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Fracture and Bone Healing

Obijectives:

« Know the different types of fractures

* Be aware of the mechanism and stages of fracture healing
process

* Know the factors affecting healing process and the
possible complications of healing process

* Appreciate the importance of road traffic accidents as a
major cause of disability in Saudi Arabia

\\;—

Red : Important
Green: doctors’ notes

Please check here before viewing the file to know if there any
changes or additions.



https://docs.google.com/presentation/d/1AjRU4iG_WixRlrfmL3inKL2UTrHny3a05qaCgp44F20/edit?usp=sharing

Normal anatomy

* 1- parts of along bone: Structure of a Long Bone

‘{ - Epiphysis (ends of bone, partially | ‘ o

Epiphysis

covered by articular cartilage).

Metaphysis

4[ - Physis (growth plate). } e s
Diaphysis
- Metaphysis (junction of diaphysis and o (shaft)
eplphySIS) — bone
[ - Diaphysis (shaft). ]
: / Metaphysi
etaphysis

Epiphysis

- We should know all of these parts when we diagnose

the lytic lesion of the bone.

- Below the Epiphysis there is the Epiphyseal line

(it's contain chondrocyte and progenitor cell which help in bone growth).




Normal anatomy

e 2-(Cross section:

we well see in the Cross section from outside to inside the:

Spongy
- / bone
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~ epiphysis | | ;0™ 4 Anticular
L cartilage
) ) r % \E hyseal
- Cortex composed of cortical bone | 7 o
(compact bone). ‘ ( | periosteum
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} k;-—o—mdullary
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- Epiphysis line: found in adult bones.
Diaphysis -

W)

Thin line of bony tissue spanning the epiphysis

- Epiphyseal plate: cartilage in young bone
between the diaphysis and the epiphysis for
long bone lengthening.

AKA: growth plate. ) r /i

Distal — /=)
epiphysis \_ { )
- Medullary space composed of cancellous w
(spongy bone) (NO lamellar bone here) J

- The Epiphyseal line in the children is open because the bone is still growing, it's
usually close after puberty.

- The upper part of bone is covered by articular cartilage (it is opening into the
joint).

- There are some diseases which can effect only the articular cartilage ,the most
important one is Osteoarthritis (Jwalaall Cledll),

-The whole bone is covered by periosteum.
- what is the periosteum?

It is a membrane like structure cover the shaft of the bone, it contains progenitor
cell and it is affected in the fractures and Osteomyelitis (pUsxll aleill),




Normal histology

* Bone: is composed of specialized collagen (Osteoid*) (ECM)
synthesized by Osteoblasts, which is mineralized by the deposition of
hydroxyapatite (Calcium — containing salts).

Bone type
This is lamellar or cortical either:
bone? Lamellar.
Why? Because it's formed by
lamellae.
Lamellar Woven
bone=cortical=compact: bone=spongy=trabecular:
Layered bone with W i in child
: e see it in children.
R AT — concentric parallel

canal

lamellae. In this part of the bone there is a

found in adult skeleton. space filled by bone marrow.

- Stronger than woven Bon marrow contain:

bone 1- Red marrow: hematopoietic
stem cell.

2 Yellow marrow: fat.

Itis a hard part of the
bone(cortex), it's varies \L

in thickness according to

Y the building body of a
(\ " & personandtothetype | VW hat’s marrow?

Osteocyles \Cellulav processes of the bone.

4\“,&‘ o v Monocyte
- Lamellar and woven Grossly they look e il bt
the same, but under the microscope they \ "

are different. 4 ; ,,,,,,,,,, —

Marrow and stem cell transplants are a lifesaving treatment option for
more than 30,000 patients each year who are diagnosed with diseases
such as leukemia, lymphoma and certain genetic disorders.

* Osteoid*: is the unmineralized , organic portion of the bone matrix that forms
prior to the maturation of bone tissue. Osteoblasts begin the process of forming
bone tissue by secreting the Osteoid as several specific proteins.

Simple definition: it's the connective tissue of the bone when it becomes bone.




Normal histology

There are two main patterns of
bone deposition

(bone cells also rebuild bone tissue by deposition
minerals from the bloodstream).

