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EBRA improves the accuracy of radiographic 
analysis of acetabular cup migration 

Thomas Ilchmann, Uldis Kesteris and Hans Wingstrand 

EBRA (Ein Bild Rontgen Analyse) is a new computer- 
ized method measuring migration and wear of the 
acetabular cup, suggested to improve measurement 
accuracy. We evaluated possible errors of measure- 
ment and compared EBRA with standard methods. 

1. We did repeated measurements on a single ra- 
diograph using the same reference lines. The reli- 
ability of the input procedure with standard mea- 
surements was significantly better than repeated 
digitization with EBRA. 

2. In a more clinical test, a group of 10 patients 
was studied. 5 radiographs were taken of the same 
patient on the same day. EBRA improved the reliabil- 

ity of repeated radiographic examination significant- 
ly for migration measurements in the vertical direc- 
tion. 
3. To assess the inter- and intraobserver varia- 

tions, repeated measurements were performed on 
the clinical series of pelvic radiographs of 10 pa- 
tients. EBRA was significantly better than standard 
methods. 

With EBRA, errors of wear and migration measure- 
ments could be reduced, as compared to standard 
methods. The major improvement with EBRA was 
found for migration measurements in the vertical di- 
rection. 
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Radiographic assessment of prosthetic migration and 
wear is well established in follow-up studies of results 
after total hip arthroplasty. When the assessment is 
accurate, it is of prognostic value (Ryd et al. 1993, 
Stocks et al. 1995, Krismer et al. 1996). Computer- 
ized image analysis may become important because 
of the increasing use of digitized roentgen techniques. 
The reproducibility of such measurements is high 
(Hardinge et al. 1991), but the accuracy is not proven. 
Roentgen stereophotogrammetry (RSA) (Selvik 
1989) is a very accurate method for 3-dimensional 
analysis. It requires special roentgen-equipment, im- 
plantation of markers, a special digitizer and it is 
time-consuming. Therefore only smaller prospective 
studies are possible. 

An objective and accurate method is needed for 
comparing results. A retrospective method would per- 
mit studies of the huge amount of clinical data cur- 
rently available. This might lead to better understand- 
ing of any shortcomings in present designs and rou- 
tines. 

The Department of Orthopedics and the Institute of 
Mathematics and Geometry at the University of Inns- 
bmck, Austria, have developed the EBRA (Ein Bild 
Roentgen Analyse) method for measuring migration 
of acetabular cups by means of a computer (Russe 

1988, Krismer et al. 1995). As suggested by one of the 
authors (TI), an analysis of wear was added to the 
program. In previous studies, EBRA was found to dif- 
fer less from corresponding RSA values, thus being 
more accurate than standard non-computerized meth- 
ods for measuring migration and wear (Ilchmann et 
al. 1992, 1995). In this study, we have evaluated pos- 
sible errors in measurements using EBRA and com- 
pared it with standard methods for measuring migra- 
tion and wear. 

Material and methods 
€BRA 
A pencil, a ruler, a light board, technical drawing 
equipment, an ordinary digitizing table and a personal 
computer with Windows@ are needed. For each pa- 
tient at least 4 anteroposterior radiographs of the pel- 
vis have to be collected, best evenly distributed dur- 
ing the period of follow-up (Russe 1988). Retrospec- 
tive studies are possible if the patient has had regular 
radiographic examinations. In later follow-ups, fur- 
ther radiographs can be added to the same analysis 
using the input and data of the initial study. Thus a 
database of EBRA measurements is created. All cups 
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with a perfectly round contrast wire, equatorially or 
coronally placed, can be measured. Metal cups must 
have a spherical surface. The size of the femoral head 
or the acetabular cup has to be known. 

The center of the radiograph (crossing-point of the 
diagonals, point c, Figure 1) is marked with a ruler. 
Six tangents (tl-t6, Figure I)  must be drawn accu- 
rately on prominent pelvic landmarks. Their positions 
were selected because they were easy to detect and 
little affected by any pelvic tilt. T1 is placed on the 
distal border of the projection of the foramina obtura- 
toria or else on the distal border of the tuber ischiadi- 
cae. T2 and t3 are parallel to t l .  They are placed on 
the cranial border of the symphysis and on the most 
clearly visible foramen in the sacrum. T4-t6 are per- 
pendicular to tl-t3. T4 is located on the medial border 
of the foramen obturatum on the side of the replace- 
ment, while t5 and t6 are located on both insides of 
the large pelvic aperture. It is important that identical 
pelvic structures are marked on all radiographs of the 
same patient. 

