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FUERZAS EN EQUILIBRIO
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DIRECCIONES Y SIGNOS DE TORQUES

(@) i sind>0 T=0 ‘) cow defdt= =0
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Fig. 2.2. Direction of torques, showing (a) positive and {b) negative torques



DETERMINANDO TORQUES
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Fig. 2.3. Determining torques from using components of the displacement and force
vectors that are normal to the force and displacement vectors, respectively



FUERZA, MASA, ACELERACION 'Y
CANTIDAD DE MOVIMIENTO LINEAL

dv dp
di at

¥F =ma=m

TORQUE, MOMENTO DE INERCIA,
ACELERACION ANGULAR Y
CANTIDAD DE MOVIMIENTO ANGULAR
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Fig. Z.4. Three types of levers, (a} fret, () second, and (¢) third class levers. The
large increase in the distance the weight moves over the change in muscle lemptb an

the third class lever is also sesn In pars ()



DETERMINACION DE LA
FUERZA EQUILIBRANTE

S 7= Waw — Mdy = 0.

M =\
dM <— Factor de Amplificacién
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CAMBIANDO EL EJE PARA
CALCULAR EL TORQUE

e da
Fig. 2.5. Displacing the axis for caleulating torgques to the right of the weight by a
distance 1, a5 shown for a first class lever, For the axis chosen at the Dalerom o = duw.
The axis can be laterally displaced anywhere, to the left or night {as shown] of the

lawer. mbowve or balow 1t, or in 1T

E.—._ =Wr+ (W + Mildw —x) = Midw +dy—3) =10
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LOS TRES TIPOS DE PALANCAS

First class levers
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Fig. 2.6. Examples of first (&, b], second (), and third (d) class bevers in the body
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CAPITULO 2

Analisis de Articulaciones
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LA ARTICULACION DEL CODO I

(o] Case #1

T
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(c) Case £2
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Fig. 2.9. (a) Weight keld in the hand, showing the biceps brachii muscles. (b—d} 4,
Forees for the squilibrium of & weight held in the hand for Cases 1-3



LA ARTICULACION DEL CODO Il

Caae I

The biceps brachii insert|about 4 cm (from the pivot axis. Say there &5 a welght.
Wi held in the hand, which 1= dw = 36 cm from the pivet. (With H =
180 cm, 1L.2H = 36cm.) Therefore M = (dw /dy)Ww = (36cm/dem)Wy =
Gi5. So for a weight of 100N the muscle must provide a force of MON for
halance, Here N stands for the MES /81 unit of newtons, Since 1 N == 0.225 1y,
ecpuivalently, a 22 b welght is balanced by 200 1b. of force exerted by the biceps
brachii {Fig. 2.9h].

We have made several assumptions and approcimations o this example
without explicitly stating them. It is always good to start with simple mocdels.
It i= equally important to understand exactly what sssumptions and approx-
imations are being made. Then, the model can be made more realistic. Here,
we have nssumed that the forearm and upper arm make 8 907 angle. We have
also neglected the mass of the forearm.

15



LONGITUDES DE SEGMENTOS

Table 1.6. Body segment lengths. Also see Fig. 115, (Li=xing data from [63]]

SeErment segment. leagth®
body height H
head height 0,130
neck hedght (1.{152
shoulder width 0.258
UPPer AT 0.186
lomer Brm 0.146 €— O 146
hiand 0.108 €<— (0.054
ehonlder width 02549 0.200
chest widih 0174 ’
hip width/leg separation 0.191
upper leg (thigh) 0.245
lower leg (calf) 0.246
ankle to bottom of foot 0.039
foot breadth 0055
foot length 0132

1 pless otherwize gpecified.



LA ARTICULACION DEL CODO [V

flaze 2

Now let us improve € - including the weight of the forearm| W
(Fig- 2.9¢). This is aboug 0.0:22W,,, {where W5, is the body weight) (Table I.

For a 70 kg (TOON, 160 167 person; this is =15 N (3.4 1b). We can treat the effect
of the weight of the forearm as if it were g at its center of mass, which
s appricamately in the middle of the £ ,dp = 0.146H /2 = 13cm from

the pivot: 154N \ 13,14 cm

e = Mdy — Wwdw = Wedp =10

My = Wipdw + Wedp
aar . aF ...

o oW o S e

M (Ipa i i

The ratio dg fdy (= 13cm/4cm], s0 now M = Py +a3.25Wp and the EI.'III_."EI.'I.-E
farce required A maintain equilibrium has increased to 000N + 3.25 (15 N) =
a0 N (210 1k]. 3,285 x 15,4 N =5059N

13,14 cm/4cm = 3,285 17



MASAS Y DENSIDADES
DE LOS SEGMENTOS

Table 1.7. Masses and mass densities of body segments. {Using data from [&3])

L= LR gegrnent Mass, rnass density
- total body mass m, (g em®)
hamd (.- D 1-16
ferrearin 0018 1.13
APpET &CLH 0.0228 1.07
forearm and hand o022 <€<— 1.14
total Brm IR 1.11
foot (L0145 1.10
lower leg (calf) b, (A5 1.(kH
upper leg (thigh ) Ch, 100 O
fosort, anad borweer lag b1 1.0r
total leg 0.161 L0
head and neck OL0E] 1.11

