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Abstract—A mathematical model was developed to study the effect of the Chiari
osteotomy on the distribution of contact hip stress over the weight-bearing area. It
was shown that Chiari osteotorny can increase the weight-bearing area directly (on
the lateral side), owing to the additional area formed by the ala ossis ilii segment,
and indirectly (on the medial side), owing to the shift of the stress pole in the medial
direction. As a consequence, the contact hip stress is reduced after Chiari ostectomy.
The indirect effect is important and often larger than the direct one. Using the
proposed mathematical model and standard anteroposterior roentgenographs from
archives, the average peak stress on the weight-bearing area, normalised with respect
to the body weight (ppa/Ws), was determined before and after Chiari osteotomy
(8310m~? and 4480m~<, respectively} on a population of 29 dysplastic hips. The
difference was statistically significant (p< 0.005). Based on the results presented, it
can be concluded that the hip joint contact stress in dysplastic hips considerably
decreases after Chiari osteotomy, indicating a favourable biomechanical effect of this
operation.
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1 Introduction

THE CHIARI osteotomy, introduced in the 1950s (CHIARI, 1953),
was recotnmended for dysplastic hips, with or without osteoar-
thritis, for congenital subluxations in young adults, for coxa
magna in Perthes disease and for paralytic dislocations caused
by muscular weakness and spasticity.

The osteotomy is made just above the hip joint capsule at the
anterior inferior iliac spine and extends transversely and
upwards to the greater sciatic motch. The lower fragment is
moved medially as far as the bony contact will allow. The cut
edge of the proximal side of the osteotomy forms an extended
roof that is lined by the joint capsule. The capsule remains intact
during the operation, The aim of the operation is to improve the
acetabular roof, ie. the covering of the femoral head.
Preoperatively elevated contact hip joint stress, indicated as
one of the reasons for the development of coxarthrosis
(HADLEY et al, 1990; MAXIAN et al, 1995; IGLIC et al,
2001}, should consequently be reduced.

In general, the choice of whether a patient should undergo a
surgical procedure on the hip is based on the clinical and
biomechanical state of the patient’s hip (PAUWELS, 1976;
JOHNSTON et al., 1979; BRAND, 1997: BRAND ef al., 2001).
By ‘biomechanical state’, we mean a set of physical quantities
such as forces and stresses acting in the hip (PAUWELS, 1976;
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KUMMER, 1991; BRAND, 1997). The biomechanical state of the
hip involves more than the morphological and radiographical
state of the hip described by parameters such as trabecular
trajectories in the femoral head and neck (PAUWELS, 1976),
the percentage of coverage of the femoral head (HEFTI, 1995)
and various geometrical parameters of the hip and pelvis
(WIBERG, 1939; BUSSE et al., 1972; KERSNIC et al, 1997;
GANZ et al, 1988).

The parameters determined in morphological and radio-
graphic studies were actually introduced to represent the bio-
mechanical state of the hip. To take into account the complex
interactions that take place and to develop a more realistic
description of the biomechanical state of the hip, mathematical
models are used to determine forces and stresses in the hip
(JOHNSTON et al., 1979; IGLIC et al., 1993a; HIPP e al., 1999;
DANIEL et al., 2001). It has been suggested that assessment of the
forces and stresses in the hip using appropriate mathematical

- models could be used to improve the understanding of the

processes leading to development of coxarthrosis, as well as to
predict the optimum geometry of the hip after the operation
(PAUWELS, 1976; KUMMER, 1991; BRAND,.1997),

The hypothesis was proposed that increasing the coverage of
the femoral head in places where it is deficient should decrease
the contact stress in the hip joint (GANZ et al., 1988; MILLIS ef al.,
1995; MURPHY et al., 1999). However, relatively few works
addressing changes in the biomechanical state of the hip in a
quantitative manner (IGLIC er af.,, 1993qa; Hivp et al, 1999;
KUMMER et al., 1991; ZUPANC ef al., 2001; VENGUST et al.,
2001} are available to provide a test of this hypothesis.

