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SUMMARY

Total hip arthroplasty (THA) is one of the most successful surgical procedures in orthopedic
surgery. However, to date, instability remains one of the main causes of failure of the first im-
plant, leading to a high number of surgical revisions and causing serious discomfort for the
patient.

The dual mobility (DM) implant, designed in France by Prof G. Bousquet and Lng A. Ram-
bert in the 1970s, has shown excellent results in reducing the rate of prosthetic dislocations.
The first generation of dual mobility, however, was burdened by a series of complications
that limited its use in some categories of high-risk patients.

Over the years, the evolution of prosthetic design and the gradual improvement of materials
have made it possible to extend the indications of this type of implant to other categories
of patients.

In view of the advantages encountered with the use of dual mobility, this could represent a
valid strategy to be adopted in hip prosthetic surgery.

Key words: primary total hip arthroplasty, dual mobility, dislocation, hip instability, high-
risk patient

Introduction

Total hip arthroplasty (THA) is considered one of the most successful surgeries
in orthopedics as it offers a significant improvement in pain and joint function by
improving the quality of life of patients '. With the increase in life expectancy, it
is estimated that the number of patients who will undergo prosthetic replacement
surgery will increase exponentially >*. Despite advances in surgical techniques
and implant designs, prosthetic instability is one of the main causes of failure of
this surgery. The dislocation rates after primary THA range from 2 to 4% 5 and at
present represents the first or second most frequent indication for revision surgery
involving serious burden for the patient and an increase in healthcare costs ¢”.

In consideration of the progressive increase in the number of annual implants, it
is of fundamental importance to reduce or try to prevent this type of complication
by adopting systems that are capable of offering greater stability and longevity of
the implant.

In recent years, the use of dual mobility implants has gained increasing popularity
and interest from the scientific community as a possible strategy for the reduction
and prevention of prosthetic instability.
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History of dual mobility

The concept of dual mobility (DM) was invented in 1974

by Prof. Gilles Bousquet of the University Hospital of Saint

Etienne and Lng. André Rambert 8, and is based on two funda-

mental principles:

e the Charnley principle which recommends the use of a
significant thickness of polyethylene and femoral head of
22.2 mm to reduce wear due to high friction torque (low
friction);

e the McKee-Farrar principle which involves the use of a
large diameter femoral head to reduce the risk of disloca-
tion and instability of the prosthesis (Fig. 1).

Combining these two, in some ways contrasting ideas, a du-

al mobility cup (DMC) is composed of a small femoral head

(22.2 or 28 mm), a polyethylene mobile dome insert equipped

with an internal retentive edge for the head, and a fixed external

metal acetabular cup.

In this system, it is therefore possible to recognize two joints:

* the first joint between the head and the polyethylene in-
sert that guarantees 80% of the articular range of motion
(ROM);

e the second joint between the insert and the acetabular cup
which occurs when the neck of the femoral stem comes into
contact with the margin of the insert and ensures greater
stability of the implant at the highest degrees of ROM.

Subsequent studies have shown that, at the extreme degrees of

ROM, there is contact between the neck of the femoral stem

and the retentive edge of the polyethylene. This feature, which

generates a further minimal movement, was described by Noy-

er in 2003 as the third articulation ° (Fig. 2).

In this way, the head-PE complex theoretically works like a

large femoral head, increasing the jumping distance or the dis-

tance to overcome to cause dislocation (Fig. 3).

Figure 1. Professor Gilles Bousquet and Engineer André
Rambert invented the dual mobility concept.
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Figure 2. The three articulating surfaces in dual mobili-
ty cup: the first articulation (A), the second articulation
(B), and the third articulation (C) that act as a large di-
ameter head.

Figure 3. Jumping distance is the degree of lateral
translation of the femoral head center required before
dislocation occurs.

