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BASIC ANATOMY AND PHYSIOLOGY OF BONES ... Active space -—---

Bone composition & markers 00:00:38
COMPOSITION Bone (osteor)
v v v
Organic component/ (ke x Inorganic component :
Osteoid 1 in children Caleium hydroxyapodite
(bones —» softer). (principal mineral.

v R

Cells Proteins

* Collagen : Type | (Principal protein).
* Osteocalein.

* Osteonectin.

v v v

Osteoblast , : Osteoclast Os%e005+e
e Cel\’cape= . Cel\’cgpe: L C,el\+5pe=
- mMononuclear cells = monocg’ce aag)regoeces. mMadure/ resﬁng osteoblast.
* Function : - Multinucleated giant cells. ¢ Features :
~ Lays down osteoid matrix * Function : - most abundant.
(collagery — Phagoeytic. — Longest life span.
i mineral deposition — Bone resorption §
Bone/Osteon remodelling,
* Rich in Alkaline phosphatase ¢ Rich in TRAP § carbonic
cmhgdmse.
Note : Cnl\agen kg;pes
Type ! . Type a
* Bones. ® Articular hgod‘me cartilage.
: :\izizu;’bros\s. . TS Ry s Rufled borders

* Strength of bone depends on osteoblasts § osteoclasts.
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2 - Orthopaedics

BONE MARKERS
mMarkers

0

pone formadtion
Alkaline phosphatase (ALP)

v

pone resorphon
Hﬂdrox5pro\me Collagen breakdown

* Procollagen | * Hydroxylysine products

* Osteocalein * NSC telopeptide

* Osteonectin ° TRAP

Anatomy 00:09:28
Articular caniiags medullar 3 O&V'\‘kij :
:;?;.my:,m @“ % Growth/physeal plate (in children) Cl)ﬂ‘keﬂ"(:
aaE - Children : Moxrow.

Metaprysia — & Spongy bone — pdults © Fot.

Epiphyses ling

2
|

E J Red bone marmow

by~

"‘ !f—— Cortical bone

B

iL————- Medutary cavity
] E % fetovw binifies M3
Orrenys }m r’ —— Compact bone
) osteum X
j Periosteum
Per%m’dng
Nulsiernt siiery )
(shourp65 s fbers

Metaphysis —]

Drsta
apiphysis

Articular cantilage

(Fibrous \ageﬁ
Provides nutrition

(cellular \ager)
He\ps n Srowkh

Yellow bone moyrow

Nudrient arteries

endosteal \'\r\'\ng

Anchors per\os’ceum ‘o bone

Periosteum :
* Present in all long bones
* Absent in:
, — Articular surface of long bones.
= Sesamoid bones (eq : Patello).
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Basic Anatomy & Physiology of Bones - 3
f—/:_,&pipgsis

me’mphgsis

> me’co.phgseal blood vessels :
* Hair pin loop arrangement —» Sluggish blood flow
. T\/aswlari’cg in metaphysis

medul\arﬁ vein ‘

Nutrient ar‘cerg : - medud\artj ar{'er}j Ad\/an’cage : Disad\/an’cage :
enters via nutrient i heodmg potential Pr0pa5a’cion of
foramen infection § tumors.

Note : Metophysis has very few macrophoges/ monocytes.
TYPES OF BONE RRCHITECTURE

Immature woven bone :
* Improperly arranged collagen.  * Seenin:
* Weok. - Children.
-~ Bones healing $rom fracture (eg : callus).

moture/lamellar bone :

Cancellous/sponqy Cortical/compact
Site metaphysis Diophysis
Consistency Soft Hard
gone cells N t
vascularity 1 J
Fracture healing Fast Slow
Risk of infection 1 !
Fracture complication Malunion Non union

Note :
8piphgseod $roctures Ontraarticulor) —> Osteoarthritis — J Range of motion.