0.4897 1.413

trunk



LA ARTICULACION DEL CODO V

Case 3

What happens if we no longer assume that the forearm and upp-r arm make
a 0% angle? Let us keep the upper arm vertical and let the foreartn make an

angle #, which can range over 142% (Tahle 1.10). The force due to the sl e
i« then atill vertical, and those due to the weights of the foresrm and ball are,
of course, downward. From Fig, 2.9d we see that the torque caused by each of

these three forces i multiplied by sin #. Now

S 7o = My sin 8 — Wiwdw sin @ — Wedp sinf = 0

and we arrive ab the same result thiat

My = Wipdy + Wrdr

19



LA ARTICULACION DEL CODO VI

Table 1.10. Range of joint mobility for opposing movements, with mean and stan

dard deviation (80 in degrese. (Using data from [49], as from [33, 61])

opposing movernents LA s
shoulder fexion fexctension 188761 1214
shoubder abduction/adduction 1347458 17,0
shonlder medial lateral rotation 7 34 22/13
alboer Hexion —> 142 101
foresrm supination/promaticn 113,77 22,24
wrist flesdon/extension a0 o 12,13
wrist abduction fadduction 27 /4T T
hip Hexion 113 13
hip abduction/adduction 53,31 12712
hip medial lateral rotation {prone) A9, 34 10,/10
hip medial lateral rotation (Eitting) 41,30 a/9
ke fexion {prone) = voluntary, arm assist 126,144 10,5
knes Aexion — voluntary (standing), foroed (kneeling) 113,154 130
knee medial /lateral rotation (sitting) 35/43 12/12
ankle flexion fextension 35/38 T/12
foot Inwersion/eversion 24,23 87

The subjects were college-age males. Also see Fig. 1.16.

20



LA ARTICULACION DEL CODO
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Fig. 3.42. Variation of the moment arm of biceps brachii ve. albow angle. (From

[113]. Reprinted with permission of Wiley)
(1984)



Bionps brach

LA ARTICULACION
DEL CODO VIII

Flaor
MiEcles —
ol fonEarm

Tibahs Aflanor

22

{a)



LA ARTICULACION DEL CODO IX

biceps braquial

cubito

hdamero

" _.-". =T T
cubito T
Fig. 2.10. Sketch of the elbow joint for analyzing the statics of the lower arm for
Cmse 4. with the three muscles, the .:_'|i|'_'-|-_l]j-;:'. I'|'|E'Fl.|'J1Ii }. brachinl=, and brachioradialis,
showm in {b—d). (From [76]1(1998)

yde}



LA ARTICULACION DEL CODO IX
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http://upload.wikimedia.org/wikipedia/commons/0/09/Brachioradialis.png

LA ARTICULACION DEL CODO X

Case 4

The biceps brachii are not the only musches wsed to fex the elbow, What hap-

pens if we also include the mntnbuhum of these other muscles? Figure 2.10
shows that the biceps he brachioradialie all con-

tribute to this fexing. | Assuming that # = 90° (which may not he a good
I assumption for each mua-::le]l 12,18 ts modibed to

E e = Mydp, + Madng, + Mady, — Wiardw — Wrdp = 0

Mld:“._ - M;-I:J:}_{:. i+ ME_-I:I:HEI = H'.I:'.llrdw + deF

where M,. A, sand W5 represent the forces exerted by the three pmscles
A, respectively. If the |physiological cross-sectional a.t'm;l-:l-f the three mus-
cles are A1, Az, and As, respectively [which we uroally call PCA ), and the
muscke force for each can be assumed to be proportionsl to this area (which
ie a nretty good assumption), then M e £4 for i = 1.2 3, (We will see

that this is & good assumption with|k reaching s maximum of ~40 N em®

PCA = Area de la Seccion Fisiolégica Muscular o5



LA ARTICULACION DEL CODO XI
S, |
kAydyy, + kAgdng, + EAady, = Wwdw + Wrdr
Woardsy <+ Wedp

“q'.l.l.'t.i'-'!j + Aadyg, .-ﬂi':;d!':..f_-,
‘wihwy + Wpdp
Aqdng, + Asdpg, — Aadu,
Wiwdw + Wrer
Aydnr, + Agdpg, — A,

Wiwdw + Wedyp
= kAy = Ag=—
M y P Ay, + Apdyg A -‘|_-=-':!|-.-|,

26
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LA ARTICULACION DEL CODO XIl|

Table 2.1. Data for the three elbow muscles used for Hexion. {Using data froa
TE. 85]1(1998, 2005)

FriEc]a moment arm  plivaiologicrl cross-gection
dy (e (POAY (em” -
biceps (muscle 1) 4,0 4650 (Fig. 3.42) 46 (A)
brachinlis [muscle 2) 34 7.0 (A)
hrachioradialis {muscle 3) Th _ 1.6 (A3) 3