Originally, the DMC was made up of a 22.2 mm metal head
articulated with a linear polyethylene component, articulated
in turn with a spherical-shaped acetabular cup in aluminum
coated stainless steel (AI203) with a fastening system three-
point, with two cone-morse pegs towards the pubic and ischial
branches and an iliac bicortical screw, designed to improve the
primary stability of the cup (Fig. 4).

Although the first generation of DM had shown promising re-
sults, ensuring an increase in implant stability in cases with a
high risk of dislocation '°, an exclusive complication of this type
of implant was intraprosthetic dislocation (Fig. 5). This compli-
cation was due to the degeneration of the retention margin of the



Figure 4. Original design of first generation of dual mo-
bility cup.

polyethylene insert. The consequent contact between the metal
prosthetic head and the cup led to the development of an adverse
reaction with the formation of metallosis and rupture of the pol-
yethylene leading to a mechanical failure of the prosthesis. The
severity of this potential complication explains why the interest
and use of this type of implant was initially limited. Subsequent
studies have identified the cause of this problem in contact wear
between the rough femoral neck of some types of prosthetic
stem and the retentive margin of the insert *'""'2,

To reduce this wear, changes have been made in subsequent
generations of DMC: the retentive edge of the polyethylene
insert has been chamfered, the acetabulum cup has been rede-
signed with a coverage angle greater than 180°, and in some
cases polyethylene has been enriched with vitamin E in order
to reduce the degradation processes due to oxidation. In addi-
tion, the DMC have been associated more with femoral stems
with a thinner and polished collar so as to reduce damage to
the third joint (Fig. 6). Thanks to these improvements, the in-
traprosthetic dislocation rate in the new generations of DMC
have drastically dropped compared to the past >4,

This entailed that while the first generation was mainly used
in France, the continuous evolution of these implants and the
encouraging results of subsequent generations have favored a
global growth of scientific interest in this solution even outside
French borders, as demonstrated by the growing number of pub-
lications in literature over the course of the last decade '* (Fig. 7).

The role of dual-mobility in primary total hip arthroplasty

Figure 5. A case of intraprosthetic dislocation as a com-
plication of dual mobility implant.

——&
Figure 6. New highly cross-linked polyethylene with
chamfered retentive edge.

The excellent results of the DM concept have led over the years
to develop other engineering solutions to obtain dual mobility
systems using traditional cups. CrCo inserts are installed in the
standard cups able to accommodate polyethylene domes so as
to combine the potential advantages of standard cups (the use
of screws, the coating materials that allow excellent primary
and secondary stability) with the concept of dual mobility.
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Figure 7. Distribution of published articles on the dual
mobility cup according to publication year.

Dual mobility for primary total hip arthroplasty

An analysis of the literature shows that the average percent-
age of dislocation after primary THA is 2.10% (range 0.12-
16.13%) 'S. Instability after primary hip arthroplasty is a
multifactorial phenomenon related to non-modifiable patient
characteristics such as: anatomical morphologies, abductor
muscle deficit, spino-pelvic rigidity, neurological and psychi-
atric disorders; variables dependent on the surgeon such as the
choice of surgical access and type of implant, operator’s expe-
rience, and positioning of the prosthetic components.

One of the most important modifiable factors is the correct po-
sitioning of the acetabulum cup. In 1994, Lewinnek described
the so-called “Safe Zone” by observing a reduction in the risk
of dislocation for the acetabular cups positioned with an incli-
nation angle of 30°-55° and an anteversion angle of 10°-20°.
However, even with the cup positioned within this safety zone,
the THA that undergoes dislocation is not negligible 7, repre-
senting the reason for 14.5% of hip replacement surgeries in
the US in 2019 6.

To reduce the dislocation rate, one strategy has been to use
larger diameter femoral heads (LDH). This was also possible
thanks to the improvement in the quality of the polyethylene
which allowed the use of increasingly larger heads up to diam-
eters of 36 mm and in addition to the detriment, however, of
lower insert thicknesses, creating doubts about the longevity
of these implants.

