HUMAN'ANATOMY{&'PHYSIOLOGY

COMPLETE UNIT 2 NOTES

¢ SKELETAL SYSTEM
® JOINTS



INTEGUMENTARY SYSTEM

* The word Tntequmentary stands fos (Uuem'nﬂ,

* Tt consist of skin ond Gcessary - Organs -, hair, nails € skin glands

* Dematology is the bronch of science thak deals with the study <
treodment  of intequmentary  system .

SkIN

o The skin is the ouler covering of 4he body.

® In humans, Tt s the largest organ of intequmentary system.
® Skin (onsist of 19-157 of fotol body weight.

The thickness 0f skin varies from 05 mm (en he eyelids)
o 4-0 mm Con the sole ) .

Layers of Skin
Skin 15 composed of hree layers -
® Epidermis
@ Demis
@ Hypodermis

Epidemis

Dermis «——

Hypodermis



EPidermis

e Epidermis is the outermost layer of the skin

* Tt is composed of kerotonized Stolified Squamous epithelium .

* The epidermnis hos no blood vessels.

* TThey et Nounshed by diffusion of nusients from underquncj
demmis \oer

* Epidemis Consist of 4 mg{cr fypes of cells.

© kerahinocytes

@ Melanocytes

©)] Langerhan's (ells

@ Markel Cells

kemdinocytes
* About 307 of epidermol cells are keralinocytes which Pmdu@s'kemh'n'
e Tt is tough, fibrous protein ol Pmuides hardness and moke Skin

waterproof .

Mdanocq_’ces
About €7- of epidemnc:d cells are melonocytes which pmduees "melonin’
e Melanin 15 yellowish Yo brownish pfcdmenf fhat Contributes 4o skin

colour and proted from OV lignt .

Lﬂnqed‘lan's (ells
'lﬁex{ aise from red bone marow and Tnvolves in jmmune respanses
to proted our skin from microbes .

Merkel (ells
o They are speciolized cells that receives the sensation of fouch , pain ek




meers of_Epidermis
Epidemis is composed of five loyers
@ Shalm  (omeum
® Statum  Lucidum
® stolum  Giranulosum
® Strotum  Spinosum
® Stralum Bosole

Stotum  (ornevm «—{ |
Statum Lucidum -—

Stratum Granvlosum [ EPIDERMIS |

Strafom  Spinosum  «—

Shodum Bosole «——

Stiatum  (omeum

Tt is the uppermost layer of epidermis
Tt consist of 9s-30 layer of fiat , dead |, keritinized cells.
Tt ads 0s a bamier aqoinst heot, water < many other chemicals

Statum  Lucidum

T Is found on'.!f In thick skin
Tt contains flod | deod, keratnized cells




Sholum  Giranulosum

o Tt s present in ihe middle Of fhe epidemis.
e Tt consist of 3-S layers of fiat keratinogytes Ccells.

Strolum  Spinosum

e Tt Is Present above the sialum basale .
e Tt consis of 8-10 |ayer of kerakinoeytes

Statum  Basale
e 1t is the deepest layer of epidermis.
e Tt fooms a stfong bond between epidesmis and  desms .
e Tt helps In the formation of fingerpnnts.




Dermis

e Tt 13 seaond deeper layer of the skin
* Tt is manly consist of (onnechive Hssue
e Tt (ontains blood veseels, Glands , hair follicles and nerve endings .

o The deomis (on be divided info two Sub layer

® Pepillary  Layer
@ Relcvlar  Layer

Pepillm\, Layer Reticvlar loyer
e Tt mcu'nh, consist Of loose |® Tt s mm‘nlnf consist of dense
onnechue Hssve (onneckue Hssve
e Tt is nich in small blood | Tt Contans fot cells | blood
vessels Vessels |, londs < hair follicles
e Tt contalns nerve endin e Tt povides sirength fo fhe
thot receives Sensalion o?’s skin
fouch | pain ot , cold efe.

Hypodermis | Subcutis

e Tt s not ackolly the part of the skin ond Pre:sen} below the
dermis auper

e Tt oftach the skin to underlying bones and musgcles |

e Tt helps in the s{omae of fot.




Funchons of Skin

Proteckion

e The skin provides protection fo the body in vanous

¢ keratin protects underlying Hssues from badena, virws -, heat €
other chemicls

o The melonin pigment helps skin o protect skin from  harmful

(Y TO-LY&.

