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Low- versus high-viscosity bone cement 
Fixation of hip prostheses analyzed by roentgen stereophotogrammetry 

Sixteen patients were examined by roentgen stereophotogrammetry during the 
first year after total hip arthroplasty. Eight prostheses were fixed with 
low-viscosity and eight with high-viscosity cement. Eight acetabular com- 
ponents, four in each group, migrated cranially, and three femoral corn- 
ponents, all in the low-viscosity group, migrated distally. Our  findings suggest 
that low-viscosity cement does not improve prosthetic fixation. 
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Careful cleaning of the bone surface and press- 
urization of low-viscosity cement into the bone 
have been proposed to prevent loosening by 
improved mechanical interlock at the bone- 
cement interface (Halawa et al. 1978, Miller et al. 
1979, Krause et al. 1982, Noble & Swarts 1983). 
Roentgen stereophotogrammetry, using tantalum 
bone markers, permits detection of prosthetic 
migration within 4 months after surgery (Mjoberg 
et al. 1986). We compared the migration of total 
hip components after fixation with low- or high- 
viscosity cement. 

Patients and methods 

Sixteen patients with 16 Scan hip prostheses (MITAB, 
Sjobo, Sweden) for osteoarthrosis were examined with 

roentgen stereophotogrammetry during the first post- 
operative year. The patients were randomized into two 
groups: In one group the components were fixed with 
a low-viscosity cement (Palacos E-flow cum gentamicin 
=Osteopal G = E M D  42522, Merck); and in the second 
group, the components were fixed with a high-viscosity 
cement (Palacos R cum gentamicin, Merck). The op- 
erative technique included reaming, preservation of 
most subchondral bone in the acetabulum. brushing, 
high-pressure lavage, pressurization of the cement into 
the acetabulum, and injection and pressurization of the 
cement into a plugged femoral canal. At operation, 5-8 
tantalum balls, 0.8 mm in diameter, were implanted in 
the pelvis and in the trochanter major and minor, 
respectively (Figure 1); the acetabular components were 
supplied with tantalum balls by the manufacturer. Two 
femoral components, both cemented with high-viscosity 
cement, were excluded because of inadequate bone 

Figure 1. A hip (stereo pair) with 
tantalum balls (0) positioned in 
the pelvis in the trochanter major 
and minor, and in the acetabular 
component. Reference balls ( A )  
for exact localization of the films. 
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marking with tantalum balls. All the patients were able 
to place their full weight on both legs within 2 days. 

Roentgen stereophotogrammetry was performed 1 
week, 4 months, and 1 year postoperatively. The 
stereophotogrammetric exposures were made with the 
hip relaxed and with the patient supine. A detailed 
description of the technique has been given by Selvik 
(1974), Baldursson et al. (1979). and Selvik et al. (1983). 
Migration of the prosthetic components was recorded 
(Mjoberg et al. 1985). Displacements were not con- 
sidered significant unless they exceeded 0 .4 ,0 .2 ,  and 0.8 
mm for the x-(transversal), y-(longitudinal). and z- 
(sagittal) axis, respectively (Mjoberg et al. 1986). 
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Figure 2. Migration along the frontal axis of the migrating eight 
acetabular and three femoral components. O=low-viscosity 
and .=high-viscosity bone cement. 

Results 

One year after surgery, eight of the 16 acetabular 
components (418 with low-viscosity and 4/8 with 
high-viscosity cement), and three of the 14 femo- 
ral components (318 with low-viscosity and 0/6 
with high-viscosity cement) had migrated (Figure 
2). The acetabular components had migrated 
cranially ( 0 . 2 4 . 6  mm) in all 8 cases, and laterally 
(0.6 mm) in 1 case. The femoral components had 
migrated distally (O.Sl .5  mm) in all 3 cases, 
medially (0.8-0.9 mm) in 2 cases, and dorsally 
(0.9-2.7 mm) in 2 cases. Eight acetabular and 11 
femoral components did not migrate during the 
observation period. All the migrating prosthetic 
components showed migration along the longitu- 
dinal axis within 4 months after surgery. 

