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Background and purpose — Radiostereometry (RSA) is 
the current gold standard for evaluating early implant migra-
tion. CT-based migration analysis is a promising method, 
with fewer handling requirements compared with RSA and 
no need for implanted bone-markers. We aimed to evaluate 
agreement between a new artificial intelligence (AI)-based 
CT-RSA and model-based RSA (MBRSA) in measuring 
migration of cup and stem in total hip arthroplasty (THA).

Patients and methods — 30 patients with THA for 
primary osteoarthritis (OA) were included. RSA examina-
tions were performed on the first postoperative day, and at 2 
weeks, 3 months, 1, 2, and 5 years after surgery. A low-dose 
CT scan was done at 2 weeks and 5 years. The agreement 
between the migration results obtained from MBRSA and 
AI-based CT-RSA was assessed using Bland–Altman plots.

Results — Stem migration (y-translation) between 2 
weeks and 5 years, for the primary outcome measure, was 
–0.18 (95% confidence interval [CI] –0.31 to –0.05) mm 
with MBRSA and –0.36 (CI –0.53 to –0.19) mm with AI-
based CT-RSA. Corresponding proximal migration of the 
cup (y-translation) was 0.06 (CI 0.02–0.09) mm and 0.02 
(CI –0.01 to 0.05) mm, respectively. The mean difference 
for all stem and cup comparisons was within the range of 
MBRSA precision. The AI-based CT-RSA showed no intra- 
or interobserver variability.

Conclusion — We found good agreement between the 
AI-based CT-RSA and MBRSA in measuring postoperative 
implant migration. AI-based CT-RSA ensures user indepen-
dence and delivers consistent results.

Radiostereometric analysis (RSA) has been considered the 
gold standard for measuring implant migration with high 
accuracy and precision [1,2] to predict mechanical loosening 
and foresee revision [3]. RSA has become important for the 
staged introduction of new implants [4], as well as mid- to 
long-term evaluation of different orthopedic prostheses and 
techniques [5]. RSA, however, requires marker implantation, 
use of a calibration cage, facilities with 2 X-ray machines for 
simultaneous acquisition of images, specialized personnel, 
and software to compute the 3D position of markers. More-
over, patients may be excluded due to poor bone marking and 
over-projection of markers [6]. Only very few hospitals have 
the capacity to perform RSA analysis, and an easier and more 
accessible method is desirable. 

CT has been used to measure migration between implant 
and bone markers [7]. New features have made it possible to 
do the analysis based solely on bone surface anatomy, without 
any intraoperatively placed bone markers [8]. The use of CT 
has for long been limited due to high radiation doses. With the 
advancement of low-dose technology [9], CT-based migration 
analysis—also known as CT-RSA [10]—is, however, now an 
attractive alternative to RSA, and different software programs 
are being evaluated. In theory, the CT-based approach enables 
easier patient follow-up and opens up the possibility for more 
hospitals to conduct research, as the demand for special RSA 
equipment and staff disappears. So far, previous CT-based 
migration studies have been experimental, or clinical with 
short follow-up [7,8,11-16]. 

In orthopedics, artificial intelligence (AI) has shown prom-
ising results in processing medical images with high accuracy 
and reducing time requirements [17]. 

We aimed to assess the agreement between the migration 
results of a new AI-based CT-RSA and model-based RSA 
(MBRSA), for stem and cup between 2 weeks and 5 years 
after surgery in 30 patients. 
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Patients and methods

Between March 2015 and February 2016, 30 patients with 
primary OA with a mean age of 58 (41–71) years underwent 
THA with the Anato stem and Trident cup (Stryker, Mahwah, 
NJ, USA). The patients are part of an ongoing RSA project at 
Skåne University Hospital in Lund, Sweden [9,18-21]. Patient 
inclusion criteria and demographics are summarized in Tables 
1 and 2. 3 experienced surgeons performed the surgery using a 
posterior approach and instrumentation according to the man-
ufacturer’s instructions. Preoperative templating was done in 
2D with the Sectra Orthopedic package (Sectra, Linköping, 
Sweden), and in 3D using the OTS Hip Plan. Ortoma Treat-
ment Solution, OTS (Ortoma AB, Gothenburg, Sweden) is 
a new AI-based software. It consists of AI algorithms and 
machine learning (ML) models to automate segmentation, 
landmark localization, and 3D reconstruction. OTS contains 
3 modules: Hip Plan, Hip Guide, and Follow-up (all modules 
are CE and JP certified, i.e., they are released to EU and Jap-
anese markets). In the current study, AI-based CT-RSA and 
software refers to the OTS Follow-up module. 