Orthopaedics « v1.0 + Marrow 8.0 + 2024



Orthopaedics

Bone Growth  00:20:40

zp\phgs\s
Phgs\s : On\g in children
T ses lengtth of bone

metaphysis
0. Loteral View b). Anteroposterior view i
X-roy : Left hand (childD.
Growth ploece structure :
gp\phgs\s
° Loyers
. X%
epiphysis SR
y o germinal layer (most
o TN i A ) ol -
me’caphSS\s : :/ : A impor- ont) | |
\ £ W | ————>proliferative layers | Direction of
o4 C : : rowth
\ D el i Hypertrophic layer 9
\ . . 9 - 0o O . 0
\ o .‘ 6 6 060 O O (WQO\HQS{D

L—J ¢ \ Layer of caleification

e A Layer of ossificodion
v

4‘:':*

me’mph5s\s

r-\ppl'\ed aspec’c :
&rowth plote (5erm'\noJ \aSer) injury
|

v v

Complete Partial
|
! !
* 1/L side (bone) : Stops growing, Asymmetrical orowth
¢ c/L side (bone) : Continues to grow. @
L Deformity (Varus/valgus)

Limb \eng%h discrepomcﬂ

Appositional growth (ses thickness) : By endosteum § periosteum.

Orthopaedics - v1.0 « Marrow 8.0 - 2024



BASIC TERMINOLOGY OF FRACTURE AND .. Active space

HEALING

- Fractures 00:00:49

Breok in con’dnuﬂg of bone cortex.

GENERAL FEATURES OF FRACTURE
Clinical signs
* Abnormal mobility ot fracture site > erepitus (Pathognomonic),
* Tenderness (most consistent).
8! Swel\\ng.
Radiologjical
* X-roy: Discontinuity of bone.
cAuses
Fractures with significant trouma. :

TBPQS :

]

l. Transverse 3. Oblique 3. Spiral 4. Comminuted  S. Segmental
mMechanism of \Q)W\\j *  Tension force Bending force
(pulling) 1

£ §

Butterfly
fracture

-4

1.Transverse fracture 2.Butterfly fracture
ey Twisting force
Compression force ~
| £
f g . _~Oblique Spiral
{ 3 e~ fracture fracture
| )
|
I 3

3.0bilique fracture 4. spiral fracture

Orthopaedics « v1.0 « Marrow 8.0 - 2024



6 - Orthopaedics

Avulsion Sractures :
* Violent pull of tendons —# Avulsion of bone.

* eg: Patella, olecranon.
Quadriceps

Pulled tendon

Transverse
Crocture of

pa’rel\a

Potella

Froctures without s'\sni%can’c froumo
Poecholog‘\cal Lroctures

¢ v

Localized causes Generalized couses

* Infection. * Osteoporosis (m/c couse) :

* |schemio. /e sites : Spine > hip >

* Lesions. wrigt (Colle’D. ‘

e 033&3. ° metastosis : : T

* Rodiokion. - m/c site : Proximoal femur. r 3
~ X ¢ FDE-PET Fracture 3° to C&js’f

* Osteomaolocio.
° Rickets.
e Os’ceogenes'\s \mper?ec’m,

Banona fracture pottern

. Page’c’s diseose.
®: SoUr \/5.

* Pain before the Sracture (3/t micro Sractures).
. \n\/es‘dga’cior\ :

- X-roy: Shows pr\mourg lesion.

. mcmagemen’c : _
A. mirels eriterio : Fracture 8° to Paget’s disease
- Used to predict risk of podhologjical Srocture d/t lesions.
- Score of 28 : Reguires prophylactic fixotion with internal fixation
devices.

&. Treot uno\er%ing couse.

Orthopaedics * v1.0 * Marrow 8.0 » 2024



Basic Terminology of Fracture & Healing - 7

Stress $racture :
* D/t sudden £ repetitive loading of bone.
® Common sites :
o Tibio.
b. Fibulo. weight bearing
¢. metotarsal (mareh fracture) : | pones
a™ > 3 metatarsol.
Neck > shaft.
® Pain:
- Prior to fracture.
-t on ach\/'ﬂy. march fracture
e \n\/es’ciga’c'\ons :
- X-ray : Fracture visible after -2 wks of symptoms.

- mR1 (o)

Lottt tissue edemo.
ldentifies {
Occult fractures.

- Bone scan : For multiple stress froctures.

