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Increased migration of the SHP prosthesis

Radiostereometric comparison with the Lubinus SP2 design in 40 cases

Bo Nivbrant!, Johan Karrholm? and Per Sdderlund!

40 patients with primary arthrosis were randomized to
receive either a cemented SHP (Scientific Hip
Prosthesis) or Lubinus SP2 prosthesis. At 2 years
radiostereometric measurements showed increased
proximal migration (0.4/0.2 mm; p = 0.02) and more
proximal wear (0.3/0.1 mm, p = 0.01) of the SHP sock-
et. The SHP stem also subsided (-0.6/-0.1 mm,
p < 0.001) and rotated more into retroversion (2.6/
0.3°) than did the SP2 design. This subsidence mainly
occurred inside the cement mantle in 17 of 18 cases

(13 SHP, 4 SP2), where this type of motion could be
measured. The changes in bone mineral density eval-
uated with DEXA and the clinical results did not differ
between the 2 groups.

The subsidence of the SHP stem is the most pro-
nounced so far recorded with radiostereometry in
stems without a completely polished surface. This
subsidence and the rotational instability imply a sub-
stantial risk of abrasive wear and increased stresses
in the cement mantle.
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Several designs of cemented hip prostheses have
shown 10-year survival rates of about 95% when
evaluated in large series (Espehaug et al. 1995,
Herberts and Malchau 1997). These implants have
evolved mainly on an empirical basis, which may
partly explain the wide variety of combinations of
shapes, surface finishes and other design charac-
teristics. Occasionally minor design changes in
prostheses have given unexpected results (Dall et
al. 1993, Malchau and Herberts 1998, Rockborn
and Olsson 1993). The exact reason why a specif-
ic combination of stem properties provides good
results, whereas others do not is still poorly under-
stood. Huiskes and Boeklagen (1989) tried to calcu-
late the optimal shape of cemented stems using finite
element analysis (FEA) and mathematical shape
optimization. The rationale for these calculations
was to reduce stresses at the stem-cement-bone inter-
faces to a minimum and hence increase the longevity
of the implant. On the basis of their findings, the
Scientific Hip Prosthesis (SHP) was developed.
This new prosthetic concept has been clinically
tested in a consecutive and prospective series
since 1992. A report after a maximum of 4 years’
follow-up showed good to excellent clinical and
radiographic results (Ypma et al. 1997). As anoth-

er part of the early clinical trials, we started a
prospective randomized study in 1995, using
radiostereometry (RSA) to measure implant mi-
gration and wear. Measurements of stem motions
in the cement mantle were thought to be of partic-
ular interest, not least because of the design ratio-
nale of this implant. Our hypothesis was that the
migration of this stem should be the same or less
than one of the best performing cemented hip
implants in Sweden (Malchau and Herberts 1998).
Since our standard implant (Lubinus SP2, Walde-
mar Link) belonged to this group, it was chosen as
the control. We used radiostereometric analysis to
measure migration of the stem and cup and the
penetration of the femoral head. We also studied
bone remodeling, changes on conventional radio-
graphs and clinical parameters.

Patients and methods

40 patients planned for a THA were preoperative-
ly randomized by chance to receive either a SHP
(Promotion/Biomet) or Lubinus SP2 prosthesis
(Waldemar Link). Inclusion criteria were non-in-
flammatory arthrosis of the hip, 50-80 years of
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Table 1. Patient data and Harris hip and pain scores,
median (range)

Lubinus SP 2 SHP
Male/female 812 8/12
Age 67 (52-78) 67 (55-78)
Primary/secondary
arthrosis 19/1 18/2
Charnley group (1/2/3)  13/4/3 14/51
Weight, kg 71 (53-92) 70 (48-100)
Harris hip score
Total
Preop. 42 (23-61) 39 (15-57)
2 years 96 (65—100) 99 (78—100)
Difference 48 (29-77) 58 (32-76)
Pain
Preop. 15 (10-20) 15 (10-20)
2 years 44 (20-44) 44 (40—44)
Difference 24 (10-34) 27 (20-34)

There were no significant differences between the
groups (p > 0.12, Mann Whitney U-test)

age and informed consent. Patients with a body
weight more than 100 kg, skeletal disease or
grossly altered hip anatomy were excluded. Strati-
fication was done based on gender. The two
groups did not differ preoperatively as regards
clinical parameters (Table 1). The local ethics
committee approved the study.