The contralateral hip was used for templating as it reflects 
the anatomy we wished to reproduce.

The Anato stem has an anatomic shape, is based on its pre-
decessor ABG II, and intended for cementless, press-fit appli-

cation. We have previously published an RSA study on this 
THA concept [18], of which this study is a continuation. The 
proximal region of the stem is coated with PureFix hydroxy-
apatite (HA) (Stryker, Mahwah, NJ, USA) over a titanium 
plasma spray substrate. There are 8 body sizes and a neutral 
or anteverted neck option. The Trident acetabular system is an 
uncemented cup with titanium shell and polyethylene liner.

Before stem and cup implantation, both the proximal femur 
and the periacetabular bone were marked with 9–10 tantalum 
markers (size 0.8 mm) each. We aimed for a maximal spread 
of markers in all directions in the bone in order to get as good 
segment for RSA analysis as possible.

The initial RSA examination was performed on the first 
postoperative day before mobilization. Subsequent examina-
tions were done at 2 weeks, 3 months, 1, 2, and 5 years after 
surgery. The radiographs were taken according to the stan-
dard procedure with the patient lying in supine position, with 
a uniplanar calibration cage (Model 43, Tilly Medical, Lund, 
Sweden), and 2 simultaneously exposed digital radiographs 
[6]. All RSA data was analyzed by 1 experienced user with the 
Model-based RSA 4.1 (MBRSA) software (RSAcore, Leiden, 
The Netherlands). The implant manufacturer provided the 
CAD models for the stem and cup. We analyzed the migra-
tion of the stem and cup CAD models in relation to the femo-
ral bone markers, and the pelvic bone markers respectively. 
Translational movements were presented in millimeters and 
rotations in degrees. Migration was analyzed along the 3 axes 
in an orthogonal coordinate system: x, y, and z. The results 
were recalculated and presented as if all hips were right-
sided. Thus, positive directions for translations are medial, 
superior, and anterior translation along the x-, y-, and z-axes 
respectively. Positive directions for rotations are anterior tilt 
(x-axis), internal rotation/anteversion (y-axis), and valgus 
for stem and decreased inclination for the cup (z-axis). Total 
translation was calculated by using the Pythagorean theorem 
(√(x2+y2+z2)) [22].

We accepted a conditional number of < 120 (indicating the 
spread of tantalum markers), and a mean error of rigid body 
fitting (stability of the markers between 2 examinations) of < 
0.35 [6]. The precision of MBRSA was determined by double 
examinations, i.e., 2 pairs of stereo radiographs of the patient 
with reposition in between. Because the implants were not 
expected to have moved in such a short time, the measurement 
error was defined as the precision of the system [6] and calcu-
lated as 2 standard deviations (SD) of the difference between 
double examinations.

Table 1. Inclusion/exclusion criteria

Inclusion criteria
Primary osteoarthritis of the hip necessitating total hip replacement.
Male and non-pregnant female patients.
Hip bone quality and morphology suitable for uncemented THA.
Age up to 75 years old at the inclusion time of the study.
Patients who understand the conditions of the study and are willing 

to participate for the length of the prescribed follow-up.
Patients who are capable of, and have given informed consent for 

participation in the study.
Exclusion criteria

Rheumatoid arthritis
Malignant disease
Symptomatic arthrosis of contralateral hip
Abnormal hip anatomy of contralateral hip
Severe osteoporosis
Patients with active infection
Patients with malignancy
Prior major surgery in the hip to be operated on
Perioperative fracture
Hip prosthesis or grossly distorted hip anatomy in the contralateral 

hip
Ongoing corticosteroid (oral) or immunosuppressive medication
Personal disorders (dementia, alcohol or drug abuse etc.)
Concurrent illnesses that are likely to affect their outcome
Patients suffering from deep infection or recurrent dislocation (> 2) 

during the postoperative course will be excluded from the RSA 
follow-up, but otherwise followed clinically, as if they were fully 
participating in the study 

Patients will be withdrawn if we are unable to get an exact fit for 
the ABG Anato stem using the preoperative templating software 
and new subjects found in their stead

Table 2. Patient demographics (N = 30)

Sex, male/female	 18/12
Age, mean (SD)	 57.8 (9.3)
BMI, mean (SD)	 26.3 (3.6)
Side, right/left	 18/12
ASA, I/II/III	 19/11/0
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On the same day as the RSA examination at 2 weeks and 
5 years after surgery, patients underwent a low-dose CT scan 
of the pelvis, knees, and ankles. The data was analyzed with 
the AI-based CT-RSA software. The software is not trained 
to identify—and does not use—tantalum markers, which are 
thus redundant. Instead, it relies on automatically generated 
bone and implant segmentation, and anatomical landmarks 
from its integrated ML models. 