® managemenf :

Runner’s Srocture

- S’cop the stressors.
- Immobilization of afSected limb.

Shin splints
ArA Medial Tibial Stress Syndrome (MTS).
® Seen in runners.
* medial periostitis of ibio.
* mechanism of njury :
Repetitive muscle contractions — inflammadion of periosteum ot site of
muscle oftochment

Pain over onteromedial side of Ieg

° X__ro:lj : Normol. Articulation of 4th and 5th metatarsals

Note :
Robert jones : Fracture of S™ metatarsal
bose.

Zone 3 (Stress fracture)

Zone 2 (True Jones fracture)
Zone 1 (Pseudo Jones fracture)
Robert jones fracture
Orthopaedics + v1.0 - Marrow 8.0 « 2024
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8 - Orthopaedics

_____ Active space - Fracture healing

00:18:25

TYPES OF FRACTURE HEALING

Primourg

* Direct heal'mg
* D/t absolute stability

(r‘\g‘\d fixotion)

® No callus seen

o Hemaodoma. formodion (3-3 dags)

P ~aef

Granulotion Tissue
Formodion (nSlammodion) (-2 weeks)

b}

v
Secor\o\arﬂ

¢

Indirect : Callus (Cartiloage) formed
first —» bone

micromovement ot fracture site (+)
S‘cronger

nmore common

STAGES OF FRACTURE HEALING (3%
Nutrient our’cerg mp{—ures

s

eleed'mg ok $racture site

-

Stage | : Collection of blood (hemotomo)

:

}:> 2‘ Sj Couses release of chemotactic agents that

Collus Formation (3-2 months)

})s:i}

odtracts fibroblost

'

Stage I\ : Fibroblasts forms fbrous meshwork (Granulotion
tissues) between the Sracture

¥ra8men’cs

.

0 Consolidation (a-3 years) Fibroblasts ditSerentiote into osteoblasts.

;

€>~ z ﬁ S’cage I\l : Osteoblosts |a53 down osteoid

e' Bone remodeliing (3 Bears)

g

modrix and minerols o form callus

!

S’cage WV : Callus hardens.

i

S’mge Vi Qesorp’don b5 Osteoclasts to resemble

native bone.

Orthopaedics » v1.0 < Marrow 8.0 - 2024



Basic Terminology of Fracture & Healing - 9

Collus :
. D‘\sorgan'\sed mosS of immodure bone.
* vigible on X-roy ofter a-2 weeks of Srocture.

Note : compression ok Lrocture site —» promotes union.

FACTORS INHIBITING FRACTURE HEALING

|
¢ ! v v

Patient Type of fracture  Tissue Treotment
* ola age
* malnutrition Open lschemio.  * Improper mobilisation (m/c)
* Tobacco consumption * Inodequate reduction

* Aleohol conSump’tion

Complications in fracture healing 00:26:19

NON-UNION
* Callus formation absent for > 9 months.

* Risk factor : Dia,phﬂseaj bone froctures.
* m/c site : Lower I/3rd Tibio.

T}jpes i

Hypertrophic Oligotrophic  Atrophic
Differences between Hypertrophic § Atrophic Non-Union :

Hypertrophic Atrophic (ypical
ends of fracture Smooth § sclerosed (1 density

Frocture line Visible

x-rag OA.PPQQTQHCE

Callus Formadion " Absent
gone biology Good Abnormal
Immobilisodion Improper +
Treotment Immnobilizadion Autologous bone grafting

Orthopaedics - v1.0 - Marrow 8.0 - 2024



10 - Orthopaedics

gone Graft :
m/C source : lliac crest.
Ideal bone 3(0&?’( characteristics :
. Osteogenesis : Groft itself makes bone using osteoblasts.
3. Osteoconduction : Allows bone to grow on it as o scaffold.
2, Osteoinduction : Stimulotes swrromd‘mg host bone to form bone
(@rowth factors : difSerentiotes mesenchymal cells —»

bone forming cells).

