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Circulating blood diminishes cement
penetration into cancellous bone

In vivo studies of 21 arthrotic femoral heads

Rigmor Juliusson, Gunnar Flivik, Johan Nilsson, Leif Ryd and Rolf Onnerfalt

We compared the penetration depth into cancellous
bone when pressurizing cement at predetermined
pressure levels, and at different times after cement
mixing, in 21 arthrotic femoral heads during total hip
replacement. To determine the infiuence of circulat-

ing blood on cement penetration, cement was
injected into holes drilled into the femoral head
before and after osteotomy of the femoral neck. The
penetration of cement increased on the average 100
percent in the absence of circulation.
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Despite improved cementing techniques, there is still
an unacceptably high rate of late aseptic loosening of
the acetabular component (Mulroy and Harris 1990,
Garcia-Cimbrello and Munuera 1992, Morscher
1992, Wroblewski and Siney 1992, Dall et al. 1993,
Hodgkinson et al. 1993, Malchau et al. 1993). This
may be due to inadequate cement penetration into the
cancellous bone. Under laboratory conditions, the
minimum penetration of cement needed for good fix-
ation of the prosthesis to bone has been found to be
3-5 mm (Krause et al. 1982, Noble and Swarts 1983,
Askew et al. 1984). In a previous study (Juliusson et
al. 1994), we found that a pressure level of more than
0.2 MPa is needed for sufficient penetration of
cement into the cancellous bone in the absence of cir-
culation. This pressure level is hard to maintain dur-
ing the 3—4 minutes needed until the start of curing of
the cement. In the presence of circulation, the pres-
sure level needed to achieve at least 3 mm of cement
penetration in the human arthrotic hip is not known.
We determined the influence of circulation on cement
penetration into the cancellous bone in arthrotic
femoral heads before and after severing of the femo-
ral neck during total hip replacement.

Patients and methods

During 32 total hip arthroplasties because of arthro-
sis, cementation studies were performed. After dislo-
cation of the femoral head, but before osteotomy of

the femoral neck, a hole was drilled 10 mm in diame-
ter and 10 mm in depth in the uppermost sclerotic
part. The hole was prepared by thorough lavage and
dried out with hydrogen peroxide in a routine man-
ner. Thereafter cementation was performed with pre-
cooled vacuum-mixed cement (Palacos®, Schering-
Plough), using an ordinary cement gun provided with
a special silicon nipple to avoid leakage and ensure
adequate pressure transfer. The pressure created in
the cement gun during pressurization was recorded
by a small balloon catheter (Shiley, Pfizer,
Howmedica) filled with saline and inserted through a
hole in the delivery pipe at the very tip of the cement
gun and positioned approximately 5-10 mm proxi-
mal to the tip to avoid squeezing effects between the
balloon and the nipple (Juliusson et al. 1994). The
balloon catheter was attached to a transducer (Druck,
PDCR 75) with a measuring range of 0-5000 mmHg
(0-0.66 MPa). The values were read digitally and
recorded by a pen writer (Brown Boveri Metrawatt,
speed 30 mm/min). The system was calibrated
against a gold standard in the range of 0-3000 mmHg
for linearity and accuracy (error < 2.5 percent). The
holes were cemented with a standardized application
time of about 20 sec according to a random schedule
at pressure levels of 0.1,0.2, and 0.3 MPa (1, 2, and 3
atmospheres) and at 1, 2, and 4 min after cement mix-
ing (Table 1). After 4 min, it is generally assumed that
no cementation should be done because of the viscos-
ity of the cement. The over-all project, of which this
study was a part, was accepted by the local ethics
committee.
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Table 1. Distribution of 21 femoral heads according to time
after mixing and level of cementation pressure

Table 2. Observations in 21 femoral heads cemented with
and without blood circulation

