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 � Choice of articulating materials, head size and the design 
of the articulation will become decisive for the long-term 
performance of a total hip arthroplasty (THA) and espe-
cially in terms of risk for dislocation and wear-related 
problems. Here we account for common alternatives 
based on available studies and the evidence that can be 
derived from them.

 � Metal or ceramic femoral heads articulating against a 
liner or cup made of highly cross-linked polyethylene and 
ceramic-on-ceramic articulations have about similar risk 
for complications leading to revision, whereas the perfor-
mance of metal-on-metal articulations, especially with use 
of big heads, is inferior. The clinical significance of prob-
lems related to ceramic-on-ceramic articulations such as 
squeaking remains unclear. With use of current technol-
ogy ceramic fractures are rare.

 � Large femoral heads have the potential to increase the 
range of hip movement before impingement occurs and 
are therefore expected to reduce dislocation rates. On the 
other hand, issues related to bearing wear, corrosion at 
the taper-trunnion junction and groin pain may arise with 
larger heads and jeopardize the longevity of THA. Based on 
current knowledge, 32-mm heads seem to be optimal for 
metal-on-polyethylene bearings. Patients with ceramic-on-
ceramic bearings may benefit from even larger heads such 
as 36 or 40 mm, but so far there are no long-term reports 
that confirm the safety of bearings larger than 36 mm.

 � Assessment of lipped liners is difficult because randomized 
studies are lacking, but retrospective clinical studies and 
registry data seem to indicate that this liner modification 
will reduce the rate of dislocation or revision due to dislo-
cation without clear evidence of clinically obvious prob-
lems due to neck-liner impingement.

 � The majority of studies support the view that constrained 
liners and dual mobility cups (DMC) will reduce the risk 
of revision due to dislocation both in primary and revision 
THA, the latter gaining increasing popularity in some coun-
tries. Both these devices suffer from implant-specific prob-
lems, which seem to be more common for the constrained 

liner designs. The majority of studies of these implants 
suffer from various methodological problems, not least 
selection bias, which calls for randomized studies prefer-
ably in a multi-centre setting to obtain sufficient power. In 
the 2020s, the orthopaedic profession should place more 
effort on such studies, as has already been achieved within 
other medical specialties, to improve the level of evidence 
in the choice of articulation when performing one of the 
most common in-hospital surgical procedures in Europe.
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Introduction
Despite extensive pre-clinical testing and CE certification 
marking, all new hip implants should be presumed to be 
associated with unknown and potentially adverse effects 
until otherwise proven in well-performed clinical studies. 
Often, when choosing amongst several types of hip 
implants, there may be a trade-off between reduced risk of 
dislocation, which is usually an early complication, and 
increased risk of wear or loosening, the effects of which 
usually occur later. As choice of bearing material and artic-
ulation design in total hip arthroplasty (THA) will influ-
ence the amount of wear, range of motion and joint 
stability, these properties will affect the risk of complica-
tions and the revision rate from the short- and long-term 
standpoint. Thus, function and stability of a THA is closely 
related to its articulation. In the clinical decision-making 
process, patient-related factors such as the status of the 
soft tissues, activity rate, presence of any neurological 
impairment or other co-morbidities and costs must be 
considered. Surgical skills and decisions relating to choice 
of incision, offset and component positioning and even 
choice of anaesthesia may have a decisive role for function 
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and risk for complications, but these factors are beyond 
the scope of this presentation.1,2

Sir John Charnley introduced small-diameter femoral 
heads to reduce friction and wear, whereas bigger heads 
were favoured by others to maximize stability, but at the 
expense of increased friction and higher wear and loosen-
ing rate when articulating against polyethylene cups of 
contemporary design.3 In 1990, Livermore and colleagues 
suggested a compromise which was the use of a 28-mm 
head, which, for at least a decade, became a standard in 
many countries.4 Introduction of metal-on-metal articula-
tions, ceramic-on-ceramic and, above all later on, highly 
cross-linked polyethylene opened the possibility for the 
use of bigger head sizes, but recent studies have suggested 
limited clinical benefits when head sizes greater than 32 
mm are used, and even adverse effects if big metallic heads 
are used. Lipped, inclined and constrained liners and dual 
mobility cups (DMC) have been available for decades to 
improve the stability of artificial hip joints. Numerous stud-
ies have documented that these can reduce the risk of dis-
location, whereas other studies have failed to do so. Some 
have reported an increase in adverse effects caused by 
impingement, loosening, wear and complications, such as 
intra-prosthetic dislocation. Today, in many countries, 
there is, however, an increased interest in and greater use 
of DMC to address the dislocation problem.

