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Background and purpose — Ceramic liners may reduce 
early stability of uncemented acetabular components due to 
higher stiffness. However, the bone ingrowth capacities of 
porous trabecular titanium might compensate for this effect. 
This prospective randomized trial quantifies migration pat-
terns of the Delta-TT cup, and compares polyethylene and 
ceramic liners.

Patients and methods — Patients undergoing primary 
uncemented total hip arthroplasty with the Delta-TT cup and 
femoral stem with ceramic head were randomized to a poly-
ethylene (n = 25) or ceramic (n = 28) liner. Radiostereomet-
ric analysis (RSA) radiographs, patient-reported hip function 
(HOOS-PS, OHS), and quality of life (EQ5D) were collected 
at baseline and 1.5, 3, 6, 12, and 24 months postoperatively. 
Model-based RSA was used to calculate 3D cup translation 
and rotation, and mixed models were used to compare effects 
over time between groups.

Results — At 2 years follow-up, Delta-TT cups showed 
similar mean proximal translation of 0.56 mm (95% CI  0.38–
0.75) in the ceramic (CE) group and 0.54 mm (0.30–0.77) in 
the polyethylene (PE) group, with a between group effect 
of 0.02 mm (–0.20–0.23). Most cup migration occurred in 
the first 1.5 to 3 months, stabilizing within 6 months. Any 
between-group effects were ≤ 0.30 mm for translation and 
≤ 0.45° for rotation. Improvements in patient-reported hip 
function and quality of life were similar in both groups.

Interpretation — Regardless of liner type, Delta-TT 
cups showed some initial migration and stabilized within 
6 months, which seems promising for long-term fixation in 
both cup-liner constructs.

Despite continuous developments to ensure long-term fixation 
of cementless hip implants, aseptic loosening of the acetabular 
component remains one of the main causes of implant failure 
and revision (1-3). 

Early radiostereometric analysis (RSA) migration patterns 
at 2 years postoperatively can predict implants at risk of future 
aseptic loosening (4,5). Therefore, RSA has become the rec-
ommended means in evidence-based phased introduction of 
new implants (4-6). 

Trabecular Titanium is a recently developed biomaterial, 
with osseointegration-promoting characteristics (7-10). This 
biomaterial was used to create the highly porous cementless 
press-fit hemispheric Delta-TT cup (LimaCorporate, Villa-
nova San Daniele del Friuli, Italy). Various clinical studies 
have demonstrated promising short- and mid-term outcomes 
of the Delta-TT cup (11-13). However, this is the first study 
to assess implant fixation of this uncemented Trabecular Tita-
nium cup by means of RSA. 

An elasticity modulus similar to native bone results in 
reduced stress-shielding and improved bone remodeling (14-
16), which is beneficial to osseointegration (17-19). Titanium 
cups with a polyethylene liner have been shown to generate 
a more physiological load transfer to the periprosthetic bone 
than less compliant cup-liner constructs (15,20). It is specu-
lated that besides cup stiffness, the stiffness of the liner mate-
rial affects the stability of the acetabular-liner construct (21). 

We evaluated early migration patterns of uncemented Delta-
TT cups with a ceramic liner compared with Delta-TT cups 
with a polyethylene liner. The hypothesis is that there will be 
more migration in the first 2 years postoperatively for Delta-
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TT cups with a ceramic liner because of the higher stiffness 
of the cup-liner construct. Secondary aims were to provide 
insight into migration patterns of this uncemented Trabecu-
lar Titanium cup and evaluate the improvement in patient-
reported outcome measures (PROMs). 

