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Abstract—A solution for finding a rational distribution of
mass in lower limb prostheses has been considered based on
the formal premise favoring the identification of the move-
ments of a prosthetic and an intact leg . For the purpose of
simplicity, an analysis has been carried out for only the swing
phase, the data about the properties of moving segments
being determined without integrating differential equations of
motion. At the formation of equations of motion, an
assumption that body segments are absolutely rigid and have
constant moments of inertia and locations of the center of
mass was taken into consideration . Based on independent
proportions formed of combinations of the coefficients of
equations of motion, a system of three equations has been
formulated and solved in relation to the mass values sought : a
static radius and a radius of inertia of the prosthesis complex
link "shin + foot + footwear ." From the six unknowns
included in the equations, three values are chosen as mean
values determined empirically . The solution of obtained
equations results in the following conclusions : the parameters
of the mass distribution in a "shin + foot + footwear"
complex link depend on the amputation level and the
patient's mass. These data, reported in appropriate tables,
may be used in prosthetics practice . Recommendations have
also been presented with regard to a prosthesic mass relative
to the age of the person with amputation and a method of a
balancing of prostheses aimed at the achievement of a
rational distribution of masses . The analysis of obtained
equations has also allowed us to make recommendations
about the artificial foot mass . It has been concluded that a
reasonable desire to reduce the mass of the prosthetic
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segments is not an end in itself, but is only the means of a
rational distribution by means of balancing . It has been proved
that rational prosthetic fitting results in decreased energy costs
and overloads are decreased and a normalized gait.

Key words : above-knee prosthesis, below-knee prosthesis,
center of mass, mass center location, moment, prosthetics,
residual limb.

INTRODUCTION

The principle of symmetry in prosthetics is most
generally expressed as the requirement of at least formal
identity in controlling the motion of the prosthetic and

the sound limb. In this case, it is possible to obtain
some data on the characteristics of the moving bodies
without integrating differential equations of motion . In
mechanics, such a method is called the method of
mechanical similarity (1) . We shall use this method to
solve concrete problems, determining the rational distri-

bution of masses throughout lower limb prostheses . To
simplify the consideration of the mass distribution
problem, we have limited our study to the swing

interval alone . This approach can be substantiated by
the following reasons : during standing or walking, the
person with amputation leans his/her prosthetic side on
a surface, so the weight and other inertial characteristics
of the prosthesis produce less effect on his or her energy
expenditures . But as soon as the prosthetic limb is
lifted, the inertial characteristics of the residual limb/
prosthesis system immediately begin to influence the
qualitative and quantitative characteristics of motion.
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It should be noted that the application of the
principle of mechanical similarity does not exclude
other reasonable assumptions leading to different solu-
tions . Thus, Godunov (2) assumed that the masses of
both the prosthetic and sound limb segments must be in
the same proportion . This opinion can be recognized as
valid only for those prosthetic limb segments which do
not involve a residual limb, such as the shin section and
artificial foot of an above-knee (AK) prosthesis.

Some research papers provide a priori recommen-
dations on the prostheses mass . Roschin and Delov (3)
consider the optimum weight of an AK prosthesis to be
within 2 .7–3.6 kg and the weight of a below-knee (BK)
prosthesis to be 2 .3–2.9 kg. Staros (4) stresses in his
paper that he considers it incorrect to automatically
assume greater energy expenditures for heavier prosthe-
ses. He asserts that the work of hip muscles is
influenced by the distribution of mass throughout the
prosthesis : that is why it is necessary to raise the total
center of mass location of a prosthesis by reducing the
weight of its distal portion.

METHODS

We shall consider the problem of rational distribu-
tion of mass by means of the similarity method.

Differential Equations of Motion
Figure 1 presents a dynamic model of human

walking in the form of a 9-link biokinematic chain with
11 degrees of freedom . Lower limb segments (hip,
shank, fore and hind sections of feet) are presented by
four links; trunk, neck, head, and arms (presented as one
link) .