Highly cross-linked polyethylene liners or cups articu-
lating against metallic or ceramic heads or ceramic-on-
ceramic articulations are today the most commonly used 
hip articulation material, but there is presently no consen-
sus concerning the optimal combination of materials. 
Thus, despite decades of evolution, there are still uncer-
tainties concerning the best articulation to use, partially 
because the choice depends on various patient-related 
factors, as well as on the surgeon’s experience and a com-
promise between the costs and expected time in situ.

When treating a patient, the main goal is to find the best 
solution to improve the quality of the patient’s life and to 
fulfil the patient’s expectations. In the case of primary total 
hip arthroplasty, THA surgeons aim for the longest survival 
for the ‘new hip’, free of complications in the hopeful set-
ting of a ‘forgotten hip’. With the exponential increase in 
innovations within the orthopaedic and traumatology spe-
cialty, and the constant availability of new materials, THA 
outcomes were expected to be positively influenced. How-
ever, compared with implants already in use, most THA 
prostheses introduced to the market in the past two dec-
ades have been shown to lead to similar or even worse 
results.5 In Sweden, during the last three years, the fre-
quency of re-operations (not only revision surgery, but all 
types of hip-related surgical procedures) was reported to 
be 2.2% within two years after a primary THA. In general, 
new technologies with proven clinical value have gained 
in popularity, but it remains difficult to prove that new 

types of implants globally influence well-established pro-
cedures.2 Navigation, robotic assistance and patient-specific 
instruments have been shown to reduce the variability of 
implant positioning, but their cost-effectiveness and clini-
cal benefit still needs to be more firmly proven.

Here we present information about material diversity, 
head size and articulation design in primary THA with an 
emphasis on the use of evidence from well-designed 
and well-conducted research, to address the most com-
mon aspects faced by arthroplasty surgeons to optimize 
decision-making.

Articulating materials
In 2018, EFORT Open Reviews published an article on bear-
ing surfaces in primary THA6 showing the main advan-
tages and drawbacks of various types of tribology, and the 
similar short- to mid-term survivorship among the best 
performing bearing surfaces (metal-on-highly cross-linked 
polyethylene - MoXLPE, ceramic-on-highly cross-linked 
polyethylene –CoXLPE and ceramic-on-ceramic –CoC) as 
reported by published studies and registry data. Based on 
the limited current evidence and paucity of randomized 
controlled trials (RCTs) when comparing available 
implants over the long term, this article advised that, as 
XLPEs are not all the same, and especially in the case of 
ceramic liners, the metal back features can make a major 
difference.

Metal-on-metal

Early designs of total hip replacements (THRs) had metal-
on-metal articulations (MoM) and some of them, such as 
the McKee-Farrar prosthesis, were used until the 1970s.7,8 
They were later abandoned due to inferior results com-
pared with metal-on-polyethylene (MoP) THAs and sug-
gestions of an increased risk of cancer when patients with 
the McKee-Farrar prosthesis were compared with patients 
with a MoP prosthesis.9 During the late 1990s there was a 
renewed interest in metal-on-metal articulations and 
especially for surface replacements,10 because of being 
bone-conservative and due to a large head enabling 
increased stability of the joint. Improved technology dur-
ing manufacturing of these devices, resulting in a close to 
perfect match between the metallic head and cup and less 
wear, might also have contributed.

The use of MoM articulations soared during the middle 
of the first decade of the 21st century and then declined 
during the following 10 years due to reports of adverse 
events related to metallic wear and especially cobalt toxic-
ity. Numerous reports have shown decreased overall sur-
vival of these devices regardless of type11–13 and some 
concerns when using small heads.14 In young male 
patients some think that hip resurfacing may still be the 
best option.11 The short-term risk for cancer does not 
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seem to be elevated,15 but the long-term effect remains 
unknown and all patients with MoM articulation run the 
risk of cobalt intoxication should they any time in the 
future suffer from diseases which influence the capacity of 
the kidneys to excrete cobalt. Altogether these factors 
have contributed to a situation where these articulations 
have been more or less abandoned in many countries and 
only a very small number of surface replacements are still 
implanted.

