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Background There have been few studies evaluating
patient-reported quality of life outcomes after hip revi-
sion with impaction bone grafting.

Patients and methods The inclusion criteria were
aseptic loosening after primary arthroplasty per-
formed for osteoarthrosis, and first-time revision with
impacted morselized allograft bone and cemented
Exeter stem. During a 4-year period, 35 patients were
eligible and all were included. The Nottingham Health
Profile (NHP) was completed by the patients and the
Charnley hip scores recorded by the examining sur-
geon preoperatively, after 6 months and yearly up to 4
years (28 patients) postoperatively. For comparison, 35
osteoarthrotic patients completed the NHP 4 years after
cemented Exeter primary arthroplasty.

Results At 4 years, the NHP scores for the revision
patients did not differ significantly from those recorded
in the primary arthroplasty group. Among the revision
patients, mixed model analysis showed improvement in
NHP pain (p < 0.001) and physical mobility scores (p =
0.002). The effect size at 4 years was large for pain (1.2)
and moderate for physical mobility (0.6). The major
improvement was recorded at 6 months, with no further
substantial change observed. The correlations between
the NHP and Charnley scores were weak or moderate
(r, =0.15 to —0.67).

Interpretation  Hip revision with impaction bone
grafting leads to substantially improved quality of life,
similar to that 4 years after primary arthroplasty.

Although an increasing number of patients are
undergoing hip revision arthroplasty, few stud-
ies have addressed quality of life outcomes using
validated measures. Two previous studies have
reported favorable short-term results of hip revi-
sion, measured with validated quality of life
questionnaires (Hozack et al. 1997, Dawson et al.
2001). To our knowledge, no study has prospec-
tively evaluated the medium-term outcomes of
hip revision arthroplasty performed with impacted
morselized allograft bone and cement, or compared
them with those of primary arthroplasty using vali-
dated quality of life questionnaires. This revision
method (Gie et al. 1993, Slooff et al. 1996) has
been studied with regard to radiographic outcomes
(Kérrholm et al. 1999). In some studies, the clini-
cal results have been evaluated with the Charnley
scores (Gie et al. 1993) and early complications
have been reported (Ornstein et al. 2002).

The main objective of this study was to pro-
spectively assess the medium-term quality of life
outcomes of first-time hip revision with impacted
morselized allograft bone and cemented Exeter
stem in osteoarthrotic patients with aseptic loosen-
ing. The secondary objectives were (1) to assess
any correlations between the scores obtained from
a self-reported generic health status measure and
the corresponding examiner-recorded hip-spe-
cific scores, and (2) to compare the quality of
life outcomes of revision with those of cemented
primary hip arthroplasty in patients with primary
osteoarthrosis.
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Patients and methods

From 1994 through 1997, 103 hip revision
arthroplasties involving the stem and/or the socket
were performed at our department. Impacted
morselized allograft bone and cement was used in
all the revisions except 4, in which conventional
cemented revision was performed because impac-
tion allografting was judged to be technically
inappropriate or because of short expected patient
survival (Ornstein 2002). The inclusion criteria for
this study were a previous primary arthroplasty
because of primary osteoarthrosis, aseptic loosen-
ing of the stem with or without socket loosening,
and a first-time revision using impacted morselized
allograft bone and cement. Of the 97 patients
(99 hips) who had hip revision performed with
impacted morselized allograft bone and cement
during the 4-year period, 35 patients (35 hips)
met the inclusion criteria for the present study and
were all included. The mean age of these patients
was 73 (60-87) years and 19 were men. The mean
time since the primary arthroplasty was 11 (3—17)
years. Bone stock deficiency (Gustilo and Paster-
nak 1988) in the femur was type I in 12 patients,
type I in 18 patients, and type III in 5 patients.
Bone stock deficiency in the acetabulum was type
I'in 10 patients, type Il in 11 patients, and type III
in 10 patients; 4 sockets were not loose. Of the 4
non-loose sockets, 2 were found to be damaged
and were revised, and 2 were not revised. Revision
of all loose components was done using impacted
morselized allograft bone and cement and the
standard Exeter stem and socket. Revision of the 2
non-loose but damaged sockets was done without
use of allograft bone (Ornstein et al. 1999, 2001).

