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Early aseptic loosening is caused by deficient osteointegration of the femoral
stem due to increased micromotions and represents a common mode of failure in
uncemented total hip arthroplasty (THA). This study hypothesized that a higher
femoral offset, a smaller stem size and obesity increase femoral micromotion,
potentially resulting in early aseptic loosening. A finite element analysis was
conducted based on computed tomography segmented model of four patients
who received a THA with a triple-tapered straight stem (Size 1, 3, 6). The
influence of femoral stem offset (short neck, standard, lateral), head length (S to
XXL), femoral anteversion and obesity during daily activities of fast walking and
stair climbing was analyzed. The micromotions for the femoral stem zones were
compared to a threshold representing a value above which only partial
osseointegration is expected. The minimum femoral offset configuration
compared to the maximum offset configuration (short neck stem, S head vs.
lateral stem, XXL head) leads to a relative mean micromotion increase of 24% for
the upper stem zone. Increasing the body weight (body mass index 30-35 kg/m?)
increases the micromotion by 20% for all stem zones. The obese population
recorded threshold-exceeding micromotions for stem sizes 1 and 3 for all offset
configurations during stair climbing. Higher femoral offset, a smaller stem size,
and higher loading due to obesity lead to an increase in micromotion between the
prosthesis and proximal femur and represent a risk configuration for impaired
osseointegration of a triple-tapered straight stem, especially when these three

factors are present simultaneously.
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1 | INTRODUCTION

Femoral failures account for more than one-third of all early revisions in
primary total hip arthroplasty (THA), with femoral-sided aseptic loosening
representing the third most common mode of failure after instability and
infection.! Whereas in long-term polyethylene wear is mainly held
responsible for osteolysis with secondary loosening, early aseptic
loosening is caused by deficient osseointegration on the femoral stem.1™3

The stability, or the lack of it, is commonly measured as the
amount of micromotion at the interface between the bone and the
stem under physiological load.* Large interfacial micromotions reduce
the chance of osseointegration, and cause the formation of a fibrous
tissue layer at the bone-implant interface,®> which may eventually
lead to early loosening and failure of the arthroplasty.

The threshold of micromotion, above which a fibrous tissue layer
forms, remains unclear. However, a systematic review® showed that
interfacial micromotion above 30 pm results in partial ingrowth,>”8
whereas micromotion exceeding 50-150 um completely inhibits
bone ingrowth.>%?

Demographic risk factors such as high body mass index (BMI)'° and
young age'® have been described as risk factors of early aseptic
loosening due to higher load on the THA. An association between aseptic
loosening and lateralized stem-design has been described by Cantin

.12 .22 reporting symptomatic

et al.™ and partially confirmed by Courtin et a
radiological abnormalities for young patients (<70 years) and small
lateralized stems sizes. However, the understanding of why these clinical
observations lead to potential early aseptic loosening remains unclear.
This study analyzed the influence of stem osseointegration in
cementless THA with a finite element method analyzing the femoral
micromotion in different implant combinations for different load
conditions. We hypothesized that (1) a higher femoral offset, (2) a
smaller stem size, (3) obesity, and (4) higher anteversion of the stem
increase femoral micromotion, potentially resulting in early aseptic

loosening.

2 | METHODS
2.1 | Study population

Four patients were selected from a different THA study cohort,
fulfilling the following criteria: (1) standard straight, rectangular, triple
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tapered cementless stem with 80 um hydroxyapatite (HA) coating
(Quadra H, Medacta International SA); (2) preoperative planning with
a canal filling, press-fitted femoral stem®* (stem and head size) was
achieved intraoperatively and the postoperative stem alignment did
not differ from the planning; (3) symptom-free and radiologically
unremarkable at clinical follow-up 5 years postoperatively; (4) a
computed tomography (CT) scan was available. The selected study

population is shown in Table 1.

