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Aims

This study aimed to investigate whether the use of CT-based navigation enhances: 1) the
accuracy of cup placement; and 2) the achievement rate of required range of motion (ROM).
Additionally, we investigated the impact of using a large femoral head and dual-mobility liner on
the achievement rates.

Methods

This retrospective study analyzed 60 manual and 51 CT-based navigated primary total hip
arthroplasties performed at a single facility. Postoperative CT scans and CT-based simulation
software were employed to measure the cup orientation and to simulate the ROM. We com-
pared the absolute errors for radiological inclination (RI) and radiological anteversion (RA)
between the two groups. We also examined whether the simulated ROM met the required ROM
criteria, defined as flexion > 110°, internal rotation > 30°, extension > 30°, and external rotation >
30°. Furthermore, we performed simulations with 36 mm femoral head and dual-mobility liner.

Results

The absolute errors of Rl and RA from the preoperative plan were significantly smaller in the
CT-based navigation group (3.7° (SD 3.5°) vs 5.1° (SD 3.5°); p = 0.022, and 3.9° (SD 3.5°) vs 6.8°
(SD 5.0°); p = 0.001, respectively). The proportion of cases achieving the required ROM in all
directions was significantly higher in the CT-based navigation group (42% vs 63%; p = 0.036).
The achievement rates of the required ROM were significantly higher with the use of a 36 mm
ball or dual-mobility liner compared to the use of a 32 mm ball (65% vs 51%; p = 0.040 and 77%
vs 51%; p < 0.001, respectively).

Conclusion

CT-based navigation enhanced required ROM achievement rates by > 20%, regardless of the
ball diameter. The improved accuracy of cup placement through CT-based navigation likely
contributed to the enhancement. Furthermore, the use of large femoral heads and dual-mobility
liners also improved the required ROM achievement rates. In cases with a high risk of dislocation,
use of these devices is preferred.

Take home message

- CT-based navigation significantly improves
the accuracy of cup placement and the
achievement of impingement-free required
range of motion.

- Combining CT navigation with a large
femoral head or dual-mobility liner further
enhances impingement-free mobility.

- These findings highlight the potential of
advanced navigation and implant selection
to reduce dislocation risk in total hip
arthroplasty.
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Introduction
Total hip arthroplasty (THA) demonstrates favourable clinical
outcomes, and the number of cases has been increasing."?
However, the incidence of revision surgery has increased
simultaneously.* Mechanical failure and dislocation predomi-
nantly lead to these revisions;*® impingement between the
cup and stem contributes to mechanical failure and disloca-
tion.”® To prevent impingement, obtaining an adequate range
of motion (ROM) is crucial, and cup placement significantly
influences this range.”"" Therefore, surgeons should ensure
appropriate component placement to expand ROM and
reduce the risk of dislocation. Furthermore, larger femoral
heads and dual-mobility liners can lead to an expanded
ROM.™

Some studies have reported on improved accuracy
of cup placement using CT-based navigation.”>' In addition,
reports suggest a decrease in dislocation rates with the use
of CT-based navigation.”” Whereas reduced dislocation rates
are attributed to enhanced ROM,'® no prior reports have
addressed the impact of CT-based navigation on required
ROM achievement specifically. Additionally, there are reports
indicating that the use of a large femoral head and dual-mobi-
lity liner reduces dislocation rates and impingement.'’~**

Therefore, the objectives of this study were: 1)
to evaluate whether CT-based navigation improves cup
placement accuracy; and 2) to assess its impact on increas-
ing impingement-free ROM achievement rates. Moreover, we
intended to determine the rate of achieving the required ROM
when changing the implant to a large femoral head or a
dual-mobility liner.

Methods

Patients

This retrospective cohort study was conducted in accord-
ance with the Strengthening the Reporting of Observatio-
nal Studies in Epidemiology statement,”* and was approved
by our facility’s Institutional Review Board (IRB no. 30-91).
Informed consent was obtained from all the patients before
commencing the study. The population consisted of patients
who underwent primary THA for osteoarthritis (OA) and
osteonecrosis of the femoral head between April 2019 and
December 2022 using Accolade2 (Stryker, USA), Trident HA

