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An in-vitro investigation of the CPS-Plus femoral stem
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ABSTRACT The CPS-Plus stem is designed for use
with a proximal and distal stem centraliser. This in-vitro
study examined the cement pressurisation achieved
during insertion of the CPS-Plus femoral stem into
a model femur. Cement pressures were measured at
proximal, mid and distal stem levels. Pressures were
recorded during insertion of the CPS-Plus stem with
both proximal and distal centralisers and compared
with those achieved when only a distal centraliser was
used with digital occlusion of the proximal femur. The
CPS-Plus with a proximal centraliser generated sig-
nificantly greater cement pressures than the CPS-Plus
without a proximal centraliser at proximal and mid-
stem regions.

The use of a proximal stem centraliser may improve
the cement-bone interdigitation and shear strength at
the cement-bone interface, particularly in the region of
the proximal femur.

Pressurisation of bone cement increases inter-
digitation of cement into bone (Halawa et al. 1978,
Oh et al. 1978, Panjabi et al. 1983, Askew et al.
1984). In-vitro studies suggest that during inser-
tion of the stem, cement pressurisation is greatest
distally, with lower pressures achieved proximally
(Markolf and Amstutz 1976, Bourne et al. 1984,
Song et al. 1994, McCaskie et al. 1997, Reading
et al. 2000). Increased interdigitation between
cement and bone increases the cement-bone inter-
face strength (Halawa et al. 1978, Oh et al. 1978,
Krause et al. 1982, Bean et al. 1987, MacDonald
et al. 1993, Reading et al. 2000). Blood lamination

within bone cement has largely been eliminated as
cementing techniques have improved. Back-bleed-
ing may prevent cement interdigitation into bone
and maintenance of cement pressure above 10KPa
is important to prevent displacement of cement
by blood (Benjamin et al. 1987). The presence of
blood between cement and bone reduces the shear
strength of the cement-bone interface (Bannister
and Miles 1988, Majkowski et al. 1994).

An inadequate cement mantle around the femo-
ral prosthesis is associated with early loosening
(Huddleston 1988, Anthony et al. 1990, Jasty
1991, Ebramzadeh et al. 1994, Ramaniraka et al.
2000). The use of a distal stem centraliser does not
prevent malpositioning of the stem in the proximal
femur. This may be associated with an inadequate
cement mantle proximally. Use of proximal and
distal centralisers improves prosthesis align-
ment and cement mantle thickness (Goldberg et
al. 1998). The CPS-Plus stem (Endo Plus) is a
cemented, polished, collarless stem, which has
been introduced for use with modular methylmeth-
acrylate proximal and distal centralisers (Figure
1). The proximal and distal stem centralisers are
reported to ensure that the stem is inserted in the
centre of the reamed bone envelope, resulting in an
even cement mantle.

This in-vitro study investigated the cement pres-
surisation achieved during stem insertion. The
role of the proximal stem centraliser as a possible
cement pressuriser was also determined.
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Figure 1. CPS-Plus femoral stems with centralisers.

Material and methods

A femoral mould for the CPS-Plus stem was
manufactured using the femoral broach. The
broach was covered with filling material, sanded
and varnished, such that the tips of the teeth were
just visible. This produced a smooth phantom of
the broach. The reamed femoral canal was mod-
elled using dental plaster moulds, supported by
aluminium tubes. The proximal end of the con-
struct was cut at a 45° angle to mimic the cut of
the femoral neck. The distal end of the aluminium
tube was sealed with a polyethylene plug. Dental
plaster was poured into the aluminium tubes. The
filled broach was inserted into the plaster using
a specially constructed rig. The rig ensured a
central and repeatable positioning of the broach
within the plaster. On removal of the broach, a
cavity for the prosthesis was formed, allowing for
a cement mantle determined by the broach size.
8 pressure transducers (RS Components) were
located within each mould (proximally —anterior,
posterior, medial and lateral, mid-stem—medial
and lateral, distally—medial and lateral). Each
aluminium tube had a 3 mm diameter bleed hole
drilled distal to the lowest level of pressure trans-
ducers. This allowed simulation of the escape of
cement around an intra-medullary cement plug.

_-i
|
|

Figure 2. The insertion rig, with prosthesis and model
femur in-situ, positioned in the Instron materials testing
machine.

Bone cement (Palacos R-40, Schering-Plough Ltd)
was vacuum mixed (Summit Medical In-Syringe
Mixing System) according to the manufacturer’s
instructions. Cement insertion was performed
retrogradely, using a cement gun, 2.5 min after
mixing. The CPS-Plus stem was inserted after 3.5
min. The alignment rig ensured central insertion of
the prosthesis into the cement. An Instron materi-
als-testing machine was used to control the depth
of the stem insertion and to maintain a constant
insertion speed of 500 mm/minute (Figure 2).
Laboratory temperature was maintained at 23.5 °C
+ 0.5 °C. Continuous pressure recordings were
collected using a computerised data acquisition
system.

Pressure transducer readings were recorded at a
sampling rate of 50 Hz during insertion of the pros-
thesis. Maximum pressure at each transducer loca-
tion was recorded for each test. Median maximum
pressures and the pressure range were noted.