Nottingham Health Profile

Evaluation of quality of life was done with the
Nottingham Health Profile (NHP), a measure that
has been validated and used in the assessment of
patients with hip osteoarthrosis before and after
arthroplasty (Hunt et al. 1980, Wiklund et al. 1988,
Wiklund and Romanus 1991, Rissanen et al. 1996,
Garellick et al. 1998, So6derman and Malchau
2000). The patients completed the NHP question-
naire before, and also 6 months and 1, 2, 3, and 4
years after revision. Preoperatively, the question-
naire was completed by the patients, without assis-

tance, on admission to hospital. Postoperatively,
the questionnaire was mailed to the patients up to
one week before their scheduled follow-up evalu-
ation at the hospital, and the patients returned the
completed questionnaires during their visit. The
NHP consists of 6 scales (pain, physical mobility,
energy, sleep, emotional reaction, and social isola-
tion). Each scale has multiple items with yes/no
response choices. The responses to the items in
each scale are weighted and summed to give a final
scale score ranging from O (best) to 100 (worst).
The pain scale has 8 items inquiring about the
presence of constant pain, unbearable pain, pain at
night, and pain on walking, changing position, sit-
ting, standing, and going up and down stairs. The
physical mobility scale has 8 items inquiring about
the ability to walk at all and difficulty or need for
assistance to walk about outdoors, to walk about
indoors, to get up and down stairs, to stand for a
long time, to dress, bend, and reach for things.

Charnley score

The Charnley pain, walking ability, and range
of motion scores (Charnley 1979) for each
patient were recorded by the examining surgeon
preoperatively, and at each follow-up evaluation.

Dropouts

5 patients died of causes unrelated to the hip sur-
gery (2 patients during the second postoperative
year, 1 during the third and 2 during the fourth).
2 patients did not complete the NHP questionnaire
preoperatively, but completed it at the follow-
up evaluations. 2 patients (men aged 76 and 73
years at surgery) declined participation in the
4-year follow-up evaluation. Because of death or
non-attendance, a number of patients had missing
values at 6 months (n = 6), 1 year (n = 2), 2 years
(n=5), 3 years (n =4), and 4 years (n=7).

Primary arthroplasty

For comparison, the NHP was used to measure
quality of life outcomes among a control group
of patients who had undergone primary cemented
hip arthroplasty. At our department in 1998, 45
patients above 60 years of age were operated on
with primary arthroplasty using a cemented Exeter
prosthesis because of primary osteoarthrosis. At
4 years postoperatively, 3 patients had died, 1
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Table 1. The Nottingham Health Profile (NHP) scale scores
Revision arthroplasty

Primary

postoperative arthroplasty

postoperative
preoperative 6 months 1 year 2 years 3 years 4 years® 4 years P
NHP scale 2 (n=33) (n=29) (n=33) (n=30) (n=30) (n=28) (n=35)
Pain 51 (29) 16 (26) 12 (15) 15 (19) 12 (16) 16 (21) 22 (27)
Physical mobility 39 (19) 26 (28) 24 (25) 28 (27) 26 (26) 24 (26) 23 (20)
Energy 33 (38) 23 (36) 19 (34) 24 (39) 27 (36) 28 (40) 28 (32)
Sleep 25 (25) 12 (17) 13 (19) 15 (20) 16 (23) 14 (14) 21 (28)
Emotional reaction 13 (20) 10 (21) 6 (12) 6 (13) 11 (19) 9 (14) 10 (19)
Social isolation 7 (10) 5 (20) 7 (12) 6 (13) 6 (15) 9 (13) 6 (14)

2 NHP mean (SD) score ranges from 0 (best) to 100 (worst).

b No significant differences in the 4-year scores between the primary and revision groups in any scale.

patient had developed cognitive impairment, and 2
patients had had their hip arthroplasty revised. The
NHP questionnaire was mailed to the 39 eligible
patients, and this was followed when necessary by
two telephone reminders. 1 patient (a man aged
76 years at surgery) could not be located and 3
patients (women aged 81, 72 and 63 years) did
not respond. Thus, 35 patients returned completed
questionnaires. No preoperative NHP data were
available for these patients.