Patient data, type of implant, head or cup size, the 
date of the radiograph and, if known, the focus-film 
distance are fed into the computer. The center of the 
radiograph (c) and the seven points (1-7) defining the 
position of the 6 tangents (tl-t6) must be digitized 
(Figure 1). 

The software provides a menu for selecting the type 
of implant. A drawing of the corresponding prosthesis 
appears on the screen, showing the reference points to 
be digitized. The femoral head and cup are digitized 
with 3-7 points, distributed about equally on the con- 
tours. From the digitized points, the best-fitting circle 
for the head, the best-fitting ellipse for the contrast 
wire of the cup and the circle for the surface of the 
metal-backed cups are calculated by the software. A 

Figure 1. The tangents tl-t6 are defined and 
digitized by 7 points 1-7. The point c marks 
the approximate center of the radiograph. 

circle is defined by 3, an ellipse by 5 points. The re- 
maining digitized points are used to check the input. 
The maximal differences between the digitized points 
and the calculated circle or ellipse are calculated. If a 
point differs by more than 0.2 mm from the calculated 
values, a warning sign is shown and a new input pro- 
posed (radial error). 

The horizontal position of the implant is calculated 
as the distance to a plane defined by an approximately 
calculated focus point and tangent t2, the vertical po- 
sition to a plane defined by the focus point and tan- 
gent t4. The background mathematics are complicat- 
ed, but Russe (1988) and Krismer et al. (1995) state 
that, for geometrical reasons, such measurements are 
less affected by possible pelvic tilt than are measure- 
ments taken in the film plane. 

For each radiograph, the radiographic magnifica- 
tion is calculated from the digitized femoral head (f = 
calculated sizeknown size). All digitized coordinates 
are corrected for magnification. The distances be- 
tween the tangents tl-t6 are also calculated for each 
radiograph. Projections are defined as comparable if 
the distances between the tangents are similar. The 
maximal accepted difference ("limit of comparability, 
L") between the distances should not exceed 3 mm. 
Radiographs with tangent distances differing by more 
than "L" mm among the repeated examinations are 
excluded from further analysis. Subgroups with simi- 
lar distances between the reference lines are identi- 
fied. For a single patient several subgroups of compa- 
rable projections may be found. The position of the 
head and cup in relation to the reference plane (migra- 
tion) and the relation of the head to the cup center 
(wear) are calculated for each subgroup. In the case of 
several subgroups, the results are averaged for each 
interval. The migration and wear curve over the total 
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Figure 2. Imaginary construction of a mean migration curve 
based on 6 radiographs. 2 subgroups with similar projections, 
consisting of 2 and 3 radiographs, were found by the software. 
For the radiograph at 1 year, no radiograph with a correspond- 
ing projection could be found, and therefore it was excluded 
from analysis. In the interval from 2 3 . 5  years, there was an 
overlap of 2 subgroups. The mean trend of both cuwes was 
calculated, representing the gradient in the total migration 
curve for that period. 

period of analysis are created by adding the partial 
trends (Figure 2) .  In case of only one subgroup of 
comparable radiographs, this subgroup represents the 
pattern of migration (wear) in the period, covered by 
the subgroup. The remaining radiographs are exclud- 
ed as not comparable, thus avoiding errors of mea- 
surement. Additional radiographs in later follow-ups 
may be comparable to the remaining radiographs and 
these may be included in later analyses also. 

The results are presented in migration-time and 
wear-time diagrams and in tables that can be used 
with other software. The migration of the femoral 
head (head x), the acetabular cup (cup x) and the wear 
(wear x) in the horizontal and vertical directions 
(head y, cup y, weary) can be studied. 

The total wear (EBRA wear) was calculated from 
the EBRA wear results in the horizontal (wear x) and 
vertical (wear y) directions by vectorial addition, to 
make the results comparable to the other methods. 
Furthermore, the total wear was calculated as the dif- 
ferences between migration of the head and cup in the 
horizontal and vertical directions (EBRA h-c). 

Non-computerized methods 
Standard measurements were made on all radio- 
graphs, disregarding possible exclusion by the EBRA 
method. Templates were used to define the center of 
the femoral head, distances were drawn and marked 
with a well-sharpened pencil. Measurements were 
made with a slide caliper having a 0.1 mm scale. All 
results were corrected for radiographic magnification 
(f = measured head size/true head size). 

