descending
branches of lateral
circumflex femoral
artery

Deep artery of thigh

= Etiology:
- Osteonecrosis is caused by occlusion of end arteries supplying the femoral head, leading to necrosis
and collapse of the periarticular bone and cartilage.

- Femoral neck fractures are common in elderly patients with osteoporosis who have sustained a fall.
The medial femoral circumflex artery is vulnerable to damage from femoral neck fractures due to its
close association with the posterior aspect of the femoral neck. Injury or thrombosis of this vessel
predisposes to avascular necrosis of the femoral head.

- Osteonecrosis can also occur in disorders that disrupt the circulation of bone through micro-occlusion,
abnormal endothelial function, or increased intra-osseus pressure.

- Itis a common complication of SLE due to Injury of the vessel wall (vasculitis), and the risk is greatly
increased in patients treated with glucocorticoids.
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- Osteonecrosis is common in patients with sickle cell disease due to disruption of microcirculation in the
bone by sickling as well as increased intraosseous pressure due to bone marrow hyperplasia.

= (linical finding:
- Osteonecrosis of the femoral head is characterized by pain in the groin, thigh, or buttock that is
worsened by activity.

- Early examination findings may be normal, but progression of the disease can lead to reduced range of
motion (particularly internal rotation and abduction) and joint instability.

- Osteoarthritis and fracture are major complications.

= |maging:
- In the first few months, x-rays also will often be normal, and MRl is a more sensitive test.

- MRl can visualize the boundary between normal and ischemic bone, as well as the zone of
hypervascularity. In advanced disease, plain x-rays may show subchondral lucency (crescent sign) and
deformities of the femoral head.
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Compartment syndrome

= The deep fascia of the leg, the fascial intermuscular septae, and the interosseous membrane divide the
leg into 4 compartments (anterior, lateral, and superficial and deep posterior). The fascia is inelastic
and limits outward expansion of the contracting muscles.

= Acute compartment syndrome (ACS) occurs when excessive fluid accumulation in a confined
compartment of the body = increase in compartment pressure to the point that blood flow is severely
impaired that leads to muscle and nerve ischemia.

= Causes:

- Long bone fracture (lower leg and forearm fractures are one of the most common locations for
development of the compartment syndrome).

- Limb compression (crush injury, improperly fitted cast).

- After revascularization of an acutely ischemic limb.

- The eschar that results from a circumferential, full thickness (third degree) burn often leads to
constriction of venous and lymphatic drainage, fluid accumulation, and resulting distal ACS.

Right leg - cross section
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= Presentation:
- There is considerable variation in associated signs and symptoms, and a high index of suspicion is
needed to make a diagnosis.

- The most common site for ACS is the anterior compartment of the leg, which includes the foot extensor
muscles, anterior tibial artery, and the deep peroneal (fibular) nerve. Injury to the deep peroneal nerve
causes decreased sensation between the first and second toes, decreased dorsiflexion of the foot, and
foot drop.

- [Early findings:

o Patients typically have excruciating pain out of proportion to the injury that is worsened on passive
range of motion and does not respond well to narcotics.

o Paresthesia from sensory nerve ischemia is usually an early finding.

- |Late findings:

o Pallor and pulselessness are the result of arterial occlusion but is uncommon and not required for
diagnosis.

o Neurologic deficits (sensory loss, motor weakness) may be present but develop later in the course of
the disease.

o If elevated compartment pressure is allowed to persist, tissue ischemia and eventual tissue death will
occur.

= Management:
- Diagnosis can be confirmed by measuring compartment pressures in the affected extremity

(compartment pressure >30 mm Hg indicates significant CS).

- Emergency fasciotomy is required for treatment or, in the case of circumferential burns, escharotomy.
Time to fasciotomy is the most critical prognostic indicator and should be performed without delay.

SIGNS & SYMPTOMS LESS COMMON ¥ - T
- — .
PAIN PARESTHESIA PULSCLESSNESS PALLOR & PARALYSIS

- POIKILOTHERMIA
GEI 0 5 *INABILITY to REGULATE G
S BODY TEMPERATURE -
' * RARE
* PRESSURE 111 \
| |

* SHARP % DEEP % FEELING of PINS

* ARTERIES
*WORSENS o/ = NEEDLES COLLAPSE
PASSIVE

STRETCHING % ANESTHESIA
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= Anterior cruciate ligament:
- Lateral femoral condyle to anterior tibia.

- Resists the anterior movement of the tibia.

= Posterior cruciate ligament:
- Medial femoral condyle to posterior tibia.

- Resists the posterior movement of the tibia.

= LAMP:
- Lateral femoral condyle to anterior tibia: ACL.

- Medial femoral condyle to posterior tibia: PCL.

= Medial collateral ligament:
- Medial epicondyle of the femur - medial condyle tibia.

- Resists valgus stress.

= Lateral collateral ligament:
- Lateral epicondyle of the femur = head of the fibula.

- Resists varus stress.

= Medial and lateral menisci:
- Two crescent shaped pads (medial and lateral) between tibia and femoral condyles.

Anterior view Posterior view

Posterior cruciate ligament
Lateral collateral ligament
(fibular collateral ligament)

Medial collateral ligament
(tibial collateral ligament)

Popliteus tendon

Anterior cruciate ligament
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Medial collateral ligament (MCL) tear

Quadriceps
muscle

Femur
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Medial collateral ligament (MCL) tear is a common knee injury caused by severe valgus stress (blow to
the lateral knee) or twisting injury.

Examination findings may include ecchymosis and joint line tenderness at the medial knee. Acute
effusion/hemarthrosis is uncommon unless there is concurrent injury to the anterior cruciate ligament.

Appreciable laxity when the leg is forced into abduction (valgus stress test) is helpful for diagnosis.

Medial collateral ligament injury

Patella

Direction
of impact

1%

\

A

o
q | ~

J

Tear

Medial
collateral
ligament

Tibia

Valgus Stress Test

Examiner applies inward pressure

at lateral thigh with one hand.

BExaminer applies outward
pressure from medial ankle
with other hand.

Perform maneuver twice:
1.Kneeflexed0°
2.Kneeflexed 30°
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Anterior cruciate ligament (ACL) injury

= Anterior cruciate ligament injury is more common than posterior injury.

= |Injuries to the anterior cruciate ligament (ACL) are common in young athletes, especially in sports
requiring rapid direction changes on the lower extremity (soccer, basketball, tennis).

= Patients with partial- or full-thickness ACL tears typically experience a "popping" sensation in their knee
during the injury followed by rapid onset of hemarthrosis and a feeling of instability when bearing
weight on the affected side.

= Patients with an ACL tear will show laxity at the knee with the tibia able to be pulled forward relative to
the femur.

=  Two such maneuvers - the Lachman test and the anterior drawer sign - are highly sensitive (>90%) and
specific for ACL injuries. The diagnosis is usually confirmed on MRI.

=  With the knee flexed 90°, the leg can be pulled anteriorly, like a drawer being opened (anterior drawer
test).

= Asimilar finding can be elicited with the knee flexed at 20° by grasping the thigh with one hand, and
pulling the leg with the other (Lachman test).

= The posterior cruciate ligament prevents posterior displacement of the tibia relative to the femur. Its
integrity can be tested in the clinical setting by using the posterior drawer test.

ACL tear

Articular
cartilage

Lateral
collateral —
ligament Posterior

‘ cruciate
ligament

Popliteus
tendon

Medial
meniscus

Lateral
meniscus

Transverse
ligament

Medial ACL
collateral tear
ligament

Fibula —

Tibia
Normal knee ACL tear
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Anterior Drawer Test Lachman Test

Examiner grasps upper calf with both hands.
Fingers clasped behind the calf
Both thumbs on the tibial plateau region.

Examiner grasps upper caff with the dominant
. o e hand, thumb over the anterior joint line.
Bxaminer pullsthe tibia anteriorlyina The other. hand stabilizes the distal femur,
sudden firm forward motion.

Bxaminer pulls the tibia anteriorlyina
Assess for laxity, (>6-8 mm shift). sudden firm forward motion.
Compare to laxity with the opposite knee.

Assess for laxity, (>6-8 mm shift).

Compareto laxity with the opposite knee.

Meniscal tear

= Tears of the medial meniscus often result from twisting force with the foot fixed in young patients or
due to degeneration of meniscal cartilage in older patients.

=  The medial meniscus is more commonly injured than the lateral.

= Patients generally report a popping sound followed by acute pain.

= Associated symptoms can include catching, locking, reduced range of motion (a piece of torn meniscus
get stuck between the condyles) and slow onset joint effusion. Because the meniscus is not directly

perfused, the effusion typically is not apparent for many hours.

= Examination will show tenderness at the joint line on the affected side. Patients may also have palpable
locking or catching when the joint is rotated or extended while under load (Thessaly, McMurray tests).

Unhappy triad

= Common injury in contact sports due to lateral force applied to a planted leg.
= (Classically, consists of damage to the ACL (A), MCL, and medial meniscus (attached to MCL).

* Presents with acute knee pain and signs of joint injury/instability.
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Examiner applies one hand
atknee along medial meniscu

Examiner’s other hand holds
thefootand ankle.

Extemnally rotate the foot, and
apply valgus stress at the knee

Slowly extend the knee.

McMurray Test

NSO A 2
\ 4;“»""':;”
“::i\:o:‘*
78\
5 Examiner applies one hand
> atknee along lateral meniscus.
3 Q;\v, along meniscus.
3 %7({ | Baminersotherhand holds
the footand ankle.
Intemally rotate the foot, and
apply varus stress at the knee.
~\ \i‘ Slowly extend the knee.

%

7]

|

Thessaly Test
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TEST PROCEDURE
Anterior drawer sign  Bending knee at 90° angle, t anterior gliding of Q)
tibia (relative to femur) due to ACL injury LN ACLtear
Lachman test also tests ACL, but is more ’/'
sensitive ( anterior gliding of tibia [relative to o
femur] with knee bent at 30° angle)
Posterior drawer sign  Bending knee at 90° angle, t posterior gliding of 0
tibia due to PCL injury )
- PCL tear
Abnormal passive Knee either extended or at ~ 30° angle, lateral -
abduction (valgus) force - medial space widening of Abduction /"
tibia = MCL injury Péarlcgeus) y ok MCltear
Abnormal passive Knee either extended or at ~ 30° angle, medial \
adduction (varus) force — lateral space widening of tibia Adduction |\
N LCL in'ur (varus) WR | LCL tear
1y foce N
e
\\ ‘
McMurray test During flexion and extension of knee with - 9
rotation of tibia/foot (LIME): el il
. . « . ” . . and
Pain, “popping” on internal rot.atlon R o \) tear
and varus force - Lateral meniscal tear
(Internal rotation stresses lateral meniscus)
* Pain, “popping” on external rotation and Bremal AR < o
valgus force » Medial meniscal tear fotation o
tear

(External rotation stresses medial meniscus)

and
valgus force ‘
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< N.B:
In this axial MRI of the right knee, the patellar ligament is visible anteriorly at the top of the image and

the gastrocnemius muscle is seen posteriorly at the bottom.
The anterior and posterior cruciate ligaments are found within the articular capsule of the knee joint

and cross one another as each spans from the femur to the tibia.

Lateral -
meniscus : J= hu‘l Anterior cruciate
ligament

Lateral femoral . Pon— /
Lateral - » . Medial
Condyle b articular e\ - — N .m](\lxl.ir

surface surface

_L ateral tibial
condyle

fibula femoris tende - : ; i
. . - x Semitendinosus tendon

Gastrocnemius muscle
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= Abursais a synovial sac that alleviates friction at bony prominences and ligamentous attachments.

= Bursae are vulnerable to acute injury or chronic repetitive pressure and may become inflamed due to
infection (septic bursitis), crystalline arthropathy (gout), or autoimmune conditions (rheumatoid
arthritis).

= Because bursae are located in exposed positions, the pain and tenderness of bursitis may be exquisite.
Other features may include swelling and erythema, particularly with more superficial bursae. Active
range of motion is often decreased or painful, but passive motion is usually normal as it causes less
pressure on the inflamed bursa.

Greater trochanteric pain syndrome (Trochanteric bursitis)

- Greater trochanteric pain syndrome (GTPS) is an overuse syndrome involving the tendons of the
gluteus medius and minimus where they run over the greater trochanter.

- GTPS typically presents with chronic lateral hip pain that is worsened with repetitive hip flexion
(climbing stairs, walking uphill) or lying on the affected side.

- This diagnosis of GTPS is based primarily on clinical findings. Physical examination shows local
tenderness over the greater trochanter during flexion. Abduction may aggravate the pain.

- Initial treatment of GTPS includes local heat, activity modification, and nonsteroidal anti-inflammatory
drugs (NSAIDs). Physical therapy is often helpful as well. Patients with persistent symptoms despite
conservative therapy often benefit from local corticosteroid injection, which is generally safe and
provides rapid pain relief.

Piriformis
muscle

Gluteus
medius muscle lliotibial tract

Deep

trochanteric Gluteus medius muscle

Ly
- bursa
\\\ Gluteus minimus muscle
\ lliotibial
band Deep trochanteric bursa
Superficial
i trochanteric Superficial
bursa trochanteric bursa

Femur
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Prepatellar bursitis "housemaid's knee"

Inflammation of the prepatellar bursa in front of the kneecap.

- The prepatellar bursa is located between the patella and the overlying skin and prepatellar tendon. It is
lined by synovium and contains very little fluid. Its function is to diminish friction and ensure maximal
range of motion at the knee.

- Prepatellar bursitis "housemaid's knee" is common in occupations requiring repetitive kneeling, such as
concrete work, carpet laying, and plumbing.

- Prepatellar bursitis is characterized by anterior knee pain, tenderness, erythema, and localized swelling.

- While bursitis in other locations is generally noninfectious, acute prepatellar bursitis is very commonly
due to Staphylococcus aureus, which can infect the bursa via penetrating trauma, repetitive friction, or
extension from local cellulitis.

- The diagnosis should be confirmed with aspiration of bursal fluid for cell count and Gram stain:

o If Gram stain and culture are negative = patients may be managed with activity modification and
nonsteroidal anti-inflammatory drugs.

o If positive - patients are treated with drainage and systemic antibiotics.

Lateral knee

Suprapatellar bursa

Quadriceps
femoris tendon

-~ Pre-Patellar
Bursitis or
Housemaids

Subcutaneous
prepatellar bursa

Patellar ligament

Deep infrapatellar
bursa

Subcutaneous
infrapatellar bursa
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Baker cyst

- A popliteal (Baker) cyst is due to extrusion of synovial fluid from the knee joint into the gastrocnemius
or semimembranosus bursa and is most common in patients with underlying arthritis.

- Excessive synovial fluid formation (due to osteoarthritis or rheumatoid arthritis) and positive pressure
in the knee during extension can cause passage of fluid into the bursa and gradual enlargement of the
cyst.

- Popliteal cysts are often asymptomatic and present as a chronic, painless bulge behind the knee.

- The diagnosis is usually apparent on examination, with a soft mass in the medial popliteal space that is
most noticeable with knee extension and less prominent with flexion.

- Rupture of a popliteal cyst (following strenuous exercise) can cause posterior knee and calf pain, with
tenderness and swelling of the calf resembling deep venous thrombosis (DVT).

- Ultrasound can rule out DVT and confirm the popliteal cyst.

BAKER’S CYST
Back Knee Swelling

Baker’s |
Cyst W
' Synovial
Lining
of Joint

W

\
( ‘\

Baker’s Cyst
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= The patella is a large sesamoid bone that improves knee extension, protects from direct injury, and
improves nourishment of the distal femur articular cartilage.

= The quadriceps tendon inserts at the superior pole of the patella and wraps distally around the patella
to become the patellar tendon, which inserts at the tibial tuberosity.

= Causes:
- Patella fractures are most commonly due to a direct blow to the anterior aspect of the knee (fall, motor
vehicle accident).

- The patella can also be fractured indirectly due to excessive force transmitted through the quadriceps
tendon (landing on the feet after falling from a height).

= Presentation:
- Patients develop acute swelling, tenderness, inability to extend the knee against gravity, and a palpable
gap in the extensor mechanism.

Quadriceps

Femur

Patellar Cartilage
tendon
Meniscus
Lateral
:?ollateratl Medial
igamen collateral
ligament
Fibula
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The ankle is stabilized laterally by the anterior inferior tibiofibular, anterior talofibular, posterior
talofibular, and calcaneofibular ligaments.

The lateral ankle ligaments are weaker and are injured more often than the medial ligaments.
The most common ankle sprains involve only the Anterior TaloFibular ligament (Always Tears First) and
present with pain and ecchymosis at the anterolateral aspect of the ankle, classified as a low ankle

sprain. Due to overinversion/supination of foot.

Anterior inferior tibiofibular ligament - most common high ankle sprain.

Ankle ligaments

Anterior tibiotalar

Posterior tibiotalar
Tibionavicular

Tibiocalcaneal

Medial view

Anterior talofibular, Posterior talofibular

Calcaneofibular

Lateral view
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= Nerves and arteries are frequently named together by the bones/regions with which they are

associated. The following are exceptions to this naming convention:

Location

Axilla/lateral thorax

Surgical neck of Humerus

Midshaft of humerus

Distal humerus/cubital
fossa

Popliteal fossa

Posterior to medial

malleolus

Pectoralis minor

Pectoralis major

Intercostobrachial
nerves

Thoracodorsal
bundle including
vein, artery and nerve

Latissimus dorsi

Serratus anterior
muscles

Nerve

Long thoracic
Axillary
Radial

Median

Tibial

Tibial

Axillary vein

Medial pectoral
nerve

Lateral thoracic
vein and artery

Long thoracic
nerve

scapular Vs
nerve and
artery

Spino- —-+
glenoid |
notch

\
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Axillary branch to
teres minor

Artery

Lateral thoracic
Posterior circumflex
Deep brachial

Brachial

Popliteal

Posterior tibial

Deep brachial artery
Brachial artery

Radial nerve

Mid-humerus

Posterior
circumflex
artery

Axillary
nerve
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Musculocutaneous n. Median n.
Radial n.

Brachial a.
Brachioradialis Pronator teres

DAVID FISHER.
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Femoral vein

Femoral artery

Sciatic nerve

Tibial nerve
Popliteal vein
Popliteal artery

Common
fibular nerve

Tibialis posterior tendon
Flexor digitorum longus tendon

Flexor hallucis longus tendon

Posterior tibial artery
Tibial nerve
Tarsal tunnel

Flexor retinaculum

Calcaneus
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= Lumbosacral radiculopathy is a term used to describe a pain syndrome caused by compression or
irritation of nerve roots in the lower back.

= Often due to intervertebral disc herniation in which the nerve associated with the inferior vertebral
body is impinged.

= The spine is made up of bony vertebrae separated by intervertebral disks that act like cushions to
absorb shock. The intervertebral discs consist of a thick, tough, fibrous outer ring called the annulus
fibrosus surrounding a soft gelatinous core called the nucleus pulposus.

= When a tear in the outer, fibrous ring of an intervertebral disc allows the soft, central portion to bulge
out beyond the damaged outer rings, the disc is said to be herniated.

= |ntervertebral discs generally herniate posterolaterally, due to the thin posterior longitudinal ligament
and thicker anterior longitudinal ligament along the midline of the vertebral bodies.

= Herniations at the L4/5 and L5/S1 level account for 95% of all disk herniations. Herniated lumbar discs
usually involve the nerve root one number below (the herniation L4/L5 will compress L5 root).

= Presentation:

- Paresthesias and weakness in distribution of specific lumbar or sacral spinal nerves.

- The straight leg raise (SLR) test is pain going into the buttock and below the knee when the leg is raised
above 60 degrees.