(Stryker), and Trident Linear X3 (Stryker). The surgeries
were performed by ten surgeons at a single institution.
The inclusion criteria were as follows: 1) no neuromuscu-
lar disorders; 2) no history of surgical interventions on the
analyzed hip joint; 3) no history or current symptoms of
surgeries or conditions involving other joints or the spine;
and 4) postoperative CT scans including the anterior superior
iliac spine (ASIS) and distal femoral condyle. The patients
were divided into two groups as follows: 1) a manual group
(M-THA), where manual techniques were employed; and
2) a CT-based navigation group (N-THA), where CT-based
navigation was used. The decision to use CT-based navigation
was at the discretion of the operating surgeon or patient.
During the study, primary THA was performed in 122 patients
and 132 hips. Within this cohort, 67 patients (71 hips) and
59 patients (61 hips) were categorized into the M-THA and
N-THA groups, respectively. In the N-THA group, five hips
were excluded because of intraoperative registration errors.
In addition, 11 and five hips were excluded in the M-THA and
N-THA groups, respectively, because of the inability of the
patients to undergo CT imaging. Finally, 60 and 51 hips in the
M-THA and N-THA groups, respectively, were included in the
analysis (Figure 1).

Table | summarizes the patient demographics and lists
the implant sizes. We observed no significant differences
between the groups regarding demographic characteristics or
implants used.

Implants and navigation

In all cases, we used a femoral head measuring 32 mm.
Implant neck-shaft angles that closely matched the preoper-
ative neck-shaft angles were selected and used at 127° and
132°. In addition, the offsets were selected from -4 mm, 0 mm,
and 4 mm based on preoperative planning and intraoperative
soft-tissue tension. CT-based hip navigation (v. 1.3; Stryker
Leibinger, Germany) was used in the N-THA group.

Surgical procedure

All surgeries were performed using the posterolateral
approach. Preoperative CT scans were performed for all
cases in both the M-THA and N-THA groups, and the preop-
erative planning was performed using ZedHip (Lexi, Japan)

Primary THA (n=132)

l

M-THA (n=71)

Lack of postoperative CT (n=11) %—

Analysed (n=60)

Fig. 1

l

N-THA(n=61)

—'{ Conversion to manual (n=5) ‘

—'{ Lack of postoperative CT (n=5) ‘

Analysed (n=51)

Flowchart depicting the total number of primary total hip arthroplasties (THAs) performed during the study and the number of hips analyzed in each

group. M-THA, manual THA; N-THA, CT-based navigated THA.
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Table I. Patient demographics and implant sizes.

Patient demographics M-THA group N-THA group p-value

Cases, n 60 51

Mean age, yrs (SD) 66.6 (10.3) 65.5(9.7) 0.326*

Sex (F/M), n 44/16 41/10 0.3821

Mean BMI, kg/m? (SD) 25.5(5.5) 249 (4.0) 0.866*
OA 54 hips OA 48 hips

Disease, n ONFH 6 hips ONFH 3 hips 0.428t

Crowe type (1/2/3),n 60/0/0 47/3/1 0.096t

Implant size

Neck-shaft angle (127°/

132°),n 46/14 38/13 0.792t

Stem size (2/3/4/5/6/7 mm),

n 7/13/22/13/4/1  6/20/16/4/4/1 0.253t

Cup size

(46/48/50/52/54/56/58 mm),

n 2/18/17/7/11/4/1 2/22/14/7/3/3/0 0.456t

Ball diameter, mm 32in all cases N/A

Ball offset (-4/0/+4 mm),n  15/26/19 8/24/19 0.475t

*Mann-Whitney U test.

T Pearson’s chi-squared test.

M-THA, manual total hip arthroplasty; N/A, not applicable; N-THA,
CT-based navigated total hip arthroplasty; OA, osteoarthritis; OFNH,
osteonecrosis of the femoral head.

or 3D Template (Kyocera, Japan) according to surgeons’
preference. The femur was operated on before cup place-
ment to determine stem anteversion. We measured the stem
anteversion angle intraoperatively using a goniometer with
the knee flexed, the tibia in a vertical position, and the angle
formed between the tibia and trial stem axes.”” Cup orienta-
tion was determined based on the radiological definition.”®
The radiological inclination (RI) was targeted at 40° in all
cases. The target angle for radiological anteversion (RA) was
determined intraoperatively such that the sum of the stem
anteversion and cup RA ranged from 40° to 60° based on
intraoperative measurements.”>?’

Postoperative measurement and ROM simulation
Approximately one to two weeks postoperatively, CT scans
were acquired using Aquilion (Toshiba, Japan) in all cases.
The images were obtained at 1 mm intervals from the ASIS
to the knee, including the distal femoral condyles. Rl and RA
were measured using CT images obtained postoperatively and
were analyzed using computer software (ZedHip; Lexi). The
functional pelvic plane (FPP) was used as the reference frame
for the pelvic coordinate system. Briefly, the axial and coronal
planes were integrated with the bilateral ASISs, whereas the
sagittal plane was aligned with the plane on the tabletop.
The software incorporated various implant data, allowing the
implants to be superimposed onto their actual positions for
the automatic measurement of placement angles.

