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Abstract In 20 anatomic specimens with an acetabular
defect (type Paprosky 3b), an acetabular component was
implanted in the position of a high hip center. The vertical
migration of the hip center ranged between 13 and 35
mm. It was accompanied by a lateralization and ventral
migration of between 5 and 25 mm. The influence on the
different abductor muscles was calculated through com-
puter model comparing muscle force and muscle length
before and after implantation of a high hip center. The in-
crease in length of the gluteus maximus muscle and the
posterior part of the gluteus minimus muscle ranged
between 1% and 6%, while all other evaluated abductor
muscles were shortened from 3% to 16%. The effect of
the simultaneous changes of the lever arms was an in-
crease in necessary muscle strength for pelvic stabiliza-
tion from 140% to 250% compared with the original esti-
mated strength prior to implantation. This may lead to in-
sufficiency of the abductor muscles after placement of a
high hip center. On the basis of these findings, we do not
recommend the implantation of an acetabular component
in the position of a high hip center.

Introduction

During the past few decades, the implantation rate of a to-
tal hip prosthesis has significantly increased. This devel-
opment has led to a broadening in the spectrum of indica-
tion being treated and a shift in patient’s age downwards
[9]. In consequence, due to the limited durability of mate-
rials, particularly the polyethylene components [10], asep-
tic loosening of a total hip prosthesis has become a prob-
lem encountered more frequently, especially for the ac-
etabular component [2}.

Kavanagh et al. showed an intraoperative manifest
loosening of 25% during revision surgery of cemented ac-
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etabular components with an average lifetime of 4.5 years
[14]. Other authors estimated a 50% incidence of radi-
ographic loosening or 33% symptomatic loosening in ce-
mented acetabular components [4].

With repeated component loosening, bone defects in-
crease until further fixation of a prosthesis becomes im-
possible. Formerly, the only option in severely affected
hips was removal of all components and performance of a
Girdlestone [7] procedure. Nowadays, reconstructive mea-
sures in cases of extreme osteolysis have increased along
with improved prosthesis shapes and surgical techniques.

The high hip center is one possibility several authors
[1, 13, 15, 16, 17] favor as a suitable procedure in hip al-
loarthroplasties with severe bone loss, a situation particu-
larly met in revision surgery. Also, treatment of severe con-
genital hip dysplasia or dislocation as well as large degen-
erative and infectious affection of the hip joint have been
considered indications for a prosthesis placed further pro-
ximal in the iliac bone instead of in the anatomic position.

The purpose of this study was to answer the following
questions: (1) How does a high hip center alter the rela-
tion between the acetabular cup and the pelvis? (2) How
does it change the lever arms? (3) What effect occurs on
muscle power and muscle length?

Materials and methods

First, an artificial bone defect similar to those caused by aseptic
loosening of the acetabular component with cranial migration or
dislocation was created in 20 human specimens. Then an acetabu-
lar component was implanted in the position of a high hip center.
All specimens were standardized by performing the same defect
(type 3b according to Paprosky). For documentation of migration
of the center of rotation, all specimens were surveyed before and
after the acetabular component was implanted.

After dissecting the abdominal muscles, the lumbar spine was
cut at the fourth lumbar vertebra in order to disconnect the pelvis
from the trunk. Then the hip joint was exposed by preparation
of the femoral neck. The bony defect was performed by deepen-
ing the acetabulum in the craniomedial direction, thus creating a
large defect in the proximal acetabular rim also affecting the ante-
rior and posterior column, as well as a medial cavitation, both of
which are common in aseptic loosening of a total hip endopros-
thesis with osteolysis. Next, an acetabular component was im-
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Fig.1 Muscle force calcula-
tion for original anatomic hip
center; T great trochanter

Fig.2 Muscle force calcula-
tion for high hip center; T great
trochanter

Fig.3 Anteroposterior (AP-)
projection of the muscle vec-
tors which measured for the
calculations; HD horizontal
hip center distance, KG body
weight

planted in the position of a high hip center just below the anterior
inferior iliac spine into a shallow mold shaped into the corpus of
the iliac bone. The created mold was bordered medially by the cor-
tex of the iliac bone and cranially by the spongious anterior infe-
rior iliac spine. The dorsal wall as well was provided by spongious
iliac bone.

