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Radiographic signs and hip pain 5 years after THA with 
a cemented stem predict future revision for aseptic 
loosening: a prospective cohort study
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Background and purpose — We aimed to evaluate the 
long-term predictive value of radiographic abnormality and/
or hip pain assessed 5 years following primary total hip 
arthroplasty (THA) and the occurrence of revision for asep-
tic loosening between 5 and 25 years postoperatively.

Patients and methods — We included all primary 
THAs performed between 1996 and 2011 (same uncemented 
cup, polyethylene-ceramic bearing, 28 mm head, cemented 
stem) and prospectively enrolled in the institutional registry, 
for whom baseline and follow-up radiographs were avail-
able. At 5 years radiographically we assessed femoral oste-
olysis and/or stem migration. Pain was evaluated with the 
Harris Hip pain subscore. Kaplan–Meier survival and Cox 
regression analyses were performed.

Results — 1,317 primary THAs were included. 25 THAs 
(2%) were revised for aseptic stem loosening. Any abnor-
mal radiographic sign at 5 years was present in 191 THAs 
(14%). Occasional hip pain was reported by 20% and slight 
to severe pain by 12% of patients at 5 years. In patients < 
60 years, 10 of the 12 later revised for aseptic stem loos-
ening had abnormal radiographs at 5 years vs. 5 of the 13 
later revised in those ≥ 60 years. Hazard ratios (HR) were 34 
(95% confidence interval [CI] 7–155) in younger vs. 4 (CI 
1–11) in the older group. HR for association of hip pain at 5 
years with future revision was 3 (CI 1–5).

Conclusion — The presence of abnormal radiographic 
signs 5 years after THA was strongly associated with later 
revision for aseptic stem loosening, especially in patients < 
60 years. The association between pain at 5 years and future 
revision was much weaker.

Aseptic loosening remains the main reason for long-term revi-
sion of a total hip arthroplasty (THA) [1-3]. A well-known risk 
factor for aseptic loosening and subsequent implant revision is 
age [4], which is closely related to the patient’s activity level 
[5]. The latter is considered one of the most influential factors 
for implant survival [6].

The introduction of a new implant should be done step-
wise, to identify underperforming implants before they are 
implanted in a large number of people [7]—ideally without 
having to wait for the new implants’ 10–15-year revision rates. 
In this process clinically useful surrogate outcomes for revi-
sion that are measurable in the first years and reliably related 
to medium- to long-term failure are essential [8]. Surrogate 
outcomes for implant failure are sparse [9] but include imag-
ing and clinical scores/patient-reported outcomes (PROs). 
It has been shown that continuous migration and early sys-
tematic radiographic analysis are useful in predicting mid-
term failure of both cemented and uncemented stems [10-12]. 
Moreover, few studies have examined the usefulness of PRO 
in predicting implant failure, and they focused on the short 
to midterm [13-15]. Thus, publications in this area consist of 
mostly smaller case series as imaging data and PROs/clini-
cal scores are not always collected in national registries, and 
only a few institutional registries are systematically including 
them. The parameters may be used as surrogate measures for 
later failure.

We aimed to evaluate the predictive value of radiographic 
abnormality and/or hip pain development in the 5 years fol-
lowing primary THA by assessing the association between 
radiographic abnormalities and/or hip pain 5 years after sur-
gery and the risk of stem revision for aseptic loosening up to 
25 years after surgery among all and separately in young and 
older patients. 
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Patients and methods
Study population and study design
All patients undergoing THA since March 1996 were pro-
spectively enrolled in a hospital-based registry. The institution 
is a large tertiary hospital and the only public hospital in the 
state/canton. For this study all patients undergoing primary 
elective THA between March 1996 and December 2011 with 
use of an uncemented monobloc cup, 28 mm head, ceramic-
on-standard polyethylene bearing and a cemented stem were 
eligible. Completeness of recording of THAs is > 99% based 
on validation against the hospital’s diagnosis coding system; 
completeness of revision capture is > 96% based on data from 
the Swiss national joint registry (SIRIS). All patients in this 
cohort are systematically contacted for a clinical, radiological, 
and questionnaire follow-up visit with an orthopedic surgeon 
every 5 years. A telephone interview is scheduled in case the 
patient is unable or unwilling to attend the clinical visit.

Predictor, covariate, and outcome assessment
Information regarding baseline characteristics including age, 
sex, diagnosis, and surgical procedure was documented by 
the operating surgeon. Age at surgery was dichotomized (< 
60 years vs. ≥ 60 years). The cut-off was chosen because—
assuming a retirement age of 65 years—it includes the pre-
sumably most active working-age patients until the start of the 
analysis, which was 5 years after surgery. Moreover, a large 
population-based study [16] identified the cut-off of 60 years 
of age as most relevant in predicting future failure beyond the 
short term. Information concerning body mass index (BMI) 
and ASA score was retrieved from the anesthesia record. Infor-
mation on death was obtained from the national death registry. 

Outcome of interest was revision (stem only or total revi-
sion) for aseptic loosening. Information on revisions and their 
causes was obtained from the daily reporting of admissions to 
the orthopedic division for those revised at our institution and 
during the registry’s follow-up at 5-year intervals for those 
revised at another hospital. Detailed information regarding 
date, cause, and type of revision was extracted from the opera-
tive report and documented according to standardized catego-
ries. Hip pain was physician assessed at the 5-year clinical 
visit using the Harris Hip pain subscore, which has 6 response 
options rated from 0–44 (no pain). Assessment of radiological 
predictors is detailed in “Radiographic analysis.”

Implant- and technique-related information 
For acetabular replacement the Morscher press-fit cup 
(Zimmer, Winterthur, Switzerland), an uncemented, non-
modular, Sulmesh-coated component was used. Very good 
mid- and long-term results have been reported for this cup 
[17]. The bearing surface was ceramic on ultra-high molecu-
lar weight polyethylene (UHMWPE). The stem was cemented 
(either Müller or Virtec stem, Sulzer Orthopedics, Baar, Swit-

zerland) inserted via the lateral approach. Gentamycin-loaded 
bone cement was used, and cementing was performed using 
a third-generation technique with pulsed lavage and an intra-
medullary plug.

Radiographic analysis
Immediate and 5-year postoperative radiographs were ana-
lyzed by an experienced orthopedic surgeon blinded to the 
patients’ baseline characteristics and outcome. Evaluation 
was performed on digitized radiographs, and quantitative 
measurements were performed using specific templates and 
DICOMeasure software (ViewTec, Maison-Alfort, France). 
The diameter of the femoral head was used for calibration. 
Stem migration was measured from the tip of the greater tro-
chanter to the shoulder of the prosthesis. Intra-rater reliability 
for the stem migration measurement based on 50 randomly 
selected radiographs measured at a 3-month interval using the 
intraclass correlation coefficient was 0.77 (95% confidence 
interval [CI] 0.63–0.87). Femoral osteolysis was defined as 
an area of endosteal, intracortical, or cancellous bone loss that 
was scalloped or had the appearance of bone destruction rather 
than osteopenia (Figure 1). We recorded the presence of focal 
osteolysis or radiolucent lines greater than 1 mm in width at 
the bone–cement interface, noting their dimension and loca-
tion according to the zones of Gruen et al. Radiolucent lines 
of 2 mm or less in the proximal 1 cm of Gruen zones 1 and 7 
on the anteroposterior view, and 8 and 14 on the lateral view 
were considered normal.

Statistics
Occurrence of radiographic abnormalities and hip pain at 5 
years were assessed overall and by age groups (< 60 and ≥ 
60 years at surgery). Regarding associations, age (cut-off 60 

Figure 1. Radiographic 
example of osteolysis 
around the femoral stem.
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years), presence or absence of the radiographic signs of stem 
migration and/or osteolysis, and presence or absence of hip 
pain 5 years after THA were evaluated, first separately and 
then combined, using Cox regression analysis with endpoint 
revision for aseptic loosening (either stem revision alone or 
total revision). Patients were followed up until revision for 
aseptic stem loosening, death, leaving the area of residency, 
or end of follow-up (August 31, 2022). Hazard ratios (HR) 
and 95% CIs were obtained for each predictor/predictor 
combination. To compare the predictive power of predic-
tor combinations we calculated Harrell’s C-index (or con-
cordance index) [18]. Finally, Kaplan–Meier failure curves 
were produced to illustrate differences in long-term outcome 
by predictor/predictor combination. Complete case analysis 
was conducted assuming that missing data on the predictors 
(radiographic abnormalities, hip pain) was missing com-
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Results

Of the 2,401 THAs performed, 1,915 were eligible for the 
5-year examination. Of those, 1,317 (69%) had complete 
radiographic follow-up including immediate postoperative 
and 5-year radiographs (Figure 2). Characteristics of the 
patients operated on and the characteristics of the patients 
still alive and eligible for examination at 5 years with 
complete vs. incomplete or absent radiographic informa-
tion because of refusal to attend are given in Table 1. The 
starting point for the analysis was 5 years after surgery and 
patients were followed from there on average for 10 years 
(range 0.2–21), corresponding to 15 years since surgery 
(range 5–26). Overall, 29 revisions involving the stem were 
performed, 2 for prosthetic joint infection, 2 for peripros-
thetic facture, and 25 for aseptic stem loosening on average 
13 years after surgery (range 5–19). Their mean age was 59 
years, mean BMI 25, 64% were men. There were 12 revi-
sions (9%) in the group < 60 years and 13 (1%) in the group 
≥ 60 years. Radiographic analysis revealed stem migration 
≥ 2 mm in 130 THAs (10%) at 5 years, linear/focal osteoly-
sis in 67 THAs (5%), and any of these radiographic signs in 
185 THAs (14%). Among those, 15 were later revised (8%), 
whereas among those with normal radiographs 10 (1%) were 
later revised. In 1,268 (97%) of the 1,317 THAs the HHS 
pain subscore at 5 years was recorded. No pain was reported 
for 866 THAs (68%), occasional pain for 255 THAs (20%), 
and slight to severe hip pain for 147 (12%). 

Patients undergoing primary elective THA 
between March 1996 and December 2011

with age less than 60 years
n = 216

Patients undergoing primary elective THA 
between March 1996 and December 2011

with age 60 years or more
n = 2,185

Excluded (n = 445):
– died within 5 years after surgery, 308
– lost within 5 years after surgery, 32
– revised before 5 years, 30
– poor general health, 75 a

Excluded (n = 41):
– died within 5 years after surgery, 13
– lost within 5 years after surgery, 24
– revised before 5 years, 3
– poor general health, 1 a

Excluded (n = 44):
– refused to attend visit, 21
– incomplete radiographic follow-up, 23

Excluded (n = 554):
– refused to attend visit, 277
– incomplete radiographic follow-up, 277

THAs eligible for 5-year radiographic 
examination

n = 175

THAs eligible for 5-year radiographic 
examination

n = 1,740

Younger THA patients with complete 
postoperative and 5-year radiographic 

examination (< 60 years)
n = 131

Older THA patients with complete 
postoperative and 5-year radiographic 

examination (≥ 60 years)
n = 1,186

Figure 2. Flowchart of patient inclusions.a Poor general health (e.g., cancer, dementia) making it impos-
sible to attend 5-year visit.

Table 1. Characteristics of all patients operated on and characteris-
tics of the patients still alive and eligible for examination at 5 years 
with complete (= included) vs. incomplete or absent radiographic 
information because of refusal to attend (= not included). Values are 
count (%) unless otherwise specified

	 Total	 Not included	 Included
	 n = 2,401	 n = 598	 n = 1,317

Age at surgery, mean (SD)	 73 (9)	 73 (9)	 71 (9)
 < 60 years	 215 (9)	 44 (7)	 136 (10)
Women	 1,432 (60)	 377 (63)	 812 (62)
BMI, mean (SD) 	 27 (5)	 27 (5)	 27 (4)
 ≥ 30	 574 (24)	 152 (25)	 296 (23)
ASA score 3–4	 716 (30)	 171 (29)	 286 (22)
Primary osteoarthritis	 2,018 (84)	 513 (86)	 1,117 (85)
Cemented stems used			 
 Müller 	 2,317 (97)	 573 (96)	 1,270 (96)
 Virtec	 84 (3)	 25 (4)	 47 (4)
 		

pletely at random. Covariates 
and outcome of patients eligible 
but with missing predictors were 
assessed to verify whether they 
were similar or not to those with 
available predictors. 

Ethics, data sharing plan, 
funding, and disclosures
Ethics approval was obtained 
from the “Commission canto-
nale d’éthique de la recherche 
(CCER)” on October 11, 2022 
(Project-ID 2022-00847). The 
manuscript was prepared accord-
ing to the STROBE guidelines. 
The corresponding author can be 
contacted for data request. Insti-
tutional financial support for the 
registry was received from the 
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Occurrence of radiographic abnormalities and/or hip 
pain at 5 years by age groups
Abnormal radiographic signs at 5 years overall were present 
similarly frequently in the younger and older groups with 15% 
vs. 14%, respectively (Table 2). Hip pain of any degree at 5 
years was reported by 43% of younger and by 30% of older 
patients. Younger patients reported significantly higher pain 
levels at 5 years. Among those with abnormal radiographic 

Cumulative incidences of failure 
15 years after start of analysis (corre-
sponding to 20 years postoperatively) 
were 2% (CI 1–5), 3% (CI 1–11), 4% 
(CI 2–9), and 53% (CI 32–76), respec-
tively (Figure 5). Maintaining the strati-
fication by age and adding the predictor 
pain to radiographic signs resulted in a 
marginally higher Harrell’s C of 0.9 in 
the younger and a similar one of 0.7 in 
the older (Table 3).

Discussion

This study assessed the usefulness of 
radiographic abnormalities including 
stem migration and osteolysis diag-
nosed on standard radiographs 5 years 
after surgery as well as the usefulness 
of pain assessment at 5 years to pre-
dict revision for aseptic stem loos-
ening up to 25 years after THA. We 
found a strong association between 
radiographic abnormalities, symptom-
atic or not, and future revision in the 
younger patient group. The association 
was also present in the older group but 
was much less pronounced. The future 

Table 2. Radiographic signs and hip pain 5 years postoperative by 
age at surgery. Values are count (%)

 	 Age	 Age	 Risk difference
 	 < 60 years	 ≥ 60 years	  (CI) / P value a)

Radiographic signs	 136 	 1,181 	
 Stem migration ≥ 2mm	 17 (13)	 113 (9.6)	 2.9 (–2.9 to 8.7)
 Linear/focal osteolysis 	 7 (5.1)	 60 (5.1)	 0.0 (–3.9 to 4.0)
 Any sign	 21 (15)	 164 (14)	 1.5 (–4.8 to 7.9)
Hip pain	 132 	 1,136 	 P = 0.003
 None	 75 (57)	 791 (70)
 Occasional	 31 (24)	 224 (20) 
 Mild	 11 (8.3)	 63 (5.5)
 Moderate	 10 (7.6)	 45 (4.0)
 Severe/extremely severe	 5 (3.8)	 13 (1.2)	

a P value obtained using Pearson chi-square test linear-by-linear 
association.

Table 3. Association between age, radiographic signs, and hip pain 5 years after surgery 
with future revision for aseptic stem loosening. Values are count (%)

	 Revised	 Not revised	 Hazard	 Harrell’s
	 n = 25	 n = 1,292	 ratio (CI) a	 C
 			 
Age at surgery < 60 years	 12 (48)	 124 (9.6)	 5.6 (2.5–12.4)	 0.66
Radiographic signs 				  
 Stem migration ≥ 2 mm	 10 (40)	 120 (9.3)	 6.4 (2.9–14.2)	 0.70
 Linear/focal osteolysis 	 9 (36)	 58 (4.5)	 9.7 (4.3–22.0)	 0.70
 Any sign	 15 (60)	 170 (13)	 8.9 (4.0–19.9)	 0.78
Hip pain at 5 years 				  
 Occasional to severe pain	 13 (52)	 389 (31)	 2.5 (1.1–5.4)	 0.60
Age and radiographic signs 				  
 Age < 60 years	 12 	 124 		
     No radiographic signs 	 2 (17)	 113 (91)	  Ref.	
     Any radiographic signs 	 10 (83)	 11 (8.9)	 34 (7.4–155)	 0.87
 Age ≥ 60 years	 13 	 1,168 		
     No radiographic signs 	 8 (62)	 1,009 (86)	  Ref.	
     Any radiographic signs 	 5 (38)	 159 (14)	 3.6 (1.2–11.2)	 0.69
Age, pain, and radiographic signs b				  
 Age < 60 years	 12 	 120 		
     Pain no/yes, no radiographic signs c	 2 (17) 	 110 (92)	  Ref.	 0.89
     Pain no, any radiographic signs 	 4 (33)	 6 (5.0)	 24 (4.4–132)	
       Pain yes, any radiographic signs 	 6 (50)	 4 (3.3)	 51 (10.1–252)	
 Age ≥ 60 years b	 13 	 1,123		
     Pain no, no radiographic signs 	 6 (46)	 681 (61)	  Ref.	 0. 69
     Pain yes, no radiographic signs 	 2 (15)	 286 (26)	 0.9 (0.2–4.2)	
     Pain no, any radiographic signs 	 2 (15)	 102 (9.1)	 2.1 (0.4–10.4)	
     Pain yes, any radiographic signs 	 3 (23)	 54 (4.8)	 6.0 (1.5–25.1)	

a Hazard ratios (CIs) obtained using Cox regression. 
b 4 patients in the younger group had a missing value for hip pain and 45 in the older.
c The 2 groups were combined because of 0 events in the “no pain, no radiographic signs” group.

signs, hip pain (any) was slightly more frequent in the younger 
than in the older group with 50% (10 of 20 patients) vs. 35% 
(57 of 161), respectively. 