The metal-to-metal hip prosthesis allowed the use of large di-
ameter femoral heads; however, this type of implant was bur-
dened with a high, unacceptable short-to-medium term revision
rate. When a femoral stem associated with a large diameter
metal prosthetic head was used, the so-called ARMD (Adverse
Reaction to Metal Debris) often developed due to the accu-
mulation of metal ions (metallosis from cobalt and chromium)
and debris (debris) to level of peri-prosthetic tissues. The met-
al-metal coupling can therefore be used, with very precise and
accurate indications, only with the resurfacing technique.
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Dual mobility represents a valid alternative to be able to use
large diameter prosthetic heads. This means that, compared to
conventional implants, the DM cups have an improved range
of motion of 30.5° in flexion, 15.4° in abduction, and 22.4° in
external rotation, while maintaining good implant stability.
The increased ROM allows for fewer restrictions on move-
ments and post-operative activities, resulting in better patient
satisfaction. This type of implant, in fact, compared with a con-
ventional implant, has shown excellent results in the short-me-
dium term.

Epinette et al. analyzing 143 DM implants vs 130 convention-
al implants in a prospective study with 4 years of follow-up
showed 0% dislocation for DM versus 5.4% for conventional
ones '8,

Caton et al. in a case-control study comparing 105 DM against
215 conventional ones at 10 years of follow-up, reported a
dislocation rate of 0.9 vs 12.9% and a revision rate of 2.1 vs
12.9% *.

Pituckanotai et al. in a meta-analysis comparing DM and
standard THA with large diameter femoral heads found a low-
er 5-year overall dislocation and revision rate for dual mobility
implants 2.

Dual mobility in femoral neck fractures

Replacement arthroplasty is the treatment of choice in dis-
placed femoral neck fractures, as it allows for rapid mobili-
zation and early loading. Although partial hip replacement is
associated with shorter operating times and reduced post-op-
erative blood loss compared to total replacement, total hip re-
placement allows for better functional results with higher Har-
ris Hip Score values ..

The guidelines of the British National Institute for Health and
Excellence in Care (NICE) recommend total hip replacement
over hemiarthroplasty in patients without cognitive impair-
ment who are able to walk outdoors even with aids *.

THA performed for femoral neck fracture treatment is, howev-
er, known to be characterized by a high rate of secondary in-
stability due to a combination of muscle failure and propensity
for accidental falls %.

The risk of prosthetic dislocation is in fact up to 3.8 times high-
er than in total hip replacements on coxarthrosis >, and is the
main cause of revision of THAs on fractures ».

The use of a dual mobility implant in this type of patient could
represent a valid option to prevent postoperative dislocation.
Although studies in the literature are often limited by short fol-
low-up times and non-homogeneous populations due to mor-
bidity, the data show favorable functional and clinical results
with a low rate of dislocation, especially in patients with oth-
er risk factors for instability. On the other hand, no difference
was found in the incidence of other complications such as in-
fections or periprosthetic fractures. Darrith et al. in a review
of 554 THA with DM cups on femoral neck fracture, found a



survival rate of 97.8% at 16 months and a dislocation rate of
2.3% B. This data was also confirmed by a recent meta-analysis
analyzing 7189 THA DM on fracture, which showed a disloca-
tion rate of 1.5% and intraprosthetic dislocation of 0.04% after
an average follow-up of 30 months *.

In addition to the treatment of the intracapsular femoral neck
fracture, the DM may represent an option for prosthetic con-
version following a failure of internal osteosynthesis for ext-
racapsular fractures. The severe bone deficit after removal of
the means of synthesis and the advanced cognitive impairment
typical of these patients contributes to a high degree of post-op-
erative instability. There is, at present, some data from a French
series suggesting that the dual mobility implants could reduce
the dislocation rate in this particular indication *"-%.