Foraminal stenosis Herniated disc

Spinal disc herniation

P
|

‘\‘ Compressed
‘\, nerve root

annulus

NORMAL DISC HERNIATED DISC
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Disc level
herniation L3-14 L4-L5 L5t Lumbar
Nerve root pedicle (cut)
affected L4 L5 st
L4
L4 root
L4-L5 disc
N protrusion
Dermatome L5 root
affected i
A L5-S1 disc
protrusion
/
|/
; —_— ; S2 root
g Weakness of knee extension | Weakness of dorsiflexion | Weakness of plantar flexion
Clinical | 1 patellar reflex Difficulty in heel walking | Difficulty in toe walking
frkige | Achilles reflex

DISC HERNIATION
LY

SQUAT HEEL WALK TOE WALK

C5,6
C7,8

L3, 4

$1,2
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Sciatica is a nonspecific term for low back pain that radiates down the leg.

This condition occurs due to compression of the lumbosacral nerve roots and is most commonly caused
by vertebral disc herniation or spinal foraminal stenosis (due to degenerative arthritis of the spine).

Patients may have worsening of their radicular pain when the symptomatic leg is extended at the knee
and the hip is passively flexed by the examiner (straight leg raise test).

The sciatic nerve is derived from the L4-S3 nerve roots and compression most often occurs at the level
of L5 or S1.

S1 radiculopathy is characterized by pain and sensory loss down the posterior thigh and calf to the
lateral aspect of the foot.

Patients may also have weakness on thigh extension (due to denervation of the gluteus maximus), knee
flexion (hamstrings), and foot plantarflexion (gastrocnemius) with an absent ankle jerk reflex.

SCIATICA

The most common cause of sciatica
is a bulging disk or herniated disk

Sciatic nerve

Areas of pain
(Red)

Herniated disk

Sciatic nerve
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Piriformis syndrome

= The piriformis originates on the anterior aspect of the sacrum and occupies most of the space in the
greater sciatic foramen.

= [tinserts on the greater trochanter of the femur and acts to externally rotate the thigh when extended
and abduct the thigh when flexed.

= Structures running above the piriformis include the superior gluteal vessels and superior gluteal nerve.

= Structures crossing below the piriformis include the inferior gluteal vessels, internal pudendal vessels,
and multiple nerves (most notably the sciatic nerve).

= Muscle injury or hypertrophy can compress the sciatic nerve to cause sciatica-like symptoms (pain,
tingling, and numbness in the buttocks and along the nerve distribution) known as piriformis syndrome.

= The muscle can be tender with deep palpation or on stretching with adduction and internal rotation
(the opposite of the piriformis muscle action).

Piriformis syndrome

Anterior superior
iliac spine

Greater sciatic
foramen

Piriformis

Margin of pelvic inlet

_ Obturator
igamen**  internus

Pubic tubercle o
Lesser sciatic foramen

Sacrotuberous ligament
Obturator foramen Ischial tuberosity

Ischiopubic ramus
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= Definition/Etiology:
- Narrowing of the spinal canal leading to pressure on the cord is idiopathic.

- Common contributing factors include degenerative arthritis (spondylosis), degenerative disk disease
(posterior herniation), and thickening of the ligamentum flavum.

Lumbar vertebrae, normal anatomy  Lumbar vertebrae, spinal stenosis

Thickened
ligamentum
flavum

Ligamentum flavum

Spinal canal

Cauda equina Hypertrophied facet

(osteophytes)

Facet .
Bulging

Nerve intervertebral

T —~Nerve
), root canal

Annulus fibrosus |  |ntervertebral
Nucleous pulposus | disc

= Presentation/“What Is the Most Likely Diagnosis?”
- Look for a person over age 60 with back pain while walking, radiating into the buttocks and thighs
bilaterally (compression of lumbar nerve roots).

- The onset of pain with walking is referred to as "neurogenic claudication" as it may resemble symptoms
seen in vascular claudication. However, the symptoms of spinal stenosis are posture-dependent.

- Extension of the lumbar spine (standing, walking upright) further narrows the spinal canal and worsens
the symptoms because the cord presses backwards against the ligamentum flavum, whereas lumbar
flexion (leaning on a stroller/shopping cart) relieves the pain.

- Spinal stenosis can simulate peripheral arterial disease, but the vascular studies are normal. Vascular
claudication causes pain with exertion and relief with rest, whereas neurogenic claudication is relieved
by walking while leaning forward ("shopping cart sign"), and exercise with the spine flexed (cycling)
does not incite symptoms.
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\} Shopping cart sign
Spinal stenosis
Symptoms worsen Leaning forward relieves
with lumbar extension pressure, lessening symptoms
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Each muscle is composed of individual muscle cells called fibers that usually run the entire length of the
muscle.

Each muscle fiber contains hundreds of fibrils arranged in parallel.
Each fibril composed of sarcomeres connected in series (end-to-end).
Sarcolemma: plasma membrane of the muscle cells.

Myofibrils: contractile structures within the muscle cells.

Sarcoplasmic reticulum:
Intracellular structure similar to the endoplasmic reticulum.

Important for calcium storage.

T-tubules: invaginations of plasma membrane in contact with the sarcoplasmic reticulum, allowing for
coordinated contraction of striated muscles.

Tendon
Muscle fiber

Sarcolemma
Epimysium | (cell membrane)
\

Skeletal
muscle

Endomysium,

Fasciculus

Perimysium

Muscle fibers covered
with endomysium

N.B:

The function of T-tubules is to transmit a depolarization from the sarcolemma to sarcoplasmic
reticulum in a rapid and uniform manner.

Because they are extensions of the cell membrane, they consist of a phospholipid bilayer with a large
number of voltage-gated calcium channels (dihydropyridine receptors) located in close proximity to
ryanodine receptors on the terminal cisterns of the sarcoplasmic reticulum.

Ryanodine receptors are calcium release channels that are opened under the influence of activated
dihydropyridine receptors on the T-tubules.

This leads to release of calcium from the sarcoplasmic reticulum and induction of muscle contraction.
The uniform distribution of T-tubules in skeletal muscle fibers ensures that a depolarizing signal reaches
each fiber at the same time. This coordination is necessary for muscle contraction.

A lack of T-tubules in some myofibrils would lead to uncoordinated contraction of individual fibers.
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Healthy muscle cell

Action potential

Transverse tubule

Sarcolemma

Ca?* released
unevenly

Uncoordinated contraction

\

Intracellular calcium regulation
Sarcolemma
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CETTELER)

Type 1 (Slow red muscle)

Small fibers, small motor units, lower ATPase, endurance muscle, aerobic metabolism, extensive
capillaries, high myoglobin.

Perform actions requiring low-level sustained force, ex: postural maintenance.

Type | fibers function primarily by aerobic metabolism, meaning they have high myoglobin (oxygen
storage) and mitochondrial (aerobic respiration) concentrations.

The paraspinal muscles are postural muscles predominantly composed of Type I fibers.

Type Il (Fast white muscle)

Large fibers, large motor units, high ATPase, high strength but short term, anaerobic metabolism,
extensive sarcoplasmic reticulum, low myoglobin.

Type Il fibers are specialized for generating rapid forceful pulses of movement.

Type |l fibers (fast twitch) derive ATP energy through anaerobic glycogenolysis and subsequent
glycolysis.

Specialized sensory receptors that relay information about muscle dynamics.

Muscle spindle

Senses length and speed of stretch.

Facilitates muscle agonist contraction and antagonist relaxation to prevent overstretching.
M length (stretch) - muscle resistance.

Body of muscle/type la and Il sensory axons.

The muscle spindle system is a feedback system that monitors and maintains muscle length.
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Golgi tendon organ

- Senses tension.

- Facilitates inhibition of muscle activation to reduce tension within the muscle and tendon.
- ‘M tension - muscle relaxation. This prevents muscle damage.

- The Golgi tendon circuit is a negative feedback system that regulates and maintains muscle tension.
When a muscle exerts too much force, the GTOs inhibit contraction of the muscle, causing sudden
muscle relaxation.

Golgi tendon organ
Tendon

Golgi tendon organ
Dorsal root g 9

Spinal cord
/ Dorsal root ganglion

1 ,/

Muscle
1a sensory axon

Muscle spindle

1b sensory axon

Capsule

Sensory nerve
endings

Intrafusal fiber

Extrafusal fiber

Ventral root

Inhibitory interneuron Motor end plates

Alpha motor neuron

= Sarcomere is defined as distance between Z lines.

= Zline:
- Actin attaches to Z line.

- Contains vimentin and desmin (tumor markers for muscle tumors).
- Titin filaments: connects the myosin to the Z-line.

= |Band:
- Length of the thin filament on either side of the Z line with no overlap with the thick filaments; length
decreases during contraction when the actin and myosin slide past one another.

= M Line: Myosin attaches to M line (M for Myosin).

85




Chapter 3 Physiology

= ABand:
- The A band corresponds to the whole thick myosin filament, including portions overlapped by thin actin
filaments, length stays constant during contraction (A band is Always the same length).

= HZone:
- The H band is the region of the sarcomere containing only myosin thick filaments. It is a portion of the
A band and straddles the M line.

- Shrinks with contraction.

= During contraction, the actin filaments slide over the myosin filaments toward the M line, decreasing
the size of the | and H band (A band is Always the same length).

Sarcomere
(ZoZ)
A band

Z disk H band 4 Z disk
M line

— e e —
T

_'T_

/)' :
Thin myofilament i
| band
Sarcomere
(Zto 2)
| |

Z line M line Z line

Thick myofilament Thin myofilament
(myosin) (actin)
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= There are two completely different action potentials:
- The neuron action potential.

- The cardiac ventricular action potential.

Components of the action potential Membrane permeability during the action potential

I PR Membrane potential
+30 +30
:I—Overshoot
0 . 0 5
o > £
-8 é Na'permeance a
S = 5
o =
5 g 5
Z B a
3 =3 g
2 @ =
-55 Threshold § -55 -g
o
| U
70 Resting membrane £ . Z / <
potential s
\ Hyperpolarization
1 2 3 4 5 6 7 1 2 3 4 5 6 7 4
Time (msec) Time (msec)

= The graph depicts the potential voltage changes across a cell membrane; these changes
(depolarization, repolarization, hyperpolarization, and resting potential) are collectively known as the

action potential. The action potential occurs due to changes in the membrane permeability to Na and K
ions.

= The membrane potential of an excitable cell (nerve and muscle) cycles through the following
stages:

1. |Resting potential:‘

- Usually equal to -70 mV.

- Itis maintained by high resting membrane permeability to K and low permeability to Na.

- Kefflux occurs via non-gated K channels (leak channels). While at the resting potential, the inner side of
the membrane is negatively charged with respect to the outer surface of the membrane.

2. ‘Depolarization:

Occurs due to opening of voltage-gated Na channels with rapid influx of Na into the cell.

The large influx of Na leads to an increased positive charge inside the membrane known as
depolarization.

Overshoot refers to the maximal value of the action potential during which the membrane potential
obtains a positive value (approximately 35 mV).
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3. ‘Repolarization:|
- Results from closure of Na channels and simultaneous opening of K channels.

- This causes a sharp decrease in the membrane permeability to Na and a significant increase in K
permeance that exceeds that of the resting membrane.

- Kefflux is responsible for returning the membrane potential back to the resting potential.

4. Hyperpolarization:|
- Occurs because the voltage-gated K channels remain open for a short time after repolarization is
completed (slow channel).

- The membrane potential thus becomes more negative than the normal resting potential and
approaches the K- equilibrium potential of -85 mV.

- When the voltage-gated K- channels close, the membrane potential returns to the resting value
maintained by the non-gated K channels.

Absolute Refractory Period (Functional Refractory Period)

= During this period, a second action potential cannot be generated, no matter how strong the stimulus.
= |t begins at threshold and continues until the cell has almost completely repolarized.

=  Any drugs that lengthens the action potential (drugs that decreases the conductance of K channels) will
prolong the absolute refractory period.

+40 ~ Absolute refractory perod

' ...

A e
K —
Stimulus
m \ 2K* \
-90 Threshold
h*Na* 3 Na*

PR SN ——— Er
ARterhyperpolarization (undershoot)

Time

Membrane Potential (mV)
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Factors Determining the Velocity of the Action Potential

A. Action Potential Factors:
= The larger the amplitude, the greater the velocity.

= The greater the rate of depolarization, the greater the velocity.

B. Neuron Factors:
= The greater the diameter, the greater the velocity.

= The greater the myelination, the greater the velocity.

= Mpyelin increases the electrical resistance of the membrane. In heavily myelinated neurons, the action
potential is conducted from one node of Ranvier to the next (saltatory conduction).

= |tis at the nodes that the membrane contains the voltage-gated channels. In demyelinated diseases
(Guillain Barre, multiple sclerosis), there is a loss of membrane resistance between the nodes - More
current leaks to ground, decreasing the magnitude of the stimulus received at the next node.

< N.B:

1. A nerve conduction study (NCS) measures the amplitude, velocity, and latency of an electrical
stimulus applied to an isolated nerve and can help differentiate between demyelinating and
axonal neuropathies:

= Demyelinating neuropathies are caused by damage to the myelin sheath. Loss of insulation results in
delayed (or blocked) nerve conduction velocity.

= Axonal neuropathies are caused by damage to the nerve axon. Loss of axon fibers results in reduced
signal amplitude.

Demyelinating neuropathy Axonal neuropathy

Stimulus Stimulus

t

Stimulus Stimulus

2. Pufferfish poisoning is caused by tetrodotoxin, a neurotoxin produced by microorganisms associated
with the fish.

= Tetrodotoxin binds to voltage-gated sodium channels in nerve and cardiac tissue, preventing sodium
influx and depolarization.
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= Neuronal action potential terminates on the active region of the presynaptic membrane - Activation
of voltage-gated Ca channels on the active presynaptic membrane.

= Influx of Ca causes a local 1 in ICF free Ca adjacent to presynaptic membrane.

= (Ca triggers the fusion of transmitter (ACH) containing vesicles with the presynaptic membrane -
Quantal release of ACH into the synaptic cleft.

= Diffusion of ACH to the postsynaptic membrane receptors.

= Ligand- gated channel opens.

= 1 Conductance of post synaptic membrane (Na and K).

= Main current flow is an influx of Na, not an efflux of K.

= Depolarization of postsynaptic membrane (EPP; end-plate potential).
= Local current flow to sarcolemma outside the synaptic region.

= Depolarization of membrane significantly beyond threshold.

= Generates an action potential that spreads not only across the surface sarcolemma, but down the T-
tubular membranes.

=  Enzymatic destruction of ACH by acetylcholinesterase terminates transmitter action, and ligand-gated
channels close.

90




EL Husseiny's Essentials for USMLE step 1 Musculoskeletal System
Excitatory Postsynaptic Potentials (EPSP)

= Transmitters depolarize.

Increased conductance of the postsynaptic membrane to both Na and K.

=  Main current flow is an influx of Na.

Transmitters include acetylcholine, glutamate, and aspartate (Excitatory neurotransmitters).

Axon terminal
’f’ c l.
o
o= Synaptic cleft
Cell membrane

~—+7~Cytosol

|

T tiia y
ion channels

Inhibitory Postsynaptic Potentials (IPSP)

=  Transmitters in most cases hyperpolarize.

Increased conductance of the postsynaptic membrane to Cl (influx) or possibly K (efflux).

= Transmitters include GABA, glycine (inhibitory neurotransmitters).

|
e """;“"\

eI,

- Dendrite
o a ° Qq-. I
5 o ®e 0 Synaptic cleft
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|
Transmitter-gated
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91




Chapter 3 Physiology

< N.B:

1. Myasthenia gravis is most commonly caused by autoantibodies against postsynaptic nicotinic
acetylcholine receptors.

= Binding of antibody to these receptors results in blockade of the receptor's active site, receptor
internalization and degradation, and damage to the motor endplate due to complement fixation.

= Qverall this leads to decreased numbers of functional acetylcholine receptors at the neuromuscular
junction.

= The decrease in the number of available cation channels reduces the end-plate potential following
acetylcholine release.

= Because the threshold potential is not reached, the muscle cells do not depolarize.

Normal end End plate potential
plate potential in myasthenia gravis
+40 Action potential +40 +
triggered in muscle cell
+20 +20 1
0T 0+
-20 + -20 +
> >
E 404 E 40f
Threshold Threshold
’60 T e '60 5B e
» ~ _End plate potential
-80 -80 1/ T
-100 I - - ¢ t ! -100 } f } . :
0 5 10 0 5 10
Time (ms) Time (ms)

mV = millivolt, ms = millisecond

2. Na, K, and Cl are the main ions that determine the electrical potential difference (voltage) across a
membrane (membrane potential).

= Under normal physiologic conditions, there is a low concentration of Na and Cl in the cell and high
concentration of K in the cytoplasm. Conversely, the extracellular space has a high concentration of Na
and Cl ions and low concentration of K ions.

= Because intracellular K concentration is much greater than its extracellular concentration, opening of
cellular potassium channels leads to K efflux from the cell along the K concentration gradient.

= Within the cell, the positive charge of the K ions is normally neutralized by the negative charge of
intracellular anions (phosphates and proteins) that are trapped in the cell. As K ions leave the cell,
negatively charged anions accumulate along the inner side of the cell membrane. This continually
increasing negative charge attracts the positively charged K ions back into the cell. When the difference
in concentration (diffusion potential) of K inside and outside the cell is large, the efflux of K ions will
continue despite the increasing negative charge.

= At a certain point, however, the negative intracellular charge (electrical potential) of the membrane
becomes large enough that the number of K ions it attracts into the cell equals the number of K ions
that leave the cell along the concentration gradient. The electrical potential difference that moves K
ions into the cell at the same rate as they leave the cell along the concentration gradient is called the
equilibrium potential.
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Equilibration movements of charged ions under physiologic conditions

Major Equilibrium Equilibration movement

lon Charge location potential at -70 mV

Extracellular gradient
drives Na® into cell, making
membrane potential more
positive

Sodium Positive Extracellular + 60 mV

Intracellular gradient drives
K* out of cell, making
membrane potential more
negative

Potassium Positive Intracellular -90 mV

Extracellular gradient
drives CI" into cell, making
Chloride Negative Extracellular -75mV membrane potential more
negative

Extracellular gradient
drives Ca®" into cell,
Calcium Positive Extracellular +125mV making membrane
potential more positive

93




Chapter 3 Physiology
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Skeletal and Cardiac Muscle

Contraction is the cycling of the cross-bridges.

The contractile mechanism in skeletal muscle depends on proteins (myosin, actin, tropomyosin, and
troponin) as well as calcium ions.

The thick filaments in skeletal muscle are comprised of myosin molecules, with the heads of the myosin
molecules forming cross-links with actin during muscular contraction.

Two actin chains comprise the thin filaments in skeletal muscle.

Tropomyosin molecules sit in the groove between the two actin chains, covering the myosin binding
sites on actin when the muscle is at rest.

Troponin molecules are small globular proteins situated alongside the tropomyosin molecules.
Troponin is composed of three subunits: troponin T, troponin |, and troponin C.

Troponin C contains the binding sites for Ca.

During excitation-contraction coupling, Ca is released from the sarcoplasmic reticulum.

When Ca binds troponin C, tropomyosin shifts to expose the actin binding sites for myosin, allowing
contraction to occur.

During the skeletal muscle contraction cycle. ATP binding to myosin causes release of the myosin head
from its binding site on the actin filament.