In the case of the Chiari osteotomy, postoperative changes
in the muscle forces (DELP ef al., 1990; IGLIC et al., 1993¢)
and a postoperative change in the resultant hip joint force
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(IGLIC ef al., 1993¢; ANTOLIC et al., 1996) have been predicted.
However, a mathematical estimation of the hip contact stress
before and after the Chiari osteotomy has not yet been reported
to our knowledge. Therefore the specific aim of the present work
was to construct a mathematical model for estimating the contact
stress distribution and the weight-bearing area in the dysplastic
hip joint before and after the Chiani osteotomy, where the
additional coverage of the femoral head by the ala ossis ilii
(CHIARI, 1953) was to be taken into account.

Using the proposed mathematical model for determination of
the contact stress distribution, a mathematical model for calcula-
tion of the resultant hip joint force in a one-legged stance (IGLIC
et al., 1993b; DANIEL ef al., 2001} and standard anteroposterior
roentgenographs from the archives, the hip joint contact stress
distribution was determined before and after the Chiari
osteotomy on a population of dysplastic hips.

2 Material and methods

2.1 Mathematical model of stress distribution in the hip joint
after Chiari osteotomy

In the model, the femoral head is represented by a fraction of a
sphere, and the acetabulum is represented by half of a spherical
shell, called the acetabular contact hemisphere. An articular
surface is imagined, its radius » being the average of the radii of
the femoral head and the acetabulum. The shear stresses in the
hip joint due to friction are neglected because of the small value
of the frictional coefficient of the hip joint articular surface
(EBERHARDT ¢f al, 1991; MCCUTCHEN, 1962; LIPSHITZ and
GLIMCHER, 1979), so that only the normal stress is considered.
We refer to the normal stress as the contact hip joint stress.

When the hip is not loaded, the sphere of the femoral head and
the sphere of the acetabulum are considered to be concentric.
Upon loading, the centres of both spheres no longer coincide,
and the femoral head moves towards the acetabulum, thereby
squeezing the intermittent cartilage (BRINCKMANN et al., 1981).
The point of closest approach of the two spheres is called the
pole of the siress distribution. It is taken that stress in the hip joint
articular surface is proportional to strain within the cartilage.
Consequently, stress at the chosen point on the articular surface
is described as (BRINCKMANN et al., 1981; IGLIC ef al., 1993a)
P =pgcos 7, where pyis the value of stress at the pole, and y isthe
angle between the radius vectors to the pole and the radius vector
to the chosen point. In the spherical co-ordinate system, the co-
ordinates of the pole are the azimuthal angle ® and the polar
angle @. The angle © is taken to be positive in the lateral
direction. Considering the resultant hip force to be known, the
distribution of stress on the hip joint articular surface can be
calculated, taking- into account the relationship between the
contact stress and the resultant hip joint force R,

JpocosydA =R 4}

where dA is the area element. The integration is performed over
the weight-bearing area A. The lateral border of the weight-
bearing area is defined by the lateral coverage of the femoral
head. On the medial side, the border is defined by the condition
that stress vanishes, This means that the medial border is an
angle of n/2 away from the pole (IPAVEC et al., 1999). The
resultant hip joint force can, in general, be expressed by its
magnitude and direction.

In this work, we consider the one-legged stance where the
resultant hip force lies in the y =0 (frontal) plane (see Fig. 1}.
Therefore the resuitant hip force can be described by only two
parameters B = (—R sin, 0, R cosdy), where R is the magni-
tude of the resultant hip force, and 3z determines the angular

370

Fig. 1 Schematic representation of hip joint articular surface after
Chiari osteotomy (above). () weight-bearing area of ala
ossis ilii osteotomy segment; weight-bearing area of
acetabulum. Centre edge angles 3cg; and Scg; and angle
& representing width of ala ossis ilii osteotomy segment, are
indicated. Resultant hip force is depicted (upper right). P and
r denote pole and radius of articular sphere, respectively.
Definitions of angles 9 and ¢ are given

displacement of the resultant hip force from the vertical axis, as
defined in Fig. 1. The angle 95 is taken to be positive for the
inclination of R that is presented schematically in Fig. 1. In the
following, the co-ordinate systetn is rotated, so that sin® =@ and
© =0 (IPAVEC ¢t al., 1999). In the rotated system, the resultant
hip force is :

