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HIP COMPASS®: A Mechanical Intraoperative Navigation Guide
Associated with Improved Revision-Free Implant Survivorship
after Ceramic-on-Ceramic Total Hip Arthroplasty
at Minimum 10-Year Follow-up
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HIP COMPASS" has demonstrated improved accuracy in intraoperative support for the acetabular component
insertion angle. We assessed long-term revision-free implant survivorship following total hip arthroplasty
(THA) using HIP COMPASS, with >10 years of follow-up. We retrospectively analyzed 210 hips of 186 patients
who underwent cementless THA with ceramic-on-ceramic bearing couples, with or without HIP COMPASS.
The mean follow-up duration was 10.8 years in the HIp COMPASS group and 12.7 years in the control group.
Overall, 86.0% and 78.2% of cups were placed within Lewinnek’s safe zone with and without HIP COMPASS,
respectively. Variability in radiographic inclination and anteversion was greater in the control group than in the
HIP COMPASS group. Dislocation rates were 3.2% in the control group and 1.2% in the HIP COMPASS group,
with no significant difference between groups. The control group had a significantly higher revision rate than
the HIP COMPASS group (7.3% vs. 1.2%). Use of HIP COMPASS was associated with improved long-term revi-
sion-free implant survivorship over >10 years and more consistent acetabular component positioning at an

appropriate insertion angle, which may contribute to stable initial fixation.
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P recise placement of components in total hip
arthroplasty (THA) is essential for long-term
implant survivorship [1-3]. Impingement of the femo-
ral neck on the rim of the acetabular cup can cause
dislocation and accelerate cup loosening [4,5]. Edge
loading resulting from excessive cup inclination or
anteversion increases the risk of accelerated wear and
bearing failure, even with modern wear-resistant mate-
rials such as metal-on-metal bearings [6], ceramic-on-
ceramic (CoC) bearings [7], or highly cross-linked
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polyethylene [8]. Improving the accuracy of acetabular
component placement may reduce dislocation frequency
and loosening risks, thereby enhancing long-term
implant survival [1].

Navigation systems enhance surgical precision;
however, their high cost, technical complexity, and
limited adoption in routine clinical practice restrict
widespread use. In Japan, as of 2023, CT-based navi-
gation and imageless navigation were used in only
14.5% and 17.4% of primary total hip arthroplasties,
respectively [9], indicating that the adoption of naviga-
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tion systems remains limited [10]. To address this chal-
lenge, we developed HIP COMPASS" (Mizuho Corp.,
Ltd., Tokyo, Japan), a simple and cost-effective
mechanical intraoperative angle guide designed to assist
in controlling acetabular cup orientation during supine
THA. HIP COMPASS was introduced in 2010 and has
been shown to reduce insertion angle error: in a previ-
ous study, radiographic anteversion and inclination
errors were 2.9° each in the HIP COMPASS group,
compared with 8.8° and 6.1°, respectively, in the non-
HIP COMPASS group [11]. However, the long-term
survivorship of THA performed using HIP COMPASS
remains unclear. Therefore, in this study, we aimed to
examine revision-free implant survivorship, dislocation
incidence, revision rate, and acetabular component
angles following CoC THA using HIP COMPASS in
patients with > 10 years of follow-up. We hypothesized
that long-term revision-free implant survivorship would
be superior in the HIP COMPASS compared with the
non-HIP COMPASS group, owing to more accurate
acetabular component placement.

Materials and Methods

Participants.  We retrospectively reviewed 210
consecutive hips in 186 patients who underwent THA at
our institution between March 1, 2008, and December
31, 2013 and were followed up for =10 years. Use of
HIP COMPASS began on April 1, 2011. Based on the
date of surgery, we divided patients into two groups:
the control group (124 hips in 116 patients), who
underwent THA between March 1, 2008, and March
31, 2011, and the HIP COMPASS group (86 hips in 70
patients), who underwent surgery between April 1,
2011, and December 31, 2013 (Fig.1). Exclusion crite-
ria included cases that required structural bone grafting
during the study period. In addition, cases in which
CT-based navigation was used were excluded: eight
cases performed between March 1, 2008, and March
31, 2011, and five cases performed between April 1,
2011, and December 31, 2013. Among the 210 hips,
172 were in 159 female patients, and 38 were in 27 male
patients. We assessed revision-free implant survivor-
ship, dislocation incidence, and causes of dislocation in
patients with > 10 years of follow-up.