Dual mobility in neurological and psychiatric
disorders

Hip pathology in patients with neuromuscular disorders has
always represented a challenge for the orthopedic surgeon.
Congenital and acquired pathologies during developmental age
such as cerebral palsy, myelomeningocele, or poliomyelitis in-
terfere with normal joint development, resulting in dysplasia
with subluxation of the hip *.

In adult neurological pathologies, such as Parkinson’s disease
or multiple sclerosis, the problem to be faced is the imbalance
of muscle groups on a spastic-contractural basis. In addition,
many of these conditions are characterized by impaired bal-
ance during walking with an increased risk of falls. For these
reasons, there is a particularly high risk of prosthetic disloca-
tion in patients with neurological disorders.

Since the first generation, DM recognizes in this category of
patients the most classic of its indications by exploiting its anti-
luxant potential with fewer problems related to the wear of pol-
yethylene due to the reduced functional demands of patients *'.
Ryu et al. in a prospective study analyzing the use of DM for
femoral neck fractures in patients with neuromuscular disor-
ders found no significant differences in the dislocation rate
compared to dual mobility in the control group *.

Lazennec et al. in a retrospective study analyzing 59 patients
with Parkinson’s disease undergoing total hip replacement
with dual mobility for hip osteoarthritis found satisfactory me-
dium-term results consistent with the progression of the un-
derlying disease *. In patients with neuromuscular disorders,
DM is thus confirmed to be a valid treatment option when hip
replacement is indicated.

Dual mobility and spino-pelvic relationships

Recent research has focused on the influence of spinopelvic
mobility and the inclination and anteversion of the acetabular
component in the hip prosthesis. The movement from stand-
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ing to sitting is normally accompanied by the posterior tilt of
the pelvis, thus allowing the acetabulum to open to release the
hip 33

Reduced spinal mobility leads to limited posterior pelvic tilt
(APT) when passing from standing to sitting, with a reduction
in acetabular anteversion and possible anterior impingement.
A kyphotic spine with spinal imbalance with a PI-LL index
> 10 during the standing position is compensated by increasing
the posterior pelvic tilt. This leads to an increase in acetab-
ular anteversion in an upright position and therefore to pos-
sible posterior impingement. In a consecutive series of 1000
patients, Esposito et al. showed that reduced spino-pelvic mo-
bility is related to a significant rate of prosthetic dislocation .
Based on these principles, Stefl et al. determined the position
of the acetabular component of 160 THA based on preopera-
tive spinal mobility ¥'.

However, patients suffering from degenerative pathologies of
the spine with an anteversion change of less than 5° between
standing and sitting are considered to be at high risk of disloca-
tion even with perfect positioning of the acetabular component.
According to Stefl et al., these patients should be candidates for
a dual mobility implant ¥'.

Criticism of dual mobility

One of the major criticisms of dual mobility implants concerns
the longevity of the implant with particular attention to early
wear of polyethylene. The degree of resistance of polyethylene
was studied using stereometric analysis techniques by a French
team which found no differences in the degree of wear of the
polyethylene of the dual mobility cups compared to that used
in conventional cups *.

Adam et al. analyzed the degree of wear of 40 dual mobility
cup inserts and found no significant differences from the in-
serts used in metal-polyethylene couplings with 22.2 mm di-
ameter femoral heads of conventional cups *.

Another aspect to consider is the survival of the implant. Asep-
tic loosening is one of the most common causes of revisions
of dual mobility cups. The excessive ROM characteristic of
these implants can lead to impingement phenomena with an
impact on the acetabular cup and consequently its early mobi-
lization *°.

In a retrospective study, Cypres et al., analyzing 244 DMC
implants with cementless femoral stems, reported excellent
functional results with an acetabular cup survival of 95.9% and
femoral stem survival of 99.1% at 10-year follow-up*'.

