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Reproducing the Proximal Femoral 
Anatomy: Large-Diameter  
Head THA

William G. Blakeney, Jean-Alain Epinette, 
and Pascal-André Vendittoli

7.1  Introduction

There are many potential benefits to using large- 
diameter femoral heads (LDHs, >36  mm) in 
total hip arthroplasty (THA). They provide a 
supraphysiologic range of motion (ROM), 
which makes them more forgiving with regard 
to component positioning. This is of particular 
benefit to high-demand patients involved in 
manual work or with an active lifestyle. These 
are frequently young patients, in which the use 
of a hard-on- hard bearing also offers the prom-
ise of prosthetic longevity. The move toward 
large head ceramic- on- ceramic (CoC) bearings 
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Key Points
Large Diameter Head THA

• Is defined as a bearing diameter >36 mm 
and includes monobloc or dual-mobility 
femoral head designs.

• Allows supraphysiologic postoperative 
hip range of motion and return to unre-
stricted activities.

• Is a forgiving procedure, minimizing the 
risk of femoral neck impingement on 
the acetabular component rim.

• Dislocation rate is extremely low what-
ever the surgical approach.

• Helps restore hip biomechanics, mini-
mizing the requirement for surgical 
modifications linked to intraoperative 
stability.

• CoC THA has the potential to provide 
long-term implant survivorship with 
unrestricted activity, while avoiding 
implant impingement, liner fracture at 
insertion, and hip instability.

• With the recently reported low wear 
rate, Dual Mobility THA could be con-
sidered for a larger proportion of THA 
patients.
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ought to diminish the incidence of local adverse 
reaction to metal debris (ARMD) experienced 
with some LDH metal-on-metal (MoM) 
bearings.

7.2  Hip Stability and Range 
of Motion

Throughout the world, LDH has been increas-
ingly used in THA mainly because of the per-
ceived benefits of reduced dislocation risk. This 
has been demonstrated in a number of trials. A 
series of 1748 patients operated on with LDH 
THAs reported a dislocation rate as low as 0.05% 
at a mean follow-up of 31 months [1]. A retro-
spective review of all primary THAs performed 
by two experienced arthroplasty surgeons 
reported a significantly higher rate of dislocation 
in small-diameter head THAs (1.8%, 10 of 559) 
compared to the LDH group (0%, 0 of 248) at a 
mean follow-up of 5  years [2]. Improved out-
comes have also been seen in patients undergoing 
revision THA. A randomized trial demonstrated 

a significantly lower instability with only 1.1% 
dislocation risk in patients with larger heads (36 
or 40 mm) compared to 8.7% in those with small 
heads (32 mm) at a mean of 5 years post-surgery 
[3]. These results have been replicated in national 
joint registries [4, 5].

The reduced dislocation rate seen in LDH 
THAs is a result of many possible factors. 
Primarily, it is a result of the greater head-to-neck 
ratio and increased jump distance (Fig.  7.1). It 
has also been proposed that large heads may pro-
vide passive resistance to dislocation through a 
suction effect, preventing microseparation [6]. A 
large head fills the capsular void left by resection 
of the native femoral head and has an increased 
volume to displace, which may further resist dis-
location. They may also be favorable for joint 
perception and proprioception.

LDHs increase the ROM of the hip before pros-
thetic impingement. Burroughs et al., in a biome-
chanical study, found that the effect of increasing 
the head–neck ratio on range of motion plateaued 
at 38 mm. This was because the impingement was 
no longer on the prosthesis but extra-articular (soft 

Small diameter THR Large diameter THR

H/N = 2 H/N =
3-5

H/N =
VAR

Resurfacing THR

Fig. 7.1 Different head–neck ratios and related arc of motion before component–component impingement for small 
diameter THA, LDH THA, and hip resurfacing
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tissue or bony) impingement, which was indepen-
dent of head size [7]. Avoiding component 
impingement may be a significant advantage for 
hard bearings like ceramic. Contact between the 
metallic femoral neck and the ceramic liner has 
been associated with liner chipping, neck wear 
(metallosis), pain, and noise generation (squeak-
ing) [8]. Moreover, Scifert et al. reported that with 
extra-articular contact, rather than impingement of 
the prosthetic neck on the liner, the moment resist-
ing dislocation increased substantially (about four-
fold larger) [9]. Cinotti et  al. similarly found 
increased range of motion with larger head sizes 
and reported that the benefit of larger heads on 
ROM was even greater in mal-positioned acetabu-
lar components; thus, it is a more forgiving implant 
[10]. This is of importance, given the high number 
of patients with lumbosacral degeneration under-
going THA, and the known difficulties faced by 
the surgeon in optimally placing the acetabular 
component in this subset of patients at high risk of 
impingement and dislocation [11, 12].