Ethics.  The Institutional Review Board of the
authors’ affiliated institution approved the study proto-
col (approval no. 2024-0265) and waived the require-
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Patients underwent THA at our institution
between March 1, 2008 and December 31, 2013,
with a follow up of less than 10 years: 210

4 )
Acetabular component was placed Acetabular component was placed
without any support with the support of HIP COMPASS®
between March 1, 2008 between April 1, 2011
and March 31, 2011: 124 and December 31, 2013: 86
\ J

Fig. 1 Flow diagram of the participant selection process.

ment for informed consent owing to the retrospective,
observational, and non-interventional nature of the
study. All methods used in this study were performed
in accordance with the relevant guidelines and regula-
tions.

HIP COMPASS.  HIP COMPASS is a mechanical
intraoperative support device consisting of a T-plate
with three uniformly sized adjustable legs and an
attachable angle indicator (Fig.2). The legs can be
repositioned along the plate, allowing the T-plate to
align parallel to the anterior pelvic plane (APP) by
applying pressure to the anterior-superior iliac spine
(ASIS) and pubic symphysis (PS). However, variations
in soft tissue thickness between the ASIS and PS can
introduce alignment errors between the T-plate and the
APP. To address this, we assessed the soft tissue thick-
ness at both ASISs and the PS. We then calculated the
difference between the PS thickness and the average
thickness of the bilateral ASISs. This difference was
used to adjust the length of the leg on the PS side,
thereby correcting any alignment error between the
APP and the T-plate. The target inclination and
anteversion angles of the acetabular cup were based on
the functional pelvic plane (FPP). The angle indicator
was set to the corresponding angles expressed relative to
the APP [12]. It was then mounted on the T-plate after
the T-plate was aligned parallel to the APP, to denote
the desired cup implantation angle. During surgery,
the acetabular cup was positioned by aligning the cup
holder parallel to the indicator.

Concept of the planning. = We conducted three-
dimensional preoperative planning for all cases using
either HipCAS" or ZedView" (Lexi, Tokyo, Japan)
[13,14]. The radiographic inclination was set at 40°,
and radiographic anteversion was 15-20° relative to the
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Fig. 2

HIP COMPASS. The device had legs on the left and right anterior-superior iliac

spine and pubic symphysis (the width of the former and height of the latter were variable).
The length of the leg placed on the pubis was also adjustable.

FPP. The femoral component was positioned with
10-30° of anteversion relative to the retrocondylar plane
(RCP), defined by the most posterior points of the
bilateral posterior condyles and the most posterior point
of the greater trochanter. This alignment is crucial to
prevent implant impingement, which may lead to dislo-
cation following THA [3,15,16]. All surgeries were per-
formed using an anterolateral supine approach under
general anesthesia. We implanted uncemented acetabular
components (Plasmacup™ MSC; B. Braun SE, Germany)
and ceramic liners (BIOLOX" forte; CreamTec GmbH,
Germany). The femoral component was selected from
three implant types — BICONTACT N, BiCONTACT D,
and Trilliance cemented stem — tailored to the specific
anatomical configuration of each femur. All femoral
heads measured 32 mm in diameter and were made of
ceramic (BIOLOX" forte; CreamTec GmbH).

Measurements. We used ZedView" software
(Lexi) to assess the implantation angles — specifically,
the inclination and anteversion of the acetabular com-
ponent and the anteversion of the femoral component.
This analysis was based on three-dimensional (3D)
digital bone models reconstructed from computed
tomography (CT) scans obtained 1-week post-surgery
(13,14].

We acquired approximately 600 CT slices (slice
thickness: 1.25 mm) for each limb using a multi-slice
scanner with a 64-row detector (Aquilion 64TM;
Toshiba Medical Systems, Otawara, Japan).

Using these CT data, we developed 3D surface
models of the pelvis and femur for each patient. To
assess the orientation of the acetabular component,
specifically its inclination and anteversion, we aligned

the pelvic model with the APP, defined by the bilateral
anterior superior iliac spines and the PS, ensuring that
all three landmarks lay in the same horizontal plane
[17]. The 3D femoral model was adjusted to align with
the RCP, as previously described [18].

Survey items. We assessed the incidence and
timing of postoperative dislocation, the revision rate,
the causes of revision, and time to revision. Revision
was performed/considered if there was component
migration of >10° or >3 mm on plain radiographs,
symptomatic loosening (e.g., pain, noise, or discom-
fort), or recurrent dislocation that interfered with daily
activities. We defined early failure potentially related to
initial malposition as cup dislocation or radiographic
loosening occurring within 3 months after THA, based
on reports that the acetabulum and acetabular compo-
nent typically stabilize within that period. In contrast,
aseptic loosening was defined as radiographic or clini-
cal loosening occurring more than 3 months postoper-
atively, such as component migration of >10° or
>3 mm or symptomatic loosening. Postoperative dislo-
cation was analyzed separately as a complication
[19,20].

