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Accuracy of migration analysis in hip

arthroplasty

Digitized and conventional radiography, compared to radiostereometry

in 51 patients

Henrik Malchau', Johan Kérrholm1, Yu Xing Wang? and Peter Herberts!

We assessed the accuracy of migration measure-
ments on conventional and digitized radiographs of
total hip arthroplasties by comparing the results
with radiostereometry (RSA). 4 stem and 3 acetabu-
lar designs were studied. 2 of the stem designs and
1 cup design were uncemented. 180 manual and 202
digitized measurements were done on 120 conven-
tional radiographic examinations.

The readings on digitized radiographs did not dif-
fer from the manual measurements on the same
radiographs. A comparison of the measurements
from plain radiographs and with RSA of the femoral
stems revealed an accuracy (absolute mean + 2 SD)
of between 3.9 and 12.3 mm, depending on the
choice of landmarks. The greatest accuracy was
obtained by using tantalum markers inserted into

the greater or the lesser trochanter and the shoulder
of the stem. The most medial point of the lesser tro-
chanter proved to be the best bony landmark.
Measurements, including both the center of the
femoral head and the greater trochanter, were asso-
ciated with poor accuracy. The accuracy as regards
horizontal cup migration varied from 4.4 to 6.5 mm
and the accuracy as regards vertical migration var-
ied between 4.4 and 6.3 mm.

The intraobserver error (2 SD) ranged from 1.6 mm
to 5.6 mm, The corresponding figures for the inter-
observer error were 2.6 mm and 6.6 mm, respective-
ly. One of the cemented cup designs was associat-
ed with inferior accuracy. Stem design did not affect
the accuracy.
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We evaluated the accuracy of migration measure-
ments on conventional radiographs of cemented and
cementless total hip arthroplasty, using digitized and
conventional manual measurements. These measure-
ments were compared to those obtained by radio-
stereometry (RSA).

Patients and methods

2 types of uncemented (Rippen®, Valdemar Link and
Ti-fit®, Smith and Nephew Richards) and 2 cemented
stems (Lubinus SP I®, Valdemar Link and Spectron
EF®, Smith and Nephew Richards) were evaluated. 2
types of cups were cemented (Lubinus®, Vaidemar
Link and Spectron EF®, Smith and Nephew
Richards) and 1 was uncemented (Harris-Galante 112,
Zimmer). The cemented cups were supplied with cir-
cular steel wires, but no metal-backing. All patients
were investigated with repeated conventional radio-
graphic and RSA examinations at 2 departments
(Sahlgrenska University Hospital in Gothenburg and

Northern University Hospital in Umed). The mean
follow-up time was 4.1 (0.5-5) years. 51 patients
were included in the study. In 18 patients, 2 follow-up
examinations were used, corresponding to a total of
120 radiographic examinations (Table 1).

RSA

Preoperatively, 3 of the stem designs (Ribbed stem,
Tifit and Spectron stems) were marked with 5-9 0.8
tantalum markers, (Kdrrtholm and Snorrason 1993,
Kiérrholm et al. 1994, Thanner et al. 1995). The rela-
tive motion of the gravitational center of the prosthet-
ic markers in the proximal—distal direction was used

Tabie 1. Number of examinations included in the study

Postoperative 2-year 5-year

Total
follow-up follow -up
51 51 18 120
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Figure 1. The femoral and femoral head center (FHC) land-
marks. The 4 distances measured are shown.

to represent migration in these cases. In the Lubinus
stems, the corresponding migration of the femoral
head center (Baldursson et al. 1979) was used to rep-
resent migration. The discrepancy in the choice of
prosthetic landmarks in the RSA evaluation was sup-
posed to have a negligible influence on the results. At
surgery, 37 tantalum markers inserted into the great-
er and 1-3 into the lesser trochanter were implanted
to obtain bony landmarks.

During surgery, 6-9 0.8 mm tantalum markers
were inserted into the polyethylene liner of the por-
ous-coated HG cups or the polyethylene Spectron
cups. The Lubinus cups were supplied with tantalum
markers by the manufacturer. The pelvis was pre-
pared for RSA by implantation of 4-9 markers,
before the insertion of the acetabular prosthesis. RSA
examinations were performed postoperatively (4—6
days) and, thereafter, at regular intervals. All patients
were scheduled for follow-up examinations at 6
months, 1, 2, and 5 years after the operation.
Proximal—distal and medial-lateral migration of the
cup center were measured. The error of the RSA
examinations varied, depending on the prosthetic
design, between 0.15 and 0.35 mm, 99 percent confi-
dence limits (Kirrholm and Snorrason 1992, 1993,
Snorrason et al. 1993, Kirrholm et al. 1994, Thanner
et al. 1995), but was disregarded in this study.

Measurements of conventional radiographs

All patients underwent plain radiographic examina-
tion on the same day as the RSA examination. For
each examination, an AP pelvis view centered on the

Figure 2. The femoral and stem shoulder (Sh) landmarks. The
4 distances measured are shown.

sympbhysis, and AP and lateral views centered on the
proximal part of the stem were taken. The conven-
tional radiographs were measured using a pencil and
ruler. They were also video-captured and through a
frame grabber card in a personal computer digitized
with a resolution of 1024 x 1024 pixels and 256
grayscales. Software was developed for the correc-
tion of planar distortion. The digitized image was dis-
played on a TV monitor. An image analysis software
(Research Metrics®, OrthoGraphics Inc., Salt Lake
City, Utah, U.S.A.) computed distances based on
landmarks defined by the examiner.

Femoral landmarks

2 prosthetic landmarks were evaluated to measure the
proximal—distal migration of the stem (Figures 1 and
2).

1. Femoral-head center (FHC). The head center
was determined by using 3 points on the periphery of
the femoral head. On the digitized radiographs, the
center was computed by the software. In the manual
evaluation, concentric circle templates were laid over
the femoral head to determine its center (Livermore
et al. 1990). In | of the stems (Tifit) we were unable
to identify the periphery of the ceramic head with suf-
ficient accuracy on the digitized radiographs. This
reference point was therefore omitted in the digital
evaluation of the Tifit stem which explains the differ-
ence in numbers of examinations for the different
landmarks.

2. The shoulder of the stem corresponds to its prox-
imal-lateral edge (Sh).

The long axis of the femur was defined and the per-
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Figure 3. The pelvic and cup landmarks. Horizontal MCP (mid-

center of cup)-teardrop distance (x) and vertical MCP
teardrop line distance (y) are illustrated.

pendicular projections of 4 femoral landmarks on this
line were identified as follows:

1 Le(B). The most medial point on the lesser tro-
chanter.

2 Gr(B). The tip of the greater trochanter.

3 Le(T). The most medial tantalum marker in the
lesser trochanter region.

4 Gr(T). The most cranial tantalum marker in the
greater trochanter.

4 different distances between bone and implant
landmarks were calculated. Correction for out-of-
plane angulation between the stem and the film plane
was made according to Jones et al. (1988). No correc-
tion for magnification was made.

Pelvic landmarks

The teardrop and the midpoint of the cup diameter
(MCP) represented the bony and the prosthetic land-
marks, respectively. The shortest proximal—distal dis-
tance (vertical height, y-distance) between the tear-
drop line and the mid-cup point and the correspond-
ing horizontal distance (x-distance) between a verti-
cal line through the base of the teardrop (Figure 3)
and the MCP were measured. No corrections were
made for magnification, pelvic tilt or rotation
(Sutherland et al. 1982).

Intra- and interobserver variability

62 radiographs were measured manually and on dig-
itized radiographs by 3 of the authors (HM, JK,
YXW). In addition, 1 of the authors (YXW) meas-
ured the radiographs twice at an interval of 3 weeks.
The intraobserver error was represented by 2 standard
deviations from 0. The interobserver error was repre-
sented by 2 pooled standard deviations, based on the
measurements made by the 3 observers.

Table 2. Absolute mean + 2 standard deviations for manual
and digital measurements of the stem

Accuracy (mean + 2SD)

Landmarks Manual Digital
Le(B)-Sh 5.3 4.1
Le(T)-Sh 3.9 4.1
Le(B)-FHC 6.1 6.6
Le(T)-FHC 5.9 6.4
Gr(B)-Sh 9.1 8.4
Gr(T)-Sh 6.9 6.3
Gr(B)-FHC 1.9 12.2
Gr(T)-FHC 9.4 12.3
Statistics

All calculations were based on differences between
the 2 methods (migration according to conventional
radiography, minus migration according to RSA).
The paired samples t-test, repeated measurement
ANOVA for multiple comparisons and multivariate
ANOVA were used. In total, differences based on 180
manually measured and 202 digitized radiographs
and a corresponding number of radiostereometric
examinations were included. The patients were
selected from records in Umed and Gothenburg on
the basis of designs of the prostheses used and the
availability of complete radiographic and stereora-
diographic follow-up. Some of the conventional
radiographic examinations were accessible during a
limited period allowing only for video-capturing.
This slightly reduced the number of manually meas-
ured radiographs.

Results

Manual vs. digitized measurements

The digital and the manual measurements did not dif-
fer (femoral components, including the Tifit prosthe-
ses without femoral head center measurements: p 0.2,
excluding the Tifit prostheses—both femoral head
and shoulder measurements: p 0.9, acetabular com-
ponent: p 0.5).

Stem measurements (Table 2)

A comparison of the 4 stem designs revealed that
none of them was associated with superior or inferior
accuracy of the radiographic measurement (p
0.5-0.9).

The accuracy (absolute mean value + 2 standard
deviations), including all 4 stem designs, varied from
3.9 to 12.3 mm, depending on which of the prosthet-
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Table 3. intraobserver eror (n 14-19) (2 standard devia-
tions) and interobserver error (n 29-39) (2 pooled standard
deviations) for manual measurements of the stem

Landmarks Intracbserver error Interobserver error
Le(B)-Sh 26 4.4
Le(T)-Sh 28 26
Le(B)-FHC 28 4.2
Le(T)-FHC 29 42
Gr(B)-Sh 49 46
Gr(T)-Sh 1.6 5.2
Gr(B)-FHC 29 6.6
Gr(T)-FHC 5.6 36

ic and bony landmarks were chosen to represent the
proximal—distal migration.

The shoulder landmark proved to be the most accu-
rate (p < 0.0001) of the 3 designs in which both the
femoral head center and the shoulder could be used as
landmarks.

As regards the bony landmarks, the lesser trochant-
er was associated with better accuracy than the great-
er trochanter (p 0.001). Implanted tantalum markers
improved the accuracy on both locations (greater tro-
chanter: p 0.04, lesser trochanter: p 0.02). The migra-
tion of the femoral component could be most accu-
rately measured if the prosthetic shoulder marker and
the tantalum marker in the lesser trochanter were
used (lesser vs. greater trochanter marker: p <
0.0001). The accuracy obtained with these 2 land-
marks was 3.9 mm.

Cup measurements

The accuracy obtained for manual cup measurements
was 4.4 for the x-distance and 4.4 for the y-distance
(n 43). The corresponding values for the digital meas-
urements were 4.5 and 4.4, respectively (n 43). We
found the accuracy significantly better for the
Spectron and Harris-Galante designs, compared to
the Lubinus design when the teardrop was used as a
bony landmark (p 0.02). We therefore further evaluat-
ed 3 baselines on these radiographs, the Kohler line,
the obturator line and the tuber ischii line, but this did
not change the result.

The accuracy (mean + 2 SD) of migration in the
medial-lateral direction was 6.5 mm for the Lubinus
cup (n 16). The corresponding value for migration in
the proximal—distal direction was 6.3 mm.

Intra- and interobserver variability

The intraobserver error (2 SD) varied from 1.6 to 5.6
mm as regards the stem (Table 3), and 2.7 (x-dis-
tance) to 2.4 (y-distance) for the cup (n 21), respec-
tively.