The acetabular component used was a 36 mm polyethylene cup
with a height of 21 mm. The cup was inserted with 12° anteversion
and 45° inclination.

The assessment of muscular conditions was performed by us-
ing a model primarily invented for gait analysis in patients with af-
fected hip joints. This software is based on a semi-dynamic method
which calculates the data of three different phases of ground con-
tact. These three phases are defined by the angle of the femur in re-
lation to the vertical plane (+15°: begin; 0°: middle; —15°: end) of
one-leg stance.

Pelvic tilt in the sagittal plane was considered +5° in all three
phases. Lateral tilt of the pelvis was 0°, 5° and 10° and horizontal
rotation was —5°, 0° and +5° for beginning, middle and end phases.
Since all specimens were a pelvis with no femur and cut in half,
some standard data had to be used for calculations. Femur length
was set at 350 mm in all specimens and femur antetorsion at 12°.

In order to estimate the consequences of a high hip center on
abductor muscle force and length, each specimen was assessed in

its original condition (Fig. 1) and after insertion of the acetabular
component, including migration of the center of rotation in all
three planes (Fig.2).

The following muscles were measured (Fig.3): gluteus min-
imus, posterior section; gluteus minimus, intermediate section;
gluteus minimus, anterior section; gluteus medius, posterior sec-
tion; gluteus medius, intermediate section; gluteus medius, anterior
section A; gluteus medius, anterior section B; tensor fasciae latae.

The following aspects were considered in the assessment of the
original conditions: diameter of the original bony acetabulum;
ileum height = distance from upper acetabular rim to highest point
of the iliac crest; horizontal distance of original centers of rotation.

In order to assess the necessary angles, all specimens were pho-
tographed in a standardized format using a special telephoto lens
from 1.5 m distance. The specimen was put into physiologic posi-
tion. Photos of each specimen were taken cranially as well as lat-
erodorsally to aid measurement of the maximum distances of the
iliac wing. The pictures were digitized, and the following angles
were assessed: angle of iliac wing to sagittal plane = angle be-
tween sagittal plane and line drawn from anterior superior spine to
posterior superior spine on cranial photograph; anterior pelvic an-
gle = angle between vertical plane and line drawn from center of
rotation and anterior superior spine on laterodorsal photograph;
posterior pelvic angle = similar to above but line drawn (o poste-



rior superior spine; pelvic tilt = angle between horizontal plane and
line drawn through both superior spines on laterodorsal photo-
graph.

Evaluation of physical moment

This is defined as the product of the distance between the vector of
the ground reaction force from the hip’s rotation center and the
amount of this force acting on the hip joint frontally. Any changes
in the centers of rotation cause shifts in the pelvic geometrics, es-
pecially through lateralization. Therefore, the physical moment
was calculated for each specimen prior to and after insertion of a
high hip center according to the following formula:

M= % HD % (750 X %) % 0.67 (Nm)

where HD = horizontal distance between centers of rotation (m).

At first, the horizontal distance between the centers of rotation
was measured. Since all specimens had been cut in half, the hori-
zontal distance between the centers of rotation and the sagittal
plane was doubled. In order to calculate leverage in the one-leg
stance, two-thirds of this distance were used in the formula above.
Body weight was estimated at 75 kg and five-sixths was used in
calculations, taking into account the one-leg stance and subtracting
the weight of the ipsilateral leg. Factor 0.67 at the end of the for-
mula represents the percentage of mean physical moment during
the entire one-leg stance in gait phase. This factor is an empiric
number which coincides in this case with two-thirds and is added
to the original formula based on calculations by Tetzlaff [18].