Movable links rotate around the axes of a coupling
O; with the centers of masses concentrated in the points
C . The generalized coordinates are chosen to be X, Z,
the horizontal and vertical displacements of the point O i
(the center of the hip joint) and 4 (the angular
displacements of the pelvic and lower limb links from
the vertical axis).

While formulating the equations, the following
assumptions were admitted : the body segments are
absolutely rigid, the distribution of masses within each
link is constant and does not depend either on muscular
tension or spatial interrelation of the links, and the links
have constant inertial moments and the positions of
centers of masses Ji=Const ., 1 ;=Const . The couplings
between the links are stationary and the system is

Figure 1.
Dynamic model of human gait.

aq,

incapable of being integrated . The motion is possible
due to the muscular forces, called joint forces, the
moments of which are applied in the centers of rotation.

On the basis of the mechanical principle of
releasing from couplings, the interaction of lower limbs
with the support surface is replaced by the ground
reaction, the components of which are marked Rz and
R z . In that case, both RX and Rz act as external forces.
The differential equations of motion of the system are
formulated using Lagrange II equations:

d aTT.
dt

	

Q,
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The motions of the suggested system are described
by the second-order differential equations and in general
can be presented as follows:

4

M; = M ;+1 + Eai; [cpiCos(cpi — pi) + tp. Sin(cpi — (p i)] +
i=1
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The equations presented above can be considered as the
formulae determining the moments of muscular forces,
having the data on generalized coordinates, changes,
ground reaction, and its load point . The necessary
infoiruation can be obtained by an experimental method.

The Application of the Mechanical Similarity
Method

Let us assume that each system of equations is
recorded twice for two models, one of them imitating
the motion of the sound limb (index "c"), the other,
that of the prosthetic limb (index "p").

In that case, the main requirement of mechanical
similarity (i .e ., the requirement of the formal identity of
equations of motion for both models will be observed)
is met, provided that

xp = xc;Zp = Zc;

alp

	

C;ip	[ 2]

a ik Ciic

where K=Const, a;i=Cii=M; are the coefficients of
equations, the joint moments.

To prove the identity of equations, it is sufficient to
make replacements in the equations for model II

oiip = kaik , Cup = Cik,

	

IC

	

[3]

to obtain the equations for model I.
The conditions of Equation 1 make it possible to

work out a series of independent proportions, which are
reduced to the system of three equations with six
unknown quantities by means of using biomechanical
constants (5).

It should be noted that the coefficients of the
system of equations in Equation 1 present the combina-
tions of inertial and geometric characteristics of the
human body limb segments.

The results of numerous investigations in the fields
of anthropology, anatomy, and biomechanics made it
possible to establish regular relations between character-
istics of separate segments and the human body as a
whole (6,7) . It is important to note that at the present
time the investigations in this field are carried out to
meet the needs of not only prosthetics manufacturing
but robotics technology, aviation, and space medicine as
well . Therefore, the following parameters are well
known: the relative linear dimensions of the human
body segments, expressed in relative units "P" (where
"P" is 1/56 of human height) ; the relative masses of
segments (the mass of the whole body = 100 percent);
the coordinates of mass centers (the human height = 100
percent) ; and the coordinates of joint centers in
percentages of the human height and the proximal
joints . The positions of partial mass centers and the
value of inertial radii of limb segments measured from a
proximal joint are also determined . For the first time the
calculations of the mass, the partial mass centers, and
the inertial radii of a lower residual limb for different
levels of amputation were carried out . It was performed
using the approximation method with bodies of rotation
recommended by reference books on mechanics (8).

Distribution of Masses Throughout a Prosthesis
The independent proportions obtained from condi-

tions (9) are recorded as the system of equations solved
in relation to P 2 , 12 , P 2 (i .e ., the mass, the static radius,
and the inertial radius) related, respectively, to the
human body mass P and the link length L. Note that the
derived system of three equations has six unknown
quantities, three of them having been chosen the mean
as the result of a considerable number of measurements:

Pk
4

4

E P k
P .