After placing the implant in its actual position, we
performed ROM simulation (Figure 2).'°?® The simulation
involved measuring the maximum flexion angle, maximum
internal rotation angle at 90° flexion, maximum extension

Fig. 2

Range of motion simulation is based on postoperative CT data using
CT-based simulation software (ZedHip; Lexi, Japan). a) Flexion, b) internal
rotation at 90° flexion, and c) external rotation. The red line indicates stem

and cup impingements.

angle, and maximum external rotation angle at 0° extension
until impingement between the implants at supine FPP. To
eliminate the influence of the liner type and the elevated
wall position, all cases were simulated using a flat liner. These
measurements were evaluated to determine whether they
met the required ROM criteria of flexion > 110° internal
rotation (at 90° flexion) > 30°, extension > 30° and external
rotation (at 0° extension) > 30°.'9%

As a supplementary analysis, we performed simula-
tions with a 36 mm femoral head diameter and dual-mobi-
lity implants (Figure 3). Both simulations were performed by
replacing the implants in their original positions. Owing to the
incompatibility of a 36 mm femoral head with a 46 mm cup,
we excluded two cases from each group from the 36 mm
femoral head simulation. For this simulation, we selected
offsets of -5 mm, 0 mm, and +5 mm to closely match the
original offsets. With dual-mobility implants, the bearing sizes
were determined based on the cup sizes as follows: 36 mm
for 46 mm cups, 38 mm for 48 mm and 50 mm cups, 42 mm
for 52 mm and 54 mm cups, and 46 mm for 56 mm cups.
The offsets were selected to match the original offsets. The
total ROM in the four directions (flexion, extension, internal
rotation, and external rotation) was calculated.

Statistical analysis

All data were expressed as mean and SD. The Mann-Whitney
U test was used for continuous variables, and the Pear-
son’s chi-squared test was used for categorical variables. We
performed a multivariate linear regression analysis and logistic
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Fig. 3

Simulation with the implant is changed to a 36 mm ball and dual-mobility liner, without changing the cup diameter and placement position. a)

32 mm ball, b) 36 mm ball, and c) dual-mobility liner.

Table Il. Preoperative planning and postoperative measurement of
the implant position.

Variable M-THA group N-THA group p-value
Mean preoperative plan,

°(sD)

RI 40 in all cases N/A

RA 20.6(3.1) 18.8(5.3) 0.029+1
Stem neck anteversion 33.9(7.4) 35.8(8.1) 0.148t

Mean postoperative
measurement, ° (SD)

RI 376(5.7) 39.6(5.1) 0.046t
RA 24.0 (8.5) 17.6 (6.5) <0.001t
Stem neck anteversion 29.0(9.8) 30.8(12) 0.373t
Combined anteversion*  53.1(13) 48.4 (10) 0.060t

Combined anteversion >
40 <60, % 62 67 0.692%

Mean error from
planning, ° (SD)

RI -24(5.7) -0.4 (5.1) 0.046t
RA 3.4(7.8) -1.2(5.1) <0.001t

Absolute error from
planning, ° (SD)

RI 5.1(3.5) 3.7(3.5) 0.022t

RA 6.8 (5.0) 3.9(3.5) 0.001t

*Combined anteversion is the sum of stem neck and cup radiological
anteversions.

tMann-Whitney U test.

$Pearson'’s chi-squared test.

M-THA, manual total hip arthroplasty; N/A, not applicable; N-
THA, CT-based navigated total hip arthroplasty; RA, radiological
anteroposterior; Rl, radiological inclination.
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regression analysis using a stepwise variable entry method to
determine the factors associated with the total ROM in four
directions (flexion, extension, internal rotation, and external
rotation). Variables were added or removed based on a
significance threshold of p < 0.2 in the analyses. The candidate
factors consisted of the cup size, stem size, neck-shaft angle,
ball offset, stem anteversion, CT-based navigation, and
simulated implants (32 mm ball, 36 mm ball, or dual-mobility
liner). A p-value < 0.05 was considered statistically significant.
Statistical analyses were performed using the JMP Software v.
16 (SAS Institute, USA). The absolute value of cup anteversion
error was 4.4° and 8° in the N-THA and M-THA groups, respec-
tively.’**" A sample size calculation suggested that 45 hips per
cohort would facilitate detecting a 3.6° (SD 6°) difference in
the absolute value of error in postoperative cup anteversion
(power = 0.8, 2= 0.05) between the N-THA and M-THA groups.