Patients and methods
Patients and design 
In this single-center, patient-blinded, randomized controlled 
trial patients scheduled to undergo hip arthroplasty were 
screened for eligibility. Criteria for inclusion were males or 
non-pregnant females between 18 and 75 years of age sched-
uled to undergo unilateral primary total hip arthroplasty. 
Exclusion criteria were BMI > 40, systemic or metabolic dis-
orders leading to progressive bone deterioration, bone stock 
compromised by disease or infection, and comorbidities 
affecting the hip or lower extremity limiting their recovery. 
Surgeries were performed between October 2014 and Febru-
ary 2016 in OLVG hospital, Amsterdam, the Netherlands. All 
participating patients provided formal written consent prior to 
randomization. Patients were randomized using an online ran-
domization program to receive the Delta-TT cup with either a 
polyethylene liner (PE group) or a ceramic liner (CE group). 
Data was collected preoperatively and at 6 weeks, 3 months, 6 
months, 1 year, and 2 years after surgery. 

Surgical technique 
All surgeries were performed by 2 senior orthopedic surgeons 
(DJM and RP) using a posterolateral approach with lateral 
decubitus position. Both surgeons performed a minimum of 
5 THAs with Delta-TT cups prior to any study-related surger-
ies. A straight cementless press-fit metaphyseal fixating stem 
(H-MAX S stem, LimaCorporate) was used, consisting of tita-
nium alloy with a macro-textured hydroxyapatite coating. All 
femoral heads were sized 32 mm and made of BIOLOX  Delta 
ceramic (CeramTec GmbH, Plochingen, Germany). Patients 

received an uncemented Delta-TT cup (LimaCorporate, Vil-
lanova San Daniele del Friuli, Italy), size 50–62 mm (Figure 
1). The cup consists of a 3D-printed titanium alloy acetabular 
shell (22). With an average porosity of 65% and a mean pore 
diameter of 640 µm, the porous surface is expected to enhance 
osseointegration and eventually create a full cup surface force 
transmission, promoting strong fixation to the bone (11,22). 
Delta-TT cups were implanted aiming at 45° inclination and 
15° anteversion. As defined by randomization, the cup was 
combined with either a cross-linked ultra-high molecular 
weight polyethylene (UHMWPE X-Lima, LimaCorporate) 
liner or a BIOLOX Delta ceramic liner (CeramTec GmbH, 
Plochingen, Germany). 

RSA radiographs
During surgery, 9 1.0-mm spherical tantalum markers were 
inserted in the surrounding acetabular bone with a marker 
insertion tool (BAAT Medical, Hengelo, the Netherlands). 
Baseline RSA imaging was before weightbearing, 1–3 days 
postoperatively. Follow-up imaging was at 1.5, 3, 6, 12, and 
24 months after surgery. Radiographs were acquired with the 
patient in supine position over a uniplanar calibration cage 
(Cage 18, Halifax Biomedical, Mabou, Canada), using a 
ceiling-mounted tube (43 x 35 cm Canon DR detector; Canon 
Medical Systems Corp, Tochigi, Japan) and a mobile tube (43 
x 35 cm AGFA CR detector; AFGA HealthCare, Mortsel, Bel-
gium).

RSA modeling 
Anonymized RSA radiographs were analyzed using model-
based RSA (Model-based RSA software, version 4.11, 
RSAcore, Leiden University Medical Center, Leiden, the 
Netherlands) with an Elementary Geometrical Shape (EGS) 
hemisphere model (23). Implant migration was defined as 3D 
translations and rotations over time with respect to the bone 
markers (Figure 2) and expressed as for a right-sided hip (24). 
Rotations about the 3 axes were calculated using the rotations 
of the Y-axis of the EGS model itself (25). 

Figure 1. Cementless press-fit Delta TT 
(Trabecular Titanium) cup.

Figure 2. Model used for model-based RSA and coordinate system used to present migra-
tion along and about the X-, Y-, and Z-axis. Directions as presented in the figure indicate 
positive migration values. Migration results of left-sided hips were converted by changing the 
sign to comply with anatomical directions (24).
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RSA images with at least 3 visible bone markers were ana-
lyzed. Criteria for marker stability and distribution were applied 
with a mean error of rigid body fitting (ME) < 0.35 mm and 
condition number (CN) < 150 m–1 (24). If possible, a marker 
configuration model (MC-model) was used to prevent data loss 
(26). Precision of RSA technique was measured by performing 
double RSA examinations at 1 year follow-up (Table 1).