The CT protocol used for the Philips Brilliance 64-slice 
scanner (Philips Medical Systems, Eindhoven, the Nether-
lands) was 120kV, 30mAs, pitch 1.1, rotation time 0.4s and 
64 x 0.625 matrix. Reconstruction was done in 1-mm slices, 
with soft filter (filter B) and noise reduction iDose level 2. The 
effective dose was calculated using conversion factors (ICRP 
103) [23]. The pelvic scanning covered the superior anterior 
iliac spines to about 15 cm distal to the lesser trochanter. Scan-
ning of the knees and ankles was performed for validation of 
leg length and prosthetic rotation. 

The 2-week and 5-year postoperative CT images of each 
patient were imported into the CT-RSA AI software. The 
software calculates the results automatically, eliminating the 
need for manual intervention. First, the software performs 
automatic segmentation and landmark localization on each 
CT image series, resulting in the segmentation and localiza-
tion of bones (pelvis and femur) and implants (cup and stem). 
The femoral or pelvic bone was selected as the fixed refer-
ence. The software then automatically aligns the reference 
bones in the subsequent (2 weeks/5 years) scans as closely 
as possible using a rigid alignment algorithm. The potentially 
migrating part (stem and cup) was detected and vectorized. 
Different parts of the implant were defined, including the tip, 
neck, and head of the stem as well as the center of the cup. In 
the final step, the relative migration of the implant to the ref-
erence segment was obtained in 6 degrees of freedom (trans-
lation and rotation in x, y, and z direction). All these steps 
were performed in approximately 5 minutes. In order to run 
the software, a standard computer equipped with a dedicated 
NVIDIA graphic processing unit (GPU) with 4 GB memory 
and NVIDIA GPU computing capability greater or equal to 
version 6.1 is required.

The coordinate systems in RSA and CT are not the same. 
In RSA, the translations and rotations are relative to a global 
coordinate system defined by the calibration cage [6]. With 
CT, the coordinate system can, however, be aligned freely in 
3D space. Therefore, the position of the CT coordinate system 
was aligned to the longitudinal axis of the prosthetic stem (cen-
terline) and neck (neckline) for the y-axis and x-axis respec-
tively. The stem origin is where the centerline and neckline 
meet. In order to make our RSA stem results comparable to 
the AI-based CT-RSA migration data, we included an implant-
based coordinate system (y-axis parallel to the femoral stem 
and origin in the mass-center of the stem), a feature that is pos-
sible in the MBRSA software. For the cup, the RSA and CT 
coordinate systems were aligned according to the RSA cage 

and to patient pelvic position in the CT machine respectively. 
The AI-based CT-RSA cup migration calculation was based 
on the cup center as well as the cup opening.   

To ensure that the CT-RSA AI software is user independent 
and delivers consistent results, intra- and interobserver vari-
ability was assessed by considering 2 scenarios. In the first 
scenario, 5 patients were randomly selected from the patients’ 
list and for each of them the implant migration was generated 
10 times. The variation of the output migration results was 
then compared. In the second scenario, the same experiment 
was tested by a different operator on another computer with 
different hardware configuration to evaluate the impact of user 
and hardware changes on the output of the ML models and the 
CT-RSA AI software. 

Statistics
The agreement between the results obtained by the AI-based 
CT-RSA and MBRSA was graphically investigated. Bland–
Altman plot analysis was used to assess the agreement at 5 
years’ follow-up. It presents the difference between paired 
measurements on the y-axis versus the average of the same 
measurements on the x-axis. The agreement was quantified 
by constructing limits of agreement (LoA) around the mean 
(mean difference ± 1.96 x SD) [24]. One of the important 
assumptions in the Bland–Altman analysis is the normality of 
the data. In this case, the measurement variables do not need 
to be normally distributed, but their differences should be. 
Therefore, the normality assumption was verified by visually 
inspecting Q–Q plots and through a Shapiro–Wilks test. The 
primary measurements of interest in this study were proxi-
mal/distal cup and stem migration (y-axis migration).

