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ORIGINAL STUDY

Assessment of early migration and clinical evaluation
of a cemented femoral stem

Carl Van GoetHem, Dominik H. PrLuGer

From the University of Berne, Department of Social & Preventive Medicine, Bern, Switzerland

A 2-year follow-up study was conducted on
46 patients to assess Harris Hip Scores (HHS) and
early distal migration of the femoral stem after total
hip arthroplasty using a fully cemented femoral
stem. The mean age was 73.4 years .

The Fullfix stem (Mathys A.G., Bettlach, Switzer-
land) is characterised by a mat polished surface and
a flange aimed to compress the cement during the
insertion process. Early distal migration was deter-
mined in 36 patients using the computer assisted
EBRA-FCA method (Einzel-Bild-Roentgen-Analyse
femoral component analysis). At 2 years, subsidence
reached a mean value of 0.44 mm (95%Cl : 0.19,
0.70), whereafter the stem appeared stable, i.e. distal
migration reached a plateau. Females showed signif-
icantly higher migration than males (p < 0.01).
EBRA-FCA proved to be an accurate method to
measure early migration, with a standard deviation
below 1 mm (0.56 mm in theinterval 1-2 years).
Harris Hip Scores (HHS) at 2 years follow-up aver-
aged 89.6 (95%Cl : 79.5, 99.8). As expected consider -
ing the small extent of migration, therewasno corre-
lation between subsidence and HHS (p = 0.5).

Key words: hip; arthroplasty ; femoral stem ; cement-
ed ; migration.

INTRODUCTION

Total hip arthroplasty is currently an established
treatment for osteoarthritis of the hip as well as for
hip fracturesin elderly patients (31).

A milestone was achieved when bone cement
was applied for the first time by Charnley.
According to studies based upon large registry data
from Scandinavian countries, cemented hip
implants exhibit the best long-term performance
regarding life expectancy (14-18). Survivorship of
the arthroplasty is limited mainly due to aseptic
loosening (17, 18), of which the causa factors are
still unclear. Polyethylene is the most used bearing
material for the cup, in combination with a metal
or ceramic femoral head. Debris originating from
friction between the two joint components as well
as particles from the cement may lead to osteolysis
and eventually aseptic loosening. Further aetiologi-
cal factors are the design of the prosthesis, the type
of fixation as well as the primary stability, in
particular the rotational stability (2, 21, 28).

In general, a low subsidence of the prosthetic
shaft within the cement mantle is observed (1) and
seems to be largely tolerated (6, 10, 20, 33, 35, 38, 44).
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It appears that too rough a surface favours cement
abrasion which may lead to early loosening of the
shaft (10, 34, 35, 39, 41). Whether ahighly polished or
rough stem surface affects subsidence and genera-
tion of cement particles remains controversial.

Many studies consider stem migration in the dis-
tal direction, i.e. subsidence, as a predictive factor
for early loosening (7, 13, 22, 23, 27, 43), the most
prominent migration generally being observed dur-
ing the first year (1, 25, 26). Migration of more than
2 mm in the first 2 years appears to be associated
with early loosening (27, 29, 30, 43). For this reason,
more and more authors propose that the dynamics
of migration of new or altered designs of prosthe-
ses and implant shafts should be examined first on
a limited number of patients prior to implantation
on alarge scale(7, 13, 23, 27, 43). EBRA-FCA, which
uses repeated images of asingle radiography, offers
a non-invasive method to analyse migration of
implanted hip cups and femoral stems (3, 29, 30).

The Fullfix® femoral prosthesis was developed
by Mathys AG, Bettlach, Switzerland in 1995/1996
and was first used in 1997. The design characteris-
tic of this stainless steel stemt is a so-called flange,
expected not only to provide auto-centering of the
stem but also to compress the cement during the
implantation process in such a way that it acts
against subsidence of theimplant (1, 11, 12, 20, 24, 32,
42, 44).

The close contact to bone in the media proximal
region aims at optimal transmission of forces, pre-
cise alignment, close fitting of the implant and
hence strong compression of bone cement (24, 32, 38).
The specific cross-section of thelateral part is meant
to provide high rotational stability, whereby shear
forces are expected to be confined to unloaded
zones. Furthermore, the mat polished surface should
favour adhesion of the cement, hence reduce the risk
of cement abrasion. A retrospective study was car-
ried out to investigate the effect of these design fea-
tures on the migration behaviour of the stem.