/In normal IameIIar\ ( \

In woven bone, the

bone the Osteoid Osteoblasts deposit Osteoid
collagen is deposited collagen in a haphazard ( e

in a mechanically e )
strong, parallel it's weaker than lamellar, less
stratifi?d pattern. efficient and rapidly produce.
\ (e daa) / 055 8 sl S Jeany Wl iny

D

Woven

Easily fractured under stress.

/

* Bone resorption: is resorption of bone tissue, that is the process by which
Osteoclasts breakdown the tissue in bones. During resorption, bone cells break
down bone tissue and release Calcium and other minerals for use by other cells in
the body.

Note : differentiate between resorption and reabsorption




Bone cells

* Osteoblasts: arise from marrow mesenchymal cells (Mesenchymal stem cells,
are multipotent stromal cells that can differentiate into a variety of cell types,
including: osteoblasts (bone cells).

when active, are plump and present on bone surface. Eventually are encased within the
collagen they produce. ( secrete osteoid )

* Osteoclasts: large multinucleated cells found attached to the bone surface at
sites of active bone resorption.

« Osteocytes: set inside lacunae

NOTE: when we see osteocytes inside lacunae that means the tissue is viable and
when we see empty lacunae that means the tissue is dead.

Bone Cells

Cell type Function Location

Osteogenic cells | Develop mio osteoblasts Deep layers of the periosteum and the marrow

Osteoblasts Bone formation Growing portions of bone, inchuding periosteum and endosteum
Osteocvtes Mamtain mineral concentration of matrix | Entrapped in matrix

Osteoclasts Bone resorption Bone surfaces and at sites of old, injured, or unneeded bone

Osteocyte Osteoblast Osteogenic cell Osteoclast
(maintains (forms bone matrix) (stem cell) (resorbs bone)
bone tissue)




Definition of Fracture: itis the medical term of a break in the
continuity of the bone.

The fracture can be:

compound
The fracture does NOT * The fracture communicates with
communicate with external external environment

environment

*  Fracture extends to the skin

there is no puncture or open * open fracture has a risk of a deep

wound in the skin

bone infection.

3-Complete

4-Incomplete




Classification of fractures

Displaced fracture:
The bone has moved from its original
place.
Sometimes this fracture could be
compound fracture so we call it
"displaced compound fracture "
NOTE: displaced fracture (s&ida 8 s
Open fracture (It might be closed or
open).
Linear fracture 48 & culi glS usl) )
dan) S

Displaced and Non displaced

) g 0
Non displaced = ‘ f
normal algoment | |

Complicated fracture:
Associated with damage of nerves,
vessels or internal organs.

*actually all fractures involve damage of
small blood vessels. But complicated
fracture involves damage of major
vessels eg.brachial artery.

Fig.5 A supracondylar fracture of the
humerus with damage to the brachial artery

Greenstick fracture :

* Avery common fracture which
occurs only in children

* it'sanincomplete fracture,it's
NOT very much displaced

» usually heals very well even
without a splint(3_x)

Because it has osteoprogenitor cells

Comminuted fracture (splintered
fracture):

* There are many fragments of the
bones thusit's very displaced.

* itisvery difficult to treat.

* itisusually caused by a very severe
shattering trauma.

* many times it is a compound fracture,
but it can be closed also.

I NOTE : Fracture can
/ be:
» displaced and
compound (open),
+  Comminuted and
i \N compound .
AN\ * Linearand compound.




Common sites of fractures:

Fracture of the femoral neck

Colles fracture

Fracture of the
femoral neck
\\

It is a fracture of the distal
end of radius.

It is the most common
fracture of the forearm.

It results from a FOOSH
(Fall Onto Outstretched
Hand) with a pronated
forearm in
extension/dorsiflexion
position (the position
adopted when trying to
break a forward fall).

It causes dinner fork
deformity. 4isie Al juas
AaLll A8 5 (e

60% of the cases are
coupled with fracture of
ulnar styloid.

Doctor must check for
median and ulnar nerve
involvement Sl ¢ o S8 oY
oacd) e i

Urgent orthopedic referral

Joint involvement requires
emergent orthopedic
referral.




Causes of fractures

It occurs when there is a
disease in the bone
(underlying bone is

abnormal) that means
any minor trauma

(minimal trauma) can

cause fracture.

