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Click on the LAMELLAR BONE To test yourself in the previous lecture.
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C O N G E N I I A L v" While these disorders are not common, they
are likely to be observed during pediatric
D I S O R D E R S and orthopedic rotations.

There are 2 major categories of congenital disorders of bone:

Wrong Bone

DYSOSTOSIS DYSPLASIA ...

« Abnormal condensation - Disorganized bone &

& migration of !
mesenchyme cartilage
« Genetic abnormalities of  Gene mutations that control
homeobox genes, development and
cytokines and its receptors remodeling
. Aplasia « Dysplasia here: not
» Supernumerary premalignant
digit

» Syndactyly &
craniosynostosis



CONGENITAL DISORDERS
DYSOSTOSIS omaiomaionsons

e Abnormal condensation & | Atsome point during bone maturation there was

. . an abnormal concentration, condensation and
m]gratlon of mesenChyme migration of these ( bone ) cells .

The causes :

« Genetic abnormalities of homeobox
genes which affect inflammatory Cytokines,

mediators and its receptors

Examples :

Absence or failure of an organ or tissue to develop normally / Lack of synthesis
of certain group of bones ( no condensation &§ migration of mesenchyme) .i.e: 4
fingers instead of 5

« Aplasia

* Supernumerary (Extra) digit i.e: 6/7 fingers

» Syndactyly & Morecommon than others, fusion of digit
* craniosynostosis Abnormal shapes and formation of skull



DYSOSTOSIS

Test yourself with these pictures :

Q

Brachycephaly

Trigonocephaly Synostotic
scaphocephaly

Deformational Synostotic
posterior apterlor
plagiocephaly plagiocephaly

Normal

Do not memorize the details in this
picture, just know the general concept




Answers for last slide :

1. Aplasia

2. Supernumerary digit

3. Syndactyly

4. Supernumerarydigit&
syndactyly

5. craniosynostosis

| ecture 2



DYSPLASIAS

* 1) Achondroplasia (dwarfism):
most common

 Mutations in FGFR3
MEMORISE

Fibroblast Growth Factor Receptor 3

* No impact on
longevity,intelligence or
reproductive status

il o

Achondroplasia is the most
common cause of dwarfism.

Each disorder has mutation in
separate genes.

FGRF3 is the major driver of
Achondroplasia .

Longevity: life span or life
expectancy (normal) .

They die from the same diseases as
normal people
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DYSPLASIAS

Features: " Achondroplasia

‘Caused by a gene mutation

loBig head ( normal ) ‘Shown to be associated J

with advanced paternal
age.

. s
2 ° Sho rt llmbs ‘Gene mutation affects bone formation

55- years old
Peter Dinklage: 48-years-old,
married with 2 children from USA,
New Jersey

“Game of thrones”




2) THANATOPHORIC

DYSPLASIA

* Most common lethal form of
dwarfism

* FGFR3 mutations (different
location from Achondroplasia)

- Most patients Die at birth / in
uteru or shortly after (small
chest leading to resp.
insufficiency)

Features:

1.Big head

2.Short limbs
3.Very severe
restriction on
the chest wall

Chest compression & respiratory
insufficiency




3) OSTEOGENESIS IMPERFECTA (o1)

Bone is abnormal,weak,prone to fractures frequently,simple

Different features: trauma causing devastating fractures.

Brittle bone (other name) 7o |« Most common inherited disorders

Odzeasgpm AT =i | of connective tissue

?,:’f"’?iﬁ?z?:? o , = L Ei%?:if:”  Group of disorders; ADautosomal dominant);

g:gl;?Mth?y:is:mer Po— deficiency of type | collagen synthesis
mptoms vary and can rib cage

range from mild to severe

St * Too little bone; fragility

Curved spine - small body;
Hearing loss deformed .
o Sar . bones  Blue sclera; hearing loss; teeth
in 20s or 30s) o q o©
abnormalities scarch why
2?‘:'::0 ~ Blue sclerais a clinical sign where the sclera
back [ (the white part of the eye) appears bluish due
— N':V p. a Treatment T 2 l th l to its thinness and increased translucency.
spinal : i +  No cure; treatment invol °
curvature ' : [}Kyphotic marfg;ingrzin,:)tgm,gvo " ype ( e a )
lied X | i Tk : , . . .
yphosis, AN | § ;Treating broken banes, They don’t survive beyond the first 6 months or 1 year of life
hich :
;:ra: tocjn + * Pain medications, physical
hunchback s ther:py. gse of ass:sii\'/cehlqols. t I l t. l l l. f
+ such as braces, wheelchairs ®
/ * Good diet, exercise, ype (re ative y normat i e)
‘ | e e They have proplems ,they break,but supportive therapy and
Graphic:Pai Carr Garmek Goson s management will keep them alive.




The opposite of
4 OS I EOPE I ROSIS osteoporosis , we will
talk about later on

Other name:
 Marble bone disease “stone
bone” (rigid) (group of disorders); rare

Basic etiology :

 Impaired osteoclast function: reduced bone
resorption leading to diffuse sclerosis , diffuse
formation of marble bone or stone bone.