2.2 | Model setup

Based on the available CT, image segmentation was performed as
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described in previous publications
(Version 24.0, Materialise NV, Leuven, Belgium). To reduce metallic
artifacts in the implant bone interface the cortical bone structure of
the proximal femur and the femoral stem were segmented
individually (Figure 1A,C). A Matlab toolbox'” based on the rigid

1819 was used to perform a three-

iterative closest point algorithm
dimensional (3D) registration of the segmented femoral stem and
replace it with the corresponding 3D model provided by its
manufacturer Medacta (Medacta International SA) to obtain a
smooth model surface for an improved mesh quality (Figure 1C).
The 3D models of the femoral stem and the cortical shell were
imported into Spaceclaim (2020.R2; Spaceclaim Corporation),
where a Boolean subtraction was performed between cortical shell
and stem to create a cancellous bone volume (Figure 1B). The
proximal femur was resected at a length of 180 mm to reduce the
required computing power (Figure 1A,D).

2.3 | Simulated factors of interest

To investigate the influence of femoral offset in cementless THA on
micromotions, the implanted femoral stem was altered based on the
configurations in Tables 1 and 2. Femoral offset was defined as
horizontal stem offset plus horizontal head offset and increases
with increasing stem size and head length (Tables 2 and 3). To
simplify the calculations, the initially planned prosthesis size
was left in place and the force vector at the prosthesis taper
was shifted accordingly to Table 3 to test different stem and head
length configurations (Figure 2B). For each patient the planned,

TABLE 1 Study population overview.
Age Sex Weight  Height BMI
Patient (ID) (years) (M, F) (kg) (cm) (kg/m?)
1 80 M 85 175 27.8
2 64 M 90 173 30.1
3 57 F 73 160 28.5
4 42 F 92 170 31.8

Femoral Bone-stem contact
Side Femoral component anteversion (°)  area (mm?)
Right Quadra H 6 LAT, L 14 6813
Right Quadra H 3 STD, L 8 5941
Right Quadra H 1 SN STD, M 22 4777
Right Quadra H 3 LAT, M 20 5749

Note: Femoral anteversion was measured according to Stem et al.*® Bone-stem contact area in mm? was measured in the developed model.
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(B)

FIGURE 1 Model setup (D) showing cortical shell (A) retrieved by CT-segmentation, followed by cancellous volume (B) created by Boolean
subtraction between segmented prosthesis stem and cortical shell. To improve meshing quality the segmented stem was replaced with the
original three-dimensional model of the stem (C) provided by the manufacturer.

(A)

STDS STDM STDL (C)

FIGURE 2 (A) Meshed test configuration with resected distal femur based on CT segmentation and implanted femoral stem. (B) Centered
the setup with different force vector applications is shown simulating different stem and head configurations for patient no. 2 with planned
femoral stem size 3 STD with head length M. (C) The original coordinate system and the stem fixed coordinate system is visible in the axial view.

respectively implanted stem and head configuration was tested as
default. One head length smaller and one bigger was tested
followed by the minimum femoral offset configuration with a short
neck (SN) standard (STD) Quadra H stem with a neck shaft angle

(NSA) of 135°nd S head length and the maximum femoral offset
configuration with a lateral (LAT) Quadra H stem (NSA of 127°) with
XXL head length leading to a horizontal femoral offset difference of
19 mm (Table 3).2°
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TABLE 2 Stem offset for different stem sizes and types.
Stem Stem size
type Size 0 Size 1 Size 3 Size 6 Size 10
Stem offset STD 40 41 42 44 49
(mm)

STDSN 36 37 38 40 45
LAT - 45 46 48 -

Note: STD, NSA 135° STD SN, NSA 135°; LAT, NSA 127°; stem
configuration with head length S.

TABLE 3 Femoral offset based on different stem types (stem
offset) and head length (head offset) configurations.
Stem type
SN STD STD LAT
Head length S M M M L XL XXL

Femoral offset (mm) O +3 +6 +11 +13 +16 +19

Note: For Medacta Quadra H stems.%° The short neck standard (SN STD)
and standard (STD) stem offer an NSA of 135°, whereas the lateral (LAT)
stem has an NSA of 127°.