Severe trauma
e.g. MVA

- It's Trauma due

to Motor Vehicle S
- Some causes :

Accidents

Primary or Metastasis of
malignant tumor, tumor
to the bone, Bone cyst,
Osteoporosis,
Osteomalacis,
Hyperparathyroidism™**,
Paget's disease of bone,
Congenital bone
disorders e.g.
osteogenesis imperfecta

- MVA it's the
major cause of
bone fracture

Osteoporosis (metabolic):
This man has kyphosis because the vertebra are

compressed and he has many compression
fractures, we can tell that this compression has p N
led to some deformity of the vertebral column in
a degree that the folds of the skin has increased s .
. parathyroid gland secrets
(WHY? because the vertebra has becomein a hormone which help for
spongy form and became more compressed so miaration of Ca from the
the length of it has decreased resulting in bgne to the circulation
excessive skin which will fold) and complaining of If there is
back pain he went to a lot of doctor with no use. hvroidierm it will
: . Hyperparathyroidism it wi
we use pain relievers but we have to make sure .
. . : cause hypercalcemia and
that the patient understand that it is a chronic vt : S
: : ytic bone lesion and this will
diseases which needs a long term treatment and cause fracture
we use substances that increase calcium in the '
bone and sometime physiotherapy and treat the L )

racture when they happen and a simple exerci

1-Traumatic fracture 2- Pathological
>3- Stress fracture
(Sever trauma) fracture

- A stress fracture is a
slowly developing fracture
that usually occur with
increased physical activity
especially with new
repetitive mechanical
loads on bone.

- It's usually occurs in the
ankle.

- It's a linear fracture.

- Stress fractures are most
common in the weight-
bearing bones of the lower
leg and foot.

Track and field athletes
and military recruits who
carry heavy packs over
long distances are
particularly susceptible

it's a Small fractures for long
time




Pathological fracture Stress fracture

éteogenesis imperfecta (congenital ): \

Osteogenesis imperfecta (Ol) is a genetic disorder in which
bones break easily. Sometimes the bones break for no
known reason. Ol can also cause weak muscles, brittle
teeth, a curved spine, and hearing loss. Ol is caused by one
of several genes that aren't working properly. When these
genes don't work, it affects how you make collagen, a
protein that helps make bones.

*child with this disease will have fracture even inside uterus

\_ %

The g of O 1esis Imperfecta or Brittle Bone
Disease is imperfectly formed bone, which itself explains
the ing of this conditi is the bones

in the body are inadequately formed.

S e s \ &/

(b

ePainAssist.com =




Healing Of Fractures -

e Hematoma and inflammatory phase
e Granulation tissue formation

e Callus formation
e Lamellar bone deposition s 0fss4l8 O sSas AV b o

Reparative
Phase

* Remodeling to original bone contour

How does a fracture heal?

muscle  bone medula  bone cortex periosteum

1- Reactive Phase

Stage 1: Inflammation

- Bleeding from the fractured bone and
surrounding tissue causes the fractured area
to swell due to inflammation induced by
chemical mediator produced from

macrophages and other inflammatory cells P\ N\ e

and foroblasts
hematoma fracture site hemorrhage into osteoprogenitor

with granulation tissue formation. ot raron s o ——
) . into soft tissue removed

This stage begins day one of fracture and

Iasts abOUt 2 tO 3 WeekS. new bone (woven) cartilage

5

~_

fibrous tissue

- Degranulated platelets and migrating
inflammatory cells release PDGF, TGF-[3, FGF, and
other factors which activate osteoprogenitor cells
in the periosteum, medullary cavity, and
surrounding soft tissues also stimulate
osteoclastic and osteoblastic activity.

/, ’
>k

granulation osteoprogenitor internal external collagenous

tissue cells callus callus tissue




2- Reparative Phase

% Soft callus

by the end of the first week the hematoma is organizing, the adjacent tissue is
being modulated for future matrix production, and the fractured ends of the
bones are being remodeled. This fusiform and predominantly uncalcified tissue
called soft tissue callus or procallus.

X/

¢ Hard callus
Osteoblasts produce woven bone, resulting in a bony callus that stabilizes the
fracture site.

