
Acta Orthopaedica 2024; 95: 446–453  446

Intensive physical activity following total hip arthroplasty 
increased the revision risk after 15 years: a cohort study   
of 973 patients from the Geneva Arthroplasty Register

Elena ZABALLA 1,2, Stefania D’ANGELO 1,2, Christophe BAREA 3, Georgia NTANI 1,2,  
Didier HANNOUCHE 3, Cyrus COOPER 1,4, Anne LÜBBEKE 2,4, and Karen WALKER-BONE 1,2,5 

1 MRC Lifecourse Epidemiology Centre, University of Southampton, Southampton, UK; 2 MRC Versus Arthritis Centre 
for Musculoskeletal Health and Work, University of Southampton, Southampton, UK; 3 Division of Orthopaedic Surgery 
and Traumatology, Geneva University Hospitals and University of Geneva, Geneva, Switzerland; 4 Nuffield Department 
of Orthopaedics, Rheumatology and Musculoskeletal Sciences, University of Oxford, Oxford, UK; 5 Monash Centre for 
Occupational and Environmental Health, Monash University, Melbourne, Australia
Correspondence: (Elena Zaballa) ezl1d18@soton.ac.uk
Submitted 2023-09-15. Accepted 2024-06-30.

© 2024 The Author(s). Published by MJS Publishing – Medical Journals Sweden, on behalf of the Nordic Orthopedic Federation. This is an Open Access article 
distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by/4.0/), which permits shar-
ing, adapting, and using the material for any purpose, including commercial use, with the condition of providing full attribution to the original publication.
DOI 10.2340/17453674.2024.41192

Background and purpose — Younger recipients of total 
hip arthroplasty (THA) highly prioritize returning to preop-
erative levels of physical activity (PA). Surgeons have tended 
to give cautious advice concerning high-impact sports par-
ticipation, but there have been few long-term studies. The 
purpose of our study was to investigate the risk of revision 
arthroplasty in relation to postoperative PA levels.

Methods — Patients registered in the Geneva Arthro-
plasty Register (GAR) who had elective THA when they 
were aged < 65 years were studied. Postoperative PA was 
collected prospectively 5-yearly using the UCLA activity 
scale. Cox proportional hazards models were used to esti-
mate associations between PA and risk of revision THA.

Results — Amongst 1,370 eligible subjects, median age 
at THA 58 years (interquartile range 51–61), UCLA scores 
were available for 973 (71%). During follow-up over 15 
years, there were 79 revisions, giving a cumulative risk of 
7.4% (95% confidence interval [CI] 5.8–9.4). After adjust-
ing for covariates, we found an increased risk of revision for 
each unit increase in postoperative PA (HR 1.2, CI 1.1–1.4), 
and among people performing the most intensive PA (HR 
2.7, CI 1.3–5.6) compared with those who were inactive.

Conclusion — The overall risk of revision was small 
but intensive and moderate PA may be associated with an 
increased risk of revision.

Given its proven effectiveness at reducing pain and restoring 
function, total hip arthroplasty (THA) is increasingly offered 
to younger patients [1]. Younger patients have increasing 
expectations after THA, including resuming preoperative 
levels of physical activity (PA). Expectations appear highest 
amongst those who are most active preoperatively [2] and 
80% of recipients return to similar [3] or the same presymp-
tomatic level of sports [4], and 70% return to the same job 
after arthroplasty. 

Orthopedic surgeons may have remained cautious when 
advising patients on participation in postoperative activities 
particularly high-impact sports, although their recommenda-
tions have become less restrictive over the years [5], perhaps 
as a result of patients’ experiences and/or decreasing failure 
rates over time [6]. We aimed to compare the association 
between postoperative exposure to PA and revision for any 
cause except infection in elective THA recipients aged < 65 
years at time of surgery using registry data over 15 years of 
follow-up. 

