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P : fulecrum, R : body weight, E : muscle force

Fig. 1. Free body diagram and types of lever system
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Fig. 2. In standing position, tow —thirds of the
body weight will be divided and acts on
each hip equally.

3o st Aehs Bolr} #A & Eo golr}h A7,

2@ AYetE AAS HESE oRFE A
3 AYstE Walelgags 240 Aol 7
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e g4 ddde 99¢ 933z AL v
A ggtm oz Asly] et BEAL A4 g
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Abgrel ok tdE® A sl M 9l&v (dipodal
stance) Y& 1HFo) W= %}%‘(@)% % thel 9
FA(AF] oF 1/3) Wiz & AF(ANF9 2/3)
59 wg #5538 Ure] Refe 88 47 @A
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o247 (Fig. 2, 3).
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Fig. 3. Subject standing with weight supported
symmetrically on both legs. S,, centre of
gravity of the head, trunk and upper
limbs; R, force exerted on one hip(Af-
ter PAUWELS 1935).

o+ (Fig. 3).
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Fig. 4. The body weight acting on this system
represents five—sixths of the total body
weight.
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Fig. 5. Forces exerted on the hip when the sub-
ject is standing on one leg. S; centre
of grabvity of the mass of the body act-
ing on the hip(head. trunk. upper limbs
and opposite leg) : K. force exerted by
this partial body mass : K. lever arm of
force K : M. force exerted by the abductor
muscles to counter balance K :h. lever
arm of force M :R. resultant of forces
K and M(After PAUWELS 1935).

Nzgol| Agste dATy F& EB Q=T
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o] %8tA @t *"(Fig. 5, 6).
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Fig. 6. Free body diagram.
c : joint contact point
p : the point of force concurrency
j : the direction of joint force
M : the musclé force
G:K
g g g A& de) fEZF T4 8F R
o) AL A § M3} HFeM 3 e F
Ag W A K(AF W-1/6W)2] §e]ch(Fig. 5).
EN R CIETRER EEE PR
h'e) wel M7 A doha @ 4 e, of M 3t
ol slated R ®o| #SHTh AF Kol Aeel
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o] & F S W MY I AF K FA )
4 (Fig. 5, 6, 7).
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Fig. 7. Equilibrium approach.
R :joint contact point(center of rotation)
resultant force on the hip joint =3K
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FA9] AF FIEAY T FEL 2 Y
(stress) = A FH-3F EHo) #5344 ¥ o,
o) AFL o] 39 A7) g5t AF AT,

SR BFFY N5 F AFHe 2H AFs
27 84} (sclerosis of subchandual bone)& £¥
E ¥ (stress diagram) %3} & 712 e E el
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W FAATY sEo] AAMEAY T BHH
o] ¥ 5 BIHE $HL FHEA BEYS
¢ WE $ZA%(dome) 2 Aol 472

(Fig. 8b) o] &AL AXA T4 FHGY 27
FFolrh

gheko] F o) & Ro] #AWY AFHIH FY
o F&8tA R v A odo FALE o
= $¥ = H(stress diagram)o} AZF3 AN
2 a2 gdo) 24§ 42F (a dense tri-

8b. If one layer of cartilage disappears or if the tissues are no longer able to distribute the stresses
evenly a dome —shaped sclerosis develops. This is the very first sign of primary osteoarthritis.

8c. If the resultant force no longer acts at the centre of the weight —bearing surface of the joint but
closer to the edge of the socket the stress diagram and the subchondral sclerosis appear as a

dense triangle at the edge of the joint.
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8d. A dense triangle in the depth socket means that the resultant force R is exerted more medially
than normal. as in osteoarthritis with protrusio acetabuli.

Fig. 8a~8d. The subchondral sclerosis in the roof of the socket presents the same outlines as the

stress’ diagram.

angle) 2 2 eI TH(Fig. 8c).

o] =23 4+7}3l(a dense triangle)o] ¥] 73} <
Zo| &3] AEFa AL del= T #FE Ro
ARAA B} o vFWEes 43ty wEo|u,
o] H}‘?l‘%—(profrusio acetabuli) W RoF+= F4
BRGol 2 EAHQ o J(Fig. 8d).
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1) e 28 (73 $8 M) (Fig. 5,6, 7).