The same formula was used for calculation in the high hip cen-
ter, taking only lateral migration into consideration because of its
crucial effect on physical moment.

In order to achieve comparability for further calculations, all
other parameters mentioned above remained the same. Only the
migration of centers of rotation, and therefore, the changed physi-
cal moments were varied. For evaluation of muscle force and
strength, migration in all three planes was measured and used in
further calculations.

Results
Migration of center of rotation

Data for vertical migration vary from 13 to 35 mm with an
average of 25 mm (Table 1). In all specimens a mean lat-
eralization of 17 mm in centers of rotation occurred. Ven-
tral migration ranged from 5 to 25 mm.

Calculation of physical moment

In the anatomic position there was a variation between
39.08 and 46.89 Nm (Table 2). These values overlapped
with the findings in high hip centers, which ranged be-
tween 44.29 and 54.71 Nm. This emphasizes the great in-
terindividual range of possible forces in the human pelvis.
A considerable rise of physical moment due to lateral mi-
gration of the centers of rotation is evident. Individual
ranges up to 10 Nm or more are possible, showing the re-
lation between lateralization and rise in physical moment.
Whereas specimen no.2 with a lateral migration of 30 mm
also shows the greatest rise in physical moment, the latter
is less affected in those specimens with only 10 mm of lat-
eralization. For abductor muscles, this means an increased
load and force necessary to stabilize the pelvis.
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Table 1 Migration of center of rotation data

Specimen no. Vertical (mm) Sagittal (mm)  Lateral (mm)

1 20 +25 15
2 35 +25 30
3 25 +23 25
4 30 +20 15
5 20 +20 25
6 25 +15 15
7 35 +25 15
8 28 +15 20
9 25 +20 20
10 30 +18 25
11 20 +10 10
1 24 +5 15
13 24 +5 10
14 15 +10 15
15 20 +10 10
16 30 +7 20
17 13 +10 20
18 27 +5 10
19 30 +5 16
20 27 +5 10
Average 25 +14 17

Table 2 Calculation of physical moment

Specimen no. Physical moment Difference (Nm)

Old (Nm) New (Nm)
1 47 49 +2
2 36 52 +16
3 42 55 +13
4 47 55 +8
5 39 52 +13
6 44 52 +8
7 3 47 +8
3 43 55 +12
9 39 49 +10
10 42 55 +13
11 42 47 +5
12 44 52 +8
13 44 49 +5
14 44 52 +8
15 42 47 +5
16 42 52 +10
17 44 55 +11
18 39 44 +5
19 42 50 +8
20 39 44 +5
Average 42 51 +9

Calculation of muscular conditions

Comparing data prior and after insertion of a high hip cen-
ter, a rise in load is manifest for all sections of m. gluteus
minimus and m. gluteus medius. The necessary muscle
power is highest at the beginning of the stance phase and
gradually falls towards the end.
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This is based on the change in levers for abductor mus-
cles. Due to lateralization of the center of rotation, levers
for those muscles become smaller leading to a higher
physical moment.

The most affected muscle is gluteus minimus, espe-
cially the posterior part K1 which has to cope with an in-
crease in necessary muscle force of 250% compared with
its original load. Both posterior sections, though less af-
fected at 180% and 200%, still have to increase their nec-
essary muscular force by a factor of two (Fig.4).

In m. gluteus medius, it is also the posterior part that is
most affected, with an increase of 160%, while the other
sections increased 140% over their original constitution.

The study showed that abductor muscles have to work
under highly unsuitable lever conditions, making physio-
logic working impossible. The center of rotation is shifted
too close to the effective muscular origins, resulting in a short
lever arm which makes abductor working conditions impos-
sible. This especially affects m. tensor fasciae latae, which
loses its abductor function according to these calculations.