Note: Following death, the muscle cell becomes ATP depleted, ca leaks from the sarcoplasmic
reticulum and attaches to troponin to form a cross-link between the actin and myosin; but no ATP
means the crosslink will not break. This is the state of rigor mortis. Lysosomal enzymes eventually break
the link to terminate the state of rigor mortis.
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Tropomyosin prevents cross Released Ca’" binds to troponin
linking between actin and and removes the tropomyosin; this
myosin allows myosin cross-bridge-ADP-
. phosphate complex to bind to
Troponln Tl'OpﬂmY‘)Slﬂ Cazo actin

ADP-phosphate complex is
released after the myosin
crossbridge binds to actin

Myosin cross-bridge-
ADP-phosphate complex

ATP
hydrolysis

A new ATP is required for detachment
] of the myosin crossbridge from actin
[Without this ATP, muscle will be

fixed in a conltracted state (rigor
mortis)]

Smooth Muscle

Smooth muscle initiates contraction via a myosin activation process (Ca to Calmodulin, which causes
phosphorylation of myosin light chain).

Contraction is terminated in smooth muscle by a dephosphorylation process.

Agonist Acetylcholine

. bradykinin, etc
Endothelial cells
Receptor
Co*  ——
e
X
+
L-arginineﬁymhase_' NO
L-type voltage Ca" Smooth muscle cell  NO diffusion
gated Ca*
channel
Action
potential / 1Cat NOq
+ oo b
S 1Ca-calmodulin GTP—Y—» cGMP
&5 |
N comlp ex Myosin I
¥ ® +actin ®
M R
Myosin-light-chain Myosin-light-chain
kinase phosphatase
(MLCK) Myosin-P (MLCP)
+actin
CONTRACTION RELAXATION

T Ca¥*——> CONTRACTION Nitric oXide ——— RELAXATION
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= Action potential initiated at the neuromuscular junction.

= Action potential spreads across the surface sarcolemma and down the T tubular membranes, which
are continuous with the surface membrane.

= Ttubule penetrates deep within the cell and closely approximant the terminal cisternae of the
sarcoplasmic reticulum which serve as a storage for Ca.

= The T tubular membrane contains L-type voltage-gated Ca channels referred to as dihydropyridine
(DHP) receptors that activate, but no Ca influx occurs.

= The DHP receptors are in contact with and activate Ca release channels of the terminal cisternae
known as ryanodine receptors (RY).

= Activation of the RY receptors allows the passive release of Ca into the ICF myoplasm.
= (Ca attaches to troponin to initiate mechanical contraction (cross-bridge cycling).

= The final stage of excitation-contraction coupling is myocyte relaxation, which occurs subsequent
to calcium efflux from the cytoplasm. Intracellular calcium is removed primarily via an Na/Ca
exchange pump (NCX) and sarcoplasmic reticulum Ca ATPase pump (SERCA).

= NCX uses the large extracellular Na concentration gradient to help pump Ca out of the cell and, in
the process, removes one intracellular Ca in exchange for 3 extracellular Na ions.

= |n contrast, SERCA is a Ca ATPase pump that actively transfers Ca from the cytosol to the lumen of
sarcoplasmic reticulum at the expense of ATP hydrolysis.

Intracellular calcium regulation

Sarcolemma

Sarcoplasmic —

reticulum
L-type

T-tubule

Ca 2+
Channel
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© Action potential opens presynaptic voltage-
gated Ca’* channels, inducing acetylcholine
(ACh) release.

@ Postsynaptic ACh binding leads to muscle
cell depolarization at the motor end plate.

© Depolarization travels over the entire
muscle cell and deep into the muscle via the
T-tubules.

@ Membrane depolarization induces
conformational changes in the voltage-
sensitive dihydropyridine receptor (DHPR)
and its mechanically coupled ryanodine
receptor (RR) = Ca** release from the
sarcoplasmic reticulum into the cytoplasm.

© Tropomyosin is blocking myosin-binding
sites on the actin filament. Released
Ca?* binds to troponin C (TnC), shifting
tropomyosin to expose the myosin-binding
sites.

® The myosin head binds strongly to actin,
forming a crossbridge. P, is then released,
initiating the power stroke.

€ During the power stroke, force is produced
as myosin pulls on the thin filament 1.
Muscle shortening occurs, with shortening
of H and I bands and between Z lines (HIZ
shrinkage). The A band remains the same
length (A band is Always the same length).
ADP is released at the end of the power
stroke.

© Binding of new ATP molecule causes
detachment of myosin head from actin
filament. Ca®* is resequestered.

© ATP hydrolysis into ADP and P results
in myosin head returning to high-energy
position (cocked). The myosin head can bind
to a new site on actin to form a crossbridge if
Ca’* remains available.
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= The two major types of bone present in an adult skeleton are trabecular and cortical.

= Trabecular bones are also called spongy, or cancellous bones. Trabecular bone composes only 15% of
the total skeleton, by weight, but trabecular bone is metabolically more active because of its large
surface area.

=  Cortical bones (also called compact bone) contribute by serving as mechanical support and sites of
muscle attachment. Most of the appendicular skeleton (the limbs) is cortical bone.

AXIAL APPENDICULAR
Structure of a Long Bone SKELETON DIAGRAM SKELETON DIAGRAM
Spongy Epiphysis
bone
Ossicles
Metaphysis (inner ear)
Hyoid Bone
Medullary &
l/
Diaphysis 1/
(shaft) “,/ /
/(
Al
S
Venebva‘l‘»é;:umn
Metaphysis
Epiphysis
L\B |

Bone matrix

=  Extracellular component of the bone.

= Synthesized by osteoblasts.

= Type | collagen and hydroxyapatite (calcium + phosphorus).
= Bone matrix is first synthesized as osteoid:

- Non-mineralized bone matrix.

- Mostly protein.
- Laid down by osteoblasts.

=  Bone matrix is then mineralized with calcium and phosphate.
= |mpaired synthesis of type 1 collagen by osteoblasts is seen with osteogenesis imperfecta.
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Endochondral ossification

=  Bones of axial skeleton, appendicular skeleton (limbs).

= Cartilaginous model of bone is first made by chondrocytes.
= QOsteoclasts and osteoblasts later replace with woven bone and then remodel to lamellar bone.
= |n adults, woven bone occurs after fractures and in Paget disease.

= Defective in achohdroplasia.

Endochondral ossification s <

Vistion ottt )
(@) Invasion of L NG
internal cavities (@) Formation of the 24
by the periosteal medullary cavity as —
bud and spongy ossification continues;  (5) Ossification of the
bone formation. appearance of sec- epiphyses; when
ondary ossification completed, hyaline
centers in the epiphy- cartilage remains
ses in preparation only in the epiphyseal
. th for stage 5. plates and articular
Stages 1-3 during fetal week g through g cartilages.

month Stage 5 is process of

Stage 4 l:s just long bone growth
before birth during childhood &
adolescence

Membranous ossification

= Bones of calvarium (skull) and facial bones.
=  Woven bone formed directly without cartilage.

= |ater remodeled to lamellar bone.
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Osteo last
Builds bone by secreting collagen and catalyzing mineralization in alkaline environment via ALP.
Differentiates from mesenchymal stem cells in periosteum.

Osteoblastic activity measured by:
Bone ALP (creates alkaline media for calcium deposition).

Osteocalcin (major non collagen protein in bone matrix. Marker for bone remodeling).

Propeptides of type | procollagen which is released during post-translation cleavage of type 1
procollagen.

Osteo last

Dissolves (“crushes”) bone by secreting H and collagenases.
Differentiates from a fusion of monocyte/macrophage lineage precursors.

RANK receptors on osteoclasts are stimulated by RANKL (Receptor activator of nuclear factor kappa-B
ligand; expressed on osteoblasts).

OPG (osteoprotegerin, a RANKL decoy receptor) binds RANKL to prevent RANK-RANKL interaction = |
osteoclast activity.

The 2 most important factors in osteoclast differentiation include:
Macrophage colony-stimulating factor (M-CSF).

Receptor for activated nuclear factor kappa B ligand (RANK-L):
Stimulates the development of mature multinucleated osteoclasts.

Blocked by osteoprotegerin (OPG), which acts as a decoy receptor.

Bone turnover is regulated by the ratio of OPG to RANK-L; bone turnover increases when OPG is low
and RANK-L is high.

Estrogen maintains bone mass in premenopausal women by “I* OPG by osteoblasts and stromal cells.
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Osteoclast differentiation

Hematopoietic
stem cell
Differentiation
Osteoclast
precursor
Fusion ~ RANK-L Osteoblasts Osteoprotegerin
Activation Bone marrow competitively binds
Survival stromal cells RANK-L & prevents
l Osteocytes its binding to RANK
Multinuclear

osteoclast

a

\J

Low OPG/RANK-L ratio: High OPG/RANK-L ratio:
increased osteoclast decreased osteoclast
formation & activity formation & survival

Denosumab:
Monoclonal antibody used in the treatment of postmenopausal osteoporosis.

It works in a manner similar to OPG by binding RANK-L and blocking its interaction with RANK receptor.

Markers for osteoclastic activity:
Tartrate-resistant acid phosphatase.

Urinary hydroxyproline.

Urinary deoxypyridinoline (the most reliable).
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Osteocytes inhabit lacunae, and have long intracanalicular processes that extend through the ossified
bone matrix.

=  Functions:

- These cytoplasmic processes send signals to and exchange nutrients and waste products with the
osteocytes within neighboring lamellae via gap junctions.

- Sense mechanical stresses and send signals to modulate the activity of surface osteoblasts thereby
helping to regulate bony remodeling by producing sclerostin and FGF23.

- [The osteocytes serve to maintain the structure of the mineralized matrix and control the|

short-term release and deposition of calcium (calcium homeostasis):|
o The plasma calcium concentration directly dictates the metabolic activity of osteocytes.

o Parathyroid hormone and calcitonin indirectly influence their metabolic activity.

Lymphocyte
Osteoclast Monocyte

Osteoblast

Mesenchymal

& /‘( cell

Lamellae
Blood vessel

Lacuna

Central (Haversian) canal
Osteocyte

Canaliculus
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<+ N.B:
= Bone is continually broken down and reformed by the process known as bone remodeling, which
consists of the coordinated activity of osteoblasts (responsible for bone formation) and osteoclasts

(responsible for bone resorption).

Bone remodeling

Osteocyte Osteoclast Osteoid
. LENG-GRgraNIg o) Osteoblast Bone-lining cells s(:::g'::;: '::ft;:
(bone-forming cells)  (old osteoblasts) bone formation)

New
bone

Old
bone

Mineralization
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CHAPTER 4

Pathology
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Chapter 4 Pathology

Common musculoskeletal conditions

1. De Quervain tenosynovitis:

= Noninflammatory thickening of abductor pollicis longus and extensor pollicis brevis tendons
characterized by pain or tenderness at radial styloid.

= De Quervain tenosynovitis is a condition that classically affects new mothers who hold their infants
with the thumb outstretched (abducted & extended).

= @ Finkelstein test (pain at radial styloid with active or passive stretch of thumb tendons).

= P riskin new mothers, golfers, racquet sport players.

De Quervain tendinopathy

Y

Extensor retinaculum

/ Abductor pollicis longus
Thickened tendon sheaths

Extensor pollicis brevis

2. Ganglion cyst:
=  Fluid-filled swelling overlying joint or tendon sheath, most commonly at dorsal side of wrist.

=  Arises from herniation of dense connective tissue.

Ganglion cyst
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lliotibial band syndrome:
Overuse injury of lateral knee that occurs primarily in runners.

Pain develops 2° to friction of iliotibial band against lateral femoral epicondyle.

The iliotibial band is a thick band of fascia (tissue) that begins at the iliac crest in the pelvis, runs down
the lateral or outside part of the thigh, and crosses the knee to attach into the top part of the tibia or
shinbone.

It forms from the tensor fascia lata and two of the gluteal muscles (gluteus medius and gluteus
minimus) in the buttock and then stretches across the knee. The iliotibial (IT) band helps stabilize the
outside part of the knee through its range of motion.

lliotibal Band Syndrome

lliotibal Band

Site of IT Band pain

Medial tibial stress syndrome:
Also called shin splints.

Common cause of shin pain and diffuse tenderness in runners and military recruits.

Caused by bone resorption that outpaces bone formation in tibial cortex.
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SHIN SPLINTS

MEDIAL TIBIAL STRESS SYNDROME

5. Patellofemoral syndrome:

= QOveruse injury that commonly presents in young, female athletes as anterior knee pain.

=  Exacerbated by prolonged sitting or weight-bearing on a flexed knee.

= The precise source of pain is variable and not well understood, but generally involves the track of the
patella in the trochlear groove of the femur.

= The patellofemoral compression test (reproduction of pain when the patella is compressed into the
trochlear groove) is often helpful but may generate significant discomfort for the patient.

] NSAIDs, thigh muscle strengthening.

Patellofemoral pain syndrome (PFPS)
Patella Femur Anterior view Lateral view
(Thighbone)

Trochlear
Grogve -

Quadriceps
muscle

Area of pain

Patellar
ligament
Tibia
(Shinbone) Tibia
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Plantar fasciitis:
Plantar fasciitis is a very common but poorly understood problem affecting older, overweight patients
who complain of disabling, sharp heel pain every time their foot strikes the ground.

The pain is worse in the mornings.

X-rays show a bony spur matching the location of the pain, and physical exam shows exquisite
tenderness to palpation over the spur, although the bony spur is not likely the cause of the problem as
many asymptomatic people have similar spurs.

Spontaneous resolution occurs over several months, during which time symptomatic treatment is
offered.

Plantar fascia

~ Inflammation & tearing
at the heel bone

Heel bone Inflammation of the plantar fascia
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Childhood musculoskeletal conditions

1. Developmental dysplasia of the hip:
= Developmental dysplasia of the hip (DDH) is a dislocation of the femoral head from the acetabulum =
Abnormal acetabulum development in newborns.

= Results in hip instability/dislocation.

= Although breech presentation, female sex, white ethnicity, and family history of DDH increase the risk,
most patients (¥75%) have no risk factors. Therefore, all infants must have serial hip examinations from
birth until they are walking (age 1 year).

= Barlow and Ortolani maneuvers should be performed to assess joint stability. These consist of placing
the infant supine with each hip flexed to 90° followed by abduction to feel for dislocatability and
adduction to feel for reducibility of an unstable joint. A palpable clunk with either maneuver is an
alarming sign of hip dislocation and should prompt referral to an orthopedic surgeon.

=  Confirmed via ultrasound (x-ray not used until ~4-6 months because cartilage is not ossified).

] splint/ Pavlik harness.

Barlow & Ortolani maneuvers

The Pavlik Harness

Ortolani Maneuver:
Abduction with anterior lifting of the hip

Barlow Maneuver:
Adduction with posterior pressure on the hip
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Legg-Calvé-Perthes disease:
Legg-Calve-Perthes disease (LCP) is a syndrome of idiopathic osteonecrosis (avascular necrosis) of the
femoral head.

This condition most commonly affects boys age 3-12, with a peak incidence between age 5 and 7.

The etiology for LCP is unclear, but in some patients underlying thrombophilia may be a predisposing
factor.

Commonly presents with insidious onset of hip pain that may cause child to limp.

Diagnosis requires a high index of suspicion as initial x-rays may be negative.

The x-ray below shows a flattened and fragmented left femoral head. Magnetic resonance imaging and
bone scans can show subtle femoral head necrosis weeks to months earlier than x-rays and may be

helpful to aid in early diagnosis.

Treatment is aimed at maintaining the femoral head within the acetabulum via splinting or surgery.
Patients should refrain from weight-bearing activities.

Slipped capital femoral epiphysis:
Classically presents in an obese 12-year-old child with hip/knee pain and altered gait.

The physis (physical junction between the femoral head and neck) weakens during early adolescence
because it is rapidly expanding and primarily composed of cartilage, which does not possess the
strength of bone.

When exposed to excessive shear stress, which is magnified by obesity, the physis fractures and the
femoral head slips posteriorly and medially relative to the femoral neck (like a scoop of ice cream
slipping off a cone).

Diagnosed via x-ray.

Treatment] surgery.
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Normal Slipped capital femoral epiphysis

4. Osgood-Schlatter disease (traction apophysitis):
= (Osgood-Schlatter disease (OSD) is an overuse injury of the secondary ossification center (apophysis) of
the tibial tubercle.

= |tis avery common cause of knee pain in young adolescent athletes after a recent growth spurt.

= OSD presents as pain and swelling at the tibial tuberosity, the insertion point of the patellar ligament.

112




EL Husseiny's Essentials for USMLE step 1 Musculoskeletal System

The patellar ligament connects the tibia to the patella, which in turn is connected to the quadriceps
muscles.

The quadriceps muscle group is involved in leg extension at the knee.

Repetitive quadriceps contraction (jumping) and chronic avulsion cause the proximal patellar tendon to
separate from the tibial tubercle.

During the healing process, callous formation causes the tubercle to become elevated and prominent.

Treatment consists of activity restriction, stretching exercises, and non-steroidal anti-inflammatory
medications. Patients normally have complete relief of symptoms in 12 to 24 months.

Osgood-Schlatter disease

Normal knee 0Osgood-Schlatter disease

\ Quadriceps
muscles *:
'\;‘. \ N ".
S |\ s

)

-S«-Patella
‘ —=\ | ' Patellar
! ’ tendon
I
\ \
\J

B Tibial
tubercle

_ Inflammation &
Tibia fragmentation of
tibial tubercle

Radial head subluxation:

Radial head subluxation (nursemaid's elbow) is the most common elbow injury in children caused by a
sudden pull on the extended pronated forearm, such as by an adult tugging on an uncooperative child
or by swinging the child by the arms during play.

It occurs most frequently between the ages of 1 to 4 years.

The sudden increase in axial traction on the proximal radius causes the annular ligament to tear from
its periosteal attachment at the radial neck.
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= [t then slips over the head of the radius and slides into the radio-humeral joint, where it becomes

trapped.

= By age5, the annular ligament becomes thick and strong, decreasing the likelihood that it can be torn
or displaced.

= Affected children present with the injured arm held close to the body with the elbow extended (or
slightly flexed) and the forearm pronated.

= The child is typically in little distress until attempts are made to move the elbow. Mild tenderness can
be elicited on palpation of the sublaxed radial head.

Radial head subluxation (nursemaid’s elbow)

Annular ligament
displacement

Normal Traction

Distal
humerus

Capitulum

Annular
ligament
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Common pediatric fractures

1. Greenstick fracture:
= |ncomplete fracture extending partway through width of bone (A) following bending stress; bone fails
on tension side; compression side intact (compare to torus fracture).

= Bone is bent like a green twig.

2. Torus (buckle) fracture:
Axial force applied to immature bone - cortex buckles on compression (concave) side and fractures

(B).

= Tension (convex) side remains solid (intact).

Normal Greenstick fracture Torus fracture Complete fracture

= =Ad =i :zﬁ@
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=  Most common cause of dwarfism.

=  Failure of longitudinal bone growth (endochondral ossification) = short limbs.

=  Membranous ossification is not affected - large head relative to limbs.

= Due to an activating mutation in fibroblast growth factor receptor 3 (FGFR3); autosomal dominant.

= Constitutive activation of fibroblast growth factor receptor (FGFR3) actually inhibits chondrocyte
proliferation.

= (linical features:
- Short extremities with normal-sized head and chest due to poor endochondral bone formation;
intramembranous bone formation is not affected.

- Endochondral bone formation is characterized by formation of a cartilage matrix, which is then
replaced by bone; it is the mechanism by which long bones grow.

- Intramembranous bone formation is characterized by formation of bone without a preexisting cartilage
matrix; it is the mechanism by which flat bones (skull and rib cage) develop.

- Mental function, life span, and fertility are not affected.

Macrocephaly

Frontal bossing

Midface hypoplasia

Rhizomelia

(shortened limbs,
especially proximally)

Trident hand

Genu varum
(bowing of tibia)
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N.B:

Expansion of the epiphyseal cartilage, also called the "growth plate," is responsible for linear growth.
This growth is regulated by a number of factors, including hormones and cytokines.