Substitutes of bone 3ra¥’c 2

Property Substitute

pone conduction ° Colcium phosphoere
° Colcium Sudpha’te
* prmA (Poly methyl methacrylode)

gone induction Bone morphooenic protein (improves bone union)

NMALUNION
* Fractures healing in anotomically abnormal position.
* Rx: Osteotomy (@one realigned § fixed it functional abnormoality ).

Note : Bones with | risk of malunion Vs non-union.

Malunion Non—union
* Clavicle (m/©) * Lower I/2rd of tibia. (m/©)
* Supra-condylar humerus * Scophoid
* Colles * Laterol condyle of humerus

Intertrochanteric (extracapsulon) Neck of femur (intracapsulor)
Semur * Neck of Talus

Fractures that undergo malunion, mre\g/ never undergo NoN-union (8 vice-verso).

Management of Fracture 00:36:42

Important Terms :

Displacement : Movement of distal fracture segment Vas pulling forces by muscle.
Reduction : Bringing frocture segment bock o normal anatomy with counter—forces.
Traction : Counter—force opplied.

Fixadion : Maintaining frocture in reduced position till it heals.

Orthopaedics - v1.0 - Marrow 8.0 - 2024



Basic Terminology of Fracture & Healing - 1

REDUCTION
methods :
weigh’c used : S-6 Kg weigh’c used :
1S-1b Kg
I. Manual reduction a. Skin troction 3. Skeletal traction

\/

Counter-traction Traction

Manual closed Reduction :
® Done using manual “4roction’ and counter traction.
* Followed bg POP application.
* Repeat X-roy to confirm reduction.

SKin traction :
6andage uompped —» Force on bandage — Force on skin —» Force on soft tissue

—» Maintaing frocture reduction

Skeletal troction :
Site of pin —> upper tibia )
Lower tibio.

distal femur.
Proximal femur.

Orill

Local anesthetic
@% Iigr\ocodne)

Steinmaoann pin

Denhom pin
(threading ()

No Il blade

Straight our‘cerﬂ %rceps

Instruments used for skeletal troction

Orthopaedics - v1.0 « Marrow 8.0 - 2024

Bohler s’cirrup




12 - Orthopaedics

Denham pin Steinmann pin
Threading % i
Indications .. Type of bone fractured | Osteoporotic Normal
3. Site of 4raction Calcaneol Tibio. / $emorol

Procedure (upper tibial skin traction) :
l. Site : Dmped ond prepareok

a.Local anesthetic SNen : Bone deep on either side of bone loecerod\ﬂ.

2, Stob wound <

4.5 em below and behind tibial fubercle.
mode us‘mg No. Il sconel reach\ng bone

(o avoid Friction while inserting p'\n).

4. Dilote en‘crﬂ site using ar’cerﬂ %receps.

S. Pin p\aced in drill and inserted into en’crg wound.,

. Pin drilled ’chmugh the bone and bmugh% out ok opposi’ce site.

7. Drill removed and wound dressed.

8. eohler’s stirrup mounted onto pin and locked,

Q. we'\gh’cs app\'\ed us'mg ropes.
10. Patient mounted onto a spl'm’c.

COmp\'\coec\ons :

o S’raphﬂ\ococc,us aureus infection : m/c infection ok p‘m troction sites.

* Pin—tract sequestrum : ring shaped sequestrum ot entry § exit sites.

uses : for traction of lower limb fractures : Intertrochanteric, Distal femur.

TEMPORARY MANAGEMENT : SPLINTS
To stobilize $fracture.

Thomas splint : | -
* Inventor : H.O Thomas.
® First use : o treat T® Knee.
* Fixed traction device (has both
traction § counter—traction

Length: 102 om

Sorces).
* Advantage : Patient mokbility (o).
* \ndicadion : lower limb froctures

(m/e : Semur Sractures). =

vy

— < Ring - lies ot the perineum
(counter—traction force)

Orthopaedics - v1.0 » Marrow 8.0 < 2024




Basic Terminology of Fracture & Healing - 13

8ohler § &raun Splint :
o S\id’mg troction device used in wards.
Troction : Weights
‘Force=< Gt g
Counter 4roction : araV\’cU(%‘—oo’cend of bed raised)
® Locotion of pud\eﬂs :

- A: For Tibia fractures.
- B For Femur fractures.

