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Background and purpose — Few studies have focused
on nonagenarians treated with total hip arthroplasty (THA).
We investigated 30- and 90-day postoperative mortality,
patient-reported outcome measures (PROMs), reoperation
rate, risk factors for reoperation, and relative patient survival
in nonagenarians or older.

Patients and methods — 167,091 patients with pri-
mary cemented THA performed for osteoarthritis between
1992 and 2019 were identified in the Swedish Arthroplasty
Register. Patients were divided into age groups based on age
at time of surgery: 60—74 (n = 90,285), 75-89 (n = 75,421),
and > 90 years (n = 1,385). Mortality rate, PROMs (pain—
Likert scale, satisfaction—Likert scale, EQ-VAS, n = 67,553),
reoperation rate, risk factors for reoperation, and relative
patient survival were studied.

Results — The nonagenarians had the highest postopera-
tive mortality rate, 1.7% and 2.6% at 30 and 90 days, respec-
tively. Nonagenarian females reported significantly lower
pre- and postoperative EQ-VAS compared with patients
aged 60-89 years but reported least pain and highest patient
satisfaction 1 year after surgery. At 2 years the nonagenari-
ans had highest reoperation frequency —2.7% —due to infec-
tion (1.5%), dislocation (0.8%), and periprosthetic fracture
(0.4%). Increasing age, male sex, and polished stem were
associated with higher risk of reoperation within 2 years.
8-year age- and sex-matched relative survival was highest
among nonagenarians (study group/matched population: >
90 years 3.4, 95% confidence interval [CI] 3.0-3.8; 75-89
years: 1.4,CI 1.4-1.4, and 60-74 years: 1.1, CI 1.1-1.1).

Conclusion — 30- and 90-day postoperative mortal-
ity and reoperation rates were higher in nonagenarians but
PROM data showed least pain and highest patient satisfac-
tion 1 year after surgery with THA among female nonagenar-
ians with primary osteoarthritis.

Nonagenarians and centenarians are growing age groups glob-
ally [1]. Together, these age groups increased in Sweden by
117% from 1992 to 2019 compared with 19% for the popula-
tion in general. This increase is expected to continue resulting
in a more than doubling of this age group before 2050 [2]. As
the population is getting older, the demand for primary total
hip arthroplasty (THA) and revision hip arthroplasty (RHA) is
expected to rise. Previous studies have reported higher mortal-
ity and complication rate among nonagenarians and centenar-
ians compared with younger cohorts [3-6] whereas others [7]
claim that comorbidities rather than age should be considered
as part of the decision-making.

There is lack of solid data on nonagenarians receiving an
all-cemented primary THA due to osteoarthritis, including
patient-reported outcomes (PROMs) and relative patient sur-
vival. Our aim was to investigate 30- and 90-day postopera-
tive mortality, PROMs, reoperation rate, risk factors for reop-
eration in nonagenarians, and centenarians receiving a THA
compared with patients 60-74 and 75-89 years of age. We
also evaluated the relative patient survival in the 3 age groups
compared with age- and sex-matched individuals in the gen-
eral population.

Patients and methods

Study population

Only patients receiving an all-cemented THA were included.
In patients who had surgery on both sides, only the second
hip was included [8]. In patients operated on bilaterally the
same day only 1 hip was selected. We excluded all surgeries
performed for reasons other than primary osteoarthritis and
patients younger than 60 years (Figure 1). This study was per-
formed in accordance with the STROBE guidelines [9].
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Total hip arthroplasties registered in
the Swedish Arthroplasty Register
1992-2019
n = 385,625

Excluded (n = 218,534):

- age below 60 years, 70,114
—— - not primary OA, 64,917

- not all cemented, 44,221

- first hip in bilateral THA, 39,282

Included in the study (n = 167,091):

- THA in patients aged 60-74 years, 90,285
— THA in patients aged 75-89 years, 75,521
- THA in patients aged = 90 years, 1,385

Figure 1. Patient flowchart. THA = total hip arthroplasty. OA = osteo-
arthritis.

Data sources

Since 1992 the Swedish Arthroplasty Register (SAR) has reg-
istered patient-specific data on primary THA. This national
joint register covers all hospitals performing THA in Sweden
and has a completeness of 98% for primary THA and 90-95%
for revisions [10].

