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Introduction

Metal-on-metal (MoM) bearing with a cemented femoral 
component and a cementless acetabular shell has historically 
been the gold standard for fixation in surface arthroplasty 
(SA) of the hip (1,2). Several studies have reported on the 
excellent clinical and radiological outcomes of the hybrid 
hip resurfacing at 10- to 15-year follow-up, with overall 

survival rates greater than 90% (3-5). 
Undoubtedly, cementing has been associated with 

some disadvantages such as loosening and increased risk 
of thermal necrosis (6). Although cementing the femoral 
head increases the contact area between implant and bone, 
the heat produced from the polymerization process can 
lead to thermal necrosis of the cancellous bone, depending 
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on the thickness of the cement mantle (7). Furthermore, a 
cemented femoral component transfers more load through 
the stem to the surrounding bone, exacerbating stress 
shielding (8). In this sense, while hip resurfacing preserves 
bone stock, stress shielding and periprosthetic bone 
resorption might lead to aseptic loosening over time (8).

Even though initial attempts at cementless femoral 
fixation showed high failure rates in the early 1990s (9,10), 
further research by Gross et al., after experimenting with 
diverse fixation methods, demonstrated outstanding results 
of a porous-coated component at 7 years of follow-up (11).  
Potential advantages of cementless femoral fixation include 
a shorter operative time, no risk of thermal necrosis to 
bone, less stress shielding and improved longevity with 
physiologic bone ingrowth over cemented mechanical 
fixation. Since the early 2000s, there has been a significant 
increase in the number of companies bringing to market a 
component with femoral cementless fixation (12).

Since there is a paucity of literature on the clinical 
performance of cementless designs in SA, we aimed to 
perform an updated review of the literature on this type 
of fixation, as well as to report our institutional mid-term 
survival with a MoM cementless hip design.

Non-porous, non-hydroxyapatite coated femoral 
designs

Following the catastrophic failure reported for metal-on-
polyethylene hip resurfacing (13,14), Wagner and Wagner 
described the first series of cementless femoral fixation for 
MoM SA of the hip (10). In their study, bony attachment 
was achieved by a roughened titanium surface (on the 
backside) pressed into bone without cement and without 
a true porous ingrowth surface, whereas a forged cobalt-
chrome-molybdenum (CoCrMo) alloy was mounted on the 
articulating surface (10). This implant was manufactured in 
2 versions. In the first form, the cap was screwed onto the 
reamed femoral head with a large screw thread, similar to a 
screw cup. However, due to insertion difficulties, a ‘press-
fit’ version was developed without the screw. While the first 
model was used in 12 patients, the second one was used in 
23; of the 35 cases, 31 were females and 4 were males (10).  
The authors described 5 (14.3%) revision surgeries (of 
which 3 corresponded to femoral loosening) at a short 
follow-up period of 6 to 54 months.

Almost simultaneously, McMinn et al. performed a 
pilot study of different types of fixation used over time (9). 
Between 1991 and 1992, 70 hips were replaced with their 

first type of resurfacing, which consisted of an uncemented, 
uncoated, smooth press-fit type femoral and acetabular 
component. The femoral head had a chamfered-cylinder 
design with a short stem in order to aid in adequate 
alignment and to bridge the head/neck junction, an area 
considered as vulnerable to fracture. Between February 1992 
and March 1992, 6 hips received a second design of SA, 
which was exactly the same as the first but with the addition 
of hydroxyapatite coating to the shell. Finally, the third 
design was cemented both at the acetabular and femoral 
sides and was implanted in 43 hips between 1992 and 1993. 
At short-term follow-up, the aseptic failure rate was 9%, 0% 
and 7% for the first, second and third prosthetic designs, 
respectively. While the cementless designs exhibited more 
failures on the femoral side, the cemented one had them on 
the acetabular side (9). Despite short follow-up, the authors 
thought that the combination of a polar (cemented femoral 
component and cementless acetabular component) MoM 
bearing would harvest a method of preserving bone stock in 
the younger and active patient (9). 

Hydroxyapatite-coated femoral implant

In the early 2000s, Lilikakis et al. published their preliminary 
experience with hydroxyapatite coating as the means of 
fixation of the femoral head in SA (15). The femoral and 
acetabular implants of the uncemented version of the 
Cormet 2000 (Corin; Cirencester, UK) were used; which 
were made from high-carbon, plasma-sprayed CoCrMo 
alloy and were hot isostatic pressed and solution annealed. 
The femoral component was fully hydroxyapatite-coated 
in the inner surface except for the part of the stem outside 
the head, which was polished; whereas the cup was coated 
with vacuum plasma sprayed titanium and hydroxyapatite. 
The survival rate of 70 implants was 98.6% at a minimum 
2-year follow-up, with no femoral fractures, aseptic 
loosening, or stem radiolucencies. Although thinning of 
the femoral neck at the inferomedial cup-neck rim was 
a repeated radiologic finding (27%), it had no clinical 
implication in their review (15).