Methods
Setting
All patients who have undergone primary THA or a hip revi-
sion at the Geneva University Hospitals since 1996 have been 
registered in the Geneva Hip Arthroplasty Registry (GAR). 
The Registry collected the following information at the time 
of THA: sex, age, body mass index (BMI), smoking status, 
American Society of Anesthesiologists (ASA) score, and 
Charnley score. Interoperatively, date and main indication for 
THA (primary or secondary osteoarthritis [OA]), type of fixa-
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tion (cemented, uncemented, hybrid), and size of the femo-
ral head were recorded (22, 28, 32, 36, > 36 mm) as well as 
type of bearing surfaces (classified as metal-on-metal (MoM) 
and non-MoM implants (ceramic–highly crosslinked poly-
ethylene, ceramic–polyethylene, metal–polyethylene, and 
ceramic–ceramic).

Patients were eligible for inclusion in this analysis if: (i) 
they had undergone elective and unilateral primary THA 
when they were between 18 and 64 years old, and (ii) their 
surgery was performed anytime between inception of GAR 
and December 2012. A prior decision was taken to exclude 
patients (i) who had undergone hip resurfacing, (ii) who 
received an emergency THA (i.e., a non-elective procedure), 
and (iii) who had an implanted femoral head > 36 mm, due 
to the high revision rate associated with these risk factors. 
Additionally, revisions carried out within 6 months of the 
index surgery (more likely to be indicated by either intraop-
erative factors or early infections) were also excluded. Given 
the length of postoperative follow-up, some participants had 
2 hips replaced, in which case the first THA recorded in GAR 
was taken as the index case. 

Since April 2006, postoperative PA levels have been col-
lected 5-yearly using the University of California, Los Ange-
les [7] (UCLA) activity scale [8]. Patients are asked to choose 
the level of activity that best represents their current PA on 
a scale from 0 (wholly inactive, dependent on others, cannot 
leave residence) to 10 (very active, regularly participate in 
impact sports). Due to differences in the length of follow-up 
between subjects, and because some patients had UCLA scale 
available at multiple follow-ups, we calculated a mean UCLA 
score for each person. Given a lack of consensus as to how 
to classify PA as, e.g., high, moderate, or low, the following 
pragmatic categories were used: low activity group (UCLA 
1–4), moderate activity group (UCLA 5–7) and high activity 
group (UCLA 8–10). 

Outcome
The outcome was revision of the primary THA for any reason 
other than infection. For the latter group, the time patients con-
tributed was also censored at the date of revision. Both pros-
thesis removal and replacement, and removal and replacement 
of any of the components of the prosthesis such as cups or 
stems, were considered a revision. In July 2022, we extracted 
data from the registry, and we were able to confirm the status 
of each participant. 

Statistics
First, the baseline characteristics of THA recipients with and 
without UCLA scale were compared, using counts and per-
centages for categorical variables and medians and interquar-
tile ranges (IQR) for continuous non-normally distributed 
variables. Then, for participants with UCLA scale, baseline 
characteristics were compared across levels of UCLA (low/
moderate/high). Standardized differences between means or 

prevalences across all pairwise combinations of UCLA cat-
egories were also reported [9]. 

Time at risk of revision (in years) was computed as the time 
between THA surgery and the earliest of: death, loss to follow-
up, revision surgery (if the participant experienced the event 
of interest), or end of follow-up (July 1, 2022) if no event was 
experienced. Prevalence rates and mean time contributed per 
person were then calculated for PA as both a continuous and 
categorical variable.

To illustrate THA failures over time, we calculated cumu-
lative risks of revision and their 95% confidence intervals 
(CI) at 10 and 15 years postoperatively, and we constructed 
Kaplan–Meier failure plots with 95% CI and smooth hazard 
curves by categories of postoperative PA (low, moderate, and 
high), and also by bearing surface of the implant. 