Results

Implant orientation

The mean absolute values of differences between the cup
placement angles measured on CT images and those planned
preoperatively were approximately one-third lower in the
N-THA group than in the M-THA group in both inclination and
anteversion (3.7° (SD 3.5°) vs 5.1° (SD 3.5°); p = 0.022, and 3.9°
(SD 3.5°) vs 6.8° (SD 5.0°); p = 0.001, respectively) (Table II).

The proportion of cases within the target range of
10° for both Rl and RA was significantly higher in the
N-THA group than in the M-THA group (86% vs 65%; p =
0.010). Similarly, the percentage of cases falling within the
5° range was significantly higher, by 2.5 times, in the N-THA
group than in the M-THA group (59% vs 22%; p < 0.001)
(Figure 4).

ROM simulation with actual implants

The ROM achievement rates required for flexion and inter-
nal rotation did not differ between the N-THA and M-THA
groups (88% vs 90%; p = 0.765, and 86% vs 87%; p = 0.952,
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Scatter plot of the differences in radiological inclination (RI) and radiological anteversion (RA) between postoperative measurement and planning in
each group. The blue square represents the area within 10° (65% vs 86%; p = 0.010), and the red square represents the area within 5° (22% vs 59%; p <
0.001). M-THA, manual total hip arthroplasty (THA); N-THA, CT-based navigated THA.
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Fig.5

Rate of achievement of range of motion (ROM) in four directions with a 32 mm ball. In the CT-based navigation total hip arthroplasty (N-THA) group,
the achievement rates of the required ROM in extension and external rotation are higher (p = 0.005 and p = 0.002, respectively), and the achievement

rates in all four directions are elevated (p = 0.036). M-THA, manual THA.

respectively). Conversely, the achievement rates for extension
and external rotation were higher in the N-THA group than in
the M-THA group (80% vs 55%; p = 0.005, and 94% vs 72%; p
= 0.003). The proportion of cases achieving the required ROM
in all directions was higher in the N-THA group than in the
M-THA group (63% vs 42%; p = 0.036) (Figure 5).

ROM simulation with a 36 mm ball or dual-mobility liner

Regardless of the use of CT-based navigation, the achievement
rates of the required ROM were significantly higher with the
use of a 36 mm ball or dual-mobility liner compared to the
use of a 32 mm ball (65% vs 51%; p = 0.040, and 77% vs
51%; p < 0.001, respectively). The N-THA group comprised a
significantly higher percentage of patients (78% vs 55%; p =
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Achievement rate of the required range of motion in all four directions with a 32 mm, 36 mm ball, and dual-mobility liner, with and without CT-based
navigation. CT-based navigation improves the achievement rates for all implant types (p = 0.040, 0.024, and 0.003, respectively).

Table IIl. Multivariable analysis of factors influencing the total range
of motion in four directions.

Variable Positive factor B-value (95% CI) p-value
Simulated implants DM, 36 mm ball 154(13.4t017.5) <0.001*
Use of CT-based

navigation CT-based navigation 5.4 (4.0t0 6.9) <0.001*
Ball offset Larger offset 14(09t0 1.9) <0.001t
Cup size Larger cup 1.1(0.5t0 1.6) <0.001t
Stem neck anteversion Smaller anteversion 0.2 (0.1 to 0.4) 0.002t
Neck-shaft angle 132° 0.5(-0.1t0 1.2) 0.113*

The variables were selected using stepwise multiple regression analysis.
Total range of motion (ROM) in four directions: sum of ROM in flexion,
extension, internal rotation, and external rotation.

B-value is the standard regression coefficient.

*Logistic regression analysis.

tlinear regression analysis.

DM, dual-mobility liner.

0.024) who achieved the required ROM in all directions in the
simulation with a 36 mm ball. The rate was also significantly
higher in the N-THA group (90% vs 65%; p = 0.003) in the
simulation using the dual-mobility liner (Figure 6).

We observed no difference in the achievement rates
of the required ROM among the 32 mm ball with CT-based
navigation (63%) and the 36 mm ball (55%; p = 0.443) and
dual-mobility liner (65%; p = 0.845) without navigation.

160

Total ROM in four directions

In the simulation using the 32 mm ball, the total ROM was
greater in the N-THA group than in the M-THA group (250° (SD
11°) vs 240° (SD 15°); p < 0.001). In the multivariable analysis
for total ROM, the implant type (dual-mobility liner, > 36 mm
ball, > 32 mm ball), CT-based navigation, large ball offset, large
cup, and small stem anteversion appeared to be significant
positive factors (Table IIl).

