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ABSTRACT – We revised the hip (6 stems and 5 sockets)
with impacted morselized allografts and cement in 6 pa-
tients. We followed prosthetic migration by roentgen ra-
diostereometric analysis (RSA) every 7th day for 6 weeks
after the first (index) examination performed on the first
postoperative day before mobilization. Most of the migra-
tion occurred during the first 2 weeks. In most cases more
than half of the distal stem migration was seen between
the 1st and 14th days. In all cases, the stem and socket
migrations slowed down gradually and several prosthetic
components had become stable after 5 weeks. We con-
clude that it is essential to perform the index RSA exami-
nation on the 1st or 2nd day after surgery and to state
when and how weight bearing should be permitted. Oth-
erwise it will be difficult to compare prosthetic migration
in various studies and define normative values for migra-
tion predicting survival.

n

Although radiostereometric analysis (RSA) (Sel-
vik 1989) has become the golden standard for
measuring skeletal kinematics in arthroplastic sur-
gery, the optimal time for the first postoperative
RSA examination (index examination) has not
been determined. In the literature, the time be-
tween surgery and the index examination varies
between 1 day and 2 months (Table 1) with differ-
ences in mobilization and weight bearing prior to
the index examination.

We assessed the migration pattern by RSA of
the prosthetic components during the initial 6
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weeks following surgery with the index examina-
tion on the 1st postoperative day before mobiliza-
tion.

Patients and methods

Patients

6 patients underwent a hip revision (6 stems and 5
sockets) with impacted morselized allografts and
cement (Gie et al. 1993, Slooff, Schimmel and
Buma 1993). We used the standard Exeter stem
and the low profile socket (Howmedica Interna-
tional, Stains Middlesex, England). The 6 patients
(4 men) were aged 68 (47–76) years and were re-
vised for the first time. The preoperative diagnosis
was aseptic loosening in all hips, however, routine
multiple tissue cultures at surgery, according to
Kamme and Lindberg (1981), revealed a low viru-
lent infection in 2 of the cases (Propioni-bacteri-
um acnes and Staphylococcus epidermidis, re-
spectively). No postoperative mobilization was al-
lowed prior to the index RSA examination, which
was followed by weight bearing as soon as possi-
ble. Preoperative bone stock deficiency was clas-
sified according to Gustilo and Pasternak (1988)
(Table 2).

Radiostereometric analysis (RSA)

RSA is the standard radiographic follow-up meth-
od for all hip revisions at our department. For this
study, the patients were asked if they agreed to
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participate in the investigation before any addi-
tional examinations were done. To permit RSA
(Selvik 1989) evaluation of the prosthetic migra-
tion, 0.8 mm tantalum balls were implanted on the
stem (shoulder and distal tip) and in the greater
and lesser trochanters as well as in the socket, the
acetabular roof and tuber ischii at surgery. The in-
dex RSA examination was performed with the pa-
tient supine before postoperative mobilization on
the 1st day after surgery followed by similar RSA
at 1, 2, 3, 4, 5 and 6 weeks postoperatively. The
technical accuracy of the RSA set-up has previ-
ously been calculated by repeat examinations for
both the stem (Ornstein et al. 1998) and socket
(Ornstein et al. 1999b). Stem migration less than
0.3 mm in the distal/proximal direction, 0.5 mm in
the medio/lateral and 0.6 mm in the posterior/an-
terior direction was not considered significant.
Socket migration less than 0.2 mm in the proxi-
mal/distal direction, 0.3 mm in the medio/lateral
and 0.3 mm in the posterior/anterior direction was
not considered significant.

Results

Weight bearing

After the RSA index examination was performed,
the patients were mobilized with 2 crutches and
were instructed that there were no restrictions in
weight bearing. All patients were able to climb
stairs before discharge from the hospital 6–13
(median 7) days after surgery. They gradually
stopped using 1 of the crutches, first inside their
home then outside. 4 of the patients used either a
crutch or a stick 4 weeks after surgery. 2 patients
used a crutch between 4 and 6 weeks after surgery.
Most patients reported that the main reason for us-
ing the crutch was that it gave a feeling of safety.
None of them reported any pain from the operated
hip, related to weight bearing at any time.

