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Uncemented cups have gained popularity in recent years, even 
in countries traditionally using cemented fixation (Kärrholm 
et al. 2017). Initial stability is essential for good long-term 
results. Therefore, uncemented cups are often augmented 
with screws or pegs. However, screw holes in acetabular cups 
have also been discussed as potential routes for synovial fluid, 
which might lead to osteolysis (Aspenberg and van der Vis 
1998, Iorio et al. 2010). Additionally, using screws for cup 
fixation increases the cost and operation time. Hence, the sur-
face of uncemented cups has been further developed towards 
a rougher finish to improve primary stability and long-term 
bone ingrowth even without any extra augmentation.

In a recently published randomized controlled study with 
a minimum follow-up of 14 years comparing cups with and 
without screw holes, we found no difference in implant migra-
tion (Otten et al. 2016). To our knowledge, there has not been 
any published study investigating the risk for cup revision 
depending on the use of cups with or without screws.

We analyzed the survival of uncemented cups with or with-
out screw holes in the Swedish Hip Arthroplasty Register 
(SHAR). Our hypothesis was that screw fixation reduces the 
risk for early aseptic loosening but increases the risk for late 
failure because of potentially increased risk for osteolysis due 
to screw holes (Iorio et al. 2010). Revision rates due to aseptic 
loosening and for any reason at 2 and 10 years after primary 
operation were analyzed.

Patients and methods
Study design, source of data, and terminology
This study is based on data obtained from the SHAR. Pri-
mary and revision hip arthroplasties performed in Sweden 
have been registered since 1979. During the last decade, the 
completeness of primary surgeries has been approximately 
98–99% and 94% for revisions. Since 1999, detailed informa-

Background and purpose — Uncemented cups in total 
hip arthroplasty (THA) are often augmented with additional 
screws to enhance their primary stability. We investigated 
whether there is a difference in the risk for revision between 
cups with screw holes and cups without screw holes.

Patients and methods — We analyzed the risk for cup 
revision of uncemented cups registered in the Swedish Hip 
Arthroplasty Register (SHAR) between 2000 and 2017 with 
respect to the presence of screw holes. Only patients with 
primary osteoarthritis (OA) were included. 22,725 cups, 
including 12,354 without screw holes and 10,371 with screw 
holes, were evaluated. Revision rates at 2 and 10 years after 
the primary operation were analyzed.

Results — At a median follow-up time of 3.4 years (0–18), 
459 cup revisions were reported. The main reasons for cup 
revision during the whole observation time were infection, 
52% of all cup revisions, and dislocation, 26% of all cup 
revisions. The survival rate with cup revision due to asep-
tic loosening as endpoint was 99.9% (95% CI 99.8–99.9) at 
2 years for both cups with and cups without screw holes, 
and the survival rates at 10 years were 99.5% (CI 99.3–99.7) 
and 99.1% (CI 98.6–99.5), respectively. Cups without screw 
holes showed a decreased risk of revision due to any reason 
at both 2 years (adjusted hazard ratio [HR] 0.6, CI 0.5–0.8) 
and 10 years (HR 0.7, CI 0.5–0.9).

Interpretation — We found a very low revision rate for 
aseptic loosening with modern, uncemented cup designs. 
Cups with screw holes had an increased risk of revision due 
to any reason in patients with primary OA
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tion regarding the prosthesis design, such as the presence of 
screw holes, has been registered in the SHAR.

The guidelines of the STROBE statement were followed.
In this study, we classified cups without any holes and cups 

with 1 central hole, used for the cup impactor, into the cat-
egory referred to as “cups without screw holes.” Cups with 
holes placed in a sector of the shell or over the whole cup area 
(multi-hole cups) were classified into “cups with screw holes” 
regardless of whether the holes were intended for screws or 
pegs, as long as the holes penetrated the entire thickness of 
the shell. Cup revision is defined as any reoperation of the 
hip where 1 or more components of the cup (shell, liner, or 
both) were removed or exchanged. “Aseptic loosening” as the 
reason for revision includes aseptic loosening, osteolysis, liner 
instability, technical reasons (explain), and wear.