The risk ratio of impingement within the required ROM
Figure 7 demonstrates the risk ratio of impingement within
the required ROM, using the manual group with a 32 mm
ball as a reference. The use of a 36 mm ball and a dual-mobi-
lity liner individually resulted in a decrease to 0.73 and 0.58,
respectively. Furthermore, combining CT-based navigation
with either a 36 mm ball or a dual-mobility liner further
reduced the risk ratio to 0.35 and 0.19, respectively.

Discussion

This study is the first to report the contribution of CT-based
navigation, along with large femoral heads and dual-mobi-
lity liners, to the achievement of required ROM. CT-based
navigation demonstrated a significant improvement in the
required ROM achievement rates compared with manual
techniques, regardless of the head size used (32 mm, 36 mm,
or dual-mobility liner). This improvement in the achievement
rate can be attributed to the improved accuracy of cup
placement through CT-based navigation.

Regarding cup placement accuracy, the N-THA group
exhibited significantly smaller absolute value errors than the
M-THA group. This finding aligns with prior research indicating
that CT-based navigation reduces placement errors.'***3 |n
addition, the percentage of cases within the target ranges
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The risk ratio of impingement within the required range of motion when

navigation.

of 10° and 5° was significantly higher upon using CT-based
navigation. Specifically, the proportion of cases within 5°
of the target was > 2.5 times higher in the N-THA group.
This trend was consistent with that reported by Tsutsui et
al," who suggested a reduction in outliers using CT-based
navigation. Furthermore, the Rl was smaller than the target
in the M-THA group, possibly owing to concerns about overly
steep placement angles. Moreover, the RA was greater than
the target, which may be attributed to apprehensions related
to posterior dislocation, considering the use of posterior
approach in the surgeries.

In ROM simulation, where the implants were placed in
their actual position, the N-THA group demonstrated > 20%
higher achievement rate of the required ROM in extension
and external rotation while maintaining those in flexion and
internal rotation. Excessive cup anteversion was applied in
the M-THA group, which potentially caused impingement
during extension and external rotation. CT-based navigation
avoided excessive anteversion and significantly improved the
required ROM achievement rates by > 20%. A study compar-
ing imageless navigation and manual techniques similarly
reported a reduction in impingement in cases using naviga-
tion.**

Despite the use of CT-based navigation, only 67% cases
achieved the required ROM with the 32 mm ball in the N-THA
group. This finding can be attributed to the limited oscillation
angle available with a 32 mm ball.** The use of larger head
sizes or dual-mobility implants reduces the dislocation rates,
which is supposedly influenced by the oscillation angle and
jumping distance."” In this simulation, the combination of
CT-based navigation with a 36 mm ball and dual-mobility liner
improved the required ROM achievement rate to 78% and
90%, respectively. Wyles et al*® reported on reduced post-THA
dislocation rates in the following order: dual-mobility liner,

I 0.35

using 32 mm ball in the manual group as a reference. Navi, CT-based

36 mm ball, and 32 mm ball.*' Thus, CT-based navigation
with a 32 mm ball resulted in no significantly different ROM
achievement rates, compared with cases without navigation
using a 36 mm ball or dual-mobility liner. Therefore, CT-based
navigation exerts impingement prevention effects similar to
those with using a 36 mm ball or dual-mobility liner.

In the multivariable analysis for the total ROM in four
directions, simulated implant (dual-mobility liner, > 36 mm
ball, > 32 mm ball), CT-based navigation, larger ball offset,
larger cup, and smaller stem anteversion were the positive
factors for expanding ROM. Excessive ball offset can lead
to overstrain of the soft-tissue.®” In cementless THA, cup
size and stem anteversion are substantially influenced by
bone morphology.”” Therefore, it is beneficial to use CT-based
navigation, a large femoral head, or a dual-mobility liner in
patients with a high risk of dislocation. While the 36 mm ball
has been reported to have favourable long-term outcomes
similar to the 32 mm ball,® there are limited mid- to long-term
reports on the dual-mobility liner, and there have been reports
of intraprosthetic dislocation, early wear, and corrosion.*®**
Therefore, using dual-mobility liners should be limited to cases
with a high risk of dislocation.

Limitations

This study has some limitations. First, we did not perform a
randomized controlled trial, and there may have been some
bias in patient selection. However, we observed no signifi-
cant differences in the patient demographics and implant
size. Second, the simulations only detected impingement
between the implants and did not consider impingement
between implants and bone, or between bones considering
the influence of bone morphology and osteophytes. Third,
the ROM simulation was conducted based on the supine
FPP reference, without considering pelvic movement due to
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different positions. Fourth, although simulation-based ROM
measurements were performed, no actual hip ROM measure-
ments were taken. However, the emphasis in this study was
on impingement, which was considered appropriate for the
method. Finally, the relatively small sample size prevented
direct comparison of the actual dislocation rates. However,
this study was primarily conducted to investigate whether the
simulated ROM satisfied the required ROM.