Statistics

The mean NHP scale scores were calculated for
the revision and primary arthroplasty groups. In the
revision group, a mixed model analysis (Brown and
Prescott 1999, Ranstam 2002) was done to estimate
the change in NHP scores from baseline at each 1-
year postoperative interval for the 28 patients who
had completed the 4-year follow-up. The effect size
at 4 years (mean difference between the preopera-
tive and 4-year postoperative scores divided by the
standard deviation of the preoperative scores) was
calculated (Kazis et al. 1989). The effect size is an
estimate of the magnitude of health change mea-
sured by each scale; a value of 0.2 is considered to
indicate a small degree of improvement in health,
0.5 moderate, and 0.8 or greater a large health
improvement. For the Charnley scores, the changes
from preoperatively to 4 years after revision were
analyzed using the Wilcoxon signed ranks test. The
correlation between the NHP scores for pain and
physical mobility and the Charnley scores for pain
and walking ability, respectively, were analyzed
with the Spearman correlation coefficient (r).

We used the Mann-Whitney test to compare the
primary arthroplasty group with the revision group
regarding age, and the chi-square test was used to
compare the 2 groups regarding sex and Charnley
category. The Mann-Whitney test was used to com-
pare the 4-year postoperative NHP scores for the
primary and revision groups. For the main outcome
variables (NHP pain and physical mobility scores),
we calculated the 95% confidence interval (CI) for
the mean difference in scores between the primary
and revision group to aid in the interpretation of the
results with regard to the adequacy of the sample
size (Guyatt et al. 1995). No previous studies have
established the magnitude of NHP scale score that
would be considered as an important difference. In
a recent study, the minimally important difference
in scores for health-related quality of life question-
naires has been estimated to one half a standard
deviation (Norman et al. 2003).

Results
Nottingham Health Profile

The mean preoperative NHP scores for pain had
improved after hip revision by approximately 35
points, and for physical mobility and sleep by
approximately 10 points (Table 1). The major
improvement was recorded 6 months after revi-
sion, with no further substantial change observed
for these scales. The mixed model analysis
showed a significant improvement in the pain and
physical mobility scores, and this was persistent
(Table 2). An early significant improvement in the
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Table 2. The change in NHP scores from baseline, estimated at 1-year postoperative intervals (mixed model analysis)
for 28 patients who completed 4 years of follow-up after hip revision

Estimate (95% Cl), p-value

NHP scale 1 year 2 years 3 years 4 years
Pain -39 (-48 to -30), <0.001 -37 (-46 to -28), <0.001 -40 (-49 to -31), <0.001 -35 (-44 to -27), <0.001
Physical

mobility  —15 (-24 to -7), <0.001  —13 (-22 to -5), 0.002  —14 (=22 to -6), 0.001

Energy -15 (27 to -3), 0.01 -13 (-25to -1), 0.03
Sleep -9 (=17 to -1), 0.02 -6 (-14t0 2), 0.16
Emotional

reaction -7 (-13to -1), 0.02 -7 (-14 to -1), 0.02
Social

isolation -1 (-6 to 4), 0.67

-2 (-6 10 3), 0.52

~13 (=22 to -5), 0.002
-4 (-16 to 8), 0.47
-6 (-14102),0.14

-7 (-19t0 5), 0.24
-5 (-131t02), 0.17
-4 (-11102),0.17 -4 (-10t02), 0.14

-2 (-7 t0 3), 0.36 3(-2108), 0.23

Table 3. The number of patients showing improvement
or worsening in NHP scores from preoperatively to 4
years after hip revision, using 10 points as a minimally
important change