	

k=i+1
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L i ;
g

	

g
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L R
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[1]

Here Pi = masses of segments;
Li = lengths of segments;

l i = static radii;
p ; = inertial radii of segments;
g = acceleration of the gravity force;

generalized coordinates;
horizontal and vertical ground reaction
components;
load point coordinates .
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where P sb, lsb, Psb are the mass, the static radius, and the
inertial radius of the AK socket, related, respectively, to
the human body mass P and the hip length L 1 . These
amputations are described by the following equations :

mass (Pp ), the static radius (lp ), and the calculated static
moment (Mp ) are determined with the help of nomo-
grams (Figures 3—5) by the level of amputation, the
mass, and the distance "knee—floor" of the patient . The
nomograms have been worked out according to the
known mathematic rules in logarithmic coordinates on
the basis of Tables 1 and 2.

The value of a balancing load and the position in
which it is fixed are determined by the following
formulae:

[4]
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where P2/P, 12/L 2 , P2/L2 are the mass, the static radius,
and the inertial radius of the complex chain "shank +
foot + footwear" related, respectively, to the human
body mass P and the distance "knee—floor" L2 .
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lkb
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K4 p;K5 = L;K6 = L

	

I
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where Pkb , lkb, P kb are the masses, the static radius, and
the inertial radius of the AK residual limb, related,
respectively, to the human body P and the hip length L 1 .

It should again be stressed that the mean values of
the AK socket inertial characteristics replaced in
Equation 5 obviously do not depend on the level of

amputation, for whatever the length of the residual limb
may be, the AK socket depends only on the sound limb
hip length, that is, on the human height.

However, it should be taken into account that a
purposeful striving for reducing the mass of modern
prosthetic parts is not an end in itself, but a method of
rational distribution of mass with the help of balancing,
for example . Balancing is possible in the case where the
actual weight of a complex chain shank + foot proves to
be less than the calculated weight.

Balancing is performed in the following way . First
the mass of the patient, the level of amputation, and the
distance knee—floor L2 are measured. Then, with the
help of a simple device, the scheme of which is given in
Figure 2, the actual masses of a complex chain PF and
its static moment MF are determined . The calculated

where the numerator presents the difference between the
calculated and the actual static moments and the
denominator shows the value of a balancing load.
Usually strips of sheet lead 5—6 mm thick are used as a
balancing load . A strip of lead plate, the mass of which is
equal to the calculated value of a balancing load, should
be riveted to the rear surface of a shank tube at the point,
located at the distance 10 from the knee joint axis.

/// / / / / / / / / J / / / // / / / // / / / /// //// /// / / // // / /J///////

Figure 2.
Scheme of a device for determining the position of a center of mass
of a chain.

R

[6]
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the actual range of the footwear mass, ro, it increases,
but does not decrease with the increase of the footwear
mass. This is illustrated in the graph rsp°tr()) shown in
Figure 6.

To determine the value of prosthetic foot weight
characteristics, we chose ro=0 .005 P (i .e ., we assume
that the footwear mass makes up 0 .5 percent of the
human body mass) . Hence

P

rsp=

pap
=0.312r—0.005

Using this formula, we calculate and tabulate
(Table 3) the correlation between the mass of a
prosthetic foot and the patient's level of amputation.

It should be stressed that the identity of initial
equations leads to the continious functional correlation
between the mass of a complex chain and the amputa-
tion level, despite the fact that the AK residual limb is
placed in the AK socket, while the BK residual limb is
a component of a complex chain.
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Figure 3.
A nomogram for determining the calculated mass (P2) of the II
chain . R .L . = residual limb.

Not rejecting other hypotheses, we demand that the
masses of the prosthetic limb segments be in the
proportion identical to that of a sound limb, that is,

Pgg +Psg+Po P g +P s+Po
Psp=Po = P s +Po

where Pgg and p are masses of a prosthetic shank and a
natural shank, and Psi, and p , are masses of a prosthetic
foot and a natural foot, and Po is the mass of the
footwear . After a simple transformation, the following
calculation formula for a prosthetic foot is obtained:
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[10]

/
where r is the relative mass of chain II (shank + foot +
footwear), and ro is the footwear mass, related to the
human body mass.