Absorbtion

o The skin is the foute by which substance con infer inside the body.
T heps in the obsorbtion of \Various drugs that are n the form
of lotion , ge\ and ointments .

Requlation of Body Tempemdure

Skin  requlotes the body femperature by vorious mechanism .

Sweat qlands felease Sweat to cool e bodx, when h’)d.lf temperalure
exceeds obove 33°C .

* Blood vessels dilates when body hnperuhre nses and fequifes  Coolin
Blod vessels (ontmcks when body femperofure falls and  equires heah‘na.

| Secretion

o Sweat glands sSectele sweat fo excrete small amount of salt .
e Sebaeaus glands produce  sebum  Which  potects bocu/ from
dehydration .




Sensahon
e Skin ontains millions of nerve endl'n%g that act as sensory
reoepkers.

0 Senson{ reacion includes sensalion of touch , heat . cold , pain
Pressure elc.

Division of Skeletal Stydﬂn

The adult humon Skeleton USUC!ﬂLf onsist of 9206 bones .
These bones an be divided Into two divisions
e Qaxial skeleton

° Qp perﬂicu'.ar Skeleton



OKELETAL SYSTEM

* The skeletol system is he Structural framework thot Supports the
whole bOdq and protect Internal  organs

* An adut hyman skeleton consist of 206 bones.

* Bone Yssves make up about 187 of folol body wet'\clh’r.

. Os&ealogq is ¥e branch thot dedls with the stucture and funchon
of sgkeletal ystem .

* A Skeletol gystem is mainly composed of °

© RBones

@ (arklage

@ Joints

@ \iqaments

Funchions 0f Skeletal System

Support | Hard stuctural fromework that supports body .
Protedtion | : Potect imemal orqans such as brain, heart, spinal cord.

Movement | Provide mouvement Qs they are alached with skeletol muscles
Storage |: Stores minerals such as calcium, phosphate and fat storage .

Blood Production |- Blood cells are produced in the red bone marrow |




Shuclure of Bone _

* Bone \s the hardest connective Hissue that 1s capable of qrowth €
perform various funchions .

e Tt basicolly consist of two parts -

® Diuphqsis
®@ Epiphqsis
Epiphysts
Red Bone
Marrow
‘fd\jnw Bone
Morouw Diaphysis
Epiphysis
Diqphqsis
e Tt is the \ona, cylindnca) and  main portion of the body.
e Tt mainly Consist of red bone mamw and yellow bone masrow .
e Red bone mourow pmduced blood Cells .
o Vellow bone masmow Stores ot and in eme\;qency it Converts Into

(ed bone Mormow .

Epiphysis
o These are the end parts of the bones and consist of Spanqy bones .



Composih'on of Bone

A bone s mm'nlL(
e (ells
e Extracellular Matux

(omposed of two Paﬂs 1

(omposition of Bone

(ells Extracellvlar Matrx |
— Osteoprogenitos Orgonic Fart
— Osteoblogt - Inorganic Fart
— Osteocytes
— Osteoclasts
Cells -
Osteoprogenitor

e Osteoprogenitor (ells , also known as osfeogenic cells are stem cells

in +he bone +that

plays vital le In bone repm'ﬁ and qgrowth

e These cells underao cell divistond and deueleps info  osteoblasts .

Osteoblogts

e These are bone builcii'nﬂ cells
o They produce orqonic pPart of the extaceliular marix in the bones.

Osteocytes

o These are main Cels (n bone tissve and maintain its daily metabolism
such 0% exchange of nutrients with blood .



Osteoclagts

e These are lorge mulkinucleated cells .
e These cells are fesponsible {or resorpton of bones.

Extracellular Moltix -

| Orgonic  Port

The Orgunfc Pmlr of extracellvlar malnix |5 mal'nft/ consist of m!logen
(Type -I) and Non- Collagen |'ncludl’n¢d qlycoprotein, lipid etc.

Tnoraanic Part

The inorqanic port of exircelllar makrix 1s mainly - consist of
calciom, - phosphate , magnesium and - other trace elements.