Discussion 

Biomechanical experiments (Halawa et al. 1978, 
Miller el al. 1976, 1979, Krause et  al. 1982, Noble 
& Swarts 1983) have indicated that the better 

penetration of low-viscosity cement into cancell- 
ous bone improves prosthetic fixation. This was 
not confirmed by the present investigation; we 
found no difference in the pattern of prosthetic 
migration between the low- and the high-viscosity 
cement (Figure 2). Loosening of cemented hip 
prostheses may, however, be a consequence of 
thermal injury during polymerization (Lundskog 
1972, Feith 1975, Huiskes 1980, Huiskes & Slooff 
1982, Mjoberg et al. 1984, 1986), rather than of 
inferior penetration of the cement dough onto or 
into the irregularities of the bone surface. The less 
frequent migration of the metallic femora1 com- 
ponent, irrespective of type of cement, when 
compared with the polyethylene acetabular com- 
ponent, may then be explained by the fact that the 
metal acts as a heat sink (Labitzke & Paulus 1974. 
Reckling & Dillon 1977, Huiskes 1980). 

In cases of thermal necrosis, most necrotic bone 
will be resorbed during the first 4 months. and this 
allows for a rather rapid migration (Figure 2). 
Later, in these cases, the cement is separated from 
the bone by a fibrous tissue membrane containing 
macrophages (Willert et al. 1974, Feith 1975. 
Goodman et al. 1985) that resorb bone upon 
stimulation by micromovements (Willert et al. 
1974, Goldring et  al. 1983, Linder e t  al. 1983). 
The initial 4-month period after surgery is the 
optimum period for determination of prosthetic 
fixation using roentgen stereophotogrammetry 
(Mjoberg et al. 1986); later on, migration may be 
slow (Baldursson et al. 1979, Mjoberg et al. 1986, 
Ryd 1986). 

Close contact between viable bone and cement 
is possible (Charnley 1979, Draenert 1981, Linder 
& Hansson 1983, Linder e t  al. 1984). However, 
once prosthetic fixation has been lost, it probably 
cannot be reestablished (Linder e t  al. 1983, Pa- 
terson et al. 1986). Thus, migration once begun 
will probably continue and may subsequently 
result in clinical failure. Prosthetic components 
with a slight initial migration will, however, not 
result in clinical failure for many years (Ryd 
1986). Prosthetic components with no initial mi- 
gration should have an even better prognosis. 

Our findings support that roentgen stereopho- 
togrammetry may distinguish between a migrating 
and a nonmigrating prosthetic component within 
4 months after surgery (Mjoberg et  al. 1986), and 
they suggest that low-viscosity cement does not 
improve prosthetic fixation. Our  findings are 
analyzed further by Mjoberg (1986). 



108 8. Mjoberg et al. 

References 
Baldursson, H., Egund, N., Hansson, L. I .  & Selvik, 

G .  (1979) Instability and wear of total hip prostheses 
determined with roentgen stereophotogrammetry. 
Arch. Orthop. Trauma. Surg. 95, 257-263. 

Charnley, J.  (1979) Low friction arthroplasty of the hip. 
Theory and practice. pp. 25-40. Springer-Verlag, 
Berlin, Heidelberg, New York. 

Draenert. K. (1981) The John Charnley award paper. 
Histomorphology of the bone-to-cement interface. 
Remodeling of the cortex and revascularization of the 
medullary canal in animal experiments. Hip. 71-110. 

Feith, R. (1975) Side-effectsof acryliccement implanted 
into bone. A histological, (micro)angiographic. 
fluorescense-microscopic and autoradiographic study 
in the rabbit femur. Acta Orthop. Scand. Suppl. 161. 

Goldring, S. R., Schiller, A. L., Roelke, M., Rourke, 
C. M., O’Neill, D. A. & Harris, W. H. (1983) The 
synovial-like membrane at the bone-cement interface 
in loose total hip replacements and its proposed role 
in bone lysis. J .  Bone Joint Surg. 65-A, 575-584. 

Goodman, S. B., Schatzker, J . ,  Sumner-Smith, G., 
Fornasier, V. L., Golften, N. & Hunt, C. (1985) The 
effect of polymethylmethacrylate on bone. An experi- 
mental study. Arch. Orthop. Trauma. Surg. 104, 
150-154. 

Halawa, M., Lee, A. J .  C., Ling, R. S. M. & Vangala, 
S. S. (1978) The shear strength of trabecular bone 
from the femur, and some factors affecting the shear 
strength of the cement-bone interface. Arch. Orthop. 
Trauma. Surg. 92, 19-30. 

Huiskes, R. (1980) Some fundamental aspects of human 
joint replacement. Analyses of stresses and heat 
conduction in bone-prosthesis structures. Acta Or- 
fhop.  Scand. Suppl. 185, 43-108. 

Huiskes. R. & Slooff, T. J. (1981) Thermal injury of 
cancellous bone, following pressurized penetration of 
acrylic cement. Trans. 27th Orthop. Res. SOC. 6 ,  134. 