Metal-on-polyethylene

Since its introduction as an articulating material in THAs 
in the early 1960s, the wear resistance of polyethylene 
has gradually increased by replacing high molecular with 
ultra-high-molecular weight polyethylene, and increased 
cross-linking by irradiation16 combined with various pro-
cesses to make the material more resistant to oxidation 
(for review see Singh et al)17. With use of radiostereomet-
ric analysis (RSA) Digas et al18 observed an average mean 
wear rate of less than 0.1 mm per year for conventional 
polyethylene cups or liners sterilized with gamma irradi-
ation. Cups and liners sterilized with ethylene dioxide 
showed more than 50–100% higher wear rate than the 
gamma-sterilized implants studied. In a previous study 
Nivbrant et al19 had shown that use of alumina ceramic 
heads could reduce the annual wear rate of gamma- 
irradiated cups down to around 0.04 to 0.05 mm, but 
similar wear rates have also been found with use of metal-
lic heads articulating against low-dose gamma-irradiated 
polyethylene.20 Jonsson et al could confirm this high 
annual wear rate with use of ethylene-oxide-sterilized cups, 
whereas cups made of highly cross-linked polyethylene 
irradiated with 10 MRa reduced the mean wear rate to 
0.01–0.02 mm per year.21 In this study they also found 
that use of oxinium heads had no measurable influence 
on the wear rate.

Today there are published wear rates based on radios-
tereometric (RSA) measurements from clinical materials 
altogether covering at least eight different types of highly 
cross-linked polyethylene.20–25 After a bedding in period 
varying between 3 and 24 months, mean steady state 
wear amounted to a maximum of 0.02 mm, but was not 
measurable in several of the studies, not even with use of 
RSA. One of these studies revealed a lower wear rate after 
five years for highly cross-linked polyethylene infused 
with vitamin E (Epoly) than for heat-treated highly cross-
linked polyethylene (ArComXL), but the clinical relevance 
of this finding is at present uncertain.25

Wear studies of highly cross-linked polyethylene in 
joint simulators have shown that a greater volume of 
smaller and more biologically active particles is produced, 
which raised some concerns when this material was intro-
duced. In a review from 2011, Kurz et al26 found a con-
sistent reduction of linear penetration with use of highly 

cross-linked polyethylene and reduced pooled odds ratio 
of 0.13 (95% CI 0.06 to 0.27) when compared with the 
earlier standard (ultra-high-molecular weight polyethyl-
ene, UHMWPE). The same year, Kuzyk et al27 reviewed 
1038 THAs included in 12 randomized studies and arrived 
at the same conclusions. Three years later, Shen et al28 
reviewed eight RCTs including 735 patients comparing 
highly cross-linked polyethylene with conventional poly-
ethylene. They confirmed the wear-reducing effect of 
XLPE, but no certain effect concerning reduction of oste-
olysis or revision rates. Engh et al29 randomized 230 
uncemented THAs to either a gas-plasma-sterilized (non-
cross-linked) or a highly cross-linked polyethylene liner, 
the latter gamma-irradiated with 5.0 MRad and heat 
treated above melting temperature to eliminate free radi-
cals. After 10 years they observed significantly less wear 
and fewer re-operations for wear-related complications in 
the group with highly cross-linked polyethylene.

Paxton et al30 compared the risk for revision for any rea-
son including only procedures performed in patients 45 
to 64 years of age operated on with either a MoP or 
MoXLPE articulation from six national or regional regis-
tries. In the first group, only head sizes smaller than 32 
mm were included, whereas all head sizes were included 
in the XLPE group based on the presumption that head 
size had a minor influence with use of a more wear-resistant 
material. They found no evidence to support the theory 
that use of XLPE liners in this population would reduce the 
risk of revision within the five-year perspective (Hazard 
Ratio: 1.20, 95% CI 0.80 to 1.79).

Johansson et al31 specifically studied cemented and 
cementless cups of the same design, but with use of either 
conventional or highly cross-linked polyethylene reported 
in the Nordic Arthroplasty Register Association (NARA) 
database. Femoral head sizes of 28 and 32 mm were 
included, as were both metallic and ceramic heads. Four 
cup designs were available for this type of analysis, three 
cemented and one uncemented. Increased revision rate 
due to aseptic loosening was observed for two of the 
designs with use of conventional polyethylene and one of 
them also showed increased risk of revision due to any 
reason after a follow-up of eight to 10 years.

Ceramic-on-ceramic

Almost 50 years ago, alumina ceramic was introduced in 
total hip replacements by Boutin.32,33

Due to its hardness and wettability it has high resist-
ance against wear. In laboratory studies 50-fold lower 
wear rates compared with highly cross-linked polyethyl-
ene were demonstrated.34 At this early stage a more wide-
spread use, however, did not occur, probably because of 
risk of fracture, problems in achieving durable fixation 
between ceramic implants and bone, and increased 
costs.35–37 Progress in the manufacturing process and 
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introduction of alumina matrix composite ceramic heads38 
have substantially decreased the risk of fracture in con-
temporary studies35,39 and use of ceramic liners in a metal-
lic shell designed for bony ingrowth has made fixation 
more reliable. Several studies40–42 report good long-term 
results with high survival rate, low rate of complications 
related to the material and no osteolysis even in young 
patients.43–45 These studies are mainly single-centre retro-
spective analyses.