To assess the association between the risk of THA revision 
and PA post arthroplasty, Cox proportional hazard regression 
models were fitted with 95% confidence intervals (CI) before 
and after adjusting for sex, age at the time of primary opera-
tion, and type of bearing surface. We tested the assumption 
of the proportional-hazards model and whether there was an 
interaction effect between PA and type of bearing surface, 
given the higher rate of failure in MoM implants [10]. All 
analyses were performed using Stata version 17.0 (StataCorp 
LLC, College Station, TX, USA).
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Results

1,370 THA recipients fulfilled the inclu-
sion criteria (Figure 1), of whom 973 
(71%) had completed the UCLA scale at 
either 5-, 10-, 15-, and/or 20-year follow-
up depending on when the primary opera-
tion was performed, and whether they had 
attended follow-up visits. This meant that 
patients who underwent revision within 5 
years after operation were excluded from 
the analysis because they did not com-
plete the first UCLA score assessment. 89 
surgeons had operated on the participants: 
50% of the interventions were done by an 
experienced THA surgeon, and 50% by 
surgeons in training under the supervision 
of an experienced THA surgeon. In total, 
79% of these THAs were performed via 
the lateral approach (Hardinge), 15% via 
an anterior approach (Hueter), 5% via a 
posterior approach, and 1% using a trans-
trochanteric approach. The vast majority of 
implants were a standard cup and only 12 
patients received a dual-mobility cup.

Baseline characteristics
Baseline data showed that, compared with 
non-respondents, those with UCLA scores 
were more likely to be fitter, as indicated 
by the ASA score (Table 1, see Appendix). 
For those who reported UCLA scores, par-
ticipants who were most physically active 
were younger, more likely to be of normal 

Primary unilateral total hip arthroplasties
performed in patients aged 18–64 

from March 1996 to December 2012
n = 1,630

Eligible people contacted
n = 1,370

Available
UCLA score at 5-, 10-, 15-, 

or 20-year follow-up
n = 973

No available
UCLA score at 5-, 10-, 15-, 

or 20-year follow-up
n = 397

Revised
n = 79 (8.8%)

Not revised a

n = 894 (91%)
Revised

n = 19 (4.8%)
Not revised

n = 378 (95%)

Exclude participants (n = 260):
– emergency procedures, 144
– size of the femoral head >36 mm, 76
– revised before 5-year follow-up, 40

Figure 1. Flowchart describing participants from the Geneva Hip 
Arthroplasty Registry eligible for this study. a In the not revised group 
7of 894 underwent THA revision for infection or unknown reasons.

Table 2. Characteristics of patients receiving a total hip arthroplasty (THA) by level of 
physical activity. Values are count (%) unless otherwise specified

 Low Moderate High Standardized difference
 UCLA 1–4 UCLA 5–7 UCLA 8–10 Low vs Low vs Moderate
Factor n = 271 n = 520 n = 182 moderate high vs high