R = (—Rsin(3z + ©}, 0, Rcos(3; + ©)) (2)

To express the integrals of (1), we have, in the previous works
(IGLIC et al., 1993a; IPAVEC er al, 1999), used spherical
co-ordinates. Here, we introduce a somewhat different choice
of co-ordinates that proves to be more convenient for the
modelling of the additional acetabular roof (Fig. 1). The
chosen co-ordinates are x=r cos9 sing, y=r sind and z=+¢
cosd cosgp, where r is thé radius of the articular sphere, and the
angles & and ¢ are depicted in Fig. 1. The angle ¢ is considered
to be positive in the lateral direction and negative in the medial
direction (Fig. 1). The area element is

dA4 = r* cos $(cos 9sin ¢, sin 9, cos $ cos p)de 4% (3)
and

cosy = cosdcos @ {4)
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Using expressions (1), (3) and {(4), the components of the force
R arc

R, = por” jcos3 SdY J cos @ smpdp (5)
R, = por? quszﬂsinSdS jcos(od(p (6)
R, = pot* Jm53 3d8 J.cos2 pdp (7)

The integration is performed over the weight-bearing area. The
weight-bearing area is divided into two parts (Fig. 1). The first
part is formed by the ala ossis ilii segment. For simplicity, we
assume that the roof is symmetric with respect to the y =0 plane
and that the pole lies on the lateral side of the acetabular contact
hemisphere. This can be expected for the one-legged stance
position of the body. Therefore the integration bounds are
e (—80, \q'()) and Qe ('Bcgl - @), Hcgz - @) The ang]es 'qCEl
and 3.z and @ are taken to be positive in the lateral direction.
The meaning of the angles 3¢, 3~z and 3-z» can be deduced
from Fig. 1. The second part is formed by the acetabular shell.
The integration bounds are 9 € (—n/2, ©/2) and ¢ € (—mn/2,
8cg ~ ©). After some calculation, we obtain

R, = —pyry 8
R,=0 ®)
P 10
where
.3
g zgmsz Oce — ©) + (sinBo - 5“’3 90)
x (c0s*(I¢cp; — ©) — cos’ (¢ — ©)) (11)
b= 2(8¢g — O + 1/2 + sin(2(3cg, — ©))/2)
3
. 3 ,
+(Si]] 90 _ Sl.l].3 '90) (SCEZ _ SCEI + Sm(Z('QC;‘z — G)))
in(2{8¢cz — ©® .
_ sin(2( CZEI ))) (12)

Using the expressions for the components of the resultant hip
force (2) and (8) and (10)—(12), the co-ordinate of the stress pole
@ is determined from the non-linear algebraic equation

tg(ﬂg+®)—%=l] (13)
The value of stress at the pole py can then be obtained from (8):
Py = Reos(9z + @)r?
/ (2(3651 — @ +7/2 + 38in(2(S¢cp; — O))

3
a3
+ (sin 3, - ‘90)

3
sin2(9ce2 — ©))
P

x (scﬁz = 9¢cpr +

_sin(2(3cp; — 9)]))
2

The unique solution of the non-linear equation (13) was found
numerically using the Newton iterative method. The value of 3¢
(Fig. 1) was estimated to be between 10° and 40°, according to
the thickness of the ala ossis ilii at the cut. If we take 39 =0, we
recover the equations of the model (IPAVEC et al., 1999) for the

(14)
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centre—edge angle 8¢p = S¢gy, and, for 3, = 90°, we recover the
equations of the model (IPAVEC et al., 1999) for 3 cz= S¢m.

We describe the hip joint stress by its maximum value on the
weight-bearing area p,,.. If the pole of the stress distribution lies
within this area, p,.,, is equal to p,. If the pole lies outside the
weight-bearing area, the value of maximum stress is taken at the
point closest to the pole (BRINCKMANN et al., 1981; IPAVEC efal.,
1999).