Types of Bones
There are mainly five types of bones :
() Long bones
@ Short bones
‘® Flot bones
@ Trre(aular bones
® Sesamoid hones

Long Bones

* long bones mainly Supports the weight of the bady ond allow
Moyement

* Example - Femur

Shord  Bones
e These Ore (ube shuped bones huur'ng equal |en8+h and wide
° Tneq mm’nIL{ pmm'de -Sb.bih'h, and mMovement .

e Fxample ° Carpals ond Tarsals

Flat Bones

These ore 4hin and flat shaped  bones .
. Theq mal'nltf protect he nternal orqens .

s _Emmglf._: Skull Bones

Jreqular Bones
o These bones Ore vary in shape and Size and huuing complex structure .
o They mainly provide proteckion and Support .

» Exampe ' Vedebasae .



Gesamold Rones
* These are small rounded bones Prmen# in fenclons

* Lxample Fatella .




AXIAL SKELETON

The axial consist of

e Skull ¢ Audi’roq ossicles | Ear bones
o Vertebral (olumn ® Hyoid Bones
e Thoraac ({13: [ Rib (age
e Stermnum
SkuLL

The skull Is situated on the upper end of vertebral lumn which
supparts and protects brain and shuctore of face

e Tt is diided into two PGJ{S

® The Cranum

@ The Face

The Cranium
Tt is fomed by flat and imeqular bones thak provide  protection fo brain
The Cranjum consist of 'Fb"{}wfnﬂ 8 bones -

@ Frontol Bone Tt forms the forehead and parts of eye socket
@ Porietal Bones | Tt forms the side and rof of the skull

@ Temporal Bones | Tt forms [mmovable _joints of the skyl|

@ Occipital Bone Tt foms back of head and bose of skoll

@ Sphenoid Bone | Ti occupies middle portion of base of skull

@ FEthmoid Bone TF foms nosal septum and |ateral wall of nose




Frontal (1)

Sphenoid ()

Ethmoid (1)

Parietal (2)

Temporal (2)

Occipital (1)

THe CrANIUM

The Face

e focial bones foom Frumemmk of face .

fosms cavities for
Psovide Oltachment

Hold the leeth
Potect the ajes

sense orqans  (eye, Mouth, nose).
fos facial mouscles.

Tt consist of ﬁ)llowha 1#4 bones -

@ zyqomatic Bones

It foms the prominences of the cheeks .

@ Maxilla Bones

Tt foms the upper daw ond cames upper teeth

@ Nosal Bones Tt forms loderal and superior surfaces of the nose
@ lacnmol Bones T supports the strudures of lacrimal appartos
@ Inferior (onchoe | Tt foms the port of nasal cowity

@ fhlokine Bones It foms fioor of the nasal cowity

® Mandivle Bone T 1s only movable bone of skull carries lower tech

@ Vomer Bone

Tt is thin flat bone that divides the nosal cavity




Polotine Bones (2) Nasal Bones (2)

Vomer (1) — Zyqomalic Bones (2)

Tnferior Conchae (2 Maxilla Bones (2)

Lacrimol Bomes (2) Mandible (1)

THe Face




VerresraL (owumn

* Vertebrl column |s also known 0% backbone

* Tt ys made up of senes of .bones (alled 0% Vertebmt..
e The vertebral onsist of spinol cord .

o The adult vertebml column consist of 96 vertebrou .

® 3 Cervical Vertebrow

@ 12 {thoracic Verebrow

® S lumbar Vertebraw

® 1 Sacum

® 1 (G(th
Cevical (3)
Thoracic (12)
[umbar (5)
Sacvm (1)
Cocyx (1)

Cervical \Vertebrot

o Tt (onsist of first Seven verteora
e They ore smoller and Presan} in the neck region
o First verteoror |s called ‘ Atlos’

e Second Vertebrat s (alled * Axis'
o loint between Ofox and axis (s called on ° AHanto- Oxial Aoint



Thoracic \ertebrav

* They are Iurger and stronger than cervical Vertebru .
° -‘hﬂ' consist of 12 -}hgr[]u'(; verntebray {‘UUm which nbs [s
onnected

Lumbar Vertebrot

e Lumbar Verebarns are the stongest ond lagesk,
o Tt consist of S vedebro.

Sacrum

S present in the Pelvic  fegion .
o Femole sacrum 1s wider than male sacrum .

Cocu!x
e Ttis also known as ‘oilbone
e Tt is e fha segrnen’r of the vertebrl column .