Association of age, radiographic signs, and/or hip 
pain 5 years after surgery with future revision
Age at surgery, radiographic signs, and hip pain were evalu-
ated first separately and then combined (Table 3). 48% of the 
patients revised were < 60 years at surgery compared with 
10% of those unrevised (HR 6, CI 3–12). Presence of stem 
migration ≥ 2 mm or linear/focal osteolysis on 5-year radio-
graphs significantly increased the risk of future revision for 
aseptic stem loosening (HR 9, CI 4–20) (Figure 3). Combin-
ing both signs compared with only 1 sign improved identifica-
tion of future revisions (15/25 instead of 9–10/25) resulting in 
a greater Harrell’s C (0.8 vs. 0.7). Presence of any intensity of 
hip pain at 5 years was associated with an HR of 3 (CI 1–5) for 
future revision (Figure 4). 

In the younger group, 10 of the 12 THAs later revised for 
aseptic stem loosening had abnormal radiographs 5 years after 
surgery compared with 5 of the 13 THAs later revised in the 
older group. Corresponding HRs were 34 (CI 7–155) vs. 4 (CI 
1–11) and corresponding Harrell’s Cs were 0.9 vs. 0.7, respec-
tively, indicating a substantially greater association of radio-
graphic signs with later failure in younger patients (Table 3).
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risk of revision was more than 5 times higher in patients < 60 
years compared with those ≥ 60 years. In the younger group, 
83% of those later revised already had abnormal radiographs 5 
years after surgery compared with 39% in the older group. The 
best performing predictor was presence of any radiographic 
signs—with stem migration and osteolysis individually per-
forming equally well—followed by age at surgery. Hip pain at 
5 years was the weakest predictor but still of value for predict-
ing later revision. Younger patients presented more often with 
any degree of pain and slightly more often with pain and any 
radiographic signs 5 years after surgery than older patients. 

Radiographic abnormalities as surrogate outcome of 
future revision
Within the follow-up of on average 14 years, 2% of the THAs 
were revised for aseptic stem loosening. In the literature, the 
long-term results of the implants used in this study (Morscher 
cup and Müller/Virtec stem) are documented as very good, 
and radiographic results and revision rates similar to ours have 
been reported [17,19].

The correlation between radiological signs and aseptic fem-
oral loosening has also been shown for uncemented implants, 
and presence of radiolucencies, calcar remodeling, cortical 
thickening, pedestal, and subsidence have been associated 
with aseptic loosening [11,20,21]. For cemented implants 
radiological signs correlated to aseptic loosening are proxi-
mal osteopenia, cementing quality, subsidence, and radiolu-
cencies, but most studies have explored only the signification 
of early femoral subsidence [22]. Only one previous publica-
tion by Kobayashi et al. [12] assessed the association between 
early radiographic signs including both migration and osteoly-
sis on revision for aseptic stem loosening. They found a 27% 
risk for revision within the next 10 years in the presence of 

radiolucencies > 2 mm or femoral subsidence > 2 mm on the 
2-year follow-up radiograph compared with 6% when radio-
graphs were normal. The risk increased to 50% in the presence 
of both radiological signs. Our study confirms their findings in 
a large group of patients of young and old age. Moreover, we 
extended the follow-up period into the long term and demon-
strate that early radiographic signs predict revision beyond the 
mid-term. The proportion of THAs revised for aseptic loosen-
ing was much lower though in our study despite the longer 
follow-up, which might relate to the improvement in survival 
since the 1980s and the younger age of their patients.