The aim of this study was to quantify the migra-
tion of the implant. In addition, the functional out-
come of the hip joint was assessed using the Harris
Hip Score. Finaly, the relationship between the
amount of migration and the Harris Hip Score was
explored.
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Fig. 1. — &) Frontal view of the Fullfix prosthesis; b) Cross-
section showing the designed spaces for cement filling.

PATIENTSAND METHODS

The present study is a non-randomised one-center
retrospective follow-up study based on patients recruit-
ed in a medium-size hospital in Belgium. All patients
were treated by the same senior surgeon with a long
experience in total hip arthroplasty. A fully cemented
Fullfix® stem (Mathys A.G., Bettlach, Switzerland) was
implanted in al patients (fig 1). A cementless titanium-
coated RM polyethylene cup was usually implanted in
younger patients, and a cemented polyethylene cup in
the older category.

Follow-up clinical and radiological examinations at
periods 1, 3, 6, 12 and 24 months after surgery were
reviewed retrospectively, as well as the base-line
evaluation immediately prior to surgery. The median
follow-up for the radiological assessment of migration
was 25 months; the inter-quartile range (25% and
75% percentiles) was 14-37 months.
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Inclusion / exclusion criteria and lost to follow-up

Patients were included if they had osteoarthritis, a
traumatic fracture or inflammatory arthritis. There were
no cases with rheumatoid arthritis, although this was not
an exclusion criterion.

Deter mination of subsidence

The EBRA-FCA method based on repeated images of
asingle radiography (Einbild Réntgenanalyse) was used
to assess migration. One of the main features of this
technique isto reduce the inherent measurement error by
estimating the mean profile based on subsequent radio-
logical measurements using well-defined reference
lines. Eventual stem migration over time usually follows
a curvilinear shape, i.e. after initial subsidence it
will reach a persisting plateau at 2 or 3 years after
operation. The more measurements points are available
over time, the more precise will be the estimation of
subsidence.

The measurement accuracy is expected to be 1.5 mm,
i.e. the true value is known with an implicit lack of pre-
cision of 1.5 mm, i.e. twice the standard deviation or the
95% interval (3). As compared to roentgen stereopho-
togrammetric analysis (RSA), generally accepted as the
gold standard, the 95% percentiles of differences
between EBRA and RSA were + 1.6 mm. Thisis better
than the very similar “Dusseldorf Migration Analysis -
Femoral Component Analysis’ (DMA-FCA), with
which the 95% percentiles of differences with RSA
amount to £ 2.5 mm (40). In terms of reliability an inter-
observer coefficient of 0.84 was noted (3) dightly lower
than the coefficient of 0.89 reported with DMA-
FCA (40).

All images were processed by the same technician
trained to work with digitised radiographic images.

There were several observations with apparent
upward migration, i.e. showing positive migration val-
ues. As the factors responsible for these measurement
errorswere expected to act symmetricaly, i.e. randomin
both directions, these values were not altered.

To assess the reliability of determining the reference
points by the user, a sample of n = 20 images were
evaluated by two persons independently. The intra class
correlation (ICC) coefficient according to Bland and
Altman’s method was calculated for this purpose (5).
The ICC between the two ratings was 0.99. Hence
there is no observer bias when marking the reference
lines.

Assessment of Harris Hip Score

The Harris Hip Score is a questionnaire based assess-
ment of the functional outcome after total hip arthroplas-
ty. It basically comprises a quantitative measure for pain,
range of movement and a basic assessment of the daily
activities such as climbing stairs. The total scoreyields a
fairly good functional indication for the clinical outcome.

Statistical methods

For a description of the Harris-Hip Score over time,
Box plots giving the 25%, 50% and 75%-percentiles,
respectively, were used. Likewise, the distribution of
subsidence was analysed. To alow for atabular analysis
the time-points at examination were classified into the
following non-overlapping categories: 0, 1, 2-3, 4-6, 7-
12, 13-24, 25-36 and > 37 months.