Pressure (MPa) A B C D E F G H
Time (min) 0.1 0.2 03 1 M 6 1 01 060 100 060
2 F 66 1 01 025 0.80 0.31
1 3 2 3 3 F 64 1 0.1 2.00 2.40 0.83
2 3 2 3 4 F 66 1 02 160 200 0.80
3 2 2 2 5 F 67 1 02 110 410 0.27
6 M 74 1 03 050 260 0.19
7 F 64 1 0.3 2.30 4.00 0.58
8 M 71 2 041 0.50 1.00 0.50
9 F 60 2 041 0.10 1.70 0.06
After this first cementation procedure, the femoral :? E g:s g 8; 218 238 8253
head was removed and the procedure was repeatedin =~ 12 M 69 2 02 060 300 020
exactly the same way, at the same pressure levels and B3 M 77 2 03 320 460 070
the same times after mixing in a drill hole created at ¥ P75 2 03 410 820 050
8 ‘ 5 M 50 2 03 210 260 081
least 15 mm apart from the first one, also in the same 6 F 71 4 041 012 120 0.10
sclerotic part of the femoral head, to achieve compar- 17 M 72 4 01 150 340 044
bl diti The hol e meticulousl ked 18 M 67 4 02 1.40 2.00 0.70
able conditions. The holes wer iculously marke 9 F 78 4 02 100 380 026
in order to ensure identification after complete pro- 20 F 65 4 03 460 720 064
cessing. 21 M 68 4 03 070 400 0.18
After curing, two blocks of bone, each containing  p (age E Penetration with
one hole and surrounding bone, were prepared from B Gender circulation, mm
the femoral heads. These bone blocks were cutin2-3 € Age G Penetration without
. X . D Mixing time, min circulation, mm
mm thick slices by a band saw perpendicular to the E Pressure, MPa H Quotient: penetration

cemented holes. To determine the mean value of
cement penetration in each block, the diameter of the
cement mass was measured in a low magnification
microscope (5x) on the two slices with the largest
penetration area and the calculations were performed
according to the formula:

((D,+D%°+D,+D,%") / 4-10) / 2, where D, and
D, are the two maximum diameters of the slices and
D,%" and D,*"" are the diameters at 90° angles to the
maximum diameters. The 10 in the formula is the
diameter of the drill hole; it was subtracted from the
mean. The result was divided by 2 to arrive at the
penetration on each side of the drill hole. Measure-
ments are given in mm. All slices were measured and
counted twice in a blind manner. Accuracy of meas-
urements at 95 percent confidence level was better
than 0.3 mm. Because of technical difficulties with
the pressure recordings, 11 holes had to be excluded
and the results were based on the remaining 21 femo-
ral heads with a complete set of data.

Results

The cement penetration ranged from 0.1 mm to 4.6
mm among those that were cemented in the presence
of circulation, and between 0.8 and 8.2 mm among
those that were cemented in the absence of circula-
tion (Table 2). The overall results showed less pene-
tration in the holes cemented in the presence of circu-

with/without circulation

lation within every pair, at all pressure levels and all
mixing times (Figures | and 2). The mean difference
was 50 percent and ranged from 20 to 80 percent (p <
0.0001, paired t-test). There was a strong correlation
between the penetrations with or without circulation
in the individual heads (Figure 3, r2 0.7, p < 0.0001,
regression analysis). The regression line shows that
per every unit of penetration with circulation there
were 1.2 units of penetration without circulation. At
low pressures, i.e., in the low-penetration region of
the regression plot, the influence of circulation was
higher and the intersection with the ordinate was at
1.4 mm (Figure 3). This tendency for less influence at
higher pressures was, however, insignificant
(ANOVA). The penetration depth increased with the
pressure level, as found in a previous study (Juliusson
et al. 1994). No correlation between penetration and
time after mixing was found (Figure 2).

Discussion

The first cementation was performed on the femoral
heads before severing the femoral neck and it was
assumed that the circulation to the femoral head was
intact. It is, however, conceivable that the circulation
was disturbed by dislocating the head out of the ace-
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Figure 1. Diagram showing the relation between prassure and
cement penetration for 21 femoral heads cemented with or
without circulation. Bars represent 2575 percentiles (@ with
circulation, O without circulation).
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Figure 3. Diagram showing the regression line of cement pen-
etration for 21 femoral heads cemented with and without circu-
lation (y = 1.4 + 1.2x; 2 = 0.70).

tabulum either by arterial compression or by venous
congestion. No attempt was made to assess this fac-
tor. Moreover, because of the arthrosis with the devel-
opment of sclerotic bone and cysts, the circulation
was probably not normal. There was, however, a slow
oozing of blood from most holes in much the same
way as bleeding from the acetabular bone occurs.