Young and active patients frequently suffer 
from secondary OA associated with anatomical 
challenges, such as acetabular retroversion, hip 
dysplasia, femoral retroversion, Perthes defor-
mity, and pistol-grip femur. These extreme anato-
mies may not be ideal for hip resurfacing 
procedures where anatomy correction is limited. 
In THAs, ideal component positioning for most 
advantageous ROM and wear may be limited by 
suboptimal primary fixation. Using LDH THAs 
helps the surgeon to manage these challenges.

Although the range of motion may plateau 
with increasing head size, the jump distance 
required for dislocations to occur will continue to 
increase. The jump distance is the amount of lat-
eral translation of the femoral head center 
required for dislocation. The greater the head 
size, the greater is the jump distance required for 
dislocation. The jump distance, however, 
decreases with increasing offset of the center of 
rotation of the femoral head. This is of impor-
tance as the current designs of cups for LDH 
articulations are often truncated hemispheres of 
~160° with offset of 3–4  mm. Increasing cup 
abduction and to a lesser degree anteversion also 
affect the jump distance, so an LDH will offset 

the risk of dislocation due to component malposi-
tioning [13].

Micro-separation has been reported in vivo by 
many authors, who demonstrated that during the 
swing phase, the femoral head may not stay cen-
tered inside the cup. A metal-on-polyethylene 
(MoP) THA has a larger clearance between the 
femoral head and the polyethylene liner. 
Furthermore, polyethylene has reduced wettabil-
ity that may result in less cohesiveness of the 
lubricating film, allowing hip separation to occur. 
A video fluoroscopy study has shown absence of 
micro-separation in large-head metal-on-metal 
(MoM) THAs compared to frequent micro- 
separations in small-head MoP THAs [14]. 
Potential detrimental effects resulting from this 
micro-separation include premature wear and 
component loosening. It has also been linked to 
clicking and squeaking sounds coming from the 
hip. In a trial of 24 patients with a variety of 
 tribological combinations, the only patient who 
did not generate sound was the only one not to 
experience femoral head micro-separation during 
gait [15]. CoC LDH THA with small clearance 
and broad contact surface may help to reduce or 
avoid bearing micro-separation during gait and 
improve muscle function and joint kinematics.

7.3  Anatomical Reconstruction

The other benefit to an LDH is in providing a more 
anatomical joint. By maintaining similar biome-
chanics as the native hip joint with regard to resto-
ration of hip offset, leg length, and femoral head 
diameter on an individual case-by-case basis, it is 
thought the patient will have a more natural-feel-
ing hip. Because of its intrinsic stability and low 
dislocation risk, surgeons performing LDH THA 
can tailor the patient’s leg length and femoral off-
set to their individual anatomy without having to 
make adjustments or compromises to ensure hip 
stability. In the gait lab, it has been demonstrated 
that LDH THA restores the center of gravity and 
gait pattern to normal [16]. A number of studies 
have demonstrated that restoration of the femoral 
head diameter better restores normal gait parame-
ters in comparison to conventional small head 
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THAs [17, 18]. LDH THA has been demonstrated 
to better restore hip ROM, compared to 28-mm 
head THA and hip resurfacing [19]. In our experi-
ence, patients who have had a hip resurfacing and 
an LDH THA on the contralateral side, often pre-
fer the more supple joint offered by the LDH THA.