The Lubinus cup had wide grooves, plastic
spacers and was gamma-sterilized in air. We used
a version with a 3 mm peripheral rim. The SP2
stems were made of cobalt-chromium alloy with a
surface roughness of 1.5 um. The stem is anatom-
ic, double-curved with anterior and posterior ridg-
es and has a comparatively wide collar. All stems
were 150 mm long with a CCD angle of 135°
(Figure 1).

The SHP cup has a smooth backside supplied
with PMMA spacers (height 3 mm), an asymmet-
rical opening and a 3 mm flange to prevent dislo-
cation. The length of the SHP stem increases with
increasing sizes (110-140 mm in this study). It
has no collar and a teardrop-like appearance prox-
imally but becomes more cylindrical and tapered
distally. The tip is comparatively sharp. When
viewed from the side, it is flatter than the SP2
stem and especially in the proximal-medial belly-
shaped region. It is made of cobalt-chromium al-
loy. The entire surface of the version used in our
study was matte with a proximal roughness of 3.8

Figure 1. The SHP (to the left) and SP2 prostheses.

um and a distal one of 2 um. The stem has 4 prox-
imal PMMA spacers and a PMMA centralizer. All
had a CCD angle of 120°. (In later designs, the
SHP stem has a polished distal part and a circular
groove has been added on the backside of the cup.
Biomet manufactures this design.)

One of the authors (BN) did all the operations.
Before initiation of the study, this surgeon assisted
one of the inventors of the SHP implant on 2 occa-
sions and operated on 2 SHP hips himself to be-
come used to the instrumentation. All hips in the
study were operated on via a posterior approach,
with instruments delivered by the manufacturers
and third-generation cementing technique (distal
plug, brush, high pressure lavage, tamponade, ret-
rograde filling of cement and pressurization).
Reaming of the canal was done with a power tool
in the SHP design, as recommended by the manu-
facturer. The corresponding preparation for the
Lubinus stem was done using traditional reamers.
In all stems, 28 mm heads were used. 38 patients
received a head made of cobalt-chromium and 2
of aluminum oxide (both SP2). In one SHP stem,
an original head could not be used due to misfit
between the head and taper. These 3 implants
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were excluded from the analysis of wear as well as
one SP2, where interposition or lack of muscular
tension distorted the measurements between the
postoperative and first follow-up examination.
The patients were mobilized on the day after sur-
gery and received similar postoperative treatment.

The SP2 stems were prepared for radiostereo-
metric evaluation by preoperative marking of the
tip, the shoulder and the medial collar with titani-
um pegs, each with a 0.8 mm tantalum sphere
countersunk into its tip. The SHP tip was marked
as in the SP2 design, but no corresponding proxi-
mal marking was done, due to concern about
weakening the material. Instead, 4 markers were
placed in a small piece of cement, which was at-
tached around the collar. In addition, the femoral
head center was used as a prosthesis landmark
(Baldursson et al. 1979, Kirrholm et al. 1997).
Subsidence of the midpoint of the stem, the trans-
lations of the cup center and the rotations of the 2
components were calculated. In 7 SHP hips, mi-
cromotions of the cement with markers attached
to the collar developed during the study; they
were revealed by the analysis. In these cases, rota-
tions could not be accurately measured during the
entire period of observation. Therefore, the anteri-
or (+) - posterior (-) translations of the femoral
head center are also presented as an effect of these
rotations. Finally, we evaluated the translations of
the femoral head center, using the cup markers as
a fixed reference segment to measure the femoral
head penetration (here called wear).

We inserted 3-9 tantalum markers in the
periacetabular bone, the cup, the femur and the
cement. The cement markers could be visualized
in 18 hips (4 SP2, 14 SHP), which permitted mea-
surements of the stem migration in the cement
mantle.

The postoperative RSA examination was done
after 4-8 days (40 patients). Further follow-ups
were done at 6 months (39 hips evaluated), 1 year
(34 hips) and 2 years (39 hips) after the operation.
The precision of the measurements was de-
termined as the 99% confidence limits for signifi-
cant translations and rotations, based on double
examinations (Mjoberg 1986, Kirrholm et al.
1997; Table 2).