For migration measurements, the teardrop line and 
a perpendicular line through the center of the teardrop 
were used as the reference lines (Nunn et al. 1989), 
the cup was defined by the center of the contrast wire. 
Migration was measured in the horizontal (Nunn x) 
and vertical (Nunn y) directions. The wear, measured 
with the Livermore method, was the narrowest dis- 
tance between the border of the femoral head and the 
prostheses/cement interface (Livermore et al. 1990). 

All measurements were made by one of the authors 
(TI), who was very familiar with the methods used. 
The measurements of the interindividual difference 
were made by 2 of the authors (UK, TI). In all EBRA 
measurements, the limit of comparability was L = 3 
mm. If the input of the prosthesis proved to be inaccu- 
rate regarding the radial error calculated by the soft- 
ware, it was repeated up to 5 times. A maximal radial 
error of 0.25 mm was accepted. 

Methods of evaluation 
Reliability of the input procedure 
A given clinical radiograph was digitized 5 times with 
EBRA, using the same reference lines. The radio- 
graph was not moved on the digitizer between the ex- 
aminations. Nunn and Livermore measurements were 
made 5 times on the same radiographs, using the same 
reference lines. With EBRA, the first radiograph is set 
as zero automatically. Thus, in a similar way, the first 
measurement with the standard methods was taken at 
zero, the differences from the first radiograph being 
considered as errors of input. Five radiographs from 5 
different patients were analyzed. We calculated the 
maximal error, the measurement error (standard devi- 
ation) and the 95% confidence interval of the mea- 
surement error in all corresponding measurements. 
Statistical significance corresponds to no overlap of 
the confidence intervals of the measurement error. 

Reliability of radiographic re-examination 
This study was approved by the local Swedish com- 
mittee on ethics. 5 radiographs of the pelvis were tak- 
en of a given patient on the same day. The 10 patients 
included were mobilized with full weight bearing af- 
ter THA had been performed. They were requested to 
stand up and walk between each radiographic exami- 
nation. No special care was taken to position the pa- 
tients, no changes were made in the settings of the ra- 
diographic equipment between the examinations. No 
migration or wear should have occurred between the 
repeated examinations. 

The implant position was measured with the EBRA 
and the Nunn methods. The thickness of the plastic 
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Table 1. Repeated input procedures of the same radiograph. 
Migration measurements in the horizontal (x) and vertical (y) 
directions with the EBRA (EBRA head, cup) and Nunn meth- 
ods. Wear measurements with the EBRA (EBRA wear) and 
Livetmore methods. Differences of head and cup migration 
with EBRA (EBRA h-c). No radiograph was excluded by the 
EBRA software. Absence of overlap of the 95% confidence 
intervals of the measurement error indicates a significant 
difference between the methods used for comDarison 

oughly. The results were compared with the corre- 
sponding values from the first measurement of the in- 
traobserver difference. We calculated the maximal er- 
ror, the measurement error (standard deviation) and 
the 95% confidence interval of the measurement error 
in all corresponding pairs of measurements. 

Method n Maximal Measurement 
error (mm) error (mm). 

EBRA head x 25 0.2 0.13 0.104.18 
EBRA cup x 25 0.5 0.25 0.20-0.35 

EBRA head y 25 0.4 0.19 0.15-0.26 
EBRA cup y 25 0.9 0.31 0.24-0.43 

EBRA wear 25 0.4 0.19 0.15-0.26 
EBRA h-C 25 0.8 0.23 0.184.32 
Livermore 25 0.1 0.06 0.05-0.08 

Error and 95% confidence interval of error 

Nunn x 25 0.2 0.11 0.09-0.15 

Nunn y 25 0.3 0.11 0.09-0.15 

was measured with the EBRA and the Livermore 
methods. The differences, as compared to the first ra- 
diographic examination, were considered as errors of 
repeated examination and measurement. We calculat- 
ed the maximal error, the measurement error (stan- 
dard deviation) and the 95% confidence interval of 
the measurement error for all corresponding measure- 
ments. 

lntraobserver variation 
10 patients were operated on with THA (Scanhip@, 
MitAB, Sjobo, Sweden), published in a previous 
study (Mjoberg 1986). A series of 5 (4-8) radiographs 
of the pelvis was taken at regular intervals over a peri- 
od of 56 (48-68) months, no special care being taken 
to position the patients. With EBRA, all 60 radio- 
graphs were analyzed, the early postoperative radio- 
graphs were considered to have been detected by the 
program in case of possible tilt. With the standard 
methods, the early postoperative radiographs were 
excluded to avoid errors of measurement, 48 radio- 
graphs were left. All measurements were made twice 
by the same person, using all methods in question. 
The measurements were made on different occasions, 
all lines being thoroughly erased between the exami- 
nations. We calculated the maximal error, the mea- 
surement error (standard deviation) and the 95% con- 
fidence interval of the measurement error in all corre- 
sponding pairs of measurements. 

lnterobserver variation 
The same radiographs from the study of the intraob- 
server variation were re-analyzed with all methods by 
another of the authors, after erasing all lines thor- 

Results 

The analysis of a single radiograph took about 10-15 
minutes, using the EBRA method. The contour of the 
pubic symphysis for the construction of tangent t2 
was sometimes difficult to discem. In some patients, 
it was difficult to identify the teardrop line in the 
Nunn method and the prosthesis/cement interface in 
the Livermore method. 

Reliability of the input procedure 
The measurements could be made on all radiographs 
and none of the repeated inputs was excluded by the 
EBRA software, because of differences in projection. 
The input was significantly more precise for the head 
than for the cup. The EBRA wear measurements 
seemed to be more precise than the EBRA h-c mea- 
surements (Table l). 

Nunn and Livermore measurements were signifi- 
cantly better than EBRA measurements. Direct mea- 
surements of well-defined structures or lines on single 
radiographs, using the slide caliper, were more pre- 
cise than repeated digitization, using EBRA (Table 1). 

Reliability of radiographic reexamination 
The software of the EBRA method excluded some ra- 
diographs for measurements in the vertical direction 
because of an abnormal projection or inaccurate input 
of the implant (number of measurements, Table 2). 
With the standard methods, measurements could be 
made on all radiographs. The EBRA measurements of 
the head were significantly better than those of the 
cup (Table 2). 

With the Nunn method, measurements in the hori- 
zontal direction were significantly better than in the 
vertical direction (Table 2). Migration measurements 
with EBRA were significantly better than with Nunn, 
especially in the vertical direction. There was no sig- 
nificant difference between wear measurements with 
EBRA and Livermore. EBRA wear measurements 
seemed better than EBRA h-c measurements (Table 
n\ 

lntraobserver variation 
The EBRA software excluded some radiographs for 
measurements in the horizontal and several in the ver- 
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Table 2. Repeated radiographic examinations on a given 
day. Some radiographs were excluded by the EBRA soft- 
ware (as in Table 1) 

Method n Maximal Measurement 
error (mm) error (mm) a 

EBRA head x 
EBRA cup x 
Nunn x 
EBRA head y 
EBRA cup y 
Nunn y 
EBRA wear 

Livermore 
EBRA h-c 

50 0.6 0.25 
50 0.8 0.35 
50 1.1 0.35 
46 0.6 0.20 
47 1.3 0.38 
50 1.8 0.75 
46 0.7 0.17 
46 1.4 0.24 
50 0.4 0.1 3 

0.21-0.31 
0.29-0.44 
0.29-0.44 
0.17-0.25 
0.32-0.48 
0.63-0.93 
0.14-0.21 
0.20-0.30 
0.11-0.16 

a Error and 95% confidence interval of error 

Table 3. Assessment of the intraobsewer variation. Several 
radiographs were excluded by the EBRA software, especial- 
ly for analysis in the vertical direction and for wear assess- 
ment (as in Table 1) 

Method n Maximal Measurement 
error (mm) error (mm)a 

EBRA head x 44 2.4 

Nunn x 48 2.0 
EBRA cup x 39 2.0 

EBRA heady 20 1.3 
EBRA cup y 18 1.7 
Nunn y 48 3.5 
EBRA wear 16 0.4 
EBRA h-c 16 0.5 
Livermore 48 0.9 

0.55 
0.51 
0.82 
0.64 
0.57 
1.02 
0.1 5 
0.25 
0.29 

0.45-0.70 
0.42-0.66 

0.49-0.93 
0.43-0.85 
0.85-1.28 
0.11-0.23 
0.18-0.39 
0.24-0.36 

0.68-1.03 

a Error and 95% confidence interval of error 

Table 4. Assessment of the interobserver variation. Several 
radiographs were excluded by the €BRA software (as in 
Table 1 ) 