2.4 | Individual population

Four patients with individual configurations regarding stem size, head
length, BMI and stem anteversion (according to Table 1) were tested.
2.5 | Normed population

To reduce the variability of the study population, a normalized
population was additionally simulated with a fixed BMI of
30 kg/m? to account for the increasing prevalence of overweight in
arthroplasty patients?! and anteversion of 12° for all four patient
configurations, which will be referenced as “normed” from then on.
2.6 | Obese population

To investigate the influence of obesity, the normed population was
additionally tested with a BMI of 35 kg/m?2.

2.7 | Anteversion

To investigate the influence of stem anteversion on micromotion,
Patient 4 was also simulated with 2°, 12°, and 22° anteversion.
2.8 | Finite element analysis and material

properties

For the finite element analysis (FEA), Ansys Workbench (Version R1,
Ansys Inc.) was used to create a mesh using tetragonal elements with
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an approximate element size of 1 and 0.5 mm in the bone-to-implant
interface area. An aspect ratio of <4 was recorded for 95% of its
elements (Figure 2A). Cortical bone was considered transversely
isotropic (Ex=E,=11.5GPa, E,=17GPa; v,,=0.51, v,,=v,,=031
GPa), whereas cancellous bone was modeled as a linear isotropic
material property (E = 2.13 GPa and v = 0.3).?? The stem was made of
titanium with a modulus of elasticity of 110 GPa and a Poisson ratio of
0.3.2% In this study, contact between the bone and prosthesis was
assumed along the HA coating surfaces of the stem.2® The used
Medacta Quadra H stem has an 80 um thick HA coating on the whole
shaft.?° The stem-bone contact interface was modeled using the
augmented Lagrange algorithm with face-to-face contact elements,?*
with the prosthesis as the contact body and the cancellous and cortical
bone in the femoral cavity as the target body. A frictional contact with
press-fit was used to account for the cortical and condensed thin
cancellous bone layer in contact with the stem.*?° The press-fit was

425 and the frictional

simulated with an interference of 0.05mm
contact with a coefficient set to 0.63.2>2¢ The convergence was

checked for micromotion and equivalent stress with a tolerance of 1%.

2.9 | Loading and boundary conditions

FEA was carried out for the static loading conditions defined by
Bergmann et al?’ simulating fast walking, the most common
physiological activity,® and stair climbing, which induced high torsional
load. The femoral condyles respectively the resected distal femur was
assumed to be rigidly constrained in all directions.?® For fast walking,
the applied resultant hip joint contact force was 2.5 x body weight
(BW) with a vector direction of 12° in XZ plane and 30° in XY plane.?”
For stair climbing, the applied resultant hip joint contact forces were
2.51 x BW with a vector direction of 14° in XZ plane and 46° in XY
plane.?” The resultant forces were oriented in a coordinate system
defined by Bergmann et al.?” where the z-axis was parallel to the
idealized midline of the femur and the x-axis was parallel to the dorsal
contour of the femoral condyles in the transverse plane. To simplify
force applications for different stem and head configurations the hip
joint contact forces were translated in a coordinate system fixed to the
stem based on the original coordinate system by rotation around the
z-axis depending on the measured stem anteversion of the study
subject (Table 2; Figure 2C).

210 | Outcome measures

The femoral stem was divided into three zones (upper, middle, and
lower) by combining Zone 1, 7, 8 and 14 according to Gruen?? for the
upper zone, 2, 6, 9 and 13 for the middle zone and 3, 5, 10 and 12 for
the lower zone (Figure 3). For each of these zones, the maximal and
mean micromotion (um) was calculated.®° The calculated micromo-
tion values were compared to a threshold of 30 um, respectively,
150 um representing a value above which only partial bony
integration, respectively, no bony integration are expected.”™®
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Micromotion [um]

anterior lateral

posterior

upper

middle

lower

Zones acc. to Gruen

medial

FIGURE 3 Typical micromotion distribution for the contact area of the stem in different views. To the right the division of the three different

zones according to Gruen.??