STERNUM

e Tt 1s also known a2 breast bone

Tt is a fiat bone present under the skin In the mddie of ffon}
of the (Chest.

e Tt Qlues attachment Yo the ribs

e Tt consist of three parts

©® Monubrium  ( Uppermost  Seckion )

@ Body (Middle Part )

® X\'phofd Process ( End Part)

-+ Monubnum

*BOdl,

g Xl'phoid Process

STERNUM




[ Thoracic Caae I

e Tt 1s also known ax R (age
* Thoracic coge includes (1 Sternum + 12 Pair of Ribs ¥ 12 Thoracic Vertebed
e Rbs qre e main bone of thoracic (age .
® Rb Is a +hin {iat bone
e There are (2 pair of nbs
o Fom backside it is cltached with vertebral column and feom
front it 18 _(oint with  Stemum
* There are three fypes of ribs present in thoracic cage.
® Tive Ribs

@ Folse Ribs
® F!oah‘nta Ribs
Trve Ribs
Folse Ribs
v Flmh‘ng Ribs

Thoracic (AGE




True Ribs

 First seven pm‘zf of nbs are called 4rve rbs.
e Fom front they are aHached with stemom and fom  back
‘\‘hel.f are QHached with thoracic vertebrou |

folse Ribs

e 8™ g% and {o* Pcu'r of nbs are called Folse fibs .
o They ore Joint with th I* pais of nbs

Floating Ribs

o {iin anz 12% pair of ribs ore colled Flooting ribs .
e One end of the b s OHached with thoracic vertebrat and
other end Is free.




| Auvpitory 0sSICLES

o These ote thiee smallest bone of the human body found in the
enrs .

. Tﬁtq ollow the dransmission of sound waves .

* These are 0 follows :

® Malleus

® Inews

® Stapes

Hyoio Bone

e The Myoid bone 's a U- shoped bone located in dront of the neck
ust below the -lower jaw . |

o Tt Camed the weight of the tonque and playing a vital mle in
speech ond swollowing .

Hyoid Bone




APPENDICULAR SKELETON

Appendicular Skeleton consist of
e Pectoral Gurdle
o Peluic Gurdle
e Limb BRones

PECcTORAL GIROLE

e The humon hody consist of two pecloral girdle that altach the
bones Of the upper limbs fo the axiol Skeleton.

* The pectoral Gurdle consist of

® (lavicle

®@ Scopulg

(lavicle
e} 15’9 sha{aezl |on3 bone that hags a double curve .

o Tis one end Is aHached with scapula ond Other end 1S ORtached
with stemum |

mtq

Scapula 1s a flot triangulor bone that Connecks the Clavicle fo
the humerus . Tt Is olso known as Shoudes blade.

> Clavicle

* Scapula




PeLvic GuRDLE

e Tt consist of two hip bones colled 08 ‘Peluic Bones’

* & provides a strong support for the verebra) column ancl
lower abdominal 0fqons .

* A ip Is a tusion of three bones.

®. Tiium

® TIschiym

® Pubis

» Tiwm

* Tschium

— Pubis

Pewvic GuroLE




Limg Bones

Limb bones are divided info Hwo parts

@ Upper Limbs
e lower Limbs

UPPER LIMBS

s Theq are present 0 Q pavs
® Each uppes limb has 30 bones

Single long bone of Upper am s Colled " Humerus '

The two bones present o4 the lower arm are “Ulna® € ' Radivg'
Radivs -1s shorter than Ulna

(orpols Ore wnst bones Consist of & smoll bones.

Metacarpols dre hand bones present (n the fntermediate region

(onsist of S 'bones

Pholonges are finger bones consist of 14 bones .

Metacaspols (Hond)

Phalanges ( Fingers)



I_Lowsa Limg |

* They are olso present in a pat.

* Fach lower limb hos 30 bones

* Single longest and stongest bone 1s called Femus,

* The two bones that are present 1n he lower fegion age Colled
Tibia and Fibula.

A small ,.’m‘unaular bone present af the knee joint 15 called fhtella.
1+ bones of the ankles are called Tarsols.

S. bones of the <ole are @lled Metatorsals.

4 bones that fom foes are called Phalanges .