The major factors are growth hormone, IGF-1, insulin, thyroid hormone, sex steroids, and fibroblast
growth factor.

If fibroblast growth factor receptor-3 has an activating mutation, growth is inhibited at the epiphyseal
growth plate, ultimately resulting in short, thick, tubular long bones in the appendicular (limb) skeleton.
The most common defect in achondroplasia is an activating mutation of the fibroblast growth factor
receptor-3 at the epiphyseal growth plate which inhibits growth at the epiphyseal growth plate.

Articular cartilage Periosteum

Cancellous bone Marrow cavity Compact bone

Epiphyseal plate

Epiphysis Diaphysis Epiphysis

Definition:
Trabecular (spongy) and cortical bone lose mass and interconnections despite normal bone
mineralization and lab values (serum Ca; and POy).

Osteoporosis (porous bones) represents loss of "total bone mass" that results in trabecular thinning
with fewer interconnections.

Osteoporosis primarily involves trabecular (spongy bone).

Normal trabecular bone Osteoporotic bone
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O

Etiology:

Most commonly due to I bone resorption related to \, estrogen levels and old age.

Osteoporosis is predominantly a disease of postmenopausal white females. White females have lower
bone mass compared to black females. After menopause, declining estrogen levels accelerate the loss
of bone mass mainly through a decrease in osteoblastic activity and an increase in osteoclastic activity.

Peak bone mass is achieved by 30 years of age and is based on: genetics (vitamin D receptor variants),
diet, and exercise. Thereafter, slightly less than 1% of bone mass is lost each year; bone mass is lost
more quickly with lack of weight-bearing exercise, poor diet, or decreased estrogen (menopause).

Can be secondary to drugs (steroids, alcohol, anticonvulsants, anticoagulants, thyroid replacement
therapy) or other medical conditions (hyperparathyroidism, hyperthyroidism, multiple myeloma,
malabsorption syndromes).

Presentation:

Osteoporotic fractures are most common at vertebral bodies (can lead to vertebral compression
fractures, acute back pain, loss of height, kyphosis) and second most common at the neck of the femur
and distal radius (Colles fracture).

The most prominent changes in osteoporosis occur in dorsolumbar vertebral bodies, as vertebrae are
predominantly trabecular.

The neck of the femur consists of 50% of trabecular and 50% of cortical bone.

A

_‘\\\\, .
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> .. Fracture
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Diagnosis:
Diagnosed by a bone mineral density scan (dual energy x-ray absorptiometry) with a T-score of < -2.5
or by a fragility fracture of hip or vertebra.

In primary osteoporosis (not caused by a medical disorder), serum calcium, phosphorus, and
parathyroid hormone (PTH) levels are typically normal.

Prophylaxis:
Regular weight-bearing exercise and adequate Ca; and vitamin D intake throughout adulthood.

Treatment includes:
Exercise, vitamin D, and calcium: limit bone loss.

Bisphosphonates: induce apoptosis of osteoclasts (preferred for initial treatment).
SERMs (raloxifene).

Teriparatide (parathyroid hormone analog).

Denosumab (monoclonal antibody against RANKL).

Glucocorticoids are contraindicated (worsen osteoporosis).

Failure of normal bone resorption due to defective osteoclasts = thickened, dense bones that are
prone to fracture.

Multiple genetic variants exist; carbonic anhydrase Il mutation leads to loss of the acidic environment
required for bone resorption.

Clinical features include:
Bone fractures.

Anemia, thrombocytopenia, and leukopenia with extramedullary hematopoiesis due to bony
replacement of the marrow (myelophthisic process).

‘Vision and hearing impairment:‘ due to impingement on cranial nerves as a result of narrowed

foramina.

‘Hydrocephalus:| due to narrowing of the foramen magnum.

‘Renal tubular acidosis:| seen with carbonic anhydrase Il mutation (Lack of carbonic anhydrase results

in decreased tubular reabsorption of HCO; leading to metabolic acidosis).
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= Diagnosis:
- X-rays show bone-in-bone (stone bone) appearance.

= Treatment:
- Bone marrow transplant is potentially curative as osteoclasts are derived from monocytes.

= Definition:
- Defective mineralization of osteoid or cartilaginous growth plates (rickets, only in children). Most
commonly due to vitamin D deficiency.

- Osteoblasts normally produce osteoid, which is then mineralized with calcium and phosphate to form
bone.

= Etiology:
- Vitamin D is normally derived from the skin upon exposure to sunlight (55%) and from the diet (15%).

- Activation requires 25-hydroxylation by the liver followed by 1-alphahydroxylation by the proximal
tubule cells of the kidney.

- Active vitamin D raises serum calcium and phosphate by acting on intestine, kidney and bone.

- Vitamin D deficiency is seen with decreased sun exposure (northern latitudes), poor diet,
malabsorption, liver failure, and renal failure = low serum calcium and phosphate.

- Rickets is due to low vitamin D in children, resulting in abnormal bone mineralization.
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Normal vitamin D metabolism

uv
: Vitamin D2 (ergocalciferol)
Skin o _ :}— Dietary intake
7-dehydrocholesterol === \/itamin D3 (cholecalciferol)

' 25-hydroxylase

]
25-hydroxyvitamin D

] PTH

i 1-alpha-hydroxylase

R
1,25-dihydroxyvitamin D

A

Ca?*

! ! ! '

Bone Small intestine Kidneys Parathyroid glands
t mineralization Calcium t calcium & phosphate {PTH secretion
t remodeling absorption reabsorption

(major effect)

PTH = parathyroid hormone.

Histology:
The histological hallmark of rickets is an increase in unmineralized osteoid matrix and accumulation of
osteoid matrix around trabeculae.

Presentation:
Most commonly arises in children < 1 year of age; Clinically presents with:
‘Pigeon—chest deformity:‘ inward bending of the ribs with anterior protrusion of the sternum

‘Rachitic rosary:‘ due to osteoid deposition at the costochondral junction.

Indentations in the lower ribs (Harrison’s sulci).

Bowing of the legs laterally (genu varus) may be seen in ambulating children.

Frontal bossing (enlarged forehead):\ due to osteoid deposition on the skull.

Softening of the skull (craniotabes).

Osteomalacia is due to low vitamin D in adults. Inadequate mineralization results in weak bone with an
increased risk for fracture.
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=  Imaging:
- X-rays show osteopenia and “Looser zones” (pseudofractures) in osteomalacia, epiphyseal widening
and metaphyseal cupping/fraying in rickets.

= Laboratory findings:
- vitamin D> | serum Ca, = 1 PTH secretion = | serum POa.

- Hyperactivity of osteoblasts > 1 ALP.

10 important clinical features in Rickets g o

Bone fracture
known as
Looser's zone
Delayed closure . Thigh bone
4 Wide sutures
of fontanelles Looser's zone
\ fracture
Frontal bossing Craniotabes
Dental 5o
. Rachitic rosary
hypoplasia
Pectus Harrison’s
carinatum sulcus
Swellingin wrist Bbwingiof lags
and ankle joints EIsE

Paget disease of bone (osteitis deformans)

= Pathogenesis:
- Imbalance between osteoclast and osteoblast function (bone remodeling).

- Common, localized disorder of bone remodeling caused by = 1 osteoclastic activity (works
independently without the signals from osteoblast) followed by “* osteoblastic activity that forms poor-

quality bone.

- Localized process involving one or more bones; does not involve the entire skeleton. It commonly
affects the skull, long bones of the extremities, and vertebral column.

- Etiology is unknown; possibly viral.
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Usually seen in late adulthood (average age > 60 years).

Stages of Paget disease:
\Osteoclastic (Lytic):\
/I Osteoclasts that appear abnormally large with an excessive number of nuclei.

‘Osteoblastic-osteoclastic (Mixed):‘
M Osteoblastic bone formation with persistent osteoclastic activity.

The newly made bone is abnormal, with interspersed areas of disorganized lamellar and woven bone.

Osteoblastic (Sclerotic)]

Characterized by continued osteoblastic bone formation and remodeling that result in a dense,
hypovascular, mosaic pattern of lamellar bone with irregular, haphazardly oriented sections separated
by prominent cement lines.

Minimal osteoclast/osteoblast activity.

End result is thick, sclerotic bone that fractures easily.

Biopsy reveals a mosaic pattern of lamellar bone.

Clinical features:
Patients with Paget disease can develop symptoms due to focal enlargement, weakness, or fracture of
bone:

Bowing of long bones, bone pain, and arthritis in adjacent joints are common.

Skull Involvement of cranial bones may cause frontal bossing, increased hat size due to skull
thickening, headaches, and cranial nerve palsies. Hearing loss may occur due to enlargement of the
temporal bone and encroachment on the cochlea.

spinal stenosis, nerve compression, and compression fracture due to enlarged vertebral
bodies with cortical thickening.

‘Isolated elevated alkaline phosphatase:‘ most common cause of isolated elevated alkaline
phosphatase in patients > 40 years old (Serum Ca,, phosphorus, and PTH levels are normal).
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= Complications include:
- High-output cardiac failure: due to formation of AV shunts in bone.

- Osteosarcoma arises in 1 percent of patients.

=  Treatmentincludes:

- : inhibits osteoclast function.

- ‘Bisphosphonates:‘ induces apoptosis of osteoclasts.

Paget disease of bone

Enlarged  CNVII B

bone  impingement

Mixed phase (&
(osteoclast + osteoblast)

New bone formation
Osteoblasts

Fracture

Nerve impingement
(radiculopathy)

Osteosclerotic phase
(osteoblast dominant)

Weak, thickened,
woven bone

Osteoarthritis

deformities
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Lab values in bone disorders

DISORDER SERUM Ca** PO ALP PTH (OMMENTS
Osteoporosis - — - — { bone mass
Osteopetrosis -/ — —_ —_ Dense, brittle bones. Ca** ¥ in severe, malignant
disease
Paget disease of bone — - t - Abnormal “mosaic” bone architecture
Osteitis fibrosa cystica
Primary t | t t “Brown tumors” due to fibrous replacement of
hyperparathyroidism bone, subperiosteal thinning
Idiopathic or parathyroid hyperplasia, adenoma,
carcinoma
Secondary ! t t t Often as compensation for CKD (4 PO,*
hyperparathyroidism excretion and production of activated

vitamin D)

Osteomalacia/rickets | t t Soft bones; vitamin D deficiency also causes 2°
hyperparathyroidism

HypervitaminosisD 1 t - | Caused by oversupplementation or
granulomatous disease (eg, sarcoidosis)

t 4 =1° change.
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Definition:
Infection of marrow space and bone.

Usually occurs in children. It usually affects the metaphysis of long bones, as this region contains slow-
flowing, sinusoidal vasculature that is conducive to microbial passage.

Adults are less likely to develop hematogenous osteomyelitis in the long bones due to changes
associated with epiphysial closure.

Etiology:

Most commonly bacterial; arises via hematogenous spread:
Transient bacteremia (children) seeds metaphysis.

Open-wound bacteremia (adults) seeds epiphysis.

Most common microorganism include:|
Staphylococcus aureus: most common cause (90% of cases).
Gonorrhoeae: sexually active young adults.

Salmonella: sickle cell disease.

Pseudomonas: diabetics or IV drug abusers.

Pasteurella: associated with cat or dog bite/scratches.

Mycobacterium tuberculosis: usually involves vertebrae (Pott disease).

Clinical features:
Bone pain with systemic signs of infection (fever and leukocytosis).

Lytic focus (abscess) surrounded by sclerosis of bone on x-ray; lytic focus is called sequestrum, and
sclerosis is called involucrum.

Diagnosis is made by blood culture.
Proper treatment includes antibiotic therapy and debridement of necrotic bone.
Without treatment, the infection can progress to chronic suppurative osteomyelitis, a condition in

which necrotic bone (sequestrum) serves as a reservoir for infection and becomes covered by a poorly
constructed shell of new bone called an involucrum.
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Bacterial seeding results Inflammation within Infection forced through
in focal bone marrow confined space vascular channels into
cellulitis compromises blood flow, the cortex and spreads
causing necrosis along periosteum

4

Reactive bone
(involucrum)

Retained, necrotic
bone (sequestrum)

Draining

sinus

Development of chronic sequela
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Bone tumors

Metastatic disease is more common than 1° bone tumors.

Benign bone tumors that start with O are more common in boys.

e
Round cell lesions —
Ewing sarcoma
-.2 Myeloma
§_ < Fibrous dysplasia
z
Osteoid osteoma
(nighttime pain, central nidus)
N Simple bone cyst
% Osteosarcoma
g Osteochondroma
s L .
P i Physis
g :
2 Giant cell tumor
=
K
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Osteoma:
Benign tumor of bone.

Most commonly arises on the surface of facial bones.

Associated with Gardner syndrome (Familial adenomatous polyposis + retroperitoneal fibromatosis +
multiple osteomas).

el

Osteoid ostoma:
Benign tumor of osteoblasts (that produce osteoid) surrounded by a rim of reactive bone.

Occurs in young adults < 25 years of age (more common in males).
Arises in cortex of long bones (femur).

Presents as bone pain (worse at night) that resolves with aspirin.
Imaging reveals a bony mass (< 2 cm) with a radiolucent core (osteoid).

Osteoblastoma is similar to osteoid osteoma but is larger (> 2 cm), arises in vertebrae, and presents as
bone pain that does not respond to aspirin.

CT SPINE-CERVICAL WO CONT
C_Spin
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C. Osteochondroma:
=  Tumor of bone with an overlying cartilage cap; most common benign tumor of bone.

= Males < 25 years old.

= Arises from a lateral projection of the growth plate (metaphysis); bone is continuous with the marrow
space.

= Qverlying cartilage can transform (rarely) to chondrosarcoma.

D. Giant cell tumor (Osteoclastoma):
= QOccurs in young adults.

= Neoplastic mononuclear cells that express RANKL and reactive multinucleated giant (osteoclast-like)
cells.

= Arises in the epiphysis of long bones, usually the distal femur or proximal tibia (region of the knee).
= Soap-bubble' appearance on x-ray.

= Locally aggressive benign tumor; may recur.
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Giant cell tumor of bone

A. Osteosarcoma (osteogenic sarcoma):
= 2" most common 1° malignant bone tumor (after multiple myeloma).

=  Malignant proliferation of osteoblasts.

= Peakincidence is seen in males < 20 years.

*=  Less commonly seen in the elderly; Usually 2° to predisposing factors: Paget disease of bone, bone
infarcts, radiation, familial retinoblastoma, Li-Fraumeni syndrome (germline p53 mutation).

= Arises in the metaphysis of long bones, usually the distal femur or proximal tibia (region of the knee).
= Presents as a pathologic fracture or bone pain with swelling.
= Biopsy reveals pleomorphic cells that produce osteoid.

= (Classic x-ray findings include "sunburst" periosteal reaction and Codman triangle (from elevation of
periosteum).

= Aggressive.

= Treat with surgical en bloc resection (with limb salvage) and chemotherapy.
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Periosteal Reaction

Sun Burst appearance Codman’s Triangle

‘

B. Chondrosarcoma:
=  Tumor of malignant chondrocytes.

=  Medulla of pelvis, proximal femur and humerus.

C. Ewingsarcoma:
= Malignant proliferation of poorly-differentiated cells derived from neuroectoderm.

= Arises in the diaphysis of long bones; usually in male children (< 15 years of age).
= Extremely aggressive with early metastases, but responsive to chemotherapy.

=  “Onion skin” periosteal reaction in bone.

= Associated with t(11;22) translocation.

= Biopsy reveals small, round blue cells that resemble lymphocytes.

= Can be confused with lymphoma or chronic osteomyelitis. t(22, 11) translocation is characteristic.
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Metastatic tumors

= More common than primary tumors.
= Usually result in osteolytic (punched-out) lesions.

Prostatic carcinoma classically produces osteoblastic lesions.
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= Connection between two bones.
=  Synovial joints have a joint space to allow for motion.

= Articular surface of adjoining bones is made of hyaline cartilage (type Il collagen) that is surrounded by
a joint capsule.

=  Synovium lining the joint capsule secretes fluid rich in hyaluronic acid to lubricate the joint and
facilitate smooth motion.

= Pathogenesis:
- Mechanical 'wear and tear' destroys articular cartilage (“degenerative joint disease”).

- Most common type of arthritis.

= Predisposing factors:
- Age, female sex, obesity, joint trauma.

= Presentation:

- Classic presentation is joint stiffness in the morning that worsens by the end of the day, improving with
rest.

- Asymmetric joint involvement.

- Knee cartilage loss begins medially (“bowlegged”).

- No systemic symptoms.

= Joint Findings:
- Disruption of the cartilage that lines the articular surface (fissuring and flaking of articular cartilage);
fragments of cartilage floating in the joint space are called “joint mice”.

- Eburnation of the subchondral bone = subchondral sclerosis and cysts.

- Osteophyte formation (reactive bony outgrowths); classically arises in the DIP (Heberden nodes) and
PIP (Bouchard nodes) joints of the fingers.

- Development of Heberden nodes (High, involves DIP) and Bouchard nodes (Below, involves PIP).
- Joint space narrowing from loss of articular carilage.

- Synovial fluid non-inflammatory (WBC < 2000/mm?).
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=  Treatment:
- Activity modification, acetaminophen, NSAIDs, intra-articular glucocorticoids.

Normal Osteoarthritis
| ; Thickened
% capsule
. g Slight synovial
Joint capsule '
and synovia[ E /_ hypertrophy
lining i N Osteophyte
Synovial i — Ulcerated
cavity ; cartilage
Cartilage i B Scl.erotlc bone
i Joint space
i narrowing
I Subchondral
i bone cyst
Loss of joint space
Osteophyte
) Heberden's /!
y A “ / Distal
— - Interphalangeal
Jqlpt;
Proximal
Interphalangeal
Joints
Metacarpophalangeal
Joints
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=  Chronic, systemic autoimmune disease.

= Pathogenesis:
- Autoimmune inflammatory cytokines and cells induce pannus (proliferative granulation tissue)

formation, which erodes articular cartilage and bone.
- Hallmark is synovitis leading to—> formation of a pannus (inflamed granulation tissue).

- The pathogenesis of RA begins with activation of T lymphocytes in response to rheumatoid antigens
(citrullinated peptides, type Il collagen).

- Activated T cells release cytokines that cause synovial hyperplasia with recruitment of additional
mononuclear cells. The accelerated metabolic rate of the inflamed synovial tissue leads to local hypoxia
and increased production of hypoxia-inducible factor 1 and vascular endothelial growth factor by local
macrophages and fibroblasts, resulting in synovial angiogenesis (neovascularization).

- Asthe disease progresses, new blood vessels provide nutrients that facilitate expansion of inflamed
synovium into a rheumatoid pannus.

- Over time, the pannus encroaches into the joint space and can destroy the articular cartilage and erode
the underlying subchondral bone.

=  Predisposing factors:
- Female, smoking, silica exposure.

- Associated with HLA-DRA4.

= |aboratory finding:

- ‘GB rheumatoid factor (IgM autoantibody against Fc portion of IgG):‘ marker of tissue damage and
disease activity; in 80% anti-cyclic citrullinated peptide antibody (more specific).

- Neutrophils and high protein in synovial fluid.

= Presentation:
- Pain, swelling, and morning stiffness lasting > 1 hour, improving with use.

- Symmetric joint involvement.

- Systemic symptoms (fever, fatigue, weight loss and myalgia).
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Musculoskeletal System

= Joint Findings:

- ‘Small joints more commonly affected:‘ MCP, PIP, wrist; DIP is usually spared, unlike osteoarthritis.