The structure of Equation 10 shows that the
prosthetic foot mass depends on the amputation level . In

Figure 4.
A nomogram for determining the calculated value of the static radius
(12) . R .L . = residual limb.
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Figure 5.
A nomogram for determining the calculated value of the static

moment (Mp) .

RESULTS AND DISCUSSION

Let us illustrate the final results of the calculations
in Table 4 and note that they agree with numerous
experimental data obtained by direct weighing of
cadaver materials and by using models : by means of
swinging, twisting, etc . It is important to note that
Table 4 shows the mass of the residual limb with and
without atrophy. The data are valid for the Russian
classification of residual limbs.

The figures given in Table 4 can be called the
biomechanical constants . It results from the fact that the
root-mean-square deviations for all these figures range
within ±3 percent . This was shown by different authors,
by the result of our investigations, and first of all by
Bernstein (10).

Thus, each of these figures is constant for a human
body as, for example, the temperature 36 .6° C is
normally characteristic of a healthy body.

Using the data given in Table 4, it is possible to
interpret Equation 5 as formulae for determining the
masses of a complex chain, the static radii, and the
inertial radii for AK prostheses of various design and
draw up the graphs and the corresponding calculation
tables . Figure 7 shows the mass-inertial characteristics
of a complex chain shank + foot + footwear for AK
prostheses of various designs, depending on the amputa-
tion level, and Table 1 gives their numerical data.

Assuming that the socket mass of a modern AK
prosthesis is not more than 0 .8 kg, we created a table of
numerical data for an AK prosthesis, depending on the
level of amputation and the human body mass . Table 5,

0,05

o0v-

003

002 -

Table 1.
Parameters of a complex chain "shank + foot + footwear" masses distribution throughout an
above-knee prosthesis.

Parameters of a complex chain (%)

# Level of amputation r= P,% l L,%

	

u
L,,%

1 Short above-knee RL 0.44 98 .7 85 .0

2 Border of upper and middle third 0.95 69 .4 71 .8

3 Half of a hip 2 .02 56 .5 64.8

4 Border of middle and lower third 3 .10 54 .5 63 .6

5 Long above-knee RL 3 .44 55 .1 63 .9

6 Gritti RL 4 .20 58 .8 66 .1

RL = residual limb
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Table 2.
Parameters of distribution of masses throughout a complex chain "shank + foot + footwear"
for a below-knee prosthesis without thigh corset.

Characteristics of a complex chain (%)

# Level of amputation

	

r P,%
I

	

L,% Li ,%

1 Short below-knee RL 3 .2 67 71

2 Border of upper and middle third 2.8 74 75

3 Half of a shank 2 .4 81 80

4 Border of middle and lower third 2 .0 88 85

5 Long RL 1 .7 94 88

6 Pirogov (Syme's) RL 1 .2 100 95

RL = residual limb

in the Appendix, shows the prosthetic mass without
taking into account the mass of the footwear.

The analysis of Table 5 may seem surprising, but
the logic of regularities in correlation between the
amputee's mass and the level of amputation is quite
convincing: the shorter the residual limb and the lighter
the patient, the lighter the prosthetic mass must be.
Some recommendations disagree with technological
possibilities : the seemingly large prosthetic mass for
those patients who weigh more than 90 kg and have a
long residual limb, may cause a negative reaction.
However, experience shows that as a rule, walking on
prostheses with the rational distribution of masses
requires less energy expenditure and is accompanied by
less asymmetry between the gait of the prosthetic and
the sound limb.

Similar calculations were performed for BK pros-
theses and also for elderly persons with amputation . The

	

Artificial foot mass in dependence on the footwear.
approach to prosthetics for the elderly is based on the
assumption that the age-related reduction of physical

	

Shown below are the age indexes KA:
fitness is equal to the increase in time spent on
performing a motional task such as walking, running, or

	

Age

swimming (11) .