4,0 Primera suposicion
4,6 (1998, 2005)
5,0 (1984)

27



LA ARTICULACION DEL CODO XIlil

Using the pararneters from Table 2.1, we get My = 262N (bhiceps], My =
300 N (brachialis), and Mz = 85 N (brachicradialis] when we g Lne“h?- Case 2
This compares to the My = 696N that we would obtain for Cpme 2 with the
hiceps alone, using d; = 4.6cm {instead of the 4 em used betore, which led to
S00N). The total muscle force is 746 N, which is greater than GG because

ihe brachislis has a relatively small moment &rim

28



LA ARTICULACION DE LA CADERA i

Fig, 3.12, Front and side views of the hip. {From [65]]
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LA ARTICULACION DE LA CADERA I

Il1ac crest

RFamizd af igckiuven

Fig. 2.11. Right hip bone in adult. {From [65]) =8



LA ARTICULACION DE LA CADERA IV

e~ Head
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Fig, 2.13. Anterior view of right femur. (From [65]) "



ARTICULACION DE LA CADERA
ADUCTORES (Principales)
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ARTICULACION DE LA CADERA
ADUCTORES (colaboradores)
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LA ARTICULACION DE LA CADERA

Cireaier _.-""'
trachanser

Fig. 2.16. Anatomical diagram of the leg and hip for someone standing on one
beg, or during slow walking, shiwing the forces on them and relevant dimensions,
including the fores exerted on the head of the femur by the acetabulum A sod the
net force exerted by the bip abductor muscles, (From [65])
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LA ARTICULACION DE LA CADERA VI
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Fig. 2.17. Foroe diagram for a leg for someone standing on one foot, using Flg. 2.16.

[ Framy [£5]) 35



LA ARTICULACION DE LA CADERA VI

Fig. 2.18. Forees on entire person for someone walking with a cane. [Fron Ll
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LA ARTICULACION DE LA CADERA
VI

Attached via arm

/ and shoulder
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Fig. 2.19. Force diagram for a person using a cane for some support. (From [65])
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LA ARTICULACION DE LA CADERA
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Fig. 2.20. Free-body force diagram of the leg for someone walking with o cane.
Mote that the center of mass of the leg is now 0.33cm to the kit of the vertical
from the center of the head of the femur, whereas without the cape it was 2.2cm
o the right of the vertical, Consequently, the leg center of mass is 6.65 cm from the
vertieal line from the greater trochanter, whereas the center of the head of the femur

B 6.98 cm from it. (From [65])

|X
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LA ARTICULACION DE LA CADERA VI/IX

Vertebra

70°_ A
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—”'Jl 7.0 cm } !
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: Femnr § ! :
! 1 :
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| | a i
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LA ARTICULACION DE LA CADERA X

Tahle 2.2. Anabvtic estirnates of peak hip forces, (Using data from [82]]

activity magnitude,/body weight, ¥,
walking 4 E—5.0

walking =lowly with /without a cane i N

gialr aescending/climbing T.2—T.4

stair descanding 7.1

chalr TRi=Ing 3 3.3

40



LA ARTICULACION DE LA CADERA XI

36“

1 |
|:II::IIZ'IJ|:. l
i
Fig. 2.50. Forces on hip and femoral head while standing on one leg and lifting
a weight with the cpposite hand. {Reprinted from [75]. Used with permission of 41

Elsevier.) For Problem 2.5



LA ARTICULACION DE LA CADERA XIi

Fig. 2.51. The split Russel traction device. (From |86].) For Problem 2.14
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LA ARTICULACION DEL HOMBRO |
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Fig. 2.21. Forces on the arm and shoulder, when the arm 1 sbducted to the hor-

izental position and the hand holds & weight, along with the force dingram. |From

[86])

43



LA ARTICULACION DEL HOMBRO

Deleoid muscle

Humemnis %

Fig. 2.52. Deltoid muscle during lifting with an outstretched arm. (From [65].} For
Problem 2.15

+
T
g
F @
. . |
i 5
- ] 37

mE

Fig. 2.53. Force diagram for the deltoid muscle and reaction forces during lifting
with an outstretched arm. {This is a simpler version of Fig. 2.21.) (From [65].) For
Problem 2.15
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LA ARTICULACION DE LA RODILLA |

B
i | !1 [Eﬁ

Fig. 2.22. Exercising muscles near and at the kneé. [ From [BG| )

46



LA ARTICULACION DE LA RODILLA 1l

Flg. 2.28. Forces on the Jower leg, while exercising the musche arcund the knee

[From [86])
47



LA ARTICULACION DE LA RODILLA 1l

W,

& COEf

Fig. 2.24. Resolution of the forces on the lower leg in Fig. 2.23. (From [86])
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LA ARTICULACION DE LA RODILLA IV

4

IE:I
d ,
< Con rotula

! %\ Sin rotula

\‘a

N

e

Filb'.- 7 5. The [ITEsanOe ol the |.;_|:'||':-.|':|:-_:'|_'|:| [;_.,;._r_.;_;l_l.:._j increases the moment RO in the
lever, (From [86])
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LA ARTICULACION DE LA RODILLA V
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Flg. 2.26. Foree diagram of the knescap (patella) in equilibriven. {From [86]) 50