Failure due to insufficient primary stability most often 
occurs within the first 2 years. Hence, survival of the cups up 
to a 2-year follow-up was analyzed. Aseptic loosening due to 
osteolysis is a late complication that might be influenced by 
the presence of screw holes. Therefore, we also evaluated the 
10-year survival.

Characteristics of the study population 
Between January 1, 2000, and December 31, 2017, 46,047 
uncemented cups used in primary total hip arthroplasty (THA) 
were reported to the SHAR, including 63 different cup designs. 
During the 18-year study period, 30 of these cup designs were 
reported in less than 100 cases and for 17 cup designs in even 
less than 10 cases. Only cases using cups that have been fre-
quently used both with and without screw holes and that are 
still available today were included in this study. After apply-
ing the exclusion criteria described in Figure 1, 22,725 hips 

in 19,840 patients were used for analysis (Table 1), including 
8 different cup designs, 12,354 cups without screw holes and 
10,371 cups with screw holes (Table 2, see Supplementary 
data). Both hips were included in 2,885 patients. Cups without 
screw holes were used in 1,305 of these bilateral THA patients, 

Figure 1. Procedures not included in the final analysis.

Primary THA procedures
2000–2017

using uncemented cups
(SHPR database)

n = 46,047

Analyzed
n = 22,725

Without screw holes, 12,354
With screw holes, 10,371

Excluded (n = 23,322):
– resurfacing arthroplasty, 2,806
– dual mobility cups, 217
– cups designs used less than 500 times, 3,199
– registration about screw holes missing, 178
– cup designs with screw holes used < 100 times
   or without screw holes used < 100 times, 8,500
– liner material or design unknown, 76
– ceramic liner, 444
– metal liner, 164
– standard PE liner, 2,295
– head size unknown, 42
– head size < 28 mm, 160
– head size > 36 mm, 181
– other diagnosis than primary OA or unknown, 5,060

Figure 2. Number of operations per year.

2000 2002 2004 2006 2008 2010 2012 2014 2016

Year of operation

Number or operations
3,000

2,000

1,000

0

CUPS
without screw holes
with screw holes

Table 1. Baseline characteristics of the study population

 Screw holes 
  No Yes Totals 
  n (%) n (%) n (%) p-value a

Sex     
Male 6,916 (56) 5,405 (52) 12,321 (54) < 0.001
 Female 5,438 (44) 4,966 (48) 10,404 (46)
Age
 < 45 403 (3.3) 406 (3.9) 809 (3.6) < 0.001
 45–64 7,428 (60) 6,395 (62) 13,823 (61) 
 65–74 3,662 (30) 2,607 (25) 6,269 (28) 
 ≥ 75 861 (7.0) 963 (9.3) 1,824 (8.0) 
Side
 Right 6,550 (53) 5,572 (54) 12,122 (53) 0.3
 Left 5,804 (47) 4,799 (46) 10,603 (47) 
Approach b     
 Posterolateral 7,769 (63) 3,252 (31) 11,021 (49) < 0.001
 Direct lateral  4,016 (33) 7,008 (68) 11,024 (49) 
 Other 464 (3.8) 97 (0.9) 561 (2.5) 
Type of stem:     
 Uncemented 10,580 (86) 8,715 (84) 19,295 (85)  0.001
 Cemented 1,774 (14) 1,656 (16) 3,430 (15) 
Cup coating   
 No HA 6,662 (54) 3,483 (34) 10,145 (45) < 0.001
 HA 5,692 (46) 6,888 (66) 12,580 (55) 
Head size  
 28 mm 1,385 (11) 2,434 (24) 3,819 (17) < 0.001
 32 mm 7,585 (61) 7,128 (69) 14,713 (65) 
 36 mm 3,384 (27) 809 (7.8) 4,193 (19) 
Head material    
 Metal 9,260 (75) 9,542 (92) 18,802 (83) < 0.001
 Ceramic 3,094 (25) 828 (8.0) 3,922 (17) 