To determine the monthly migration rate alinear ran-
dom effects regression model of subsidence against time
since operation was examined. To account for the curvi-
linear trend, both a linear and a quadratic term of time
were specified. The SAS procedure ‘Mixed’ was used
for this purpose with patients treated as block variable,
i.e. a compound symmetry covariance structure was
specified to handle the correlation among patients.
Quantile-quantile-plots (i.e. QQ-plots) and graphs plot-
ting residuals against predicted values (also known as
Tukey-Anscombe-plot) were used to judge the assump-
tions of the model. Finally, to explore the relationship
between the Harris Hip score and migration, the records
at the longest interval since operation were used as out-
come and correlated among themselves.

All statistical analyses were carried out using SAS
version 9.1 (SAS Ingtitute, Cary NC, USA).

RESULTS

Basic patient parameters and follow-up charac-
teristics

Follow-up examinations

Fifty-six patients were operated during the time
period between 30.07.1997 and 8.11.2000. The
median date of operation was 9.7.1998. Seven
patients were excluded as they did not provide at
least one follow-up examination after the opera-
tion: 6 males (1 with bilateral surgery) and 1
female, the mean age was 72 years.

Acta Orthopaedica Belgica, Vol. 71 - 5 - 2005
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Table |. — Overall patient summary and follow-up characteristics

Parameter \ Outcome HHS Score Migration measurement
Total number of hips 56 56

Total number of patients 53 53

Cases with > = 1 follow-up 47 37

Patients with > = 1 follow-up 46 (1 bilateral) 36 (1 bilateral)
Follow-up time (Median, 25%,75%) 10 months (6,23) 25 months (13.5,37)

Age Females (Mean, min, max)
Age Males (Mean, min, max)
Male: femae

72.3 years (62.7-84.2)
75.2 years (60.7-84.4)
17:29

70.9 years (62.7-80.1)
73.1 years (60.7-82.7)
16:20

Diagnosis

Osteoarthritis
Inflammatory arthritis
Fracture

Avascular necrosis
Unspecified

P NNE O

Osteoarthritis
Inflammeatory arthritis
Fracture

Avascular necrosis
Missing

NN OO

From the remaining 47 hips, 46 had a unilateral
arthroplasty whereas one female patient had bilat-
eral surgery, the operations being 2 months apart.

One patient died (F21) 7 months after operation
from causes unrelated to the arthroplasty. This
patient had been examined at 4 follow-up visits
without any complications due to the surgery.
Mainly due to the restrictions imposed by the
EBRA-system (at least 4 sequential good x-ray
images need to be at disposal), only 34 cases
(= 59%), i.e. 34 patients out of the 56 operated
cases were available for an assessment of the
migration.

Osteoarthritis (35 out of 46 patients, i.e. 76%)
was the main indication for surgery, followed by
fractures (15%). There was one patient with
inflammatory arthritis and two patients with avas-
cular necrosis.

The median duration of the follow-up for the
assessment of the Harris Hip Score was 10 months
(25% and 75% Percentiles: 6-23 months) and
9 months after exclusion of 3 cases (1 dueto dislo-
cation and 2 due to wrong shaft sizing). The maxi-
mal follow-up time for the HHS data was 3 years
(37 months).

The median duration of the follow-up for the
determination of subsidence was substantially
longer : the median duration was 25 months (25%
and 75% Percentiles : 14-37 months). The maximal

Acta Orthopaedica Belgica, Vol. 71 - 5 - 2005

follow-up time for the migration data was
49 months.

The mean age of the patients (n = 46) was
73.4 years (Table 1), the fraction of females and
males was 29 (63%) and 17 (37%). Table | gives a
detailed description of the follow-up examinations.
It can be seen that a few patients only provided a
complete follow-up history.

All patients sample and analysis set

During the analysisit turned out that two female
patients (age : 77 and 80 yrs, respectively, no. 2 and
3 in the case series) had received undersized
implants ; both were in a severe varus position. For
these reasons, a supplementary analysis was car-
ried out excluding these patients from the full data
set. One hip dislocated 14 days following surgery
in another patient (F24, male of 64 yrs.). Since this
could possibly mislead the subsequent migration
assessment, this patient was excluded as well. In
the regression analysis shown later, these observa-
tions were clearly conspicuous as lying off the
expected line in the qg-plot. Since two of these
patients were at the very beginning (No. 2 and 3) of
the operation series and had apparently both an
undersized prosthesis, there are objective reasons
asto repeat the analysis excluding these patients as
the operation technique was not yet fully standard-
ised. Luxation in turn (Patient F24) is quite a