Conventional radiographs were obtained pre-
and postoperatively and at 2 years. We assessed

Table 2. Precision based on double examinations (99%
confidence limits for significant motions}

Type of motion Cup Wear Stem
migration migration
n37 n62 n35
Translations mm
Transverse axis 0.13 0.20 -
Longitudinal axis  0.11 0.19 0.11
Sagittal axis 0.17 0.47 -
Rotations degrees
Transverse axis  0.75 - 0.42
Longitudinal axis  0.62 - 0.76
Sagittal axis 0.21 - 0.30

the proximal distal positioning of the cup and its
inclination (Nivbrant et al. 1996). On the femoral
side, we evaluated the varus/valgus position of the
stemn, femoral offset, flair index, relative fill of the
femoral stem, cement mantle quality, cement
thickness at the tip and relative length of radiolu-
cent lines (Noble et al. 1988, Barrack et al. 1992,
Kérrholm and Snorrason 1993). The length and
localization of radiolucent lines were related to
the Dee Lee-Charnley and Gruen regions. All
measurements were done on a digitizing table
(Digi Pad, Orthographics, Salt Lake City, UT).
The change in bone mineral density between the
postoperative and the 2-year follow-up examina-
tion was measured in the 7 Gruen regions, using a
Lunar DPX-L (Lunar Corporation, Madison,
Wisconsin). The clinical results were evaluated,
using the Harris hip score. One patient with SHP
prosthesis refused to participate in the 2-year fol-
low-up, but reported no symptoms from his hip at
that time.

Statistics

The study was designed to detect a difference in
stem subsidence after 2 years of 0.2 mm based on
the assumption of a SD of 0.2 mm in the 2 groups
(> 80% probability). To reduce the effect of miss-
ing observations, the migration of the components
and wear were statistically evaluated at 2 years
only. We used the Mann-Whitney U-test in the
comparison between the 2 groups and the Wilcox-
on signed rank test to evaluate changes in radiolu-
cent lines. To reduce the risk of spuriously occur-
ring differences between the 2 groups, p-values
less than 0.025 were regarded as representing a
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Table 3. Cup migration at the 2-year follow-up

n  Mean?(95%CL)? Median® Range P-value®
Cup transiations, mm
Medial (+)/1ateral (—)
sp2 20 -0.0 (0.1) 00 -07-04 05
SHP 19 -0.1 (0.2) -0.1 -0.9-0.6
Proximal (+)/distal (-)
SP2 20 0.2 (0.1) 0.2 -0.3-0.8  0.02
SHP 19 0.4 (0.2) 03 -0.1-1.3
Anterior (+)/posterior (-)
Sp2 20 0.0 (0.1) 0.0 -05-04 008
SHP 19 -0.1 (0.1) -0.1 -0.4-0.3
Cup rotations, degrees
Anterior (+)/posterior (-) tilt
SP2 20 -0.0 (0.2) -0.1 -1.2-0.8 0.9
SHP 19 -0.0 (0.2) 0.0 -1.0-0.8
Ante- (+)/retroversion (-)
SP2 20 -0.1 (0.3) -0.1 -1.2-1.3 0.7
SHP 19 0.1 (0.2) -0.1 -0.9-1.1
Increased (+)/decreased (-)
inclination
Sp2 20 -0.2 (0.2 -0.2 -1.3-1.0 0.06
SHP 19 -0.7 (0.4) -0.5 -2.5-0.5

A Signed.

b 95% confidence limits of the mean = standard error of the mean times 2.1-2.2,
depending on the number of observations.

¢ Mann-Whitney U-test.

Table 4. Stem migration at the 2-year follow-up

n  Mean®(95%CL)? Median® Range P-value©
Stem translations, mm
Proximal (+)/distal (-)
SP2 20 -0.1 (0.1) -0.1 -0.2-0.2 <0.0005
SHP 19 -0.6 (0.2) -0.7 -1.7-0.5
Femoral head transiations, mm
Anterior (+)/posterior (-)
SP2 20 -0.19 (0.2) -0.1 -0.8-0.3 <«0.0005
SHP 18 -2.5 (1.0) -2.6 -7.4-1.7
Stem rotations, degrees
Anterior (+)—posterior (-) tilt
SP2 18 -0.1 (0.1) -0.1 -05-05 02
SHP 13 0.7 (0.8) 0.2 -49-04
Ante- (-)/retroversion (+)
SP2 18 0.3 (0.3) 0.2 -0.7-1.3  0.007
SHP 13 2.6 (1.4 25 -0.6-2.4
Valgus (+)/varus (-) tilt
SP2 18 0.0 (0.1) 0.0 -0.2-04 0.03
SHP 13 -0.0 (0.5) -0.2 -1.1-24
A Signed.

b g5% confidence limits of the mean = standard error of the mean times 2.1-2.2,
depending on the humber of observations.