Age at THA a  58 (53–61) 59 (52–62) 56 (48–60) –0.040 0.269 0.305
Male sex 137 (51) 269 (52) 103 (57) –0.022 –0.121 –0.098
Body mass index      
 < 18.5 3 (1.1) 5 (1.0) 4 (2.2) 0.493 0.363 –0.198
 18.5–24.9 68 (25) 164 (32) 80 (44) –0.142 –0.406 –0.260
 25.0–29.9 92 (34) 212 (41) 73 (40) –0.141 –0.127 0.014
 ≥ 30.0 108 (40) 139 (27) 25 (14) 0.281 0.617 0.328
Smoking      
 No 170 (63) 316 (61) 136 (75) 0.039 –0.261 –0.301
 Yes 92 (34) 171 (33) 43 (24) 0.023 0.231 0.208
 Missing 9 (3.3) 33 (6.4) 3 (1.7)   
Indication for THA      
 Primary OA 153 (56) 347 (67) 123 (68) –0.211 –0.230 –0.019
 Secondary OA 118 (44) 173 (33) 59 (32) 0.211 0.230 0.019
Charnley score      
 A 80 (30) 217 (42) 86 (47) –0.257 –0.372 –0.113
 B 90 (33) 190 (37) 66 (36) –0.069 –0.065 0.004
 C 100 (37) 109 (21) 28 (15) 0.356 0.504 0.146
 Missing 1 (0.4) 4 (0.8) 2 (1.1)   
ASA score
 1 29 (11) 112 (22) 71 (39) –0.297 –0.693 –0.039
 2 207 (76) 378 (73) 107 (59) 0.083 0.380 0.296
 3 34 (13) 30 (5.8) 4 (2.2) –1.080 –0.250 0.790
 4 1 (0.4) – –   
Fixation       
 Uncemented 92 (34) 169 (33) 85 (47) 0.030 –0.261 –0.291
 Cemented 11 (4.1) 20 (3.9) 2 (1.1) 0.041 0.728 0.683
 Hybrid 168 (62) 331 (64) 95 (52) –0.035 0.197 0.232
Bearing surfacing      
 Other 185 (68) 329 (63) 90 (49) 0.106 0.389 0.281
 MoM 86 (32) 191 (37) 92 (51) –0.106 –0.389 –0.281
Femoral head size (mm)     
 22 2 (0.7) 5 (1.0) –   
 28 225 (83) 463 (89) 148 (81) –0.174 0.044 0.218
 32 22 (8.2) 34 (6.5) 28 (15) 0.393 1.787 1.173
 36 22 (8.2) 18 (3.5) 6 (3.3) 1.085 1.141 0.042

a median (interquartile range);  OA = osteoarthritis ; MoM = metal-on-metal.

weight, non-smokers, fitter at as indicated by the ASA score, 
and more likely to have a MoM implant (Table 2). Primary OA 
was the main indication for THA across all 3 groups. 

Amongst the 973 people with postoperative UCLA scores, 
the median age at the time of primary surgery was 58 (IQR 
52–61) years. In total, 79 revisions (8.8%) were performed 
(after excluding any performed for infection). The mean time 
of follow-up to revision surgery or until participants were cen-
sored was 15.7 years (standard deviation [SD] 5). The main 
indications for revision surgery were aseptic loosening (46% 
low group, 62% moderate group, 65% high group), granuloma 
(aseptic lymphocyte-dominant vasculitis-associated lesion) 
(27% low group, 25% moderate group, 17% high group), peri-
prosthetic fracture (9.1% low group, 4.3% moderate group, 
8.7% high group), and recurrent dislocation (18% low group, 
4.3% moderate group, 8.7% high group). 
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Outcome
Of the 973 participants, 79 underwent THA revision, 128 died 
over the course of follow-up, and 52 were lost to follow-up, 
leaving 707 people at risk of experiencing revision at the end 
of follow-up (July 2022). Overall, the cumulative risk of revi-
sion accounting for censored events was: 3.2% (CI 2.3–4.6) 
at 10 years and 7.2% (CI 5.6–9.3) at 15 years. By level of PA 
(low, medium, and high) the risks were: 1.2% (CI 0.4–3.6), 
3.2% (CI 2.0–5.2), and 6.3% (CI 3.5–11) at 10 years, and 
3.9% (CI 2.0–7.0), 7.2% (CI 5.1–10.0), and 12.2% (CI 7.9–

Discussion 

The aim of this study was to explore the risk of revision THA 
for any cause other than infection associated with moderate- 
and high-intensity PA over the long-term follow-up. Being 
physically active postoperatively was associated with an 
increased risk of revision surgery, especially for those in the 
most active group (HR 2.7, CI 1.3–5.6). This was an early 
cohort of patients in whom small-head MoM was relatively 
common. Therefore, stratified analyses were also conducted 
by bearing surface, which showed an increased risk of revi-
sion for people with MoM implants who reported high levels 
of PA (HR 3.3, CI 1.1–10.1). These findings must be taken 
into account alongside recognition of the importance of PA 
in the prevention of many non-communicable diseases (e.g. 