Mean MBRSA and AI-based CT-RSA results for the most 
relevant migrations are depicted in Figures 2 and 3 and all 
results summerized in Table 3 (see Supplementary data) with 
95% confidence interval (CI). The AI-based CT-RSA migra-
tion results are presented with 2 weeks as postoperative refer-
ence. The RSA results are presented with both day 1 and 2 
weeks as postoperative reference.   

THA with the Anato stem and Trident cup
between March 2015 and February 2016

for primary osteoarthritis
n = 30 

2 weeks follow-up
n = 30 

5 years follow-up (n = 26):
– complete RSA and CT analysis stem, 26
– complete RSA and CT analysis cup, 24  

Excluded
– RSA technical issues
   - stem 2
   - cup 4
– periprosthetic fracture at 2 years, 1
– missing 5-year CT scan, 1

Figure 1. Patient flowchart.
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Statistical analyses were performed using the IBM SPSS 
Statistics version 28 (IBM Corp, Armonk, NY, USA) and 
Python 3.7. 

Ethics, registration, funding, and disclosures
The project was approved by the Regional Ethics Board at 
Lund University (Dnr2009/369). and the local radiation com-
mittee. It is a continuation of a published RCT study, regis-
tered in ClinicalTrials.gov (NCT01512550) [18]. The study 
was carried out in compliance with the Helsinki Declaration 
and is reported according to the GRRAS guidelines. Written 
informed consent was received from patients before inclu-
sion, with an additional approval before the 5-year CT scan. 
Ortoma has provided an unconditional research grant support-
ing a PhD project (AC). 1 of the surgeons (GF) has done con-
sultancy work for Ortoma and HN is employed by Ortoma 
AB. Data is available on reasonable request. Complete disclo-
sure of interest forms according to ICMJE are available on the 
article page, doi: 10.2340/17453674.2024.35749

Results

26 stems and 24 cups were available for the final analysis at 5 
years after surgery (Figure 1).

Most micromovements of the femoral stem and acetabular 
cup happened between day 1 and 2nd week (Figures 2 and 3). 
Between 2 weeks and 5 years, the mean stem y-translation 
measured with MBRSA was –0.18 (CI –0.31 to –0.05) mm, 
and with the AI-based CT-RSA –0.36 (CI –0.53 to –0.19) 
mm. The corresponding results for proximal cup translation 
(y-translation) were 0.06 (CI 0.02–0.09) mm and 0.02 (CI 
–0.01 to 0.05) mm respectively. The total stem translation was 
0.34 (CI 0.21–0.46) mm for MBRSA and 0.47 (CI 0.33–0.62) 
mm for AI-based CT-RSA, and the total cup translation was 
0.27 (CI 0.21–0.34) mm and 0.16 (CI 0.13–0.18) mm, respec-
tively. All translations and rotations are summarized in Table 
3 (see Supplementary data). The MBRSA precision for stem 
and cup migrations is summarized in Table 4.

The Bland–Altman plot showed the mean difference between 
the results obtained by MBRSA and AI-based CT-RSA in stem 
y-translation at 5 years was 0.18 mm, and the LoAs were –0.32 
and 0.67 mm. For cup y-translation, there was a mean differ-
ence between MBRSA and AI-based CT-RSA of 0.03 mm and 
the LoAs were –0.15 and 0.22 mm. The Bland–Altman plots 
for the most relevant micromovements are stem y-translation, 
total translation, y-rotation, and z-rotation (Figure 4b, d, f, 
and g); and cup y-translation, total translation, and z-rotation 
(Figure 5b, d, and g). The Bland–Altman plots for all stem and 
cup translations and rotations are shown in the  Appendix. 
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Figure 2. Stem MBRSA and AI-based CT-RSA migration. Mean y-translation (superior-inferior), y-rotation (internal-external), z-rotation (valgus-
varus), and total translation results for stems (with coordinate system aligned with stem). MBRSA results with day 1 or 2 weeks as postoperative 
reference (green and blue lines, respectively). AI-based CT-RSA migration values from 2 weeks to 5 years represented with red markers. Whsk-
ers are CI.
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Figure 3. Cup MBRSA and AI-
based CT-RSA migration. Mean 
y-translation (superior-inferior), 
z-rotation (decreased-increased 
inclination), and total translation 
results for cups. See Figure 2 for 
details.
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During the intra- and interobserver variability tests of the 
CT-RSA AI software, no deviation was detected (mean and 
SD 0). This indicates its user-independent nature and its abil-
ity to deliver consistent results.

