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BASIC ANATOMY AND PHYSIOLOGY OF BONES - Active space

Bone Composition & Markers 00:00:38
Compossition :
Bone (o]skeon)
v v }
Organic component/ bt Inorganic component :
Osteoid 1 in children Caleium hydroxyapatite
(bones —» sotter). (principal mineroD.
. v
cells Proteins

* Collagen : Type | (Principal proteir).
* Ogsteocalein.
* Osteonectin.

Osteoblast Osteoclast Os%eocsjre

* cell ’cape= * Cell hjpe= * Cell 'tﬂp@’

- mononuclear cells - monoeyte aggregotes. Madure/resting osteoblast.
* Function : - multinucleated giant cells.  * Feotures :
= Lays down osteoid madrix ® Function : = most abundont.
(collagen) - Phagoeytic. - Longest life span.
mineral deposition - Bone resorption %
eone/Osteon remodelling,

* Rich in Alkaline phosphatase ¢ Rich in TRAP carbonic

anhgdmse.
* |eost in number

Note : (‘,ol\cxgen ’tgpes

Tpea RufSled borders

* gones.
* Meniscus.
* Annulus Rbrosis.

ne cox‘tuaﬂe.

* Nucleus pulpos.us.

* prticulor htjadi

* Strength of bone depends on osteoblasts  osteoclasts.

Orthopaedics + v1.0 » Marrow 8.5 « 2026
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----- Active space ----- Bone Mar HBT‘S :

Morkers
I
v v
Bone formadtion Bone resorption
* Alkaline phosphatase (ALP) * Hydroxyproline Collagen breakdown

s Procohaaen |

Hydroxylysine | products
NSC telopeptide

* TRAP

* Osteocalein

00:09:28

plate (in children) medul\o.ry cowitl.j=
Content :

= Children : marrow.
- Adults : Fat.

slallani lham s cmcmem

4 Periosteum :
Periosteum 220 R | o ® Present in all Iong bones
= o7 ; = * Absent in:
- Articular surface of long bones.
- Sesamoid bones (eq : Patello).
(Fibrous taﬁer) ! 3 o)
Provides nudrition

(Onner cellulor layer ak.a cambium )
Helps in Smj’ch

Orthopaedics » v1.0 » Marrow 8.5 + 2026



Basic Anatomy & Physiology ot Bones s 3

----- Active space -----

— gpiphysis
/' = me{-o.phgsis
— me’to.phgseal blood vessels :
* Hairpin loop arrangement —» Sk.LgSish blood Slow
* Mascularity in metaphysis

med.ul\arg vein & 1
Nudrient artery : —————— —>medullary artery Advantage ! Disadvontage :
enters vio. nutrient ¢ healing potentiol Propagaion ot
foramen infection § tumors.

Types OF Bone Architecture :

Immnoture woven bone ¢
- l.mproperlg arranged oonoaen. * Seenin:
¢ Weok. - Children.
- Bones healing from fracture (eg: collug).

srbiisnd asttalVae L mmm e

Site Metaphysis Diaphuysis
Consistency Sobt Hard
gone cells 1 !
vascularity 1 4
Fracture healing Fost Slow
Rigk of infection t !
Frocture complication mMadunion Non union

Note :

gpiphyseal fractures (ntroarticular) —> Osteoarthritis — | Range of motion.

Orthopaedics « v1.0 « Marrow 8.5 = 2026
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_____ Active space ----- Bone Growth 00:20:40

&piphﬂsis
Phgsis : Oniﬂ in children
T ces length of bone

o). Loteral view b). Anteroposterior View metophysis
X-ray : Left hand (child).
Growth Plate Structure :
EP'uphﬁsis
% Loyers

Epiphljs.is

» germinal layer (most

D R D e AR T S AT i
\ 860 068l 5 g Z".———p Hypertrophic layer growin

(weokest)

Layer of caleification

‘-\b Loyer of ossification !

mE‘{'O.PthSiS
Applied Aspect :
&rowth plote (germinad loujer) injury
- |
v v
Comple%e Partial

} !
* /L side (bone) : Stops growing, Asymmetrical grousth
* c/L side (bone) : Continues +o grow. |

t! Deformity (Varus/ valgus)

Limb lena’ch discrepmcg

Appositional growth (Tses thickness) : &y endosteum % periosteum.