3 | RESULTS

For all tested configurations the maximum micromotion was recorded
in the posteromedial area of the upper stem zone during stair climbing
as well as fast walking as representatively shown in Figure 3. For the
middle and lower stem zones, the influence of offset on relative
micromotion decreases slightly. A decrease in the femoral offset of one
head length leads to 5% of mean micromotion reduction for LAT stems
(4% for STD stems) in the upper stem zone, an increase of offset by
one head length leads to 4% of mean micromotion increase for the
upper stem zone for LAT stems (3% for STD stems). The minimum
femoral offset configuration compared to the maximum offset
configuration (SN stem with S head to LAT stem with XXL head) leads
to a relative mean micromotion increase of 24% for the upper stem
zone (Table 4). Increasing the BW (BMI 30-35kg/m?) increases the
micromotion by 20% for all stem zones (Table 4), corresponding to an
approximative linear correlation if the two patients from the individual
population with a BMI <30 kg/m? are considered. When comparing the
micromotions of patients with stem size 3 to patients with stem size 1,
an increase of 12% in the upper stem area is recorded. When
comparing patients with stem size 6 to size 3, an increase of 19% in the
upper stem area is recorded (Table 4). The femoral stem-to-bone

contact area for the different configurations is presented in Table 1.

3.1 | Individual population

For the individual configurations (Figure 4) only Patient 4 in the
maximum offset configuration (Quadra H size 3, LATERAL, XXL head)

and planned + 1 configuration (Quadra H size 3, LATERAL, XL head)
recorded a maximum (168 um, respectively, 156 um) and mean
(33+22 um, respectively, 30+ 19 um) micromotion of the upper
stem area exceeding the threshold of osteointegration for stair
climbing. All other configurations recorded mean micromotion values
below the thresholds.

3.2 | Normed population

To allow for a more parametric comparison, the BW and the
anteversion of the stem were standardized for all four patients (BMI
30 kg/mz, 12° anteversion). Patients 3 and 4 recorded a maximum
(158 um, respectively, 159 um) and mean (33 + 19 um, respectively,
31+21 um) micromotion for the maximum offset configuration
(LATERAL stem size 1, respectively, 3, XXL head) exceeding the
threshold for osteointegration for the upper stem zone during stair
climbing (Figure 5).

3.3 | Obese population

An increase in BW to a BMI of 35kg/m? leads to an exceed in
maximum and mean micromotion thresholds for Patients 3 and 4 for
all offset configurations during stair climbing (Figure 6). Patient 3 in
maximum offset configuration (Quadra H size 1, LATERAL, XXL head)
exceeded the maximum threshold for osteointegration even during
fast walking with a micromotion maximum of 159 um and mean of
3017 um.
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TABLE 4 Relative mean micromotion in % for normed configurations.

Relative micromotion in %

- Head size STD (LAT) + Head size STD (LAT) Max offset BMI (kg/m?) Stem size Anteversion
Stem area planned = planned - 1 planned = planned + 1 SN S— LAT XXL 30— 35 3->1 6—>3 2°—22°
Upper zone 4% (-5%) +3% (+4%) +24% +20% +12% +19% +3%
Middle zone -3% (-4%) +3% (+4%) +21% +20% +23% +18% +6%
Lower zone 2% (-3%) +2% (+3%) +16% +20% +21% +21% -5%

Note: Showing the influence of head length increase/decrease, difference between maximum and minimum offset configuration (SN stem with S head to
LAT stem with XXL head), influence of body weight increase (BMI 30/35), influence of different stem sizes (comparing different normed patients with
different stem sizes) and influence of stem anteversion for upper, middle, and lower stem zones.