ASSESSMENT OF EARLY MIGRATION AND CLINICAL EVALUATION OF A CEMENTED FEMORAL STEM

559

Table Ila. — Summary of data of migration assessment (Full patient’s information). (Median, Minima, Maxima, Mean, 95%
Confidence Interval and Standard deviation). Values < 0 indicate apparent upward migration

Follow-up No Median Min Max Mean Lower 95% | Upper 95% | Std
examination hips CL for Mean | CL for Mean | Dev.
0 31 0.00 0.00 0.00 0.00 - - 0.00
1 19 0.07 -0.81 225 0.18 -0.10 0.46 0.58
2-3 25 0.03 -0.94 2.26 0.14 -0.10 0.37 0.58
4-6 20 0.29 -1.18 173 0.21 -0.07 0.48 0.59
7-12 27 0.42 -0.70 3.43 0.52 0.18 0.86 0.86
13-24 25 0.61 -0.77 7.40 0.97 0.31 1.60 161
25-36 17 0.45 -1.35 4,93 0.52 -1.20 0.17 135
+37 15 0.61 -1.19 12.67 3.00 -0.22 0.57 4.99

Table I1b. — Complementary analysis set to Table Il a, excluding patients : FO2, FO3 and F24

Follow-up No Median Min Max Mean Lower 95% | Upper 95% | Std

examination hips CL for Mean | CL for Mean | Dev.
0 28 0.00 0.00 0.00 0.00 - - 0

1 18 0.05 -0.81 0.51 0.06 -.09 0.21 0.31
2-3 24 0.03 -0.94 0.75 0.05 =11 0.21 0.38
4-6 20 0.29 -1.18 173 0.21 -.07 0.48 0.59
7-12 23 0.34 -0.70 0.94 0.25 0.06 0.43 0.42
13-24 21 0.47 -0.77 152 0.44 0.19 1.70 0.56
25-36 16 0.39 -1.35 153 0.25 -0.15 0.64 0.75
+37 11 0.26 -1.19 132 0.14 -0.45 0.73 0.87

known complication but occurred repeatedly in this
patient and can therefore produce very aberrant
results as revealed by the residua analysis (F24
showed a migration of 2.3 mm a 1 month and
2.6 mm at 9 months, respectively). In summary,
excluding these patients would probably induce
much more bias than preserving them.

Migration

Table Il a shows a summary of the migration
assessment. Likewise, table 11b gives an account of
the results excluding the mentioned three patients.

Highest median migration across al follow-up
examinations was 0.61 mm at 13-24 months and
0.47 mm, respectively, excluding the three patients.
Upon excluding the three patients, maximum
average subsidence was 0.44 mm at the period of
13-24 months (cf. table l1b). With regard to the
range of the 95% confidencew intervals it appears
that the values are within 1 mm across al time-

points. The regression analysis did reveal a statisti-
cally significant increase of subsidence acrosstime
(i.e. decrease asrelated to the cranial-distal y-direc-
tion). Both the linear term and the quadratic term
were significant : p=0.0004 and p < 0.011, respec-
tively. The curvilinear term indicates, however, that
the increase appears to be stable after approximate-
ly 2 years. A graphical summary of the regression
analysis showing estimated least sguares means
including their 95% confidence limits is given in
figure 3 (unlike the linearly parameterised model,
the model used for the graph was based on nomi-
nally parameterised time-intervals where points
were fitted by a polynomial line).

Regarding patient-specific features, the follow-
ing effects were examined: gender, BMI and
age. Apparently, females had higher migration
values than males: delta = 0.32 mm (p < 0.01).
BMI showed a minor tendency only, towards
increasing subsidence, i.e. an inverse relationship :
p < 0.125.
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Fig. 2. — Box-Plot showing the distribution of migration over
time. Dots depict 3 patients (FO2, FO3 and F24) with high sub-
sidence values. FO2 and FO3 provided measures at 37, 40 and
39 and 40 months, respectively (i.e. + 37). Values < 0 indicate
apparent upward migration.
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Fig. 3. — Least squares means and 95%-confidence intervals
as derived from the regression model.