All the bones are white .
Thereis no fatigue .

* Dx: X-ray

- Prone to multiple Fractures and leukopenia in
severe forms

If the bone is closed ,even if the bone is open ,the
hematopoiesis will be impacted .these are severe forms of
leukopenia ,also may lead to immune deficiencies and they will
be exposed to more opportunistic bacterial infection.




Congenital Disorders of Bone and Cartilage

Abnormalities in a single bone or a localized group of bones are called dysostoses
and arise from defects in the migration and condensation of mesenchyme. They
manifest as absent, supernumerary, or abnormally fused bones. Global
disorganizations of bone and/or cartilage are called dysplasias. Developmental
abnormalities can be categorized by the associated genetic defect.

» FGFR3 mutations are responsible for achondroplasia and thanatophoric dysplasia,
both of which manifest as dwarfism.

» Mutations in the genes for type | collagen underlie most types of osteogenesis
imperfecta (brittle bone disease), characterized by defective bone formation and
skeletal fragility.

« Mutations in CA2 and TCIRGI result in osteopetrosis (in which bones are hard but
brittle) and renal tubular acidosis.



METABOLIC DISORDERS

It is essential to distinguish between osteopenia and osteoporosis, which is done by
measuring bone mass, Each age has a mean of bone or bone density mass:
Bone less

 Osteopenia: decreased bone mass (1-2.5 SD below the mean).

» Osteoporosis: severe osteopenia; >than 2.5SD below the mean with
increase risk for fractures

- Osteoporosis classification : Generalized (much more common) or localized

v In some cases, osteoporosis may affect only a specific region of the body, such as the
right upper limb. This can occur due to a previous injury, fracture, trauma, or
prolonged immobilization, leading to decreased bone density in that area while the rest
of your bones are completely ,This condition is referred to as localized osteoporosis.

Another classification:

PRIMARY OSTEOPOROSIS SECONDARY OSTEOPOROSIS
Much more common Much less common
Increasing with senile (aging) s Caused by:Hyperthyroidism, malnutrition, steroids

Usually occurs in postmenopausal women ,especially who

has been pregnant many time They stimulate the activation of osteoclasts leading to

secondary osteoporosis.
All of us, after the age of 40, we will start having a

certain element of osteoporosis



Factors:

1) Genetic factors There are families who have

l osteoporosis more than others
activity People who take care of
Active people, active woman their calcium, vitamin D
especially after aging 40 have and other nutriotional
less incidence of osteoporosis K\ factors have less
- osteoporosis than others
4)MENOPAUSE S)AGING
* Decreased serum estrogen * Decreased replicative activity
* Increased IL-1, IL-6, of osteoprogenitor cells
TNF levels Stimulate osteoclast * Decreased synthetic activity
* Increased expression of : of osteoblasts
RANK, RANKL (0= “““*" |« Decreased biologic activity of
* Increased osteocﬁast activity matrix-bound growth factors
* Reduced physical activity
v
OSTEOPOROSIS .

—

F1G. 21.5 (5! Pathophysiology of postmenopausal and senile osteoporosis (see text).



Normal Severe osteoporotic
vertebra vertebra
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FI1G. 21.7 (2 In advanced osteoporosis, both the trabecular bone of the medulla (b.

e A gross picture of an osteoporotic
vertebra cut in the middle
eCompression fracture in the
vertebra - one of the severe
complications of osteoporosis

In advanced osteoporosis -2
eDecreased number of
trabecular bone

eincreased matrix




Normal bone

*Thick trabeculi

Taken by

Osteoporosis icroscape

*Thinner trabeculi
*Fractured

eVery painful and
associated with
comorbidities
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Normal bone Osteoporosis

*Thinner trabeculi
(more abundant matrix)
*Multiple microfractures

Bone trabeculi Matrix

$elid frp oo e J2



OSTEOPOROSIS
CLINICALLY

e Vertebral fractures especially compression fractures

* Femur and pelvic fractures: immobility, PES(uimonary embolus),
pneumonia (40-50K death/yr in USA)

 Diagnosis: special imaging technique, bone mineral density
(BMD scan): dual-energy X-ray absorptiometry (DXA or DEXA
scan) or bone densitometry

Pulmonary embolus (PE) (Silent Killer) is a
blockage of a pulmonary artery by a blood clot

usually caused by deep vein thrombosis (DVT).




PREVENTION AND TREATMENT

We mainly care about
prevention not treatment

 Exercise

 Calcium especially females approaching menopause
and vitamin D

 Bisphosphonates: (Drugs work on) reducing osteoclast
activity and (by) induce its apoptosis

* Denosumab (a drug): anti-RANKL; works on blocking
osteoclast activation (new expensive potent)

* Hormones (estrogen)Exogenous estrogen replacement
therapuy.

Side effects :risking DVT,stroke and endometrial hyperplasia
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https://www.ncbi.nlm.nih.gov/books/NBK536957/
https://www.ncbi.nlm.nih.gov/books/NBK536957/
https://youtu.be/qfHYsvy-pyc?si=NQ4gO5K2tG0M-MkD
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