	

20–34

This is illustrated in the equation TA=KA .TF,

	

60

where TA is the age-related time, 'PP' is the actual time

	

60

spent on performing a motional task, and KA is the age

	

65
70

index .

	

80If, for example, the time shown by a runner is
multiplied by KA for his age in years, the result is the

	

Using these indexes we can create Table 6 (see
age-related time, that is, the time spent for covering the

	

Appendix), presenting the AK prostheses mass for
distance by a runner of 20–34 years .

	

elderly persons with amputation.

Figure 6.

KA
1 .00
0.87
0.78
0.74
0.70
0.63
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Table 3.
Mass of a prosthetic foot (kg) .

Amputee's body mass (kg)

# Level of amputation 50 60 70 80 90 100

1 Short above-knee RL 0 .066 0 .080 0 .093 0 .107 0 .120 0 .133

2 Border of upper and middle third of a hip 0 .146 0 .175 0 .204 0 .233 0 .262 0 .291

3 Half of a hip 0 .312 0.375 0.438 0.500 0 .563 0 .625

4 Border of middle and lower third of a hip 0 .480 0.576 0 .673 0.768 0 .865 0 .961

5 Long above-knee RL 0.535 0 .642 0 .749 0 .855 0.963 1 .070

6 Gritti RL or knee disarticulation 0.658 0 .787 0 .920 1 .052 1 .185 1 .316

7 Short below-knee RL 0.512 0 .614 0 .716 0 .818 0 .921 1 .026

8 Border of upper and middle third of a shank 0 .450 0 .540 0 .630 0 .720 0 .810 0 .900

9 Half of a shank 0 .388 0 .465 0.543 0 .620 0 .697 0 .775

10 Border of middle and lower third of a shank 0 .325 0.390 0.455 0.520 0 .585 0 .650

11 Long below-knee RL 0 .279 0.335 0 .390 0.490 0.502 0.557

12 Pirogov (Syme's) RL 0 .200 0.241 0 .281 0 .321 0.361 0 .401

RL = residual limb

We have noted already that the present level of
prosthetics technology does not allow us to follow all
the above-mentioned recommendations for all weight
groups and levels of amputation. However, all of these
recommendations are valid for middle and lower-level
AK amputations.

It is somewhat easier to solve the problem of the
rational masses distribution throughout a BK prosthesis
(Figure 8 in the Appendix) . Using the formulae analo-
gous to Equation 5, the following mass-inertial character-
istics of a complex chain shank + foot + footwear for a
BK prosthesis without a thigh socket can be presented.

In Table 2 P 1 /P, 1 1 /L t , p t /L are the mass, the static
radius, and the inertial radius of a complex chain shank
+ foot + footwear related, respectively, to the human
body mass P and the distance knee-floor L i .

Table 7 in the Appendix shows the dependence of
the BK prosthetic mass without thigh corset not
considering the footwear mass.

Recent publications provide information on consid-
erable success in manufacturing BK prostheses . Thus,
Rothschild (12) reports of a BK prosthesis, the mass of
which amounts to 0 .680 kg.

The following assumptions can be used to solve
the problem of the optimal choice of a prosthetic foot

mass. Let us take into account the recommendations
about the mass of a complex chain shank + foot +
footwear obtained from choosing the rational distribu-
tion of masses throughout an AK and a BK prosthesis.
Thus, we tabulate the data obtained from Tables 1 and
2 into Table 8.

In Table 8 (see Appendix), as well as in the above
given tables, P2 is the mass of a complex chain, related
to the human body mass.

The analysis of Table 3 shows that the greatest
difficulties arise while trying to choose a prosthetic foot
for the high levels of AK amputations and long BK
residual limbs . However, the principle of seeking
prosthetic foot designs of minimum mass is preferred in
order to obtain the rational distribution of masses
throughout the whole prosthesis using the balancing
technique . It should be noted that the problem of
designing prosthetic feet with variable mass is urgent,
though rather difficult . Modern prosthetic feet lack such
design possibilities, and the mean mass value ranges
between 0 .4-0.6 kg.