Outcome measures

Age at surgery, sex, date of death, 30- and 90-day mortal-
ity, PROMs, presence of any reoperation, and reasons for
reoperation were extracted or computed based on data from
the SAR. Reoperation was defined as any surgical procedure
related to the operated hip regardless of whether any part
of the implant was exchanged, extracted, or not. Included
patients were followed until either reoperation, death, or
December 31, 2019. In the statistical analyses patients in
all 3 age groups were censored at the last day of observa-
tion. Historical number of inhabitants and population esti-
mations were obtained from Statistics Sweden. The PROMs
used were the EuroQol-visual analogue scale (EQ-VAS) and
pain reported on a Likert scale before and 1 year after the
operation. Patient satisfaction, i.e., satisfaction with the out-
come of surgery, was reported 1 year after the operation on a
Likert scale. The EQ-VAS records patients’ self-rated health
on a vertical visual analogue scale where 100 represents “the
best health you can imagine” and O “the worst health you
can imagine.” PROM answers were separated into 2 groups
depending on sex. For PROMs analyses, only patients
responding to pre-, and 1-year postoperative questionnaires
were included. SAR introduced PROM values in 2002,
which were to become implemented nationwide in 2011 [11].
Due to the late introduction of PROM values, complete data
before and 1 year after the operation were available in 42%,
39%, and 38% of the patients in the 3 age groups (60-74,
75-89, and = 90 years of age).

Statistics

The risk of reoperation for the age groups 75-89 years and >
90 years with use of the youngest age group as reference was

analyzed using Cox regression analysis with adjustment for
sex, matt or polished stem, and year of operation (1992-2005,
2006-2013, 2014-2019). Adjustment for stem surface finish
was performed due to the increased risk of periprosthetic frac-
ture with polished stems and especially in the older patients.
Evaluation based on survival curves, log minus log plots, and
Schoenfeld residuals confirmed proportionality up to 2 years.
Thereafter, there were few observations in the oldest age
group. We therefore abstained from further analyses based on
time intervals after 2 years.

Life tables were computed to study the probability of reop-
eration due to any reason. Hazard ratios (HR) are presented
with 95% confidence intervals (CI). All design parameters
were classified using the group with highest number of obser-
vations as reference (age group 60—74 years). The cumulative
relative patient survival was computed as the quotient between
the observed survival in the study group and the expected sur-
vival in the population with the same sex and age. Information
regarding expected survival in the Swedish population was
extracted from publicly available mortality tables separated
for sex and age [2,12,13].

Comparison of PROM data was performed with use of one-
way ANOVA with Bonferroni correction. The minimum clini-
cal important improvement (MCII) was defined as improve-
ment of at least 1 step on the 5-grade Likert scale for pain
[14], and at least 7 units of improvement on EQ-VAS between
the preoperative and the 1-year evaluations [15]. Comparison
between nonagenarians and the 2 other age groups was per-
formed using Fisher’s exact test. Mean differences in PROM
values refer to 1 of the 2 younger groups minus data for the
nonagenarians.

Statistical evaluation was performed using SPSS version
25 (IBM Corp, Armonk, NY, USA) except from calculation
of relative survival and diagram design which was performed
using R statistics version 3.5.1 (R Core Team 2022; R Foun-
dastion for Statistical Computing, Vienna, Austria).
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Annual number of THAs in nonagenarians

Table 1. Demographics, 30- and 90-day mortality and reason for reoperation within

100 2 years
. Age groups
60-74 years 75-89 years =90 years
Factor n = 90,285 n=75,421 n=1,385
60 1 Demographics
Female, n (%) 38,370 (58) 27,656 (63) 1,007 (73)
Mean age (SD) 68.5 (4.0) 79.7 (3.6) 91.4 (1.6)
40 - Mortality % (CI)
30-day 0.15(0.13-0.18)  0.42 (0.38-0.47) 1.6 (0.99-2.2)
90-day 0.28 (0.25-0.32) 0.75(0.68-0.81) 2.6 (1.8-3.4)
204 Reoperation cause, n (%)
Aseptic loosening 164 (0.18) 91 (0.12) 0 (0)
Deep infection 674 (0.75) 660 (0.88) 21 (1.5)
0 Periprosthetic fracture 94 (0.10) 133 (0.18) 5 (0.36)
19921995 2000 2005 2010 2015 2019 Dislocation 516 (0.57) 606 (0.80) 11 (0.79)
) . Other or unknown 160 (0.18) 113 (0.15) 1 (0.07)
Figure 2. Number of nonagenarians operated on All causes 1,608 (1.8) 1,603 (2.1) 38 (2.7)

with a cemented THA due to primary osteoarthritis

1992-2019.