Table 3. Relationship between level of physical activity reported on UCLA score after total hip 
arthroplasty (THA) and risk of revision in 973 patients who were aged < 65 years at time of index THA

 UCLA activity score UCLA activity score
 UCLA in 2 categories in 3 categories
 activity score Not high High Low Moderate High
Factor continuous UCLA 1–7 UCLA 8–10 UCLA 1–4 UCLA 5–7  UCLA 8–10

Physical activity, mean (SD)      
 Not revised 5.8 (1.9) – – – – –
 Revised 6.6 (1.8) – – – – –
Revision, n (%)       
 No – 735 (93) 159 (87) 260 (96) 475 (91) 159 (87)
 Yes – 56 (7) 23 (13) 11 (4.1) 45 (8.7) 23 (13)
Median years to end of study/revision      
 Not revised – 15.8 15.1 13.7 16.8 15.1
 Revised – 11.4 10.6 10.7 11.6 10.6
Models of HR (CI)       
 Unadjusted 1.2 (1.1–1.4) Ref. 1.9 (1.1–3.0) Ref. 1.9 (1.0–3.6) 3.0 (1.4–6.1)
 Adjusted a 1.2 (1.1–1.4) Ref. 1.7 (1.0–2.8) Ref. 1.9 (1.0–3.6) 2.7 (1.3–5.6)

a Adjusted for sex, age at THA, and type of bearing surfacing.

At risk and (failures)
High 182 (11) 159 (8)   84 (4)   39
Mod. 519 (16) 464 (16) 298 (12) 150
Low 271 (3) 244 (5) 114 (2)   46

Figure 2. Kaplan–Meier revision events by level of 
physical activity postoperatively in 973 THA patients. 
One participant in the Moderate category of physi-
cal activity does not feature in the graph as the par-
ticipant was assessed at 4.9 years from the surgery. 
95% CI of moderate and high level of PA overlaps.

Figure 3. Smoothed hazard estimated by 
level of physical activity postoperatively in 
973 THA patients.
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18.6) at 15 years (Table 3). The 
models for UCLA as a continu-
ous variable showed an increased 
risk of THA revision for each unit 
increase in postoperative level of 
PA (HR 1.2, CI 1.1–1.4). When PA 
was grouped in 3 categories (low, 
moderate, and high), there was a 
2-fold increased risk of THA revi-
sion for those in the highest activ-
ity group (HR 2.7, CI 1.3–5.6) 
and in the moderate activity group 
(HR 1.9, CI 1.0–3.6) compared 
with those in the lowest activity 
group. Higher rates of implant 
revision were found amongst 
people who reported more inten-
sive PA post-arthroplasty (Figures 
2 and 3).

The assumptions of the propor-
tional hazards model were satisfac-
tory, and no interaction was found 
between type of bearing surface 
and PA (P = 0.6); nevertheless we 
reported stratified analysis by type 
of bearing surfacing (small head 
MoM and non-MoM) for clinical 
reasons (Table 4, see Appendix), 
and plotted Kaplan–Meier failure 
curves (Supplementary Figure 4, 
see Appendix). Adjusted models 
showed that patients with MoM 
implants doing high intensity 
activity were 3 times more likely 
to undergo revision (HR 3.3 CI 
1.1–10.1) compared with low 
activity recipients. 
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cardio-respiratory disease). Active PA likely conveys survival 
benefits for THA recipients [11]. Importantly also, the young-
est and fittest THA recipients are most likely to return to high-
intensity PA and more likely to “survive” in a state of good 
health long enough to be considered for revision surgery. 