An Example of the Calculation of the Balance

1 . The weight of the person with amputation
(dressed, but not wearing a prosthesis) P=71 .6 kg.
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Table 4.
Mass, mass center location and inertial radius of a residual limb.

# Level of amputation

RL mass as percentage of
the human body mass Distance from RL

mass center in % of
the human height

Radii in parts of segment
length from knee joint (for

a shank) and from hip
joint (for a thigh)

without
atrophy

with
atrophy

static
radius

inertial
radius

0 Shank and foot 6.40 14 .04 0 .505 0.591

1 Pirogov (Syme's) RL 4.75 3 .32 18 .19 0 .361 0.416

2 Long below-knee RL 4.63 3 .24 19 .27 0 .322 0.382

3 Border of middle and lower third of a 4.00 2 .80 20 .54 0 .272 0 .327

4

shank

Half of a shank 3 .00 2 .10 22 .26 0 .203 0 .288

5 Border of middle and upper third of a 1 .93 1 .35 24.40 0 .141 0 .209

6

shank

Short below-knee RL 0.92 0 .64 26 .50 0.069 0 .122

7 Gritti RL 11 .58 8 .10 42 .48 0.437 0 .521

8 Long above-knee RL 10 .20 7 .15 43 .24 0.377 0 .449

9 Border of lower and middle third of a hip 8 .70 6 .08 44 .47 0.314 0 .357

10 Half of a hip 6 .90 4.82 46 .63 0 .232 0 .286

11 Border of middle and lower third of a hip 4.85 3 .40 48 .33 0 .144 0 .147

12 Short above-knee RL 2 .56 1 .79 50 .29 0 .078 0.130

13 Disarticulation of a whole leg 0 .00 0 .00 52 .13 0 .000 0.000

RL = residual limb

2. The level of amputation: the border of the middle
and the lower third of a hip.

3. The knee-floor distance L2=48 cm.
4. The actual mass of a complex chain (shank + foot

+ footwear) PF=1.75 kg.
5. The actual static moment of a complex chain

(shank + foot + footwear)=52.5 kgcm.
6. The calculated mass of a complex chain (from

Figure 3) Pp2 .15 kgcm
7. The calculated position of the center of masses

(from Figure 4) 1p=28 cm
8. The calculated static moment (from Figure 5)

Mp=59 kg/cm
9. A balancing load OP=2.15 -1 .75=0.4 kg

10. The position of a balancing load

- 59-52
.5 = 16.2cm

°

	

0 .4

Thus, the load weighing 0 .4 kg must be placed at
the distance of 16 .2 cm from the knee joint axis on the
rear surface of the shin tube.

CONCLUSIONS

The application of the "principle of symmetry,"
which is a biomechanical interpretation of the mechani-
cal similarity method, provides the data on some
motional characteristics of a person's lower limbs
obtained from the analysis of differential equations of
motion without integrating them. In that case, analytical
dependencies appear between the individual characteris-
tics of the person with amputation (weight, height, level
of amputation, degree of atrophy, and so forth) and the
mass-inertial characteristics of the links of the prosthe-
sis intended for this specific person.
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raise the position of the center of masses in the shank +
foot chain of an AK prosthesis) while in a BK
prosthesis the proximal section should be lightened.

The comparison of theoretical recommendations
with everyday practical possibilities shows that the
needs of persons with high-level AK amputations and
low-level BK amputations are not satisfied, because all
the available prostheses are too heavy for them . This
fact determines the direction for investigation.

To achieve complete agreement between the iner-
tial characteristics of prostheses and the theoretical
recommendations, the technique of balancing was sug-
gested. The objective clinical, physiological, and
biomechanical techniques prove that the rational distri-
bution of masses throughout the prosthesis favorably
influences the final result of prosthetic fitting . It reduces
energy expenditure and overloading and noiuializes the
characteristics of walking.

