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INTRODUCTION

The migration of uncemented total hip components in  
the first two years after surgery as detected by EBRA  
(Ein-Bild-Roentgen-Analyse) has been shown to be a good 
predictor of later aseptic failure (1-3). The Trident hip sys-
tem has been marketed since 1999. It offers peripherally 
self-locking (PSL) and hemispherical options. The periph-
eral self-locking cup is designed to maximise fixation at the 
peripheral lunate of the acetabulum and has not yet been 
the subject of any migration study. 
EBRA is a simple method of measuring component migra-
tion using sequential antero-posterior radiographs of the 
pelvis (4). It has proven accuracy and sensitivity in detect-
ing migration of more than 1 mm when compared to RSA 
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(Roentgen Stereophotogrammetric analysis) (5, 6). Unlike 
RSA it can be performed retrospectively.
It is hypothesised that incomplete cup seating would lead 
to instability and effect early migration behaviour. The aims 
of this study were to investigate the early migration rate of 
the Trident cup, assess the effect of incomplete seating 
on cup migration and to establish whether either factor af-
fected clinical outcome.

MATERIALS AND METHODS

This was a retrospective radiologic analysis using EBRA 
(University of Innsbruck, Austria) (4). All Trident PSL cups 
(Stryker, Kalamazoo Michigan USA) implanted between 
October 2005 and June 2006 were identified and includ-
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ed in this study. Radiographs were nominally taken two 
days after operation then at three, twelve and twenty-
four months follow-up. For each patient post-operative 
antero-posterior pelvic radiographs, stored in the Picture-
Archiving-System (KODAK), were imported into the EBRA 
software and assessed. Cup migration was calculated in 
both x (horizontal) and y (vertical) axes. A graph was pro-
duced plotting migration over time in each axis (Fig. 1) 
and total migration calculated using Pythagorean geom-
etry. Non-comparable radiographs were excluded by the 
software. Furthermore, any patient who either had one 
radiograph missing or had a radiograph that did not show 
the appropriate landmarks had to be excluded from the 
analysis. The 95% confidence limit for EBRA results is 1.0 
mm for longitudinal and 0.8 mm for transverse migration 
(4). The usual threshold for significant migration is 1 mm 
but studies have used 2 mm particularly for the femoral 
stem (3). 
Post-operative films were assessed for incomplete seat-
ing. Visible gaps were measured using the PACS line mea-
surement tool after calibration against the known femoral 
head size. Measurements were taken along a radial line at 
the point where the distance between the cup and the ace-
tabulum was widest (which was frequently located around 
the central pole of the cup).

Demographic data and Oxford Hip Scores were taken 
from the case notes. Oxfords scores were collected and 
reported using the original method with best score at 12 
and worse score 60. The head and cup sizes used for cali-
bration were taken from the operation notes and implant 
stickers. The notes were also reviewed for relevant details 
that might affect migration such as the used of acetabular 
screws and bone quality.
All statistical analysis was completed using SPSS 17.0 
(IBM Corporation, Somers, NY, USA). Fisher exact test was 
used to assess migration and the presence of incomplete 
seating, T- test was used to compare Oxford Hip scores 
and Chi-squared test was used to analyse gap sizes and 
time to consolidation.

RESULTS

During the inclusive period 57 Trident PSL cups were im-
planted. Of these 14 had incomplete sets of radiographs, 1 
did not show the required landmarks in the pelvis, 6 had non-
comparable radiographs and 6 were lost to follow up. There-
fore a total of 27 patients were excluded from the study. Of 
the remaining 30 patients 13 were female and 17 were male. 
Mean age was 61 years (range 36-84 years) and mean Body 

Fig. 1 - A) EBRA graph with no 
migration in both x and y axis. 
The first vertical line is the im-
mediate post operative radio-
graph, followed by 3, 12 and 
24 months. Each horizontal 
line is equal to 1 mm. B) EBRA 
graph showing medial migra-
tion in the X-axis but none in 
the y axis.
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Fig. 2 - A) Immediate post-
operative radiograph showing 
>2 mm gap between the cup 
and the bone (arrow). B) Ra-
diograph of same patient after 
3 months with the gap consoli-
dated.