Current post-THA guidelines formulated by a consensus of 
surgeons have tended to become less restrictive regarding PA 
over time, at least in relation to certain activities (e.g., jog-
ging) [5]; however, the size of the long-term association of 
PA with risk of revision has proved difficult to quantify. Our 
finding of increased risk of revision in patients doing high 
levels of PA after THA is consistent with previous studies. A 
systematic review [12] found evidence of an increased risk of 
aseptic loosening associated with PA after pooling data from 
3 cohort studies. Similarly, other mid- to long-term follow-up 
studies not only suggested an increased risk of implant failure 
in patients who were more physically active postoperatively 
when compared with those less active [13,14], but also that 
amongst patients who developed femoral osteolysis, the risk 
of subsequent revision surgery increased with the intensity of 
PA performed [15].

However, a systematic review exploring the risk of lower 
limb arthroplasty revision in relation to work and leisure-time 
physical activities [16] concluded that there was currently only 
weak evidence for an increased risk of THA revision associ-
ated with postoperative PA.

In contrast, other studies have found no relationship 
between PA and the risk of revision. One case-control study 
[17], which assessed UCLA activities as a continuous variable, 
reported no differences in revision rates. Similarly, Ennis et 
al. found no differences in implant survival between people 
who engaged in a high or low level of PA at 5 years’ follow-up 
[18]. Another 2 retrospective studies [2,19] comprising over 
2,000 THA recipients reported no greater risk of hip revision 
amongst active patients compared with those less active.

It is interesting to consider why some studies, but not all, 
have found an increased risk of revision surgery associated 
with high levels of PA. First, there are many tools available 
with which to measure self-reported PA among adults [20] but, 
despite their ubiquity, a systematic review found that, amongst 
85 questionnaires reviewed, the vast majority had at best poor 
evaluation of their measurement properties including con-
struct validity, content validity, reliability, or responsiveness. 
Of course, poor measurement of PA could hinder detection 
of important associations [21]. Amongst the plethora of tools, 
the UCLA is one that is very commonly used. However, even 
comparing the studies on this topic using the same tool, differ-
ent cut-off scores were employed by researchers to categorize 
UCLA scores. This too would have implications for results. 
Second, the methods of the studies investigating this research 
question varied, including, for example, having different 
durations of postoperative follow-up and different types of 
statistical analysis, with and without adjustment for different 
potentially important confounders. Finally, as stated earlier, 

it is important to bear in mind that this is a nuanced research 
question: the risk of THA is increased by high levels of lei-
sure-time physical activity (amongst women aged < 45 years 
and men aged 45–59 years [22], as has been shown for sports 
participation [23], and it is likely that those who were most 
active preoperatively will have the highest expectations of 
participation in exercise/sport postoperatively. Furthermore, 
fulfilling health-enhancing PA guidelines will convey ben-
efit in terms of reduced morbidity and mortality so that those 
who undertake higher levels of PA postoperatively are more 
likely to seek revision arthroplasty if their mobility becomes 
restricted by pain or dysfunction of their primary THA. 