Statistical analysis. =~ We compared insertion
angles between the control and HIP COMPASS groups
using an independent-samples t-test. An F-test was used
to assess variability in the insertion angles. The propor-
tion of cases within the Lewinnek safe zone was com-
pared between groups, and revision and dislocation
rates were compared using Fisher’s exact test (two-
tailed). Revision-free implant survivorship (end-
point: first revision) was analyzed using the Kaplan—
Meier method and compared between groups using the
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log-rank test.

A post hoc power analysis was performed to evaluate
the risk of Type II error (B). For the t-test, we defined
the effect size (d) as 0.5 and type I error (a) as 0.05. For
the Fisher’s exact test, we defined the effect size as 0.3
and the Type I error as 0.05. Intra- and inter-rater reli-
abilities were evaluated for each parameter using intra-
class correlation coefficients (ICCs). Intra-rater reliability
was evaluated by having the same observer (YT) repeat
the measurements at intervals of at least 1 week. Inter-
rater reliability was evaluated by having a second
observer (NI) perform the same measurements. All
statistical analyses were conducted using SPSS Version
28 (SPSS Inc., Chicago, IL, USA).

Results

Participant characteristics are presented in Table 1.

Radiographic inclination was significantly greater in
the control group, while there was no significant differ-
ence between the groups in either radiographic antever-
sion or stem anteversion (Table 2). The proportions of
cases within the Lewinnek safe zone were 78.2% in the
control group and 86.0% in the HIP COMPASS group
(Fig.3). The proportion of cases within the Lewinnek
safe zone was significantly higher in the HIP COMPASS
group than in the control group (p=0.016). The
HIP COMPASS group had 10 outliers (defined as cases
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Fig. 3  Scatter plot of radiographic inclination and radiographic
anteversion of the acetabular component. With the HIP COMPASS,
74 cups were placed within the safe zone of Lewinnek, and without
the HIP COMPASS, 97 cups were placed within this zone.

Table 1 Characteristics of participants
HIP COMPASS group Control group
(n=86) (n=124) P-value
Age (years) 59.0 £10.2 58.8 +10.3 0.894*
Sex (male/female) 16/70 18/106 0.407°
Body mass index (kg/m?) 23.7+3.2 232+33 0.802*
Follow up period (years) 108+14 127 +15 <0.001*
Cause Hip osteoarthritis: 68 Hip osteoarthritis: 107
Idiopathic osteonecrosis Idiopathic osteonecrosis
of the femoral head: 18 of the femoral head: 17
* " an independent-sample t-test; T, Fisher’s exact probability test.
Table 2  Component orientation
HIP COMPASS Control group P-value
group
Radiographic inclination (° ) 39.7+3.7 416+59 0.001
Radiographic anteversion (° ) 21.0£4.5 19.7 +6.9 0.147
Stem anteversion (° ) 16.2+12.3 19.0+11.4 0.143




June 2026

with a radiographic inclination or anteversion error
exceeding 10°) among the 86 patients (11.7%), while
the control group had 31 outliers among 124 patients
(25.0%).

Specifically, for inclination errors exceeding 10°,
there were no outliers (0.0%) in the HIP COMPASS
group and nine outliers (10.5%) in the control group
(p=0.011). For anteversion errors exceeding 10°, there
were 10 outliers (11.7%) in the HIP COMPASS group
and 22 outliers (17.7%) in the control group (p=0.225).
The F-test revealed significantly greater variance in both
radiographic anteversion (F=2.44, p<0.001) and radio-
graphic inclination (F=2.29, p<0.001) in the control
group.

There were four dislocations (4/124; 3.2%) in the
control group and one (1/86; 1.2%) in the HIP COMPASS
group during the follow-up period; the difference
between groups was not statistically significant
(p=0.651). All dislocations occurred within 3 months
postoperatively (Table 3).

Revision surgery was significantly more frequent in
the control group (9/124, 7.3%) than in the HIP COMPASS
group (1/86, 1.2%) (p=0.049) (Table 3). The causes of
revision in the control group were recurrent dislocation
(n=2), aseptic loosening (n=2), poor fixation due to
initial malposition (n=2), ceramic liner breakage
(n=2), and squeaking (n=1). The single revision in the
HIP COMPASS group was due to poor fixation related
to initial malposition.