 
Clinical outcomes 
To evaluate patient-reported hip function and quality of life, 
patients completed the Hip disability and Osteoarthritis Out-
come Score Physical function Short form (HOOS-PS), the 
Oxford Hip Score (OHS), and the EuroQol 5-Dimensions 
(EQ5D-3L). Questionnaires were completed using an online 
application or on paper at the same follow-up moments as the 
RSA radiographs. Demographics, medical history, and regular 
radiographs were collected preoperatively, and postoperative 
complications were registered.

Sample size
We aimed for 25 participants in each group, to be able to 
detect a difference in migration between groups with a large 
effect size (Cohen’s d = 0.8) at a 0.05 significance level with 
80% power. Power calculations were based on a SD of 0.3 mm 
cup translation and 0.8° cup rotation (27). 

Statistics  
Migration and PROMs were assessed using mixed modeling, 
with group (CE vs. PE) as primary independent value of inter-
est. For analysis of PROMs, preoperative baseline scores were 
added as covariate. Primary outcomes were the group effects 
over the 2-year follow up period. By including time as a cat-
egorical factor variable and a time-by-group interaction term, 
we also evaluated group differences at each time point. The 
repeated measurements were clustered within patients and the 
only random effect was a random intercept. SPSS Statistics 
software version 22.0 (IBM Corp, Armonk, NY, USA) was 
used for the statistical analysis. 

Ethics, registration, funding, data sharing, and poten-
tial conflicts of interest
The trial was approved by the local medical ethics committee 
(registration number NL44230.100.13). The study was con-

ducted according to the Declaration of Helsinki (2008) and 
registered at ClinicalTrials.gov (NCT03093038). The cohort 
study that is also described under this trial number will be 
reported separately. Data is available upon request. LimaCor-
porate was involved in the conception and design of the study 
and provided financial support. LimaCorporate provided 
information on their medical devices that the researchers used 
in the introduction and discussion of the manuscript. Lima-
Corporate was not involved in the collection, analysis, and 
interpretation of the data.

Results
Patients
To ensure a minimum of 25 patients with acceptable base-
line RSA in each study group, 58 patients were randomized 
(Figure 3). Patients were randomized 1 week before surgery 
in order to provide enough time to order the required materi-
als and prepare surgery logistics. Patient demographics and 

Table 1. Precision calculations for the Delta-TT cup 

Axis Translation (mm) Rotation (º)

Lateral–medial (X) 0.43 0.73
Distal–proximal (Y) 0.21 0.94
Posterior–anterior (Z) 0.39 0.63

The precision is presented as mean + 1.96 SD of the measurement 
error from the double examinations (95% confidence limits for statis-
tically significant migration).

Assessed for eligibility
n = 169

Randomized
n = 58

Excluded (n = 111):
– not meeting inclusion criteria, 63
– declined to participate, 34
– other reasons, 14

Allocated to PE group (n = 29)
Delta-TT cup with polyethylene liner

Excluded prior to surgery (n = 4):
– surgery canceled, 1
– surgery rescheduled, 2
– no instrument set available, 1

Received PE liner (n = 25)

Allocated to CE group (n = 29)
Delta-TT cup with ceramic liner

Excluded prior to surgery (n = 1):
– surgery canceled, 1

Received PE liner (n = 28)

Lost to follow-up (n = 0) Lost to follow-up (n = 1)

Discontinued follow-up (n = 1) 
due to unusable baseline RSA 
radiographs and declined follow-up 
for secondary outcomes

Excluded from RSA analysis (n = 1) 
due to CN > 150 m-1

Analysed at baseline (n = 26)

Analysed at follow-up:
6 weeks (n = 24)
– missed follow-up, 2
3 months (n = 25):
– insu�cient bone markers, 1
6 months (n = 25):
– insu�cient bone markers, 1
12 months (n = 26)
24 months (n = 25):
– missed follow-up, 1