¢ Mann-Whitney U-test.

significant difference.
Stepwise linear regression
was used to evaluate fac-
tors with a possible effect
on the proximal-distal cup
and stem migration.

Results
Radiostereometry

The SHP cups migrated
more than the Lubinus
cups in the proximal direc-
tion (p = 0.02). The other
parameters did not differ
(Table 3).

The SHP stem subsided
more than the control
group (p < 0.0005). At the
2-year follow-up, the
mean and median values
were 6-7 times higher in
the SHP group (Table 4,
Figure 2). Stem subsid-
ence in relation to the ce-
ment mantle was evaluat-
ed in 18 patients. In 15 of
these cases, all of this sub-
sidence occurred in the
mantle (11 SHP: -1.10 to
-0.17; 4 SP2: -0.20 to ~
0.12 mm). In 3 SHP stems
with distal migration of
the stem relative to the
bone between —1.18 and —
0.36 mm, the cement man-
tle displaced distally -0.42
and —0.32 mm. In the third
case (SHP), the subsid-
ence of the mantle was
smaller than the 99% con-
fidence limit (—0.06 mm).

At the 2-year follow-up,
the SHP stems had rotated
more into retroversion
than the SP 2 stems (medi-
an: 2.5° and 0.2° p-=
0.007), corresponding to
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Stem migration, mm
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Figure 2. Proximal-distal stem migration (Mean, SE).

an increased posterior displacement of the femoral
head (p < 0.0005).

At 2 years, the mean and median values of prox-
imal wear were about twice as high in the SHP as
in the control group (p = 0.01, Table 5).

Bone mineral density

Between the postoperative and the 2-year follow-
up, there was a tendency to a decrease in bone
mineral density in most of the Gruen regions and
especially medially (Gruen regions 6 and 7). No
differences were detected between the 2 groups
(p > 0.4, Figure 3).

Table 5. Wear at the 2-year follow-up

Lubinus SP 2

\-25-5-0 46
.']
14 .34.7117 B-16-3

-3 .18- 225 ~3.10-6

-1-13-27

Figure 3. Change in bone density between the postopera-
tive examination and the 2-year follow-up. Median per-
centages, range.

Conventional radiography
We observed postoperative radiolucent lines
around the socket in both groups with no signifi-
cant difference (Table 6). Between the postopera-
tive and the follow-up examinations, the relative
length of these lines increased in the SHP group
(p = 0.003), but not in the SP2 group (p =0.2).
The flare index, stem position, offset and proxi-
mal fill of the stem were the same in the 2 groups.
As an effect of the shape of the SHP stem, the ce-
ment mantle became thicker in these cases. The
SHP design was also associated with more radio-
lucent lines between the cement and the bone on
the postoperative radiographs (p = 0.02). These

n  Mean®(95%CL) P Median®

Range P-value ©

Wear, mm
Medial (+)/1ateral (~)
SP2 17 0.0 (0.1) 0.0 0103 0.1
SHP 19 0.0 (0.1) 0.0 -0.3-0.3
Proximal (+)/distal (—)
SP2 17 0.1 (0.1) 0.1 -0.1-0.5 0.01
SHP 19 0.3 0.1 0.3 0.1-0.7
Anterior (+)/posterior (~)
SP2 17 0.1 (0.1) -0.1 -03-04 05
SHP 19 -0.1 (0.1) 0.0 0603
Three-dimensional
SP2 17 0.3 (0.1) 0.3 0.1-06 005
SHP 19 04 (0.1 0.4 0.1-0.7
a Signed.

b 95% confidence limits of the mean = standard error of the mean times 2.1-2.2,
depending on the number of observations.

€ Mann-Whitney U-test.
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Table 6. Results of the radiographic evaluation, median (range)

Clinical results

The total hip and pain scores

SP2 SHP P-value ® and the gain values did not
differ (Table 1).

Cup

Position of hip center, cm ® 1.2 (0.9-2.5) 1.7 (0.8-2.4) 0.002

Inclination, degrees °© 53 (44-65) 57 (44-67) 0.4

Radiolucent lines ¢
Cup postop 5 (0-59) 2 (0-19) 0.8 Discussion
Cup at 2 years 8 (0-26) 12 (0-30) 0.2

Stem According to the regression

Flare index 2.3 (1.2-2.9) 2.4 (1.4-3.3) 0.4 analysis, the slightly  in-

Varus angle of stem, degrees 2.0 (-0.2-4.0) 0.5 (-1.5~6.0) 0.2 . .