Limitations
First, comparison of baseline characteristics between THA 
recipients with and without UCLA scores showed that non-
respondents were more likely to be men, slightly younger, 
smokers, and with higher ASA score at baseline. This sug-
gests some sampling bias with omission of data from a group 
of people who were less fit and likely less physically active. 
However, even though this may have resulted in overestimat-
ing the levels of PA, this selection bias is unlikely to have 
affected the demonstrated association between PA and revi-
sion. Second, 27% of participants reported different UCLA 
scores at different time points. For the most part they became 
less active over time, but a small number reported that they 
became more active over time. Thus a sensitivity analysis was 
performed excluding all those who reported changed activ-
ity scores. The main findings remained unchanged in this 
analysis, but the risk estimates obtained had wider confidence 
intervals. As described earlier, the UCLA activity scale was 
not available when the registry was first commenced in 1996. 
For the purposes of this study, an individual was included if 
there was a UCLA score at least once, but in some cases the 
first score that was obtained was at the 10-year follow-up. It 
is plausible therefore that the level of PA reported for these 
participants would be less than had previously been the case. 
Importantly, however, these participants have been incorrectly 
characterized as having done less intense PA, which should 
have reduced our ability to see a difference in the risk between 
the less intense and more intense PA groups, biasing our find-
ings. An additional sensitivity analysis was undertaken to 
explore the effect of 20% of participants having 3 or 4 UCLA 
scores by including number of scores as a confounder in the 
model. Once again, similar estimates were obtained (data not 
shown). Risk of revision is also dependent on surgical factors 
not accounted for in the analysis, e.g., surgical approach [24]; 
however, in our sample, neither type of fixation nor size of 
femoral head affected the outcome (data not shown). Lastly, 
in a small proportion of revision cases (9–15%) the outcome 
may not be attributed to PA. Our cumulative risks of revision 
at 10 and 15 years were relatively low. Revision procedures 
performed for infection were not included in the outcome as 
the relation between revisions for infection and postoperative 
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PA is likely confounded by BMI and comorbidities. Patients 
may decide not to undergo revision surgery, or those at risk of 
poorer outcomes are not always offered revision surgery.

Conclusion 
We showed that higher levels of PA and moderate levels rela-
tive to low levels of PA 10–15 years post THA may increase 
the risk of revision surgery for any cause. 

In perspective, although our findings indicate higher revision 
risk in patient with high PA, people need to be encouraged to 
keep active depending on physical capability. It is important to 
provide high-quality advice preoperatively to younger patients 
because they tend to be more physically active and have higher 
expectations in relation to leisure activities or sports that may 
be associated with an increased revision risk [25].

AL, KWB, and EZ designed the study. SD, GN, and EZ analyzed the data, 
and a first draft of the manuscript was written by EZ. All the authors contrib-
uted to the content of the manuscript and approved the final version. 
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Appendix

Table 1. Characteristics of total hip arthroplasty (THA) recipients 
operated on between March 1996 and December 2012 comparing 
those who did and did not complete at least 1 postoperative UCLA 
score. Values are count (%) unless otherwise specified

  No UCLA UCLA score
  score after completed
  THA (non- after THA
 All respondents) (respondents)
Factor n = 1,370 n = 397 n = 973 P value

Age at THA, 
 median (IQR) 58 (51–61) 57 (50–61) 58 (52–61) 0.06 b

Male sex 753 (55) 244 (61) 509 (52) < 0.01 a

Body mass index   
 < 18.5 26 (2.0) 14 (3.5) 12 (1.2) 0.2 a

 18.5–24.9 445 (32) 133 (34) 312 (32)
 25.0–29.9 515 (38) 138 (35) 377 (39)
 ≥ 30.0 378 (28) 106 (27) 272 (28)
 Missing 6 (0.4) 6 (1.5) 0 (0) 
Smoking    
 No 830 (61) 208 (52) 622 (64) < 0.01 a

 Yes 452 (33) 146 (37) 306 (31)
 Missing 88 (6.4) 43 (10.8) 45 (4.6) 
Indication for THA   
 Primary OA 858 (63) 235 (59) 623 (64) 0.09 a

 Secondary OA 512 (37) 162 (41) 350 (36)
Charnley score   
 A 539 (39) 156 (39) 383 (39) 0.3 c

 B 470 (34) 124 (31) 346 (36)
 C 353 (26) 116 (29) 237 (24)
 Missing 8 (0.6) 1 (0.3) 7 (0.7) 
ASA score
 1  285 (21) 73 (18) 212 (22) < 0.01 c

 2  954 (70) 262 (66) 692 (71)
 3  129 (9.4) 61 (15) 68 (7.0) 
 4  2 (0.1) 1 (0.3) 1 (0.1)
Fixation     
 Uncemented 489 (36) 143 (36) 346 (36) 0.5  a
 Cemented 52 (3.8) 19 (4.8) 33 (3.4) 
 Hybrid 829 (61) 235 (59) 594 (61)
Bearing surfacing   
 Other 866 (63) 262 (66) 604 (62) 0.2 a