Comparing muscular length before and after insertion
of a high hip center shows that only the posterior part of
m. gluteus minimus M1 is increased, whereas all other
muscles experience a decrease (Fig.5). The decrease in
muscle length is highest in the anterior parts of m. gluteus
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minimus and m. gluteus medius, with up to 15% in M7.
The intermediate section of m. gluteus medius is also
shortened by 15%, whereas m. tensor fasciae latae is af-
fected by a 5% loss.

Discussion

Altering the position of the hip joint center always changes
the resulting forces. Johnston and Brand [13] showed a
significant relation of postoperative limping to the follow-
ing three factors: (1) sum of moments muscles have to
create during gait; (2) length of lever of each muscle; (3)
muscle capacity.

In contrast to the study of Russotti and Harris [17], a
lateralization of the center of rotation was detected in each
specimen after insertion of a high hip center in our study.
Ventral migration was also detected in every specimen.

Under otherwise unchanged conditions, a high hip cen-
ter results in a decrease of muscle length in the abductor
muscles. An average of 16 mm was detected in that part
of m. gluteus medius located straight above the center of
rotation in the frontal plane in a normal hip joint. That
section was used in this study as representative for all ab-
ductor muscles for comparative purposes. The reason for



the increase in length in the study of Russotti is the trans-
location of the great trochanter with a resulting decrease
in distance for the abductor muscles of an average of 30
mm [13]. The decrease in muscle length detected in this
study, though, is only one reason for the functional loss of
the abductor muscles. Through lateralization, the physical
moment is affected in a negative way by changes in lever
conditions, especially for the posterior parts of m. gluteus
medius and minimus. For these reasons, a muscular insuf-
ficiency develops in two ways: First of all via a decreased
preload due to a decrease in length, and second by a
change in lever conditions.

Some muscles like m. tensor fascia latae move so close
to the center of rotation with their effective diameter that
the lever force is changed so that physiologic working be-
comes impossible. This muscle loses its abductor function,
as shown in this study. In studies dealing with the effects
of Chiari’s operation, Delp et al. draw the conclusion that
changes in muscle length have a greater influence in
decreasing the muscle force than changes in lever condi-
tions [3].

In their comparison between radiographic evaluations
and clinical examination, Gore et al. stated that there is a
significant correlation between decrease in muscular force
and proximal placement of the acetabular component nor
equalled by a longer femur shaft [8].

Summarizing the information given, the following
conclusions can be drawn: Changes in muscle length, es-
pecially reductions, with constant neuronal activity have
the greatest influence on muscle force. The geometric
changes in the pelvis due to a high hip center cause a great
increase in the necessary muscle force in the abductor
muscles to keep balance. This is especially the case for m.
gluteus minimus and the posterior sections of m. gluteus
medius. When interpreting these data, one has to consider
that a straight line model of the muscles was used. Since
particularly the abductor muscles in the human pelvis are
characterized by a broad origin, it has to be assumed that
some of the fibers have to work under different condi-
tions. This was taken into account by dividing those mus-
cles into sections in order to minimize any possible bias in
the calculations. However, the data can only show a ten-
dency for possible consequences since a large interindi-
vidual range has to be considered.

In the clinical setting, the muscular insufficiency might
be even greater, because the changes in muscle length are
differently distributed along the overall muscle length.
Physiologically, a muscle consists of contractile and non-
contractile elements, and the latter are much less capable
of changes in length, either active or passive. It is there-
fore likely that changes in the overall muscular length cal-
culated in this study affect the contractile elements to a
higher degree than numbers might show.

The possible life time of a total hip prosthesis increa-
ses, according to calculations of Johnston and Larson with
a decrease in the forces affecting the components. This is
achieved by placing the acetabular component as far me-
dially, anteriorly, and inferiorly as possible [12].

Because of these findings, Emerson et al. referred the
problem of postoperative dislocation with acetabular bone
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grafts in their study to similar forces [4]. Though the
causes are multiple, the authors agree in this respect with
Etienne et al., Fraser and Wroblewski, and others in stat-
ing that a different placement of the acetabular compo-
nents, especially proximal, is a significant risk factor for
postoperative dislocation [5, 6].