Improvement Worsening
(points) (points)
NHP scale >15 10-15 <10 10-15 >15
(n) (n () (m  (n)
Pain 19 2 4 0 2
Physical mobility 11 6 2 3 5
Energy 4 2 16 0 5
Sleep 8 3 9 2 5
Emotional reaction 5 0 19 1 2
Social isolation 2 0 20 0 5

scores for energy, emotional reaction and sleep
was observed, but the effect was not persistent.
The effect size at 4 years after revision was large
for pain (1.2), moderate for physical mobility
(0.6), and small to moderate for sleep (0.3).
Among the 27 patients who had preoperative and
4-year follow-up scores, pain and physical mobil-
ity scores had improved by at least 10 points in
21 and 17 patients, respectively (Table 3). For the

revision patient who had 4-year follow-up but no
preoperative scores, the pain score was 30 and the
physical mobility score was 10.

Charnley score

The median score for pain had improved from 3
points preoperatively to 6 points at 4 years after
the operation (p <0.001), and the median score
for walking ability had improved from 3 points
to 4 points (p = 0.03). The median score for range
of motion was 5 points, both preoperatively and
at 4 years. The correlation between the NHP and
Charnley pain scores was moderate preoperatively
(r=-0.44) and weak at 4 years (r = —0.15). The
correlations between the NHP scores for physical
mobility and the Charnley scores for walking abil-
ity were moderate both preoperatively (r = —0.34)
and 4 years after the operation (r = —0.67).

Primary arthroplasty

The patients in the primary arthroplasty group did
not differ significantly from those in the revision
group regarding age, sex or Charnley category
(Table 4). At the 4-year follow-up, none of the
NHP scale scores differed between the primary

Table 4. Comparison of the revision and primary arthroplasty groups 4 years

after surgery

Revision Primary P-value
Number of patients 28 35 -
No. of women : men 15:13 18:17 0.7
Age (at surgery), mean (range) years 73 (60-84) 72 (61-85) 0.3
Charnley category, A or B : C (n) 17 : 11 16:19 0.6
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and the revision arthroplasty group (Table 1). The
mean difference (95% CI) between the primary
and the revision group in the NHP pain score was
6.4 (-6.4-19), while in the NHP physical mobility
score it was -1.3 (-13-11).

Postoperative complications

6 patients sustained femoral shaft fractures during
the first 4 months after revision, necessitating
open reduction and internal fixation in 5 and revi-
sion of the stem in 1. Using 10 points as a cutoff
for improvement or worsening, the preoperative
NHP physical mobility score worsened in 4 of
these 6 patients at 4 years and in 1 patient whose
final follow-up before death was at 2 years, and
improved in 1 patient. The corresponding NHP
pain scores improved in 4 patients, were unchanged
in 1 patient, and worsened in 1 patient.

Femoral head dislocation occurred during the
first 6 postoperative weeks in 4 patients. They were
treated with orthosis for 3 months, with no further
dislocations in 3 of the patients. 1 patient contin-
ued to have recurrent dislocations.

Discussion

We found that patient-reported quality of life out-
comes after hip revision with impaction allograft-
ing were equal to those after primary cemented
arthroplasty 4 years postoperatively. Although
the sample size was small, the 2 groups were
comparable. In addition, the lower limit of the
95% confidence interval for the difference in pain
score (—6.4 points) suggests that the sample size
was adequate, assuming that a minimally impor-
tant difference in favor of primary arthroplasty
would correspond to —10 points. However, for
the physical mobility score, a possibly important
difference of up to —13 points in favor of primary
arthroplasty might be shown with a larger sample
size, but a larger difference appears to be unlikely.
In a study of 1056 patients who completed the
NHP 2-10 years after primary hip arthroplasty,
the standard deviation for the NHP pain and phys-
ical mobility scores was 27 and 25 points, respec-
tively (S6derman et al. 2001). Based on the recent
suggestion of using one half a standard deviation
as a criterion for minimally important difference

(Norman et al. 2003), the threshold of 10 points
used in the present study seems reasonable.

