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Summary

Numerous contemporary studies and experimental measurements regarding the
human hip joints indicate, that femoral head is, in fact naturally elliptical.
Therefore the femoral elliptical complete prosthesis as well half prosthesis
must be better adapted to the natural hip joint with elliptical bonehead and
neck of the femur. Half prostheses of hip joint are applied when joint
acetabulum cartilage is well maintained. In the half prosthesis the head is
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welded to the spindle or seated to the pin. When acetabulum cartilage is worn
(used) a complete prosthesis is implanted. The elliptical femoral prosthesis was
designed for solving the problem of the relationship between the femoral
prosthesis head and the anatomical acetabulum and to minimize the various
incidence namely wear protrusion and pain effects. Performed clinical tests
indicate that elliptical prosthesis head have the most advanced technological
shapes because are based on the anatomy and biomechanics features of the
natural human hip joint. The biomechanics of an elliptical head femoral
prosthesis, can be taken as the appropriate shape in the respect to the treatment
of medical fractures of the neck of the femur. Taking into account the
hydrodynamic theory of lubrication of cooperating surfaces we must finally
find pressure distributions, friction forces, friction coefficients and wear. To
prepare this calculations we ought at first determine and calculate the fields of
the regions of lubrication on the internal surface lying on the elliptical femoral
prosthesis (i.e. acetabulum) and on the external elliptical surface of the
artificial bone or femoral head. Surface lubrication regions consists of the sums
of elliptical triangle which are lyingon the abovementioned surface. The
coordinates of each tree points lying on the elliptical surfaces are measured by
means of Atomic Force Microscope (AFM). In this paper are determined the
formulas for the field calculations of elliptical triangle with the three vertexes
(points) for coordinates which are foreseen measured.

INTRODUCTION

The bone head of hip joint is not spherical but elliptical. This fact is confirmed
by the numerous anatomical and biomechanical studies on human hip joint, by
many scientific literature reports as well long term results obtained by other
Authors[L. 1-8]. We can observe the asymmetrical distribution of the layer of
cartilage lying on the bone head surface. The cartilage layer is thickest at the
upper pole and thinnest at the equator. From this fact follows, that the head to
be elliptical with a wider diameter a along the axis of the femoral [hedk-7].
Such different distribution of cartilage is presented in Fig. 1a, b.

Symbola denotes smaller diameter and b- wider diameter. The square of
eccentricity for human hip joint is defined by the following formula [L. 9+10]
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For b = 26,5 mm and = 25,0 mm, eccentricity obtained from formula (1)
has the value:e = 0.3316678.If b = 26,5mm and = 26,0 mm then
¢ = 0.1933386. InFig. 2a—g are presented various elliptical acetabulum
prosthesigL. 1].
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Fig. 1. Ellipsoidal shapes of natural hip joint surfaces: a) different distribution of cartilage
on the elliptical femoral head, b) geometrical cut across the elliptical bonehead

Rys. 1. Eliptyczne ksztalty powierzchni gtéw naturalnych stawow biodrowychzaiced gru-
bosci warstwy chrastki na eliptycznej glowie biodra, b) geometryczneciel poprzez

kos¢ gtowy biodra

Fig. 2. Ellipsoidal acetabulum shapes: a) external polyethylene and internal metal material
b) fixing bolds, c) acetanulum with holes, d) one element polyethylene, ellipsoidal
acetabulum, e, f, g) bipolar acetabulums with the ellipsoidal pad

Rys. 2. Eliptyczne ksztalty panewek:a) zetrma warstwa polietylenowa a od weytnz metal,
b) wkrety mocupce, c) panewka z otworami, d) polietylenowasézliptycznej panewki,

e, f, g) bipolarne panewki z eliptycztuleja

The approximately value of the half surface of the rotational ellipsoid with
diametersa, b, a<b can be calculated with the error about 1.061% for

p = 1.6075 from the following formula:
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Following convergent series presenting the real value of ellipsoid half
surface:
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THE RELATIONS BETWEEN ELLIPTICAL AND CARTHESIAN
COORDINATES

At first we define the coordinates of the point P(B,L) lying on the elliptical
surface. Wide coordinate B of point P lying on the rotational elliptical surface
denotes the angle between perpendicular line to the elliptical surface in point
P and plain B =0i.e. x0y (s€&. 3a, . Length coordinate L of point P lying

on the rotational elliptical surface denotes the angle between the projection r
the basis vectaron the plain xO0y and the plain L =0 (d€g. 3a, .