Results

385,625 patients aged 40 years or older who had undergone
primary THA in Sweden between January 1, 1992, and Decem-
ber 31, 2019, were identified in the SAR. 167,091 operations
(patients) were identified and divided into 3 age groups based
on age at time of surgery: 60—74 (n = 90,285), 75-89 (n =
75421), and 90 years or older (n = 1,385) (Figure 1).

Demographics

The mean follow-up time was 8.1 years (SD 5.6). 1,385 of
the 167,091 patients included were between 90 and 101 years
old. There was an surplus of women with 73% in the nona-
genarian group (Table 1). During the study period, there was
an increase in operation frequency in all age categories. The
greatest increase was seen in the nonagenarian group with an
increasing frequency from 16 operations per year in 1992—
1994 to 88 operations per year in 2017-2019 (Figure 2).

Mortality

The overall 30- and 90-day mortality was 0.29% and 0.51%,
respectively. The lowest mortality rate was seen in the young-
est study group (60-74 years) with 0.15% and 0.28% 30- and
90-day mortality. The nonagenarian group had the highest
mortality rate, 1.7% and 2.6% 30- and 90-day mortality (Table
1). At 5 years their cumulative mortality reached 52% (SD
3.1) (Figure 3).

Patient-reported outcomes

67,553 patients (366 females and 155 males aged 90 years
or older) had complete reports of hip pain, satisfaction, and
EQ-VAS both before and 1 year after the operation (Tables 2
and 3). More patients in the youngest age group (44% of the
females, 45% of the males) reported PROMs than did patients

Cumulative mortality

1.0
=90 years
75-89 years
0.8 60-74years
0.6 |
0.4 -
0.2
0.0 T T T T
0 2 4 6 8 10
Years from surgery
At risk
Age 0 years 5 years 9 years
=90 1,385 495 112
75-89 75,421 45,398 23,769
60-74 90,284 63,313 42,447

Figure 3. Cumulative overall observed mortality with 95% confidence
limits. Number of available observations at each time point in the table.

in the 2 older age groups (75-89 years: 40% and 41%; = 90
years: 34% and 31%, respectively). The highest mean satis-
faction among females was seen in the nonagenarian group,
whereas among males the = 90 group did not significantly
differ from the 2 younger groups (Tables 2 and 3).

Females showed more pain reduction at 1 year among nona-
genarians than in the youngest group (mean difference —0.3, CI
—0.4 to —0.1) and the group aged 75-89 (0.4, CI 0.5 to -0.2).
In males a corresponding difference was only found when
compared with the group aged 75-89 years (0.3, CI -0.5 to
—0.03; nonagenarians vs. age 60-74: 0.1, CI1 0.4 t0 0.1)
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Table 2. Distribution of pain and satisfaction on a Likert scale: EQ-VAS preoperatively
and 1 year postoperatively on a VAS scale (0-100) in females. Values are count (%) unless

otherwise specified

=90 years
75-89 years
g -| 60-74 years
FEMALES 60-74 years 75-89 years 90-98 years
n = 22,264 n = 18,807 n = 366
Pain, preoperatively 6
1 none 200 (0.9) 199 (1.1) 6 (1.6)
2 very mild 256 (1.1) 182 (1.0) 4(1.1)
3 mild 773 (3.5) 751 (4.0) 5(1.4) 4-
4 moderate 8,154 (37) 6,506 (35) 84 (23)
5 severe 12,881 (58) 11,169 (54) 267 (73) =
Mean score (Cl) 4.5 (4.5-4.5) 4.5 (4.5-4.5) 4.6 (4.6-4.7)

Mean difference (Cl)2 —0.15 (-0.24 to —0.06)

-0.1(-0.5100.2)

Cumulative risk of reoperation (%)
10

0 T T T T
0 2 4 6 8 10

Years from surgery

Figure 4. Cumulative overall observed reopera-
tion rate with 95% confidence limits. For number
of available observations at each time point see

comparison did not reach statistical sig-

Pain, 1 year
1 none 10,696 (48) 8,172 (44) 200 (55)
2 very mild 5,442 (24) 4,861 (26) 73 (20)
3 mild 3,271 (15) 3,111 (17) 58 (16)
4 moderate 2,311 (10) 2,149 (11) 28 (7.7)
5 severe 544 (2.4) 200 (2.7) 7 (1.9)
Mean score (Cl) 2.0 (1.9-2.0) 2.0 (2.0-2.0) 1.8 (1.7-1.9)
Mean difference (Cl) 2 0.1 (0.02 to 0.3) 0.2 (0.1-0.4) -
Satisfaction, 1 year Figure 3.
1 very dissatisfied 946 (4.2) 857 (4.6) 9 (2.5)
2 dissatisfied 1,436 (6.4) 1,414 (7.5)12 (3.3)
3 neither nor 2,781 (13) 2,781 (17) 41 (1)
4 satisfied 5,828 (26) 5,549 (30) 109 (30) nificance.
5 very satisfied 11,273 (51) 7,892 (42) 195 (53)
Mean score (Cl) 4.1 (4.1-4.1) 4.0 (4.0-4.0) 4.3 (4.2-4.4)

Mean difference (Cl) @
EQ VAS, preoperatively

-0.2 (=0.3 to -0.01)

-03(-05t0-02) -

Reoperation and risk factors
At 2 years the nonagenarians had the high-

Mean score (Cl)

Mean difference (Cl) 2
EQ VAS, 1 year

Mean score (Cl)

Mean difference (Cl) @

54.6 (54.3-54.9)
3.4 (0.6 10 6.2)

77.0 (76.7-77.2)
9.8 (7.3 10 12)

54.5 (54.2-54.8)

51.2 (49.0-53.5)
3.3(0.5106.1) -

est reoperation rate, 2.7% compared with

1.8% in the youngest group (adjusted

71.9 (71.6-72.1)  67.2 (65.0-69.3)
47 (2.1107.3) =

hazard ratio 1.8, CI 1.3-2.4) (Tables 1 and

4). Deep infection was the most common

2 Mean difference (Cl) between indicated group and the oldest group.

The EQ-VAS improvement in females at 1 year was lower
in the youngest group compared with nonagenarians (mean
difference: —-6.4, CI -9.7 to —-3.2), whereas comparison with
the age group 75-89 showed no difference (1.4, CI -4.7 to
1.9). In males the improvement values in the 2 younger groups
did not differ from those observed in the oldest group (mean
difference 60-74 years: —2.7, CI -7.4 to 2.0; 75-89 years: 1.2,
CI-34105.9).

Separation of the patients into those who reported at least
1 step of improvement on the Likert scale for pain (MCII)
and those who did not revealed that a higher proportion of
females aged = 90 years (94%) reported an improvement
compared with patients aged 75-89 years (91%, P = 0.04)
but not when compared with the youngest group (92%, P =
0.1). The corresponding comparisons among males revealed
no differences.

The share of females or males aged = 90 who reported
improved EQ-VAS of 7 or more (MCII) did not differ when
compared with the corresponding groups 75-89 years of
age. More females aged 60-74 years did, however, report an
improvement of at least 7 when compared with the nonagenar-
ians (72% vs. 64%, P < 0.001). In males the corresponding

reason for reoperation in all groups with an
overall rate of 0.8%, which increased with
age and reached 1.5% in the nonagenarian
group. Periprosthetic fractures occurred in 0.1% with the high-
est percentage of reoperation in the nonagenarian group (0.4%).
The highest rate of reoperation because of dislocation (0.8%)
was observed in the age groups 75-89 and = 90. Past 2 years’
follow-up, 16 reoperations occurred in the group of nonagenar-
ians, of which 13 were due to periprosthetic fracture (Figure 4).

Relative patient survival

In all 3 patient groups there was an increased expected sur-
vival when compared with Swedish inhabitants of the same
age and sex. This increase was most pronounced among nona-
genarians, with an increase 8 years after the operation of 3.4,
CI 3.0-3.8; 75-89 years: 1.4, CI 1.4-1.4, and 60-74 years:
1.1,CI 1.1-1.1 (Figure 5).