4,0
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Figure 7.
Mass-inertial characteristics of a complex chain shank "+ foot +
footwear" for AK prosthesis.
P2 is the mass as a percentage of the human body mass ; static radius
12 and inertial radius are expressed as a percentage of the distance
"knee—floor" L2 . On the X-coordinate is the frontal displacement of
the total center of masses (TCM) related to the man's height.
I=Gritti stump ; II=long stump ; III=border of lower and middle third

of a hip; IV=half of a hip ; V=border of middle and upper third of a

hip .

It was discovered that a purposeful striving for
reducing the mass of the prosthesis links is not an end
in itself but a way of the rational distribution of masses.
Thus, it is necessary to lighten the distal section (i .e ., to
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Table 5.
Dependence of an above-knee prosthesis mass (kg) on the amputation level and the human body mass.

#
Human body

mass (kg)
Short AK

RL
Border of upper
and middle third

Level of amputation
Border of middle

Long RL Gritti RLHalf of a hip and lower third

1 60 0 .665 0 .970 1 .612 2.260 2 .464 2.920

2 70 0 .708 1 .065 1 .814 2 .570 2 .808 3 .340

3 80 0 .752 1 .160 2.016 2 .880 3 .152 3 .760

4 90 0 .796 1 .255 2 .218 3 .190 3 .496 4.180

5 100 0 .840 1 .350 2 .420 3 .500 3 .840 4 .603

RL = residual limb

Table 6.
Mass of above-knee prostheses for geriatric amputees, kg.

Mass human Border of upper
Level of amputation

Border of middle

# body (kg) Short RL and middle third Half of a hip and lower third Long RL Gritti RL

1 60 0.532 0 .778 1 .129 1 .180 1 .198 2.360

2 70 0.568 0 .850 1 .455 2 .060 2 .250 2 .680

3 80 0.603 0 .279 1 .632 2 .314 2 .525 3 .015

4 90 0 .639 1 .015 1 .775 2 .558 2 .800 3 .350

5 100 0 .673 1 .082 1 .945 2 .810 3 .080 3.620

RL = residual limb

Table 7.
Dependence of a below-knee without thigh corset prosthesis mass on the amputation level and the human body mass (kg).

Level of amputation

Human body Border of upper Half of a Border of middle Pirogov

# mass (kg) Short BK RL and middle third shank and lower third Long BK RL (Syme's) RL

1 60 1 .520 1 .280 1 .040 0 .800 0 .620 0.320

2 70 1 .840 1 .560 1 .280 1 .000 0 .790 0 .440

3 80 2 .160 1 .840 1 .520 1 .200 0 .960 0.560

4 90 2 .480 2 .120 1 .760 1 .400 1 .130 0.680

5 100 2 .800 2 .400 2 .000 1 .600 1 .300 0.800

RL = residual limb
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Figure 8.
Mass-inertial characteristics of a complex chain shank "+ foot +
footwear" for BK prosthesis.
I=Pirogov stump; Il=long stump; III=border of middle and lower
third of a shank ; IV=half of a shank ; V=border of middle and upper
third of a shank ; Vl=short BK residual limb .

Table 8.

Mass of a complex chain.

# Level of Amputation
Mass of a chain "shank +

foot + footwear"

1 Short above-knee RL 0 .44

2 Border of upper and middle 0 .95

3

third of a hip

Half of a hip 2 .02

4 Border of middle and lower 3 .10

5

third of a hip

Long above-knee RL 3 .44

6 Gritti RL or knee 4 .20

7

disarticulation

Short below-knee RL 3 .30

8 Border of upper and middle 2.90

9

third of a shank

Half of a shank 2.60

10 Border of middle and lower 2.10

11

third of a shank

Long below-knee RL 1 .80

12 Pirogov (Syme's) RL 1 .30

RL = residual limb


	Biomechanical basis of choosing the rational mass and itsdistribution throughout the lower limb prosthesis segments
	Boris S. Farber, DSci, PhD and Ijekusijel Sh. Moreinis, PhD
	Central Research Institute of Prosthetics and Prosthesis Design, 127486 Moscow, Russia


	INTRODUCTION
	METHOD
	RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES

