
In total hip arthroplasty (THA), obtaining a wide range of motion after surgery and preventing dislocation are 
important factors for improving short-term results, such 
as the patient being able to perform day-to-day life ac-
tivities.1) Setting the implant with an appropriate angle 
reduces polyethylene wear and affects long-term results.2) 
However, reports suggest that there are many errors as-
sociated with the freehand techniques of cup setting3) and 
using a mechanical device that guides the pelvic axis also 
provides a very low accuracy.4) As typified by the com-
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bined anteversion theory, the concrete cup installation 
angle can be calculated mathematically for appropriate 
implant installation.5) A computer-assisted system was 
initially developed in the 1990s6) and was reported to be 
highly useful for embodying the specific cup installation 
angle during surgery.7) THA using navigation reduces the 
risk of postoperative dislocation and impingement, which 
in turn lowers the revision rate.8)

The navigation systems are broadly divided into 
computed tomography (CT)-based and CT-free, classi-
fied by the difference in the image information used as 
reference. In CT-based navigation, three-dimensional 
bone models are constructed from CT data for each pa-
tient before surgery, and registration methods, such as 
fluoroscopy, landmarking, and surface point matching, 
are used. Conversely, in CT-free navigation, registration 
is performed to project bone surface reference points on 
the bone model recorded in the computer. The CT-free 
navigation is referred to as “imageless” and has advantages 
over CT-based navigation in terms of less radiation expo-
sure and cost because it does not require preoperative CT 
or preoperative planning; thus, it is widely used in ortho-
pedic areas, such as trauma and spine. 

In recent years, there have been reports of promising 
results using CT-free navigation;9,10) however, there is no 
report that directly compares the cup installation accuracy 
between CT-free and CT-based navigation to state impor-
tant points of comparison between the two techniques. 
The purpose of this study was to compare the accuracy of 
cup installation between CT-based and CT-free navigation 
and to examine patient factors that affect the cup installa-
tion accuracy, e.g., pelvic morphology. We hypothesized 
that CT-based navigation, which determines the pelvic 
axis by considering individual anatomical differences of 
patients, would be more accurate than CT-free navigation, 
which calculates the pelvic axis based on pelvic data of 
many patients.

METHODS

This study was approved by the Bioethics Committee (ap-
proval No. 1414) and was conducted based on the Helsinki 
Declaration revised in 1964 and thereafter. Informed con-
sent was provided by all participants. 

The present study used a prospective design to in-
vestigate the cup setting angle accuracy during THA for 
patients with dysplastic osteoarthritis of Crowe’s classifica-
tion stage I or II using CT-based and CT-free navigation. 
The registration was performed for both CT-based and 
CT-free navigation by the same manufacturer preopera-

tively and intraoperatively; the surgeon (NK) used a com-
mon antenna during surgery for the same patient placed 
in the lateral decubitus position. Immediately after cup 
installation with CT-based navigation, the installed angle 
of the same cup was measured intraoperatively with CT-
free navigation. We measured the difference between the 
cup angle obtained from postoperative CT data and the 
angle obtained from the intraoperative display using CT-
based navigation. We also investigated the factors that af-
fected the installation cup angle of CT-based and CT-free 
navigation. Unlike cohort studies with different subject 
groups, our study design minimized the influence of inter-
individual differences, such as anatomical factors and sur-
gical position.

When comparing the cup installation angles be-
tween the two matched groups, a difference of 3° in the 
installation angle was defined as a clinically meaningful 
difference. The standard deviation was set to 6.2 based on 
our past cases. With an α error of 0.05 and a β error of 0.20, 
the required sample size was 36 hip joints. The partici-
pants of this study were recruited for approximately 1 year 
to obtain the number of joints needed for adequate power 
and for significance in statistical analysis. Of the 117 hip 
joints that were eligible for primary THA within the same 
period in our hospital, 65 were available after excluding 
non-osteoarthritis cases, such as rheumatoid arthritis, os-
teonecrosis of the femoral head, and cases after osteotomy. 
Twenty-one hip joints with Crowe type III or IV dysplasia 
showing obvious subluxation were also excluded. Of the 
total Crowe type I and II osteoarthritis cases, 8 cases with 
a Sharp’s angle of less than 40° on the surgical side and 
without osteophytes, such as an acetabular double-floor, 
were excluded. Therefore, the Sharp’s angle on the surgical 
side of the 36 target joints averaged 48.79° ± 3.56° (range, 
43°–59°). The study included 36 patients (7 men and 29 
women) who underwent a primary THA for dysplastic 
osteoarthritis of the hip at our hospital between June 2018 
and July 2019. The mean age of the patients at surgery was 
65.6 ± 11.1 years (range, 37–84 years), and the average 
height, weight, and body mass index (BMI) were 154.7 ± 
10.6 cm (137.0–181.5 cm), 56.9 ± 11.9 kg (39.0–86.6 kg), 
and 23.7 ± 3.4 kg/m2 (18.3–31.6 kg/m2), respectively. As 
per the Crowe’s classification of osteoarthritis, 26 and 10 
joints were in groups I and II, respectively; no cases were 
in group III or higher. CT images from the iliac wing to 
the knee joint were acquired using a helical CT scanner 
(Aquilion CX; Toshiba Medical Systems Corp., Tokyo, 
Japan) with a slice thickness of 1 mm. CT data were trans-
ferred to the planning module, which was then used to de-
termine the optimal component size, angle, and position. 
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The installation target radiographic angles were 40° incli-
nation and 20° anteversion based on the functional pelvic 
plain (FPP) standard for the preoperative plan of CT-
based navigation. We used two navigation systems: Vector 
Vision Hip (Vector Vision compact hip CT ver. 3.5.2) for 
CT-based navigation and Hip-Ver 6.0 for CT-free naviga-
tion from the same manufacturer (Brainlab, Munich, Ger-
many) (Table 1).

Fluoro-matching was used for registration during 
CT-based navigation. We performed bone surface registra-
tion after the induction of general anesthesia. We inserted 
two screws and placed the antenna on the iliac crest in the 
lateral decubitus position. Two fluoroscopic pelvic images 
were recorded from angles greater than 20° using a mobile 
fluoroscopy system (PhilipsBV-29 C-Arm; Koninklijke 
Philips, Eindhoven, the Netherlands). Next, 1 point of the 
superior anterior iliac spine and 2 points of the iliac crest 
on the surgical side were touched with a probe for regis-
tration because a metal mark was affixed at the superior 
anterior iliac spine opposite to the surgical side with an 
adhesive tape during CT-free navigation before surgery. 
The superior anterior iliac spines were touched as refer-
ence points with a probe bilaterally, and the acetabular 
fossa was run across with another probe during the opera-
tion in the same position for the registration of CT-free 
navigation.

All operations were performed by the same surgeon 
(NK) using a posterior approach in a lateral decubitus 
position, with an approximately 10° posterior tilt. An 
SQRUM/HA cementless cup (Kyocera, Kyoto, Japan) was 
used as the implant in all patients. The cup sizes were 42, 
46, 48, 50, 52, and 56 mm for 1, 3, 12, 8, 7, and 5 hip joints, 
respectively. Although the cup was installed using CT-
based navigation for all hip joints, the final operative angle 
of the cup was recorded on each hip joint at the same time. 
The operative angle was also immediately measured and 
recorded in one shot before removing the setting rod with 
an antenna using CT-free navigation. Therefore, it was 
possible to obtain the operative angles for cup installation 

in CT-based and CT-free navigation of the same model 
for the same joint concurrently. After confirming cup fixa-
tion using the press-fit technique, two screw fixations were 
performed for all patients. 

The operative angle obtained during the surgery us-
ing CT-based navigation was converted to a radiographic 
angle. For CT-free navigation, as the operative angle dur-
ing surgery was based on the anterior pelvic plain (APP) 
standard, it was converted to the FPP standard by refer-
ring to the methods of Babisch et al.11) and then converted 
to a radiographic angle. The radiographic angles for cup 
inclination and anteversion were measured using LEXI’s 
ZedHip ZedView 11.5.3 (LEXI Co., Tokyo, Japan) from 
the CT image obtained 1 week after the surgery. The ac-
curacy of the CT-based navigation for the cup setting was 
initially measured to compare with the installation cup an-
gles measured after surgery. Next, the difference between 
the radiographic angle measured intraoperatively and the 
target installation angle was compared between the CT-
based and the CT-free navigation techniques.