Orthopaedics + v1.0 - Marrow 8.5 - 2026



BASIC TERMINOLOGY OF FRACTURE & HEALING ----- Active space -----

Fractures 00:00:49

Breok in conhnuj’tH of bone cortex.

Clinical signs
* Abnormal mobility ok fracture site 7 crepitus (Paﬁwognomnic).
* Tenderness (most consistent).
. Swe'.‘.ing.

Radiologjcal :

X-roy : Discontinuity ot bone.

Froctures with signi%mn’c troumo. ;

X7 S W S 57

AA L LN

. Tronsverse 3. Oblique 3. Spiral 4. Comminuted  S. Segmental

* mechanism of njury :

Tension force

4. Spiral fracture

Orthopaedics * v1.0 * Marrow 8.5 = 2026
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* Avulsion froctures :
- Violent pull of tendons — Avulsion of bone.
- &g° Patella, olecranon.

----- Active space -----

Quadriceps
Pulled tendon

Transverse
fracture of
po.’ceho.

Potello

Froctures without sign‘t?\can’c troumo.

. Pathological fractures
[
' .
Localized couses generalized couses
* Infection. * Osteoporosis (m/c cause)
* |schemio. m/c sites Spine > hip >
e IS AASIASIS *
* Rodiadion. - m/c site : Proximal femur. 5
- X FO&-PET Frocture 3° 1o 355&
* Osteomalocia. Banana frocture padtedn g
* Rickets. \ A
* Osteogenesis imperfecto. ?
* Paget’s disease.
» Scur\!a.

* fain before the fracture (d/t micro Sractures).
- '.n\fes’ciaation :

x-mﬂ : Shows pﬁmara lesion.
ol managemen{" :

A. mirel’s eriterio. : Frocture a°to Page’c‘s disease

- Used to predict risk ot pathological frocture d/t lesions.
- Score of 28 : Requires prophylactic fixation with internal fixation
devices.
B. Treak uncler'.ﬂ'ung cause.

Orthopaedics * v1.0 » Marrow 8.5 - 2026



Basic lerminology Of Fraciure & Healing s !

a. Stress fracture
* d/t sudden and repetitive loading of bone, 1 intensity and frequency of

a@cwi’c&

* Common sites :

----- Active space -----

o. Tibio.
b. Fibulo. 1 weig‘rrl' bearing
¢, metatarsal (march $racture) : bones
a™ > 2 metatarsal.
Neck > shaft.
®* Paoin:
- Painf after T in activity,

# pt neck
ot a™
metotoarsal

1nves’c15a’cions : march frocture
- X-roy Frocture visible after 3-2 wks of sHmp’roms.
- mR1 o) :

<otk tissue edema.
dentifies {
Occult froctures.

- Bone scan * For multiple stress froctures.

. managemen‘c :

3. Shin splints
ArA Medial Tibial Stress Syndrome (MTSS).
®* Seen in runners.
* medial periostitis of tibio.
* mechanism of njury :
Repetitive muscle contractions — Inflammadion of periosteum of site of
muscle artochment
v

Pain over anteromedial side of leq

Articulation of 4th and 5th metatarsails
* X-roy: Normal.
* multiple stress $racture (10C) : Bone scan
* Treotment : immobilisation

.............. " - Zone 3 (Stress fracture)
Robert jones : Fracture of s* metotorsal bose. Zone 2 (True Jones fracture)

Zone 1 (Pseudo Jones fracture)

Robert jones frocture

Orthopaedics * v1.0 = Marrow 8.5 - 2026
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Fracture Healing

00:18:25

Igpeso?-Fro.cmre Healing :

* Direct hea}ing .

Indirect healing

Also known as
* Intramembranous healing * endochondral healing
* Relotive stobili
* Absolute stability d/+ rigid fxation : iy
Skabil'rk}j * micromovements ot frocture
* No movement of $rocture %agmen’c
site
Cone w’c{ing mechanism :
Osteoclasts drill into conusribial 8 heal
~ uenti octure N
mechanism fracture fragment A _ ) "3
‘ . (:arhlage formodion present
Osteobloste form new bone
Collus Not formed Formed
* Cost (PoP)
* Splint (PoP/ fiberglass
. ic compression plate (OCP) * ckeletol traction
Devices § fracture b ek o
* Log serews * external fixation

stabilization techniques

Creotes in’cer?mgmn%ar!j compression | ®

\n&mmedN\arB nailing

(m nailing)

eridge ploting :