As femoral head sizes have increased with a 
concomitant decrease in dislocations, surgeons 
have been removing more and more patient 
restrictions. A study of the Danish registry showed 
no increased risk of dislocation in a cohort of 
patients with 32  mm and 36  mm heads when 
immediately mobilized without restrictions fol-
lowing THA, compared to a historic cohort with 
28 mm heads that had standard restrictions [20]. 
In our institution, using a posterior approach with 
LDH THAs, we have removed all postoperative 
restrictions, and review of our first 276 hips at a 
mean of 66.5 months (range 48.0–78.5) post sur-
gery demonstrated a dislocation rate of 0% [21]. It 
also significantly simplifies the  postoperative 
management of patients undergoing bilateral pro-
cedures or outpatient THA surgery. The need for 
patient education is considerably reduced and 
confidence in the hip is much higher.

Once the hip capsule is healed (2–3 months), 
we allow LDH THA patients to go back to unre-
stricted activities. At-risk activities, like kayak-
ing, rock climbing, and skiing, are performed as 
with a natural hip. Professional activities are also 
resumed without limitations. Roof workers, 
plumbers, firemen, or policemen are allowed to 
go back to their original occupation. This lack of 
restrictions was not accepted by employers with 
the previously used smaller head diameter (28–
32  mm) MoP bearings. Furthermore, with the 
low wear rates of a CoC bearing, no limitation on 
the activity volume is imposed.

7.4  Potential Concerns: 
Trunnionosis, ARMD, 
and Noise

There are some potential disadvantages to using 
LDH THA. With the introduction of highly cross- 
linked polyethylene, concerns about volumetric 
wear in a polyethylene liner have proven 

unfounded on results to date. Clinically deleteri-
ous taper corrosion (or trunnionosis) has gained a 
lot of media attention with the well-documented 
problems, following the widespread introduction 
of LDH MoM THAs. A randomized trial reported 
higher serum metal ion levels in LDH MoM 
THAs compared to MoM hip resurfacings, sug-
gesting that the problem is greater at the trunnion 
than at the articulation [22]. Though taper corro-
sion has been documented to occur with most 
head–neck material combinations and tribologi-
cal combinations, reports of clinical sequelae 
were rare until the era of LDH MoM THAs. It is 
now understood to be associated with adverse 
local tissue reactions (ALTR), which may lead to 
clinical failure. It has been hypothesized that the 
small diameter of the trunnion in THAs, which 
was initially designed for a 28 mm head, may be 
more prone to corrosion due to increased fric-
tional torque at the head–neck junction with a 
larger head. A conceivable solution is to increase 
the taper size for LDH. However, the degree to 
which LDH size is the cause of this problem is 
currently unknown. Implant retrieval as well as 
finite element analysis studies have identified 
multiple mechanical factors associated with the 
risk of trunnionism, including taper length, taper 
angle, surface finish, rigidity, and mixed alloys, 
which may result in corrosion. We compared 
whole blood titanium (Ti) ion levels at a mini-
mum 1-year follow-up in 27 patients with unilat-
eral primary LDH CoC THA with head sizes 
ranging from 36 to 48 mm using a Ti stem and 
acetabular component [23]. Mean Ti ion levels in 
patients with 36- to 40-mm head diameters (with-
out Ti sleeve) was 2.3 μg/L and 1.9 μg/L for the 
44- and 48-mm femoral head (with Ti sleeve). 
These Ti levels are low and probably related to 
unavoidable passive corrosion of implant sur-
faces. No patients presented clinical signs of 
ALTR.

LDH CoC bearings were introduced to reduce 
component impingement, increase stability, and 
optimize tribology without the associated prob-
lems seen in metal-on-metal bearings. With 
ceramic heads, metal ion release from the head–
neck junction is substantially lower than with 
metallic heads [23, 24]. The Australian joint reg-
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istry has reported a decreasing rate of revision at 
5 years for increasing head size of a ceramic-on- 
ceramic bearing. A high revision rate of 4.7% is 
seen with heads of less than 28 mm compared to 
3.3% for 32 mm, 2.8% for 36–38 mm, and 2.6% 
for head size of 40  mm or greater [4]. This 
reduced revision rate is mainly a result of a 
reduced dislocation rate. At 1 year, the cumula-
tive incidence of revision for dislocation is 2.0% 
for head sizes 28  mm or smaller compared to 
0.4% for 32 mm, 0.3% for 36–38 mm, and 0.1% 
for head sizes 40 mm or larger.