In addition, BMI (kg/m2), the bilateral superior an-
terior iliac spine distance (mm), absolute value of pelvic tilt 
angle (°), Crowe’s classification, and presence or absence of 
double-floor osteophytes were examined to determine the 
clinical factors affecting the cup installation accuracy. All 
measurements were performed by the same observer (NK) 
and were repeated in a blinded manner during the course 
of two sessions with at least 1 month apart. Intraobserver 
reliability evaluated using intraclass correlation coefficients 
(ICC) was excellent (range, 0.93–0.98). The reproduc-
ibility of the measurement was tested by two independent 
observers (HT and HT) who performed measurements 
in 31 randomly selected hip joints in a blinded manner. 
Interobserver reliability, which was evaluated using ICCs, 
was excellent (range, 0.92–0.98). 

A paired t-test, Pearson correlation, multiple regres-
sion analyses, and ICCs were used for statistical analyses 
in IBM SPSS ver. 25 (IBM Corp., Armonk, NY, USA). A 
p-value of less than 0.05 was considered statistically sig-

Table 1. Characteristics of Both Navigation Systems

Variable CT-based navigation CT-free navigation

Software Vector Vision compact hip CT version 3.5.2 Hip-Ver 6.0 

Registration Fluoro-matching Surface-matching

Timing of registration Preoperative Intraoperative

Reference Two fluoroscopic pelvic images and 3 reference points Two reference points and stroking of acetabular fossa

CT: computed tomography.
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nificant. A paired t-test was performed to compare the 
target installation radiographic angle errors that occurred 
during surgery using CT-based navigation as well as CT-
free navigation. A Pearson correlation was used to exam-
ine the association between the inclination angle and the 
anteversion angle within the CT-free navigation group. 
Multiple regression analyses were performed to examine 
the role of perioperative factors in introducing angle errors 
during the surgery for the target angle between CT-based 
navigation and CT-free navigation. ICCs were determined 
to compare the interobserver error and assessment of the 
measurement method.

RESULTS

Compared to the installed cup angle measured after the 
surgery, the intraoperative radiographic inclination and 
anteversion angles on CT-based navigation had errors of 
2.40° ± 2.01° and 2.43° ± 1.81°, respectively. The target 
installation radiographic angle error during surgery was 
3.14° ± 1.55° for inclination and 1.47° ± 0.99° for antever-
sion in CT-based navigation (Fig. 1). Conversely, CT-free 
navigation had angle errors of 6.84° ± 4.78° for inclination 
and 5.43° ± 5.22° for anteversion, which were significantly 
different from those observed in CT-based navigation (p < 
0.01). In the CT-free navigation group, the inclination an-
gle increased significantly as anteversion angle increased, 
indicating a positive correlation (r = 0.37, p < 0.01) (Fig. 2). 
A multiple regression analysis revealed that factors, such 
as BMI, bilateral superior anterior iliac spine distance, ab-
solute value of pelvic tilt angle, Crowe’s classification, and 
presence of double-floor osteophytes, did not contribute to 
the errors in intraoperative angles of navigation account-
ing for the target installation angle value (Tables 2-5). 

However, the anteversion angle and pelvic tilt had lower p-
values compared to other factors in the CT-free navigation 
group.

DISCUSSION

This study concurrently and directly compared CT-based 
and CT-free navigation systems of the same model for 
the same hip joints and found that CT-based navigation 
was more accurate than CT-free navigation for cup instal-
lation. Considering that the inclination and anteversion 
angles in CT-free navigation increased/decreased propor-
tionally, it is highly possible that the pelvic axis (e.g., APP) 
on the computer after registration was likely different from 
the actual pelvic axis in the sagittal plane. Blendea et al.12) 
compared the cup setting accuracy of CT-free navigation 

Fig. 1. Comparison of angles converted to the radiographic angle in both navigation systems. (A) Median inclination angle of the cup was 36.9° ± 1.6° 
(range, 33.8°–39.5°) for the computed tomography (CT)-based navigation group and 35.1° ± 6.5° (range, 18.9°–53.3°) for the CT-free navigation group. 
(B) The median anteversion angle of the cup was 21.2° ± 1.2° (range, 19.0°–23.7°) for the CT-based navigation group and 20.8° ± 7.3° (range, 10.4°–
41.6°) for the CT-free navigation. Whiskers indicate the maximum and minimum values excluding outliers.
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with both saw bone models and the actual clinical results. 
They reported that the accuracy was unacceptably low in a 
so-called real-life clinical surgical setting, although the ac-
curacy in a so-called machine ideal setting was acceptable. 
Mor et al.13) found that accurate cup installation angles 
were obtained with CT-based navigation with similar veri-

fications.
Although there is a possibility that the accuracy will 

be improved by simply adding reference points, such as 
pubic symphysis, in the registration of CT-free navigation, 
multiple factors affect the accuracy. The present study 
failed to show whether factors, such as BMI, bilateral su-

Table 3.  Multiple Regression Analysis with Radiographic Anteversion of the Cup Using Computed Tomography-Based Navigation

Independent variable Standardized beta coefficient Standard error coefficient t-value p-value

Body mass index 0.117 0.128 0.637 0.529

Bilateral superior anterior iliac spine distance 0.224 0.029 1.002 0.324

Absolute value of pelvic tilt angle 0.294 0.078 1.240 0.225

Crowe’s classification 0.027 1.144 0.123 0.903

Presence or absence of double-floor osteophytes 0.015 0.983 0.078 0.939

Table 4. Multiple Regression Analysis with Radiographic Inclination Using Computed Tomography-Free Navigation

Independent variable Standardized beta coefficient Standard error coefficient t-value p-value

Body mass index −0.195 0.254 −1.083 0.287

Bilateral superior anterior iliac spine distance −0.003 0.066 −0.010 0.992

Absolute value of pelvic tilt angle −0.45 0.132 −0.190 0.851

Crowe’s classification  0.184 2.190  0.886 0.383

Presence or absence of double-floor osteophytes  0.080 2.051  0.409 0.685

Table 5. Multiple Regression Analysis with Radiographic Anteversion Using Computed Tomography-Free Navigation

Independent variable Standardized beta coefficient Standard error coefficient t-value p-value

Body mass index 0.058 0.261 0.343 0.734

Bilateral superior anterior iliac spine distance 0.053 0.068 0.225 0.824

Absolute value of pelvic tilt angle 0.414 0.136 1.853 0.074

Crowe’s classification 0.075 2.254 0.381 0.706

Presence or absence of double-floor osteophytes 0.084 2.111 0.459 0.649

Table 2. Multiple Regression Analysis with Radiographic Inclination of the Cup Using Computed Tomography-Based Navigation

Independent variable Standardized beta coefficient Standard error coefficient t-value p-value

Body mass index −0.008 0.096 −0.043 0.966

Bilateral superior anterior iliac spine distance −0.113 0.022 −0.496 0.623

Absolute value of pelvic tilt angle 0.128 0.058  0.533 0.598

Crowe’s classification −0.28 0.852 −0.126 0.901

Presence or absence of double-floor osteophytes −0.99 0.732 −0.518 0.608
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perior anterior iliac spine distance, absolute value of pelvic 
tilt angle, Crowe’s classification, or the presence or absence 
of double-floor osteophytes, contributed to the error sig-
nificantly. It was suggested that a significant difference 
might be obtained in the association between the antever-
sion angle and pelvic inclination (p = 0.074) by increasing 
the number of cases. Lin et al.14) showed from clinical re-
sults that the accuracy of cup placement by CT-free navi-
gation is significantly affected by the pelvic tilt. Further-
more, Lembeck et al.15) experimentally demonstrated that 
pelvic tilt interferes with APP settings. It has been reported 
in the past that the error that occurs in touching reference 
points with a probe for the registration are affected by obe-
sity.16) Since CT-based navigation using fluoro-matching 
needed a total of 3 points from the iliac crest (2 points on 
the iliac bone of the affected side and 1 point on the supe-
rior anterior iliac spine) and CT-free navigation had a total 
of 3 points as references (2 points on the bilateral superior 
anterior iliac spine and 1 point on the acetabular fossa) 
in this study, we speculate that there was no difference in 
touching reference points between both navigation sys-
tems. Currently, the virtual pelvis in CT-free navigation by 
Brainlab has been mainly created from the global data of 
primary osteoarthritis, and the pelvic axis has also been set 
on its basis. It was reported that anatomical measurements 
of the pelvis, such as the distance between the superior 
anterior iliac spines, were different between the dysplastic 
and normal hip joints.17) However, the bilateral superior 
anterior iliac spine distance did not significantly contribute 
to the error in the present study, which was limited to the 
groups with Crowe’s classification stages I and II without 
severe subluxation. In addition, double-floor osteophytes, 
which covered and narrowed the acetabular fossa, also did 
not contribute to the error.

As more specific angles are required for the instal-
lation of the cup for THA in recent years, the accuracy of 
freehand procedures is limited.18) The navigation system 
is useful for improving the installation accuracy. Sugano 
et al.8) showed that the accuracy of cup installation was 
superior in CT-based navigation over that in freehand 
techniques in primary THA, with 80 out of 111 cases us-
ing freehand techniques and all 60 cases using CT-based 
navigation including the Lewinnek safe zone. The disloca-
tion rate was 0 out of 60 for CT-based navigation cases and 
7 out of 111 freehand cases over a 3-year period.11) It has 
also been reported that the cup position and angle have a 
high accuracy of 2 mm and 2° or less, respectively.19) CT-
based navigation can maintain the implant placement ac-
curacy without being affected by surgical approaches that 
are minimally or less invasive.20) It has also been reported 

that the high accuracy for cup installation can be main-
tained for patients with Crowe’s classification stage III or 
IV disease, severe pelvic tilt, and obesity.21-23) These results 
suggest that the use of CT-free navigation for severe hip 
dysplasia with specific anatomical features requires atten-
tion for maintaining the accuracy of the cup setting angle. 
CT-based navigation is also effective for stem-side orienta-
tion and leg length correction.24,25)

According to a report by Kalteis et al.,26) 28 out of 
30 cases in CT-free navigation and 14 out of 30 freehand 
cases for primary THA included the Lewinnek safe zone 
for cup installation, which was a significant difference (p 
= 0.003) between them. The results of CT-free navigation 
also showed a comparable accuracy with CT-based navi-
gation in 25 of 30 cases that included the Lewinnek safe 
zone. Snijders et al.27) also performed a systematic review 
and meta-analysis comparing CT-free navigation (image-
less) and freehand techniques and stated that the accuracy 
improved at p = 0.002 for anteversion and at p = 0.01 for 
inclination. However, Hohmann et al.28) reported that the 
results of 32 joints, in which CT-free navigation was used, 
showed high accuracy in the inclination angle of the cup, 
but not in the anteversion angle. Inaccurate cup instal-
lation angles due to large errors from the bone model in 
cases with severe deformity have also been reported.14) In 
addition, obesity with a BMI greater than 27 further re-
duces accuracy.29)

The present study has some limitations. First, the 
sample size was small, but it met the required calculated 
size to compare the two navigation techniques. It is worth 
noting that the results obtained in this study are specific 
to THA using navigation systems for Crowe type I or II 
dysplastic osteoarthritis of the hip. However, it may be 
possible to determine factors that affect the clinical place-
ment accuracy, such as the absolute value of the pelvic tilt 
angle, if the sample size was larger. Patients with other hip 
disease and Crowe type III and IV dysplastic osteoarthri-
tis were excluded from this series because the anatomical 
factors involved in APP were expected to be largely dif-
ferent from those noted in dysplastic osteoarthritis with 
Crowe classification stage I and II. Therefore, it is not clear 
whether these results may be generalized to Crowe type III 
and IV dysplastic osteoarthritis. Second, the same number 
of patients when the cup was actually installed with CT-
free navigation should be compared against the results 
of the present study to evaluate both navigation systems 
more in-depth using a cohort study design. To improve 
the accuracy of CT-free navigation, the intraoperative in-
stallation cup angle should also be measured in the supine 
position with easier pointing for bilateral superior anterior 
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iliac spine, and not the lateral position, in which there is a 
three-dimensional increase in the pelvic tilt.30)

Although there were some limitations, CT-based 
navigation resulted in more accurate cup installation than 
CT-free navigation in THA for Crowe type I and II dys-
plastic osteoarthritis. It is recommended that the surgeon 
should select and use one of the two techniques after suf-
ficiently understanding their characteristics and patient’s 
condition. When using CT-free navigation, clinical pro-
cedures, such as pelvic fixation with the same tilt during 
surgery, are usually required to improve the installation 
accuracy of the cup for even Crowe type I and II dysplastic 
osteoarthritis. 