There have been some concerns regarding risk for 
edge-fractures (chipping) of the ceramic with use of 
ceramic on ceramic (CoC) articulations. Tateiwa et al46 
reported this complication in 2.6% of cases during impac-
tion of the liner for a specific design, whereas it was not 
observed with use of another one. Jeffers and Walter47 
performed an extensive review of 88 publications on 
ceramic articulations. Chipping during liner insertion was 
only reported in a few studies with a variation between 
0% and 3.7% and differences among implant designs. 
Ceramic liners are more sensitive to implant positioning 
and less forgiving to any malorientation.48

Squeaking or clicking is another complication, though 
not specific for CoC articulation, but more common and 
sometimes more audible when compared with metal-on-
polyethylene articulations. Zhao et al49 performed a sys-
tematic review of 14 articles that evaluated occurrence of 
squeaking in fourth-generation CoC THAs. They arrived at 
an overall incidence of 3%, with remarkable variations 
depending on implant design.50 Kim and Park51 studied 
133 bilaterally operated patients with one CoC THA on 
one side and a CoXLPE THA on the other after 15 to 18 
years. The clinical results were about the same on the two 
sides, but eight hips had an audible squeak on the side 
with a CoC articulation. None of the hips developed oste-
olysis. Lee et al followed 72 patients (86 THAs) with con-
temporary delta ceramic bearings for a minimum of five 
years in patients younger than 30 years.52 Eight hips  
exhibited squeaking or grinding. The clinical results did not, 
however, seem to have deteriorated (Harris Hip Score =  
96.3, 64 to 100) and there was no case with loosening or 
osteolysis on either side.

Overall, the revision rates of CoC and CoXLPE seem to 
be of the same magnitude as reported for MoXLPE bear-
ings. Mihalko et al reviewed 32 studies on MoM and 19 on 
CoC articulations with at least five years follow-up.53 Both 
groups included five registry studies each. In addition, 20 
studies of modular stem designs were included. None of 
the articulations studied were associated with lower revi-
sion rates when compared with MoXLPE articulation. As 
expected, large MoM articulations and modular stem 
THAs showed lower survival.

Wyles et al reviewed 18 studies (mainly RCTs) that 
reported survivorship of THAs with CoC, CoXLPE or MoXLPE 

bearings in patients younger than 65 years and did not 
observe any differences in the short- or medium-term per-
spective.54 Hexter et al reviewed 17 studies to evaluate 
whether the incidence of periprosthetic joint infection 
varied depending on the choice of articulation.55 They 
observed an overall incidence of 0.85% (1353/158,430) for 
metal-on-polyethylene, 0.38% (67/17,489) for ceramic-
on-polyethylene and 0.54% (94/17,459) for ceramic- 
on-ceramic bearings without any significant difference 
between them.

At present there are few studies evaluating ceramic-on-
metal articulations (CoM). In a randomized study, Higgins 
et al observed less metallic wear with use of this articula-
tion, but a tendency to increased chromium levels after 
three years.56 In the National Joint Registry the revision rate 
of CoM articulations is higher than observed for MoXLPE 
and CoXLPE articulations.57 This type of coupling, which 
gained some popularity based on in vitro studies in the 
early 2000s, has been rapidly withdrawn from the market.

Conclusions: bearing materials

In conclusion, contemporary designs of MoXLPE, CoXLPE 
and CoC articulations seem to have about equal perfor-
mance during the first decade after insertion and some 
studies indicate that this is true up to at least 15 years. 
With use of contemporary material qualities and implant 
technology the material-specific complications observed 
for ceramic heads and liners seem to be small enough not 
to have a significant influence on these results. Use of 
well-documented methods, with high resolution to meas-
ure linear penetration of the various brands of highly 
cross-linked polyethylene so far studied, have not revealed 
differences with certain clinical importance, although the 
follow-up for most of them is limited. Thus, the choice 
between MoXLPE, CoXLPE and CoC articulation could be 
expected to provide similar clinical results up to 10–15 
years. To what extent this will be true in the long-term 
remains to be seen.

Femoral head size
The main argument for using larger heads in THA is that 
they are expected to decrease dislocation rates. On the 
other hand, bearing wear, taper-trunnion corrosion and 
groin pain may occur with larger heads. The use of 32-mm 
heads (Fig. 1) in MoXLPE or CoXLPE bearings (Fig. 2) is 
most common, but use of 36-mm heads is increasing.57–64 
In 2018, an article published in EFORT Open Reviews, dis-
cussed the pros and cons of larger heads in THA, and con-
cluded that 32 mm seemed to be the optimal head size in 
MoXLPE bearings and 36-mm ceramic heads could also be 
used in CoXLPE or CoC bearings.65 In this update, the short-
term outcome of THA related to head size regardless of the 
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bearing material is analysed, as well as the long-term out-
come considering both head size and bearing material.