- ‘Granulation tissue contains myofibroblasts which causes joint deformity:’

o Symmetric involvement of PIP joints of the fingers - swan-neck (hyperextension at the proximal
interphalangeal joints with flexion at the distal interphalangeal joints) and boutonniere deformity.

o Wrists = ulnar deviation.

o Cervical spine subluxation is also common and may lead to severe disability due to pain and spinal
instability, and potentially to radiculopathy and cord compression.

o InRA, the incidence of cervical involvement has been reported to be 25-80% and results from pannus
formation at the synovial joints between C1 and C2. Commonly, patients have subtle symptoms, which
include neck pain (occipital), C2 radicular pain (paresthesias of the hands and feet), and myelopathy.
Neurologic symptoms occur when the spinal cord is involved (paraplegia, quadriplegia).

o All patients with RA should be screened with a plain x-ray for C1-C2 subluxation before intubation or

anesthesia is performed.

- Joint space narrowing, loss of cartilage, and osteopenia are seen on X-ray.

- Synovial fluid: inflammatory (WBC > 2000/mm?).

Rheumatoid arthritis
(late stage)

Boutonniere
deformity
of thumb

Ulnar deviation of
metacarpophalangeal
joints
Swan-neck deformity
of fingers

Joint capsule
and synovial
lining
Synovial
cavity
Cartilage
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Rheumatoid nodules DIP Flexion (Bent) e e e

Swan Neck Deformity

PIP in /'f
Hyperextension

= Extra-articular manifestations:

) Musculoskeletal:‘

o Rheumatoid nodules (fibrinoid necrosis with palisading histiocytes) in subcutaneous tissue and lung (+
pneumoconiosis = Caplan syndrome).
Baker cyst.
Carpal tunnel syndrome.

- Interstitial lung disease, pleuritis.
:

o Anemia of chronic disease.
o Neutropenia + splenomegaly (Felty syndrome).

- Pericarditis, vasculitis.

- AA amyloidosis, Sjogren syndrome, scleritis, lymphadenopathy.

=  Treatment:
- NSAIDs, glucocorticoids, disease-modifying agents (methotrexate, sulfasalazine, hydroxychloroquine,
leflunomide), biologic agents (TNF-a inhibitors).

< N.B:

1. Morning stiffness is more typical of the inflammatory arthritides such as rheumatoid arthritis (RA), but
may be experienced for a short duration (< 30 minutes) in patients with OA as well.

= Use-dependent joint pain in weight bearing joints, as occurs at the end of the day in many patients and
improves with rest, is typical of osteoarthritis (OA). In contrast, in RA this stiffness may persist for hours
and is often accompanied by systemic symptoms (fever, weight loss).

2. The pathogenesis of RA involves both humoral (autoantibodies against citrullinated polypeptides) and
cell-mediated immunity; activation of CD4 T cells, especially Th1, occurs early in the disease process.

= Macrophages release proinflammatory cytokines critical for the development and progressive articular
destruction seen in RA. These include:

A. Tumor necrosis factor-alpha (TNF-alpha) stimulates the proliferation of inflammatory cells and causes
expression of inflammatory factors (collagenase, prostaglandins) by synovial cells.
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IL-1 induces synthesis of matrix metalloproteinases and enhances T-cell immune responses.

The proteases (collagenase, metalloproteinase) contribute to cartilage destruction. In addition, both
cytokines indirectly activate osteoclasts, resulting in bony erosions.

Monoclonal antibodies that inhibit TNF- alpha (adalimumab, etanercept) or IL-1 receptors (anakinra)
are widely used in the treatment of RA and can slow progression of the disease.
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Group of joint disorders characterized by:

Arthritis without rheumatoid factor (no anti-IgG antibody).
Axial skeleton involvement.

Strong association with HLA-B27 (MHC class | serotype).

Subtypes (PAIR) share variable occurrence of:

Inflammatory back pain (associated with morning stiffness, improves with exercise).
Peripheral arthritis (asymmetric).

Enthesitis (inflamed insertion sites of tendons).

Dactylitis (sausage fingers due to inflammation of the digit).

Uveitis.

'\l soriatic arthritis:

Associated with skin psoriasis and nail lesions.
Psoriatic arthritis is seen in 10% of cases of psoriasis.
Asymmetric and patchy involvement.

Involves axial and peripheral joints; DIP joints of the hands and feet are most commonly affected,
leading to "sausage" fingers or toes.

Dactylitis and “pencil-in-cup” deformity of DIP on x-ray.

LT~
15

Dactylitis.
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nkylosing spondylitis:

=  Ankylosing spondylitis is a chronic inflammatory disorder of the sacroiliac joints and axial skeleton.

@

= Symmetric involvement of spine and sacroiliac joints = ankylosis (joint fusion).

= |nvolvement of vertebral bodies eventually arises, leading to fusion of the vertebrae (bamboo spine on
X-Ray).

= |t affects young and middle-aged men, and presents most commonly with morning stiffness and lower
back pain. The morning stiffness usually lasts >30 minutes and improves with exercise.

= |t most commonly causes mild to moderate disease without permanent disability though individuals
with severe disease may experience limitations due to pain and flexion deformity of the spine.

Ankylosin Spndylitis

Ankylosing

Vebr:;l;ral_ ‘& “ | ‘

Intervertebral :
disk — ) ) 1 )

4 !nfl'zmmﬂiot‘ll Fusion * ‘_/
sactart o (Bamboo spine)
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= Ankylosing spondylitis does not decrease the lifespan but can involve a number of organ
systems:

1. ‘Musculoskeletal:‘

- Peripheral enthesitis is inflammation at the site of insertion of tendons into bone.

- The calcaneus (Achilles tendon insertion), tibial tuberosity, patella, trochanters, and distal ulna are the
most commonly affected sites.

- Enthesopathies cause pain, tenderness and swelling.
2. |Respiratory:
- Pulmonary involvement can occur due to enthesopathies of the costovertebral and costosternal

junctions.

- Pain can limit chest wall expansion leading to hypoventilation. Chest expansion should be monitored
regularly in patients with ankylosing spondylitis.

- Apical lung fibrosis is a rare complication that occurs in approximately 1% of cases.

3. \Cardiovascular:|

- The most common cardiovascular complication of ankylosing spondylitis is ascending aortitis leading to
dilatation of the aortic ring and aortic insufficiency.

4. [ye:

- Anterior uveitis develops in 20-30% of patients with ankylosing spondylitis and presents with pain,
blurred vision, photophobia and conjunctival erythema.

Symptoms/signs of ankylosing spondylitis

Low back pain (onset age <40, insidious onset, improves with exercise
but not with rest, pain at night)

Hip & buttock pain

Limited chest expansion & spinal mobility

Enthesitis (inflammation at the site of insertion of a tendon to the bone)
Systemic symptoms (eg, fever, chills, fatigue, weight loss)

Acute anterior uveitis (unilateral pain, photophobia, blurry vision)

(ol nflammatory bowel disease:

= Crohn disease and ulcerative colitis are often associated with spondyloarthritis.
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eactive arthritis:

Formerly known as Reiter syndrome.

It is the most common cause of asymmetric inflammatory arthritis of the lower extremities in young
men.

Arises in young adults (usually males) weeks after a Gl (Shigella, Salmonella, Yersinia, Campylobacter)
or Chlamydia trachomatis infection.

Classic triad:

Joint pain (asymmetric oligoarthritis).
Ocular findings (uveitis, conjunctivitis).
Genital abnormalities (urethritis, balanitis).

“Can’t see, can’t pee, can’t bend my knee”

Balanitis circinate is serpiginous annular dermatitis of the glans penis.
Joint aspirates are always sterile (hence it is a 'reactive' not 'infectious' arthritis).
It can cause sacroiliitis in about 20% of cases.

Keratoderma blennorhagicum is a skin lesion unique to reactive arthritis that looks like pustular
psoriasis.
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= Acute inflammatory monoarthritis caused by precipitation of monosodium urate crystals in joints >
uptake of urate crystals by neutrophils leads to free radical release, cytokine production triggering an
acute inflammatory reaction.

=  More common in males.

= Associated with hyperuricemia, which can be caused by:

- |Underexcretion of uric acid (90% of patients):‘

o largely idiopathic.

o Renalfailure.

o Medications (thiazide/loop diuretics, salicylates, alcohol).

- |Overproduction of uric acid (10% of patients):\

o Lesch-Nyhan syndrome, PRPP excess, von Gierke disease.

o Leukemia and myeloproliferative disorders = Increased cell turnover leads to hyperuricemia.
o  Tumor lysis syndrome.

=  Symptoms:

A. [Acute gout:
- Asymmetric joint distribution.
- Jointis swollen, red, and painful.

- Classic manifestation is painful first metatarsophalangeal joint (MTP) joint of big toe (podagra).

- Acute attack tends to occur after a large meal or alcohol consumption (alcohol metabolites compete for
same excretion sites in kidney as uric acid) = | uric acid secretion and subsequent buildup in blood.

B.. [Chronic gout]

- Tophus formation: white, chalky aggregates of uric acid crystals with fibrosis and giant cell reaction in
the soft tissue and joints, often on external ear, olecranon bursa, or Achilles tendon.

- Renal failure: Urate crystals may deposit in kidney tubules (urate nephropathy).

= Diagnosis:
- The diagnosis is established by synovial fluid analysis, which shows increased white blood cells.

- Crystals are needle shaped and © birefringent under polarized light (Negative birefringence means that

when the crystals are aligned parallel to the slow ray of the compensator, they appear yellow, and
when aligned perpendicular, they are blue).
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=  Treatment:
- NSAIDs (indomethacin), glucocorticoids, colchicine.

- ’Chronic (preventive):‘ xanthine oxidase inhibitors (allopurinol, febuxostat).

Pseudogout

=  Pseudogout (or calcium pyrophosphate deposition disease, CPPD) results from the accumulation of
calcium pyrophosphate crystals in the synovial fluid.

= Etiology:
- Usually idiopathic, sometimes associated with hemochromatosis, hyperparathyroidism, joint trauma.

= Presentation:
- Occurs in patients > 50 years old; both sexes affected equally.

- Patients present with an acute mono- or oligoarticular arthritis characterized by pain, joint swelling,
erythema and warmth.

- Pseudogout and gout can be difficult to distinguish clinically.

- The knee joint is involved in more than 50% of cases of pseudogout, whereas the first
metatarsophalangeal joint is more frequently involved in gout.

= Diagnosis:
- In pseudogout, synovial fluid analysis reveals increased white blood cells with a neutrophilic
predominance. The presence of rhomboid-shaped calcium pyrophosphate crystals is diagnostic.

- These crystals are positively birefringent under polarized light, meaning that the color pattern is the
opposite of that seen in gout. Pseudogout crystals are blue when aligned parallel to the slow ray of the

compensator and yellow when aligned perpendicularly.

- Chondrocalcinosis (cartilage calcification) on x-ray.
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= Treatment:
- NSAIDs, colchicine, glucocorticoids.

- Colchicine helps prevent subsequent attacks as prophylaxis between attacks.

Septic arthritis

= Arthritis due to an infectious agent, usually bacterial.

= Etiology:
- IN. Gonorrhoeae:| sexually active young adults; most common cause.

- IS. aureus: older children and adults; 2nd most common cause.

= Presentation:
- Classically involves a single joint, usually the knee.

- Presents as a warm joint with limited range of motion; fever, increased white count, and elevated ESR
are often present.

= Diagnosis:

- Acute synovitis is best evaluated with diagnostic arthrocentesis and synovial fluid analysis. Gross
inspection may assist the diagnosis, with purulent or cloudy fluid suggesting an infectious or
inflammatory process. Fluid should be sent for crystal analysis, cell count, Gram stain, and culture.
Blood cultures should also be drawn if septic arthritis is suspected.

- A high synovial fluid leukocyte count (>100.000/mm?3) and absent crystals on microscopic examination
strongly suggest bacterial joint infection.

=  Treatment:
- Septic arthritis requires antibiotic treatment to prevent joint destruction, osteomyelitis, and sepsis.

- Delayed diagnosis or treatment of septic arthritis may lead to loss of the joint and long-term disability,
and may be fatal.
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Sjogren syndrome

=  Autoimmune disorder characterized by destruction of exocrine glands (especially lacrimal and salivary)
by lymphocytic infiltrates.

= Lymphocyte mediated damage (type IV hypersensitivity reaction) with fibrosis.
=  Predominantly affects females 40-60 years old.

» Etiology: A common 1° disorder or a 2° syndrome associated with other autoimmune disorders
(rheumatoid arthritis, SLE, systemic sclerosis).

= Findings:
- Inflammatory joint pain.

- Keratoconjunctivitis sicca (J tear production and subsequent corneal damage).
- Xerostomia ({, saliva production).
- Bilateral parotid enlargement.

- Classic presentation is dry eyes, dry mouth and recurrent dental carries in an older woman.

= Histology:
- Biopsy of the labial salivary gland will show periductal lymphocytic infiltrate (focal lymphocytic
sialadenitis).
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Lab findings:
Presence of antinuclear antibodies, Rheumatoid factor (can be positive in the absence of rheumatoid

arthritis).
Antiribonucleoprotein antibodies: SS-A (anti-Ro) and/or SS-B (anti-La).
Complications:

Dental caries, corneal ulceration; mucosa-associated lymphoid tissue (MALT) lymphoma (may present
as unilateral parotid enlargement late in disease course).

Chronic B cell proliferation in patients with SS increases the risk of developing non-Hodgkin lymphoma.

0O O O O O O O O O O

Pathogenesis:
Systemic, remitting, and relapsing autoimmune disease.

Organ damage primarily due to a type Il hypersensitivity reaction and, to a lesser degree, a type Il
hypersensitivity reaction.

Immune complex deposition leads to complement activation and resultant tissue inflammation and
injury.

Active SLE is therefore characterized by consumption of complement with reduced serum complement
levels.

Presentation:
More common in women, especially African American females.

Rash, joint pain, and fever, most commonly in a female of reproductive age and African-American
descent.

RASH OR PAIN]

Rash (malar or discoid).

Arthritis (nonerosive).

Serositis (pleuritic and pericarditis).

Hematologic disorders (anemia, thrombocytopenia or leukopenia).
Oral/nasopharyngeal ulcers.

Renal disease.

Photosensitivity.

Antinuclear antibodies.

Immunologic disorder (anti-dsDNA, anti-Sm, Antiphospholipid).
Neurologic disorders (seizures, psychosis).

Libman-Sacks Endocarditis:‘ nonbacterial, verrucous thrombi usually on mitral or aortic valve and can

be present on either surface of the valve (usually on undersurface) (LSE in SLE).
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‘Lupus nephritis:‘

Glomerular deposition of antiDNA immune complexes.
Can be nephritic or nephrotic (hematuria or proteinuria).
Most common and severe type is diffuse proliferative.

Common causes of death in SLE (Lupus patients die with Redness In their Cheeks):
Renal disease (the most common cause of death).

Infections.

Cardiovascular disease (accelerated CAD).

Lab Findings:
‘Antinuclear antibodies (ANA):‘ Sensitive, not specific.

|Anti-dsDNA antibodies:‘ highly specific, poor prognosis (renal disease).

|Anti-Smith antibodies:| Specific, not prognostic [Antibodies against small nuclear ribonucleoproteins
(anti-snRNPs)].

|Antihistone antibodies:l Sensitive for drug-induced lupus (Hydralazine, Isoniazid, and Procainamide).
Removal of the drug usually results in remission.

Anti-SSA and anti-SSB may also be seen in SLE. In an anti-SSA € pregnant woman, /* risk of newborn
developing neonatal lupus = congenital heart block, periorbital/diffuse rash, transaminitis, and
cytopenias at birth.

Associated with deficiency of early complement proteins (C1q, C4, C2) = { clearance of immune
complexes.

Treatment: NSAIDs, steroids, immunosuppressants, hydroxychloroquine.

\Js T, Pleural Butterfly rash
2 < effusions .

Heart
problems

Lupus |1
nephritis |

Symptoms of
systemic lupus
erythematosus

may vary widely
with the individual

- Arthritis

\ Raynaud’s
phenomenon
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Drug induced lupus

Drugs: Hydralazine, Isoniazid, and Procainamide.

Unlike classic lupus, Drug induced lupus typically lacks the usual cutaneous manifestations (malar rash)
and is rarely associated with neurologic or renal complications.

Removal of the drug usually results in remission.
Procainamide, hydralazine, and isoniazid are metabolized via phase Il acetylation in the liver.

Genetically predisposed individuals who are slow acetylators are at greater risk for developing Drug
induced lupus.

Anti-Histone antibodies present in > 95% of patients.

Antiphospholipid syndrome

1° or 2° autoimmune disorder (most commonly in SLE).

Autoantibody against proteins bound to phospholipid.

Anticardiolipin,lupus anticoagulant anti-B2 glycoprotein | antibodies are the most common antibodies.
Presentation:

Diagnosed based on clinical criteria including history of thrombosis (arterial or venous) or spontaneous
abortion (repeated second or third trimester miscarriages due to placental thrombosis) along with

laboratory findings of lupus anticoagulant, anticardiolipin, anti-B2 glycoprotein | antibodies.

Anticardiolipin antibodies can cause false positive VDRL/RPR (circulating anti-phospholipid antibodies
are reactive against epitopes of cardiolipin in which the VDRL treponemal antigen is embedded).

Lupus anticoagulant can cause prolonged PTT that is not corrected by the addition of normal
platelet-free plasma.

Treatment: Treat with systemic anticoagulation.

Mixed connective tissue

Features of SLE, systemic sclerosis, and/or polymyositis.

Associated with anti-U1 RNP antibodies.
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Systemic juvenile idiopathic arthritis

The most common arthritis is seen in pediatric patients < 16 year olds.

= Usually presents with:

- Daily spiking fevers.

- Salmon-pink macular rash.

- Anterior uveitis.

- Arthritis (commonly 2+ joints).

- Frequently presents with leukocytosis, thrombocytosis, anemia, I ESR, 1 CRP.

=  Treatment: NSAIDs, steroids, Methotrexate, TNF inhibitors.

Juvenile Arthritis (JA)
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= Lab findings:

- [Nonspecific] @ ANA, 1 ck.
:

o @ Anti-Jo-1 (histidyl-tRNA synthetase).
@ Anti-SRP (signal recognition particle).

@ Anti-Mi-2 (helicase).

= Both dermatomyositis and polymyositis may occur alone or as a paraneoplastic syndrome associated
with an underlying adenocarcinoma (ovary, lung, pancreas).

WP olymyositis:

= [nflammatory disorder of skeletal muscle.

=  Progressive symmetric proximal muscle weakness (can't comb their hair or climb a stair due to
weakness of shoulder and hip muscles), but skin is not involved.

-

- Endomysial inflammation (CD8 T cells) with necrotic muscle fibers is seen on muscle biopsy.

= Autoantigen is presented in association with MHC class | molecules on the surface of myocytes and is
recognized by CD8 cytotoxic cells that subsequently initiate muscle destruction.

= Increased creatine kinase in the serum is seen along with anti-Jo-1 antibodies (anti-tRNA synthetase).

CADermatomyositis:

= Inflammatory disorder of the skin and skeletal muscle.

= (linical features:
- Bilateral proximal muscle weakness (can't comb their hair or climb a stair); distal involvement can
develop late in disease.

- ‘Heliotrope rash:| Rash of the upper eyelids; malar rash may also be seen (similar to SLE).

- ’Grotton papules:‘ Red papules on the elbows, knuckles, and knees.

- Shawl and face rash.

- ‘Mechanic's hands:| darkening and thickening of fingertips and sides resulting in irregular, dirty-
appearing marks
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= Histology:
- Perimysial inflammation (CD4 T cells) with perifascicular atrophy on biopsy.