Individual Population

Middle Zone Maximum Micromotions

Lower Zone Maximum Micromotions

Upper Zone Maximum Micromotions

180 180 180

Micromotion [um]

Pat1 H6 LAT L walking
= = Pat1 H6 LAT L upstairs
Pat2 H3 STD M walking
= — Pat2 H3 STD M upstairs
Pat3 H1 SN M walking
= = Pat3 H1 SN M upstairs

planned planned -1 planned +1 SNS LAT XXL planned planned -1 planned +1 SNS LATXXL planned planned -1 planned +1 SNS LAT XXL

Upper Zone Mean Micromotions Middle Zone Mean Micromotions Lower Zone Mean Micromotions

40 40 40 Pat4 H3 LAT L walking
— — Pat4 H3 LAT L upstaris
35 35 35
Threshold z Threshold Threshold
Gpssnssnnnnnnnn npeefeasssssnannnnns s unn 0w P et P S e e e e e
E
= 25 25
c
S
g 20 20
I
S
= 15 15

0 0 0
planned planned -1 planned +1 SNS LATXXL planned planned -1 planned +1 SNS LATXXL planned planned -1 planned +1 SNS LAT XXL

FIGURE 4 Micromotion for the different stem zones plotted for the individual population according to Table 1 during fast walking
(solid lines) and stair climbing (dashed lines). Upper row: maximum recorded micromotion. Lower row: Mean micromotion.

3.4 | Anteversion stem and proximal femur and might be associated with an

osseointegration failure. Stair climbing leads to a significantly higher

When analyzing the different stem anteversions (2°, 12°, and 22°), a
trend for a slight increase in micromotion with increased femoral
anteversion is identified. An increase of mean micromotions for the
upper stem area of 3% for 22° compared to 2° of anteversion (6%
for middle and -5% for lower stem area) was recorded (Table 4;

Figure 7).

4 | DISCUSSION

The main findings of this study are that a high femoral offset, a
smaller stem size, and higher loading due to obesity (BMI 35 kg/m?)

lead to an increase in micromotion between the standard straight

micromotion than walking due to the higher lever arms. The
anteversion of the stem, on the other hand, has no conclusive
influence on micromotion.

Recent evidence supports that lateralized femoral stems might
be associated with increased aseptic loosening. Courtin et al.'®
showed in a retrospective study with 172 THA that young patients
with a small lateralized stem have a hazard ratio of 12.5 for
integration abnormalities on postoperative x-rays. Lateralized stems
had a 4% rate of revision for aseptic loosening. However, in their
study, the influence of different head lengths was not respected. In
an analysis of midterm results, Cantin et al.'? partially confirmed the
results in a retrospective cohort study showing a higher risk for
aseptic loosening with lateralized stems compared to standard stems.
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S
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- " : . " . N Pat3 H1 SN M walking
Upper Zone Mean Micromotions Middle Zone Mean Micromotions Lower Zone Mean Micromotions — — Pat3 H1 SN M upstairs
40 40 40 Pat4 H3 LAT L walking
— — Pat4 H3 LAT L upstaris
35 35} 35
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FIGURE 5 Micromotion for normed population (BMI 30 kg/mz, anteversion 12°) during fast walking (solid lines) and stair climbing
(dashed lines). Upper row: maximum recorded micromotion. Lower row: mean micromotion.

Obese Population BMI 35

Upper Zone Maximum Micromotions Middle Zone Maximum Micromotions Lower Zone Maximum Micromotions

180 180
160 160
140 140

E

= 120 {1 120

<

S

g 100 100

g

S

=

40 Threshold

EEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEE Pat1 H6 LAT L walking
20 = = Pat1 H6 LAT L upstairs
Pat2 H3 STD M walking
planned planned -1 planned +1 SN S LAT XXL planned planned -1 planned +1 SNS LAT XXL planned planned -1 planned +1 SNS LATXXL | _ Pat2 H3 STD M upstairs
N N N N N N N Pat3 H1 SN M walking
Upper Zone Mean Middle Zone Mean Micr Lower Zone Mean — — Pat3 H1 SN M upstairs
40 ’ 40 40 Pat4 H3 LAT L walking
25" — — Patd H3 LAT L upstaris
Sl 2.5
-3 ’, 35 35
o . P
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EOT N e 1 SO REEEEEEEEEEEEEEEESEEEESEEESEESEEsEssEEsEE] GO ANEENASESSESSESSESSESSESEESEEEEEsEEEEEs]

Micromotion [um]
)
3
I
\
’
1
\
N
3
N
3

0 0 [
planned planned -1 planned +1 SNS LATXXL planned planned -1 planned +1 SNS LATXXL planned planned -1 planned +1 SNS LAT XXL

FIGURE 6 Micromotion for obese population (BMI 35 kg/m?, anteversion 12°) during fast walking (solid lines) and stair climbing
(dashed lines). Upper row: maximum recorded micromotion. Lower row: Average micromotion.