Head size and risk of THA dislocation

There are two geometrical factors that will contribute to 
reduced risk of dislocation with use of large heads: increased 
range of hip movement before impingement between the 
neck of the stem and the socket occurs, and increased 
jumping distance of the head before disengaging from 

the socket. The effect of femoral head size on the jumping 
distance will, however, vary depending on cup abduction 
angle. Increasing the head diameter from 22 mm to 40 mm 
increases the impingement-free range of hip movement by 
about 30°, if surrounding anatomical structures of the hip 
are disregarded.66 Clinical studies confirmed the increased 
hip movement, especially for flexion, abduction and inter-
nal rotation when smaller than contemporary (26- vs. 
32-mm67) or non-adjacent (28- vs. 40-mm68) head sizes 
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were compared. Considering the surrounding tissues, hip 
movement did not increase further with 38-mm or bigger 
heads because bone-to-bone or implant-to-bone impinge-
ment occurred.69 To avoid the latter, increasing the femoral 
offset rather than the head size had a better effect.70 Moreo-
ver, a study comparing THRs with 36-mm CoC heads and 
40–54-mm MoM heads found no difference in the gain of 
hip range of motion.71 Jumping distance, the amount of lat-
eral translation of the femoral head before dislocation 
occurs, acts like a ‘safety belt’ in case of impingement and 
depends on the head size. Jumping distance increases line-
arly by 1.6 mm for each 4 mm increase of head diameter, 
provided the cup is placed in 45° of abduction. However, 
the net gain in jumping distance decreased if the abduc-
tion angle was 60°.72 Moreover, a cadaver study compared 
the torque as well as the degree of internal rotation at 90° 
of flexion needed for dislocation to occur, among 28-, 32-, 
36-, 40- and 44-mm heads. There was a positive association 
between head size and least torque to accomplish disloca-
tion, but the degree of internal rotation before dislocation 
did not differ between adjacent head sizes, only in non-
adjacent such as 28 mm vs. 44 mm.73

The increased impingement-free range of hip move-
ment and jumping distance observed with larger heads 
should theoretically lead to lower dislocation rates. In an 
RCT, the use of 36-mm heads reduced the dislocation rate 
by 3.6 % (p = 0.012) in primary THA compared with 
28-mm.74 In another RCT performed on patients undergo-
ing revision THA, the use of 36–40-mm heads reduced the 
dislocation rate by 7.6 % (p = 0.035) compared with 
32-mm heads.75 A third RCT that compared 36-mm heads 
with 32-mm heads found no difference in the revision 
rates, but the study was underpowered.76 In registry stud-
ies, head diameters below 28 mm have been associated 
with greater revision risk due to dislocation compared to 
28 mm.77,78 The use of 32-mm heads has been associated 
with further decrease of risk for revision due to disloca-
tion.78–81 Thirty-six-mm heads have also been associated 
with lower revision rates due to dislocation compared 
with non-adjacent smaller sizes such as 28 mm,81 but a 
similar effect compared with the adjacent 32-mm heads80 
was not found, unless stratifying for posterior surgical 
approach.79 When 38-mm or larger heads were used in a 
case control study82 and in a study on patients at high risk 
for dislocation,83 the dislocation rates were lower com-
pared with 36-mm or smaller heads.

Head size and bearing wear, taper-trunnion  
corrosion and groin pain

The downside of larger heads includes bearing wear, cor-
rosion of the taper-trunnion junction and increased inci-
dence of groin pain. In vitro, wear rates in MoXLPE THA 
have not been related to head size (22–46 mm).84 In RSA 
studies, early (3–5 years) XLPE linear wear rates were not 

different between 28- and 36-mm metal heads in an 
RCT,85 as well as between two cohorts of 32-mm86 and 
36–40-mm heads.87 However, in series with a longer 
follow-up (11 years), 36- and 40-mm metal heads had 
higher volumetric XLPE wear rates compared with 28-mm 
even though linear wear rates were comparable.88 In a 
cohort of 107 large MoXLPE THAs there were no differ-
ences in wear rates between 36- and 40-mm heads, and 
no cases of liner fracture, implant loosening or sympto-
matic taper-trunnion corrosion.89 The use of ceramic 
heads could potentially reduce the volumetric XLPE wear 
in larger bearings. Long-term reports are currently not 
available, but an early RCT report has shown no difference 
between 32- and 36-mm CoXLPE bearings for wear.90 In 
large head MoM THA and surface replacements, bearing 
wear seems to be a greater problem due to issues with 
elevated serum metal ions91 as well as the development of 
pseudotumours.92 Large head MoM THA has demon-
strated higher and earlier failure rates compared with 
smaller heads and alternative bearings such as CoC.92