= |laboratory findings:
- Increased creatinine kinase.

- Positive ANA (non-specific) and anti-jo-1 antibody (specific).

= Treatment is systemic steroids and evaluation for potential underlying malignancy.

Nail Changes Muscle Weakness Gottron’s Papules

INFLAMMATORY MYOPATHIES WITH PROGRESSIVE
POLYMYOSITIS e e DERMATOMYOSITIS

CYTOTOXIC
St HELIOTROPE

RASH

MECHANIC'S

| TX: HIGH DOSE
~ STEROIDS

ks

SHOULDERS, HIPS, THIGHS, BACK,
PHARYNX AND NECK FLEXOR REGIONS

=\(7 ANTI-JO-1
ANTIBODIES

DX: MUSCLE BIOPSY
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= Presentation:
- Pain and stiffness in shoulders and hips, often with fever, malaise, weight loss.

- Does not cause muscular weakness (Difficulty combing hair and rising from a chair).
=  More common in women > 50 years old; associated with giant cell (temporal) arteritis.
= Lab Findings: 1 ESR, 1 CRP, normal CK.

= Treatment:
- Rapid response to low-dose corticosteroids.
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The cause of fibromyalgia is unknown.
Most commonly seen in women 20-50 years old.

Presentation:
The question will describe a young woman with chronic musculoskeletal pain and tenderness with
trigger points of focal tenderness at the trapezius, medial fat pad of the knee, and lateral epicondyle.

The cause of fibromyalgia is unknown. Pain occurs at many sites (neck, shoulders, back, and
hips) and is associated with:

Fatigue.

Impaired attention and concentration.

Psychiatric disturbance (depression and anxiety).

Symptoms lasting for = 3 months.

Tenderness in eleven of eighteen predetermined painful points is required for a diagnosis of
fibromyalgia.

Lab findings:
All lab tests are normal such as ESR, C-reactive protein, rheumatoid factor (RF), and CPK levels.

Treatment:
Regular exercise, antidepressants (TCAs, SNRIs), neuropathic pain agents (gabapentin).

Tender Points of Fibromyalgia

155




Chapter 4 Pathology

Distinguishing features of fibromyalgia, polymyositis & polymyalgia rheumatica

Clinical features

Diagnosis

Fibromyalgia

Young to middle-aged women
Chronic widespread pain

Fatigue, impaired concentration
Tenderness at trigger points (eg, mid
trapezius, costochondral junction)

23 months of symptoms with widespread
pain index or symptom severity score
Normal laboratory studies

Polymyositis

Proximal muscle weakness (eg,
increasing difficulty climbing up stairs)
Pain mild/absent

Elevated muscle enzymes (eg, creatine
kinase, aldolase, AST)

Autoantibodies (ANA, anti-Jo-1)

Biopsy: Endomysial infiltrate, patchy necrosis

Polymyalgia
rheumatica

Age >50

Systemic signs & symptoms
Stiffness > pain in shoulders, hip
girdle, neck

Association with giant cell (temporal)
arteritis

Elevated ESR, C-reactive protein
Rapid improvement with glucocorticoids

ANA = antinuclear antibody; AST = aspartate aminotransferase; ESR = erythrocyte sedimentation rate.
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Myasthenia gravis

=  Most common NMJ disorder.

= Pathogenesis:
- Autoantibodies against the postsynaptic nicotinic acetylcholine receptor at the neuromuscular junction

(type Il hypersensitivity reaction) with eventual destruction of the receptors - decreased numbers of
functional acetylcholine receptors at the neuromuscular junction = reduces the end-plate potential
following acetylcholine release - Because the threshold potential is not reached, the muscle cells do
not depolarize.

- Associated with thymic hyperplasia or thymoma; thymectomy improves symptoms.

- More commonly seen in women.

Normal neuromuscular junction Myasthenia gravis

Anti-AChR
antibody

ACh= ine; AChR = p
Normal post-synaptic end plate potential
o End plate potential in myasthenia gravis
+401 (mV) —
+20 Action potential g
~ triggered in muscle cell V-
(1] . ~40L
~20| ~501
Vi P D e T S Threshold
-40| 60|
-60 EES SEdaESet gt Japlacteeiinati & -
B n End-plate potential
-80 -80)
-90 % | | I
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= (linical features:

- Myasthenia gravis is characterized by fluctuating, fatigable muscle weakness that worsens with
repetitive motions of the same muscle groups and improves with rest (because less ACh is available for
release at the synapse to overcome the receptor blockade) and most often involves the extraocular
(ptosis, diplopia), bulbar (fatigable chewing, dysphagia, nasal speech).

- Asthe disease progresses, weakness may become generalized, involving proximal muscles in an
asymmetric pattern.

- Very severe disease may affect the muscles of respiration.

- Look for a question describing “double vision and difficulty chewing,” “dysphonia,” or “weakness of
limb muscles worse at the end of the day”.

- This is because the extraocular muscles and mastication (masseter) are often the only 2 muscular
activities universally done by people (watching TV and eating).

= Edrophonium test (Tensilon test):
- Short-acting cholinesterase inhibitor which allows more ACh to present at the synapse. Positive test is
the resolution of weakness with a regain of strength.

= Most accurate test:
- Electromyography shows decreased strength with repetitive stimulation.

=  Treatment:

- Pyridostigmine (long acting acetylcholinesterase inhibitor).
- Immunosuppressives.

- Plasmapheresis.

- Steroids.

- Surgical thymectomy.
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= Exacerbations of myasthenia gravis (May occur for two reasons):

An exacerbation of the myasthenic symptoms caused by Acute exacerbation of muscle weakness caused by
undermedication with anticholinesterases (receives overmedication with cholinergic anticholinesterase drugs
suboptimal doses of medication), not enough acetylcholineis = (muscles became insensitive to treatment).

available for competition with autoantibodies in the

neuromuscular junction. Muscle twitching to the point of respiratory compromise.
Priority to maintain adequate respiratory function. Priority to maintain adequate respiratory function.
Improvement with Edrophonium test: Infusion of the short- Fail to improvement with Edrophonium test (muscles
acting cholinesterase inhibitor edrophonium (Tensilon test) became insensitive to treatment).
increases neuromuscular transmission and provides
temporary improvement in symptoms. Symptoms improve with anticholinergic medications
(atropine).
< N.B:

1. Myasthenia gravis is associated with abnormalities of the thymus (thymoma, thymic hyperplasia). The
thymus and inferior parathyroid glands arise from the 3™ pharyngeal arches.

’ Thymoma A.sgir;c:ng -

' Superior i Bronchus

vena cava Py '

‘ Right —
pumrwtonary G— Descending ,
artery ) . aorta

2. Cholinesterase inhibitors may cause adverse effects related to muscarinic overstimulation, which can
be ameliorated by the use of an antimuscarinic agent such as glycopyrrolate, hyoscyamine, or
propantheline.
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=  Uncommon NMJ disorder.

= Pathogenesis:
- Antibodies against presynaptic calcium channels of the neuromuscular junction = Leads to impaired

acetylcholine release (Firing of presynaptic calcium channels is required for acetylcholine release).
- Arises as a paraneoplastic syndrome, most commonly due to small cell carcinoma of the lung.
- Resolves with resection of the cancer.

= Presentation:
- Proximal muscle weakness that improves with use; eyes are usually spared.

- Cranial nerve involvement, particularly oculobulbar, is present in the majority of patients (>60%) and
can be found in the form of diplopia, ptosis, dysarthria, and/or dysphagia.

- Additionally, LEMS often presents with autonomic symptoms, such as dry mouth or impotence.

- Anticholinesterase agents do not improve symptoms (Negative tensilon test).
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Neuromuscular junction diseases

FREQUENCY
PATHOPHYSIOLOGY

CLINICAL

ASSOCIATED WITH
AChE INHIBITOR ADMINISTRATION

Myasthenia gravis
Most common NM] disorder
Autoantibodies to postsynaptic ACh receptor

Fatigable muscle weakness—ptosis; diplopia;
proximal weakness; respiratory muscle
involvement = dyspnea; bulbar muscle
involvement = dysphagia, difficulty chewing

Spared reflexes

Worsens with muscle use

Thymoma, thymic hyperplasia

Reverses symptoms (pyridostigmine for
treatment)

Ca’* channel

Calo

It

Antibodies to
AChreceptor o ®

NN

Myasthenia gravis
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Lambert-Eaton myasthenic syndrome
Uncommon

Autoantibodies to presynaptic Ca** channel
- } ACh release

Proximal muscle weakness, autonomic
symptoms (dry mouth, constipation,
impotence)

Hyporeflexia
Improves with muscle use

Small cell lung cancer

Minimal effect

Antibodies to
Ca* channel

ACh receptor

Lambert-Eaton
myasthenic syndrome

Musculoskeletal System
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Triad of autoimmunity, noninflammatory vasculopathy, and collagen deposition with fibrosis.
Sclerosis of skin = puffy, taut skin without wrinkles, fingertip pitting.
75% female.

There are two main subtypes of systemic sclerosis:

Diffuse scleroderma:

Characterized by diffuse skin and visceral involvement:

Renal (scleroderma renal crisis; treat with ACE inhibitors).

Pulmonary (interstitial fibrosis, pulmonary HTN due to intimal thickening of pulmonary arterioles).
Gl (esophageal dysmotility and reflux).

Cardiovascular.

syndrome (limited scleroderma):

Associated with localized skin involvement and a more benign course.

"CREST" is an acronym for the signs and symptoms:

subcutaneous calcium deposits which may be asymptomatic or painful.

Raynaud's phenomenon.

‘Esophageal dysmotility:‘ Systemic sclerosis can cause atrophy and fibrosis of the smooth muscle in
the lower esophagus. This leads to decreased peristalsis and decreased tone in the lower esophageal
sphincter (GERD). Typical symptoms include heartburn and dysphagia.

thickening of the skin of the hands and feet. It begins as non-pitting edema of the
hands and fingers. Later in the course of the disease, the skin becomes thickened, tight and shiny.
Thinning of the skin (atrophy) follows.

h’elangiectasias (dilated blood vessels):l occur on the skin of the face, hands and upper trunk, and on

mucosal surfaces.
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= Lab findings:
- Anti-DNA topoisomerase | (Scl-70) antibodies are highly specific for systemic sclerosis (diffuse
scleroderma).

- Anti-centromere antibodies are specific for CREST syndrome and found in 40% of cases.

Raynaud phenomenon

= J blood flow to the skin due to arteriolar (small vessel) vasospasm in response to cold or stress.
= Color change from white (ischemia) to blue (hypoxia) to red (reperfusion).
=  Most often in the fingers and toes.

= (Called Raynaud disease when 1° (idiopathic), Raynaud syndrome when 2° to a disease process such as
mixed connective tissue disease, SLE, or CREST (limited form of systemic sclerosis) syndrome.

= Digital ulceration (critical ischemia) seen in 2° Raynaud syndrome.

=  Treat with Ca; channel blockers.

Normal
Circulation

Constriction
of a small
blood vessel

Raynaud’s Phenomenon

White due Blue due to Red when
to lack of lack of oxygen blood flow
blood flow returns
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CHAPTER 5

Dermatology
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sk

=  Functions as a barrier against environmental insults and fluid loss.

= Skin has 3 layers: epidermis, dermis, subcutaneous fat (hypodermis).

= Epidermis layers from surface to base:
- Stratum Corneum (keratin).

- Stratum Lucidum.

- Stratum Granulosum.

- Stratum Spinosum (desmosomes).

- Stratum Basale (stem cell site).

= Californians Like Girls in String Bikinis.

= Dermis consists of connective tissue, nerve endings, blood and lymphatic vessels, and adnexal
structures (hair shafts, sweat glands, and sebaceous glands).

Stratum Corneum

Stratum Lucidum

Stratum Granulosum

Stratum Spinosum

Stratum Basalis

Y Dermis
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Epithelial cell junctions

Apical

Basal

R/
0.0

_~Claudin/
occludin

Cadherins

[ntermediate
filaments
Desmosome
i
—
(—
e
o
— Connexon
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1\ /l
B \AK/\V\&
( b
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N
Hemidesmosome M collagen

N.B:

Tight junctions (zonula occludens) [[}-prevents
paracellular movement of solutes; composed of
claudins and occludins.

Adherens junction (belt desmosome, zonula
adherens) [:--forms “belt” connecting actin
cytoskeletons of adjacent cells with CADherins
(Ca*-dependent adhesion proteins). Loss of
E-cadherin promotes metastasis.

Desmosome (spot desmosome, macula adherens)
[&-structural support via intermediate filament
interactions. Autoantibodies to desmoglein 1
and/or 3 - pemphigus vulgaris.

Gap junction [1}-channel proteins called
connexons permit electrical and chemical
communication between cells.

Hemidesmosome [3-connects keratin in basal
cells to underlying basement membrane.

Autoantibodies = bullous pemphigoid.
(Hemidesmosomes are down “bullow.”)

[ntegrins-membrane proteins that maintain
integrity of basolateral membrane by binding

to collagen, laminin, and fibronectin in
basement membrane.

Gap junctions facilitate communication and coordination between cells and play an important role in

labor contractions.

Connexins are proteins that assemble into gap junctions and their density increases in the uterus

before delivery in response to rising estrogen levels.

The combination of an increase in gap junction density and uterotonic receptors results in coordinated,

synchronous labor contractions.
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Dermatologic macroscopic terms

LESION CHARACTERISTICS EXAMPLES

Macule Flat lesion with well-circumscribed change in -~ Freckle (ephelide), labial macule [
skin color < 1 cm

Patch Macule > 1 cm Large birthmark (congenital nevus) [

Papule Elevated solid skin lesion < 1 cm Mole (nevus) [, acne

Plaque Papule > 1 cm Psoriasis [2

Vesicle Small fluid-containing blister < 1 cm Chickenpox (varicella), shingles (zoster) [4

Bulla Large fluid-containing blister > 1 cm Bullous pemphigoid [#

Pustule Vesicle containing pus Pustular psoriasis [€]

Wheal Transient smooth papule or plaque Hives (urticaria) [3]

Scale Flaking off of stratum corneum Eczema, psoriasis, SCC [

Crust Dry exudate

Impetigo I

Dermatologic microscopic terms

LESION

CHARACTERISTICS

EXAMPLES

Hyperkeratosis
Parakeratosis
Hypergranulosis

Spongiosis

Acantholysis

Acanthosis

t thickness of stratum corneum
Retention of nuclei in stratum corneum
t thickness of stratum granulosum

Epidermal accumulation of edematous fluid in
intercellular spaces

Separation of epidermal cells

Epidermal hyperplasia (t spinosum)

Psoriasis, calluses
Psoriasis, actinic keratosis
Lichen planus

Eczematous dermatitis

Pemphigus vulgaris

Acanthosis nigricans, psoriasis
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Atopic (eczematous) dermatitis

= Type 1 hypersensitivity reaction (1Ig E with esinophilia); associated with asthma and allergic rhinitis.

= Mutations in flaggrin gene (epidermal protein) = breakdown in the barriers between epidermal skin
cells - dehydration of the skin as well as the ability for aeroallergens, like pet dander and dust mites,
to penetrate the skin = immune hypersensitivity.

=  Presentation:

- |Pruritic, erythematous, oozing rash with crusted lesions:

o The condition has a chronic course marked by exacerbations and remissions.
o The severity of disease tends to lessen with age.

o Intense pruritus is a hallmark of atopic dermatitis, and the diagnosis cannot be made without it.

- |Commonly on skin erxures:\

o Often appears on face in infancy.

o Inantecubital fossa in children and adults.

o Lichenification (skin becomes thick and leathery) in a flexural distribution (neck, wrists, antecubital and

poplitea fossae)

Atopic dermatitis distribution by age
Child or adult: flexor surfaces
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Contact dermatitis

=  Pruritic, erythematous, oozing rash with vesicles and edema.

= Due to exposure to allergen (Type |V hypersensitivity reaction):
- Antigens are taken up by antigen-presenting Langerhans cells and presented to CD4 T cells in regional
lymph nodes.

- TheT cells are activated and migrate to the skin, where they incite an inflammatory response within 24
hours of antigen re-exposure.

= Arises upon exposure to allergens such as:
- Poison ivy and nickel jewelry (type IV hypersensitivity).
- lrritant chemicals (detergents).

= Contact dermatitis is characterized by an epidermal accumulation of edematous fluid in the
intercellular spaces (spongiosis).

= Treatment involves removal of the offending agent and topical glucocorticoids, if needed.

=edema between
epidermal keratinocytes
which may progress to
vesicles/bullae
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Acne vulgaris

= Comedones (whiteheads and blackheads), pustules (pimples), and nodules; extremely common,
especially in adolescents due to adrenarche-associated enlargement of sebaceous glands and
subsequent rises in sebum production.

= Due to chronic inflammation of hair follicles and associated sebaceous glands:
- Hormone-associated increase in sebum production (sebaceous glands have androgen receptors) and
excess keratin production block follicles - forming comedones.

- Follicles clogged with sebum provide an anaerobic, lipid-rich environment for the proliferation of
Propionibacterium acnes, an anaerobic diphtheroid that is part of normal skin flora.

- Propionibacterium acnes infection produces lipases that break down sebum, releasing proinflammatory
fatty acids - results in pustule or nodule formation.

Q
Epidermis Sebacacus ®
f gland
@ "\ ¢
Plugged
follicle (%]
o) ®
Accumulation of apithellal Accumulation of shed Propionibacterium acnes Marked inflammation
cells and keratin keratin and sebum proliferation
s . Scarring
Mild inflamation
Pathogenesis of acne
Normal Acne vulgaris

Hyperkeratinization Perifollicular
& obstruction of follicle inflammation & rupture

Increased
sebum production

Colonization by
Cutibacterium acnes
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= Risk factors for acne include increased androgen levels; obstruction of pilosebaceous glands by oil-
based hair products; and mechanical irritation of skin follicles. Sports participation frequently triggers
acne due to the use of tight-fitting clothing and protective gear.

= Treatmentincludes benzoyl peroxide (antimicrobial) and vitamin A derivatives (isotretinoin), which
reduce keratin production.

= Vitamin A derivatives are contraindicated in pregnancy. A negative pregnancy test (urine or serum) is

required prior to prescribing, and abstinence/contraception is recommended. Sexually active women
should be advised to use 2 forms of contraception and take monthly pregnancy tests.

Rosacea

= [nflammatory facial skin disorder characterized by erythematous papules and pustules, but no
comedones.

=  May be associated with facial flushing in response to external stimuli (alcohol, heat).

=  Phymatous rosacea can cause rhinophyma (bulbous deformation of nose).
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Psoriasis

= Psoriasis is a common chronic inflammatory skin disorder that affects 1-2% of the population in the
United States.

=  Well-circumscribed, salmon-colored plaques covered with a loosely adherent, silvery scale, usually on
extensor surfaces and the scalp.

= Due to excessive keratinocyte proliferation.
= Associated with nail pitting (Yellow-brown discoloration, pitting, thickening, or crumbling) and psoriatic

arthritis. The risk is increased in patients who are human leukocyte antigen B27-positive.
psorias

=  Possible autoimmune etiology:
- Associated with HLA-C.
- Lesions often arise in areas of trauma (environmental trigger).

= Histology shows:
- Acanthosis (epidermal hyperplasia).

- Hyperkeratosis (I thickness of stratum corneum).

- Parakeratosis (retention of keratinocyte nuclei in the stratum corneum).

- /] Stratum spinosum and corneum<, stratum granulosum (reduced or absent stratum granulosum).
- Collections of neutrophils in the stratum corneum (Munro microabscesses).