—
_——
B
—

\\

For Treatment Fracture :

Immobilization promotes bone fracture healing e.g cast
so there will be a good laying of bone during process of healing

o

ollagenous active remodeling woven bone
tissue by osteoclasts

Short Arm Cast Long Arm Cast




Il For more understanding The Stages Of Healing Fracture

When there is a fracture, the shaft is discontinued (forming a gap in the bone).

In addition, rupture of blood vessels around the bone and injury in soft tissue is
usually present.

So the First step of healing is: formation of hematoma .

Second step: organization of hematoma. 3 days after fracture there is an organized
hematoma (Hematoma with clotted blood and migration of fibroblast and
inflammatory cells and proliferation of blood vessels [vascular granulation tissue].
Third step : Stimulation of osteoprogenitor cells

Inflammatory cells release cytokines (Platelet drive growth factor and fibroblast
growth factor, IL1, IL6, IFN) PDGF, FGF and TNF. These cytokines will stimulate ,
osteoprogenitor cells which are spindle cells which are capable of transforming into
osteoblast. Within a week, the tissue will be called Soft Tissue Callus.

At the site of fracture, there are osteoblast and chondrocyte. Chondrocyte will go
away and Osteoblasts start forming osteoid (connective tissue which is found in
bone and it is a form of collagen | but it doesn't have calcium that means it is not
ossified)

Finally, the osteoid will get ossified (mineralized) and there will be trabecular and
cortical bone. The tissue now is called Bony Callus.

Stages in the Healing of a Bone
Fracture

Bony
callus of

/
| spongy |
( bone
\

New W | toated -

vessels ' fracture |

| trabecula [

Hematoma @ Fibrocartilage @ Bony callus @ Bone remodeling
formation callus formation formation

Figure 55




3-Bone Remodeling

“The final stage of fracture”

Begin about 8
to 12 weeks
after the
injury

By osteoblast

and osteoclast

NOTE: initial bone healing is by
woven bone then lamellar bone.

The rate of healing and remodeling vary
tremendously for each person and depend on:

Type of fracture

/

|
— Age

> Boneinvolved

\ Health

healing can last
up to several
years.

the fracture site remodels
itself.(correcting any

deformities that may remain as

a result of the injury. )

\
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cortex replaced by
lamellar bone

residual scar
in muscle

remodeling of
medulla with some
residual fibrosis

As we learned
before, fibrosis is
deposited in the

site of injury during
the healing process.

Factors disrupting healing process:

Displaced and comminuted (producing multiple bone splinters) fractures

Infection
Inadequate minerals and vitamins

Inadequate immobilization




Con. Factors disrupting healing process: (important)

. Vascular insufficiency
This is particularly important in certain areas such as the scaphoid
bone in the wrist and the neck of the femur, both of which can be

associated with avascular necrosis **of fracture fragments.
It happens in - T The death of bone tissue due to a lack of blood

supply. it can lead to tiny breaks in the bone
* the head of the femur and the bone's eventual collapse.

(fracture in neck of femur but Avascular necrosis in the head)
* Navicular bone.

There are Two types of necrosis :

% Sub-chondral (under articular cartilage )
Causes more problems.

Can leads to secondary arthritis ( et CLll)

/

% Intramedullary.

Causes of Necrosis:

1- rapture of the arteriole which supply the area.

2- sickle cell anema

3- arteriosclerosis

4- caisson disease

It is a rare disease , decompression sickness

(circulation & sl Cileldd Cun g aullazll (8 Gasy (i g
= air embolism




Bone Remodeling: summary

muscle bone meodalia bone cortex 3 penostoum

periosteumn is |\ necrotic marrow G granulation tissue
\

strppod and bone N Containing vessels
\ - and froblasts now

Bomatomas fracture site hemorrhage into osteoprogenitor
oxtonds

Nto soft tissue

INEAITOW SPace

new bone (woven) cartlage fibrous tissuoe

granulation osteoprogenitor intarnal external collagencus
nssue cels callus callus ussUe

The picture below isn't in the doctor’s slide but it explains the one above, which is included in the
syllabus.