No compression ot fracture
site, allows micromotion

Orthopaedics - v1.0 - Marrow 8.5 * 2026




Basic lerminology of Fracture & Healing pEEEEEEE °

AEg™ me’mco\rpm' - 6 : Humerus ¢

—
Callus Formadion

Shafk of ulno. fracture : DCP

Orthopaedics * v1.0 » Marrow 8.5 - 2026
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Stoges of a°Healing :

Nutrient ar’cera rupmres

Bl eeding ok Srocture site o Hemodomo. Yormation (3-3 daﬂs)

¢ =
Stage | : Collection of blood (hematoma) e i“
'

y Sronulation Tissue
Couses release of chemotactic agem o Formadion (nflammation) (3-2 weeks)
thot ottract Sbroblast S—

s

Stage I\ : Fibroblasts forms fbrous
meshwork (@ranulation tissues)
between the fracture fragments o Callus Formation (3-3 monthe)

.

Fibroblasts differentiate into b { ﬂ

osteoblosts,

i o Consolidation (3-3 years)
Stoge Il : Osteoblasts lays down osteoid o
. . . . £ ~ . . _— )

Stage WV : Callus hardens. © oo remodelling (3 years)

: -
Sdcage V : Resorption bﬂ Osteoclosts to b T ﬂ

resemble native bone.

Callus :
. Disorgamised mass of immadture bone.
* visible on X-roy after a-3 weeks of frocture.

Compression at fracture site —» promotes union.
Factors Inhibiting Fracture Healing :

|
' : v v

Patient : Type of fracture Tissue Treodment

* Odage ' |

* mMalnutrition Open lschemio.  * Improper immobilisation (m/c)
* TobacCo consumption * Inadequode reduction

* Aleohol consumption

Orthopaedics * v1.0 * Marrow 8.5 - 2026



Complications in Fracture Healing

Basic 1erminoioyy vl riaviuie o neanlly g

00:30:31

----- Active space

Non - Union :

* callus formadion absent for > 9 months.
* Rigk factor : Diaphﬂseoj bone fractures.

e m/c site : Lower I/3rd Tibio.

lepes :

Differences between Hypertrophic § Atrophic Non-union :

Hljper{rophtc

Ol.igoirophic n’(mphic

ends of Yracture Smooth § sclerosed (1 densituy)
Frocture line Visible
WAL ACTNOATARNAD ‘ -. ‘ -I _
callus Formadtion " Absent
Bone biology Good Abnormal
Immobilisakion \Improper *
Treatment Immobilization Autologous bone qrofting
Bone Groft :

* m/C source : llioc crest.

* \deal bone Sro&-t charocteristics :
I. Osteogenesis : aroft itselt makes bone using osteoblosts.
a. Osteoconduction : Allows bone o grow on it 0s a scofSold,

2, Osteoinduction *

Stimulotes Surrounding hogt bone to form bone
(&rowth factors : differentiates mesenchymal cells —- bone forming cell).

Orthopaedics « v1.0 « Marrow 8.5 + 2026
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* Substitutes of bone Smff‘-t :

----- Active space -----

Bone conduction * Calcium phosPha@ce
* Colcium Su]phod'e
* PMA (PolB methy| me*:‘nacrﬂlate)

Bone induction Bone morphogenic protein (Improves bone union)

malunion :
* Froctures heoding in modromicod\i.j abnormal position.
* Rx : Osteotomy (Bone realigned § fixed i functional abnormality (o).

Bones with 1 risk 0% malunion v& non-union.

* Clavicle (m/c) * Lower I/3rd of tibio. (m/©)
* Supra-condylar humerus * Scaphoid
* Colles * Loderal condyle of humerus

* Intertrochanteric (ex’cmmPswar)

~

Neck of femur (intracapsular)

Fractures that underoo malunion, rarely/never undergo non-union (§ vice-verso.

Management of Fracture 00:40:53

Important Terms :

Displacement : movement ot distal fracture segment d/t puliing forces by muscle.
Reduction : ringing fracture segment back to normol anatomy with counter—forees,
Traction : Counter—force applied.

Fixation : Maintaining fracture in reduced position till it heals.