* & @ @




Ckeletal Muscles are those muscles which are oHached to the

Skeleton f bones

smmmme (Dmmsed 4o0v. of hodu Mass

Skeletal Muscle are mcun!u resnonmb[e ’For Iomrnoharl,_[mﬁm;mhm_
and elaxakon

Skeletnl muscles are volustany i nahure

STRUCTURE OF SKELETAL MusCLE

Muscle fibre

Skeletal Muzcle

Myofibnls

The outes (ouvmng / hlueﬁ of Skelela] muxcle S ewnuqmm_

The outes muemng ol muscle fascicle (s nemmusmm .

The outer Cﬁumnﬂ of muscle fibre IS endomuqmm




Skeletal Muscle

.

Muscle Fascicle

.

Musde Fibre

v

Myofibrilis

L 4

Sarmomere

2
Myofilaments

Musde Fbres

The cells of skelelal- Muscles @  called  muscle fibres

Muscle (ells contaln many nuclet .

The (uhdnam of _muscle ,rells 13 (olled Sﬁrmnlo.am

The r)tns,ma membrone af muscle clls 18 m!!ed Sarcalemma

M_\,lg%m'l q

The musce fibre of skeletal muscle containg  myolibsils

Myofibals consist _of puotein chaing - colled muoﬁ‘lamon’rs;

Th?se munﬁ‘tampn’rs a,[tlf]f twa hmac:

Thick Muoﬂlampnir C Muustn)

® O e o |®

Thin Mua‘ﬁlamenl— (Achn)

e |Soromere. s the unit of mx;oﬁ'msilq @ntaining bath ~ Ackn

ond Mqﬂsin

|




A - Band L

SARCOMERE

" A¥p binding site

read of Myosin

Myosiv

Mqas;h hhdt‘nr:} site. Caovered bg -hupom:fsu‘n)

ACTiN




/.

The _Alunchon  between neuron cells and  skeletad musde is called

Neyromuacular  Aunchion

In neuramuscular juncon the end Dart of hewaon (axon_esminatl)
IS Cannected with sSkeleta] muscle

The axon fesminal OF neuron is . known 0% Fre- synaphic Jerminal

The axon texminal Contains Gce!ulchnhns Darked Insu:ti. the vessicles,

The oxon texminats @lso mnium (D.[Clum channels which allows

the mouement 0 Calaum . - /’

The site of skeletal muscle where axan fexminal bindg Is colled

Post - Synaptic fesminol .

I
Skeletal mumie ontains  Micotinne rpmn}cm Wwhere ac\ulcholme

%e% binds C\\mna the Pmcess of mwle (onfracton




The l@a'rh of skeletal muscle shortens during ContracHon because.

the thick € hin flaments Slidle ques one Voaother. The
omeess I1s  known 0& Slidina filament Mechanism

e thick filaments contoun 300 Myosin malecules .

Myosin consist of two {::mh
Ml;osm Tail

O @|e @

Myosin Head

A cycle of muacle Contacion consist of 4 steps

ATP hudmlug.ts

M'cﬂchmen'c an mulms.m fo Acn 40 Toxm Cross bridge.

Powes  Stroke

Detachment of myosin Psom _acn

ATP Hydrolysis

The muoan head incude an ATP binding site and an ATPase

J
(an enzume thod Conuerts ATP fntn ADP < Q ﬂhosohafe amnn‘l

e This conuersion (ATP — ADP} Phosphate ) Cuues enemu &

the myosin head .

k.

Atachment of Myosin 4o Achh to form Cross - bridge

The merﬂ'zed mt{nsfn head altached Wwith the adin on mnfﬁsfn
bindt '

& Now s obochment (s reffered to 0% cross- bnage.




Powes Stoke

Once he crass- bridae are fosmed . the power Sflokp QLA

Tn_powes - stoke the _cross- bridge miates lowarls Y

C
tentte Of  sarcmere and cnnhufhon 0CCULA

The  power stroke ﬁmera}es a $osce which Slide the fhin

%‘tame‘n} oues +he thick filamenk

,q‘:‘

-

Detachment Of Myosin faom Ackin

Once_the Contraction ends  the ATP again binds on the

ATP bmdmn Site_an munﬁth head < mu&stn ae+

detaches thm_ﬂhp ackn .