It has been shown that it is extremely important to
prepare the bone surfaces thoroughly prior to pressur-
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Figure 2. Diagram showing the relation between time after
cement mixing and cement penetration for 21 femoral heads
cemented with or without circulation. Bars represent 25-75
percentiles (@ with circulation, O without circulation).

izing the cement to achieve sufficient cement pene-
tration (Krause et al. 1982, Russotti et al. 1988,
Shelley and Wroblewski 1988, Pearse et al. 1992,
Majkowski et al. 1993). These maneuvers were also
performed in this study; the drill holes were
thoroughiy rinsed with pulsatile lavage and also treat-
ed with hydrogen peroxide to reduce the bleeding to a
minimum before cementation (Hankin et al. 1984).
Despite these facts, the penetration depth of the
cement into the cancellous bone was substantially
affected in comparison to the avascularized condi-
tion.

We have previously suggested (Juliusson et al.
1994) that adequate cement pressurizing in the
acetabulum is hard to achieve in the clinical situation
and suggested that the systems presently in use are
less than optimal. Yet, it has been shown that attempts
at pressurizing the cement reduce the revision rate
(Maichau et al. 1993). These findings indicate that
adequate pressurization is an important factor for the
longevity of hip implants and that even better results
can be achieved with further improvement of the
technique.

In the acetabulum, there is some continuous bleed-
ing during the whole procedure. It is known that the
circulation of blood exerts a counter-pressure on the
cement and, because of this fact, the cement can be
displaced by the circulating blood. In an in vitro study
Benjamin et al. (1987) found that blood under a pres-
sure corresponding to 28 mmHg (0.004 MPa) could
displace cement in a cylinder up to 7 min after mix-
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ing. They used Simplex (Howmedica) cement which
has a lower viscosity during the first 3 min after mix-
ing, but has a shorter curing time than the Palacos®
used in our study. Because of this fact, the pressuriza-
tion of the cement has to be maintained during its
early low viscous phase, the precise period depends
on the viscosity and curing time for the cement. In
this experiment, we used Palacos®, which is a cement
of comparably high viscosity. This fact was, however,
somewhat compensated for by our use of the cement
in a pre-cooled state. It is expected that the lower the
viscosity the better the penetration depth at the same
cementing pressures and mixing times, but also that
the blood pressure more easily can reject the cement
(Markolf et al. 1984, Rey et al. 1987). Interestingly,
no difference was shown in the survival of the com-
ponents in the hip joint whether low- or high-viscos-
ity cement had been used (Mjoberg et al. 1990,
Carlsson et al. 1993).

It has been shown that a cement penetration of 3-5
mm is necessary to achieve proper three-dimensional
interlocking (Krause et al 1982, Noble and Swarts
1983, Askew et al. 1984). We have previously shown
that a pressure of 0.2-0.3 MPa (1500-2300 mmHg) is
needed to achieve such penetration in the avascular
human arthrotic femoral head and these results were
corroborated in this study. Our study shows that in the
presence of circulation, the penetration decreases by
approximately 50 percent. This is extraordinary, con-
sidering the fact that the intraosseous pressure is
25-30 mmHg (Wisbech-Pedersen et al. 1989), or is
less than 5 percent of the cementation pressure used
in this study. Even though it has been shown that
blood perfusion decreases or disappears endosteally
close to the cement-penetrated area after the introduc-
tion of cement (Stiirup et al. 1990), there are still
blood and bone marrow products oozing through the
cancellous bone while we inject the cement through
the drilled anchoring holes. Our results indicate that it
is not the blood pressure in itself but rather the pres-
ence of fluid which is important. The finding that the
influence of the circulation was larger the lower the
pressure applied supports this view. It is thus the vol-
ume of fluid which is trapped between the bony trab-
ecula with patent circulation and has to be displaced
by the intruding cement which is the culprit. The
finding thus corresponds to the accepted view that
lavage of a bone bed yields better penetration and fix-
ation. With circulation, the bone bed is again filled
with blood. The pressure at which this occurs is of
less importance. This trapped fluid probably accounts
for most of the effects of circulation in the present
study. The results of this study concern arthrotic
bone, which is harder and more resistant to pressur-

ization of the cement than, for instance, bone in rheu-
matoid patients (Onsten et al. 1993), where the pres-
sure needed for sufficient penetration is expected to
be lower.

In conclusion, we have found that cement penetra-
tion increases by approximately 100 percent in the
absence of circulation. We believe that the influence
of circulation is due to incompressibility of fluid and
lack of escape routes rather than to the blood pressure
itself. The influence of circulating blood is thus an
important factor that affects the possibility of
obtaining an adequate penetration of cement into can-
cellous bone,and a higher cementation pressure is
therefore probably desirable.
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