Krause, W. R., Krug, W. & Miller, J. (1982) Strength 
of the cement-bone interface. Clin. Orthop. 163, 
290-299. 

Labitzke, R. & Paulus, M. (1974) Intraoperative tem- 
peraturmessungen in der Huftchirurgie wahrend der 
Polymerisation des Knochenzementes Palacos. Arch. 
orthop. Unfall-Chir. 79, 341-346. 

Linder, L. & Hansson, H.-A. (1983) Ultrastructural 
aspects of the interface between bone and cement in 
man. Report of three cases. 1. Bone Joint Surg. 65-B, 
646-649. 

Linder, L., Lindberg, L. & Carlsson, A. (1983) Aseptic 
loosening of hip prostheses. A histological and en- 
zyme histochemical study. Clin. Orthop. 175.93-104. 

Linder, L., Carlsson, A, Kindblom, L.-G. & Hansson, 
H.-A. (1984) Histochemical and ultrastructural ana- 
lysis of the tissue reaction to bone cement in man. 
Acta Orthop. Scand. 55, 97. 

Lundskog, J. (1972) Heat and bone tissue. An experi- 

mental investigation of the thermal properties of bone 
tissue and threshold levels for thermal injury. Scnnd. 
J .  Plast. Reconstr. Surg. Suppl. 9. 

Miller, J . ,  Burke, D. L., Krause. W., Ahmed, A,.  
Kelebay, L. & Tremblay, G.  (1979) Improved fix- 
ation of knee arthroplasty components by the injec- 
tion of acrylic cement into cancellous bone surfaces. 
J .  Bone Joint Surg. 61-B, 515. 

Mjoberg, B. (1986) Loosening of the cemented hip 
prosthesis. The importance of heat injury. Acta 
Orthop. Scand. Suppl. 221. 

Mjoberg. B.. Pettersson, H.,  Rosenqvist. R. & Ryd- 
holm, A. (1984) Bone cement, thermal injury and the 
radiolucent zone. Acta Orthop. Scand. 55. 597-600. 

Mjoberg, B., Brismar, J., Hansson, L. I.. Pettersson, 
H.,  Selvik, G. & Onnerfalt, R. (1985). Definition of 
endoprosthetic loosening. Comparison of arthrogra- 
phy, scintigraphy and roentgen stereophotogram- 
metry in prosthetic hips. Acta Orthop. Scnnd. 56. 
469-473. 

Mjoberg, B., Selvik, G., Hansson, L. I., Rosenqvist, R. 
& Onnerfalt. R. (1986) Mechanical loosening of total 
hip prostheses. A radiographic and roentgen stereo- 
photogrammetric study. 1. Bone Joinr Surg. 68-B, 
770-774. 

Noble, P. C. & Swarts, E. (1983) Penetration of acrylic 
bone cements into cancellous bone. Acta Orrhop. 
Scand. 54, 566573. 

Paterson, M., Fulford, P. & Denham, R. (1986) 
Loosening of the femoral component after total hip 
replacement. The thin black line and the sinking hip. 
J. Bone Joint Surg. 68-B. 392-397. 

Reckling, F. W. & Dillon, W. L. (1977) The bone- 
cement interface temperature during total joint re- 
placement. J .  Bone Joint Surg. 59-A, 80-82. 

Ryd, L. (1986) Micromotion in knee arthroplasty. A 
roentgen stereophotogrammetric analysis of tibia1 
component fixation. Acta Orthop. Scand. Suppl. 220. 

Selvik, G. (1974) A roentgen stereophotogrammetric 
method for the study of the kinematics of the skeletal 
system. Thesis, Lund. 

Selvik, G., Alberius, P. & Aronsson, A. S. (1983) A 
roentgen stereophotogrammetric system. Construc- 
tion, calibration and technical accuracy. Acta Radiol. 
(Diagn.) (Stockh.) 24, 343-352. 

Willert, H.-G., Ludwig, J. & Semlitsch, M. (1974) 
Reaction of bone to methacrylate after hip arthro- 
plasty. J .  Bone Joint. Surg. 56-A, 1368-1382. 

Acknowledgements 
This study was financially sponsored by Sven och 
Dagmar Salens Stiftelse, Lunds Sjukvlrdsdistrikts 
Donationsfond. Norrbacka-Eugeniastiftelsen, Stiftel- 
sen for bistlnd At vanfora i Sklne, and Medicinska 
Forskningsridet, projekt 17x-2031. 