In conclusion, the proportion of cases achieving the
required ROM criteria was enhanced significantly by >
20% using CT-based navigation. The improved accuracy of
cup placement through CT-based navigation likely contrib-
uted to the enhancement of the achievement rates of the
required ROM. Furthermore, we observed improvements in
the achievement rates of the required ROM by combining
CT-based navigation with a larger femoral head or a dual-
mobility liner.

Social media
Follow T. Konishi on X @EruKonishi
Follow S. Hamai on X @shamai0220

References

1. Ferguson RJ, Palmer AJ, Taylor A, Porter ML, Malchau H, Glyn-Jones
S. Hip replacement. Lancet. 2018;392(10158):1662-1671.

2. Learmonth ID, Young C, Rorabeck C. The operation of the century:
total hip replacement. Lancet. 2007;370(9597):1508-1519.

3. Yamate S, Hamai S, Lyman S, et al. Clinical evaluation of hip joint
diseases: total hip arthroplasty to support patients’ quality of life. J Joint
Surg Res. 2023;1(1):18-25.

4. Kelmer G, Stone AH, Turcotte J, King PJ. Reasons for revision: primary
total hip arthroplasty mechanisms of failure. J Am Acad Orthop Surg.
2021;29(2):78-87.

5. Bozic KJ, Kamath AF, Ong K, et al. Comparative epidemiology of
revision arthroplasty: failed THA poses greater clinical and economic
burdens than failed TKA. Clin Orthop Relat Res. 2015;473(6):2131-2138.

6. No authors listed. American Joint Replacement Registry Annual
Report, 2023. https://www.aaos.org/registries/publications/ajrr-
annual-report/ (date last accessed 25 January 2024).

7. Marchetti E, Krantz N, Berton C, et al. Component impingement in
total hip arthroplasty: frequency and risk factors. A continuous retrieval
analysis series of 416 cup. Orthop Traumatol Surg Res. 2011,97(2):127-
133.

8. Fontalis A, Zhao B, Putzeys P, et al Is it feasible to develop a
supervised learning algorithm incorporating spinopelvic mobility to
predict impingement in patients undergoing total hip arthroplasty?
Bone Jt Open. 2024;5(8):671-680.

9.  Widmer K-H, Zurfluh B. Compliant positioning of total hip components
for optimal range of motion. J Orthop Res. 2004;22(4):815-821.

10. Harada S, Hamai S, Motomura G, et al. Evaluation of optimal implant
alignment in total hip arthroplasty based on postoperative range of
motion simulation. Clin Biomech (Bristol, Avon). 2022;92:105555.

11. Navacchia A, Pagkalos J, Davis ET. Defining the optimal position of
the lipped liner in combination with cup orientation and stem version.
Bone Joint Res. 2023;12(9):571-579.

12. Guyen O. Constrained liners, dual mobility or large diameter heads to
avoid dislocation in THA. EFORT Open Rev. 2016;1(5):197-204.

13. Takashima K, Sakai T, Amano S, et al. Does a computed tomography-
based navigation system reduce the risk of dislocation after total hip
arthroplasty in patients with osteonecrosis of the femoral head? A
propensity score analysis. J Artif Organs. 2020;23(3):247-254.

14. Tsutsui T, Goto T, Wada K, Takasago T, Hamada D, Sairyo K. Efficacy
of a computed tomography-based navigation system for placement of
the acetabular component in total hip arthroplasty for developmental
dysplasia of the hip. J Orthop Surg (Hong Kong). 2017;25(3)-
2309499017727954.

162

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32,

33.

34,

Sugano N, Takao M, Sakai T, Nishii T, Miki H. Does CT-based
navigation improve the long-term survival in ceramic-on-ceramic THA?
Clin Orthop Relat Res. 2012;470(11):3054-3059.

Yoshimine F. The influence of the oscillation angle and the neck
anteversion of the prosthesis on the cup safe-zone that fulfills the
criteria for range of motion in total hip replacements. The required
oscillation angle for an acceptable cup safe-zone. J Biomech. 2005;38(1):
125-132.

Pitz-Gongalves LI, Deckard ER, Meneghini RM. Large femoral heads
and select dual-mobility bearings are associated with reduced instability
in contemporary posterior approach total hip arthroplasty. J Arthroplasty.
2023;38(75):5124-5130.