LA ARTICULACION DE LA RODILLA Vi

Fatellar
lignment

Fig. 2.55. Forces on the lower leg during erouching, {From [65].) For Problem 2.24
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LA ARTICULACION DE LA RODILLA VI

52



LA ARTICULACION DE LA RODILLA IX

N ll.'
40
l:‘__.-" ______-'
1 |
H
(a) (b}

Fig. 2.46. (a) Nustrating the thres-foree rule on the free lower leg, with reaction
force M, patellar tendon force M, point where these extended vector ].imﬂ et
P. and the point where the joint force acts on the tibia Q. (b) Vector diagram of
thres-force rule with B being the joint reaction foroe at @. {(From {Tﬁ.l:l
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LA ARTICULACION DEL TOBILLO |

Fig. 2.27. Foree diagram of the foot on tiptoe, showing that they fortn & concurrent
evetem. (From [86])
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LA ARTICULACION DEL TOBILLO |1l

Fig. 2.28. Components of the forces acting on a foot on tiptoe. (From [36])
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LA ARTICULACION DEL TOBILLO I

1
2357 —esd 197 |-
Fig. 2.54. Forces on the foot during crouching. (From [65].) For Problem 2.21
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CAMINAR CON TACOS

ke g
o © ﬁ; &
J'zy- _ﬂﬂf 4%
j 8 j 8 i 4
43% 57% 57% 43%
A p -
s I
_é’m Scm 2= >10cm
4 + £ +
75% 25% 90-100% 0-10%
§
A B C
a b C d

Figura 3. Esquema del efecto que el uso de tacones tiene so-
bre la postura en el plano sagital. En el dibujo “a” se observa la
posicidn basal. La flecha representa la linea de gravedad.
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LA COLUMNA VERTEBRAL |

| Thoracic
L
verichras

i R ' g = Foe=h . . 1 .
Fig. 2.83. The vertebral column (spine). (From [65].) The thoracic and sacral curves
are primary curves, while the cervical and lumbar curves are secondary curves
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LA COLUMNA VERTEBRAL |l

Fostenior (guiding) Amierior (weight basring)
Belamillury -~ !
Arocess :gf '-..__-_i_.l-.
T |'--__ ..-.-TE.:“ ]
rAnEVETse i
pracess - Inlervemehral
Sapenor {guxdmg) L
articilar procass

articular process

Fig. 2.84. Side view of two vertebrae separated by a vertebral disc. (From [63])
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LA COLUMNA VERTEBRAL I

. Posienar
:ZIE'II'II'IIJ: —-.I !Lﬁlﬂ][”ﬂl“i.l
[ | | paImeant Eil.ll.'-lﬂl'i-l'lll'
- Infemior | i ~ ariicular faces
articalar prooess
~

gt

Fig. 2.35. Vertebra viewed from above. (From [65]]
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LA COLUMNA VERTEBRAL IV

Lagameniom Porerinr o y
Emgiindingd ligammen Impircas
e, : . ; noevE T
Verohral - ~
s o - Compressed "'- ""sl |l
Foesmmnes lc;:-‘_- izl . —|'
. Fimorei _
capauls _ . Degenemed
mmereerpkral dasd
Facsl —= Imereenaobral
svTHvLal ~ s
chmsdle
Anienos
— Wmgrdinal
ligesve=ini
] -1

g, 2.86. Cross-section of two vertebrae and a vertebral disc with nerve for (&) a
normal intervertebral disc and (b} one that has degenerated and is compressing the

nerve root. (From [G5])
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LA COLUMNA VERTEBRAL V

\ i
_H___-- Laumbar lordosas

\ Espacio

intervertebral
L4-L5

- Fifth lvmbar
veriehra

Lombsoeacral
angle II-’/

Fig. 2.37. The lumboszacral angle ia defined as that betwean the horizontal and the
top surface of the sacrum., |:1"':I'-!:I1'r| [ﬁ.‘j]}
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LA COLUMNA VERTEBRAL VI

Splaneus capitis
— Samispinalis capilis

Splenius capitis - Longisaimis capis

Splenius corvics
Stakenus postanor

Ihocostals CoNdiCs Semisprnals carvics

LewsQimsimus cenacts

Spinalis horcs

F ; B ] '_. : 1 )
lincostalis thoracs  amiam y i § \ lhacostalis

Longissimus

Mud ifidus thosacis
Longmssmus rmborum

External obigus
abdominia
i Imemal obliqus
abdominis

Transverss abdarmmis
ang deep layers of
fascma thorassiimbalis
lhocostalis mborum =
Aponeurosis (tendon)
af ereciorn sonae

Muhifidus lumBbomnm

Glubows maximusg =

Fig. 2.58. Intermediate (left) and deep {raght] layers of back muscles — showing the
erectar spinas muscles, The erector spinas consists of lateral columns (the lliccostalis
lumborum, thoracks, and cervicis muscles), imtermediate columns (the longissimus
thoracis, cervicis, and capitis mscles), and a medial column (spinalis thoracis).

(From [83])



LA COLUMNA VERTEBRAL VI

Temnth Thoracic
verehra
R
N S
Erector spinae o e i
musches T I
H_I I

Fifth lumbar

Fig. 2.39. Diagram of the eractor spinas muscles used to comtrol the trunk when
bending. (From [65])
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LA COLUMNA VERTEBRAL VIII

Fig. 2.40. Free-body diagram of the vertebral eolumn while bending. with the sphne
modeled as a straight bar at an angle # to the horizontal, which we will take to be
~50° — a bit steeper bend than is depicted here and shown in the inset. Lhe N'ﬁ]*f
of B o the horizontal is ¢, With nothing being lifted, we will take W, = 0.4WL and
Wa = 0.2W%. (From [63])
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LA COLUMNA VERTEBRAL IX

Tahle 2.3. Forces in the body during bending and lifting

& M A A I
(mo lifting)  (extra 0.2W,) (no lifting) (extra 02145, )
20" 2.50 3.7 2.74 407
a0" 1.44 2.14 1.03 2.81
Bi® ER1H (.75 1.08 1.53
a0’ 0 (0 0.0  0.80

A1l forees are in units of the body weight. For a body mass of 90 kg, multiply each
number by 880N (200 1k}
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LA COLUMNA VERTEBRAL X

1500 - 14700 N

115ﬂ[—

g 1000~ 9800 N
s

2

5 soof—- 4900 N

- | L |
1k 20 i 40

Contraclion %

Fig. 2.41. Loading of wet lumbar vertebral discs of persons 40-58 years of age vs.
percent CoMpression. For the londing in N, the ordinate scale needs to be multiplied

by 9.8, (From [65]. Based on [96])
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LA COLUMNA VERTEBRAL XI

T ersic Coempr e S50
Compression Tansian
el
) - ':"'n{_.i— o -:- __'_,
e |:- _ |__. _J '-,_I 3 % |
T W - . ] ——y A - .
o (- < s
i) = g
-.rl S — e P

(a} Upnght () Bending lorwarc (¢} Bending backéward

Fig. 2.42. Disc compression for & person who is (&) vertical, (b)) bending Ii'l:'lt‘uj:nr-:].
and {¢) bending backward. Bending foreard leads to disc cOmMpPression :mwn-r.:rl-'
and tension posteriorly, bulging on the compressive side, and the shifting of the disc
nucleus posteriorly. {From [88])
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Tahle 2.4, Valnes of intradiseal pressure for different positions and exercise. relative
to that during relaxed standing. {Using data from [B0, 83, 82])

- — —rd

position or ackivity _‘5'_’1-3 -
still
Iving supine 20
sicle- |1."i.|||g 24
lving prone a2
lving prone, extended back, supporting albows a0
relaxed standing 1)
standing, bent foremard 220 LA
gitting relaxed, no back rest 92
sitting actively straightening back 110 CO L U M N A
sitting with maximum flexion (bent forward) 166

repatingado :;t:::;i ;::LNET :]lﬁ;lE:" suppenine th:Tdbuw EE V E RT E B RA L

codos en los muslos

rrResk I0TL

standing up from chair 220 XI I
walking barefoot or in tennis shoes 106-130
jogping with shoes To—-120
climbing steirs, one at a time 100-140
elimbing stairs, two at a time ' B0-240
walking down stairs, one af a time TE-120
walking down stairs, two at & time 6O—1 840
lifting ‘
lifting 20 kg, no bent knees 460
lifting 20 kg, bent knees, weight near body 340
halding 20 kg near body 220 -0

holding 20 kg, 60 cm from chest 360




LA COLUMNA VERTEBRAL XIII

F'y
700 = -
e B Lurnbar
E 500 support (cm)
] 0
=300 - —2 I'_>l"‘
iz . W
O a0 - . R
""“--5
' J

U I . I —— I .
S0 100 110 120 I—(
Backrest inclination (%)
Fig. 2.44. The pressure on the third lumbar disc is dacreaded with backvward back-
rest inclination and with hombar support. Also, it is increased with support in Lhe
thoracic region, which i not shown here. Chairs with some backward inclination

and lumbar support provide needed support, while those with an upright Hal back
or that curve toward the body can cause painful pressure. (Based on [64, G9])
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LA COLUMNA VERTEBRAL XIV

MNery fast walk,
2.2 E _
& 2 v, 2.16 m's = 7,78 km/h
= - ¢ P i ,Fasi wialk,
X - A 1.T2 mvs = 6,20 km/h
| i fu P
e L Momal walk
: .f13ams_497km/h
T, Bl wialks,
1.05 m's = 3,78 km/h

Force/Body waigh!