a) b)

one cighth of
elliptical head

Fig. 3. Coordinates for the arbitrary point laying on the elliptical head surface: a) wide
coordinate B and length coordinate L, b) connection between Cartesian coordinates
X, Y, z of arbitrary point P laying on the elliptical surface and its wide B and length
L coordinates

Rys. 3. Wspohedne dowolnego punktu 2zecego na eliptycznej powierzchni glowy: a) wspot-
rzgdna szerokéi B oraz wspoétrgdna dtugdci L, b) zwiazki pomiedzy prostotnymi
(kartezjaskimi) wspoétrzdnymi x, y, z dowolnego punktu P zigego na eliptycznej
powierzchni gtowy oraz ich wspékdnymi szerokéci B oraz dtugéci L
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The relationship between Cartesian coordinates (x,y,z) and elliptical
coordinatesq, ¢, z) presented in Fig. 4 are as follows:

X1 = déh@)cos@), % =csSh€)sin@), z=z (4)

where symbol ¢ denotes the scale coefficient and has the length dimension.
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Fig. 4. Elliptical coordinates
Rys. 4. Wspotradne eliptyczne

The relationship between Cartesian coordinates (x,y,z) and coordinates
(B,L) for arbitrary point laying on the elliptical surface are as follows (compare
Fig. 3b):

acosBcosL y= acosBsinL

J1-¢2sin?B’ J1-¢2sin?B’
, = by1-¢?sinB . - acosB

Ji-¢%sin’B T T J1-¢%sin?B

where —12<B<+172, -Tl<+TL

(4a)

THE FIELD SURFACE OF THE ELLIPTICAL TRIANGLE

Figure 4a shows the one PQS of numerous elliptical triangles lying on the
elliptical surface.Figure 5b illustrates the real view of the triangle on the
elliptical surface and its developed view. The field of the elliptical triangle has
the following form:

2
qu5=(2a3+ b] (angP+ angQ+ angS r) (5)
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Fig. 5. Elliptical triangles: a) Lubrication region Qs lying on the elliptical surface as a sum
of elliptical triangles with the vertexes P, Q, S; b) Enlargements of elliptical triangle
PQS on the elliptical surface; c) elliptical triangle on the plane

Rys. 5. Trojkty eliptyczne: a) Obszar smarowafi}a spoczywajcy na eliptycznej powierzchni
glowy jako suma trogow eliptycznych o wierzchotkach P, Q, S; b) peksizenie elip-
tycznego tréjkta PQS na eliptycznej powierzchni; c) trdiikeliptyczne sprowadzone do
ptaszczyzny

where symbols ang P, ang Q, ang S denote angles in vertexes P,Q,S respect-
tively. Unknown ang P is the dihedral angle between plane pl(PQO) and
pl(PSO). Unknown ang Q is the dihedral angle between plane pl(QPO) and
pl(QSO). Unknown ang S is the dihedral angle between plane pl(SQO) and
pl(SPO). Point O denotes the ellipsoid centre.

The three vertexes of the triangle have the following coordinategLF)(B
= PO4YoZ). QByle) = Q(%YaZ). S(BiL) = S(%.Ysz). By virtue of the
formulae (4), the relationships between coordinates x,y,z and B,L for points
P,Q,S are as follows:

acosB cosL acosB S|nl_I le £? smB

(6)
4/1 &2 sin? B ,/1 £2sin B 1/1 £ sin? B

for j = p, q, s. If eccentricity tends to zero, then above formulae valid for
spherical triangles. The angles at the vertexes P,Q,S of the elliptical triangle
are as follows ang P=ang(pg,ps), ang Q= ang(gs,gp), ang S=ang(sq,sp), where:

‘A.AA. +B; By, +Cjiclk‘

ang(ji, jk) = arcco )
JAZ+B2+C? \/A]k +B2 +C2
for:
_ y. Z. _ Z X. _ X. y.
Aji = A Bji:J il Cji = i i (8)
Y % 4 X XY

whereas: i,j,k = p,q,s ancij, k#j, i #k.
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PRESSURE AND LOAD CARRYING CAPACITY
MEASUREMENTS AND CALCULATION

The measured pressure valugs [, ps,... in vertexes of particular triangles
including in lubrication region £ are presented in Fig. 6a, h, ¢

a) b) ©)

Fig. 6. Lubrication region Qs: a) localization on the elliptical surface, b) Regiors as
asum of elliptical triangles, c) measured pressure values in the vertexes of
particular elliptical triangles