2) 234 285 ¥ R

3) @A d ) system?} system of moments.
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do
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oz %8

o,

=2
A~
Ee

o2

e wa Aol FYAA bolA A slof o
. a4 dAHCEE AAF Tl 94E M
o gelol #HA o 30°, £HolA o 60°3] 2=
A g FYOE KA WHTFE AL
o & 5o 5A9 FYFH O A TH(Fig. 9, 10)%.

=4 & A (Osteoartitis)
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Ag3he AAH 39 Alolo] Yy om EA) 3o}

AN

Fig. 9. The abductor muscle force.
M :resultant force of abductor muscle
acts obliquely on the lever or mo-
ment arm.



AFe agde A9%s THRAY

—g —

N

Fig. 10. The resultant force acts about 30°from
the vertical(60°to the horizontal).

g FFol AMAAA FAe R, & gz
BH FaHe Y e 2AFES} o UE B
dEH 2 A9 AFY S 1F NA FE Rolo.

dHA FaHE duE S gaATedE £t
A ol dled AARZ #dd Adds g2 7
SAAFE U7 e ded v Ux, SH7}
B AFHs WAL WHFE Aotk

IEE o E7}E(The hanging hip &4 (Voss—
Pauwels))

ARF WAZ, AR, F279) ASS A s
D2 gugel 1AM AL E 8 RS Sole
Feo|th

o] B&d H42 AFHI BADH) BAEx)
%e A5 @ste] gdWol X ¥ (congruent) T
A5k vl 229 AFe Zo AP Ux We
7tE 2780 Holx e TABHEGANAN AJY
g Asde e A9 E 4S5 AU (Fig. 11).
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Fig. 11. The hanging —hip procedure decreases the overall force R transmitted across the joint. ab,
abductor muscles ; ad, adductor muscles ; ps, iliopsoas muscle
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(The Varus intertrochanteric osteotomy (pauel 1)) (M) Ao dolg ARaFE AL A 39

o] & 39 ¥ RE AAaAAZT ES& Uyt 2F

o9 dER A0 W dFgey 53L 939 &g s b FHolx: FEHL A F(Congrous) 8 oF
F(M) A dol& AFANATL 3 M9 4 Bt 27 8ol A o],

< H@sFee o 250 AT* " (Fig. 12, 13). ) &o] §8 Ro| H|7Y YFO R o|F35lA Hed

R

N

Fig. 12. Varus intertrochanteric osteotomy decreases the force R transmitted across the joint and
enlarges the articular weight —bearing surface. M, force exerted by the abductor muscles

(Redrawn from PAUWELS 1959).

N

Fig. 13. Varus osteotomy increases the transverse component Q and decreases the longitudinal
component L. R, resultant compressive force; R;, reaction force
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9 AFRS HAL WHFE EHE @

5o FA #Fs At v3 24 4&dq 3
E #4389 Z7 314 (dense triangle)o] gF AF
3 Z7ste g #53A AREEHA &S B

olgj ¢ Wste A RaHe Yo 75T
28 EES § AA3E] AEHE AME UdedlE
Rolth olet gl HHY AR HolAEe Ao
YERETH

a#d £% #ddel HF(congruence) 3l
28 e 2 seAde A2 Solzivh

o]d Afols MA7E Wit BF&(Varus inter
trochanteric osteotomy)Bt} A7+ wt AF<
(valgus intertrochanteric osteotomy)Z A]3) 3}
A AFFs WA S HIFE Ao aHHL o
7t 3o

HMAZE ot HE3E

(The valgus intertrochanteric osteotomy)

WEHIF WS A FZ2) A (osteophyte) 2
FAE o] &L o] FF AN} HH 9 AFH-5dH
o AYHEZE o] &3 AFH-3 WHo| B} Yo