Another drawback with larger heads is the increased 
frictional torque reported in ≥ 36-mm MoXLPE bearings, 
though not in CoXLPE, compared with smaller ones.93 
Increased torque due to higher friction can be transmitted 
to the bone–implant interface and compromise implant 
stability. Stresses in the acetabular cortical bone/cement 
interface were found to increase by 9% as the head size 
increased from 28 to 32 and 36 mm in cemented MoXLPE 
THA.94 Furthermore, larger metal heads increase trunnion-
taper moments that may lead to fretting and corrosion.95 
Trunnion corrosion has been reported in MoM96 and 
MoXLPE bearings,97 and has been associated with larger 
heads.98,99 However, other studies have not verified this 
association but found other factors related to trunnion 
corrosion, such as length of implantation, taper design 
and use of different alloys in the stem and the head.100,101 
XLPE wear, increased frictional torque and trunnion corro-
sion associated with larger metal heads might be a possi-
ble explanation for the higher overall revision risk up to 15 
years of follow-up for 36-mm heads compared with 
32-mm in MoXLPE THA in the Australian registry.64 In the 
same registry, larger than 32-mm CoC bearings had no 
increased revision risk. On the contrary, the risk was lower 
for ≥ 40-mm ceramic heads compared with 32-mm. Simi-
larly, 36-mm metal and ceramic heads on polyethylene 
seem to perform worse in the National Joint Registry com-
pared to 32-mm heads, especially for cemented cups, 
while in CoC bearings 40-mm heads seem to perform bet-
ter than 32- and 36-mm.57

Big heads could also negatively affect the outcome of 
THA due to groin pain. Although originally an issue in 
large head MoM THA and surface replacements,102 groin 
pain has also been reported in 36-mm MoXLPE THA,103 as 
well as in 7% of larger head (38–44-mm) CoC THA.104 It is 
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speculated that large heads overstuff the anterior joint 
capsule and impinge the iliopsoas tendon.105 Noise gen-
eration such as squeaking has also been associated with 
increasing head size in CoC THA from 7% with 36-mm up 
to 44% with 48-mm heads, although reportedly without 
influence on patient satisfaction.106

Finally, an RCT using gait analysis showed no difference 
in gait recovery after THA when the head diameter is 
increased from 28 mm to 36 mm up to more than 42 mm.107

Conclusion: head size

There are only a few RCTs comparing dislocation rates or 
polyethylene wear rates between different head sizes. Our 
conclusions are therefore based mainly on observational 
studies. Present evidence supports increased THA stability 
with larger heads, but also suggests increased risk of long-
term complications for metallic head sizes above 32 mm. 
Long-term registry reports suggest against the use of 
larger than 32-mm heads in MoXLPE bearings due to 
uncertainties concerning issues related to polyethylene 
wear and taper-trunnion corrosion. The use of 32-mm 
heads has shown a quite clear superiority compared with 
smaller sizes in terms of lower dislocation risk and 
increased implant survival as well as no issues with poly-
ethylene wear, corrosion or groin pain. Therefore, and at 
present, the choice of 32-mm heads seems to be optimal 
for MoXLPE THA. In CoC and possibly CoXLPE THA, 
36-mm heads seem to provide a better balance between 
stability and long-term failure, although studies with 
longer follow-up are needed to confirm their safety in rou-
tine use, especially to show any advantage of 40-mm 
heads in CoC bearings over 32-mm and 36-mm.

Design of the articulation
Lipped liners

On the acetabular side the cup construction can be modi-
fied in various ways with the intention of making it more 
resistant to dislocation. In 1972, Charnley started to use his 
LPW cup (long posterior wall) with the intention of reduc-
ing the risk of posterior dislocation.108 Use of the same 
principle for liners (lipped or elevated rim liners) became 
common as an alternative for many uncemented cup 
designs during the 1980s and early 1990s, despite some 
concerns about increased risk for impingement between 
the neck and liner resulting in more wear, and in cases 
with suboptimal placement of the liner, also increased risk 
of dislocation.

Despite widespread use the clinical documentation  
of the effect on risk for dislocation after use of elevated 
rim liners is scarce. Cobb et al109 compared the cumula-
tive probability of dislocation in 5157 primary and revi-
sion THAs (2469 with elevated rim, 2698 with standard 

acetabular components). Follow-up consisted of physical 
examination, questionnaire or telephone interview. In the 
primary group the cumulative probability of dislocation 
was almost 1% higher if a standard cup had been used. In 
the revision group (520 with elevated rim, 530 without) 
the corresponding difference amounted to about 5%.