The effective dose with the CT Philips Brilliance 64-slice 
scanner was calculated to 1.2 mSv (SD 0.1). The dose from 
CT of the knees and ankles contributed comparatively little to 
the total CT dose (mean 0.03 mSv, SD 0.01 for both knees and 
ankles respectively). The RSA effective dose was estimated at 
about 0.1–0.2 mSv per scan.  

Discussion

We aimed to evaluate agreement between a new AI-based 
CT-RSA and MBRSA in measuring migration of cup and stem 
in THA. Our findings suggest that the evaluated AI-based 
CT-RSA is comparable with MBRSA. 

In previous clinical studies on CT as a basis for migration 
analysis, Angelomenos et al. compared RSA with CT in a lon-
gitudinal study on acetabular cups, and Sandberg et al. studied 
stem migration [11,13]. Our study is, however, the first longi-
tudinal clinical study utilizing CT scans to compare RSA with 
CT-based migration on both cups and stems, and with longer-
term follow up. Additionally, this is the first clinical study to 
compare results from a fully automated AI-based CT-RSA 
with MBRSA.

The introduction of MBRSA was the first step in solving 
some of the problems with RSA and marked prostheses [25]. 
This method, however, depends on the specific 3D shape of 
the implant and the precision is highly affected by the implant 
design [26]. In MBRSA, markers still have to be inserted into 
the bone, and there is a risk of exclusion of patients due to 
obscured markers.

To evaluate whether the agreement between MBRSA and 
AI-based CT-RSA was too wide or sufficiently narrow for our 
purpose, we needed to define a clinically important level. The 
failure mechanism for THA involves proximal cup migration 
and stem subsidence (y-translation) [5,27]. A positive cup 
y-translation of 0.2–1 mm after 2 years is considered to be at 
risk of later revision [5] and has been used to define the limits 
of clinical importance [13]. In this study, we have compared 

migration between 2 weeks and 5 years after surgery. At 5 
years, the cup had migrated proximally 0.06 mm measured 
with MBRSA and 0.02 mm with the AI-based CT-RSA. From 
the Bland–Altman plot, the limits of agreement in cup y-trans-
lation are within that of clinical importance (0.2–1 mm) [5,13]. 
For cup translation, our outcomes are in line with Angelome-
nos et al. [13]; however, the results on cup rotations are more 
widespread. A possible explanation is that we have used CAD 
models instead of markers in the cup for the RSA analysis. 
In MBRSA, rotations, and especially x- and y-rotation, often 
result in higher precision values, as shown by our Table 4, as 
well as previous precision values [28]. 

There are no validated thresholds for uncemented stem 
migration but early subsidence of between 1 and 2 mm mea-
sured with RSA is a risk for early- or intermediate-term revi-
sion [27]. Further, it has been shown that an uncemented stem 
can stabilize after an initial subsidence of 1.25 mm within 
the first 3 months after surgery [18]. The limit of agreement 
between MBRSA and AI-based CT-RSA for y-translation in 
our study was about 1 mm and the mean difference (bias) was 
0.18 mm. Accordingly, the stem y-translation LoA is within 
the limit and thus passes the acceptance criteria according to 
earlier studies. A possible reason for the difference between 
MBRSA and AI-based CT-RSA could be minor differences in 
the calculation of the exact position of the implant coordinate 
system, due to the asymmetric shape of the Anato stem. The 
bias for all stem and cup comparisons (x, y, z-translation, and 
rotation) were within the range of MBRSA precision.

In MBRSA, certain migration movements are hard to distin-
guish due to the shape of the implant [26], and the rotational 
precision is often compromised [29,30]. In fact, the clinical 
precision for MBRSA is about 1° for stem and cup y-rotation 
[18,28]. The clinical precision for other CT-based migration 
analyses has been reported at 0.06–0.24 mm and 0.06–0.36° 
for stem and cup [11-13] based on bone anatomy. Interestingly, 
the markerless CT-based migration analysis precision has 
shown to be superior for most translations and rotations [11]. 
Furthermore, the accuracy and precision of CT-based migra-
tion analysis in the experimental setting has been comparable 
to that of standard RSA [15,16]. In our study, we did not per-
form CT double examinations and therefore cannot comment 
on the precision. Previous authors have, however, found a 