Discussion

We aimed to investigate mortality rates, PROMs, reoperation
rates, and risk factors for reoperation in nonagenarians receiv-
ing all-cemented primary THA due to osteoarthritis in Sweden
between the years 1992 and 2019. We showed that nonagenar-
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Table 3. Distribution of pain and satisfaction on a Likert scale: EQ-VAS preoperatively Relative survival
and 1 year postoperatively on a VAS scale (0-100) in males. Values are count (%) unless 5.0
otherwise specified — 60-74 years
- — 75-89 years
— 290 years
MALES 60-74 years 75-89 years 90-98 years 20 4
n = 15,399 n=10,562 n =155 ’
Pain, preoperatively )
1 none 212 (1.4) 154 (1.5) 4 (2.6)
2 very mild 258 (1.7) 198 (1.9) 1(0.6) 3.0 7
3 mild 935 (6.1) 786 (7.4) 6 (3.9)
4 moderate 6,771 (44) 4,596 (44) 49 (32) 1
5 severe 7,223 (47) 4,828 (46) 95 (61)
Mean score (Cl) 4.3 (4.3-4.3) 4.3 (4.3-4.3) 4.5 (4.4-4.6) 2.0
Mean difference (Cl)2 -0.15 (0.3 to 0.0) —0.2 (0.3 t0 —0.03) -
Pain, 1 year 7
1 none 8,027 (52) 4,926 (47) 80 (52)
2 very mild 3,755 (24) 2,758 (26) 41 (27) 1.0 ; ‘ ‘ ‘
3 mild 2,069 (13) 1,628 (15) 12 (7.7) 0 2 4 6 8 10
4 moderate 1,250 (8.1) 996 (9.4) 20 (13) Years from surgery
5 severe 298 (1.9) 254 (2.4) 2(1.3) Figure 5. Age- and sex-matched relative patient
Mean score (Cl) 1.8 (1.8-1.9) 2.0 (1.9-2.0) 1.9 (1.7-2.0) survival compared with the background popula-
Mean difference (Cl)@ —0.03 (-0.210 0.2) 0.1(-0.1100.3) - tion, with 95% confidence limits.
Satisfaction, 1 year
1 very dissatisfied 498 (3.2) 425 (4.0) 2(1.3)
2 dissatisfied 728 (4.7) 650 (6.2) 10 (6.5) .
3 neither nor 1,671 (11) 1,503 (14) 23 (15) Nonagenarian females reported least
4 satisfied o 4812; g §263 ?182?1 gi@:; 25 §22; pain and highest patient satisfaction 1
5 very satisfie , 55 . 7 5 (5 . .
Mean score (Cl) 4.3 (4.2-4.3) 44 (4.1-4.1) 4.2 (4.1-4.4) year after surgery. Deep infection was the

Mean difference (Cl) @
EQ VAS, preoperatively

Mean score (Cl)

Mean difference (Cl) 2
EQ VAS, 1 year

Mean score (Cl)

Mean difference (Cl) @

0.02 (0.10 t0 0.22)

60.1 (59.7-60.4)
3.6 (-0.510 7.7)

79.1 (78.8-79.4)
6.3 (2.7 to 10)

-0.2 (-0.4t0 0.1)

59.7 (59.2-60.1)
3.2 (-0.9 10 7.3)

74.8 (74.4-75.1)
1.9 (-1.7 t0 5.6)

56.5 (52.9-60.0)

72.8 (69.3-76.3)

most common reason for reoperation. The
8-year relative survival was considerably
higher among nonagenarians.

As expected, the nonagenarians had the
highest mean preoperative pain, which
strengthens the indication for surgical

2 Mean difference (Cl) between indicated group and the oldest group.

Table 4. Unadjusted and adjusted hazard ratios (HR) with 95% con-
fidence interval (ClI) for risk of reoperation within 2 years

Unadjusted HR (Cl) Adjusted2HR (CI)

Sex (reference: male)

Female 0.7 (0.6-0.7) 0.7 (0.6-0.7)
Age group (reference: 60—74)

75-89 2(1.1-1.3) 1.2 (1.2-1.3)

=90 1.6 (1.2-2.2) 1.8 (1.3-2.4)
Stem type (reference: polished)

Matte 0.9 (0.8-1.0) 0.9 (0.8-0.9)
Year of operation (reference: 2014—2019)

2006-2013 1.0 (0.9-1.1) 1.0 (0.9-1.1)

1992-2005 1.2 (1.1-1.3) 1.2 (1.1-1.3)

2 Adjusted for sex, age, stem type, and year of operation.

ians had significantly higher 30- and 90-day mortality rate and
2-year reoperation rate than patients 60—89 years of age. Our
30-day mortality rate (1.7%) was higher compared with previ-
ous studies whereas the 90-day mortality rate (2.6%) was in
line with previously published data [7,16-18].