Migration

All prosthetic components migrated in at least 1
direction (Table 2). All 6 stems migrated distally
(Figure 1), the median was 1.8 (1.3–4.8) mm and
4 of the 5 sockets migrated proximally (Figure 2),
the median was 0.5 (0.4–1.8) mm. In all cases, the

Table 1. RSA reports dealing with hip arthroplasties

Year Author Index examination Components Primary/
studied revisions

1999a Ornstein et al. “2–3 days postoperatively
and before mobilization” Both Both

1999b Ornstein et al “before mobilization” Sockets Revisions
1999 Alfaro-Adrián et al. “at 1–2 weeks” Stems Primary
1999 Kärrholm et al. “ 5–10 days” Stems Revisions
1997 Nivbrant and Kärrholm “within the first week” Sockets Revisions
1996 Nivbrant et al. “within the first 11 days” Sockets Revisions
1996 Önsten et al. ”at about 1 week” Stems Primary
1995 Malchau et al. ”at 4–6 days” Stems Primary
1995a Önsten et al. ”at 1 week” Stems Primary
1995b Önsten et al. ”within 10 days” Stems Revisions
1995 Franzén et al. ”1 week” Stems Revisions
1994 Kärrholm et al. ”1 day to 2 months” Stems Primary
1994 Önsten et al. ”usually within 2 weeks” Sockets Primary
1994 Önsten and Carlsson ”within 1 week” Sockets Primary
1993 Franzén et al. ”1 week” Sockets Revisions
1992 Franzén et al. ”at 1 week” Stems Revisions
1991 Nistor et al. ”as soon as practical

(6–11 days postoperatively)” Stems Primary
1990 Snorrason and Kärrholm ”1–3 weeks (all patients)” Both Revisions
1990 Mjöberg et al. ”1 week” Both Primary
1988 Wykman et al. ”1 week” Stems Primary
1986 Mjöberg et al. ”soon after operation” Both Primary
1979 Baldursson et al. ”5–15 days” Sockets Primary
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migration slowed down gradually and the pros-
thetic movements had ceased in most of the direc-
tions at 6 weeks. Between the 5- and 6-week fol-
low-ups, 1 stem migrated 0.3 mm in the distal di-
rection, 1 stem migrated 0.6 mm in the posterior, 1
stem migrated 0.8 mm in the anterior, 1 socket mi-
grated 0.2 mm in the proximal direction and 1
socket migrated 0.3 mm in the posterior direction.

Discussion

RSA (Selvik 1989) has become the preferred
method for migration studies of the prosthetic
components in primary and revision hip arthro-
plasties (Table 1). It has been suggested that early
migration of the stem and the socket above a cer-
tain level, increases the risk of revision in primary
hip arthroplasties (Freeman and Bordeneuve
1994, Kärrholm et al. 1994, Walker et al. 1995,

Krismer et al. 1996) and rerevision in revision hip
arthroplasties (Snorrason and Kärrholm 1990,
Kärrholm et al. 1997).

In our study, we found that most of the migra-
tion occurred during the first 2 weeks. In most
cases, more than half of the distal stem migration
was observed between the 1st and 14th days. In all
cases, the stem and socket migrations slowed
down gradually and several prosthetic compo-
nents were stable between 5 and 6 weeks.