~ Adin

IF@ C ATP Hydrolysis / Breckelowr

/ @ Myasin

g
@



Y A -

o | A Jdoint 1s sfmnlu knawn Qs 0 connechon belween bones in_the

Skelelal SUS{em

e Tt s a sﬁe_ at which twao or mare bones meeks together

b Thﬂ’l allow different 4ypes of mouement (n the benec;

Classification of Aoints

loints can be classified on ‘e basis -of  two caleqaries :

@ |On _the basis of shudure

@ |0n the basis of funchon

On *he basis of Struclore

(On_+he bass of " shuclure _lointsare classified into theee ’rum

(1) | Fibrous Aoints

(2) (i mHInEinnus Aothts

(3)| St;naufol Aoints

Fibraus _Jaints

o fibrous Aoints 1< also known as Tmmouvable Aoints
o They are fixed joints and there s no movement allowec)

e exomple* (ronial sulutes_behween bones of the skul

Ibe}meen e bopes in fibrous joints




(ailaginous  Jpints —
¢ | (artilaginous Aoints Qre  slightly movable _joints. S

. The;: allmu litle a1 no  mouvement.

| Tn mrhlamnwm}_tmngs are (onnected {0 each Olhew

bu cmhlnne

o E‘mmpl?' PUD!C Sumnhusis

+ Pubic Symphysis

C\tfmuinl Taints

.
- 2 * - Y .
o N L L
H & oy l | I t E % E: ]1 "

runm‘ng ete.

@ Tha; nle Freeu% Movable J_inin% which ollow& ™Movement In_ one
or_mare direcon

¢ These joints Ore (overed by @ membrane called  Synavial Membrare.
o | There is o flud present 1in_the synauial memhmne ,_called

Synovtal  Auid wihich ollows, the mﬂuerne:ﬂ Gf the bones




. (lassifigphon of Synouial Aaints

Synouiol Aoints are further classified inta € fypes :

Ball € Soeket Aoint
Saddle _loint

Plvat  Joint

Giliding_ Aoint

0]
e D
J.H]h%LAQ!h E
@
®
®

J
(andyloid Aoint

Ball € Socket Aoint

TT'taJ are the  most ﬁee!u movable _joink

e |Tn -}has ball_of one bm: 1S ﬂﬂed Inta_the sockel of other

_ bone .

@ mPlf . Shouldex Aoint

Saddle Joint

o Tt is basitally @ Jrurx?_ of ball ond socket _Joint

® Tn this " he_nd of one bone fixes Into e other bane.

® PmmPlp_ Thumb Aoint

Hinge Aoint

Theu allow mavement only i1n One Dbne

/
e Tn %h!s One bone IS of conuex sham: € olher ane Is of ncave shage
qﬁmmmwmmmmmm@e end of othex bane

o example - Elbow Agint . knee Aoint




Piyot Joint

This Aoint ollows mouvement cmlu in_1 plane

Tn D\UO’{ mm} one__hane IS rnunded mr mmhpd /shaped In

mhich O’them bone. 1s  aHached .

Rounded hone 1s fixed and olher hone mtates oues |t

ﬂmn.PlL:_ﬂilﬂs_ﬂDd_ﬁA!ls_‘-]ﬂl'ni )

Galiding Aoint

n_Gliding _joint_hones are flat shcmed
Tn_+his bones easitu ahdcs ox_ slides ﬂumr each _othex

"l”heu are._also known as planar joint.

e o @

qumnle -_(unst Joint

(ondyloid Joint

Tt s alsa knawn 0& elhpsoid oint

Tn this ends af both the bhones are Concawe AhaP@:J.

_E'a‘amPLL:_En[fan ~oink




A -

Clossificalion_on 4he_basis of function

On_the basis of funcion foints (on be classified Info  three

ateqories -
|

° Stlmm%hmsis

» AmPhiaﬂhmsis

® | Diarthrosis

St{nm{rm;is
e | Tt s an Immouable ;ioin’r

h

® fi'mmPle i

W fibrous mml‘s

sttures af the Qkull

IS

Pubic

e [T 15 a1 slightlu mouable 10int,
P! ,J ~
° Wheq (re

Inous  10int
joint,

* example -

Symphyals .
| 1 ﬂ

Nindhmsis

e Tiis a freelu movable umn¥

® T 1S @ hm% of SUnaum] mm+

hfmmplg_ Shnuldﬂr Amn’c knfe _aint et

—_—
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