Excluded from RSA analysis (n = 1) 
due to CN > 150 m-1

Analysed at baseline (n = 24)

Analysed at follow-up:
6 weeks (n = 24)
3 months (n = 23):
– missed follow-up, 1
6 months (n = 23):
– insu�cient bone markers, 1
12 months (n = 22):
– no images, 1
– missed follow-up, 1
24 months (n = 24)

RSA ANALYSIS

FOLLOW-UP

ALLOCATION

ENROLLMENT

Figure 3. Flowchart of patient enrollment.
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PROM scores at baseline are presented in Table 2. For 3 
cups, an MC-model was used. At 2 years postoperatively, 51 
patients completed follow-up and 49 patients had RSA images 
suitable for analysis. 

Radiostereometric analysis 
At 2 years’ follow-up, Delta-TT cups showed mean proximal 
translation of 0.56 mm in the CE group and 0.54 mm in the 
PE group. For translation, between-group effects over time 
were 0.23 mm (95% CI –0.10–0.57), 0.05 mm (–0.14–0.25), 
and –0.01 mm (–0.25–0.24) on the X-, Y-, and Z axis respec-
tively. For rotation, between-group effects over time were 
0.20° (–0.25–0.65), 0.17° (–0.48–0.83), and 0.37° (–0.39–1.1) 
about the X-, Y-, and Z-axis respectively (Figure 4). 

Irrespective of liner type, migration occurred mainly in the 
first 6 weeks to 3 months, stabilizing within 6 months (Figure 
4). Table 3 reports the group effects of the PE and CE liners with 
time and time-by-group interaction on all migration parameters. 
Group effects were ≤0.30 mm translation and ≤0.45° rotation. 
Mean proximal translation, which has been associated with 
aseptic loosening, was similar for cups in the CE and the PE 
group, with a between-group effect of 0.02 mm at 2 years. 

None of the patients had clinical symptoms of cup loosening 
or needed revision at 2 years. 1 Delta-TT cup in the PE group 

showed continuous migration along the Y-axis, with a proximal 
translation of 2.0 mm at 1 year and 2.8 mm at 2 years that did 
not seem to stabilize. Detailed individual migration patterns are 
presented in Figures 5 and 6 (see Supplementary data). 

Table 2. Demographic details and baseline patient-reported out-
come measures (PROMs) of the 2 study groups. Values are reported 
as count or mean (range)

 PE group CE group 
Variable    n = 25   n = 27

Male sex, n 14 14
Age 60 (40–70) 58 (40–71)
BMI  27 (20–35) 26 (20–35)
HOOS-PS 42 (16–68) 47 (27–75)
OHS 25 (10–34) 24 (10–36)
EQ5D 0.61 (0.09–0.81) 0.51 (0.06–0.86)

BMI = body mass index; HOOS-PS = Hip disability and Osteoarthritis 
Outcome Score Physical function Short form; OHS = Oxford Hip Score; 
EQ5D = EuroQol 5-Dimensions; PE = polyethylene; CE = ceramic.
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Figure 4. Mean (SD) cup translation (mm) and rotation (°) of the 2 
study groups throughout the 2-year follow-up period.
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Clinical outcomes 
Patient-reported hip function improved substantially from 
preoperative to 2 years postoperative for both the PE and 
CE group, with mean HOOS improvement of 32 (27–37) 
and 30 (24–36) points, mean OHS improvement of 20 (17–
23) and 20 (17–22) points, and mean EQ5D index improve-
ment of 0.26 (0.17–0.36) and 0.34 (0.20–0.48) points, 
respectively. Mixed modeling showed a main effect of 
group over time for all 3 PROMs: 6.6 points on the HOOS-
PS (1.6–12); –2.7 points on the OHS (–4.8 to –0.7) and –0.1 
on the EQ5D index (–0.2 to –0.0). Despite randomization, 
patients in the PE group had better PROM scores at baseline 
as well as throughout follow-up. When adding time and the 
interaction between group and time to the mixed models, 1 
interaction effect was observed. Despite this one interaction 
term (OHS at 6 weeks: 3.8; 0.4–7.3), Figure 7 visualizes 
that improvements in patient-reported outcomes were simi-
lar over time.

graphic outcomes with a survivorship of 99% at 5 years’ fol-
low-up. 

