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FIG. 8-11

The value of the ratio of the abductor muscle force lever
arm (c) to the gravitational force lever arm (b) is plotted
against the joint reaction force on the femoral head in
units of body weight. Because the line of application of
the abductor muscle force (its angle of inclination in the
frontal plane) has finite upper and lower limits (10 and
50°), the force envelope is plotted. The curve can be uti-
lized to determine the minimal force acting on the
femoral head during a one-leg stance if the ratioofcto b
is known. Adapted from Frankel, V.H.-(1960). In The Femoral
Neck: Function, Fracture Mechanisms, Internal Fixation. Spring-
field: Charles C. Thomas.

mxm

Men

2 2

] ]

173 173

© @

@ @

T T
=
K=
Q
2
g
22
(0]
e
o
w

Percentage of Cycle

2 Women 2

@ y k7

° °

o (]

_ T T
z
=y
@
=
>
°
o
[
@
s
ig

Percentage of Cycle

Muscle Activity During Stance Phase of Gait

Gluteus maximus
Semitendinosus

Semimembranosus
Biceps femoris :——
-
.
e ————

Extensors

lliopsoas

Tensor fasciae
Sartorius

Gracilis

Rectus femoris
Gluteus medius
Gluteus minimus §
Adductor Magnus pee—
Adductor longus
Adductor brevis

100

Flexors

Abductors

 Adductors

0
Percentage of Cycle

Hip joint reaction force in units of body weight during
walking, one gait cycle. The shaded area indicates varia-
tions among subjects. A, Force pattern for normal men.

B, Force pattern for normal women. Adapted from Paul, J.R
(1967). Forces at the human hip joint. Unpublished doctoral the-
sis, University of Chicago. C, Muscle activity during stance
phase of gait. The first peak corresponds mainly for the ex-
tensor and abductor muscles. The last peak is for the flexors
and adductor muscles. Adapted from the University of Califor-
nia. (1953). The pattern of muscular activity in the lower extrem-
ity during walking. Univ Cal Prosthet Dev Res Rep, 2(25), 1-41.
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Forces on an instrumented hip prosthesis during walking.
The broken line represents the force on the prosthesis, and
the solid line represents the ground reaction force. A,
Walking speed 0.9 m per second. B, Walking speed 1.3 m
per second. An increase in muscle activity at the faster ca-
dence resulted in higher forces on the prosthesis. Adapted
from Rydell, N. (1965). Forces in the hip-joint. Part li: Intravital
measurements. In R.M. Kenedj (Ed.), Biomechanics and Related
Bio-Engineering Topics (pp. 351-357). Oxford: Pergamon Press.




TABLE 8-2

Reported
Peak Force
Activity BW

Instrumentation

Range of Typical Reported Peak Hlp Joint -
Forces From Selected Studies

Reference

Walking

Walking

Instrumented
implants

EMG
/force plate

accelerometers

BW, body weight; EMG, electromyography

Bergmar’fn et':_él,, -
19931995

Kotzaretal.,
1991

Englishetal,

1979

Rydeltetal.,
1966 | ..

Paul, 1967 -

Crowninshield ™

cetal, 1978

‘Rohrle:etal:;.

1 984

yan den Bogert
et al, 3999;1*1;i
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Moment
Equilibrium; Force
Equilibrium

7.7. Hip Joint Loading during Symmetrical and Asymmetrical Lifting

This example illustrates the effect of the distribution of a burden on
hip joint loading. The loading of the hip joint when a suitcase is carried
in one hand is compared with the loading when the same type of suitcase
is carried in each hand (in other words, when the burden is twice as
heavy).

N

Figure 7.7. A person is standing on one leg while carrying a 25-kg suitcase in the hand
on the side opposite the standing leg (Figure A) and a 25-kg suitcase in each hand (Figure
B). The body weight excluding the weight of the standing leg is 500 N. The center of
rotation of the hip joint is marked with an X.
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7.7A. How large is the joint reaction force (R) in the right hip when a
person stands on the right leg while carrying a 25-kg suitcase in
the left hand (Figure 7.7A)? Use the following data:

Body weight

Weight of the standing leg

Moment arm of the weight of the suit-
case

Moment arm of the abductor muscle
force

Moment arm of of the body weight ex-

cluding the weight of the standing
leg

600 N
100 N

0.31 m

0.05 m

0.06 m

The abductor muscle force (A) acts at a 70° angle to the transverse

plane.

7.7B. How large is the joint reaction force (R) on the right hip joint when

a person stands on the right leg while carrying a 25-kg suitcase in

each hand (Figure 7.7B)?

The moment arm for the weight of the suitcase in the right hand is
0.14 m, and for the weight of the suitcase in the left hand, 0.31 m. The

moment arms of the body weight and of the abductor muscle force are
assumed to be the same as in problem 7.7A.
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