Table 4. Results from double examinations, as basis for calculating precision (described as 2 x SD) of the 
MBRSA setup. Values are mean and SD of stem and cup

Value	 Trl x	 Trl y	 Trl z	 Rot x	 Rot y	 Rot z	 TT

Stem	 –0.03 (0.1)	 –0.02 (0.09)	 –0.08 (0.2)	 –0.07 (0.22)	 –0.06 (0.52)	 0.01 (0.06)	 0.19 (0.17)
Cup	 –0.01 (0.05)	 0.01 (0.03)	 –0.04 (0.11)	 < 0.01 (0.57)	 –0.01 (0.6)	 –0.05 (0.2)	 0.10 (0.08)

Trl = translation x (medial–lateral), y (superior–inferior), z (anterior–posterior) in mm. 
Rot = rotation x (anterior–posterior), y (internal–external), z (valgus–varus (stem)/decreased-increased inclina-
tion (cup) in degrees.
TT = total translation (√(x2+y2+z2) in mm.	
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tendency towards better rotational and z-translation precision 
with CT-based migration analysis compared with RSA [12,13]. 
This should be kept in mind when evaluating RSA and CT as a 
migration analysis tool, and the question remains whether the 
current gold standard, RSA, is superior to CT-based analysis, 
or in fact the opposite?

An advantage with AI-based CT-RSA is its automated pro-
cess that requires few manual steps. We showed no difference 
when rerunning the analysis several times on the same patient, 
with mean and SD equal to 0 within all repeated tests. The 
results were consistent and remained unchanged regardless of 
whether the analysis was conducted by a different user or on 
a different computer. 

CT-based analysis has the advantage of orienting the coordi-
nate system freely and does not depend on a calibration cage. 
With the feature of MBRSA, aligning the coordinate system 
according to stem, we were able to do the direct comparison 
with AI-based CT-RSA; however, there were no big differ-
ences between the stem coordinate system and global RSA 
coordinate system (Table 3, see Supplementary data). 

CT has for long been questioned for its high radiation doses. 
The dose from a standard CT pelvis is about 6 mSv and the 
annual dose from natural background irradiation is about 3 
mSv depending on country [31]. In our study, a mean effec-
tive radiation dose at 1.2 mSv (SD 0.1) was sufficient for the 
AI-based CT-RSA migration analysis. The RSA effective dose 
was estimated at about 0.1–0.2 mSv per radiograph, but some-
times 1 or 2 repeated radiographs are required to get all tanta-
lum markers in view, leading to higher doses. In CT, usually 
there is no need for re-scans, as the field of view is 3D and not 
dependent on patient position in the scan. The CT radiation 
dose was in line with previous clinical studies [11,13]. 

Limitations
First, preferably, we would have included a postoperative CT 
and additional repeated CT examinations at the same time 
as all the other RSA examinations; however, the study was 
originally planned for only RSA and a 2-week CT. The 5-year 
CT was added afterwards. Second, we do not have CT double 
examinations and therefore cannot comment on the AI-based 
CT-RSA precision. MBRSA uses CAD models to calculate 
migration while AI-based CT-RSA segments the prosthesis 
based on landmark recognition. This could possibly affect the 
migration results. In the future, implemented CAD models in 
the CT-RSA AI software could potentially improve its perfor-
mance.

Conclusion
We found good agreement between AI-based CT-RSA and 
MBRSA in measuring postoperative implant migration with 
no intra- and interobserver variability.

In perspective, The AI-based CT-RSA software seems to 
be an alternative to MBRSA and the technique continues to 
develop. Our results support the use and further evaluation of 

CT as input for migration measurements, but more studies are 
required to validate its accuracy and precision. 

Supplementary data
Table 3 is available as supplementary data on the article page, 
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Figure 4. Bland–Altman plots for 
stem x, y, z-translations (medial-
lateral, superior-inferior, anterior-
posterior), x, y, z-rotations (ante-
rior-posterior, internal-external, 
valgus-varus), and total transla-
tion. Limits of agreement (LOA) 
are shown as dotted lines. The 
mean difference (bias) is shown 
as a solid blue line.
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Figure 5.  Bland–Altman plots for 
cup x, y, z-translations (medial-
lateral, superior-inferior, anterior-
posterior), x, y, z-rotations (ante-
rior-posterior, internal-external, 
decreased-increased inclination), 
and total translation. Limits of 
agreement (LOA) are shown as 
dotted lines. The mean differ-
ence (bias) is shown as a solid 
blue line.
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