Offset, mm 37 (22-48) 41 (34-54) 0.09 creased nmigration of the SHP

Canal fill %, proximal ® 69 (39-74) 69 (59-76) 0.8 cup could only be explained

Canal fill %, distal ® 58 (36-71) 39 (29-59)  <0.0005 by its design characteristics.

Cement quality stem (A/B/C) ! 11/9/0 1771 1 .

Width of cement mantle, mm Debonding of the cement
Calcar region 4 (0-6) 7 (2-12) <0.0005 from the polyethylene is prob-
D?stally-medially 3 (1-6) 4 (1-13) 0.002 ably extremely uncommon for
Distally -laterally 3 (04) 5 (2-11) <0.0005 .

Radiolucent lines 9 most acetabular designs, but
Stem postop 5 (0-16) 6 (0-27) 0.02 this type of event cannot be
Stem at 2 years 4 (0-15) 5 (0-51) 0.2

completely excluded because

2 Mann-Whitney U-test.

b proximal (+)/distal () position in relation to teardrop line
¢ inclination for indicator wire. SHP has a 15° assymmetry to the real opening.

95 1 mm wide in % of the interface
® Proximal or distal to medial tip of the lesser trochanter
fBarrack st al. 1992

lines were in most cases localized in regions 3, 4
and 5 and did not progress significantly.

Regression analysis

The choice of a SHP cup was the only factor that
had an influence on the proximal cup migration
(r?= 0.1, p = 0.03). Factors related to the patient
(age, gender, weight), the surgeon (learning
curve) or the cup positioning on the postoperative
radiographs did not reach statistical significance.

In the entire material, the choice of a SHP stem
(adjusted r? = 0.44, p < 0.0005) and valgus posi-
tion of the stem (increase of adjusted r2 to 0.52,
p = 0.01) were associated with subsidence. A sep-
arate analysis of the SHP group revealed that the
subsidence increased as one proceeded in grades
into poorer quality of the cement mantle, accord-
ing to Barrack (adjusted r2= 0.3, p = 0.01).

Other factors related to the patient (age, gender,
weight), the surgeon (learning curve) or the ap-
pearance on the postoperative radiographs (width
of the femur or the cement mantle, canal fill, off-
set, postoperative radiolucencies) had no effect.

of the smooth backside of the
SHP cup. However, it is more
likely that this design will be-
come surrounded by a cement
mantle with a different thick-
ness and penetration of the ce-
ment into the acetabular bone.
This view is compatible with the tendency to in-
creasing radiolucencies between the postoperative
examination and the 2-year follow-up. The manu-
facturer has added a circular groove in later de-
signs, probably to address these problems and im-
prove fixation.

In most previous RSA studies, the mean proxi-
mal wear of gamma-sterilized polyethylene artic-
ulating against 28 or 32 mm heads has amounted
to about 0.1 mm/year during the 2 years after sur-
gery (Kérrholm et al. 1997, Thanner et al. 1998,
1999). Polyethylene sterilized with ethylene diox-
ide seems to have a higher wear rate (Kirrholm et
al. 1998). Thus, the proximal wear rate in our con-
trol group was very low, the lowest we know of
from RSA studies so far. Lubinus SP2 prostheses
with heads made of aluminum oxide have shown
an almost equal rate of wear (Nivbrant and
Kérrholm 1997).

Nonetheless, we documented an increased wear
of the SHP cup. The randomized design of our
study should reduce the risk of bias caused by dif-
ferent levels of activity in the two groups. Factors
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such as different surface finish of the femoral
heads or possibly a difference in quality of the raw
polyethylene material might explain this observa-
tion. The increased migration of the SHP stem in
the cement mantle indicates a risk of stem-cement
abrasion and third body wear, which might be a
reason as well. Different loading patterns of the
cup is another but less probable explanation.

Stem subsidence in the cement mantle has been
documented in retrieval studies, with variable fre-
quencies of several prosthetic designs (Schmalz-
ried et al. 1993). RSA studies also have shown
early migration as an effect of motions in this in-
terface (Thanner et al. 1995, Nivbrant and Kir-
rholm 1997, Alfaro-Adrian et al. 1999). The SHP
stem represents a new concept, developed to opti-
mize the distribution of stresses in the interfaces.
Although tapered and without a collar, it was
meant to maintain a stable fixation in the cement
mantle. Nevertheless, the subsidence was higher
than previously reported for any of the cemented
designs studied with RSA, excluding the polished
Exeter stem (Nivbrant and Kirrholm 1998, Alfa-
ro-Adrian et al. 1999). This subsidence occurred
mainly in the cement mantle.