To determine the stress distribution in a non-operated hip, the
magnitude and the direction of the resultant hip joint force, the
radius of the articular sphere and the Wiberg angle should be
known, whereas, to determine the stress distribution after the
Chiari osteotomy, the magnitude and the direction of the
resultant hip force, the radius of the articular sphere and both
centre—-edge angles should be known.

2.2 Determination of hip stress from standard anteroposterior
radiograph :

As stated above, the model for determination of hip stress
distribution requires as an input the magnitude and the direction
of the resultant hip joint force, as well as the radius of the articular
sphere and the centre—edge angles. The radius of the articular
sphere r and the centre—edge angles before and after the operation
(9¢z1 and 8 g2, respectively) were determined from the standard
anteroposterior roentgenograph (Fig. 2). The radius of the
articular sphere was estimated by the radius of the fernoral head.

The resultant hip joint force was determined using a three-
dimensional mathematical model of an adult human hip in a one-
legged stance (IGLIC et al, 19935; DANIEL ef al., 2001). It was
found that, in the one-legged stance, the resultant hip force lies
almost in the frontal plané of the body (IGLIC ef of., 199356). The
model for determination of the resultant hip force requires as
input additional geometrical parameters of the pelvis and the
preximal femur (Fig. 2): the inter-hip distance /, the pelvis height
H, the pelvis width C, the vertical and horizontal co-ordinates of
the effective muscle attachment point on the greater trochanter v
and %y, respectively, and the body weight #p.

The geometrical parameters were obtained from digitised
profiles of the roentgenographs using the HIJOMO program
(ZUPANC et al., 2001; KERSNIC et al., 1997). The HIJOMO
program was adjusted for the purpose of this work by also
considering the centre—edge angle after Chiari osteotomy (3¢s2).

Fig. 2 Determinarion of geometrical parameters of hip and pelvis
Sfrom standard anteroposterior roenigenograph
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In non-operated hips, stress distribution was determined by the
HIPSTRESS program, as described in detail elsewhere (DANIEL
et al., 2001; ZUPANC et al., 2001; VENGUST et al., 2001).

2.3 Roentgenographs

Standard anteroposterior roentgenographs of adult patients
who underwent Chiari pelvic osteotomy at the Department of
Orthopaedic Surgery in Ljubljana, in the period from 1980 to
1990, were taken from the archive. The roentgenographs of 29
female patients were considered in this study. The average age at
the time of operation was 31.9 years (range 18-51 years). The
average time duration between the operation and the control,
when the second roentgenograph was taken, was 2.7 years.

For comparison, 29 roentgenographs of healthy female hips
were taken from the archive of the Clinical Department of
Traumatology in Ljubljana. These roentgenographs were made
within the standard procedure for treatment of injured patients.
The average age of the patients was 31.0 years (range 18-51).

In all roentgenographs, an average magnification of 110%
was taken into account. The data were analysed by descriptive
statistical methods. The distributions of all the variables were
normal, and therefore average values of the respective groups
could be compared.

3 Results

The effect of the Chiari osteotomy on the distribution of the
contact hip stress was studied theoretically using the developed
mathematical model, in which the additional coverage of the
femoral head by the ala ossis ilii could be taken into account.

Fig. 3 shows the calculated peak stress on the weight-bearing
area p,,,, for different centre—edge angles 3¢, after the opera-
tion. For comparison, we show the peak stress on the intact hip
joint with the corresponding centre—edge angle 3¢ =9¢g. It
can be seen that the peak stress is considerably reduced, owing to
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Fig.3 Peak stress on weight-bearing area pp,., as function of centre—
edge angle 3¢g2 after Chiari osteotomy for hip with pre-
operative centre—edge angle Scg;=2°. For comparison,
corresponding curve for intact hip with centre—edge angle
3ce="9¢E: is also presented. Values of model parameters are
R/W,=2.6, Wy=600N, Sx=10°, r=2.7cm, 8,=20°

the Chiari osteotomy, the effect being more significant for larger
S¢r>. However, the peak stress is still higher than the corre-
sponding peak stress in the intact hip.