This study showed that after restoring the anatomical offset in THA by choosing one head length bigger as planned (for LAT stem, 3% for

according to preoperative planning, 5% of micromotion reduction is STD stem). If the anatomical offset is disregarded, a micromotion
achieved by choosing one head length smaller as planned (for LAT reduction of up to 24% can be achieved with a minimal prosthetic
stem, 4% for STD stem), whereas 4% micromotion increase is created offset configuration (SN stem, S head vs. LAT stem, XXL head).
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FIGURE 7 Micromotion for different anteversions (2°, 12°, and 22°) for Patient 4 with Quadra H size 3 for different offset configurations
during fast walking (solid lines) and stair climbing (dashed lines) is shown. Upper row: maximum recorded micromotion. Lower row: Mean

micromotion.

However, the quality of offset reconstruction is known to be crucial
to achieve a desirable abductor function.®* Medialisation of the
center of rotation in favor of a greater femoral offset has been shown
to correlate with an increased range of abduction and greater
abductor strength and reduced joint reaction forces.3? On the other
hand, high femoral offset may lead to stress on prosthetic
components as well as their fixation.3® The results of the study do
not aim to guide surgeons to choose implants with a small offset, but
rather to restore the anatomical offset in THA and to be aware of the
influence on micromotion and possibly increased risk of aseptic
loosening in case of high offset configurations or overcorrections.
Peak micromotions in the femoral stem/bone interface typically
occur in the posteromedial region during activities of daily living.
Al-Dirini et al.>* conducted a FEA on a cohort of 31 femora to
investigate the femoral micromotions for standard, lateral and coxa
vara stem configurations for walking and stair climbing, recording the
highest peak and median micromotions during both activities for the
lateral stem configuration. Abdul Kadir et al.* showed with a FEA
model correlated to an in vitro micromotion experiment on four
cadavers that an interference fit around 50 um in the FEA model
corresponds most closely to the situation of a press-fit of an
uncemented stem and reported micromotions in the upper stem zone
of 50-150 um. The range of micromotions predicted in this study
using a validated interference fit of 50 um is comparable to those
found in the reported FEA studies locating the peak micromotion in
the posterior medial area of the stem. As expected, stair climbing

produces more motion at the bone-implant interface than fast

walking due to higher lever arms on the proximal femur.3°

2% showed in a FEA study an increase in

Reimeringer et a
micromotion for shorter straight stems as well as for shorter curved
stems without altering the femoral offset of the stems due to reduced
interface contact area. Although the horizontal femoral offset increases
with prosthesis size (2mm from size 1 to size 3), this study
demonstrated that the influence of the interface contact area on
micromotions is more relevant. Thus, patient 3 (stem size 1) shows
higher average micromotions in all 3 femoral zones for the normalized
test configurations for the minimum and maximum offset configura-
tions (SN'S and LAT XXL) compared to patients 2 and 4 (stem size 3;
Figure 5). Therefore, the anatomical offset should be restored by
selecting the largest possible stem to provide a canal filling press-fit
and increase implant-to-bone contact taking into account the
anatomical conditions and risk of intraoperative periprosthetic fracture.

The results of this study pertain to uncemented triple-tapered

straight stems type B2 according to Radaelli et al.®®

This straight stem
category includes not only the Medacta Quadra shaft used in this
study but also commonly used shafts such as the Corail from J&)J
DePuy Synthes, Avenir from Zimmer Biomet, or Polarstem from
Smith & Nephew. Reimeringer et al.?® illustrated through FEA that,