The interobserver error (2 pooled standard devia-
tions) varied from 2.6 to 6.6 mm (stem values, Table
3). As regards the cup measurements, the correspond-
ing error was 3.6 for the x-distance and 3.2 for the y-
distance (n 47).

There were no statistical differences between the 3
observers. '

Discussion

Correct interpretation of radiographs after total hip
replacements is important because clinical score
systems are insensitive for detection of mechanical
failures (Andersson 1972, Callaghan et al. 1990). The
early development of radiolucencies and migration
indicates an increased risk of later clinical loosening
(Harris et al. 1982, Carlsson and Gentz 1984, Braud
and Freeman 1990, Kiirrholm et al. 1994b, Stromberg
et al. 1995). The interval between the appearance of
these changes and clinical symptoms of loosening or
catastrophic failures may extend to several years,
which emphasizes the importance of an accurate
radiographic evaluation. However, manual radio-
graphic measurements are time-consuming and labo-
rious. Several systems using measurements on a dig-
itizing table or direct measurements of digitized
radiographs have been introduced (Hardinge et al.
1991, Jones et al. 1988, 1992).

Using repeated measurements on the same radio-
graphs, Loudon and Charnley (1980) estimated the
precision of migration measurements below 2 mm.
Ilchmann et al. (1992) evaluated the EBRA method
by comparing the results with radiostereometry
(RSA) and conventional radiography. Carlsson et al.
(1993) analyzed tibial component migration in knee
prostheses, comparing measurements by using tanta-
lum markers on conventional radiographs (MIRA)
and RSA. According to our knowledge, no compari-
son has been made between conventional radiogra-
phy and a high precision method, such as RSA in
order to evaluate the accuracy of measuring the
migration of the femoral component in total hip
arthroplasty.

The introduction of new technology and evaluation
tools, such as digitized image analysis systems,
demands careful documentation. New prostheses and
the cementless designs, in particular, may change the
premises for previous calculations and estimates of
the precision or accuracy of measurements by appar-
ent changes in prosthetic landmarks.

Many factors are responsible for errors in measur-
ing prosthetic migration on conventional radio-
graphs. At the postoperative examination, pain and
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any remaining extension defect will jeopardize a
standardized positioning of the hip. When studies are
extended over long periods of time, the radiographic
equipment and the personnel will often not be the
same. The point of centering of the radiography beam
is subjected to variations as also is film quality.

Variations in radiographic exposure and in the for-
mation of ectopic bone are most certainly also impor-
tant reasons for the poor accuracy of the measure-
ments, particularly when the greater trochanter is
involved. Braud and Freeman (1990) found a very
small measurement error when using the greater tro-
chanter as a bony landmark. The corresponding value
(interobserver error) was 10-15 times higher in our
study, despite the fact that identical prophylaxis
against ectopic bone formation was used. 2 different
surgical approaches were employed in our series. The
Lubinus and the Ribbed stems were operated through
a posterior and the Spectron and the Tifit stems
through a lateral transgluteal approach. More hetero-
topic calcifications may be expected after the trans-
gluteal approach, but the accuracy of the measure-
ments did not differ between the various stem
designs. A difference in the reproducibility of the
centering technique, implant design and definition of
the interobserver error may, at least partly, explain the
discrepancy between our results and those of Braud
and Freeman (1990).

The interpretion of radiographs is, however, asso-
ciated with several types of uncertainties and, in addi-
tion, the true magnification may be difficult to estab-
lish. In the digitized image analysis, we used the
femoral head diameter to estimate the magnification,
which was found to be about 18 percent. Thus, all dis-
tances should be reduced by multiplying by a factor
of about 0.85. Since the measurements of the femoral
head were not accurate in all the cases, this procedure
was omitted (Sutherland et al. 1982, Nunn et al. 1989,
lichmann et al. 1992).