 MoM 504 (37) 135 (34) 369 (38)
Femoral head size (mm)  
 22 11 (0.8) 4 (1.0) 7 (0.7) 0.03 a

 28 1159 (85) 323 (81) 836 (86)
 32 124 (9.1) 40 (10) 84 (8.6) 
 36 76 (5.5) 30 (8.6) 46 (4.7) 

OA = osteoarthritis ; MoM = metal-on-metal.
Selection bias assessed comparing respondents and non-respondents: 
a χ2 test, b Wilcoxon rank sum test, c Spearman test for trend. 
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Table 4. Level of physical activity after total hip arthroplasty and risk of revision in patients with 
small-head metal-on-metal (MoM) and non-MoM hip implants

 UCLA activity score UCLA activity score
 UCLA in 2 categories in 3 categories
 activity score Not high High Low Moderate High
Factor continuous UCLA 1–7 UCLA 8–10 UCLA 1–4 UCLA 5–7  UCLA 8–10

Non-MoM implant, n = 604
Physical activity, mean (SD)       
 Not revised 5.6 (1.8)     
 Revised 6.5 (1.8)     
Revision, n (%)       
 No – 484 (94) 81 (90) 178 (96) 306 (93) 81 (90)
 Yes – 30 (5.9) 9 (10) 7 (3.8) 23 (7.1) 9 (10)
Median years to end of study/revision
 Not revised – 14.5 12.7 12.3 16.9  12.7 
 Revised – 12.7 10.6 12.7 12.7 10.6
Models of HR (CI)
 Unadjusted 1.3 (1.1–1.6) Ref. 2.0 (0.9–4.2) Ref. 1.4 (0.6–3.3) 2.5 (0.9–6.8)
 Adjusted a 1.3 (1.0–1.5) Ref. 1.8 (0.8–3.8) Ref. 1.3 (0.6–3.2) 2.2 (0.8–6.0)
MoM implant, n = 369
Physical activity, mean (SD)      
 Not revised 6.2 (1.9)     
 Revised 6.7 (1.7)     
Revision, n (%)       
 No  251 (91) 78 (85) 82 (95) 169 (88) 78 (85)
 Yes  26 (9.4) 14 (15) 4 (4.7) 22 (12) 14 (15)
Median years to end of study/revision 
 Not revised 16.5  17.5  16.4  16.6  17.5 
 Revised 10.6 9.1 9.3 11.1 9.1
Models of HR (CI)
 Unadjusted 1.2 (1.0–1.4) Ref. 1.6 (0.8–3.1) Ref. 2.6 (0.9–7.4) 3.3 (1.1–10.0)
 Adjusted a 1.2 (1.0–1.4) Ref. 1.6 (0.8–3.0) Ref. 2.7 (0.9–7.7) 3.3 (1.1–10.1)

a Adjusted for sex and age at THA.

High PA
Moderate PA
Low PA

High PA
Moderate PA
Low PA

Cumulative revision rate (%) from 5 years Cumulative revision rate (%) from 5 years

Years from index operation Years from index operation

50

25
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25

0
5 10 15 20 5 10 15 20

At risk and (failures)
High   92 (7)   84 (6)   53 (1) 19
Mod. 190 (9) 170 (10) 111 (3) 31
Low   86 (2)   83 (2)   51 (0) 12

At risk and (failures)
High   90 (4)   75 (2)   31 (3)   20
Mod. 329 (7) 294 (6) 187 (9) 119
Low 185 (1) 161 (3)   63 (2)   34

Figure 4. Kaplan–Meier revision events by level of postoperative physical activity in patients with 
small head metal-on-metal (MoM) and non-MoM implants. 95% CIs of moderate and high level 
of PA overlaps.