A B

Mass Index was 30.7 (range 19.6-40.7). Operations were 
undertaken by 5 surgeons. All cups were implanted using 
the posterior approach and line-to-line reaming per manu-
facturer’s recommendation. There were no intra-operative 
concerns regarding stability of the cups prior to closure. 
None of the cups had acetabular screws. All the cups were 
implanted in combination with a cemented Exeter stem. The 
bearing surface combination was ceramic-on-ceramic in 21, 
metal-on-polyethylene in 6 and ceramic-on-polyethylene in 
3. The post-operative regime for all patients was full weight 
bearing immediately after operation. 
The average total migration for the series was 1.5 mm 
(range 0.1 to 5.9 mm). Seventeen showed total migration 
of more than 1 mm and seven of these showed further mi-
gration of more than 2 mm (range 2.3 to 5.9 mm) (Tab. I).
Twenty cups showed incomplete seating with a visible gap 
between the cup and the acetabulum on the immediate 
post-operative radiograph (Fig. 2). The gap measurements 
ranged from 0.3 mm to 3.0 mm (mean 1.4 mm). These were 
arbitrarily divided into less than 2 mm (range 0.3 to 1.8) and 
2 mm or more (range 2.3 to 3.0) (Tab. I). 
There was no relationship between polar gap and migra-
tion of >1 mm (p = 0.86) or migration of >2 mm (p = 1.00). 
Fourteen of the 20 polar gaps had fully consolidated on 
twelve month radiographs and a further 3 had consolidat-
ed at twenty-four months. Three cups still showed visible 
gap on the twenty-four month radiographs. The gap size 
did not correlate with consolidation time (p = 0.49). 
The average preoperative Oxford Hip score was 45 (range 
29 to 58) and improved to a mean score of 17 at 2 years 

after surgery (range 12 to 44 ). This improvement was sta-
tistically significant (p = <0.001). The two-year Oxford Hip 
scores were not significantly different between those that 
exhibited migration and those that did not (p = 0.768). At 
5 years, there was no further improvement in the Oxford 
Hip score (mean 16.6, range 12-31). Between 2 years and 
5 years there was not any further significant improvement 
in clinical scores, p = 0.324 (Tab. II). The case exhibiting 

TABLE I -  TOTAL MIGRATION VS. INCOMPLETE SEATING 
ON THE INITIAL POST-OPERATIVE RADIOGRAPH

Fully seated Gap < 2 mm Gap ≥2 mm

No migration 4 7 2

Migration >1 mm 4 4 2

Migration > 2 mm 2 4 1

Total 10 15 5

TABLE II - TOTAL MIGRATION VS. OXFORD HIP SCORES

Average  
Oxford Score

No migration  
(n = 13)

Migration  
>1 mm (n = 10)

Migration  
>2 mm (n = 7)

Pre-operative 46 44 44

2 years 18 16 18

5 years 19 16 15
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the largest migration in the series (5.9 mm) was functioning 
well at 5 years with an Oxford Hip score of 12.
At 5 years follow-up there had been no revisions for asep-
tic cup loosening. There was one revision for infection and 
one for aseptic loosening involving the stem. Two patients 
had died and three were lost to follow-up.

DISCUSSION

Early migration of total hip arthroplasty components within 
the first two years of has been linked to later aseptic fail-
ure (1-3). Various factors have been cited to be related to 
early migration i.e. cup size, the presence of radiolucency 
between the cup and bone as well as high wear rate (7-9). 
Using 1 mm as the threshold for significant migration, 
Stockle et al reported a 48% (30/63) migration rate in 
the first two years with the Duraloc cup 100 series with 
a mean total migration of 1.13 mm (10). With the same 
strict criteria our migration rate was similarly high at 
56% (17/30) with 7 cups migrating further beyond 2 mm. 
Migration beyond 2 mm have been previously correlated 
to post-operative radiolucency in DeLeey-Charnley Zone 
1 (7). In our series, two-thirds of the cups showed lucency 
due to incomplete seating in the immediate post-operative 
radiograph but we were not able to show a correlation 
between this observation and increased migration. 
Although it is not within the scope of this study to deter-
mine the exact cause of incomplete seating, we speculate 
this could be due to a number of factors such as variation 
in surgical technique, instrument design, reamer sizing, 
cup size selection and bone quality. The Trident PSL cup 
is 1.8 mm wider than that the stated size. This is designed 
to achieve interference fit at the periphery of the implant 
as the product name implies. The manufacturer advises 
however that this amount of interference fit is not always 
necessary depending on the quality of bone stock (Trident 
Acetabular System PSL Surgical Protocol 2009). Thus, 
intraoperative judgement is required to determine the ap-
propriate amount of reaming that is necessary to fully seat 
the implant and achieve adequate primary stability. In addi-
tion a previous in-vitro study performed in our department 
showed that the seating force required for the PSL cup 
was 20% higher than for the hemispherical design when 
tested on high density substrate (unpublished). The same 
study also highlighted the discrepancy between the stated 
size of the Trident reamer and the actual size of the reamed 