To date, the threshold for clinical relevance of implant 
migration remains a topic of debate. Pijls and colleagues (5) 
demonstrated an association between proximal migration and 
aseptic loosening, with thresholds of < 0.2 mm for accept-
able migration and > 1.0 mm for unacceptable migration. 
However, these thresholds were based on mean migration 
values in a large group of acetabular components of which 
the majority were cemented. According to these thresholds, 
the Delta-TT cup would be classified as ‘at risk’ (proximal 
migration > 0.2 mm and < 1.0 mm in both groups). However, 
the interpretation of early migration patterns of uncemented 
implants seems more complicated, due to the required settling 
period (28). Given the differences in fixation strategy between 
cemented and uncemented implants, more early migration 
could be expected in uncemented cups. Long-term follow-up 
of this and other RSA studies with uncemented cups is needed 

Table 3. Mean (95%CI) translation and rotation of the Delta-TT cup with a polyethylene (PE) 
or a ceramic (CE) liner and group effects, throughout 2-year follow-up period

Follow-up   PE CE PE versus CE
(months) n mean (95% CI) n mean (95%CI) group effect (95%CI) p-value

X-axis translation, mm
   1.5 24 –0.01 (–0.19–0.17) 24 0.29 (0.03–0.55) 0.30 (–0.05–0.65) 0.09
   3 23 0.14 (–0.11–0.38) 25 0.34 (0.09–0.58) 0.18 (–0.17–0.52) 0.3
   6 23 0.17 (–0.09–0.42) 25 0.39 (0.12–0.66) 0.22 (–0.13–0.57) 0.2
 12 22 0.13 (–0.14–0.40) 26 0.34 (0.06–0.63) 0.23 (–0.12–0.58) 0.2
 24 24 0.14 (–0.18–0.45) 25 0.36 (0.05–0.67) 0.23 (–0.12–0.58) 0.2
Y–axis translation, mm
   1.5 24 0.22 (0.15–0.30) 24 0.26 (0.15–0.38) 0.03 (–0.18–0.25) 0.8
   3 23 0.34 (0.20–0.47) 25 0.41 (0.26–0.56) 0.08 (–0.14–0.29) 0.5
   6 23 0.42 (0.29–0.56) 25 0.49 (0.32–0.66) 0.07 (–0.14–0.28) 0.5
 12 22 0.49 (0.29–0.68) 26 0.53 (0.36–0.70) 0.05 (–0.16–0.26) 0.6
 24 24 0.54 (0.30–0.77) 25 0.56 (0.38–0.75) 0.02 (–0.20–0.23) 0.9
Z–axis translation, mm
   1.5 24 0.06 (–0.09–0.21) 24 0.19 (0.01–0.37) 0.10 (–0.16–0.36) 0.4
   3 23 0.21 (–0.02–0.44) 25 0.23 (0.04–0.42) 0.01 (–0.25–0.27) 0.9
   6 23 0.18 (–0.02–0.39) 25 0.12 (–0.07–0.31) –0.06 (–0.32–0.20) 0.6
 12 22 0.23 (0.01–0.45) 26 0.20 (–0.02–0.42) –0.02 (–0.28–0.24) 0.9
 24 24 0.25 (0.07–0.44) 25 0.19 (–0.03–0.40) –0.08 (–0.34–0.18) 0.5
X–axis rotation, ° 
   1.5 24 –0.14 (–0.42–0.14) 24 –0.15 (–0.41–0.12) 0.02 (–0.46–0.50) 0.9
   3 23 –0.43 (–0.92–0.05) 25 –0.23 (–0.56–0.10) 0.22 (–0.26–0.70) 0.4
   6 23 –0.28 (–0.68–0.11) 25 –0.02 (–0.28–0.24) 0.18 (–0.30–0.66) 0.5
 12 22 –0.34 (–0.73–0.05) 26 –0.07 (–0.43–0.30) 0.25 (–0.23–0.72) 0.3
 24 24 –0.34 (–0.73–0.04) 25 –0.03 (–0.46–0.40) 0.32 (–0.15–0.80) 0.2
Y–axis rotation, ° 
   1.5 24 0.12 (–0.21–0.46) 24 0.42 (–0.06–0.90) 0.26 (–0.42–0.94) 0.4
   3 23 0.51 (0.05–0.97) 25 0.62 (0.04–1.19) 0.07 (–0.61–0.75) 0.8
   6 23 0.33 (–0.11–0.77) 25 0.43 (–0.09–0.94) 0.22 (–0.46–0.90) 0.5
 12 22 0.29 (–0.22–0.81) 26 0.50 (–0.09–1.08) 0.22 (–0.46–0.90) 0.5
 24 24 0.34 (–0.20–0.88) 25 0.45 (–0.17–1.06) 0.08 (–0.60–0.76) 0.8
Z–axis rotation, ° 
   1.5 24 0.18 (–0.19–0.55) 24 0.54 (0.04–1.0) 0.37 (–0.41–1.2) 0.3
    3 23 0.47 (–0.06–1.0) 25 0.76 (0.18–1.3) 0.27 (–0.52–1.1) 0.5
   6 23 0.44 (–0.14–1.0) 25 0.81 (0.16–1.5) 0.40 (–0.39–1.2) 0.3
  12 22 0.44 (–0.18–1.5) 26 0.84 (0.18–1.5) 0.45 (–0.33–1.2) 0.3
  24 24 0.45 (–0.23–1.1) 25 0.77 (0.04–1.5) 0.33 (–0.45–1.1) 0.4