AA F-8 e (Pig. 14).

olo] Hrl3te] WAL, JAZ, Fa29 A& HA
S o] MEHE o FrEHE dgT U

giofo] @AMl Hgsia Ay Fedde g
Ao}, v ESUAd HRAE 4P FHS
(dense triangle)2 $F2 Z|& RG] AZ3 AN
o] #53H A2 AF 7HF L HolAH B4
fENAoR APt

gkoke] #AHo| A F(congruous)sar AzhE
273 81’4 (dence triangle)o] ¥]¢] & WA &
AstA ol ARR-O] €& o5& (Maquet) & A3 &t
W aadd A2 48 F4E Y8As Ul
% B us 23R £ d 4 Uk Auty
Z(coxa valga)¥r f1oW B £&2 A3 4345
o Ut

A} 2| % o|S=

(Lateral Displacement of the great trochanter)

AZ F(M)9 AANE A% AAFI (M)
I3 A(K)e] o] & 4xE HElgoez, 2
Zo|d, 1 §¥9) Wgs HANAFo RN 1 BH
B3 WA 3 a7 A= 200 (Fig. 15).
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Fig. 14. The valgus intertrochanteric osteotomy takes advantage of the osteophyte developed over the
medial aspect of the femoral head. Combined with a tenotomy of the abductor, adductor and
iliopsoas muscles, it decreases the load transmitted across the hip and enlarges the weight —
bearing surface of the joint (Pauwels ), (Redrawn after PAUWELS 1976).
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Fig. 15. Lateral displacement of the greater trochanter decreases the force transmitted across the hip
and enlarges the weight —bearing surface of the joint K. force exerted by that part of the
body supported by the hip : h” lever arm of force K: M. force exerted by the abductor muscles
1 h, lever arm of force M; R, resultant of forces K and M.

a Before operation : b after operation

Z4E2E HEFE A% (M) 9] Ao dol&
AgNAZE B9 RS Ue ABNAFH FA
Ro] ¥ 79 Yo ojFsle] Aoz @A
o AFHst vAE W FA drh

o4 B AN ¢AE TERE DAL T3
= 3g Fola dY AFHE WAHS W) &
HaEZoax A ¢¥(articular pressure)E &
o)7] SIgtol .

4 g

2AAY WA A g Bodety 2 A E S Es
HA S Gy va-A e A9 3 (Biomechanics), &
A o 8}(Statics), ¥ % (Kinematics), L& 3L
#4d $%9 8 (Kinetics) & olsiaf o} 3o}

A A A (lever system)ol TdH L WHAY
(AelE) o2 #Aeded 359 28 =74
up2ba], AAde] Aol osto] mata aAA(A
)l gt g 2719 WEo] Wslrl o Fd
e AFsFolA HAFe FHFAS 33
HellA el g 279l ¥ E RAFE 2ad 4Y

o & ARt £¥o| Arh
Yz xadd FABAYAM=(Fig. 10) A
, A8, S dAle g B8t &% 4H R
=% 4 REY 8 FAAAFLE 4G
o= & ol7dL dAES

e ARz Yy dFe(Fig. 11, 12)& A=
g ol Aol A, A(Kyz M) = W3l, ¥8 R
& AF53t #dve % 2 HFe® o5 a9
£ AYsF oz 2 o]yo] Ach
HE A ok dF&(Fig. 13) dEFFol A
222 4| (osteophytes) & o] &3t A FH-3t=
W&oz o5 9 #de Y dFHAS
5L, §8 Re) AFRs #Ewe] 9 2
5 o] T8 FAe A AT o 2 o]Fo] "rh
AR oS0l F&(Fig. 14)2, A= A9
Aol K9 Mo #x w3l

%8 R #d B¢ 2 US olF £ Adey
S8 & ol3s dA Ed.

o] RE oJBEC] AF{H F Y dIFE AYAY
¥ &4 A¥e ¢ 4 3N d® F23) 3

53 Fgrolol $& LHE AL Utk

ot rl

e g8 a N
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