Later on, Gross and Liu showed excellent outcomes 
at a mean of 7.4 years of follow-up in a series of 20 hip 
resurfacings using the same implant (Corin Cormet 2000 
Version-I, Corin; Cirencester, UK) (11). They reported 
four revisions, none of which were due to aseptic femoral 
component failure: 2 due to cup loosening, 1 due to a late 
haematogenous infection, and 1 due to persistent pain 
despite normal radiographic findings (11).
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Likewise, Berstock et al. compared the outcome at  
2 years of follow-up of 30 hybrid hip resurfacings to that 
of 30 uncemented hip resurfacings (Corin; Cirencester, 
UK) using the transgluteal approach (16). The authors 
found acceptable radiological and functional results with 
no radiological complications in both groups, with better 
femoral offset and femoral seating in the uncemented group 
and with no evidence of uncemented femoral component 
loosening. Thus, this study reinforced the concept that 
cement fixation was not required to maintain stability, 
thereby removing all potential complications associated 
with cement (16).

A multicenter evaluation of SAs done with cementless 
fixation by six surgeons in different centers in the United 
Kingdom, showed 95% survivorship at 4 to 5 years of 
follow-up (17). These results were slightly superior to those 
achieved by the same surgeons using hybrid fixation over 
the previous 7 to 10 years (12). Interestingly, of 24 failures, 
only one was clearly attributable to an adverse reaction to 
metal debris (17).

Dixon et al. were the first to report a 10% failure rate 
for aseptic loosening and overall revision rate of 15% at a 
mean 5-year follow-up in 190 patients using the Cormet 
2000 (Corin; Cirencester, UK) dual-coat acetabular 
component (18). The authors observed all of the failures 
on the acetabular side, with no cases of femoral loosening; 
they only mentioned one case of femoral neck thinning, 
suggesting that this issue may be multifactorial and 
potentially related to stress shielding and biological factors, 
and/or surgical technique (18). 

Even though femoral neck thinning may be a drawback, 
a randomized controlled trial showed that, through bone 
mineral density analysis, bone preservation of the femoral 
neck with a cementless femoral component was significantly 
better than a cemented one after two years of follow-up (19).

Porous-coated femoral implant

Gross and Liu reported that cement fixation failure (3%) 
was the most common cause of revision surgery at midterm 
(average 5.6 years) follow-up with the Corin (Corin, 
Cirencester, Gloucestershire, UK) hybrid SA, accounting 
for half of all failures (20). Afterwards, and in order to 
analyze any component fixation superiority, the same 
authors performed a comparison of fully porous-coated 
(cementless Recap femoral component with full coating 
of titanium plasma spray under the entire undersurface 
of the femoral component, excluding the stem; Biomet, 

Warsaw, IN, USA) and hybrid SA (cemented Recap femoral 
component with grit blast cobalt chrome surface; Biomet, 
Warsaw, IN, USA) with a minimum 2-year follow-up, 
concluding that there were no differences in the failure rate 
nor in the clinical performance between both groups; hence, 
fully porous-coated femoral components proved to be non-
inferior to cemented fixation (21). After having a longer 
follow-up assessment, the same 2 authors showed that fully 
porous-coated hip resurfacing had even better clinical and 
radiological outcomes than those reported by others using 
hybrid fixation methods at five years post-operatively (22). 
Recently, the same authors showed that the Kaplan-Meier 
10-year implant survivorship using aseptic femoral failure as 
an end point was 98.9% for the cemented and 100% for the 
uncemented femoral component in 3,274 cases (23).

In a systematic review of the literature, Girard 
encouraged the use of ‘fit-and-fill’ cementless femoral 
components in SA in order to avoid potential complications 
associated with cement (24). In the same study, Girard also 
showed his results at a mean of 13.1 (range, 8–16) months 
with the Conserve Plus cementless femoral component 
(Wright Medical, Arlington, TN, USA), reporting no 
revisions due to aseptic loosening. Narrowing of the 
femoral neck was seen in less than 10% of all hips in that 
series (24). 

Le Duff et al. compared the biomechanics between 
hybrid and porous-coated fixation and no significant 
differences were observed in femoral offset or leg length 
despite implantation with a larger metaphyseal stem to 
femoral shaft angle in the hybrid group (Table 1) (25).