() Hematoma formation (@) Soft callus formation (3 Hard callus formation (@ Bone remodeling
The hematoma is converted Deposition of collagen and Osteoblasts deposit a temporary Small bone fragments are
to granulation tissue by invasion fibrocartilage converts granulation bony collar around the fracture to removed by osteoclasts, while
of cells and blood capillaries. tissue to a soft callus unite the broken pieces while ostecblasts deposit spongy
ossification occurs bone and then convert it to

compact bone




Complication during bone healing:

Complication

Description

1-Compartment
syndrome:

Severe swelling after a fracture can cause increased pressure
on the blood vessels that not enough blood can get to
the muscles around the fracture.

The decreased blood supply can %ause the muscles around the
fracture to die, which can lead to long- term disability.

Compartment syndrome usually occurs only after a severe
injury.

2-Post-traumatic arthritis:

Fractures that extend into the joints

Joint effusion

(intra-articular fractures) or fractures that
cause the bones to meet at

an abnormal angle inthe joint can cause "

premature arthritis of a joint.

3-Malunion:

A fracture that does not heal in a normal alignment.

4-Growth abnormalities:

A fracture in the open physis, or growth plate,

in a child, can cause many problems.

/ .
A

5-Delayed union:

A fracture that takes longer to heal than expected is a delayed
union.

6-Infection:

Open fractures can become infected

7-Nonunion:

A fracture that fails to heal in a reasonable amount of
time is called a nonunion (pseudarthrosis)

8-Neurovascular injury




Clinical Cases

Pathological Fracture
A person come to the emergency and can’t move his leg, after doing
an x-ray they find lytic bone lesion and fracture of the femur
(abnormal bone). we should treat the fracture and take a biopsy of the
bone. The biopsy shows a metastatic tumor from lung cancer.
e Most common tumor of bone is metastatic.

Closed Fracture
A women with a fractured ankle : we could see extreme swelling /
hemorrhagic area and hematoma formation ¢s <2 25 which is an
accumulation of blood within the soft tissue and loss of function (can’t
move). Diagnosis: This is a closed fracture because there is no bleeding or

open wound. Further examination: So we do x-ray to determine which
bone is fractured.

Osteomalacia
A 71 years old patient with constant diarrhea after tests you'll find he has
iron deficiency, anaemia and calcium, phosphorus levels are decreased
sometimes alkaline phosphatase level are increased. This patient has
malabsorption (chronic diarrhea) caused by a gastrointestinal disease and
this induced osteomalacia.

e If he was a child it would be called Rickets.




Summary

imary or metastatic tumor

Congenttal bone disorders

Stress fracture

Greenstick

Complete or incomplete closed
imple fracture)

There is hemorhage

i

1)Hematoma and inflammatory phase

Factors disturbing
the hea
DrOCEsS

: A fracture that takes longer to

Nonunion (pseudarthrosis): A fracture that fai

Malunion: A fracture that does not healin a

ormal alignment

Periosteom

Cortex

Medultary space
( US Or Spong

ticai or compact bone)

lameliar bone

The osteoid collagen is deposited in a
strong, parallel stratified
[awswefficient, maximum strength)

osteociast:
large multinucleated o
resorpti

woven bone (spongy o frabecular bone)

The osteablasts deposit osteoid collagen ina
haphazard pattern
(less efficient, much more weaker)




MCQ

A child patient presented to the hospital
with a fracture in his tibia,

the manifestations are:

Superficial bone.

Open skin.

1-What type of fracture is this?
A. Comminuted fracture

B. Compound fracture.

C. Green stick fracture.

D. Transverse fracture.

A 27 yrs old male came to the
emergency complaining from a pain in
his upper arm and he can’t move it
properly. After taking history the doctor
found out that he started feeling this pain
after a heavy exercise. X-Ray done to
the patient and we found a fracture in his
humorous.

2- What type of fracture does he have?
A. Stress fracture.

B. Pathologic fracture.

C. Osteoporosis.

D. Open fracture.

3-Cytokines PDGF, FGF stimulates
which of the following?
A. Osteoclast.

B. Osteoblast.
C. Osteoid.
D. Osteoprogenitor.

G e SR
N wmO>»>

4- In case of inappropriate healing
of the fracture the patient develop
a situation known as:

Colles fracture.
Pseudo arthrosis.
Osteomalacia.
Pseudo fracture.

00w

5-What are the cells involved in
bone remodeling?

A. Osteoblast.

B. Osteoclast.

C. Botha,b

D. None of the above.




Good Luck
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