The reason for this discrepancy between theory
and practice is unclear. As regards the tapered Ex-
eter stem, secondary stability after a small subsid-
ence is believed to occur by closing forces from
the cement mantle. The SHP is not entirely ta-
pered and was supposed to stay fixed by its shape
only. It is not meant to subside into a new stable
position (Huiskes et al. 1998). A close to perfect
cementing is anticipated in the finite element anal-
ysis, which constitutes a basis for the SHP design.
Probably this is not often achieved and in such a
situation debonding might obviously occur, which
will create a new situation so far as load transfer is
concerned.

Cement mantle shrinkage of about 5% during
curing is one factor that can disturb early stabili-
zation of the stem (Haas et al. 1975). Due to the
thin distal part and the slightly smaller AP diame-
ter of the SHP stem, the cement mantle will be
thicker, eventually leading to more shrinkage.
Since curing starts in the warmer bone-cement in-
terface and continues towards the colder stem, a
thicker mantle might imply increased porosity and
susceptibility to microfractures in the stem-

cement interface (Bishop et al. 1996). Small air
inclusions in the stem-cement interface at inser-
tion also leads to a porous suboptimal interface
(James et al. 1993, O’Connor et al. 1996).

A thicker stem with a wide collar might increase
the pressure of the cement during its insertion and
provide a better cement mantle. This theory, how-
ever, is inconsistent with our radiographic find-
ings of the same quality of the cement mantle in
the 2 groups. According to O’ Connor et al. (1996),
removal of the prosthetic collar increases the
strains in the proximal part of the cement mantle.
This might be one reason why the SHP design
proved to be more sensitive to suboptimal cement-
ing.

Failure of cemented stems is thought to start at
the cement-stem interface (Jasty et al. 1991). Re-
trieval studies have also revealed debonding of
femoral stems, which have functioned for several
years without signs of progressive loosening
(Schmalzried et al. 1993). This phenomenon has
been explained as a partial and stable debonding
of a stem, which probably occurs frequently (Ver-
donschot and Huiskes 1997b). In our study, subsi-
cence may have been an effect of plastic deforma-
tion of the cement but, because the cement mark-
ers remained stable, it seems probable that the
stem debonded from the cement and slipped in the
mantle.

The magnitude of tolerable migration before
clinical failure varies depending on the design.
Clinical fixation failure and loosening of cement-
ed and cementless stems followed with RSA have
not only been associated with increased subsid-
ence but also with rotation into retroversion (Nis-
tor et al. 1991, Kérrholm et al. 1994). The estimat-
ed risk of loosening, based on measurements of
implant migration, is based on calculations of the
probability for a certain event. Thus, a subsiding
implant will not necessarily become clinically
loose. Nonetheless, we think that little, if any, sub-
sidence during the postoperative 2 years is the
best result in most cemented designs. The consis-
tent RSA data on the Exeter stem indicate that
some designs can function clinically well, despite
a certain subsidence (Nivbrant and Kirrholm
1998, Alfaro-Adridn et al. 1999). The rather pro-
nounced retroversion of the SHP stem is, however,
an ominous sign, not least because we have re-
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corded 50% smaller retroversion of the polished
Exeter stem 1 year after the operation. According
to the basic idea with the SHP stem, it should not
migrate at all. Even if it probably will tolerate a
certain amount of migration, there is a risk that
motions of this stem in the mantle will induce os-
teolysis, as previously has been observed when
using matte Exeter stems (Rockborn and Olsson
1993).

The amount of deformation of the cement be-
fore breakage in vivo is controversial. According
to the calculations of Verdonschot and Huiskes
(1997a), creep will only result in a subsidence of
50 um, whereas subsidence might be considerably
higher when allowed to occur for longer periods
in vivo (Fowler et al. 198R). Thus, even if we not-
ed subsidence of 1 mm or more in 4 SHP stems
this does not necessarily mean that there are frac-
ture lines extending to the cement-bone interface,
even if this type of failure cannot be excluded.

We could not verify our hypothesis that the SHP
implant was at least as stable as the SP 2 hip. The
clinical effects of stem subsidence inside the man-
tle are difficult to predict and have so far been as-
sociated with inferior results in matte designs. In
the choice between the SHP stem and other more
well-documented designs, we think that the later
alternative should be preferred, at least so long as
our concerns are not contradicted by successful
long-term results.
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