Institutional experience with a cementless 
design at our center

The senior author performed 432 consecutive hip 
resurfacings (13 females, 419 males) between 2009 and 
2018, at a large tertiary care centre using the Conserve 
Plus component (Wright Medical, Arlington, TN, USA) 
with both cementless femoral and acetabular fixation 
(Figure 1). All cases were performed through a modified 
posterolateral approach in the lateral decubitus position 
(26). Mean follow-up of the series was 2.44 years (range, 
1–10.9 years). The two-, five-, and eight-year Kaplan-Meier 
survivorships were 99.6% (95% CI: 98.8–100%), 98.3% 
(95% CI: 96.3–100%), and 98.3% (95% CI: 96.3–100%), 
respectively (Figure 2). There were 3 revisions in the series. 
Two were for femoral neck fractures and one for aseptic 
cup loosening. All were treated with revision to a total hip 
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Table 1 Comparison of outcomes of different cementless hip resurfacing designs

Author and year of 
publication

Type of cementless 
femoral fixation

Number of 
cementless  

SA of the hip
Design of study

Mean 
follow-up 
(months)

Revision  
rate 

Additional complications 
conservatively treated

Wagner, 1996 (10) Non-porous,  
non-hydroxyapatite 
coated (Cone 
Prosthesis, Protek AG)

35 Retrospective, 
case series

34.3 14.3% Asymptomatic femoral 
lucency: 25%

McMinn, 1996 (9) Non-porous,  
non-hydroxyapatite 
coated (McMinn 
prosthesis)

119 Retrospective, 
case series

50.2 22% Cortical thinning: 44%

Lilikakis, 2005 (15) Hydroxyapatite-coated 
(Cormet 2000, Corin)

70 Retrospective, 
case series

28.5 4.28% Cortical thinning: 27%; 
dislocation: 1.4%;  
superficial infection: 1.4%

Gross, 2008 (11) Hydroxyapatite-coated 
(Cormet 2000, Corin

20 Retrospective, 
case series

89 20% (no femoral 
component failures)

Cortical thinning: 10%

Berstock, 2010 (16) Hydroxyapatite-coated 
(Cormet 2000, Corin)

30 Retrospective, 
case-controlled

24 0% 0%

Spencer, 2010 (17) Hydroxyapatite-coated 
(Cormet 2000, Corin)

905 N/R 33.6 7% N/R

Dixon, 2009 (18) Hydroxyapatite-coated 
(Cormet 2000, Corin)

190 Retrospective, 
case series

60 15% Trochanteric non-union: 
8.4%

Tice, 2015 (19) Hydroxyapatite-coated 
(Cormet 2000, Corin)

50 Prospective, 
randomized 
controlled trial

24 0% Intraoperative posterior 
column fracture: 2%; 
haematoma: 2%; 
trochanteric bursitis: 2%

Gross, 2011 (21) Porous-coated  
(Recap, Biomet)

191 Retrospective, 
case-controlled

67.2 2.1% Dislocation: 1%

Gross, 2014 (22) Porous-coated  
(Recap, Biomet)

1,000 Retrospective, 
case series

36 2.6% Femoral lucency: 1%

Gaillard, 2019 (23) Porous-coated  
(Recap, Biomet)

4,013 Retrospective, 
case-controlled

46.8 1.1% Psoas tendonitis: 0.1%

Girard, 2012 (24) Porous-coated 
(Conserve Plus,  
Wright Medical)

94 Retrospective, 
case series

13.1 0% Change in femoral neck 
diameter <10%

Le Duff, 2016 (25) Porous-coated 
(Conserve Plus,  
Wright Medical)

20 Retrospective, 
case-controlled

N/R N/R N/R

Kim, 2019  
(senior author)

Porous-coated 
(Conserve Plus,  
Wright Medical)

432 Retrospective, 
case series

29.28 0.69% N/R

N/R, not reported.

arthroplasty through the same posterolateral approach. 
There was one infection in the series that was treated with 
irrigation and debridement and component retention. The 

patient remains infection free at 5 years follow-up. There 
were no statistically significant differences in outcomes 
when comparing males (98.2%, 95% CI: 96.1–100%) with 
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females (100%) (P=0.711).
Cementless SA demonstrated excellent survivorship at 

mid-term follow-up in our series. However, a longer follow-
up with at least 10 years is required to assess the potential 
superiority over cemented devices.

Conclusions

In SA of the hip, cementless femoral fixation has evolved 
in such a fashion that it is becoming the standard of care in 

many centers (27). However, there are still several aspects 
of design that need to be further studied: bearing surface, 
implant thickness, and optimal fixation coating (28). So far, 
modern uncemented femoral fixation has proven to be non-
inferior to cemented fixation. Long-term clinical trials and 
large-registry database studies are still necessary to determine 
whether there is any superiority over cemented fixation.
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