All these effects were observed based on the
restricted data set omitting the three mentioned
cases. Whereas the two patients with undersized
stems showed migration greater than 10 mm, the
patient with luxation had subsidence amounting to
2.6 mm. Using the full data set no significant
effects at al were observed. Moreover, the qg-plot
displayed a skewed non-normal pattern including
these observations.

Functional assessment using Harris Hip Score

Figure 4 and table 11 show the distribution of the
Harris Hip Score at baseline and at the various fol-
low-up examinations.
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Fig. 4. — Box-Plot (Median and 25% and 75% Percentiles) of
Harris Hip Score over Follow-up time. Dots depict 3 patients
(FO2, FO3 and F24) with high subsidence values.

From aninitial mean value of 30.5 the Harris hip
scores (HHS) steadily rise within the very first
month. Thereafter, the recovery is more smoothed
and seems to reach its plateau at 24 months post-
operatively. Mean value and its 95% confidence
limits at 24 months are : 89.6 (range : from 79.5to
99.8).

HHS correlated inversely with age at operation,
Pearson's r = -0.3, p = 0.031 ; no gender specific
difference was apparent, Anova, F5, = 0.05, p<F
= 0.8. The extreme values shown in figure 4 might
be partially due to age, as 3 out of the 5 persons
showing HHS less than 60 points were of age 75
years or higher.

Correlation with subsidence

In order to test the predictive potential of migra-
tion we checked whether high subsidence values
were related to lower Harris Hip scores. Due to
missing values this analysis could be done for
26 patients (after exclusion).

Thisanalysis revealed no substantial correlation,
with p = 0.5.

DISCUSSION

The present data gives evidence of fairly low
migration for the fully cemented stem studied,
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Table I1l. — Harris Hip Score based on 47 hips or 46 patients
(Median, Minima, Maxima, Mean, 95% Confidence Interval and Standard deviation)

Follow-up No Median Min Max Mean Lower 95% | Upper 95% | Std
examination hips CL for Mean | CL for Mean | Dev.
Pre-Op 47 320 0.0 56.0 30.5 26.1 34.8 14.8

1 month 18 79.5 68.0 90.0 79.8 76.3 83.4 7.2
3 months 37 86.0 29.0 100.0 83.1 789 87.4 12.8
6 months 27 88.0 58.0 100.0 87.0 83.0 91.1 10.3
12 months 22 94.0 47.0 100.0 91.4 86.4 96.4 114
24 months 14 97.0 46.0 100.0 89.6 79.5 99.8 17.6
36 months 2 86.5 73.0 100.0 86.5 -85.0 258.0 19.1

during the first three years following surgery. The
time profile of subsidence is consistent with pattern
D shown in an earlier EBRA study by Krismer et
al (29) : the stem appears to be stable after 3 years,
after an initial subsidence of fairly small extent. At
3 years follow-up or later, the migration reached a
median value of 0.61 mm (Inter-quartile range:
from -0.44 to 8.90). However, when excluding two
cases with inadequate implant size and one which
presented an early dislocation, the median value for
stem migration at 3 years or greater was estimated
as 0.26 mm (Inter-quartile range: from 0.67 to
1.02). The mean value at 2 years was 0.25 mm
(95% ClI : -0.15, 0.64). Compared with other stud-
ies, these findings are rather good. Krismer et al
reported amedian value of 0.3 mm for migration at
years 3-5 (Inter-quartile range: from 0.6 to
0.0) (29). Other studies report much more pro-
nounced migration such asamean total of 2.18 mm
at > 5 years for the CPT stem (44). In a combined
group using Charnley and Stanmore stems, a total
migration of 1.93 mm was observed at the 2-year
follow-up period (43).

Regarding the accuracy of the EBRA measure-
ments, the results prove reliable, since a curvilinear
time-profile, typically observed in most studies
during the first two years following surgery, was
apparent. The standard deviation for the subsidence
values was 0.75 mm at 2-3 years and 0.87 mm at
+3 years, respectively. The 5% and 95% percentiles
at 2-3 years were at -1.53 and 1.35, respectively,
consistent with an estimated accuracy of +/-1.5mm
reported by Biedermann et al (3). Given our results,
a subsidence greater than 0.5 mm can well be

detected with a sample of n = 20 patients with a
power of 90% (SD = 0.65, a= 0.05, 2-sided).