cavity which on average was 1 mm smaller. The combina-
tion of the above factors may have contributed to the ob-
served incidence of incomplete seating in this series.
Regardless of the cause, incomplete seating did not seem 
to adversely affect migration in this subgroup compared 
to those that were fully seated, and the majority of gaps 
eventually consolidated, albeit at a different time. Also It 
was noted that none of the cups in this series had acetabu-
lar screws; however, in the absence of a control group, it 
is difficult to say that this is the probable cause of the high 
migration rate in this cohort.
Overall despite the radiologic appearances, clinical scor-
ing did not show significant difference between the cups 
that migrated and those that did not, and at 5 years, there 
had not been any revision for aseptic cup failure.
In conclusion, this study shows that a significant portion of 
Trident PSL cups undergo migration in the first 2 years but 
patients continue to function well at five years. Additionally 
there was no correlation observed between migration and 
the presence of incomplete seating on immediate postop-
erative radiographs. 
The biggest limitation of this study was the low sample 
size. Although the initial cohort size seemed acceptable, 
the lack of standardised high quality pelvic AP radiographs 
limited the final number of subjects that could be included 
in this study. Thus the study might be underpowered with 
the possibility of a type 2 errors. 
We recommend a larger sized long-term prospective study 
to better define the migration behaviour and eventually the 
survivorship of this relatively new yet very popular implant. 

Financial support: We declare that none of the authors has received 
any financial support or remuneration from any agency in relation to 
this study.

Conflict of interest: We declare that none of the authors has any pro-
priety interest with the products involved in this study.

Address for correspondence:
Martin Sarungi, MD, FRCS
Department of Orthopaedics
Golden Jubilee National Hospital 
Agamemnon Street, Clydebank 
Dunbartonshire, G81 4DY, UK 
martin.sarungi@gjnh.scot.nhs.uk 

AUTHORS P
ERSONAL U

SE O
NLY



© 2012 Wichtig Editore - ISSN 1120-7000 515

Nunag et al

REFERENCES

1. Krismer M, Stockl B, Fischer M, Bauer R, Mayhofer P. Early 
migration predicts late aseptic failure of hip sockets. J Bone 
Joint Surg Br. 1996:78:422-6.

2. Ilchmann T, Neher S, Maurer F, Weise K. Modes of failure a 
threaded acetabular cup: a radiographic study with EBRA of 
42 revised cups. Int Orthop. 2007;31:211-6.

3. Meek RM, Michos J, Gregoris P, Hamblen DL. Mid-term  
results and migration behaviour of a ti-alloy cemented  
stem. Int Orthop. 2002;26:356-60.

4. Krismer M, Bauer R, Tschupik J, Mayhofer P. EBRA: a  
method to measure migration of acetabular components.  
J Biomech. 1995;28:1225-36.

5. Biederman R, Krismer M, Stöckl B, Mayrhofer P, Ornstein E, 
Franzén H. Accuracy of EBRA-FCA in the measurement of 
migration of femoral components of total hip replacement.  

J Bone Joint Surg Br. 1999;81:266-72.
6. Ochsner PE. Measurement of the acetabular migration by 

using standard A.P. radiographs (EBRA): Technique, results 
and practical applications in clinical works. J Bone Joint 
Surg Br. 1998;80(suppl I):33.

7. Stoeckl B, Braber E, Wanner S, Krismer M. Radiographic 
evaluation of the Duraloc cup after 4 years. Int Orthop. 
2005;29(1):14-7. 

8. Stihsen C, Pabinger C, Radl R, Rehak P, Windhager R. 
Migration of the Duraloc Cup after 5 years. Int Orthop. 
2008;32:791-4. 

9. Ilchmann T, Gelzer JP, Winter E, Weise K. Acetabular recon-
struction with the Bursch-Schneider ring: an EBRA analysis 
of 40 cups revision. Acta Orthop. 2006;77:79-86. 

10. Stockl B, Sandow M, Krismer M, Biedermann R, Wimmer 
C, Frischhut B. Migration of the Duraloc cup at two years.  
J Bone Joint Surg Br. 1999;81:51-3.

AUTHORS P
ERSONAL U

SE O
NLY