Sum 12,354 (100) 10,371 (100) 22,725 (100) 

Distribution of possible confounding factors between cups with and 
without screw holes
a Pearson’s chi-square.
b Missing data in 119 cases.
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and cups with screw holes were used in 1,217 bilateral THA 
patients. The remaining 363 patients had 1 of each type of cup 
used on each on the 2 sides. The median follow-up time for 
cups without screw holes was 2.6 years (0–16) and for cups 
with screw holes was 5.2 years (0–18) (Table 2, see Supple-
mentary data). The number of procedures and the proportion of 
cups without screw holes increased over time (Figure 2).

Operations from 81 different hospitals are included, of 
which 30 hospitals used cups with screw holes in more than 
90% of cases, and 30 hospitals used cups with screw holes in 
less than 10% of cases.

Adjusting for confounders
Poor bone quality or abnormal anatomy could lead to the use 
of cups with screws in primary THA. Neither of these factors 
is registered in the SHAR. We assumed that older patients and 
women, in general, have poorer bone quality and patients who 
had dysplasia or sequelae after hip diseases, as well as patients 
with other secondary arthrosis, are more likely to have abnor-
mal anatomy. Therefore, we used the patient’s age and sex to 
adjust the dataset and excluded all diagnoses other than pri-
mary osteoarthritis (OA). To various extents, the presence of 
a hydroxyapatite (HA) coating, the head size, and the head 
material will contribute to the revision risk (Lazarinis et al. 
2010, Cross et al. 2012, Dahl et al. 2012), and these factors 
were used as covariates in a Cox regression.

Liner material influences the amount of wear. During the last 
few years, almost exclusively PE liners with x-linked polyeth-
ylene (PE) have been used in uncemented cups in Sweden. 
Hence, only cups with the x-linked PE liner were included in 
the analysis. 

 
Statistics 
Continuous variables are described as the means, medians, 
and ranges. Comparisons between groups were performed 
using independent Student’s t-tests, Welch’s t-tests, or 1-way 
ANOVA. Categorical data were analyzed with chi-square tests. 
Survival of the cup was calculated using life tables with 95% 
confidence intervals (CIs). For comparison of the survival of 
cups with and without screw holes, the log-rank test was used. 
Adjusted hazard ratios (HRs) with CIs were calculated using 
multivariable Cox regression models.

The total observation time comprised 18 years (2000–2017). 
However, the number of cups at risk for revision after 10 years 
was only 1,846, and the distribution of cups with and cups 
without screw holes was unequal between cup design (Table 
4, see Supplementary data); therefore, the risk for revision was 
not calculated beyond 10 years.

The E-value was calculated to define the minimum strength 
of association of the HR that an unmeasured confounder 
would need to have with both the treatment and the outcome 
to fully explain away the association between screw holes and 
cup revision on the measured covariates (VanderWeele and 
Ding 2017).

A p-value < 0.05 was considered statistically significant. 
Statistical analysis was performed using SPSS Statistics soft-
ware, version 24.0 (IBM Corp, Armonk, NY, USA).

Ethics, funding, and potential conflicts of interest
The study was approved by the Regional Ethics Commit-
tee in Gothenburg (dnr 348-17). No competing interests are 
declared. The research was funded by SHAR and grants 
from the regional agreement on medical training and clini-
cal research (ALF) between Västerbotten County Council and 
Umeå University.

Results
Early revisions within 2 years after primary operation
The survival rate with cup revision for aseptic loosening within 
2 years was 99.9% (CI 99.8–99.9) for both groups (Table 3). 
When including all reasons for cup revision, the survival rate 
for cups without screw holes was 98.6% (CI 98.4–98.8) and 
for cups with screw holes was 98.4% (CI 98.2–98.7). 