The data collected in this study support these conclu-
sions because of the muscular insufficiency of the abduc-
tor muscles that is likely to develop. With additional prob-
lems of adequately fixing the acetabular component [12,
13], a high hip center does not seem to be an appropriate
method in total hip prosthesis revision surgery.

References

1. Callaghan JJ, Salvati EA, Pellici PM, Wilson PD Jr, Ranawat
CS (1985) Results of revision for mechanical failure after ce-
mented total hip arthroplasty 1979 to 1982. A two- to five-year
follow up. J Bone Joint Surg [Am] 67:1074-1085

2.Charnley J (1979) Low-friction arthroplasty of the hip. Sprin-
ger, Berlin Heidelberg New York

3.Delp SL, Bleck E, Zafac F, Bellini G (1990) Biomechanical
analysis of the Chiari pelvic osteotomy. Clin Orthop 254 :189

4.Emerson RH, Head WC, Beklacich FM, Malinin T (1989)
Noncemented acetabular revision arthroplasty using allograft
bone. Clin Orthop 249:30-43

5.Etienne A, Cupi Z, Charnley J (1978) Postoperative dislocation
after Charnley low-friction arthroplasty. Clin Orthop 132:19

6.Fraser GA, Wroblewski BM (1981) Revision of the Charnley
low-friction arthroplasty for recurrent or irreducable disloca-
tion. J Bone Joint Surg [Br] 63:552

7.Girdlestone GR (1947) Acute pyogenic arthritis of the hip: an
operation giving free access and effective drainage. Lancet 1:
419

8.Gore DR, Murray MP, Gardner GM, Sepic SB (1977) Roent-
genographic measurement after Miiller total hip replacement.
J Bone Joint Surg [Am] 59:948-953

9.Jerosch J, Heisel J (1996) Endoprothesenschule. Dtsch Arztev-
erlag, Kéin

10.Jerosch J, Fuchs S, Steinbeck J, Stechmann J (1995) Ist das
hohe Hiiftzentrum eine Losungsmdglichkeit fiir die Revision-
soperation bei Pfannenlockerungen der Hiiftendoprothese? Un-
fallchirurg 98:160-165

11.Jerosch J, Fuchs S, Liljengvist U, Haftka S (1995) Auswirkun-
gen unterschiedlicher Sterilisationsverfahren auf den Oxida-
tionsgrad auf den Werkstoff ultrahochmolekulares Polyethylen
(UHMWPE). Biomed Tech 40:296-303

12.Johnston RC, Larson CB (1969) Biomechanics of cup arthro-
plasty. Clin Orthop 66:56

13.Johnston RR, Brand R (1979) Crowninshield: reconstruction of
the hip. J Bone Joint Surg [Br] 61:639

14.Kavanagh BK, llstrup DM, Fitzgerald RH (1987) Multiple re-
vision for failed total hip arthroplasty not associated with in-
fection. J Bone Joint Surg [Am] 69:1144

15.Lachiewicz PF, McCaskill B, Inglis A, Ranawat CS, Rosen-
stein BD (1986) Total hip arthroplasty in juvenile rheumatoid
arthritis. Two to eleven year results. J Bone Joint Surg [Am]
68:502-508

16. Ranawat CS, Dorr LD, Inglis AE (1980) Total hip arthroplasty
in protrusio acetabuli of rheumatoid arthritis. J Bone Joint Surg
[Am] 62:1059-1065

17.Russotti G, Harris W (1991) Proximal placement of the acetab-
ular component in total hip replacement. J Bone Joint Surg [Am]
73:587

18. Tetzlaff EM (1994) Wirkungskomponenten des Musculus glu-
taeus medius unter dynamischen Bedingungen; die Auswir-
kung der Trochanterverlagerung; Berechnung der Hiiftbelas-
tung am gesunden Probanden. Dissertation, University of Miin-
ster