Revisions, especially when using grafts, are of-
ten associated with higher migration than primary
hip arthroplasties. Differences in the degree of
stem migration in the studies of revisions with im-
pacted morselized allografts and cement by Orn-
stein et al. (1998, 1999b) and by Kärrholm et al.
(1999) might, at least partly, be explained by vary-
ing times prior to the index RSA examination and
associated differences in mobilization and weight
bearing prior to the index examination. Varying

Table 2. RSA migration of 6 stems and 5 sockets in revisions with impacted morselized allografts and cement

Femoral component

A B C D Distal migration (mm) Medial migration (mm) Posterior migration (mm)
Accuracy 0.3 mm Accuracy 0.5 mm Accuracy 0.6 mm

Days after surgery 7 14 21 28 35 42 7 14 21 28 35 42 7 14 21 28 35 42

1 m l II 0.7 0.9 1.2 1.4 1.5 1.5 – – – – – – 0.9 1.4 1.8 2.0 2.1 2.3
2 f l II 2.1 2.6 2.9 3.4 c 3.5 3.7 0.7 0.7 0.8 0.8 c 0.8 0.6 2.9 3.5 4.0 4.2 c 4.6 4.7
3 a m r II 0.6 2.5 3.6 4.1 4.6 4.8 0.9 3.0 3.6 3.9 3.9 4.0 1.3 5.2 7.1 8.1 8.4 9.0
4 a m l II 0.6 0.6 0.8 1.0 1.2 1.3 – – – – – – 0.5 – 1.1 – 0.8 –
5 b m l II 0.4 0.9 1.1 1.4 1.4 1.7 – 0.5 – – 0.6 0.5 0.7 1.0 1.4 0.8 1.4 1.3
6 f r II 0.4 1.0 1.3 1.5 1.6 1.8 – – – – – – 1.2 2.1 2.4 2.4 2.6 2.6

Acetabular component

A B C E Proximal migration (mm) Lateral migration (mm) Posterior migration (mm)
Accuracy 0.2 mm Accuracy 0.3 mm Accuracy 0.3 mm

Days after surgery 7 14 21 28 35 42 7 14 21 28 35 42 7 14 21 28 35 42

1 m l x
2 f l II 0.2 0.3 0.3 0.4 c 0.3 0.4 – – – – c – – – – – – c – –
3 a m r II 0.5 0.8 1.2 1.4 1.6 1.8 – 0.4 0.4 0.4 0.5 – – – – – –
4 a m l II – – – – – – – – – – 0.3 0.4 – – – – – –
5 b m l II 0.2 0.4 0.5 0.6 0.7 0.5 – – – – – – – – – – – 0.3
6 f r II – 0.2 0.3 0.4 0.4 0.5 – – – – – – – – – – – –

A Patient and hip number
B Gender
C Side
D Femoral bone stock deficiency according to

Gustilo and Pasternak (1988)
E Acetabular bone stock deficiency according to

Gustilo and Pasternak (1988)

– No migration
a Infected
b The patient who used 1 crutch between 4 and 6 weeks

after surgery
x Not revised
c Examination at the 29th day
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stem designs and graft impaction techniques
should also be important (Kärrholm et al. 1997).
The same may explain the varying degrees of
socket migration reported (Snorrason and Kär-
rholm 1990, Franzén et al. 1993, Ornstein et al.
1999b). The magnitude of the prosthetic migration
seen in our study cannot be explained by creep
alone (Verdonshot and Huiskes 1996) or by bone
resorption, which seems to be detectable at about
6 months (Kärrholm et al. 1999). Our interpreta-
tion is that migration was also due to compression
of the grafts. If the purpose is to compare various
surgical techniques, especially revisions with
graft impaction, in which the size of the particles
has been discussed as an important factor (Brew-
ster et al. 1999), it seems necessary to examine the
migration early. Whether this is valid for primary
hip arthroplasties is not clear, although early index
examination seems rational in the quest for infor-
mation on early migration (Jasty et al. 1991).

We conclude that a considerable amount of the
prosthetic migration occurs in the first 7 days after
surgery in hip revisions with impacted morselized
allografts and cement. It is therefore essential to
perform the index RSA examination on the 1st or
2nd day after surgery and to specify when and
how mobilization and weight bearing should be
permitted. Otherwise, it will be difficult to com-
pare prosthetic migration in different studies and
define normative values for migration, predicting
prosthetic survival.
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Figure 1. All 6 stems migrated distally. Figure 2. 4 of 5 sockets migrated proximally.
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