The crude HR for the risk of cup revision due to aseptic 
loosening of cups without screw holes compared with cups 
with screw holes was 0.8 (CI 0.4–1.7). After adjusting for 
sex, age, surgical approach, type of stem fixation, presence 
of HA coating, head size, head material, and cup design, we 
found that screw holes had no influence on cup revision due 
to aseptic loosening (HR = 0.6, CI 0.2–1.8). The crude HR 
for cup revision for any reason was 0.8 (CI 0.7–1.0) for cups 
without screw holes. After adjustment for the covariates, cups 
without screw holes showed a lower risk for cup revision for 
any reason with an HR of 0.6 (CI 0.5–0.8) (Table 3) and an 
E-value of 2.7 (CI 1.8–3.4). The influence of other patient- or 
prothesis-related factors on the revision rate is presented in 
Table 5 (see Supplementary data).

In 293 out of 22,725 hips, cup revision, including exchange 
(or extraction) of the cup, the liner, or both, was performed 
within the first 2 years after the primary operation. These early 
revisions were caused by infection in 58% of cases, disloca-
tion in 27%, and aseptic loosening in 9%. Other complica-
tions, such as fracture, implant failure, or pain, caused less 
than 6% of early cup revisions.

The proportion of various reasons for early revision did not 
differ significantly between cups with and without screw holes 
(p = 0.2) but differed significantly between cup designs (p = 
0.03). For example, all revisions of the Tritanium cup were 
performed due to infection, while the main reason for revision 
of the Continuum cup was dislocation (47%).

Revisions within 10 years after primary operation
The overall 10-year survival rate for aseptic loosening was 
99.1% (CI 98.6–99.5) for cups without screw holes and 99.5% 
(CI 99.3–99.7) for cups with screw holes (Table 3). However, 
the risk for cup revision due to any reason was still lower for 
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cups without screw holes, with an adjusted HR of 0.7 (CI 0.5–
0.9) of E-value of 2.2 (CI 1.5–3.4) (Table 3).

Between the 2- and 10-year follow-up, 152 cup revisions 
were registered. 41% of these revisions were caused by infec-
tion, 26% by dislocation, and 20% because of aseptic loosen-
ing. The distribution of these revisions did not differ statisti-
cally significantly between patients who underwent unilateral 
or bilateral operations.

Discussion

We found similar risk both at 2 years and 10 years for revision 
because of aseptic loosening between cups with and without 
screw holes in patients with primary OA. However, the risk for 
cup revision for any reason at both 2 and 10 years was higher 
when a cup with screw holes was used.

Screw fixation of uncemented cups increases stability in 
simulated models (Hsu et al. 2007) and cadaver studies (Won 
et al. 1995) and is therefore used with the intention to reduce 
the risk for loosening. This theory might still hold true for 
patients with abnormal anatomy, fractures, revision settings, 
and cups without porous coating or trabecular surfaces.

Additional screw fixation of cups with a porous coating or 
trabecular surfaces has previously been investigated in small 
populations and did not reduce migration in radiostereometric 
analysis (RSA) studies (Minten et al. 2016, Otten et al. 2016). 
A review of 5 articles with a total of more than 1,000 patients 
and a follow-up time of up to 5 years also did not show any 
difference in revision rate or osteolysis between cups with and 
without screw fixation (Ni et al. 2013). Even in the present 
study with a substantially larger population and operations 
performed in more than 80 different hospitals, the cups with-
out screw hole did not show a higher risk for early revision due 
to aseptic loosening. In contrast, we found a higher risk for 
revision due to any reason for cups with screw holes.