'-_ = bj.lj}I
I.L ! ' | | + __, weight
0 20 40 &0 8O 100

Cycle (%)
Fig. 2.43. Axial load on the disc between the L3 and Ld vertebra while walking at

different speeds, LHS and RHE are left and right heel strike, respectively. {Based on
|68, 83])

1 cuadra/minuto = 120 m/minuto =120 m/60s =2 m/s = 7,20 km/h
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LA COLUMNA VERTEBRAL XV

wemehm
|'|'|:||'|Il!I' I
L1

Exigngs muscie

Pivgd = werishn

Fig. 2.56. Shoveling, (From [71].) For Problem 2.36
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LA COLUMNA VERTEBRAL XVI

:'":'i{-f: -{?‘?YJ
A Y | S

Fig. 2.45. Hyperextension exercises recommendsd (at the Tientzin Hospital in

China) to strengthen the back of lumbago petients (1., those with mild to severe
pain or discomfort in the lower back): each is performed with the patient's back

kept hollow, Several other exercises are alzo recommended for those with lower back
pain. If you have lower back pain, please consult your phystelan before attempting
anv of these exercises, (From [70])
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BIOFISICA

CAPITULO 2

Modelado de las Articulaciones
DOr Segmentos
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MODELO DE SEGMENTQOS |

Anatemical Link Segmeant
Model Model

Fig. 2.47. Relationship betwesn an anatomical medel of the leg and & link segment
model of the upper leg, lower leg, and foot. (From [95]. Heprinted with permission

of Wilev)
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MODELO DE SEGMENTOS I

Link - Segment Free-Body
Model Diagram

Fig. 2.48. Relationship between the link segment of the leg with a free-body di-
agram, with individual upper leg, lower leg, and foot. (From [95]. Reprinted with
permission of Wiley )
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MODELO DE SEGMENTOS

Hip axtensors

Knesa flaxors -

Ankle plantarfiexors

Fig. 2.57. Idealized resultant forces for six muscle groups in the leg. (Hased on

[77].) For Problem 2.37
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BIOFISICA

CAPITULO 2

La Articulacidon Temporo-mandibular.

Evolucion, Filogenia y Ontogenia.
Denticion y Ortodoncia.
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LA ARTICULACION
TEMPORO-MANDIBULAR |

s
Masiseter muscie <

Fig. 2.20. The masseter and temporal muscles in the jaw, about the temporo-
mandibular joint. (From [85])
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En el sistema estomatognatico la palanca es de 3er género.

Potencias: (musculos temporal, masetero y pterigoideos interno y externo)
Fulcro: (articulacion temporomandibular - ATM)
Resistencia: (maxilar inferior)



FUERZAS Y TORQUES |

Fig. 2.30. In orthodontics forces and torques are applied to the crown (left), leading
ta forces (and in this case no torgques) about the center of resistance ., | Reprinted from

[81]. Used with permission of Elsevier)
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Centro de Resistencia de
un elemento dentario individual

Vista frontal

e

BN/
Cmen lﬁ__’_/ Vista oclusal
cuerpo
genérico | ( /

————, Vista mesial

C D

Fig. 1-1 Centra da resisiencia. A Canvo ¢ maso de un cuerpe likve,
B Frontal € Oicusol v D Vislos mesiales del centro de resiskencic de un
dieres Indiviclol
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Cm o CR en cada elemento

[

|

Depende de:

« LONGITUD de la raiz
‘MORFOLOGIA: Ne de

raices y nivel o altura
del apoyo 6seo

alveolar A : c

Fig. 1-3 Lo localizacion del centro de ressiencia degende de ko alluia
bl huese alvedar y o kagilud de ka aiz. B Localizacién del centro de
(skancia con pérdida da hueso alvedar v € Con una raiz reducida.

Cm o CR en dos elementos y en un maxilar'

Cm de Centro de oposicion
SR Es = punto en que las fuerzas
sobre el bracket se reflejan
/ky/ ( K sobre el diente
AN
)

Cm de —
dos

elementos




St CENTRO DE ROTACION

Es un punto creado o producido dependiendo de las fuerzas que apliquemos
y es el punto sobre el cual se va a inclinar o va a rotar el diente, puede o no
coincidir con el centro de resistencia.

Fiz. 2.32. Forces and torques applied by the intrusion arch in Fig. 2.31. (Reprinted
from [81). Used with permission of Elsevier)



FUERZAS Y TORQUES IV
Investigacion Ortodontica en La Plata

APPLICATIONS OF VERTICAL BRACKETS IN
ORTHODONTIAL TREATMENTS: A LASER
SPECKLE STUDY.

M. Abbattista, L. Abbattista, N. Rodriguez, R.
Torroba, L.M. Zerbino, M. Gallardo and M.
Garavaglia

LASERS AND APPLICATIONS, Editors: W. O. N.
Guimaraes, C. T. Lin and A. Mooradian.
Springer Series Iin Optical Sciences, 26, 261,
Springer-Verlag, Berlin, 1981.
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Musculo temporal

Arco cigomatico
Hueso malar

Hueso maxilar

Musculo temporal

Hueso malar

Arco cigomidtico

Hueso maxilar

Mdsculo masetero

Figura 6.3. Huesos y musculos implicados en la masticacién. El misculo temporal tie-
ne forma de abanico. Su parte mds ancha se origina en la superficie externa de las
paredes laterales del crdneo, mientras que la parte mds estrecha pasa a través de la
fosa temporal para insertarse en la mandibula. La contraccién de estos musculos es
fdcilmente reconocible si se palpan las sienes al apretar los dientes. Los musculos
maseteros se extienden desde el borde inferior de cada arco cigomdtico hasta las
caras externas de las ramas ascendentes de la mandibula y las regiones posteriores
del cuerpo mandibular (ver figura 6.1). También es fdcil localizar estos musculos, bas-
ta con tocarse las mejillas mientras se aprietan las muelas.