Fig. 4 shows the contact stress distribution for different
centre—edge angles 3¢y, after the operation. For comparison,
we also show the contact stress distribution on the intact hip joint
with the corresponding centre—edge angle 35. The position of
the pole is indicated (see black dot). It can be seen that the
contact stress considerably decreases after the Chiari osteotomy;
however, it is still higher than the corresponding contact stress in
the intact hip, with 3¢g = 3¢x,. The effect is more significant for
larger values of 3¢z , i.e. for a larger additional acetabular roof
formed by the ala ossis ilii segment (see also Fig. 1).

Fig. 5 shows the size of the weight-bearing area 4 for different
centre—edge angles 9¢g, after the operation, The individual
contributions, i.e. the contribution of the ala ossis ilii osteomy
segment 4,,,r and the contribution of the acetabulum A4,,.,, are

30°
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Fig. 4

(a) Stress distributions in hips with different centre—edge angles Scg as indicated. (b) Stress distributions after Chiari osteotomy for pre-

operative centre—edge angle 8¢z =2° and different postoperative centre-edge angles 3cga. View from top is given, and position of pole

is marked. Values of model parameters are as given in Fig. 3
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Fig. 3 Size of weight-bearing area A as function of postoperative
centre—edge angle 3> for pre-operative centre—edge angle
S =2°. Both contributions to area A are depicted: con-
tribution of ala ossis ilii osteotomy segment Ao and
contribution of acetabulum Ageer (— — —) value of weight-
bearing area before operation. Values of model parameters
are as given in Fig. 3

also given. It can be seen that the operation significantly
increases the weight-bearing area in the medial region of the
acetabulum. This indirect contribution to the increase in the
weight-bearing area A,.,, is several times larger (for example,
four times at 3z, = 20°) than the direct one 4,,,,and, for larger
95, exceeds even the size of the weight-bearing area before the
operation.

Fig. 6 shows the effect of the width of the additional femoral
roof (determined by the angle 9¢) on the peak stress p,, ... The
value of 90 =90° is the limit of the intact hlp (SCE = 3052)

By using the methods described above, we determined the
relevant geometrical parameters, the magnitude and the inclina-
tion of the resultant hip force, the peak stress and the weight-
bearing area for 29 hips that underwent the Chiari operation. We
also determined the corresponding quantities for 29 healthy hips.
As there were no data on the weight of the patients, we present
the peak stress normalised by the body weight. The results are
shown in Table 1.

The normalised resultant hip force R/Wg on average is 3.14
(SD=0.26) before the operation, 3.18 (SD=0.39) after the
operation and 2.71 (8D =0.17) in nommal hips. There is no
statistically significant difference between the values of R/Wp,
before and after the operation (p = 0.64), whereas the differ-
ences between the group of normal hips and both groups of
operated hips (before and after the operation) are statistically
significant { p < 0.005).

Analysis of the roentgenographs showed that the Chiari
osteotomy considerably and statistically significantly decreases

ao L
Fig. 6 Peak stress puo as function of width of additional femoral
roof 95 Values of model parameters are R/W,=2.6,
W6=600N, 9R=10°, r=2.7cm, SCEJ =2° 34:52:200
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Table 1 Biomechanical parameters: resultant hip force normalised
with respect to body weight R/ W, peak stress on weight-bearing area
normalised with respect o body weight pp.../ We and weight-bearing
area A for hips before and afier Chiari osteotomy, and for normal
hips, as determined by mathematical models. Standard deviations are
given in parentheses

Before After

operation operation Normmal
R/Wp 314 (026) - 3.18 (0.39) 271 (0.17)
Proax/ Wa,m™2 8310 (4021} 4480 (2575) 3540 (845)
A, em? 12.63 (5.00) 20.31 (6.69) 19.40 (3.65)

the normalised peak stress p,../Ws However, the average
normalised peak stress after the operation is higher than the
average normalised peak stress in the population of normal hips.
The normalised peak stress p,,q,/ W, on average, is 8310m ™2
(SD=4021m~>2) before the operation, 4480m~% (SD=
2575 m™2) after the operation and 3540m~2 (SD=845m?)
in normal hips (Table 1). The difference between the groups
before and after the operation is statistically significant
( p<0.005), whereas the difference between the group after the
operation and the group of normal hips is not statistically
significant (p =0.07).