Orthopaedics - v1.0 - Marrow 8.5 - 2026



Basic Terminology of Fracture & Healing R 13

%e_.‘i‘%ﬂ?“ R R s S I D | Active space -----
methods

Weight used : S-b kg weighlc used :
' 15-16 kg

l. Manual reduction | 4. Skin traction 5 2, Skeletal traction

mManual closed Reduction :
* Done using manuol “4roction’ and counter traction.
* Followed by POP application.
* Repeat X-roy to confirm reduction.

—s Maintains fracture reduction

Skeletal Traction :
Site of pin upper tibia. (m/o.
Lower tibio.
digtal femur.
Proximal femur. oril
Local anoesthetic
(@% lignocajne)
. Steinmann pin
r A Denham pin
o (threading ()
No Il blade -
Straight artery forceps S

Instrurnents used for skeletal traction

Orthopaedics * v1.0 - Marrow 8.5 + 2026
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----- Active space ----- X oo o 3 | Denham pin | Steinmar
Threading + =
Indications L. Type of bone fractured | Osteoporotic Normal
3. Site of raction Calcaneal Tibia. / $emoral

Procedure (upper tibial skeletal 4roction) :

l. Site : Droped and prepared.
4. Local anesthetic given : Bone deep on either side ot bone lai-eral\k\.
A L <: a.S em below and behind tibial tubercle.
mode using No. 1l scodpe'u reaching bone

(to avoid friction while inser’dng pin).
4, Dilote entr5 site using our’cerB ‘Forceps.

S. Pin placed in drill and inserted into entry wound,

. Pin drilled through the bone and brought out ot opposite site.
7. Orill removed and wound dressed.

8. Bohler’s stirrup mounted onto pin and locked.

9. Weights applied using ropes.

0. Patient mounted onto a. splint.

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

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

Temporary mangag_mgg_t__: Splin{s
To stabilize frocture.

Sl o /.‘.-*_\ > Qinﬂ = lies ok the perineum
L g [ L (counter—traction foree)
* Inventor : HO Thomos. Yoo ——

* First use : 1o treot T® knee.

* Fixed traction device (has both
traction § counter—traction
forces).

* Advantage : Potient mobility (.

Indicadion : lower limb $ractures

(m/c : Semur Sractures).

Traction foree ¥4

Length: 102 em

Orthopaedics - v1.0 - Marrow 8.5 - 2026



Basic Terminology of Fracture & Healing [ 15

Bohler § Broun Splint :

----- Active space -----
» Slid‘mg troction device used in woras.
Traction : Weights
* Force: <: 3
Counter traction : Grovity (Foot end of bed raised)
* Locotion of Pul'neﬂs :
- B : For Tibia froctures.
- & For Femur froctures.
- C: To prevent Loot drop.
Russell traction eohler § 8raun splint : location of pulleys
Indication : Inter—trochanteric fracture of femur
Definitive Treatment :
! y
Intro—oarticular extro—orticulor
' |
Open Reduction (OR) { l
+ Closed Reduction (CR) surgery (definitive)
Internal fixotion (IF) with * {' | l
Plotes § serews POP application oo s e
OR + IF CR + IF with Intramedullary rods/
with plotes § screws nails § interlocking serews

e

Fracture : shaft of radius Fulna.  Shaft of Femur fracture

Orthopaedics - v1.0 - Marrow 8.5 - 2026
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----- Active space ----- Open * Fracture visualised and reduced
Qeduc’rion<:

Closed : Done without opening frocture site and confirmed with X-roy
Accuracy of reduction : Open > closed

Hence preferred in intra~articular fractures (o prevent osteoarthritic)

POP application :
Disadvantages Advantaoes
* Cumbersome * Non-invasive
* Requires joint immobilization above § below fracture | * Cheap
i , s
¢ Y gasy application §
Disuse atrophy stifiness removal

CRHF :

Reduction : using C-arm (lmage intensifier)
Fixation : Rod/nail passed into the bone medullary cavity
(incision i moade ot the proximal site)

:

interlocking serews placed (to owoid rototion of rod)

¥ v
Potello. fracture Olecranon frocture
(a/+ Quadriceps PulD

(d/% Triceps puld

¥
' { ]

Humerus

Olecranon
process

Olecranon
fracturs.

Radius

Rx : OR + IF with Tension Band wiring (Tew) Sand wiing

Uina A

Orthopaedics * v1.0 - Marrow 8.5 - 2026



