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Abstract: Background/Objectives: The stability of dual mobility (DM) total hip arthroplasty
(THA) is often attributed to reduced impingement incidence and a superior range of motion
(ROM) compared to the corresponding values when standard implants are used. However,
few studies have directly explored this. Thus, the purpose of the present study was to
compare the incidence of impingement and the range of motion between standard and DM
acetabular cups, whose diameters are suited to the same patient anatomy. Methods: One
standard and two DM implants were virtually implanted into a pelvis using a previously
developed geometric model. Joint motions, which were representative of seven dislocation-
prone activities of daily living (ADLs), as well as walking, were applied to each device
type at a range of cup orientations (inclination/anteversion). Conclusions: There were no
placement positions that avoided impingement across all seven ADLs, regardless of cup
construct type. A similar impingement incidence and ROM were observed for standard and
DM constructs, although the consequences of impingement are potentially more serious
for DM devices (metal-metal contact) than for standard constructs (metal-polyethylene
contact). This finding contradicts the common notion that DM-THAs have a reduced
impingement incidence and superior ROM, instead suggesting that their stability may be
attributed to alternative mechanisms, such as increased jump distance.

Keywords: total hip replacement; dual mobility cup; impingement; geometric model

1. Introduction

Dislocation is the leading cause of early (<1 year) aseptic revision for total hip arthro-
plasty (THA), accounting for over 20% of early failures in the United States [1,2]. Dislocation
is defined as a complete and permanent loss of contact between the bearing surfaces, as
opposed to subluxation, which is partial and temporary. Dislocation may be influenced
by several factors relating to the patient (e.g., soft tissue tension and patient activities),
the implants (e.g., range of motion and head—neck ratio), and the surgical process (e.g.,
component orientation). A known risk factor for dislocation is impingement, i.e., the
presence of abnormal contact between the bony and prosthetic interfaces, which provides
the femoral head with a mechanism to lever out and potentially subluxate or dislocate. The
posterior dislocation (anterior impingement) of the head is the most common mode of hip
dislocation, which can occur during activities such as sitting or squatting [3,4].
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Revisions that are secondary to dislocation are associated with poorer patient outcomes
and pose a significant economic burden to healthcare systems [5]. Several acetabular
components have been deployed to reduce the incidence of dislocation, including dual
mobility (DM) constructs. DM-THAs feature an unconstrained polyethylene liner, which
encapsulates the femoral head and freely rotates, thus forming a secondary articulating
surface between the liner and the shell. By mobilizing the liner, the effective head size of
the DM bearings is increased when compared to standard (unipolar) implants, therefore
increasing the construct’s jump distance and overall stability. Several reports suggest
that DM-THAs also offer a greater range of motion (ROM) in relation to impingement in
comparison to standard implants [6,7]. However, this topic has not been well explored
through comparative analyses, and it is not clear whether DM implants truly offer a
superior range of motion relative to standard devices when both are dimensionally suited
to the same patient anatomy:.

The usage of DM-THAs has been steadily increasing in primary, trauma, and revision
settings across the globe [1,2,8]. In the United States, DM constructs are utilized in 7.5%
and 17.9% of all primary and revision procedures, respectively, and account for over one-
third of revisions indicated for dislocation [2]. Although some reports suggest DM-THAs
have promising survivorship rates and a reduced incidence of dislocation [9,10], recently
published joint registry data and large-cohort clinical studies paint a more mixed picture,
with similar aseptic revision and dislocation rates being identified between standard and
DM devices [2,11,12]. This may explain the recent emergence of large-diameter (>40
mm) constructs and the steady decline in the number of DM-THAs in the United States
since 2021 [2]. However, clinical outcomes may be confounded by patient selection, and
dislocations successfully treated with closed reduction are not always captured in clinical
reports, which often use revision as the only metric to measure implant failure. Due to
these conflicting reports, the survivorship and stability of DM-THAs compared to standard
implants are uncertain.