LA ARTICULACION
TEMPORO-
MANDIBULAR
Componente del
sistema
estomatognatico

altamente informativa para la
construccion de filogenias.

Paranthropus aethiopicus

Y
Homo sapiens



Cresta sagital

TEMPORO-
MANDIBULAR

Rama ascendente
de la mandibula

Cuerpo mandibular

CRESTA
SAGITAL
DEL MACHO
Paranthropus
aethiopicus

Musculo masetero

Figura 6.1. Macho de Paranthropus aethiopicus.

LA ARTICULACION

88



Cresta Sagital

La cresta sagital es una protuberancia 0sea que recorre la
parte superior del craneo, pasando por el medio de éste.
La presencia de esta protuberancia indica una
excepcional fuerza de los musculos de la mandibula, ya
gue la cresta sagital sirve principalmente para la union
del musculo temporal, qgue es uno de los principales
musculos mastlcadores El desarrollo de esta cresta se

musculo.



http://commons.wikimedia.org/wiki/File:Gray382.png

Cresta sagital

Figura 6.2. Macho de Paranthropus boisei.

CRESTA
SAGITAL
DEL MACHO
Paranthropus
boisel
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Réplica del craneo de
Paranthropus boisel.
Craneo descubierto
por Mary Leakey en

Olduval Gorge,

(1,75 millones de anos)

Mandibula descubierta

por Kamoya Kimeu 1964
(1,5 millones de anos)




Toro supraorbital

Figura 7.2. Individuo femenino de Homo habilis.

DOBLE CRESTA
SAGITAL DE
INDIVIDUO
FEMENINO
Homo habillis
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Toro supraorbital

Huesos nasales

Figura 7.3. Individuo masculino de Homo ergaster.

DOBLE CRESTA
SAGITAL DE
INDIVIDUO
MASCULINO
Homo ergaster
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GORILAS vs HUMANOS

Curvatura

Cresta sagital cervical

Cresta nucal

Orientacién del
foramen magnum

Orientacion del

Curvatura dorsal
SN foramen magnum

Curvatura lumbar

94

Figura 5.4. Curvaturas de la columna vertebral y orientacién del foramen magnum en gorilas y humanos.



Australopitecus
afarensis 3.5M.a

Homo habilis 2,5-
1..8M.a.

Homo ergaster
1,8-.a.

Homo erectus
1,8-.a

Homo
heidelbergensis
800.000-

Homo
neandertalensis
130.000-30.000a.

- Denticion
similar a
simios.

- Incisivos
centrales
con forma
de
espétula.

- Filade
molares y
PM
paralela

- Arco
dentario en
forma de
u.

- Diastema
canino.

- Biprotrusi
on
marcada

- Fila de
molares y
PM
paralela.

- Arco
dentario en
forma de
u.

- Disminuci
on del
diastema
canino.

- Biprotrusio
n marcada.

- V.C:700
cc.

- Denticion
de menor
tamarfio
que A.
afarensis

- Fila de
molares y
PM semi-
paralela.

- Arco
dentario
en forma
de U-V.

- Desaparec
e
diastema
canino.

- Biprotrusi
on.

- V.C

- Denticio
n similar
aH.
sapiens

- Desapari
cion de
diastema
canino.

- Arco
dentario
con
forma de
\Y/

- .Molar y
PreMolar
de mayor
tamafio.

- Mandibul
as
robustas.

= V.C:1000
cc.

- Denticion
similar a
H. sapiens

- Ausencia
de
diastema
canino.

- Arco
dentario
con forma
de V.

- *] Molar
de mayor
tamarfio
que
3Molar.

- V.C: 1300
cc.

- V.C: 1500
cc.

- Denticion
similar a la
nuestra.

- Cresta
adamantina
entre
cuspides V-
Len H.
neandertale
nsi

-Mayor densidad
de estrias
de Retzius
*enH.
sapiens
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BIOFISICA

CAPITULO 2

El Sentido del Tacto.
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EL SENTIDO DEL TACTO |

(a) Hair-free skin (b) Hairy skin Sensaciones
cutaneas o tacto.

- e -

Sensaciones de
posicion de los
miembros y de la
cabezao
propriocepcion.