Adverse events included 2 patients 
with a dislocated hip; both were reposi-
tioned successfully. Early infection in 2 
patients was treated with antibiotics; 1 
patient required additional joint lavage 
and revision of the femoral head and liner 
to successfully resolve the infection. 

Discussion

In this randomized controlled trial, we 
observed no substantial differences in 
migration patterns between cups with 
a polyethylene liner and cups with a 
ceramic liner throughout the 2-year fol-
low-up period. While cups with a ceramic 
liner showed more migration on some 
parameters, between-group effects over 
time were small and all corresponding 
confidence intervals included 0. Proximal 
translation, which is associated with asep-
tic loosening (5), was similar for polyeth-
ylene and ceramic liners, with a between-
group effect of 0.02 mm. Improvements 
in patient-reported hip function and qual-
ity of life over time were also similar 
between groups. 

This is the first RSA study on early sta-
bility of the Delta-TT cup and our results 
are in line with an earlier clinical study on 
the performance of the Delta-TT cup. In 
their prospective non-randomized study 
of 142 Delta-TT cups with both ceramic-
on-ceramic bearings and ceramic-on-
polyethylene bearings, Perticarini et al. 
(11) reported good clinical and radio-
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in order to substantiate the relevance of RSA in these unce-
mented components and develop more specific thresholds for 
clinical relevance on a group level. As a next step, guidelines 
for interpretation of individual migration patterns will help to 
inform patients and clinicians what amount of migration is 
acceptable on a patient level.