The purpose of the present study was to use geometric modeling to compare the
impingement incidence and ROM of modular DM and standard acetabular cups for unce-
mented total hip arthroplasty, with the outside diameter of each cup being suited to the
same patient pelvic anatomy. To this end, each of the cups was subjected to a series of joint
motions that arise from typical activities of daily living; additionally, a wide range of cup
orientations were used, including those which are clinically relevant.

2. Materials and Methods
2.1. Components

Components based on the geometries of the Pinnacle® THA system (DePuy Synthes;
Raynham, MA, USA) were modeled using a commercially available computer-aided design
(CAD) software package (SOLIDWORKS 2022; Waltham, MA, USA). Three uncemented
acetabular cup combinations, including one standard and two modular DM devices, were
considered, which were dimensionally suited for the same size of acetabulum (Figure 1).
The standard implant featured a 52 mm outer diameter (OD) shell, a 32 mm inner diameter
(ID) neutral polyethylene liner, and a 32 mm OD femoral head (32/52STD). The DM
implants comprised the following: (a) a 52 mm OD modular shell with a 45 mm ID metal
liner insert, a 45 mm OD/22 mm ID polyethylene mobile bearing, and a 22 mm OD femoral
head (22/45/52DM); and (b) a 54 mm OD modular shell with a 47 mm ID metal liner insert,
a 47 mm OD/28 mm ID polyethylene mobile bearing, and a 28 mm OD femoral head
(28/47/54DM). All components were paired with a collarless Corail® size 12 femoral stem.
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Figure 1. Schematic illustrating the three device types analyzed in this study—32/52STD,
22/45/52DM, and 28/47 /54DM.

2.2. Geometric Modeling

The components were virtually implanted into a previously developed CAD model
of a hemi-pelvis and femur of a male subject [13]. The femoral stem was positioned to
conform with the native geometry (i.e., the alignment of the femoral stem axis with the
axis of the native femur), and the prosthetic head was aligned to the center of the native
head. After the virtual reaming of the acetabulum to produce a hemisphere, the pelvis and
femur were then scaled to allow for the implantation of the 52 mm OD acetabular shells
and associated polyethylene liner (32/525TD) or metal liner insert (22/45/52DM). Further
reaming allowed for the implantation of the 54 mm OD acetabular shell with the metal
insert (28/47/54DM). The DM constructs were fitted with the appropriate mobile bearing,
with its front face being parallel to that of the metal liner. Femoral heads were then added.
Correct component positioning was confirmed by an experienced orthopedic surgeon.

Joint motions were applied to the model using kinematic data that had previously
been reported for seven dislocation-prone activities of daily living (ADLs), as shown in
Figure 2 [14]. Five of the ADLs were posterior-dislocation (or anterior-impingement)-
prone activities, which included bending to reach an object on the floor while standing
(STOQP), sit-to-stand from a low seat (SSL), sit-to-stand from a normal-height chair (SSN),
leg crossing while seated (XLG), and shoe tying while seated (TIE). The final two ADLs were
anterior-dislocation (or posterior-impingement)-prone activities, which included rotating
the upper body away while standing (PIVOT), as well as rolling over while in a supine
position (ROLL). These data were defined as the position of the femur relative to the pelvis
and therefore included motions of the pelvis during each activity. Joint motion that was
representative of a walking cycle (Figure 2) was also applied to the model, which was
derived from international testing standards for THA devices [15]. Joint motions were
applied to the model as angular displacements relative to the femoral head center through
three axes of motion—flexion (+)/extension (—), abduction (+)/adduction (—), and internal
(+)/external (—) rotation.
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Figure 2. Joint motions of each activity, which were applied to the geometric model in three planes of
rotation.

The model ran until either an impingement event occurred, at which point the motion
would cease and the type of impingement was determined and recorded, or until the activity
profile was complete. Impingement was identified using the “Interference Detection”
function in the CAD software package, which determined when overlap occurred in the
model and has previously been shown to detect low volumes (>1 mm?) of interference [13].
For each device type, the incidence of implant-implant, bone-bone, and implant-bone
impingement was assessed for each ADL (including walking) across a clinically relevant
range of acetabular cup inclination (30-70°) and anteversion (0-50°) angles in 5° increments.