treatment despite high age. Previous stud-

ies [19-21] have reported decreased pain

after surgery among nonagenarians, but
not separately for females and males. PROMs differ between
sex and age [11,22] and with increasing age the relative share
of females will increase because of their longer life expec-
tancy. Therefore, any comparison between age groups of these
parameters should preferably be performed for males and
females separately. In our study nonagenarian females were
the most satisfied 1 year after surgery whereas there was no
significant difference in males. Our results should, however,
be viewed cautiously because the number of patients with
complete PROM data were few among the nonagenarians and
especially in the male group. EQ-VAS improved in all age
groups after surgery but contrary to Skinner et al. [3], who
used the EQ-5D instead of EQ-VAS, the biggest improve-
ment was seen among the youngest patients. The 1-year 92%
nonagenarian satisfaction rate reported by Skinner et al. is,
however, well in line with our results. Nonagenarian females
reported significantly lower EQ-VAS pre- and postoperatively
compared with patients 60—89 years of age. The same patient
group, at the same time, reported least pain and highest patient
satisfaction 1 year after surgery. This may be explained by
lower performance requirements parallel with more prevalent
comorbidities among nonagenarians.
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Our study shows that nonagenarians had a higher 2-year
reoperation rate than patients 60—89 years of age, 2.7% com-
pared with 1.8%. This finding is in line with previous stud-
ies [17,21]. A 1.5% reoperation rate due to deep infection is
in accordance with other studies [20,21]. Dagneaux et al. [20]
reported 7% reoperations because of postoperative fracture,
beyond 4% intraoperative fractures, which is far higher than
the 0.4% in our study. Use of uncemented femoral stems in
about one-third of the patients and a doubled follow-up time
(mean 4 years) may have contributed to the higher numbers of
fractures described by Dagneaux et al. In contrast, Dimitriou
et al. [21] described no revisions at all due to periprosthetic
fracture with 100% uncemented components and the same
follow-up time as in the study by Dagneaux et al. However,
there were fewer females and a lower mean age in the study
by Dimitriou et al.

In accordance with 2 previous studies [17,23], but in contrast
to Dimitriou et al. [21], we found that male sex was associ-
ated with increased risk of reoperation. It has previously been
shown that polished femoral stems are associated with higher
revision or reoperation rate due to periprosthetic fracture
[24,25], which justifies correction for this factor in our regres-
sion model (Table 4).

The increase in age- and sex-matched patient relative sur-
vival was far higher among nonagenarians (3.4) compared
with 60-89-year-old patients. Berend et al. [19] showed an
at least equal survival curve comparing operated nonagenar-
ians with an age-matched population. Dagneaux et al. [20]
reported a 5.3-year median observed survival after THA sur-
gery in nonagenarians compared with an expected 3.5 years
when matching for age and sex. Together this reflects that
those nonagenarians receiving THA live longer probably
due to patient selection. However, the operation itself might
also have contributed to improved patient survival through
improved mobility and quality of life.

Strengths and limitations

Our study has high completeness, a large dataset, and the use
of reoperation and not revision, as more complications result-
ing in surgical intervention are caught.

A limitation of our study is that reoperation rates might
be falsely low due to underreporting of surgical procedures
directed to the hip including plating of periprosthetic frac-
tures and irrigation and synovectomies without exchange
or removal of the implant or any of its parts. Further, an
increasing number of comorbidities and increasing fragil-
ity with age might imply that the threshold to proceed with
surgical treatment of complications becomes higher [17].
Thus, despite full coverage and high completeness in SAR,
the true need for reoperation and the number of procedures
actually performed is probably slightly underestimated. As
the study period precedes the introduction of the PROMs
program in the SAR, the number of patients with PROMs
data was comparatively small and limited to the later part of

the study period. Further, the response rate decreased with
increasing age—probably partly an effect of increasing mor-
tality and risk of frailty during the postoperative year with
increasing age. Also there may be a potential non-respon-
dent bias because satisfied patients more often give feed-
back than those not satisfied. Further, there were changes in
operation indications, improvements in surgery techniques,
and changed threshold for surgery during the 27-year inclu-
sion period. Thus, a more liberal approach over time to offer
elderly and more frail patients a THA could to a certain extent
have skewed our findings. Adjustment for ASA class could to
a certain extent reduce this bias, but was not possible as col-
lection of this information was initiated first in 2008 and only
became reasonably complete the year after. Finally, type of
incision was not recorded by SAR until the year 2000 and
could therefore not be adjusted for in the regression analysis.

Conclusions

We found higher mortality among nonagenarians when com-
pared with a younger population. Early reoperations were
more common whereas patient satisfaction and pain relief
among nonagenarians were as good as or better than in the
younger cohorts.

In this perspective, we still think that nonagenarians
should not be denied treatment with THA due to primary
osteoarthritis if cemented fixation, as here studied, is used.
Because of increased fragility compared with the younger
patient population we think that preoperative optimization,
thorough patient information, and referral to experienced
surgeons are key factors for the optimum outcome in this
group of patients.
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