One problem that has been noted, specific to 
hard-on-hard bearings, is squeaking. McDonnell 
et al. reported on the Delta Motion Hip System 
(DePuy Synthes, Warsaw, IN, USA), the first 
LDH monoblock delta ceramic acetabular system 
(since withdrawn from production) [25]. They 
reported an overall squeaking incidence of 21% 
in 208 hips at a mean follow-up of 21 months. 
Goldhofer et al. reported an incidence of squeak-
ing of 17% at 5-year follow-up [26], increased 
from 7% at 2 years [27]. There were, however, no 
significant differences with regard to patient sat-
isfaction or clinical outcomes (Oxford Hip Score 
and Harris Hip Score) between the patients with 
squeaking and silent hips. In our institution, 
review of the first 276 hips using the Maxera 
(Zimmer, Warsaw, IN, USA; Fig. 7.2) LDH CoC 

hip system revealed a similar squeaking rate 
(22.7%) [21]. Squeaking was significantly asso-
ciated with younger age and more active patients 
(higher SF-12 PCS and UCLA scores). Greater 
femoral head size was also associated with 
increased squeaking. Despite the squeaking, 
functional scores and patient satisfaction were 
high. After 9  years of clinical use, we have 
replaced more than 2700 hips with CoC LDH 
THA. No revisions were performed for compo-
nent loosening, osteolysis, adverse reaction to 
metal debris (trunnionosis), implant fracture, or 
squeaking. There were five cases of early implant 
mobilization secondary to insufficient primary 
press fit fixation and four early postoperative dis-
locations treated with closed reduction without 
recurrence.

7.5  LDH with Dual-Mobility 
Femoral Head

Another hip component design that could be 
incorporated into an LDH option is the dual 
mobility (DM) articulation. This “old French 
invention,” used since 1974 by Gilles Bousquet 
in Saint-Etienne (France), takes the double prin-
ciple of a small articulation to minimize the prob-
lems of wear, coupled with a “big articulation” to 
stabilize the hip and prevent instability (Fig. 7.3) 
[28–30]. We know that DM implants are per-
forming well for cases of primary THA with a 
high risk of dislocation (neurological patient, 
major muscle deficit, etc.) and complex pros-
thetic revisions. In comparison with conventional 
implants, DM cups can add an extra arc of move-
ment before impingement of 30.5° in flexion, 
15.4° in abduction, and 22.4° in external rotation 
[31]. This high prosthetic stability is supported 
by the conclusions of a literature review done by 
Stroh et al. [32] that showed DM devices signifi-
cantly reduce the risk of dislocation, both in pri-
mary arthroplasty (0.1% for DM vs. 2–7% for 
fixed inserts) and in revision surgery (3.5% for 
DM vs. 10–16% for fixed inserts). Since the early 
2000s, improved DM implant designs have 
allowed a different assessment of the risk–benefit 
ratio, therefore creating potential new indications 

Fig. 7.2 LDH delta ceramic with the monoblock Maxera 
acetabular component
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for this DM solution [33]. The current implants’ 
outer shell coatings now have optimized surfaces 
for bone fixation, resulting in comparable loosen-
ing rate to their fixed insert counterparts [34]. 
Second, better cup designs, smooth and round 
femoral necks, improved mechanisms for reten-
tion of the head in the mobile polyethylene liner, 
and new-generation polyethylene have almost 
eliminated the complication of intra-prosthetic 
dislocation (seen with early implants) and mini-
mized wear. These improvements are expected to 

continue in the long term, as well as for young 
and active subjects. Should we then endorse the 
extension of indications for DM to most of our 
THA patients? [35]

Encouraging early results, given this back-
ground of expanded indications, was presented at 
the 2015 EFORT congress (Prague). A total of 
747 primary hips in 661 patients aged less than 
55 years had excellent clinical results with mean 
Harris Hip Score scores of 93.4 points and a sur-
vivorship at 12.7 years with all-cause revision at 

a b

c d

1

2

3

Fig. 7.3 The three articulating surfaces in DM cups: (a, 
b) demonstrate these three bearings as the large one (a.1) 
between the PE liner and metallic shell, the small one 
(a.2) between the femoral head and liner, and the so- 
called third articulation (a.3) between the femoral neck 

and the PE liner. (c) Illustrates the rotation of the PE liner 
upon contact with the femoral neck, while (d) shows the 
relationship during movements between the femoral neck, 
on the one hand, and first the liner, and second the rim of 
the metallic shell, on the other