The size of the weight-bearing area 4 on average, is 12.63 cm”
(SD=5,00cm?) before the operation, 203lcm®> (SD=
6.69 cmz) after the operation and 19.40 cm? (SD =3.65cm?)
in normal hips. The difference between the groups before and
after the operation is statistically significant (p<0.005),
whereas the difference between the group after the operation
and the group of normal hips is not statistically significant

(p=0.5).

4 Discussion

The hypothesis was tested that increasing the operative
coverage of the femoral head where it is deficient should
decrease the contact stress in the hip joint. By calculating the
contact stress distribution of the hip before and after the Chiari
osteotomy, in the present work, we provide evidence in favour of
this hypothesis. Favourable clinical results have also been
reported (MIGAUT et al., 1995; NISHINA ef al., 1990; OSEBOLD
et al., 1997, REYNOLDS, 1986; WINDHAGER ef al., 1991) in
accordance with this hypothesis.

Our theoretical results presented in Figs 4 and 5 indicate that
the Chiari osteotomy increases the weight-bearing area directly,
owing to additional coverage by the ala ossis ilii, and indirectly,
owing to an increase in the weight-bearing area on the medial
side. The indirect effect occurs owing to the shift of the stress
pole in the medial direction. The increase in the weight-bearing
area due to the shift of the stress pole in the medial direction is
represented in Fig, 5 by the difference between A4,.., and the
initial 4 (broken line).

It can be seen in Fig. 6 that the wider roof reduces the stress
more effectively; however, the effect exhibits saturation, so that
values of 9, higher than about 30° bring no significant additional
improvement. This is owing to low values of stress at the edge of
the weight-bearing area far from the pole.

The indirect effect of the Chiari osteotomy in increasing the
weight-bearing area is even more important than the direct
effect, as it causes the relief of stress at those parts of the
weight-bearing area where the stress is the highest before the
operation (Fig. 4). Besides lowering values of the stress in these
regions of the weight-bearing area, the gradient of contact stress
on the lateral border is also decreased. This may be of
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importance as the contact stress gradients are related to fluid flow
in the articular cartilage and may therefore directly influence
tissue remodelling (BRAND, 1997),

HIPP et al. {1999) estimated the weight-bearing area for
dysplastic hips and for normal hips. The weight-bearing area
was obtained as a portion of the sphere that lies within the edges
defined by the digitalisation of the acetabular rim and the
acetabular notch. A three-dimensional reconstruction of the
acetabulum and femur was obtained from computed tomo-
graphic data. They found that the average welght-bearmg area
was about 13 cm” in dysplastlc hips, which is in agreement with
our results, and about 18 cm? in normal hips, which is smaller
than our value (Table 1). However, in our sample of normal hips,
the average centre—edge angle was somewhat larger (35°) than in
the sample of HIPP et al. (32°), and this can be considered to be
the reason for the differences observed between the values of the
weight-bearing area of normal hips.

We took into account that the size of the weight-bearing area
at a given body position is consistently related to the stress
distribution and is not simply a morphological parameter. The
stress distribution and the size of the weight-bearing area are
different in different body positions and activities. In this work,
we analysed (Figs 3—6) the peak stress and the size of the weight-
bearing area for a given magnitude and direction of the resultant
hip force. The analysis could be further upgraded by considering
that the magnitnde and the direction of the resultant hip force
change with time, for example during gait (BRAND et g/, 1994;
PEDERSEN et al., 1997; IPAVEC ef al., 1999). However, durmg
gait, the effectlve centre—edge angle, lf measured in the labora-
tory co-ordinate system, changes owing to swinging of the
pelvis. For reasons of simplicity, the contact stress distribution
was therefore calculated in the pelvic co-ordinate system, where
the contact stress distribution represents the loading of the
acetabulum (IPAVEC et ai., 1999).