In contrast to previous publications, we evaluated the rela-
tion between radiographic abnormalities and revision in young 
and old patients. We found the association in both groups, but 
the magnitude was much greater in the younger group. One 
reason for this may be the difference in activity level, leading 
to quicker progression of radiographic signs and development 
of greater symptoms in the younger individuals. This was 
already visible at 5 years and has likely drifted further apart 
with longer usage between the young and old group, leading 
to more revisions in those who were younger. Another aspect 
is the decision to revise, which depends on the patient’s symp-
toms, activity level, and independence, and on surgery risk. 
The latter is linked to comorbidities and the complexity of the 
surgical intervention to be performed. Thus, in some instances 
older patients may have been less likely to be revised because 
of a higher risk and a lower expected benefit from the revision 
surgery. Among the patients with normal radiographs 5 years 
after surgery, representing the vast majority (90%) in this 
study, revision for aseptic loosening was rare; only 13 of the 
1,182 (1.1%) were revised for aseptic stem loosening between 
14 and 19 years after surgery. This questions the usefulness of 
routine radiographic follow-up beyond 5 years in patients with 

Figure 3. Cumulative risk of revision for 
aseptic stem loosening by presence or 
absence of radiographic signs at 5 years.

Any radiographic signs
No radiographic signs  

Cumulative risk of revision (%)
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Any level of pain
No pain  

Cumulative risk of revision (%)
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10

5

0
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Cumulative risk of revision (%)
100
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20

0
5 10 15 20 25

Years after index operation
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 164 135 76 34 8
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Figure 4. Cumulative risk of revision for asep-
tic stem loosening by presence or absence of 
hip pain at 5 years.

Figure 5. Cumulative risk of revision for asep-
tic stem loosening by age at surgery and 
presence or absence of radiographic signs 
at 5 years.
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an established implant with good long-term results and with 
normal radiographs at 5 years.

Symptoms as surrogate outcome of future revision
Patients’ symptoms assessed either by the physician or self-
reported have been studied regarding their usefulness as a 
predictor of future all-cause revision/reoperation after primary 
THA [13-15,23]. The reported follow-up times did not exceed 
10 years. All studies found an increased risk of revision/reoper-
ation with worsening scores using ratio measures in accordance 
with our results. Only Eneqvist et al. [14] calculated a concor-
dance index, which was similar to ours (0.65 for VAS pain 
compared with 0.64 for hip pain in our study). In contrast to 
our study, none of the publications assessed both radiographic 
predictors and symptoms. Moreover, the low validity of clini-
cal examination in the diagnosis of loosening of components 
compared with radiological assessment has been shown [24].

Limitations
This study includes only cemented stems. Due to the long-term 
follow-up highly crosslinked polyethylene was not evaluated, 
which may have changed the result. Only patients operated 
on via the lateral approach were included, which is why the 
results may not be valid for other approaches. Errors in sub-
sidence measurement because of femur flexion with femoral 
stem magnification have been described [25], but when mea-
suring subsidence as the distance from the greater trochanter 
to the shoulder of the prothesis, as we did here, the effect of 
femur tilt is reduced and is unlikely to influence the results. 
The extent of osteolysis was not assessed because of limited 
sample size. Other failure mechanisms such as wear, cup 
migration, proximal osteopenia, suboptimal cementing qual-
ity, and stem positioning were not evaluated, and they may 
perform differently as predictors. However, with migration 
and osteolysis we focused on the main predictors for femoral 
revision. Hip pain was evaluated using the surgeon-adminis-
tered version of the HHS. Results might have differed slightly 
if a patient-reported version had been used [26].

Strengths
We included a homogeneous group of patients in terms of 
implants and surgical approach employed. Implants, type of 
fixation, and approach were commonly used at the time. We 
believe that the included patients are representative, as their 
characteristics only marginally differed for age and ASA score 
from those eligible for the 5-year examination but not included 
due to missing radiographic information or refusal. Moreover, 
the cumulative risk of revision for aseptic stem loosening was 
similar between the 2 groups (results not shown). The similar-
ity of patient characteristics and outcomes does not suggest a 
risk of selection bias with the complete case analysis. How-
ever, the validity of the main analysis is based on the assump-
tions that predictors and outcome were missing completely at 
random [27].

Conclusions
Presence of stem migration or osteolysis and to a lesser degree 
presence of pain were associated with the risk of revision of 
cemented stems for aseptic loosening over the next 2 decades, 
especially in the young patient. This highlights the usefulness 
of early systematic radiographic assessment of cemented hip 
stems as part of the follow-up for both new and established 
implants. The performance of this or other types of imaging in 
predicting failure of hip prostheses made of newer materials 
demands further studies.
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