Our 2-year follow-up results on this highly porous Trabecular 
Titanium cup are comparable to the results of 3 recent random-
ized prospective RSA studies on cementless cups with similar 
surface properties. Baad-Hansen et al. compared migration of 
cups with a trabecular tantalum surface to cups with a tita-
nium fiber-mesh surface. With mean proximal translation of 
0.08 mm (CI –0.22–0.38), they found promising results with 
regard to early fixation of trabecular tantalum cups, with less 
rotation along the transverse axis and similar migration on all 
other migration parameters as compared with titanium fiber-
mesh cups at 2 years postoperatively (27). Naudie et al. (29) 
analyzed migration patterns of 2 cups with porous ingrowth 
surfaces: 1 cup with a 45% low-porosity sintered bead porous 
surface versus a newer cup with a 61% high-porosity asym-
metric titanium porous surface. They found good fixation of 
both cups, with mean proximal translation of 0.15 mm (SD 
0.17) for the 45% low-porosity cup and 0.04 mm (SD 0.18) 
for the 61% high-porosity cup, respectively, at 2 years post-
operatively. They observed no statistically significant differ-
ences between groups, except for a larger proximal translation 
of the cup with lower porosity (p = 0.04). In evaluating migra-
tion of a titanium plasma-sprayed porous surface cup with and 
without hydroxyapatite-coating, Munzinger et al. (30) found 
good stability at 2 years and no advantage of coating, with 
mean proximal translation below 0.12 mm in both groups. 
Similar to our study, these previous publications also describe 
that migration occurred mainly in the first 6 weeks and stabi-
lized within 6 months after surgery, indicating a settling phase 
of uncemented acetabular components.

1 other RSA study has analyzed the influence of liner type 
on early stability of uncemented implants. Zhou et al. (31) 
compared early stability of 61 porous-coated hemispherical 
titanium alloy cups with a ceramic-on-ceramic bearing with 
cups with a metal-on-cross-linked polyethylene bearing. Sim-
ilar to our results, they found no increased migration in cups 
with a ceramic liner at 2 years’ follow-up (all p > 0.3). 

The study design is a major strength of this study. It is a 
randomized trial comparing 2 different liner types combined 
with the same acetabular cup and femoral stem, employing the 
same surgical technique. Patients were randomized, blinded 
for liner type, and there was no patient dropout at 2 years, 
minimizing the risk for bias. However, despite randomization 
a difference in preoperative PROMs was observed between 
the 2 groups. The small sample size, powered for RSA analy-
sis, could be the cause of this difference. Furthermore, RSA 
is a highly precise technique that has proved to be a reliable 
method for a phased evidence-based introduction of new 
implants (4-6). 

Our study is not without limitations. First, the difficulty 
in interpreting the clinical relevance of migration data of 
uncemented implants (as described above) hampers accurate 
sample size calculation for RSA studies. We observed substan-
tial individual variation in migration patterns, which makes 
it harder to detect differences between groups. However, 
patient-reported outcomes, also in patients with increased 
migration, were good and none of them had symptoms of cup 
loosening at 2 years. Nevertheless, all patients will be invited 
for a follow-up at 5 years after surgery and will be monitored 
in the Dutch registry for orthopedic implants (LROI) to assess 
implant survival. 

Importantly, migration is not the only mechanism involved 
in secondary loosening of implants (2). Therefore, for a true 
phased evidence-based introduction of the Delta-TT cup, 
future research should also focus on other factors, such as 
wear and osteolysis. Nevertheless, this study is a promising 
first step in the phased evidence-based introduction of Delta-
TT cups in clinical practice. 

In conclusion, regardless of liner type, Delta-TT cups 
showed some initial migration, stabilizing, however, within 
6 months. These results confirm results of clinical studies on 
early performance of Delta-TT cups and are promising for cup 
survival combined with both a polyethylene and a ceramic 
liner, but longer follow-up is necessary to evaluate the long-
term performance of this cementless cup. 
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Supplementary data

Figure 5. Individual migration patterns of the Delta-TT cup with a poly-
ethylene liner (PE group; n = 24) on the left and with a ceramic liner 
(CE group; n = 26) on the right with regard to translation (mm) on the 
X-, Y-, and Z-axis throughout the 2-year follow-up period.

Figure 6. Individual migration patterns of the Delta-TT cup with a poly-
ethylene liner (PE group; n = 24) on the left and with a ceramic liner 
(CE group; n = 26) on the right with regard to rotation (°) about the X-, 
Y-, and Z-axis throughout the 2-year follow-up period.
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