It should be noted that impingement events vary between standard (unipolar) and
DM constructs. For the purposes of this study, the impingement of a standard construct
was defined as a single, immoveable stop, which involves contact between the femoral
neck and either the polyethylene liner or bone. However, in DM constructs, contact first
occurs between the femoral neck and the mobile polyethylene bearing, which is referred
to as femoral neck-mobile bearing contact in this study. Once engaged, the combined
construct moves to allow for further rotation; it is at this stage that impingement may
occur between the femoral neck and either the rim of the metal liner or the bone (Figure 3).
This study investigated femoral neck-mobile liner contact for the DM implants, as well as
impingement for all three constructs.

Mobile
bearing

Femoral
head

B

Femoral
neck

Figure 3. Dual mobility implant in a neutral orientation (A) and during the two types of contact
interactions which can occur—femoral neck-mobile bearing contact (B) and impingement (C).
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For each combination of construct, contact mode, and activity, a results matrix was
produced in an 11 x 9 format of inclination versus anteversion. To condense the ADL
results, summary matrices for each construct and contact mode pairing were produced
and compared. For each shell orientation, a number was assigned to the matrix based on
the number of ADLs for which a contact event of any sort occurred, ranging from zero
(no contact during any ADL) to seven (contact occurred in all seven ADLs). A heatmap
was applied to the resulting matrix to aid in the visualization of the data. Of interest, each
matrix had a shaded area representing the manufacturers’ instructions for implantation
(inclination 40—45°; anteversion 15-20°) and a broadened box for a more likely range
(inclination 35-50°; anteversion 10-25°), highlighting clinically relevant implantation an-
gles. The total number of impingement events within the shaded area was obtained for
each of the three constructs.

Simple ROM-to-impingement calculations were also made for each construct. These
were calculated in one plane across the thinnest axis of the femoral neck in order to
provide a theoretical maximum ROM for each device type, whereby no bony or soft tissue
constraints exist.

3. Results

The data associated with this paper are openly available from the University of Leeds
Data Repository [16].

3.1. Incidence of Impingement in Constructs

A total of 2376 cases were investigated, yielding 24 results matrices [16]. Examples for
four activities are shown in Figure 4.

The same general patterns of impingement were observed across all three constructs
during each activity. For the ADLs at risk of posterior dislocation (SSL, SSN, TIE, XLG, and
STOOP), four followed a similar pattern as was typified by TIE in Figure 3, whereby implant—
implant impingement was observed at the lower ranges of inclination and anteversion,
yielding no impingement as these ranges increased. The exception to this trend was STOOP,
whereby no impingement-free shell orientations were identified in any construct design.
Instead, implant-implant impingement was observed at lower inclination and anteversion
angles, which changed to either bone-bone impingement (32/525TD, 28/47/54DM) or
implant-bone (22/45/54DM) impingement as these increased.

The two ADLs associated with anterior dislocation (PIVOT and ROLL) had different
effects. PIVOT was generally impingement-free until the anteversion angle was increased
beyond 20°, in which case implant-implant impingement occurred. Alternatively, ROLL
had no impingement-free shell orientations and instead resulted in either bone-bone or
implant-implant impingement depending on component placement.

The application of standard gait to the constructs (Figure 5) indicated that impinge-
ment only occurred during a small number of shell orientations with extreme anteversion
angles that are not clinically relevant (>40°).

Of note, four activities (SSL, XLG, PIVOT, and walking) did not produce impingement
across the majority of clinically relevant shell orientations. However, this was not the case
for the remaining four activities (SSN, TIE, STOOP, and ROLL).
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a. 22/45/52 DM b. 28/47/54 DM c. 32/52 STD
| Radiographic Inclination || Radiographic Inclinati || Radiographic Inclinati ]
30)35/40|45/50(55)/60 (6570 |30|35/40(45)|50(55)60 (65|70 |30|35)40(45)50|55|60/65|70