CONFLICT OF INTEREST
No potential conflict of interest relevant to this article was 
reported.

ORCID

Nobuhiro Kaku	 https://orcid.org/0000-0002-4041-1870
Hiroaki Tagomori	 https://orcid.org/0000-0002-6185-0098
Hiroshi Tsumura	 https://orcid.org/0000-0002-5384-822X

REFERENCES

1.	 Kennedy JG, Rogers WB, Soffe KE, Sullivan RJ, Griffen DG, 
Sheehan LJ. Effect of acetabular component orientation on 
recurrent dislocation, pelvic osteolysis, polyethylene wear, 
and component migration. J Arthroplasty. 1998;13(5):530-4.

2.	 Del Schutte H Jr, Lipman AJ, Bannar SM, Livermore JT, 
Ilstrup D, Morrey BF. Effects of acetabular abduction on 
cup wear rates in total hip arthroplasty. J Arthroplasty. 
1998;13(6):621-6.

3.	 Saxler G, Marx A, Vandevelde D, et al. The accuracy of 
free-hand cup positioning: a CT based measurement of 
cup placement in 105 total hip arthroplasties. Int Orthop. 
2004;28(4):198-201. 

4.	 Minoda Y, Kadowaki T, Kim M. Acetabular component 
orientation in 834 total hip arthroplasties using a manual 
technique. Clin Orthop Relat Res. 2006;445:186-91.

5.	 Widmer KH, Zurfluh B. Compliant positioning of total hip 
components for optimal range of motion. J Orthop Res. 
2004;22(4):815-21.

6.	 Sugano N. Computer-assisted orthopaedic surgery and 
robotic surgery in total hip arthroplasty. Clin Orthop Surg. 
2013;5(1):1-9. 

7.	 Langlotz U, Grutzner PA, Bernsmann K, et al. Accuracy 
considerations in navigated cup placement for total hip ar-
throplasty. Proc Inst Mech Eng H. 2007;221(7):739-53. 

8.	 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):3054-9. 

9.	 Kalteis T, Handel M, Herold T, Perlick L, Baethis H, Grifka 
J. Greater accuracy in positioning of the acetabular cup 
by using an image-free navigation system. Int Orthop. 
2005;29(5):272-6. 

10.	 Fukunishi S, Fukui T, Nishio S, Fujihara Y, Okahisa S, Yo-
shiya S. Combined anteversion of the total hip arthroplasty 
implanted with image-free cup navigation and without stem 
navigation. Orthop Rev (Pavia). 2012;4(4):e33. 

11.	 Babisch JW, Layher F, Amiot LP. The rationale for tilt-
adjusted acetabular cup navigation. J Bone Joint Surg Am. 
2008;90(2):357-65.

12.	 Blendea S, Troccaz J, Ravey JN, Merloz P. Image-free cup 
navigation inaccuracy: a two-study approach. Comput 
Aided Surg. 2007;12(3):176-80. 

13.	 Mor AB, Jaramaz B, DiGioia AM 3rd. Accuracy and valida-
tion. In: DiGioia AM 3rd, Jaramaz B, Picard F, Nolte LP, eds. 
Computer and robotic assisted hip and knee surgery. New 
York: Oxford University Press; 2004. 307-16. 

14.	 Lin F, Lim D, Wixson RL, Milos S, Hendrix RW, Makhsous 
M. Limitations of imageless computer-assisted navigation 
for total hip arthroplasty. J Arthroplasty. 2011;26(4):596-
605. 

