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texturing (51.9 to 65.7 N-m) (see Appendix).
The current study has several limitations. First, the pro-

cess used to cement the liners into the shells was an idealized
representation of the actual intraoperative procedure. Ce-
ment thicknesses, liner centering, and creation of reproduc-

ible scores in shells and liners were carefully controlled to
avoid adding confounding variables to the model, but they
clearly represented a best-case scenario. Second, a larger num-
ber of specimens in each shell-liner combination could have
provided a greater statistical power; for instance, the differ-
ences in outcome measures between the 2-mm and 4-mm ce-
ment mantle thicknesses might have reached significance with
a larger sample size. Third, fatigue failure, which would have
been a potentially informative mode of testing, was not con-
sidered in the current study; liner fatigue damage and subse-

quent failure could result from numerous instances in which
the yield strength of the liner is exceeded. Fourth, it was not
possible to obtain completely axisymmetric shells, to directly
test the hypothesis that at least some shell texturing is neces-
sary; the designs of the shells in this study included an outer

liner-locking mechanism, which provided some stability in
torque and lever-out testing. However, most shells in patients
who need an acetabular revision include these liner-locking
mechanisms, making the results in the present study clinically
applicable. Finally, the shells and liners tested came from only
one company; the quantitative values might be somewhat dif-
ferent with shells and liners from a different company. How-
ever, if similar variables of shell and liner texturing were
studied, the qualitative results and subsequent conclusions
obtained should be similar, regardless of which company’s im-

Fig. E-1

Figs. E-1 and E-2 Results of cemented liner constructs tested in torsion and lever-out. Coefficients of variation (standard deviation/average) are in 

parentheses. Analysis of variance and the Tukey-Welsch multiple comparison procedure were used to determine which constructs were significantly 

different from one another (α = 0.05). Vertical lines within the same column indicate groups that were not significantly different (NSD) from one an-

other. Fig. E-1 Torsion testing. Tyield = yield torque, Tmax = maximum torque, and fx = fracture.
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plants were considered.
Given the importance of liner texturing, the intraopera-

tive time limitations for adequately performing the texturing,
and the potential for weakening a liner by “over-texturing” it
with a high-speed burr, the authors recommend that manu-

facturers consider producing polyethylene liners specifically
designed for cementing into a shell. The features of these lin-
ers would resemble the backside designs of cemented all-poly-
ethylene acetabular components. The liners should have
vertical grooves to increase torsional strength at the cement-
liner interface and circumferential grooves to increase the le-
ver-out strength. The liners should also incorporate spacers to
prevent bottoming out or malpositioning of the liner in the
shell; these spacers can also contribute to the strength of the
cement-liner interface. Trial liners, which the surgeon can use
to ensure a proper fit in a variety of shell types, are also cru-
cial. Along these lines, manufacturers should also consider

making a constrained liner with these characteristics, as the
cemented liner technique is gaining popularity in patients
with recurrent dislocations26,27. Given the increasing preva-
lence of patients who will require cemented acetabular liners
in the coming years, the availability of a line of prefabricated

textured liners would be useful in revision hip surgery.

Appendix
Results of cemented liner constructs tested in torsion
and lever-out are available with the electronic versions of

this article, on our web site at www.jbjs.org (go to the article
citation and click on “Supplementary Material”) and on our
quarterly CD-ROM (call our subscription department, at 781-
449-9780, to order the CD-ROM). 

Fig. E-2

Lever-out testing. Myield = yield moment, Mmax = maximum moment, and fx = fracture.