1.%%), there was

for short curved stems (B3 according to Radaelli et a
an increase in micromotions as shaft lengths decreased suggesting
that the findings of this study might also be applicable to shaft

designs deviating from triple-tapered straight stems.
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Obesity is independently associated with early primary THA
failure for aseptic loosening.'® In 2011, 35% of US adults were
classified as obese (BMI > 30 kg/m?) and this prevalence continues to
increase.’’ Goodnough et al.1° reported an odds ratio of 2.31 for
THA failure for aseptic loosening before 5 years for obese patients
compared to the nonobese control group. Our results might explain
these findings as a 20% micromotion increase is shown for all stem
zones due to a BMI increase from 30 to 35 kg/m? showing a linear
correlation between micromotions and BMI increase. For the obese
testing configurations, two patients recorded micromotions above
the osteointegration threshold for all tested offset configurations
predicting aseptic loosening (Figure 6).

Biologically, osseointegration starts with woven bone formation,
followed by a period of remodeling to lamellar bone in response to
mechanical loading, which starts around 6-8 weeks after implantation
and can take up to a month to complete.3® The following implant and
external factors were associated with higher levels of tolerated
micromotions and successful osseointegration: HA coating, infrequent
loading and a rest period following initial loading.® Goodman et al.
showed that oscillatory motions up to 750 pum once a day would allow
successful osseointegration, while the same motions twice a day would
not, emphasizing the effect of loading duration.®’ Therefore, activities
as stair climbing for high-risk configurations (high femoral offset, small
stem size, and obesity) could be tolerable if not conducted frequently
during early postoperative rehabilitation phase. In a systematic review,
a positive correlation between tolerable micromotions to achieve
osteointegration and contact-area of bone to implant was shown,®
however, it remains unclear how much area of osteointegration on the
femoral stem is required to prevent early loosening.

Accordingly, in configurations of high offset, small prosthesis,
and obese patients, postoperative partial weight bearing may be
considered to prevent early aseptic loosening by reducing the
micromotion below the threshold to allow osteointegration.

The direct anterior approach has recently gained popularity
owing to smaller stem sizes, modified instruments and its perception
as a minimally-invasive procedure and it is the approach of choice at
our institution for primary THA. However, some studies report a risk
of excessive femoral anteversion compared to a posterior
approach.*®*! Our study could not show a clear correlation between
increased femoral anteversion and micromotion and thus possible
early aseptic loosening.

This study presents some limitations. Although the behavior of
human bone is anisotropic heterogeneous,*? material properties used
to characterize the composite bone have been defined as trans-
versely isotropic, with Young's moduli for cortical and cancellous
bones extracted from the literature. Baca et al.*® found that the
global displacement of the femur was influenced by bone material
properties assignment; the use of isotropic homogeneous properties
underestimated this displacement. Moreover, in this study, the press-
fit contact between the bone and prosthesis was assumed along the
entire HA coating of the stem. However, Wu et al.** found that only
60% of the stem-bone interface was really in contact in a cadaveric
study, whereas Howard et al.** found using CT measurement that

only 43% of the stem-bone interface was really in contact. Park
et al.*® underlined that gaps located in the upper zone can have a
pronounced effect on the primary stability of a THA stem. This
indicates that micromotions found in the present study most
probably underestimate the real condition. Furthermore, the ante-
version of the stem was not changed by rotation of the stem relative
to the femur, but by rotation of the resulting force vector on the
prosthetic taper. Like most finite element studies without in vitro
correlation, simulated physiological activities are defined as static
load cases, whereas in vitro studies can simulate dynamic physiologi-
cal load cases. The influence of different leg lengths and thus
different leverage ratios was not considered in this study, but the
influence of body size was indirectly considered by BMI. Never-
theless, this study is valid for comparing the numerical solutions for

different offset configurations for triple-taperd straight stems.

5 | CONCLUSION

Higher femoral offset, a smaller stem size, and higher loading due to
obesity lead to an increase in micromotion between the prosthesis
and proximal femur and represent a risk configuration for impaired
osteointegration of a triple-tapered straight stem, especially when
these three factors are present simultaneously. An increase in BMI of
five points alone leads to a relative increase in micromotion of 20% in
all stem zones. In these risk configurations, initial partial weight
bearing may be considered to reduce micromotion and allow

osseointegration of the implant.
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