15.	 Lembeck B, Mueller O, Reize P, Wuelker N. Pelvic tilt makes 
acetabular cup navigation inaccurate. Acta Orthop. 2005; 
76(4):517-23.

16.	 Ybinger T, Kumpan W. Enhanced acetabular component 
positioning through computer-assisted navigation. Int Or-
thop. 2007;31(Suppl 1):S35-8. 

17.	 Fujii M, Nakamura T, Hara T, Nakashima Y. Can the hip 
joint center be estimated from pelvic dimensions in dysplas-
tic hips? J Orthop Sci. 2017;22(6):1089-95. 

18.	 Sariali E, Boukhelifa N, Catonne Y, Pascal Moussellard H. 
Comparison of three-dimensional planning-assisted and 
conventional acetabular cup positioning in total hip arthro-
plasty: a randomized controlled trial. J Bone Joint Surg Am. 
2016;98(2):108-16.



151

Kaku et al. Accuracy of Cup Angle between Computed Tomography-Based and -Free Navigation
Clinics in Orthopedic Surgery • Vol. 13, No. 2, 2021 • www.ecios.org

19.	 Iwana D, Nakamura N, Miki H, Kitada M, Hananouchi T, 
Sugano N. Accuracy of angle and position of the cup using 
computed tomography-based navigation systems in total 
hip arthroplasty. Comput Aided Surg. 2013;18(5-6):187-94. 

20.	 Maeda Y, Sugano N, Nakamura N, Hamawaki M. The ac-
curacy of a mechanical cup alignment guide in total hip 
arthroplasty (THA) through direct anterior and posterior 
approaches measured with CT-based navigation. J Arthro-
plasty. 2015;30(9):1561-4. 

21.	 Ueoka K, Kabata T, Kajino Y, Yoshitani J, Ueno T, Tsuchiya 
H. The accuracy of the computed tomography-based navi-
gation system in total hip arthroplasty is comparable with 
crowe type IV and crowe type I dysplasia: a case-control 
study. J Arthroplasty. 2019;34(11):2686-91. 

22.	 Watanabe S, Choe H, Kobayashi N, et al. Utility of CT-based 
navigation in revision total hip arthroplasty for a patient 
with severe posterior pelvic tilt-case report. BMC Musculo-
skelet Disord. 2020;21(1):249. 

23.	 Imai N, Takubo R, Suzuki H, et al. Accuracy of acetabular 
cup placement using CT-based navigation in total hip ar-
throplasty: comparison between obese and non-obese pa-
tients. J Orthop Sci. 2019;24(3):482-7. 

24.	 Hayashi S, Nishiyama T, Fujishiro T, et al. Evaluation of 
the accuracy of femoral component orientation by the 
CT-based fluoro-matched navigation system. Int Orthop. 

2013;37(6):1063-8. 

25.	 Kubota Y, Kaku N, Tabata T, Tagomori H, Tsumura H. Ef-
ficacy of computed tomography-based navigation for cup 
placement in revision total hip arthroplasty. Clin Orthop 
Surg. 2019;11(1):43-51. 

26.	 Kalteis T, Handel M, Bathis H, Perlick L, Tingart M, Grifka J. 
Imageless navigation for insertion of the acetabular compo-
nent in total hip arthroplasty: is it as accurate as CT-based 
navigation? J Bone Joint Surg Br. 2006;88(2):163-7. 

27.	 Snijders T, van Gaalen SM, de Gast A. Precision and accu-
racy of imageless navigation versus freehand implantation 
of total hip arthroplasty: a systematic review and meta-
analysis. Int J Med Robot. 2017;13(4):e1843.

28.	 Hohmann E, Bryant A, Tetsworth K. Accuracy of acetabular 
cup positioning using imageless navigation. J Orthop Surg 
Res. 2011;6(1):40. 

29.	 Parratte S, Ollivier M, Lunebourg A, Flecher X, Argenson 
JN. No benefit after THA performed with computer-assisted 
cup placement: 10-year results of a randomized controlled 
study. Clin Orthop Relat Res. 2016;474(10):2085-93. 

30.	 McCollum DE, Gray WJ. Dislocation after total hip ar-
throplasty: causes and prevention. Clin Orthop Relat Res. 
1990;(261):159-70. 