STOOP
Radiographic Anteversion

TIE

Radiographic Anteversion

PIVOT
Radiographic Anteversion

ROLL
Radiographic Anteversion

Figure 4. Result matrices showing impingement for the standard and DM constructs during four
activities—STOOP, TIE, PIVOT, and ROLL. Cells are colored based on the type of impingement which
occurred—implant-implant (blue), implant-bone (gray), bone-bone (purple), or none (green). Each
matrix has a shaded 2 x 2 box, which represents the manufacturer’s instructions for implantation, as
well as a broadened, outlined 4 x 4 box, which represents a more likely range of implantation angles.

a. 22/45/52 DM b. 28/47/54 DM c. 32/52 STD

Radiographic Inclination Radiographic Inclination Radiographic Inclination

WALK
Radiographic Anteversion

Figure 5. Results matrices demonstrating the effects of a walking cycle on standard and DM constructs
with regard to impingement. Cells are colored based on the type of impingement that occurred—
implant-implant (blue) or none (green). No instances of implant-bone or bone-bone impingement
were identified.
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The summary matrices (Figure 6) show that there were no shell orientations that
avoided impingement across all ADLs, either for the standard or DM constructs. All
implants had a broad range of shell orientations, whereby impingement only occurred
in two or three ADLs (typically STOOP, PIVOT, and ROLL). However, the impingement
incidence was as high as five when considering only the clinically relevant shell orientations
(i.e., within the marked 4 x 4 boxes of the summary matrices). Interestingly, the color
gradients across all three summary matrices were comparable with no visually discernible
differences in their trends or patterns. Additionally, the sum of impingement incidents
within the clinically relevant range of shell orientations was about the same for all three
constructs (range: 64 to 65).

a. 22/45/52 DM b. 28/47/54 DM c. 32/52 STD

Radiographic Inclination Radiographic Inclination Radiographic Inclination
30[35/40(45(5055/60(65/70|(30(35/40(45|50/55(60(65/70||30(35/40/45|50)55/60(65)70
c 0 |6(6]|6[5|5|5|5|/4(4)||6|6|6|5|5[5|5[4|4||6]|6 5/5[5(4|4
-g 5 |6/6]15/5/5/5(4(4(4)||6]/615/5|/5/5|/4/4|4/||6]6 5(5(4/4|4
o 10 |6]15|5/5/514/3[3[3]||6]15]|5 513[3[3|3([6]5 DI 8333

e E 15 |5]15 SIBSIES 515 / 413|333 515 SHISAESAES
|52 [4]4 3|a@3[3|l4]4]2 2]3]3 414 33d3
< o 25 |[5]1514(313)J3(3[3]|3]||5]1514[3 Sl (E501E5 SIS [E]3
; S0 30 |5[3[3[3|3[3[3|3]|3[{4[3[3]3[3[3[3]|3[3]|[4]3 SEESAESAES IS
g 35 Bl BB BRI BB B (B1B1E1ENEBIE SR BS 33333
K<) 40 (BBl BlEIE B BBl Bl BE BB (B G333 3
S 45 |3/3|3[3]|3[3[3[3|3]||3[|3]3[3]3[3]3[3[3]||3]|3 SIS B!
| 50 [3[3][3[3]3[3]3[4]4]|[3[3]3[3[3][3[3]3]4][3]3 3[3[/3[3]4

Figure 6. Summary matrices demonstrating the frequency of impingement events across all ADLs
for the standard and DM constructs. Cells are colored based on the number of impingement events
that occurred across all seven ADLs investigated, ranging between 0, 1, and 2 (dark green), 3 (green),
4 (yellow), 5 (dark yellow), 6 (red), and 7 (dark red).