- Elongation of the dermal papillae with thinning of the epidermis above elongated dermal papillae, a

finding responsible for the pinpoint bleeding evident when the scale is removed from the plaque
(Auspitz sign).
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Pathophysiology of psoriasis

Inflammatory cytokines:
IL-1B, IL-6, TNF-a

Disrupted normal
skin barrier

eg, trauma, infection, genetics
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= First-line treatment options for localized psoriasis include topical corticosteroids (diflorasone) and
vitamin D analogs (calcipotriene, calcitriol). Vitamin D analogs activate the vitamin D receptor, a nuclear
transcription factor, resulting in inhibition of T-cell and keratinocyte proliferation and stimulation of
keratinocyte differentiation. Corticosteroids also have anti-inflammatory and antiproliferative
properties; their mechanism of action is complementary to vitamin D analogs, and the 2 agents work
well in combination.

= UVA light with psoralen can also be used (to destroy the proliferating keratinocytes with psoralen to
UVA absorption).

= For widespread disease, topical therapy may be impractical and systemic treatment (methotrexate,
cyclosporine) is needed.

=  Pruritic, Purple, Polygonal Planar Papules and Plaques are the 6 P’s of lichen Planus.
=  Mucosal involvement manifests as Wickham striae (reticular white lines).
= Sawtooth infiltrate of lymphocytes at dermal-epidermal junction and hypergranulosis.

= Associated with chronic hepatitis C.
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Blistering dermatoses

Pemphigus valgaris

= Potentially fatal autoimmune skin disorder.

= Autoimmune bullous disease characterized by autoantibodies directed against desmoglein (component
of desmosomes, which connect keratinocytes in the stratum spinosum).

Normal epidermal tissue

Ko e
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Pemphigus vulgaris
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Bullous pemphigoid
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= |t presents with painful flaccid bullae and erosions affecting the skin and mucosal membranes:
- Acantholysis (separation) of stratum spinosum keratinocytes (normally connected by desmosomes)
results in suprabasal blisters.

- Basal layer cells remain attached to basement membrane via hemidesmosomes (tombstone'
appearance).

- Thin-walled bullae rupture easily upon manual stroking of skin (Nikolsky sign), leading to shallow
erosions with dried crust.

- The bullae spread laterally when pressure is applied on top (Asboe-Hansen sign).

- Immunofluorescence highlights IgG surrounding keratinocytes in a “fish net pattern”.

1N ‘_ s
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Bullous pemphigoid

= Less severe than pemphigus vulgaris.

= Bullous pemphigoid is characterized by autoantibodies (IgG) to the hemidesmosomes along the
basement membrane of the dermal-epidermal junction.

= These autoantibodies result in a destructive inflammatory cascade that causes the entire epidermis to
separate from the dermis, forming subepidermal, nonacantholytic blisters.

=  Presents as blisters of the skin; oral mucosa is spared:
- Basal cell layer is detached from the basement membrane.

- Tense bullae do not rupture easily; clinically milder than pemphigus vulgaris.
- Nikolsky sign ©.

- Immunofluorescence highlights IgG along basement membrane (linear pattern).

p—-
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Pemphigus vulgaris

Bullous pemphigoid

Desmosomes

* Hemidesmosomes

Autoantibody target (desmoglein 3 & 1) (bu_llous pemphigoid
antigens 1 & 2)
Intraepidermal cleavage
Acantholysis (detached * Subepidermal
Histopathology keratinocytes) cleavage
"Tombstone cells" along » No acantholysis
basal layer
L e Linear IgG at
Immunofluorescence Netlike intercellular IgG

basement membrane

Clinical features

Middle-aged or elderly
Flaccid bullae

Oral/mucosal
involvement

Nikolsky sign positive

* Predominantly
elderly

+ Tense bullae

+ Rare oral/mucosal
involvement

Musculoskeletal System

Autoimmune deposition of IgA at the tips of dermal papillae.
Dermatitis herpetiformis (DH) is characterized by erythematous pruritic papules, vesicles, and bullae
that appear bilaterally and symmetrically on the extensor surfaces (elbows, knees), upper back, and

buttocks.

The term "herpetiformis" refers to the resemblance of the clustered vesicular lesions to those seen in
herpes simplex virus infections.

Histologically, dermatitis herpetiformis is characterized by microabscesses containing fibrin and
neutrophils at the dermal papillae tips. The overlying basal cells become vacuolated, and coalescing

blisters form at the tips of the involved papillae.

DH is strongly associated with celiac disease, which is characterized histologically by increased
intraepithelial lymphocytes, a variable loss of villus height, and crypt hyperplasia.

A gluten-free diet tends to improve both the enteropathy and dermatitis.
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Erythema multiforme

= Hypersensitivity reaction; Presents with multiple types of lesions: macules, papules, vesicles, target
lesions (look like targets with multiple rings and dusky center showing epithelial disruption).

=  Most commonly associated with HSV infection; other associations include:
- Mycoplasma infection.

- Drugs (penicillin and sulfonamides).

- Autoimmune disease (SLE).

- Malignancy.

= EM develops when circulating pathogens are phagocytosed by peripheral mononuclear cells and are
brought to the epidermis, where DNA fragments are transferred to keratinocytes via direct cell-to-cell
spread (facilited by upregulation of adhesion molecules). Pathogen-specific cytotoxic T-cells then
recognize foreign antigens produced by keratinocytes and initiate an inflammatory cascade that results
in epithelial damage.
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Stevens-Johnson syndrome

= Characterized by fever, bullae formation and necrosis, sloughing of skin at dermal-epidermal junction,
high mortality rate.

= Typically, 2 mucous membranes are involved, and targetoid skin lesions may appear, as seen in
erythema multiforme.

= Usually associated with adverse drug reaction.

= A more severe form of Stevens-Johnson syndrome (SJS) with > 30% of the body surface area involved is
toxic epidermal necrolysis (TEN).
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Melanocytes are responsible for skin pigmentation and are present in the basal layer of the epidermis.
Derived from the neural crest.
Synthesize melanin in melanosomes using tyrosine as a precursor molecule.

Pass melanosomes to keratinocytes.

Vitiligo is a relatively common condition characterized by the partial or complete loss of epidermal
melanocytes due to autoimmune destruction of melanocytes. In contrast with albinism that have
melanocytes that do not produce melanin because of absent or defective tyrosinase.

Although this asymptomatic disorder can affect all races, it is particularly striking in darkly pigmented
individuals.

Vitiligo typically erupts on the face, extremities, axillae, umbilicus, groin, genitalia, and over hard bony
surfaces (knees).

Clinically, the lesions are flat, well-circumscribed macules and patches of absent pigment, varying in
size from a few to several centimeters.

Histologic examination of the epidermis demonstrates a loss of melanocytes and a complete absence of
melanin pigment

It can occur as an isolated disorder but is often associated with other autoimmune conditions
(autoimmune thyroid disease, rheumatoid arthritis, pernicious anemia, primary adrenal insufficiency).
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Congenital lack of pigmentation.

Normal melanocyte number with | melanin production due to | tyrosinase activity or defective
tyrosine transport.

May involve the eyes (ocular form) or both the eyes and skin (oculocutaneous form).

Increased risk of squamous cell carcinoma, basal cell carcinoma, and melanoma due to reduced
protection against UVB.

Small, tan to brown macule; darkens when exposed to sunlight.

Due to increased number of melanosomes (melanocytes are not increased).
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=  Small (5-10 mm), oval, tan-brown macule or patch.

Resulting from benign melanocyte hyperplasia = linear melanocytic hyperplasia producing
hyperpigmented basal cell layer.

= Do not darken with sunlight.

Melasma (Chloasma)

=  Mask-like hyperpigmentation of the cheeks.

= Associated with pregnancy and oral contraceptives.

=  Exacerbated by sun exposure.
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Nevus (mole)

=  Benign neoplasm of melanocytes.

= Can be congenital or acquired:

J\MlCongenital nevus:

- Congenital nevus is present at birth.

- Often associated with hair.

A cquired nevus]

- Arises later in life.
- Caused by acquired activating mutations of Ras signaling pathway (BRAF or NRAS).

- Characterized by a flat macule or raised papule with symmetry, sharp borders, evenly distributed color,
and small diameter (< 6 mm).

- Melanocytic nevi are progressive lesions that typically mature through the following phases:
’.lunctional nevi:‘
o Characterized by aggregates of nevus cells limited to the dermoepidermal junction.

o They typically appear as flat, black- to brown-pigmented macules with darker coloration in the center
than the periphery and preserved skin markings.

Compound nevi:|

Form as the aggregates of nevus cells extend into the dermis (has both dermal and epidermal
involvement).

o Compound nevi are raised papules with uniform brown to tan pigmentation.
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3.

o

o

o

‘Intradermal nevi:‘
Considered to be older lesions in which the epidermal nests of nevus cells have been lost.

The remaining dermal nevus cells lose tyrosinase activity and produce little to no pigment.
Intradermal nevi are skin- to tan-colored, dome-shaped, and sometimes pedunculated.

Dysplasia may arise (dysplastic nevus), which is a precursor to melanoma.

Histology of nevi

Nevus cells
(melanocytes without
dendrites)

Transparent
epidermis

Normal
melanocytes

Dermis

Junctiond!

nevus
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Malignant neoplasm of melanocytes which are derived from neural crest cells; most common cause of
death from skin cancer.

Risk factors are based on UVB-induced DNA damage and include prolonged exposure to sunlight,
albinism, and xeroderma pigmentosum; an additional risk factor is dysplastic nevus syndrome
(autosomal dominant disorder characterized by formation of dysplastic nevi that may progress to

melanoma). Fair-skinned persons are at 1 risk.

BRAF is a protein kinase involved in activation of signaling pathways for melanocyte proliferation, and
the BRAF V600E mutation is seen in 40-60% of patients with melanoma.

The BRAF mutation leads to greatly increased activation of the signaling pathways for melanocyte
growth, survival, and metastasis.

Presence of BRAF mutation in the tissue most likely indicates a diagnosis of metastatic melanoma.
S-100 tumor marker.

Presents as a mole-like growth with "ABCDE":

Clinical features of melanoma (ABCDE)

« Asymmetry: When bisected, the 2 sides are not identical

« Border irregularities: Uneven edges, pigment fading off

» Color variegation: Variable mixtures of brown, tan, black & red
« Diameter: 26 mm

« Evolving: Lesion changing in size, shape, or color; new lesion

Characterized by two growth phases:
Radial growth horizontally along the epidermis and superficial dermis; low risk of metastasis.

Vertical growth into the deep dermis. Depth of extension (Breslow thickness) is the most important
prognostic factor in predicting metastasis.

Variants include:

‘Superficial spreading:| most common subtype; dominant early radial growth results in good

prognosis.

‘Lentigo maligna melanoma:‘ lentiginous proliferation (radial growth); good prognosis.

early vertical growth; poor prognosis.

‘Acral |entiginous:| arises on the palms or soles, often in dark-skinned individuals; not related to UV
light exposure.
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= Melanoma commonly metastasizes to the brain, gastrointestinal tract, bone, liver, and lungs.

=  Primary treatment is excision with appropriately wide margins. Metastatic or unresectable melanoma
in patients with BRAF V600E mutation may benefit from vemurafenib, a BRAF kinase inhibitor.

I
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= |tis a superficial bacterial infection of the skin largely limited to the epidermis and not spreading below
the dermal-epidermal junction.

= Most often due to S. aureus or S. pyogenes.
= Commonly affects children. Highly contagious.

=  Presents as erythematous macules that progress to pustules, usually on the face; rupture of pustules
results in erosions and dry, crusted, honey-colored serum.

Erysipelas

= [nfection involving upper dermis and superficial lymphatics, usually from S. pyogenes.

= Presents with well-defined, raised demarcation between infected and normal skin.
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Cellulitis

= Deeper (dermal and subcutaneous) infection, usually due to S. aureus or S. pyogenes
=  Presents as a red, tender, swollen rash with fever.
= Risk factors include recent surgery, trauma, or insect bite.

= Can progress to necrotizing fasciitis with necrosis of subcutaneous tissues due to infection with
anaerobic 'flesh-eating' bacteria

Necrotizing fasciitis

= Deeper tissue injury, usually from anaerobic bacteria or S pyogenes.

= Pain may be out of proportion to exam findings.

= Results in crepitus from methane and CO; production “Flesh-eating bacteria”.
= Causes bullae and skin necrosis = violaceous color of bullae, surrounding skin.

= Surgical emergency.
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Skin abscess

= Collection of pus from a walled-off infection within deeper layers of skin.

= Offending organism is almost always S. aureus.

Staphylococcal scalded skin syndrome

= Exotoxin (exfoliative toxin A) destroys keratinocyte attachments in stratum granulosum.
= Seen in newborns and children, adults with renal insufficiency.

=  Characterized by:
- Fever.

:

o Generalized erythematous.
o With sloughing of the upper layers of the epidermis that heals completely.
o b Nikolsky sign (separation of epidermis upon manual stroking of skin).

= Distinguished histologically from toxic epidermal necrolysis by level of skin separation (stratum
granulosum); separation in TEN occurs at the dermal-epidermal junction.

Exfoliative
toxin

Staphylococcal Scalded Skin Syndrome
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< N.B:

= Bullous impetigo (BI) is caused by production of exfoliative toxin A, a serine protease that targets
desmoglein 1 in the superficial epidermis, by some strains of S aureus.

= Desmoglein is a cadherin component of desmosomes in epidermal cellular junctions; disruption by
exfoliative toxin A causes a loss of cell adhesion and leads to formation of flaccid bullae.

= Exfoliative toxin A is also responsible for staphylococcal scalded skin syndrome, which presents with
generalized erythema and flaccid bullae in flexural areas.

Cell junctions and cadherins
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Verruca (wart)

=  Flesh-colored papules with a rough surface.
= Due to HPV infection of keratinocytes; characterized by koilocytic change.

= Hands and feet are common locations.
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Molluscum contagiosum

=  Firm, pink, umbilicated papules due to poxvirus; affected keratinocytes show cytoplasmic inclusions
(molluscum bodies).

=  Most often arise in children; also occur in sexually active adults and immunocompromised individuals.
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A. Angiosarcoma:
= Rare blood vessel malignancy typically occurring in the head, neck, and breast areas.

= Usually in elderly, on sun-exposed areas.

= Associated with radiation therapy and chronic postmastectomy lymphedema.

= Chronic lymphedema predisposes to the development of angiosarcoma (Stewart-Treves syndrome).
Axillary lymph node dissection is a risk factor for the development of chronic lymphedema involving the
ipsilateral arm.

= Hepatic angiosarcoma associated with vinyl chloride and arsenic exposures.

= Very aggressive and difficult to resect due to delay in diagnosis.

B. Bacillary angiomatosis:
= Benign capillary skin papules (A) found in AIDS patients.

= Proliferation of blood vessels (capillary), resulting in them forming tumor-like masses (Presents with
red-purple papules) in the skin and other organs.

= Caused by Bartonella henselae infections.

=  Frequently mistaken for Kaposi sarcoma, but has neutrophilic infiltrate.
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C. Kaposi sarcoma:
= Endothelial malignancy most commonly of the skin, but also mouth, Gl tract, and respiratory tract.

=  Associated with HHV-8 and HIV.

= Rarely mistaken for bacillary angiomatosis, but has lymphocytic infiltrate.

D. Cherry hemangioma:
= Benign capillary hemangioma of the elderly (B).

= Does not regress. Frequency T with age.

E. Strawberry hemangioma:
=  Benign capillary hemangioma of infancy (F).

= Appears in first few weeks of life (1/200 births); grows rapidly and regresses spontaneously by 5-8

years old.
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F. Cystic hygroma:
=  Cavernous lymphangioma of the neck (C).

=  Associated with Turner syndrome.

G. Glomus tumor:
= Benign, painful, red-blue tumor, commonly under fingernails (D).

= Arises from modified smooth muscle cells of the thermoregulatory glomus body.

H. Pyogenic granuloma:
= Polypoid lobulated capillary hemangioma (E) that can ulcerate and bleed.

= Associated with trauma and pregnancy.
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N.B:

Cavernous hemangiomas are vascular malformations that frequently involve the deeper tissues of the
body, such as the liver and brain.

Gross examination of hemangiomas reveals a "mulberry-like" appearance due to their purple vascular
clusters.

Histologically, they are composed of abnormal, dilated blood vessels with a thin adventitia lacking
elastic fibers and smooth muscle. The reduced structural support gives them a tendency to leak,
causing recurrent hemorrhage.

Most patients with cavernous hemangiomas are asymptomatic, although hemangiomas in the brain
may cause neurologic deficits and seizures due to compression of the surrounding tissue and irritation
from recurrent bleeding. Surgical resection is indicated for lesions causing intractable epilepsy or
progressive neurologic deficits.

Local cutaneous adverse effects of chronic topical corticosteroid administration include
atrophy/thinning of the dermis that is associated with loss of dermal collagen, drying, cracking, and/or
tightening of the skin, telangiectasias, and ecchymoses.

Photoaging is premature aging of the skin caused by excess exposure to ultraviolet A wavelengths and
is characterized by epidermal atrophy with flattening of rete ridges.

In addition, there is decreased collagen fibril production and increased degradation of collagen and
elastin in the dermis.
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Acanthosis nigricans

= Epidermal hyperplasia causing symmetric, hyperpigmented thickening of skin, especially in axilla or on
neck.

= Associated with insulin resistance (non-insulin-dependent diabetes), visceral malignancy (gastric
adenocarcinoma).

Actinic keratosis

=  Premalignant lesions caused by sun exposure.
= Small, rough, erythematous or brownish papules or plaques.
= They are often felt more than seen and have a rough, sandpaper-like texture on sun exposed area.

= On light microscopy, AKs show hyperkeratosis (hyperplasia of the stratum corneum), parakeratosis
(retention of nuclei in the stratum corneum), and atypical keratinocytes with pleomorphic nuclei and
multiple mitoses (confined to the epidermis).

=  AKs do not invade the dermis and are considered to be premalignant lesions. Over several years, a
small percentage of AKs transform into invasive squamous cell carcinoma (SCC), a change reflected by
an increase in lesion size and thickness, dermal invasion, and metastatic potential.
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Erythema nodosum

=  Painful, raised inflammatory lesions of subcutaneous fat, usually on anterior shins.

= Often idiopathic, but can be associated with sarcoidosis, coccidioidomycosis, histoplasmosis, TB,
streptococcal infections, leprosy, inflammatory bowel disease.

Urticaria (hives)

= Urticaria ("hives") is a common, transient hypersensitivity disorder characterized by intensely pruritic,
raised erythematous plaques (wheals) that arise suddenly and resolve over several hours.

= They are most often caused by IgE-mediated degranulation of mast cells.

=  Urticaria is due to increased permeability of the microvasculature, leading to superficial dermal edema
and lymphatic channel dilation. The overlying epidermis typically appears normal.

= Involvement of the deep dermis and subcutaneous tissue is termed angioedema.
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=  “Herald patch” followed days later by other scaly erythematous
plaques, often in a “Christmas tree” distribution on trunk.

= May be idiopathic or associated with viral infections.
=  Multiple plaques with collarette scale.

= Self-resolving in 6-8 weeks.

Pseudofolliculitis barbae

=  Foreign body inflammatory facial skin disorder characterized by firm, hyperpigmented papules and
pustules that are painful and pruritic.

= Located on cheeks, jawline, and neck.

=  Commonly occurs as a result of shaving (razor bumps), primarily affects African-American males.

Razor Bump
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Sunburn

= Acute cutaneous inflammatory reaction due to excessive UV irradiation.

=  Causes DNA mutations, inducing apoptosis of keratinocytes. UVB is dominant in sunBurn, UVA in
tAnning and photoAging.