Consequently, Kaplan-Meier analysis showed higher
revision-free implant survivorship in the HIP COMPASS
group (Fig.4). The mean time to revision was 3.35 years
(range: 0.1-9.0 years) in the control group and 0.1 years
in the HIP COMPASS group.

Post hoc analysis yielded statistical power of 0. 941
for the t-test and 0. 940 for Fisher’s exact test. Intra- and
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interobserver reliability for all measured parameters was
excellent (Table 4). The intraclass correlation coefhi-
cients (ICCs) for intraobserver reliability ranged from
0.956 to 0.974, and those for interobserver reliability
ranged from 0.932 to 0.950 (all p<0.001). The mean
absolute differences were small for all parameters, indi-
cating high measurement reproducibility.

Discussion
The findings of this study indicate that the revi-

sion-free implant survivorship after THA performed
using the HIP COMPASS system is superior to that after

1.004 HIP COMPASS group
N __.
T - 1--
% 0.90 1 control group
©
2
e
S 0.80-
w
0-70 T T T T T
0 2 4 6 8 10
Duration after THA (years)
Fig. 4  Kaplan-Meier curve of revision-free implant survivorship.

Revisions were more frequent in the control group than the
HIP COMPASS group; consequently, revision-free survivorship was
higher in the HIP COMPASS group.

Table 3 Rate of dislocation, survivorship, and revision THA and the cause

HIP COMPASS group (n=86) Control group (n=124) P-value
Dislocation (cases) 1.2% (1/86) 3.2% (4/124) 0.651
Survivorship (cases) 98.8% (84/86) 92.7% (115/124) 0.049
Revision THA (cases) 1.2% (1/86) 7.3% (9/124) 0.049

Cause

Poor fixation due to initial malposition: 1

Poor fixation due to initial malposition: 2
Recurrent dislocation: 2

Aseptic loosening: 2

Breakage of ceramic liner: 2

Squeaking without breakage: 1

THA, total hip arthroplasty.
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Table 4

Intra- and interobserver reliability of measurement values

Acta Med. Okayama Vol. 80, No. 3

Intra observe reliability

Interobserver reliability

MAD ICC 95% CI P-value MAD ICC 95% ClI P-value
Radiographic anteversion (° ) 14+08 0.971 0.962-0.978 <0.001 19+14 0.932 0.912-0.945 <0.001
Radiographic inclination (° ) 1.3£0.9 0.974 0.963-0.980 <0.001 23+1.8 0.941 0.922-0.956 <0.001
Stem anteversion (° ) 16+16 0.956 0.934-0.978 <0.001 22+21 0.950 0.933-0.962 <0.001

MAD, mean absolute difference; ICC, interclass correlation coefficient; Cl, confidence interval.

THA performed without it over a minimum 10-year
follow-up period. This outcome supports our initial
hypothesis. The variance in radiographic inclination
and anteversion was significantly lower in THA per-
formed with HIP COMPASS, consistent with previous
findings [11]. Earlier studies have demonstrated an
association between accurate cup placement and
improved clinical outcomes in THA when using other
navigation systems; however, many of these investiga-
tions were limited to short- or mid-term follow-up
periods [21-26].

In contrast, Imai ef al. [27] and Sugano et al. [1] have
reported long-term outcomes following THA with
CT-based navigation systems, suggesting a potential
contribution to enhanced implant longevity. Our study
demonstrates that HIP COMPASS provided greater
precision in acetabular cup orientation than the control
procedure. Furthermore, its use was associated with
improved revision-free survivorship in THA with CoC
bearing surfaces, based on follow-up of =10 years.

The lower revision rate observed in the HIP COMPASS
group may be partially explained by improved acetabu-
lar component orientation. Revisions related to poor
initial fixation and early instability may be associated
with suboptimal cup positioning. The reduced variabil-
ity in cup inclination and anteversion achieved with
HIP COMPASS may have contributed to improved ini-
tial stability and, in turn, to fewer revisions. Although
ceramic liner breakage and squeaking are considered
multifactorial complications, implant malposition has
been reported as a potential contributing factor [28-30].
This may explain why these revision causes were
observed exclusively in the control group in the present
study.