In our study, the use of small tantalum markers
improved the accuracy. In a previous study, Loudon
and Charnley (1980) reported a very small intraob-
server variability (mean + 2 SD 0.8 mm). Such high
precision could be obtained only by using an artificial
landmark on the femur, the cerclage wire. Sutherland
et al. (1982) reported a considerably poorer detection
limit for stem migration when using the hip center
and the tip of the greater trochanter as landmarks.
Braud and Freeman (1990) reported an interobserver
error of 0.3 mm when using a distinct tip on the
shoulder of the Freeman prosthesis. In our study,
optimum accuracy was obtained when the prosthetic
shoulder and the tantalum marker in the lesser tro-
chanter were used, which also indicates the need for

distinct landmarks. The intra- and the interobserver
variability, however, was about 1-6 mm less than the
true accuracy (as compared to RSA), indicating that
repeated measurements on the same radiographs by
one or several observers are not sufficient to deter-
mine the true error. A reference method is preferable.
If this is not possible, then 2 examinations performed
on the same day by different personnel provides a
better estimate of the error than repeated measure-
ments of the same radiographs.

Many studies (Harris et al. 1982, Sutherland et al.
1982) have not addressed the problem of determining
the accuracy of conventional radiography of stem
prostheses, but have instead chosen an arbitrary limit
for significant migration in the absence of exact
determinations. The definitions of femoral compo-
nent loosening proposed by Harris et al. (1982) are
widely accepted, but are not based on the determina-
tion of accuracy or on the validity of migration anal-
ysis. These studies did not comment on which bony
and implant landmarks were used to measure pros-
thetic migration. If our results are valid in general, it
does not seem reasonable to regard subsidence as
established, if it does not exceed 5~7 mm, provided
that the measurements are based on bony landmarks.
The conventional radiographic examinations in our
study were done at departments with a special interest
in skeletal radiology. If the technique were further
standardized, preferably with the help of an image
intensifier, and if all radiographs were displayed
simultaneously, the accuracy would probably
improve.

Manual radiographic analysis is the standard meth-
od for making radiographic measurements, but it has
the disadvantage of being time-consuming. The digit-
ized image analysis we used is 5-10 times faster, but
is associated with inferior resolution. In terms of
accuracy the 2 methods do not differ, perhaps because
the inferior resolution of the digitiszed system was
compensated for by the exactness of a superior set-
ting (Hardinge et al. 1991, Ragnarsson et al. 1992). In
future, the use of improved scanning techniques for
conventional radiographs or directly digitized radio-
graphic images may further improve the accuracy.

Accuracy in measuring cup migration is generally
better than that obtained for stem migration.
Sutherland et al. (1982) reported a detectable cup
migration limit of 3 mm with the Kohler line, tear-
drop line and hip center as landmarks. Sutherland and
Bresnina (1992) noted a minimum projection and
magnification error of 2 mm and found no means of
mathematically compensating for that error.
Iichmann et al. (1992) detected no difference
between the Sutherland, Wetherell and Suizer meth-
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ods, but found significantly better agreement between
the EBRA and RSA results. The accuracy increased
when standardized projections were used. Amstutz et
al. (1986) described a system in which the migration
analysis was based on manually superimposed serial
radiographs. The system was supposedly easy and it
was assumed to have an accuracy of 1-3 mm, but
hitherto it does not seem to have come into general
use.

In our evaluation, one of the cup designs was less
accurate than the others. The Lubinus series was the
only one that included revised cases (n 5), in which a
previous loosening might have eroded the medial
acetabular wall, making the identification of the
teardrop difficult. Supplementary measurements
using alternative reference lines, however, did not
support this theory. Another explanation might be
that all Lubinus prostheses were examined at 1 of the
2 radiological departments involved in this study, in
which a more stringent examination of the pelvis was
introduced between the postoperative and the follow-
up examinations.

Our results indicate that cup migration is detect-
able when it exceeds 3—4 mm. The accuracy of meas-
urements of stem migration on conventional radio-
graphs was shown to vary between 4 mm and up to
more than 1 cm, depending on the choice of land-
marks. In the prosthetic designs that we evaluated,
the prosthetic shoulder and a tantalum marker insert-
ed into the lesser trochanter were the best means of
obtaining accurate measurements. Further optimizing
of conventional radiography can certainly be done
but, to be effective, the radiographic technique has to
be consistently applied during periods corresponding
to the lifetime of a modern hip prosthesis.
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