Exposure to UVA and UVB 1 risk of skin cancer (basal cell carcinoma, squamous cell carcinoma,
melanoma). Can also lead to impetigo.

Burn

= Burns result in the loss of skin integrity and increase insensible fluid losses, leading to profound
hypovolemia.

= The best initial therapy for those caught in a fire is 100% oxygen to treat smoke inhalation and carbon
monoxide poisoning.

= Airway burn is the second most common cause of death from burns only if there has been airway
injury.

= The extent of burns in the adult is estimated by the use of the “rule of nines,” where the head and each
of the upper extremities are each assigned 9% of body surface; each lower extremity is assigned two
9% units; and trunk is assigned 4 units of 9% each.
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Rule of 9's The extent of a burn injury can be estimated as a percentage of the body surface area.

Entire head
9%
/Entire torso

18%

= ’.{ \.‘-—Entirearm(l.) 9%—s
45 Entirearm(R)9% 45

Entire

Entire leg (R) 18%

Total 100%

Burn classification
DEPTH INVOLVEMENT APPEARANCE SENSATION
Superficial burn Epidermis only Similar to sunburn; localized, painful, ~ Painful
dry, blanching redness with no blisters
Superficial partial- Al of epidermis and some dermis  Blisters, blanches with pressure, Painful to temperature
thickness swollen, warm and air
Deep partial- All of epidermis and some dermis  Blisters (easily unroofed), does not Painless; perception of
thickness burn blanch with pressure pressure only
Full-thickness burn  All of skin (epidermis and dermis) ~ White, waxy, dry, inelastic, leathery, Painless; perception of
does not blanch with pressure deep pressure only
Deeper injury burn Al of skin and at least partial White, dry, inelastic, does not blanch ~ Painless; some
involvement of muscle and/or with pressure perception of deep
fascia pressure

EPIDERMIS

SUPERFICIAL PARTIAL ‘ =
2"”5956355 THICKNESS BURN ~ =====1"° | 2N } papillary layer ——_—
€€EP PARTIA 3= 2
TBICKNEASQTBlukN """" S\ SEAD iS i reticular layer
3%_DEGREE BURNS (FULL-THICKNESS) ===~¢ " :
= HYPODERMIS

Yy™-DEGREE BURNS
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Musculoskeletal System

N.B:

Androgenetic alopecia causes hair loss primarily at the anterior scalp and vertex.

Androgenetic alopecia may begin any time after puberty and affects a majority of men age >50. It is
characterized by a shortened anagen (hair follicle growth) phase, with resulting follicular

miniaturization.

It shows polygenic inheritance, with dihydrotestosterone (DHT) being the primary pathogenic factor.
5-a-reductase inhibitors (finasteride) decrease the conversion of testosterone to DHT and are effective

for treating the condition.

Stage 1

Stage 2

\\ A~ Stage 3
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Seborrheic keratosis

=  Benign squamous proliferation; common tumor in the elderly.

Flat, greasy, pigmented squamous epithelial proliferation of immature keratinocytes with keratin filled
cysts (horn cysts).

= Often has a coinlike, waxy, 'stuck-on' appearance.

= Leser-Trelat sign is the sudden onset of multiple seborrheic keratoses and suggests underlying
carcinoma of the Gl tract.

Basal cell carcinoma

= Malignant proliferation of the basal cells of the epidermis.
=  Most common cutaneous malignancy.

= Risk factors stem from UVB-induced DNA damage and include prolonged exposure to sunlight,
albinism, and xeroderma pigmentosum.

= Locally invasive, but rarely metastasizes.

= Presents as an elevated nodule with a central, ulcerated crater surrounded by dilated (telangiectatic)
vessels.

= (Classic location is the upper lip.
= Histology shows nodules of basal cells with peripheral palisading.

= Treatment is surgical excision.

204




EL Husseiny's Essentials for USMLE step 1 Musculoskeletal System

Squamous cell carcinoma

= Second most common skin cancer.
= Malignant proliferation of squamous cells characterized by formation of keratin pearls.

= Risk factors stem from UVB-induced DNA damage and include prolonged exposure to sunlight,
albinism, and xeroderma pigmentosum.

= Additional risk factors include immunosuppressive therapy, arsenic exposure, and chronic inflammation
(scar from burn or draining sinus tract).

= May spread to lymph nodes, and rarely metastasize.
= Presents as an ulcerated, nodular mass, usually on the face (classically involving the lower lip).

= Histopathology: keratin pearls.

» Treatment is excision; metastasis is uncommon.
= Actinic keratosis is a precursor lesion of squamous cell carcinoma and presents as a hyperkeratotic,
scaly plaque, often on the face, back, or neck. Actinic keratoses are confined to the epidermis and are

considered by some to be equivalent to squamous cell carcinoma (SCC) in situ.

= Keratoacanthoma is well-differentiated squamous cell carcinoma that develops rapidly and regresses
spontaneously; presents as a cup-shaped tumor filled with keratin debris.

Basal cell carcinoma more common on upper lip @
Squamous cell carcinoma more common on lower lip P e

SR
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Pharmacology
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Chapter 6 Pharmacology

Arachidonic acid pathways

MEMBRANE
PHOSPHOLIPIDS

Phospholipase A, r—@—( Glucocorticoids (corticosteroids) J

ENDOPEROXIDE SYNTHESIS
z l
Arachidonic acid ;3" ©O—IxB (cyclooxygenase)

( 3
Zileuton COX-20NLY  COX-1, COX-2
9 ', ( s N
\GK/ COX-2 | © | Celecoxib l Aspirin (irreversible)
2 Other NSAIDs (reversible)
LUNOIRE >Lipoxygenase Diclofenac ~ Ketorolac
SECRPIO I =) lbuprofen  Naproxen
ANTAGONISTS COX-1'1 © o el SR
Indomethacin
* J
Mo.ntelukast 5-HPETE Cyclic endoperoxides
Zafirlukast / \ \ \
QI Leukotrienes Prostacyclin  Prostaglandins Thromboxane
LTC, LTD, LTE, LTB, PGl, PGE, PGE, PGF,, TXA,
1 bronchial tone T neutrophil | platelet 1 vascular 1 uterine 1 uterine 1 platelet
chemotaxis aggregation tone tone tone aggregation
1 vascular tone T vascular tone
[ Epoprostenol ] ( Alprostadil ] ( Dinoprostone ] [ Carboprost )

LTB, is a neutrophil chemotactic agent. Neutrophils arrive “B4” others.
PGI, inhibits platelet aggregation and promotes ~ Platelet-Gathering Inhibitor.
vasodilation.

=  Prostaglandins (PGs) are cytoprotective in the stomach, dilate renal vasculature, contract the uterus,
and maintain the ductus arteriosus.

= Thrombaxane (TxA;) causes platelet aggregation.
= Gl PGs and platelets TxA;s are synthesized by COX 1 (constitutive).

= COX 2 (inducible) synthesizes PGs involved in inflammation, fever, and pain.
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Aspirin

= Mechanism of action:
- NSAID that irreversibly inhibits cyclooxygenase (both COX-1 and COX-2) by covalent acetylation = |
synthesis of TXA; and prostaglandins.

- " bleeding time.
- No effect on PT, PTT.

- Effect lasts until new platelets are produced.

= (linical use:
- ‘Low dose (< 300 mg/day):l J platelet aggregation.

- ‘Intermediate dose (300-2400 mg/day):‘ antipyretic and analgesic.

- ‘High dose (2400—-4000 mg/day):l anti-inflammatory.

- Atlow doses, aspirin inhibits COX 1 alone, whereas at high doses, it inhibits both isoenzymes.

= Adverse effects:
- Gastric ulceration, tinnitus (CN VIII).

- Chronic use can lead to acute renal failure, interstitial nephritis, Gl bleeding.

- Increased gastrointestinal blood loss is the most common side effect of aspirin. The relative risk of
gastrointestinal bleeding is increased when high-dose aspirin is used because there is loss of gastric
cytoprotection in addition to impaired platelet aggregation.

- Risk of Reye syndrome in children treated with aspirin for viral infection.

- Causes respiratory alkalosis early, but transitions to mixed metabolic acidosis-respiratory alkalosis
(Acid-Base Balance chapter).

. ’Treatment of overdose:l " urine volume and its alkalinization (NaHCOs) facilitate salicylate renal

elimination.
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NSAIDs

Drugs: Ibuprofen, naproxen, indomethacin, ketorolac, diclofenac, meloxicam, piroxicam.

Mechanism of action:
Reversibly inhibit cyclooxygenase (both COX-1 and COX-2).

Block prostaglandin synthesis.

Clinical Use:
Antipyretic, analgesic, anti-inflammatory.

Indomethacin is used to close a PDA.

Adverse effects:

Interstitial nephritis, gastric ulcer (prostaglandins protect gastric mucosa), renal ischemia
(prostaglandins vasodilate afferent arteriole), aplastic anemia.

R/
0.0

Mechanism of action:
Reversibly inhibits specifically the cyclooxygenase (COX) isoform 2, which is found in inflammatory cells
and vascular endothelium and mediates inflammation and pain.

Spares COX-1, which helps maintain gastric mucosa. Thus, does not have the corrosive effects of other
NSAIDs on the Gl lining.

Spares platelet function as TXA2 production is dependent on COX-1.
Clinical use: Rheumatoid arthritis, osteoarthritis.

Adverse effects: 1 risk of thrombosis.

Sulfa allergy.

N.B:

Selective COX 2 inhibitors have potent anti-inflammatory effects without the side effects of bleeding
and gastrointestinal ulceration associated with non-selective COX inhibitors, Selective COX 2 inhibitors
do not impair platelet function because platelets predominantly express COX 1.

These agents have potent anti-inflammatory effects with less risk of bleeding and gastrointestinal
ulceration.

The COX 2 enzyme is also expressed in vascular endothelial cells and vascular smooth muscle cells, and
may play a role in the local production of prostacyclin (PGI2), a substance that promotes
anticoagulation and vascular dilatation.

Some selective COX 2 inhibitors have been associated with an increased incidence of cardiovascular
events, which may be related to decreased production of PGI2.
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Cyclooxygenase inhibitors

Arachidonic acid

Aspirin ' COX-1 s
f—@—’ % COX-2 <—(>— NSAIDs
NSAIDs COX-2 inhibitors

Constitutive prostaglandins Inducible prostaglandins
Physiologic functions Physiologic functions  Pathologic functions
+ Gastric mucosal protection « tRenal perfusion + 1 Pain sensitivity
* t Renal perfusion « Vasodilation « Inflammation
* Platelet aggregation « Tissue repair

COX: cyclooxygenase, NSAIDs: nonsteroidal anti-inflammatory drugs

Effects of COX inhibition on platelets & endothelial cells

- Platelets o~

Thromboxane (TxA,) Prostacyclin (PGI,)

Promotes platelet - Inhibits platelet
aggregation aggregation -

Vasoconstriction Vasodilation
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Acetaminophen

Mechanism of action:
Reversibly inhibits cyclooxygenase, mostly in CNS. Inactivated peripherally.

Clinical use:
Antipyretic, analgesic, but not anti-inflammatory.

Used instead of aspirin to avoid Reye syndrome in children with viral infection.
Adverse effects:

Overdose produces hepatic necrosis; acetaminophen metabolite (NAPQI) depletes glutathione and
forms toxic tissue byproducts in liver.

N-acetylcysteine is antidote - regenerates glutathione.

Acetaminophen —— glucuronidation (major pathway)

\P450 chronic ethanol use 1 T P450 enzymes

NAPQI (highly reactive and hepatotoxic)
RN

GSH inactive

[ ]

The foundation of management for RA is disease-modifying antirheumatic drugs (DMARDs), which
alleviate pain and inflammation and reduce long-term joint destruction and disability.

Examples of DMARDS are:
Methotrexate (typically first-line).
Sulfasalazine.

Hydroxychloroquine.

Minocycline.

Tumor necrosis factor-alpha inhibitors.

However, the response to DMARD therapy typically takes weeks.

Therefore, short-term treatment with anti-inflammatory therapies, including systemic and
intraarticular glucocorticoids (prednisone) or nonsteroidal anti-inflammatory drugs (NSAIDs), can
provide rapid temporary relief of symptoms in patients starting on DMARDs. However, they do not
provide adequate long-term control of disease or prevention of joint deformity.
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= Methotrexate is the preferred first-line disease-modifying treatment for most patients with moderate
to severe rheumatoid arthritis. It produces substantial improvements in disease activity in 60-70% of
patients.

= Leflunomide and TNF-a inhibitors are other disease-modifying agents that may be used in combination
with methotrexate if the patient does not respond to methotrexate alone.

Leflunomide

= Mechanism of action:
- Reversibly inhibits dihydroorotate dehydrogenase, preventing pyrimidine synthesis.

- Suppresses T-cell proliferation.

= (Clinical Use:
- Rheumatoid arthritis, psoriatic arthritis.

= Adverse effects:
- Diarrhea, hypertension, hepatotoxicity, teratogenicity.

TNF-a inhibitors

= Al TNF-a inhibitors predispose to infection, including reactivation of latent TB, since TNF is important in
granuloma formation and stabilization.

= All patients being considered for TNF- inhibitor therapy should have a baseline PPD skin test to screen
for latent tuberculosis.

= Pharmaceutical companies provide the prefix of the names for biological agents; the suffix indicates
whether the medication is a monoclonal antibody (mab), a receptor molecule (cept), or a kinase
inhibitor (nib).

(Etane |

= Mechanism of action:
- Fusion protein (receptor for TNF-a + IgG1 Fc), produced by recombinant DNA.

= Etanercept is a TNF decoy receptor.

= (linical uses:
- Rheumatoid arthritis particularly in patients who have failed methotrexate therapy, psoriasis,
ankylosing spondylitis.
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B. [[alih% , adalimu

= Mechanism of action:
- Anti-TNF-a monoclonal antibody.

= (Clinical uses:
- Inflammatory bowel disease, rheumatoid arthritis, ankylosing spondylitis, psoriasis.

Antibody Formation against TNF-a
Inhibitors in RA

Antigen (TNF) TNF Receptors
Binding Sites (TNF Binding Sites)

- Fc Fragment |- Fc Fragment

i
Anti-TNF Soluble TNF Receptor:
Monoclonal Antibody Fc Fusion Protein

Adalimumab and Infliximab Etanercept

Bisphosphonates

=  Drugs:
- Alendronate, ibandronate, risedronate, zoledronate.

=  Mechanism of action:
- Pyrophosphate analogs; bind hydroxyapatite in bone, inhibiting osteoclast activity.

= (Clinical Use:
- Osteoporosis, hypercalcemia, Paget disease of bone, metastatic bone disease, osteogenesis imperfecta.

= Adverse effects:

- Esophagitis (if taken orally, patients are advised to take it on an empty stomach due to poor
gastrointestinal absorption and with water and remain upright for 30 minutes to prevent reflux
because these agents are caustic to the esophagus), osteonecrosis of jaw, atypical stress fractures.

- Bisphosphonates should be used carefully in patients with renal failure as they are excreted unchanged
in the urine.
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Teriparatide

=  Mechanism of action:
- Recombinant PTH analog.

- ‘] osteoblastic activity when administered in pulsatile fashion.
- ‘] osteoblastic activity.

= (linical use:
- Osteoporosis.

- Causes 1 bone growth compared to antiresorptive therapies (bisphosphonates).

= Adverse effects:
- P risk of osteosarcoma (avoid use in patients with Paget disease of the bone or unexplained elevation
of alkaline phosphatase).

- Transient hypercalcemia.
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R

Diet —— Purines <=—— Nucleic acids

l

Hypoxanthine
Xanthine
oxidase
Yanthine Allopurinol,
) febuxostat
Xanthine
oxidase
Plasma — Urate crystals — Gout
uric acid deposited
in joints
. Tubular
é reabsorption
Probenecid and
high-dose salicylates
Tubular
é’ secretion

Diuretics and

Urine  1ow-dose salicylates

Acute gout drugs

= NSAIDs are the first-line therapy for treatment of acute gouty arthritis.
= Colchicine is considered as second-line therapy due to its side effects of nausea and diarrhea.

=  Glucocorticoids are indicated in patients with a contraindication to both NSAIDs and colchicine, such as
patients with renal failure.

= Gout is not always a progressive disease; therefore, uric acid lowering therapy is not required in all
patients who present with acute gouty arthritis.
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BIINSAIDs

= The preferred first line treatment of acute gouty arthritis is the use of nonsteroidal anti-inflammatory
drugs.

=  Drugs:
- Naproxen, indomethacin.

= Nonsteroidal anti-inflammatory agents exert their anti-inflammatory reaction by inhibiting
cyclooxygenase enzymes, thus decreasing prostaglandin synthesis.

= Do not give salicylates; all but the highest doses depress uric acid clearance. Even high doses (5-6
g/day) have only minor uricosuric activity.

Al Colchicine

=  Binds and stabilizes tubulin to inhibit microtubule polymerization = disrupts cytoskeletal-dependent
functions such as chemotaxis and phagocytosis.

= [t does not have any effect on the metabolism or urinary excretion of uric acid.

=  Acute and prophylactic value.
= Gl side effects (nausea and diarrhea).

= Colchicine is used for treatment of acute gouty arthritis in patients who cannot take nonsteroidal anti-
inflammatory drugs (Peptic ulcer).

=  Colchicine should be avoided in patients who are elderly or have renal dysfunction.

EMGlucocorticoids:

=  QOral, intra-articular, or parenteral.

Chronic gout drugs (preventive)

= Chronic uric acid-lowering therapy is recommended for patients with gout who have frequent gouty
attacks, uric acid kidney stones, tophi, or chronic joint destruction from gout.

= Allopurinol is the best long-term treatment choice for chronic tophaceous gout regardless of the
urinary excretion of uric acid.

= |n patients who excrete large amounts of uric acid, uricosuric drugs should be avoided to prevent uric
acid nephrolithiasis.
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1.

Allopurinol:

Competitive inhibitor of xanthine oxidase.

J conversion of hypoxanthine and xanthine to urate.

Also used in lymphoma and leukemia to prevent tumor lysis-associated urate nephropathy.
M concentrations of azathioprine and 6-MP (both normally metabolized by xanthine oxidase).

N.B:

Xanthine oxidase (XO) catalyze the azathioprine-inactivating pathways.

Inhibition of XO (by allopurinol) results in increased conversion of azathioprine to its active metabolite,
6-thioguanine.

With XO inhibited, more 6-thioguanine products are incorporated into cellular DNA, resulting in bone
marrow suppression and decreased leukocyte production.

Allopurinol's ability to increase 6-thioguanine production has been used to amplify azathioprine's
immunosuppressive effect while reducing its dose.

Azathioprine metabolism

Active metabolites
Purine synthesis inhibition
(cytotoxic metabolites)

HGPRT

Azathioprine — 6-MP

Xanthine
oxidase

Inactive metabolites

Allopurinol

6-MP = 6-mercaptopurine; HGPRT = hypoxanthine-guanine phosphoribosyltransferase;
TPMT = thiopurine methyltransferase

Febuxostat:

Febuxostat is a new xanthine oxidase inhibitor that is thought to be safer in patients with renal
dysfunction and has fewer drug interactions compared to allopurinol.

Inhibits xanthine oxidase.

Pegloticase:

Recombinant uricase that catalyzes metabolism of uric acid to allantoin (a more water-soluble product).
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CProbenecid

Inhibits reabsorption of uric acid in proximal convoluted tubule (also inhibits secretion of penicillin).

Can precipitate uric acid calculi.

Mechanism of action:
Recombinant uricase that catalyzes metabolism of uric acid to allantoin.

Clinical Use:
Prevention and treatment of tumor lysis syndrome.

219




Chapter 6 Pharmacology

220