Epidermis

Sensacion de
movimiento o
kinestésica.

fat

Distribucion:
Lengua: 25/cm?

| - . . _ Espalda: 0,02/cm?
Meissners Merkel Pacinian Ruffini  Hair follicle Tactile
corpuscle receptor corpuscle  ending Senscr disc 100




EL SENTIDO DEL TACTO I

Stratum

corneum

Prickle
layer or

g Stratum spinosum

Melanocyte

EPIDERMIS
El 90% de sus células basales
producen keratina y el 10% son
melanocitos gue producen
melanina, el pigmento de la piel.
El stratum spinosum tiene unas
siete capas de células. Sobre ellas
se desarrollan el stratum
granulosum y el stratum
lucidum, con dos o tres capas
de células cada uno. Finalmente
el stratum corneum se compone
de keratina y detritus celulares
en forma de escamas.

Su espesor es variable segun
distintas partes del cuerpo y
oscilade 0,5a 1,1 mm. 101



EL SENTIDO DEL TACTO Il
Epidermis, dermis e hipodermis

Stratum
corneum "

-
v

Stratum
lucidum ——pm &

Stratum — - %
granulosum

Sense Organs in the Skin |

Stratum
spinosum

Stratum
basale

102



EL SENTIDO DEL TACTO IV

Hair Merkel cells

Meissner's

Ruffini
corpuscle

corpuscle
""""" Free nerve

Pacinian
ending

corpuscle

Root hair N\ /N

Sensory
nerves

Pacinian corpuscle Ruffind’s corpuscles  Meriel's disks Free nerve endings



EL SENTIDO DEL TACTO V

(a) Hair-free skin (b) Hairy skin

Corpusculo Meissner

Detectan suaves golpecitos
. . de frecuencias de 3 a 40 Hz,
Meissner's | Merkel Pacinian  Ruffini  Hair follicle  Tactile e”OS se apreCIan como aleteOS

corpuscle |receptor corpuscle  ending sensor disc

104



EL SENTIDO DEL TACTO VI

(a) Hair-free skin (D) Hairy skin

M: Merkel
T: Tactil

Meissner'sy Merkel | Pacinian Ruffini  Hair follicle Tactile
corpuscle| receptor |corpuscle  ending senscr disc

Detectan variaciones de
presion en el rango de
frecuencias de 0,3 @ 3 HZ.  merkel celis anc 105

tactile discs




EL SENTIDO DEL TACTO VI

(a) Hair-free skin (0) Hairy skin

Meissner's Merkel | Pacinian | Ruffini  Hair follicle  Tactile
corpuscle receptor| corpuscle | ending sensor disc

;.
hair shaft ——

| sweat pore
1 dermal papilla
sensory nerve ending
3 for touch

stratum corneum ~
pigment layer

:-- EPIDERMIS

stratum germinativum
[ stratum spinosum

1 stratum basale — \\ ol

= DERMIS

arrector pili muscle

sebaceous gland —

hair follicle —
" A __ SUBCUTIS
27X y hypodermis
papilla of hair :f/ (hyp )
nerve fiber — o 54
blood and / — vein

lymph vessels

sweat gland //

pacinian corpuscle

Detectan variaciones rapidas
de presion y vibraciones de 10
a 500 Hz. Los pelos estimulan
su sensado. 106



EL SENTIDO DEL TACTO VIII

(a) Hair-free skin (b) Hairy skin Capsule

' Dendrites

Afferent -
fiber =

Ruffini corpuscle

Meissner's Merkel Pacinian | Ruffini  |Hair follicle  Tactile
corpuscle receptor corpuscle | ending sensor disc

Detectan vibraciones muy rapidas de 15 a 400 Hz, como los
cambios de la superficie de la piel por su elasticidad.

Podrian ser los sensores de calor en el rango de temperaturas
de 30 — 48 °C, con su maxima respuesta en 44°C. 7



EL SENTIDO DEL TACTO IX

(a) Hair-free skin

Meissners Merkel Pacinian Ruffini | Hair follicle | Tactile
corpuscle receptor corpuscle  ending sensor disc

Los sensores de los foliculos
pilosos detectan los estimulos
recibidos por los pelos. 108



EL SENTIDO DEL TACTO X

(a) Hair-free skin (b) Hairy skin

Meissner's Merkel Pacinian  Ruffini  Hair follicle | Tactile
corpuscle receptor corpuscle  ending senscr disc

Las terminaciones nerviosas libres y
los discos tactiles detectan suaves
aproximaciones a la superficie de la
piel.
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EL SENTIDO DEL TACTO XI

Corpusculo
de Krause
(5-10/cm?)

Podrian ser los sensores de
frio en el rango de 20-45 °C,
con su maximo en 30°C.

Medullated 110

nerve fiber



EL SENTIDO DEL TACTO XiIl

« También existen receptores que sensan presiones

y temperaturas extremas, productos quimicos
COrrosIivos, etc.

« Las sensaciones de dolor provocadas por sucesos
rapidos (golpes) son transmitidas por neuronas
CUyO0sS axones estan recubiertos por mielina a una
velocidad de hasta 30 m/s.

» Las sensaciones de dolores intensos y persistentes
(guemaduras) son transmitidas por neuronas cuyos
axones no estan recubiertos por mielina y lo hacen
a una velocidad de 2 m/s y menores aun.
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