Although the dislocation rate was lower in the
HIP COMPASS group (1.2%) than in the control group
(3.2%), this difference did not reach statistical signifi-
cance. Given the low overall incidence of dislocation

events, the sample size in this study may have been
insufficient to detect a statistically significant difference
between the groups. Previous studies have reported
dislocation rates after THA ranging from 1.5% to 3.9%
[21,31-36]. However, dislocation rates of 0.4-1.0%
have been reported for total hip arthroplasty performed
using the anterolateral supine approach during a similar
period [33-36]. In the present study, the dislocation
rate in the HIP COMPASS group was comparable to
these previously reported rates, whereas the dislocation
rate in the control group was higher. This finding may
suggest that increased variability in component orienta-
tion that may reflect reduced placement accuracy of
acetabular component placement in the control group
may have contributed to the increased dislocation rate.
The rates observed in both the control and HIP COMPASS
groups fell within this range, suggesting that the partic-
ipants in both groups were adequately treated. We
therefore attribute the lack of statistical significance to
the overall low incidence of dislocation in both groups.

In addition to its association with more consistent
cup positioning in our cohort, HIP COMPASS offers
several practical advantages over digital navigation sys-
tems. First, as an analog device, it carries a lower risk
of unexpected errors or malfunctions than digital sys-
tems. Second, whereas CT-based and imageless navi-
gation systems are typically compatible only with spe-
cific implant manufacturers, HIP COMPASS may, in
principle, be applicable across different manufacturers
and implant models, as long as the direction of cup-
holder fixation corresponds to the apex of the acetabu-
lar component. Finally, it is cost-effective, requiring
only two Kirschner wires per surgery.

However, HIP COMPASS also has the disadvantage
that it can only be used with the supine surgical
approach. Suzuki et al. [37] reported that insertion
angle error tends to be larger in obese cases, particu-
larly those with a soft tissue thickness of 237.2 mm at
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the PS on preoperative CT images. Therefore, although
HIP COMPASS may not be appropriate in cases requir-
ing a lateral approach or in those with severe obesity, it
remains a useful and practical tool for routine use.

In previous reports, the dislocation rates associated
with CT-based navigation and robotic-assisted total hip
arthroplasty were both approximately 0.5% [1,27,38,
39], whereas imageless navigation has been reported to
have a dislocation rate of approximately 1.0% [22,40].
The dislocation rate observed in the HIP COMPASS
group in the present study can thus be considered com-
parable to that reported for imageless navigation.

With regard to placement accuracy, CT-based navi-
gation and robotic-assisted systems have been reported
to achieve mean errors of approximately 2° for inclina-
tion and 1° for anteversion, whereas imageless naviga-
tion systems have shown mean errors of approximately
3° for both inclination and anteversion [22,23]. These
values are comparable to the placement accuracy previ-
ously reported for HIP COMPASS [11,13]. Taken
together, HIP COMPASS may not achieve the same
level of accuracy as CT-based navigation or robotic-as-
sisted systems; however, its reported placement accu-
racy appears comparable to that of imageless navigation.
Moreover, differences in dislocation rates are difficult to
interpret given the low even count in our cohort.

As mentioned above, HIP COMPASS can only be
used with a supine approach, whereas imageless navi-
gation systems are applicable in the lateral decubitus
position as well. However, in institutions where THA is
routinely performed exclusively in the supine position
and where substantial capital investment in navigation
or robotic systems is difficult, HIP COMPASS may rep-
resent a practical alternative option.

This study has several limitations. First, in addition
to the technical constraints of HIP COMPASS, the
retrospective nature of the study may have introduced
selection bias and residual confounding, limiting the
ability to draw definitive causal inferences. Second,
although the sample size was sufficient to evaluate the
primary outcome, namely, revision-free implant survi-
vorship of CoC THA using HIP COMPASS, it was
underpowered to ascertain whether HIP COMPASS
was associated with a reduced dislocation rate following
THA. Further research with random allocation and a
larger cohort is necessary to establish the superiority of
HIP COMPASS. Third, although the follow-up dura-
tion exceeded 10 years and represents a major strength
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of this study, longer-term follow-up beyond 20 years
would be desirable to fully evaluate implant survivor-
ship. Extended follow-up is required to evaluate long-
term clinical outcomes and complications. Fourth, the
follow-up period differed between the groups, which
may have influenced the interpretation of revision out-
comes. Although Kaplan-Meier analysis was used to
account for differences in follow-up duration, this
imbalance remains a potential limitation of the study.
Finally, in the evaluation of component placement
accuracy, the deviation from the preoperative plan
would ideally have been assessed. However, because
the preoperative planning data were unavailable in
some cases, placement accuracy was instead evaluated
using the Lewinnek safe zone. This represents one of the
limitations of the present study.

In conclusion, these findings suggest that
HIP COMPASS may be a viable intraoperative guidance
option for surgeons, given its broad compatibility with
acetabular components and low cost.
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