Rys. 6.0bszar smarowaniaQs: a) umiejscowienie na powierzchni eliptycznej gtowy,
b) obszaQs jako suma eliptycznych trékdw, c) pomierzone warfoi cisnienia hydro-
dynamicznego w punktach wierzchotkowych poszczegélnychatdjkeliptycznych

The load carrying capacity value has the following form:

C=(p;) @, (9)

where the average value of the pressure in lubrication region is formulated as
the arithmetic mean of pressure values in particular vertexes of elliptical
triangles and has following form:

1 n+2

= 10
n+2;pk, n=2,4,6,8,... (20)

ps =

The mean pressure value on the elliptical surface is illustrated in Fig. 7.
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Fig. 7. The calculation of the mean pressure value on the elliptical lubrication surface
Rys. 7. Obliczenie siednionej wartéci cisnienia hydrodynamicznego na eliptycznej powierzch-
ni smarowanej gtowy

The lubrication region is defined as the sum of particular elliptical
triangles:

n
Qs = kz_lQ kk+1k+2 = Q123+ Qo34+ Qaa5+ Qs+ Qo7+ Qog7 +....+ (11)

+Q k—l,k,k+1+Qk,k+l,k+2+ ...... for = 2,4,6,8....

CONCLUSIONS

In this paper is presented the method of lubrication region calculation on the
elliptical surfaces lying on the elliptical femoral prosthesis of human joints.
The lubrication region consists of elliptical triangles. The values of surfaces of
elliptical triangles are derived.

Taking into account the total lubrication surface and mean arithmetic
measured hydrodynamic pressure, the formula for capacity calculation is
presented.

In the case if acetabulum is good maintained and bonehead is worn, then in
this case half prosthesis with the elliptical shape gives optimum relationship
between the prosthesis and the acetabulum. An improved relationship between
bone and prosthesis is dependent on normal femoral head elliptical shape.
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Streszczenie

Liczne badania wspotczesne poparte badaniami desadczalnymi doty-
czacymi stawéw biodrowych cztowieka wykazu, ze gtowa ko€i udowej
ma w rzeczywisto€i ksztatt eliptyczny. Dlatego té zarbwno catkowita, jak

i potowicza proteza stawu biodrowego o ksztalcie eliptycznym jest lepiej
adaptowana przez rzeczywist gtowe kostna, czyli nasa@& blizsz kosci
udowej w poréwnaniu z protezami o powierzchniach sferycznych. Protezy
potowicze stosujemy w przypadkach, gdy chestka panewki jest jeszcze
dobrze zachowana i nie ulegta procesom zwyrodnieniowym. §Jechrz astka
panewki jest zuwyta, to wtedy implantujemy catkowitg proteze. Eliptycz-
na endoproteza rozwazuje caty szereg probleméw natury mechanicznej,
geometrycznej oraz medyczno-anatomicznej zwzanych ze wspoOtprag
gtowy kostnej z powierzchna panewki, miedzy innymi zmniejsza zuycie
powierzchni oraz efekty bélu w trakcie rehabilitacji. Przeprowadzone ba-
dania kliniczne wykazuja, ze protezy eliptyczne maa ksztalty bardziej
przydatne w poréwnaniu z ksztattami sferycznymi, poniewadostosowup
sie bardziej do anatomicznych oraz biomechanicznych wiaiwosci natu-
ralnych stawow biodrowych cztowieka. Biomechanika dotycga protez
eliptycznych stawu biodrowego czlowieka jest stosownym namdziem
identyfikacji zabiegbw medycznych w przypadku ztamannasady blizszej
stawu biodrowego. Biogc pod uwage hydrodynamiczng teorie smarowa-
nia wspotpracujacych powierzchni stawu biodrowego cztowieka wyzna-
czamy cknienie hydrodynamiczne, sié nosng, sity tarcia oraz zuzycie. Ce-
lem wykonania tych obliczéd wyznaczamy pole obszaru smarowania na
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wewnetrznej powierzchni eliptycznej protezy panewki udowej oraz na
zewretrznej eliptycznej powierzchni gtowy.

Obszar powierzchni smarowania sktada siz sumy eliptycznych troj-
katéw lezacych na omawianych powierzchniach.

Wspotrzedne trzech punktow stanowacych wierzchoiki eliptycznych
tréjk atow zostalty pomierzone mikroskopem sit atomowych (AFM). W ni-
niejszej pracy przedstawiono wzory do wyznaczania powierzchni tropge
téw eliptycznych po wykorzystaniu wspétradnych punktow trzech pomie-
rzonych uprzednio wierzchotkéw.