Insull et al110 evaluated the risk for revision due to dislo-
cation for three of the most frequently used designs of 
uncemented acetabular cup reported to the New Zealand 
Joint Registry. In total, 8023 lipped and 4088 non-lipped 
components were included. Non-lipped components had 
2.4 times (95% CI 1.6 to 3.7) higher risk for revision due to 
instability than non-lipped components after adjusting for 
femoral head size, surgical approach, gender and age. 
They also observed a slightly higher revision rate (0.76 vs. 
0.62 per 100 component years, p = 0.046) due to any rea-
son with use of non-lipped liners.

In a comparative analysis of almost 50,000 uncemented 
cups reported to the Finnish Arthroplasty Register, Hem-
milä et al performed a subanalysis of Continuum cups 
(Zimmer, Warsaw) inserted with or without liner eleva-
tion.111 (There were 11,390 Continuum cups at the start 
and an unreported number of cups with other than poly-
ethylene inserts were excluded). After adjustment for pos-
sible confounders they reported 1.7 times (hazard ratio 
–HR, 95% CI 1.2 to 2.5) higher risk for hips with neutral 
liners being revised due to dislocation when compared to 
the group with elevated liners.

Unfortunately, studies showing long-term effects on 
wear, osteolysis or liner breakage due to the risk of neck-
elevated rim impingement are lacking.

Constrained liners

Cups with an inner circumference wider than a hemi-
sphere in which a 32-mm or bigger femoral head was 
snap-fitted at reduction were used as standard implants in 
some departments during the 1970s and early 1980s. 
They were abandoned mainly because of increased rate of 
loosening when compared with cups without snap-fit and 
a smaller femoral head.112,113 Later, still more constrained 
liners were developed where the femoral head is locked 
into the socket with use of a metal locking ring. Even in 
these designs the inner diameter of the rim has to be 
expanded to seat the femoral head into the bottom of the 
liner and before the locking ring is applied. Due to the firm 
locking of the head inside the cup, distracting forces from 
the femur generated during various patient activities will 
be transferred to the cup–bone interface necessitating a 
secure cup fixation. Constrained liners will to various 
extents compromise range of motion depending on head 
size and shape and when the joint reaches the end of pos-
sible motion, impingement will become unavoidable.114 
Since these devices place high demands on the fixation of 
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the cup, they have been recommended in revisions due to 
dislocation provided that the shell is well-fixed and prop-
erly placed and especially in salvage procedures.1,115

The reported clinical results of constrained liners vary. 
Hernigou et al116 compared 144 patients (164 hips) with 
neuromuscular disease who had been operated on with a 
constrained liner and 120 patients (132 hips) with the 
same disease but who had been operated with a conven-
tional insert. Follow-up was minimum five years and 25 
patients in the first and 17 in the second group were lost 
to follow-up. There were three dislocations in the group 
with constrained liners and 33 in the control group. Inter-
estingly and contrary to what could be expected, only one 
acetabular component was revised due to loosening in 
the group with constrained liners, whereas 10 cups were 
revised due to the same reason in the group with conven-
tional liners.

Williams et al117 reviewed eight studies including 1199 
hips in 1148 patients operated on with constrained 
devices after two to 10 years follow-up. The mean disloca-
tion rate was 10% and the reoperation rate for other rea-
sons 4%. Clavé et al studied 155 THAs (73% revisions) 
after an average 6.2 years follow-up which were operated 
on with a constrained liner (Lefèvre retentive cup).118 At 
10 years the survival rate due to non-infectious cup revi-
sion was 92.3% (CI 87.3 to 97.2) and due to dislocation 
98.7% (CI 96.8 to 100). Berend et al evaluated 667 
patients, mainly revisions with constrained THAs up to 10 
years.119 Of these, 117 dislocated during follow-up and in 
total 42.1% failed due to various reasons in the long term. 
In 2006 Fricka et al stated that the dislocation problem 
could be addressed in a better way with the use of large 
femoral heads rather than constrained liners due to prob-
lems such as cup loosening, dissociation of the liner/shell 
interface, implant fracture, wear, and the requirement for 
open surgery should dislocation occur.120