3.2. Incidence of Femoral Neck—Mobile Bearing Contact in DM Cups

A total of 1584 cases were investigated, yielding 16 results matrices [16]. Summary
matrices for DM femoral neck-mobile bearing contact are shown in Figure 7. For both
DM constructs, neck-mobile bearing contact occurred during all activities and shell orien-
tations, with the exception of XLG, at high inclination and anteversion angles. Similarly;,
femoral neck-mobile bearing contact occurred with most shell orientations during walking
(Figure 8), except in some low-anteversion orientations.

a. 22/45/52 DM b. 28/47/54 DM

Radiographic Inclination Radiographic Inclination

WALK
Radiographic Anteversion

Figure 7. Summary matrices demonstrating the frequency of femoral neck-mobile bearing contact
events across all ADLs for the DM constructs. Cells are colored based on the number of contact events
that occurred across all seven ADLs investigated, ranging between 0, 1, and 2 (dark green), 3 (green),
4 (yellow), 5 (dark yellow), 6 (red) and 7 (dark red).
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a. 22/45/52 DM b. 28/47/54 DM

Radiographic Inclination Radiographic Inclination

WALK
Radiographic Anteversion

Figure 8. Results matrices demonstrating the effects of a walking cycle on DM constructs with
regard to femoral neck-mobile bearing contact. Cells are colored based on the type of contact that
occurred—implant-implant (blue) or none (green). No instances of implant-bone or bone-bone
impingement were identified.

3.3. Range of Motion of Constructs

Comparable ROMs to impingement of 124.6°, 122.2°, and 123.4° were obtained for the
32/525TD, 22/45/52DM, and 28/47/54DM constructs, respectively.

4. Discussion

This study investigated the incidence of impingement in both uncemented standard
and modular DM constructs across a series of ADLs and shell orientations. The components
included in this study were dimensionally suited to the same patient, with the aim of
encapsulating the decisions a clinician might face when selecting the optimal implant for
a patient. After reaming, the acetabulum was scaled for an ideal shell size of 52 mm. If
a standard component was used, the clinician would likely opt for a 32 mm diameter
femoral head, hence the inclusion of the first construct option (32/52STD). If a DM device
was deemed necessary, a 52 mm acetabulum would only accommodate the 22/45/52DM
device, hence the inclusion of the second construct option. The slight over-reaming of the
acetabulum to 54 mm was considered to allow for a larger head size of 28 mm, hence the
inclusion of the third and final construct option (28/47/54DM). This study investigated a
broad range of inclination (30-70°) and anteversion (0-50°) angles, which are in line with
reported clinical evidence [17,18].

This study found no practical component positions that avoided impingement across
all dislocation-prone ADLs investigated in this analysis, regardless of device type. As
shown in Figure 5, a lower incidence of impingement was observed as inclination and
anteversion angles were increased above >45° and >20°, respectively, which agrees with
previous recommendations derived from clinical experience [19,20]. However, it is impor-
tant to note that this study considered impingement in isolation and did not account for
other factors that may be consequential effects of increasing shell inclination/anteversion
angles. For example, the excessive inclination of the acetabular component (>50°) is known
to increase the risk of edge loading and accelerate wear [21]. These conflicting requirements
emphasize the need to consider multiple factors when optimizing component placement.

This study also indicated that neck-mobile bearing contact in DM devices was likely
to occur during walking and all investigated ADLs, regardless of shell orientation. This
implies that the secondary articulation of DM constructs, between the mobile liner and
the metal insert, becomes engaged during these activities, at least initially, when the liner
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is neutrally positioned. This is consistent with DM philosophy that suggests that these
implants are likely to engage the outer bearing at greater ROMSs. This finding also supports
the known relevance of using stems with polished femoral necks in combination with DM
cups to reduce potential wear generation at this interface, which may lead to intra-prosthetic
dislocation [22,23].

Most notably, this study identified a similar incidence of impingement between the
standard and modular DM constructs included in this analysis. This may be explained
by the similar ROM between the implants, which becomes clear when the cross sections
are examined, as shown in Figure 9. Although DM constructs have a larger effective
head size, which would theoretically increase the ROM, the modular shells also have a
marginally higher profile, which counteracts this effect. This highlights the fact that while
monobloc DM devices may potentially offer a superior ROM relative to standard implants
of the same outer diameter, this may not translate to modular DM constructs, especially
in smaller sizes. Although a similar incidence of impingement was observed between
the two construct types, it is important to consider how their outcomes may differ. The
most common impingement interface identified in this study was implant-implant, which
results in contact between the femoral stem (titanium alloy) and the liner (polyethylene)
for standard devices. However, for DM devices, this would involve contact between the
femoral stem (titanium alloy) and the metal liner (cobalt-chrome alloy), the effects of which

are potentially more serious.