Using screws has some potential risks. Both prolonged 
operation time (Pepe et al. 2017) and increased likelihood 
of receiving a blood transfusion (Colacchio et al. 2017) have 
been reported in recent studies. Inserting screws in the acetab-
ulum might even be a risk for damaging intrapelvic vessels 
(Ohashi et al. 2017). A report from a smaller group of patients 
describe a higher risk for osteolysis around cups with screw 
holes (Iorio et al. 2010).

During the last 2 decades, the number of uncemented cups 
used per year in Sweden has substantially increased. In the 
last decade, cups designed without screw holes have been used 
more often in operations for primary OA than have cups with 
holes. Data from the current study show that this development 
did not increase the risk of aseptic loosening. In contrast, we 
found a higher HR for cup revision for any reason if the cup 
had screw holes, at both 2 and 10 years. The main reason for 
both early and late revision was infection. A longer operation 
time when using screws might have caused a higher risk for 
infection, and there might also have been differences related to 
patient selection, which are not possible to adjust for in a reg-
ister study. The E-value shows that unmeasured confounders 
need to increase the risk for revision by 2.7 times and must be 
2.7 times more common in the group of patients who received 
a cup with screw hole to fully explain away the differences 
at 2 years. Of the possible confounding factors available, 
female sex, the use of cemented stems, and HA coating of the 
cups reduced the risk for cup revision for any reason. How-
ever, these 3 risk-reducing factors were overrepresented in the 
group of cups with screw holes. Nevertheless, cups with screw 
holes showed a higher risk for revision due to any reason both 
at 2 years and 10 years after operation.

The second most common reason for revision in this study 
was dislocation. The larger the head size, the lower the risk 
for revision due to dislocation (Hailer et al. 2012). In partic-
ular, 22 mm heads, which were used as standard size in the 
early days of modern hip arthroplasty to reduce wear (Charn-

Table 3. Survival after 2 and 10 years and hazard ratio for revision

 2-year 10-year Crude HR  Adjusted HR  Crude HR  Adjusted HR 
 survival survival (0–2 years)  (0–2 years)  (0–10 years)  (0–10 years)
Endpoint (95% CI) (95% CI) (95% CI) p-value (95% CI) p-value (95% CI) p-value (95% CI) p-value

Cup revision for aseptic loosening
 Without screw holes 99.9 (99.8–99.9) 99.1 (98.6–99.5) 0.8 (0.4–1.7) 0.6 0.6 (0.2–1.8) 0.4 1.2 (0.7–2.1) 0.5 0.9 (0.5–1.8) 0.8
 With screw holes 99.9 (99.8–99.9) 99.5 (99.3–99.7) 1.0 (ref)  1.0 (ref)  1.0 (ref)  1.0 (ref) 
Cup revision for any reason
 Without screw holes 98.6 (98.4–98.8) 96.5 (95.8–97.2) 0.8 (0.7–1.0) 0.09 0.6 (0.5–0.8) 0.002 1.0 (0.8–1.2) 0.7 0.7 (0.5–0.9) 0.004
 With screw holes 98.4 (98.2–98.7) 96.8 (96.3–97.2) 1.0 (ref)  1.0 (ref)  1.0 (ref)  1.0 (ref) 
Revision (cup or stem) for any reason
 Without screw holes 98.0 (97.7–98.2) 95.0 (94.1–95.9) 0.9 (0.7–1.0) 0.09 0.6 (0.5–0.8) 0.001 1.0 (0.8–1.1) 0.6 0.7 (0.6–0.8) < 0.001
 With screw holes 97.7 (97.4–98.0) 95.4 (94.9–95.9) 1.0 (ref)  1.0 (ref)  1.0 (ref)  1.0 (ref) 