We found that hip revision with impacted
morselized allograft bone and cement led to a
significant improvement in quality of life in sev-
eral respects. Substantial improvement in pain
and moderate improvement in physical mobility
was the principal outcome. A small to moderate
improvement in the scores for sleep, as interpreted
with the effect size, was also shown. The scores for
the NHP energy scale improved after surgery, but
gradually deteriorated and returned to preoperative
levels at 4 years. Because the mean scores for the
emotional reaction and social isolation scales were
relatively low before revision, no clinically impor-
tant improvement in score would be expected. Our
prerevision emotional reaction scores were slightly
worse and the social isolation scores were similar
to the corresponding scores for a reference popula-
tion used for comparison with hip arthritis patients
(Garellick et al. 1998).

Similarly, a previous study using the NHP in
primary hip arthroplasty showed the greatest
improvement to occur in the pain and physical
mobility scales (Rissanen et al. 1996). However,
the NHP social isolation scores before primary
arthroplasty in previous studies (Wiklund and
Romanus 1991, Garellick et al. 1998) were worse
than the corresponding scores before revision
arthroplasty in our study. One explanation might
be that patients modify their social activities after
primary hip arthroplasty. Another explanation
might be a difference in the severity of preopera-
tive pain; previous studies of primary arthroplasty,
which included patients with hip arthritis of vari-
ous causes, reported preoperative NHP pain scores
of approximately 60 points (Rissanen et al. 1996)
and 75 points (Wiklund and Romanus 1991, Garel-
lick et al. 1998).

Our comparison between the revision and the
primary arthroplasty group has been limited by the
absence of preoperative NHP scores for the latter
group. Our postoperative NHP scores were similar
to those reported for 94 primary hip arthroplasty
patients (mean age 75 years, 46% men) randomly
selected from the Swedish national register (Soder-
man et al. 2000). In a study that compared primary
and revision hip arthroplasty (151 and 49 patients,
respectively) 2 years postoperatively using the
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SF-36 quality-of-life questionnaire, the primary
arthroplasty group had a significantly better mean
score for the physical functioning scale but no
significant score differences were found for the
remaining scales, including the bodily pain scale
(Hozack et al. 1997). Another study that compared
cemented primary and revision arthroplasty 4 years
postoperatively (53 and 25 patients, respectively)
using a modified Harris hip score showed no sig-
nificant difference in pain and function (Robinson
et al. 1999), but the study did not use a validated
quality-of-life questionnaire.

The correlations between the NHP scores and the
Charnley scores were weak to moderate. Although
this can partly be explained by the difference
between a general health status measure (based
on patients’ self-report) and a hip-specific score
recorded by the examining surgeon, other factors
may be involved. Previous research has suggested
that patients report better health with interview-
administered rather than self-administered health
status measures (McHorney et al. 1994, Hoher
et al. 1997, Lyons et al. 1999). This observation
supports the importance of including measures of
patient-reported outcomes in the assessment of hip
arthroplasty.

In a previous study of all revisions performed
for a variety of reasons using impacted morselized
allograft bone and cement, we reported a relatively
high rate of early complications—mainly femoral
fractures (Ornstein et al. 2002). The present analy-
sis showed that 5 of 6 patients who sustained early
postoperative femoral shaft fracture had postopera-
tive physical mobility scores that were worse than
than preoperatively, but pain scores had improved.
With longer follow-up, the possible effect of pros-
thetic loosening on the NHP scales can also be
assessed.

A possible limitation of our study is the small
number of patients included. The aim was to study
medium-term quality of life outcomes of a specific
hip revision arthroplasty in a well-defined patient
population. We therefore chose to have strict cri-
teria, including only osteoarthrotic patients with
aseptic loosening who underwent first-time revi-
sion. In patients fulfilling these criteria, revision
arthroplasty with impacted morselized allograft
bone and cemented Exeter stem appears to result
in significant medium-term improvement in qual-

ity of life which is comparable to that experienced
after primary cemented hip arthroplasty.
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