6 sets of experiments were performed on each of
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the following configurations: CPS-Plus with both
a proximal and distal centraliser and CPS-Plus
with only a distal centraliser combined with digital
occlusion of the proximal medial femoral canal.

The statistical analysis was done using the
Mann-Whitney U-test.

Results

The CPS-Plus, when used with a proximal cen-
traliser, generated greater pressures in all proximal
(p <0.002) and mid-stem (p < 0.004) regions than
when the CPS-Plus with only a distal centraliser
and digital occlusion was used (Table).

Discussion

Current cementing technique involves the pres-
surisation of cement before insertion of the
femoral stem. This prevents back-bleeding (Ben-
jamin et al. 1987) and improves interdigitation
between cement and bone (Halawa et al. 1978,
Krause et al. 1982, Panjabi et al. 1983). Our study
solely investigated the effect of stem insertion on
cement pressurisation. Several authors have found
that higher pressures are achieved during stem
insertion than during cement insertion (Song et
al. 1994, McCaskie et al. 1997) and that higher
pressures are achieved distally than proximally
(Markolf and Amstutz 1976, Bourne et al. 1984,
Song et al. 1994, McCaskie et al. 1997, Reading
et al. 2000). Use of a proximal stem centraliser
has increased the proximal cement pressurisation
while maintaining high distal cement pressures.
The significance of high proximal cement pres-
sures depends on the viscosity of the cement at the
time of pressurisation. High proximal cement pres-
sures may increase the cement-bone interdigitation
and subsequent cement-bone interface strength
beyond that achieved during cement pressurisation
prior to stem insertion.

Previous in-vitro studies of cement pressure
during stem insertion have reported pressures
higher than would be expected in-vivo (Panjabi et
al. 1983, Bourne et al. 1984), some have exceeded
the intramedullary hydraulic bursting pressure cal-
culated by Sakkers et al. (1995). The cement pres-

Cement pressures achieved at proximal-, mid- and
distal-stem levels during insertion of the CPS-Plus with
use of proximal digital occlusion or a proximal cen-
traliser, median (range) KPa

Proximal digital Proximal
occlusion centraliser
Proximal-stem
Anterior 251 (127-409) 663 (497-885)
Posterior 231 (191-335) 671 (561-852)
Medial 224 (169-249) 535 (425-604)
Lateral 263 (210-363) 635 (569-785)
Mid-stem
Medial 484 (456-682) 783 (686-957)
Lateral 502 (391-661) 788 (639-944)
Distal-stem
Medial 445 (359-700) 520 (354-688)
Lateral 451 (280-511) 546 (368-619)

sures achieved in this study are higher than those
recorded in-vivo using first generation techniques
(Kallos et al. 1974). Modern cementing techniques
are, however, more likely to achieve cement pres-
sures of the same order as those attained in this
study.

It is suggested that an increase in cementation
pressure in-vivo increases the risk of fat emboli
during cementation of the femoral stem (Kallos
et al. 1974, Christie et al. 1994, Pitto et al. 1999).
This risk is reduced if the femoral canal is ade-
quately prepared, using pulsed lavage and drying,
before insertion of cement (Byrick et al. 1989,
Wheelwright et al. 1993).

The proximal and distal stem centralisers
designed for use with the CPS-Plus are manu-
factured from polymethylmethacrylate. They are
of a modular design. The size of the proximal
centraliser varies with that of the femoral stem.
The design of the proximal centraliser is such that
it allows a thin film of cement to lie between the
stem and the centraliser when the stem is inserted
into the femur. The proximal centraliser is thus
completely embedded within the cement mantle.
Should the proximal centraliser be flush with
the stem, it is possible that polymethylmethacry-
late debris could be generated if there is motion
between the centraliser and stem. This situation
is similar to the debonding that occurs between
polished, tapered stems and cement. Finite element
analysis suggests that motion between a polished
stem and cement produces less abrasive wear and
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subsequent damage to the stem-cement interface
than that between a roughened stem and cement
(Verdonschot and Huiskes 1998). The good long-
term results with polished, tapered stems (Malchau
et al. 2002) suggests that such centraliser-stem
contact should not lead to short-term clinical
problems.

Bulky straight stems have been associated with
inadequate cement mantles due to the posterior
position of the stem within the femoral canal. A
posterolateral point of entry in the femur is recom-
mended for this type of stem. This may require
removal of the posterolateral cortex at the point of
entry of the stem. Use of only a distal stem cen-
traliser does not prevent malalignment of the stem
proximally, with the risk of an inadequate cement
mantle. Use of a proximal and distal centraliser
ensures central positioning of the prosthesis within
the reamed bony envelope and a subsequent even
cement mantle. The positioning of the stem in the
anatomically curved femur is beyond the scope of
this study. Current data from ongoing multi-centre
clinical trials do not indicate difficulties with
posterior stem positioning and inadequate cement
mantles.

The results of these trials are pending; they will
determine whether the increased pressurisation
achieved with the proximal centraliser is translated
into improved stem fixation in-vivo.
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