The adjusted hazard ratio was calculated based on a Cox regression model with gender, age, surgical approach, type of stem fixation, cup 
coating, head size, head material, and cup design as covariates. 
Number of cups at risk for revision in cups without/with screw holes was 12,354/10,371 at 0 years, 7,228/7,984 at 2 years and 3,47/1,499 at 10 
years after primary operation.
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ley et al. 1969), had a higher risk for dislocation. In cups with 
cross-linked PE liners, head sizes up to 36 mm do not seem to 
increase wear (Howie et al. 2016). Therefore, a head size of 
28–36 mm, depending on the cup size, seems to be the optimal 
size when using metal or ceramic heads and a cross-linked PE 
liner. In this study, only head sizes 28, 32, and 36 mm were 
included. We did not find any difference in the risk for cup 
revision for any reason between these 3 head sizes. However, 
a larger proportion of 28 mm heads was used in the group of 
cups with screw holes, and this might still have influenced the 
risk for revision. TMT cups have been reported to have a higher 
revision rate due to dislocation (Hailer 2018, Laaksonen et al. 
2018). Our results are concurrent with these reports.

HA coating has been discussed in several other papers. There 
is still no consensus on how HA coating influences the risk for 
cup revision. Several studies have shown an increased revision 
rate for HA-coated cups (Stilling et al. 2009, Lazarinis et al. 
2010). The main reason for the higher revision rate of cups 
with HA coating seems to be failure of the liner (Lazarinis et 
al. 2012). Older cup designs have more often been used with 
HA coating and, at the same time, with standard but not cross-
linked PE liners. When adjusting for potential confounders, 
including the type of liner, in a larger register-based study, a 
similar risk of aseptic loosening was found for cups with or 
without HA coating (Lazarinis et al. 2017). Unadjusted data 
from our study show a slight advantage for cups with HA 
coating, but when adjusting for several potential confounders, 
including cup design, there was no statistically significant dif-
ference in the risk for revision.

The main limitation of this study is the lack of detailed 
patient- or surgeon-related information that might have influ-
enced the decision to use screws. Register data do not provide 
any information regarding the reason why a specific implant 
was chosen in the individual case. Perhaps surgeons chose 
cups with the possibility of augmentation with screws in more 
difficult cases. Excluding all diagnoses other than primary OA 
reduces the variety of some of these factors. A comparison 
of the included hospitals showed significant differences in the 
use of cups with screw holes. It is unlikely that these differ-
ences between hospitals can be explained fully by case mix.

Another limitation of our study is that only 2 of the cup 
designs, with unequal distribution between the groups, had a 
follow-up time of more than 10 years. Therefore, no reliable 
analysis was possible beyond 10 years of follow-up, and gen-
eral conclusions about the long-term consequences of using 
cups with screw holes should be made with caution. A new 
analysis of the registry data will be necessary when a suffi-
cient number of cases with several different cup designs have 
been followed for more than 10–15 years to obtain robust 
long-term data.

17% of patients were registered with bilateral cups. This 
subgroup decreases the variance within the groups and can 
increase the risk for type 1 errors. However, we did not find a 
statistically significant difference in HR for revision between 

cups in patients with unilateral THA and cups in patients with 
bilateral THA.

The incidence of aseptic loosening was very low, making it 
statistically uncertain to adjust for a large number of potential 
confounders. The larger number of revisions for any reason 
gives better statistical strength.

In conclusion, we found that the revision rate for modern 
and frequently used uncemented cups was very low, and cup 
revision due to aseptic loosening within 2 years was extremely 
rare. We could not show that the use of cups designed for 
additional fixation with screws had any advantages in stan-
dard patients. In contrast, cups with screw holes increased the 
risk of cup revision for any reason. Notably, our study mainly 
embraces the first decade after the operation. Longer follow-
up is needed to evaluate whether this conclusion remains valid 
during the second decade.

Supplementary data
Tables 2, 4–5 are available as supplementary data in the online 
version of this article, http://dx.doi.org/10.1080/17453674. 
2019.1599777

VO: study design, data collection, statistical analysis, data analysis, manu-
script writing. SM: statistical analysis, data analysis, manuscript writing. KN 
and SC: data analysis, manuscript writing. JK: study design, data collection, 
statistical analysis, data analysis, manuscript writing, study supervision.
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