For the purpose of this study, we adjusted the HJOMO
computer program for determination of the geometrical para-
meters {(ZUPANC ef al., 2001; KERSNIC ef al., 1997) by deter-
mining an additional cenire-edge angle. There are still
unresclved problems with the precision of the determination of
the radius of the femoral head. The program fits the profile of the
femoral head by a circle using the least squares method.
However, the heads of dysplastic hips can deviate considerably
from the spherical. It seems that the radius of the articular sphere
is somewhat underestimated, as the head of the dysplastic hip is
flattened, and therefore, in effect, the distance to the centre of
rotation is increased.

Although this biomechanical study was inspired by the Chiari
osteotomy, the main result regarding the augmentation of the
weight-bearing area due to the shift of the stress pole can be
generalised to any hiposteotomy thataffects the stress distribution.
It is shown in this work that a small increase in the weight-bearing
areain theregion ofhigh stress can cause a considerable shift of the
stresspole and therefore a change in stress distribution. This causes
an increase in the weight-bearing area that can be several times
larger than the direct increase in the weight-bearing area.

There may be an additional effect of the Chiari osteotomy due
to the medial or lateral shift of the femoral head centre
(JOHNSTON ef al, 1979; IGLIC et al, 1993¢; DELP et al,
1990). It was suggested (ANTOLIC ef al, 1996) that it is
favourable if the femoral head centre is moved medially, as, in
this way, the resultant hip force (JOHNSTON et al., 1979; SRAKAR
etal,, 1992; IGLIC et al., 1993¢) and the hip contact stress (IGLIC
et al., 19934) can be substantially reduced. The present clinical
study indicates that there is no change, on average, in the
magnitude of the resultant hip force after the operation. This is
in agreement with previous measurements, where no average
shift of the interhip distance could be found (ANTOLIC e al.,
1996).
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The Chiari osteotomy can also cause a shift of some muscle
attachment points. Therefore the length of the muscles and the
maximum available muscle forces can change after the eperation
(DELP et al., 1990; IGLIC et al., 1993¢).

During the stance phase of slow gait, the accelerations are
not significant (MCLEISH and CHARNLEY, 1970), and the
vertical floor reaction force is nearly constant for a period
{CHARNLEY and Pusso, 1968). Therefore the one-legged stance
is important, not only in its own right, but also owing to its
resemblance to the stance phase of slow gait (MCLEISH and
CHARNLEY, 1970). In addition, it was also indicated that the
peak hip stress during the midstance phase of gait is related
linearly to peak hip stresses in alt phases of gait, as well as to
some other activities such as adduction, external rotation and
flexion (HIPP ef al, 1999). Therefore, in the present clinical
study, the distribution of the contact hip stress was calculated in
the static one-legged stance, which is’ considered to be a
representative body position. For this body position, the
geometrical parameters required as. input data for the mathe-
matical models described can be estimated from standard
anteropostetior roentgenographs {(DANIEL ez al., 1999), which
can be taken from the archives. No additional measurements on
patients are therefore required.

5 Conclusions

In this paper, the effect of the Chiari osteotomy on the
distribution of the contact hip stress was studied using a
mathematical model. It was shown that the Chiari osteotomy
can substantially increase the weight-bearing area and, conse-
quently, decrease the contact stress in the hip joint. Based on the
present theoretical study, it was concluded that the Chiari
osteotomy can increase the weight-bearing area directly,
owing to the additional area formed by the ala ossis ilii
segment, and indirectly, owing to the shift of the stress pole in
the medial direction. The indirect effect is important and usvally
larger than the direct one. Using the proposed mathematical
model and standard anteroposterior roentgenographs from the
archives, it was also shown on a population of 29 dysplastic
hips that the contact stress considerably decreases after the
Chiari osteotomy.

In conclusion, our results indicate that the redistribution of
stress after Chiari osteotomy can yield biomechanically favour-
able effects, so that the biomechanical state of the hip approaches
the situation in the normal hip, From this point of view, the
Chiari hip osteotomy is a successful solution and should be
considered as a possibility for preserving the patient’s own hip as
long as possible (BRAND, 1997, MILLIS et al., 1995),

Ackmowledgments—The authors are indebted to L. Zaletel-Kragelj
for performing the statistical analysis and to D. TomaZevi¢
for the graphics used for presenting the results in Fig. 4. The
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