Since only anteroposterior radiographs were
studied, migration in rotation could not be
assessed. However, as hypothesised earlier, strong
rotational stability may help to decrease subsi-
dence (25).

Regarding the Harris Hip score the final values
reached after 2 years (i.e. average score of 89.6) are
in-line with other short-term follow-up studies.
Severa studies report an average HHS in the range
of 85.9-92 at follow-up times of 5.3 up to
10 years (4, 8, 9, 37).

There was no learning curve regarding the cal-
endar time of operation. That is, patients treated
early did not perform worse as compared to those
from later periods of the study. However, it is note-
worthy that there appears to be considerable vari-
ability in the pre-operative examination, reflecting
the heterogeneity of the patients.

Although the follow-up timeis short, it is never-
theless of interest to note that no clinical or radio-
logical failure has been observed.

Finally, no correlation was found between the
extent of migration and the corresponding Harris
Hip Score. This might be due to both low migration
and the combined effect of a relatively small sam-
ple size and a rather short follow-up period,
restricting the stetistical power for detecting such
an association.

There remains the issue whether complete
absence of subsidence is a necessary condition to
reduce the risks of aseptic loosening on the long
term. Among the group of fully cemented shafts
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Fig. 5. — Female 22.9.1935 (PIN : 5952,

F57), Operation date 22.3.2000,
Diagnosis: Osteoarthritis. Both x-ray
images at follow-up : 29.3.2001.HarrisHip
Score preoperatively : 32 pts, at 6 months:
97 pts, at 1 year: 100 pts. Migration
measurement on 29.3.2001: -0.7 mm.
Implanted with an uncemented bevelled
RM cup (titanium coated).

basically two distinct directions can be discerned.
On the one side the ‘force closed stems’ are highly
polished stems alowing for subsidence to some
extent. Several studies demonstrate that such subsi-
dence occurs over time but does not necessarily end
in afailure. For instance, stems of this design such
as the Exeter stem have rather good long-term
results as shown in the Swedish registry (19). On the
other side the ‘ shape closed stems' are designed to
counteract subsidence by means of a collar or a
rough polish surface. The Lubinus SP Il shaft with
these characteristics also shows quite good long-
term results in the Swedish registry.

Up to now superiority of one approach against
the other could not be established. Hence, it would
be unjustified to judge afully cemented shaft based
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Fig. 6. — @) Female 15.0.5.1921, (PIN : 5885, FO3), Operation date : 10.10.1997, fol-
low-up : 29.3.2001, Radiograph 6 weeks after THA for fracture of the femoral neck ;
b) The same patient at 32 months follow-up (16.06.2000). Measured subsidence at
32 months: -10.1mm. Harris Hip Score at 0.5 years: 92 pts, at 3 years: 73 pts.
Possible reasons for failure: Stem size too small, insufficient cement filling, incom-
plete cement mantle, mal-positioning (centralisation ?), and varus position ?

only upon measuring migration, or making a state-
ment about the predictive value of subsidence with
respect to aseptic loosening without taking into
account the specific design features (20). The
Fullfix stem clearly represents the paradigma of
achieving no subsidence at al. Based on this study
it could be shown that the design of this stem
achieves this claim of no subsidence. However,
stems that achieve initially good results will not
necessarily show good long-term results as well.
For instance, the pre-coated Harris shaft provided
with a collar and arough surface showed a marked
failure rate on the long term (36). It is noteworthy
that the surface roughness of this shaft is about five
times higher as compared to the Fullfix, i.e.
3.42 um vs. 0.7 um (highly polished stems like the
Exeter have values around 0.05 um). This is fur-
ther consistent with the excellent performance of
the cemented Miller straight stem (rugosity 0.7-
0.8 pm) as reported in the Scandinavian registry.
The low roughness hence might prevent stress on
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the cement interface through lower friction forces.
At least the present 2-year results show that a
‘shape closed stem’ with a mat polish surface can
prevent subsidence, probably due to the markedly
strong collar and the highly pressurised cement
mantle.

Whether the position of the Fullfix stem remains
stable over an extended period of time needs to be
demonstrated in long-term studies. In addition, the
association between the rate of migration and the
risk of aseptic loosening needs to be examined on a
longer time scale.
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