The studies in the literature therefore allow us to state that dual
mobility does not mean double wear or lower implant survival.
Another aspect to consider, no less important, is that of the
costs associated with this type of implant. Dual mobility has
higher costs than conventional systems. However, re-hospi-
talization for dislocations or for surgical revisions in case of
implant instability is associated with significantly higher costs
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than with a conventional primary implant. Epinette et al. eval-
uated the cost-benefit ratio in a probabilistic analysis with a
relative risk of prosthetic dislocation of 0.4 in dual mobility
implants compared to conventional ones, reporting actual eco-
nomic savings estimated at tens of millions of euros per year.
This data observed in France can obviously be reported inter-
nationally 2.

Evolution of indications

Due to the limitations of the first generation, traditionally DM
as a first implant was considered only for certain categories of
patients at high risk of dislocation .

Increasing the survival of the new generations of dual mo-
bility implants *', their superior ROM *, and greater stability
have recently favored the extension of the dual mobility in-
dication to further categories of previously excluded patients
such as young adults. In recent years, the average age of pa-
tients who undergo prosthetic surgery has been decreasing.
It is estimated that in 2030 52% of primary hip replacements
will be implanted in patients under 65 years of age. As a
result, the number of prosthetic revisions is expected to in-
crease dramatically .

Bayliss et al., in an article published in The Lancet, introduced
the concept of ‘lifetime risk’ or the cumulative probability over
a lifetime of undergoing surgical revision after prosthetic sur-
gery. The estimated lifetime risk, in patients over 70 years of
age, is around 5% and decreases with advancing age.

For younger patients between the ages of 50 and 54, this risk
is estimated to be much higher, reaching up to 29%. In this
scenario, the orthopedic surgeon should postpone this type of
surgery as long as possible and possibly choose implants that
guarantee stability and long survival. Given these assumptions,
the use of DM would seem to represent a valid option in this
type of patient. Recent studies are showing excellent results in
the short to medium term.

Rowan et al., in a retrospective cohort study, reported excellent
results in preventing the instability of dual mobility implants
compared to conventional ones in a population of patients less
than 55 years at 3 years of follow-up.

Assi et al., in a recent study of 60 primary implants in patients
under the age of 55 with very high functional demand, reported
no episodes of atraumatic dislocations, no aseptic loosening,
and no radiographic signs of periprosthetic bone resorption at
70 months ¥7.

Another category of patients who can benefit from a dual mo-
bility implant are obese patients. Numerous studies in the lit-
erature report a dislocation rate in primary implants that is 3.7
times greater than in the normal population in patients with a
high BMI. One of the reasons to explain this is that the increase
in the circumference of the thigh causes impingement and a
potential dislocating force on the prosthesis. In fact, during hip
adduction, a lateral force is generated due to thigh-thigh con-
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tact, which acts by pushing the head of the femur out of the
cup, compromising joint stability *8.

Hernigou et al. in fact, observed a significant decrease in the
7-year dislocation rate in cases where a constrained insert or
DM cups were used (2%) compared to traditional THA (9%) ¥.

Conclusions

Given the increase in the number of primary THA implants,
the problem of prosthetic instability is destined to assume a
growing impact in the coming years. Since its origins, dual
mobility has allowed a reduction in the prosthetic dislocation
rate compared to conventional implants. For decades, this
type of implant has, therefore, represented the gold standard
for hip prosthetic surgery in patients at high risk of instability.
Improvements in prosthetic design and materials have made it
possible to put an end to the problems of the first generation
of dual mobility cups. Overcoming the skepticism of the first
implants and the intrinsic characteristics of dual mobility, such
as increased ROM and excellent stability, has therefore extend-
ed its use even beyond the more classic indications. Added to
this is the proven economic benefit related to the low revision
rate due to the instability of dual mobility systems. The “Dual
Mobility for All” option could be considered a good solution
to prevent prosthetic instability in the first implant and improve
the quality of life of patients. The excellent short to medium
term results of dual mobility used in young patients with high
functional demands and in other categories of patients, how-
ever, are not substantiated by long-term follow-up. Therefore,
further studies are necessary to confirm the validity of this type
of implant in hip prosthetic surgery.
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