Banerjee S, Pivec R, Issa K, Kapadia BH, Khanuja HS, Mont MA. Large-
diameter femoral heads in total hip arthroplasty: an evidence-based
review. Am J Orthop (Belle Mead NJ). 2014;43(11):506-512.

Wilson JM, Trousdale RT, Bedard NA, Lewallen DG, Berry DJ, Abdel
MP. Cemented dual-mobility constructs in uncemented revision
acetabular components. Bone Joint J. 2024;106-B(4):352-358.

Lustig S, Cotte M, Foissey C, Asirvatham RD, Servien E, Batailler C.
Monobloc dual-mobility acetabular component versus a standard
single-mobility acetabular component. Bone Joint J. 2024;106-B(3 Supple
A):81-88.

Peuchot H, Jacquet C, Fabre-Aubrespy M, et al. No benefit of direct
anterior over posterolateral approach in total hip arthroplasty using
dual-mobility acetabular component for femoral neck fracture. Bone
Joint J. 2024;106-B(5 Supple B):133-138.

Waddell BS, Koch C, Trivellas M, Burket JC, Wright T, Padgett D. Have
large femoral heads reduced prosthetic impingement in total hip
arthroplasty? Hip Int. 2019;29(1):83-88.

Scott TP, Weitzler L, Salvatore A, Wright TM, Westrich GH. A retrieval
analysis of impingement in dual-mobility liners. J Arthroplasty. 2018;
33(8):2660-2665.

von Elm E, Altman DG, Egger M, et al. The strengthening the reporting
of observational studies in epidemiology (STROBE) statement:
guidelines for reporting observational studies. Lancet. 2007;370(9596):
1453-1457.

Nakashima Y, Hirata M, Akiyama M, et al. Combined anteversion
technique reduced the dislocation in cementless total hip arthroplasty.
Int Orthop. 2014;38(1):27-32.

Murray DW. The definition and measurement of acetabular orientation.
J Bone Joint Surg Br. 1993;75-B(2):228-232.

Jolles BM, Zangger P, Leyvraz P-F. Factors predisposing to dislocation
after primary total hip arthroplasty: a multivariate analysis. J Arthroplasty.
2002;17(3):282-288.

Kiyohara M, Hamai S, Shiomoto K, et al. Does accelerometer-based
portable navigation provide more accurate and precise cup orientation
without prosthetic impingement than conventional total hip arthro-
plasty? A randomized controlled study. Int J Comput Assist Radiol Surg.
2022;17(6):1007-1015.

Hemmerich A, Brown H, Smith S, Marthandam SSK, Wyss UP. Hip,
knee, and ankle kinematics of high range of motion activities of daily
living. J Orthop Res. 2006;24(4):770-781.

Jolles BM, Genoud P, Hoffmeyer P. Computer-assisted cup placement
techniques in total hip arthroplasty improve accuracy of placement. Clin
Orthop Relat Res. 2004;426(426):174-179.

Yamada K, Endo H, Tetsunaga T, Miyake T, Sanki T, Ozaki T. Accuracy
of cup positioning with the computed tomography-based two-
dimensional to three-dimensional matched navigation system: a
prospective, randomized controlled study. J Arthroplasty. 2018;33(1):
136-143.

Matsuki Y, Imagama T, Tokushige A, Yamazaki K, Sakai T. Accuracy
of cup placement using computed tomography-based navigation
system in total hip arthroplasty through the direct anterior approach. J
Orthop Sci. 2023;28(2):370-375.

Nishihara S, Hayashida K. Comparison between freehand technique
and computed tomography-based navigation in acetabular cup
placement through direct anterior approach for total hip arthroplasty.
Arch Orthop Trauma Surg. 2022;142(2):323-329.

Palit A, Williams MA, Turley GA, Renkawitz T, Weber M. Femur First
navigation can reduce impingement severity compared to traditional
free hand total hip arthroplasty. Sci Rep. 2017,7(1):7238.

Bone & JointOpen  Volume 6,No.2  February 2025


https://twitter.com/@EruKonishi
https://twitter.com/@shamai0220
https://www.aaos.org/registries/publications/ajrr-annual-report/
https://www.aaos.org/registries/publications/ajrr-annual-report/

35. Higashi T, Kaku N, Noda S, Tabata T, Tagomori H, Tsumura H. Effects
of ball head diameter and stem neck shape in range of motion after
total hip arthroplasty: a simulation study. J Orthop. 2020;18:104-109.