Method n Maximal Measurement 
error (mm) error (mm) a 

€BRA head x 50 2.2 0.70 
EBRA cup x 41 2.5 0.79 
Nunn x 48 4.5 0.91 
EBRA head y 23 1.3 0.43 
EBRA cup y 20 2.6 0.75 
Nunn y 48 3.5 1.05 
EBRA wear 17 0.4 0.1 8 
EBRA h-c 17 0.9 0.39 
Livermore 48 0.9 0.40 

a Error and 95% confidence interval of error 

0.58-0.87 
0.65-1.01 

0.33-0.61 
0.76-1.14 

0.57-1.10 
0.87-1.32 
0.13-0.27 
0.29-0.59 
0.33-0.50 

tical directions because of an abnormal projection or 
inaccurate input of the implant (number of measure- 
ments, Table 3). All radiographs were measured with 
the standard methods. With EBRA (EBRA cup), the 
intraobserver variation was significantly lower for 

migration measurements in the horizontal and vertical 
directions than with the Nunn method. Wear measure- 
ments were significantly better with EBRA than with 
the Livermore method. EBRA wear measurements 
seemed to be better than EBRA h-c measurements 
(Table 3). 

lnterobserver variation 
The results were similar to the intraobserver varia- 
tion. For migration measurements in the medial direc- 
tion, we found no significant difference between 
EBRA and Nunn. Migration measurements (EBRA 
head) in the vertical direction and EBRA wear mea- 
surements were significantly better than the corre- 
sponding standard measurements. EBRA wear mea- 
surements were significantly better than EBRA h-c 
measurements (Table 4). 

Discussion 
We evaluated the EBRA method to obtain more infor- 
mation about possible advantages of the use of a com- 
puterized method for assessing migration and wear, as 
compared to standard non-computerized methods. 

The use of a digitizer and PC did not improve the 
precision of the data input. The data input was time- 
consuming and a cause of error. This might be reme- 
died by using automatic image analysis, a very reli- 
able method (Hardinge et al. 1991). On the other 
hand, if the distance between two well-defined points 
or lines is carefully measured with a slide caliper, the 
value is also very precise. 

When assessing the reliability of the radiographic 
examination, errors in input of data and in projection 
differences may have occurred. Measurements of im- 
plant position (and calculation of possible migration 
in time series) with EBRA were more accurate than 
those with standard methods, probably because of the 
tilt analysis. The main improvement was in the as- 
sessment of position in the vertical direction. Mea- 
surements of wear were not improved by using the 
EBRA method. 

The reproducibility of the measurements was tested 
by assessing the intra- and interobserver errors. 
EBRA was better than the standard measurements, es- 
pecially for measurements of migration in the vertical 
direction. Furthermore, the concordance was better 
for measurements of wear. 

We found a maximal error of 2.5 mm in migration 
and 0.4 mm in wear measurements with EBRA. The 
maximal error of the standard methods was 4.5 mm 
for migration and 0.9 mm for wear. Krismer et al. 
(1995) found a lower interobserver error. The radio- 
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graphs in their study were probably more standard- 
ized. Single measurements should be interpreted with 
caution before clinical decisions are made. More reli- 
able methods, such as RSA, should be used to evalu- 
ate the individual patient. 

We found a discrepancy between wear measure- 
ments using the software (EBRA wear) and calcula- 
tion of wear as the difference between head and cup 
migration (EBRA h-c). This may be due to a differ- 
ence between the routines in the software for assess- 
ing migration and wear. The EBRA measurements of 
wear are very reliable (Ilchmann et al. 1995). There- 
fore the measurements of migration of the head or cup 
may have some systematic error. It could also be 
caused by differences between drawings of the refer- 
ence lines, which were sometimes difficult to make. 

The goals of analyzing tilt and excluding unusual 
projections seem to have been achieved (Ilchmann et 
al., unpublished data). A new version of the software 
allows marking of digitized radiographs directly on 
the screen with automatic input of the prosthetic com- 
ponent data. The analysis then takes about five min- 
utes per radiograph and errors in data input are avoid- 
ed. Additional radiographs during follow-up, highly 
standardized radiographic techniques and the implan- 
tation of metal markers in the pelvic bone may further 
improve the accuracy, if the method is used in pro- 
spective studies (Krismer et al. 1995, Malchau et al. 
1995). More studies are needed concerning errors in 
measurements of implant designs, using different in- 
put routines. 

The main improvement is made in migration analy- 
sis in the vertical direction. This is the main direction 
of possible cup migration. Cup migration has predic- 
tive value and can be detected earlier with more accu- 
rate methods (Mjoberg 1986, Onsten et al. 1993, 
Stocks et al. 1995). 

The accuracy of RSA as the “golden standard” can- 
not be attained by the EBRA method. RSA should be 
used for first clinical trials of new implants and tech- 
niques in pilot studies of a small number of patients. 
As it is technically demanding and time-consuming, it 
might be more appropriate in larger research centers. 
However, EBRA is more reliable than standard meth- 
ods for radiographic studies in a larger number of pa- 
tients. 
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