W. G. Blakeney et al.
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98.9% (0.976–1), with only three revisions (one 
early cup migration at 10 days, one neurotrophic 
pain at 2  years, and one anterior soft tissue 
impingement at 3 years). There was no disloca-
tion, no instability, no loosening, no osteolysis or 
noticeable wear, and especially no intra- 
prosthetic dislocation. A final element in the 
assessment of DM versus fixed insert bearings 
concerns the medico-economic aspect of this 
prosthetic option. Rehospitalizations for hip dis-
locations (even closed reduction), or for revisions 
in case of recurrent instability, have a significant 
overall cost in the national health budget. A 
recent French, national-level socioeconomic 
modeling (sample of 80,405 patients) looking at 
the comparative costs of these instability epi-
sodes, compared DM with fixed insert cups. They 
concluded that 3283 dislocations would be 
avoided per 100,000 patients if DM components 
were systematically used, with a potential annual 
gain for 140,000  prostheses of 39.6 million Euros 
[36]. What was demonstrated in France would 
probably be similarly observed on an interna-
tional scale.

7.6  LDH THA Summary

LDH THAs either with monobloc or dual- 
mobility femoral head have proven highly valu-
able in reducing the risk of dislocation. The 
supraphysiologic arc of motion provided by the 
large head–neck ratio makes it a forgiving proce-
dure, leaving some room for imprecision by the 
surgeon and for suboptimal functional acetabular 
orientation, resulting from abnormal lumbo- 
pelvic kinematics. It may also permit a better 
reproduction of individual hip anatomy (femoral 
offset and leg length) for more physiological peri-
prosthetic soft tissue tension that would likely 
favor more natural joint kinematics and optimize 
functional outcomes and patient satisfaction. 
Bilateral and outpatient procedures are simplified. 
It allows unrestricted ROM and return to usual 
activities and vocation. There is evidence that 
patients return to a more normal gait and have a 
greater ROM than conventional THAs. Patients 
often experience a much suppler hip, especially 

when preoperative contractures are present, with 
increased likelihood of having a forgotten hip. 
LDH THAs aim to better replicate normal human 
anatomy, which should lead to greater function 
and a more natural hip. Early results of LDH CoC 
bearings have been promising. Although there is a 
significant incidence of occasional squeaking, it 
does not appear to be bothersome to the patient. 
CoC LDH has a reduced risk of early and late 
instability due to bearing wear. LDH with dual-
mobility femoral head is also very attractive 
because it has a lower cost, it does not produce 
noise and it is not linked with fracture. With the 
recently reported low wear rate, DM could be 
considered for a larger proportion of our THA 
patients, keeping LDH CoC bearings for a 
selected group of young and active subjects.

 Case Example

A 40-year-old man, who had bilateral Perthes 
disease of the hips at a young age (Fig. 7.4), pres-
ents because of bilateral severe hip pain resistant 
to conservative treatment. He has worked as a 
fireman for the last 17 years and enjoys sporting 
activities like kayaking, cycling, and rock climb-
ing. He has had to stop all leisure activities a year 
ago and has been off work for the last 3 months. 

Fig. 7.4 Anteroposterior radiograph of the pelvis of a 
patient who had bilateral Perthes disease of the hips at a 
young age and secondary hip joint degeneration

7 Reproducing the Proximal Femoral Anatomy: Large-Diameter Head THA
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He would like to resume his normal life as soon 
as possible.

We offered him bilateral CoC LDH THAs, 
performed in one stage through our standard pos-
terior approach. Surgery was uneventful and took 
a total of 1  h 45  min including time to switch 
sides, with total blood loss of 450 cc (Fig. 7.5). 
The patient stayed in hospital for 2  days. No 
range of motion restrictions were imposed. He 
was full weight-bearing without walking aids by 
4  weeks and started stationary bike exercising. 
He resumed his work and leisure activities with-
out restriction after 4.5 months. At 5-years fol-
low- up, he is still very satisfied with his clinical 
results. He has heard some squeaking noise in his 
left hip on a few occasions but describes it as “not 
annoying.” He considers his right hip as a natural 
or forgotten hip and the left one as an artificial 
hip without limitations.
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