36. Wyles CC, Maradit-Kremers H, Fruth KM, et al. Frank Stinchfield
Award: Creation of a patient-specific total hip arthroplasty periprosthetic
fracture risk calculator. J Arthroplasty. 2023;38(75):52-510.

37. Burzynski S, Sabik A, Witkowski W, tuczkiewicz P. Influence of the
femoral offset on the muscles passive resistance in total hip arthroplasty.
PLoS One. 2021;16(5):0250397.

Author information

T. Konishi, MD, Graduate Student

S. Kawahara, MD, PhD, Assistant Professor

D. Hara, MD, PhD, Assistant Professor

T. Sato, MD, PhD, Assistant Professor

G. Motomura, MD, PhD, Associate Professor

T. Utsunomiya, MD, PhD, Assistant Professor

Y. Nakashima, MD, PhD, Professor

Department of Orthopaedic Surgery, Graduate School of Medical
Sciences, Kyushu University, Fukuoka, Japan.

S. Hamai, MD, PhD, Associate Professor, Department of
Orthopaedic Surgery, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan; Department of Artificial Joints
and Biomaterials, Faculty of Medical Sciences, Kyushu University,
Fukuoka, Japan.

Author contributions

T. Konishi: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Resources, Visualization, Writing -
original draft, Writing - review & editing.

S. Hamai: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Investigation, Methodology, Project
administration, Resources, Supervision, Validation, Visualization,
Writing - original draft, Writing - review & editing.

S. Kawahara: Investigation, Resources, Writing - review & editing.
D. Hara: Investigation, Resources, Writing - review & editing.

T. Sato: Investigation, Resources, Writing - review & editing.

G. Motomura: Investigation, Resources, Writing - review & editing.
T. Utsunomiya: Investigation, Resources, Writing - review &
editing.

Y. Nakashima: Investigation, Project administration, Resources,
Supervision, Writing - review & editing.

Funding statement

The author(s) disclose receipt of the following financial or
material support for the research, authorship, and/or publication
of this article: grant from the Medical Care Education Research
Foundation.

ICMJE COI statement
S. Hamai reports support for the present manuscript from
Medical Care Education Research, which covered partial funding

38. Lee G-C, Kamath A, Courtney PM. Clinical concerns with dual mobility-
should | avoid it when possible? J Arthroplasty. 2021;36(75):588-S91.

39. Heckmann ND, Chung BC, Liu KC, et al. Metal artifact reduction
sequence-MRI abnormalities in asymptomatic patients with dual-
mobility hip prostheses. Bone Joint J. 2024;106-B(3 Supple A):89-96.

for the study, including software and data analysis; and

grants or contracts Ogata Memorial Foundation; payment

or honoraria for lectures, presentations, speakers bureaus,
manuscript writing, or educational from Stryker, Japan

MDM, Ayumi Pharmaceutical, Johnson & Johnson and Kaken
Pharmaceutical, which are unrelated. D. Hara declares payment
or honoraria for lectures, presentations, speakers bureaus,
manuscript writing, or educational events from Kyocera, which
is unrelated. Y. Nakashima discloses research grants from Kyocera,
Ayumi Pharmaceutical, EA Pharma, Chugai Pharmaceutical, and
Zimmer Biomet; and is president of the Japanese Orthopaedic
Association, all of which are also unrelated.

Data sharing

The data that support the findings for this study are available
to other researchers from the corresponding author upon
reasonable request.

Acknowledgements
The authors would like to thank Editage (www.editage.com) for
the English language editing.

Ethical review statement
This study was was approved by our facility's Institutional Review
Board (IRB number 30-91).

Open access funding

The open access fee was covered by funds from the Department
of Artificial Joints and Biomaterials, Kyushu University, Fukuoka,
Japan, which is supported by donations.

© 2025 Konishi et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution Non-
Commercial No Derivatives (CC BY-NC-ND 4.0) licence, which
permits the copying and redistribution of the work only, and
provided the original author and source are credited. See https://
creativecommons.org/licenses/by-nc-nd/4.0/

Impact of CT-based navigation, large femoral head, and dual-mobility liner on achieving the required ROM in THA 163

T. Konishi, S. Hamai, S. Kawahara, et al.


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Impact of CT-based navigation, large femoral head, and dual-mobility liner on achieving the required range of motion in total hip arthroplasty
	Introduction
	Methods
	Patients
	Implants and navigation
	Surgical procedure
	Postoperative measurement and ROM simulation
	Statistical analysis

	Results
	Implant orientation
	ROM simulation with actual implants
	ROM simulation with a 36 mm ball or dual-mobility liner
	Total ROM in four directions
	The risk ratio of impingement within the required ROM

	Discussion
	Limitations