Dual mobility cups

The dual mobility cup was developed during the 1970s by 
Giles Bousquet, a French surgeon and the engineer André 
Rambert. The first designs functioned as bipolar hemi-
arthroplasties, but due to erosion problems a cemented 
bipolar cup was developed in 1977 followed by an unce-
mented design in 1979.121 The scope was to increase sta-
bility with use of a big head of polyethylene with its outer 
surface articulating against a highly polished inner surface 
of a metallic cup and the inner surface of the polyethylene 
head articulating against a small femoral head, which 
originally had the same diameter as the Charnley hip (22.2 
mm). Low dislocation rates were found by the inventor, 
but concerns about wear and wear-related problems such 
as intra-prosthetic dislocation, a complication almost 
unique for DMC designs, together with poor fixation 
capability of the first generations of DMCs,122 probably 

counteracted the spread of use of this type of device out-
side France. The introduction of more wear-resistant poly-
ethylene, including new designs of highly cross-linked 
and improved fixation and bone ingrowth properties of 
the metal back,122 with the introduction of modular DMCs 
(a cobalt-chromium metal liner inserted in an uncemented 
cup-shell made of metal), made this type of implant much 
more attractive for surgeons. During the last 10–15 years 
the popularity and use of DMCs has increased almost 
exponentially as reflected in reports from National Regis-
ters and an increasing number of publications in scientific 
journals (Fig. 3).60,123,124

Several publications have reviewed the results of 
DMCs.115,121,125,126 Batailler et al concluded that ‘dual 
mobility cups are a significant indication for managing 
instability following primary and revision hip arthroplasty’ 
and that the overall survivorship of the cup was compara-
ble to conventional primary cups, whereas a similar com-
parison could not be performed in the revision situation.123 
Darrith et al reported a high survival rate of DMC cups 
used in primary THR, revisions and in patients treated with 
THA due to femoral neck fracture after the short and mid-
term follow-up.125 De Martino et al included 59 articles in 
their systematic review comprising 12,844 primary and 5064 
revision THAs with mean follow-ups of 6.8 and 4.4 years, 
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Fig. 3 Dual mobility cups reported to the Swedish Hip 
Arthroplasty Register 2004 to 2018 per periods of three years in 
primary and revision hip arthroplasties.
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respectively.126 The overall rate of revision was 0.9% in pri-
maries and 3.0% in revisions, probably reflecting revision 
due to dislocation although not explicitly stated. Later, they 
regarded the overall quality of the articles studied as low.

Recently Kreipke et al performed an analysis of DMCs in 
the Nordic Arthroplasty Register Association (NARA) data-
base. All patients were operated on due to primary OA 
between 1995 and 2013.127 To reduce the risk of bias, 
2277 hips with DMC cups were matched with 2227 hips 
with conventional cups based on age, gender, cup and 
stem fixation, and year of surgery. The overall risk of revi-
sion did not differ, but patients who had received a DMC 
had a lower risk of revision due to dislocation, but a higher 
risk of revision because of infection. In the same year, Job-
ory et al used a similar study design and evaluated 4520 
hip fractures treated with DMC and matched those cups 
to 4520 THAs operated on with a conventional cups dur-
ing the period 2001 to 2014, also in the NARA database.128 
The overall risk for revision due to any reason and due to 
dislocation was lower with use of the DMC design. Risk for 
revision due to infection did not differ between the two 
groups.

Mohaddes et al evaluated 984 first-time revisions per-
formed due to dislocation and reported to the Swedish 
Hip Arthroplasty Register from 2005 to 2015.129 A total of 
436 hips received a cemented DMC, and in the control 
group there were 355 first-time revisions operated on dur-
ing the period with a cemented conventional cup, with or 
without impaction grafting. Lower re-revision rate due to 
dislocation and due to any reason was observed after four 
years with use of DMCs. The role of DMCs in revisions 
with more severe bone defects is still unclear, but these 
devices seem to work well if used with a Kerboull cross-
plate130 or if cemented into an uncemented cup of tra-
becular metal.131

Conclusions
Dislocation is one of the leading causes of revision after 
primary THA accounting for about 14% of all revisions 
during the last 10 years in the Swedish Hip Arthroplasty 
Register and for about 20% of the revisions in the Dan-
ish Hip Arthroplasty Register.60 It is typically an early 
complication, and of those who suffer from a first dislo-
cation about 40% will experience one or more further 
dislocations.132 Patients who have had their first disloca-
tion frequently develop anxiety about further disloca-
tions and have significantly reduced quality of life,132 
which underlines the need to perform well-designed 
studies to optimize the decision-making for each patient 
category.

Most studies support the view that lipped liners, con-
strained liners and DMCs will reduce the risk of revision due 

to dislocation. These devices suffer from implant-specific 
problems, which seem to be more common for the con-
strained liner designs and has resulted in more restrictive 
use of this design and mainly for salvage. The majority of 
studies of lipped liners lack long-term results which con-
sider impingement and wear issues, and studies of DMCs 
suffer from various methodological problems, not least 
selection bias, which calls for randomized studies prefer-
ably in a multi-centre setting to obtain sufficient power.
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