- C: To prevent foot drop.

Russells Traction Bohler § &raun splint * location of pulleys
Indicadion : Inter—trochanteric frocture of femur

D2FINITIVE TREATMENT
ﬂlgori’chm : Assess For involvement of articular surface.
Present | Absent
Intro—articulor extra—articulor
Open Reduction (ORD & l
+ Closed Reduction (CR) Surgery (definitive)
Internal fixotion (F) with + & }
PoP licodi
Plotes § screws SR Upper limb Lower limb
OR + |F CR + IF with Intramedullary rods/
with pla’ces g screws nadls § in’cerloching serews

Open reduction

—__ e 3
Fracture : shaft of radius § ulna.  sho®t 02 femur Srocture

Orthopaedics - v1.0 < Marrow 8.0 * 2024



14 - Orthopaedics

""" Active space ----- » Open : Fracture visualised and reduced

Reduction <A
Closed. : Done without opening Lrocture site and confirmed with X-roy
Accuracy of reduction : Open > closed

‘

Hence pre?—erred in intro—oxrticular Sractures o prevent osteoarthritis)

Disadvantages nc\vanmges s

POP apphco@don :

* Cumbersome * Non-invasive
* Requires joint immobilization above § below fracture | * Cheop

¢ l } * easy application §

Disuse adrophy Stitness removol

CRHF :
Reduction : using C-orm (‘\mage intensifier)

Fixation : Rod/nail passed into the bone medullary cavity

g

interlocking serews placed (o ovoid rotakion of rod)

Froctures due to avulsion forees :

v v

Patella Srocture Olecranon frocture

(/% Quao\hceps puld (d/t Triceps pulD

Humerus
Olecranon
process \
(.

Olecranon
fracture

Tension
band wiring

Ulna-A

Orthopaedics * v1.0 « Marrow 8.0 - 2024
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OPEN FRACTURE, AMPUTATIONS AND . Active space -----
POLYTRAUMA

Open fracture 00:00:27

® Frocture + breok in skin ond underl5in8 soft tissue.
* m/C involved : Tibio. and. phalanges.

Communication with the

environmental pothooens
b ofSects

(/¢ : Staphulococcus aureus)
g i heod'\ng

Frocture hemotomal escapes outside

Type lic

Open Sracture +

* Wwound <lem long, e

* Couse: D/t imp'\ngemen’c e L o ik per'\os’ce 41 voasculay ir)jurg
of $rocture ?ragmen’cs PR AR ) stripping
on skin.

sewage, farms or

* AKA inside out m”ﬂ' Sronrin injury,

S Foklal: 4

uswd\lj > 10 ecm

Orthopaedics * v1.0 « Marrow 8.0 - 2024
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MANRAGZEMENT
wound management (more impor’can{t) :

. Antibiotics a. Wound toilette :
* wWound wash : Povidone iodine { sterile NS.
* wound debridement.

' 4

2, Lound closure :

Primar‘g closure : Secondarg/ de\o%ed closure :
Only in clean wounds where * 1#> 6 hrs — 1a hrs (golden period).
the edges are approximoding ® Associoked neurovasculor njury.
+ * edges cannot be approximated.

So@cisﬂlac’corﬂ debridement * Not satisfied with debridement.

4., LWound healing : Manaoe like o closed frocture.
9 On

Fracture :
&rade | : Managed like closed fracture.
Grode \\, Mo
* 1f clean (€6-1a hrs) — manage like a closed fracture.
* Otherwise like open (external fixatior.
arode Wb, e : external fixation (immobilization/stobilizotion 0f bone outside the

bodﬁ).

Note : Internal fixation is C/1 in open $ractures.
Placing o device inside the bone —» growth of organisms bio®im

Lormodion —= Infection.

External Fixation 00:07:47

Fixodion of bone outside the bodg.

Schanz pins
Schanz pins
. : [ —
* Placed prox\moJ and distal *o the wound
* They immobilize the bone Connecting Rod

Rods to immobilize the pins

Orthopaedics « v1.0 « Marrow 8.0 - 2024