28/47/54 DM
(123.4°)

22/45/52 DM
(122.2°)

32/52STD
(124.6°)

Figure 9. Cross section of the 32/525TD Pinnacle polyethylene liner (gray) and the metal liner inserts
for the 22/45/52DM (blue) and 28/47/54DM (red) constructs.

Although a similar incidence of impingement has been observed between standard and
modular DM devices, this does not suggest that the stability of the implants is comparable.
The modular DM constructs assessed in this study have larger effective head sizes (45 mm
and 47 mm) than the standard construct (32 mm), therefore leading to an increased jump
distance and overall stability.

This study benefits from the use of a geometric model, whereby a wide range of
variables (3960 unique cases) was analyzed with fewer resources, a lower cost, and a
reduced time compared to experimental tests or finite element models. This study focused
on a limited set of ADLs, including five posterior dislocation-prone and two anterior
dislocation-prone activities. This limits the summary tables (Figure 5) such that anterior
dislocation-prone activities are not proportionally considered with respect to posterior
dislocation-prone activities. However, in some respects, this ratio is justified as it is reflected
in clinical outcomes, which report that posterior dislocation is more frequent [3,4].
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Three limitations of this study should be acknowledged. First, the activities were
only applied to one hip geometry and, therefore, results may change with different bony
anatomies. However, the predominant source of impingement was implant-implant,
which would be largely unaffected by bony anatomy, and the results were interpreted
comparatively. Second, the ADL activity profiles were derived from several healthy subjects,
thus giving no indication of the variability across a population [14]. However, the upper
age range of the subjects (44 to 59) encompassed that expected in an uncemented THA
population [1]. Furthermore, potential THA patients would likely have a reduced ROM
and level of activity; therefore, it would be unethical to expose them to dislocation-prone
activities. However, using healthy subjects potentially gave an indication of the aspirational
level of the activity of post-THA patients. Third, the model focused solely on impingement
and did not consider other factors, such as surrounding tissues, joint contact forces, joint
stability, and implant damage secondary to impingement. As such, the results of this
analysis should not be interpreted in isolation and, instead, should be used to assess the
relative differences between devices. We have not modeled the instability of the joint,
which is clearly important when deciding on component position; therefore, our findings
cannot be used to guide implant placement. Despite these limitations, this methodology is
a simplistic and effective tool that can be used to compare the likelihood of impingement
in different THA constructs. In principle, the model could be applied to different bone
geometries and input parameters to evaluate a wider range of clinical scenarios.

5. Conclusions

No shell orientations were identified that avoided impingement across all dislocation-
prone ADLs investigated in this analysis, regardless of component type. A lower impinge-
ment incidence was observed as the shell was moved to higher inclination and anteversion
angles, toward the upper limit of manufacturers’ recommendations. However, this does
not consider other factors such as edge loading and component wear, which may oc-
cur as the cup angle increases, therefore highlighting that ideal component placement is
a compromise.

Consistent with DM philosophy, femoral neck-mobile bearing contact occurred for
all activities investigated, including walking, which suggests that the secondary bearing
between the mobile liner and shell becomes engaged at least initially.

Finally, this study identified a similar incidence of impingement and ROM between
one standard and two modular DM constructs, which were dimensionally suited to the
same pelvic anatomy (i.e., they had a comparable shell OD). This highlights that the
common notion that DM devices provide a superior ROM relative to standard implants
may not apply in modular DM constructs, suggesting that their enhanced stability may
be related to alternative mechanisms, such as increased jump distance. In addition, the
consequences of impingement are potentially more serious for DM devices (metal-metal
contact) than for standard constructs (metal-polyethylene contact). Further investigations
are recommended to explore the relationships between DM constructs and the incidence
and consequences of impingement, which may be facilitated through clinical studies,
retrieval analyses, experimental studies, and computational studies.
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