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Background and purpose — Almost all prosthetic 
implant brands include several variations. Most studies on 
implant performance investigate an implant system without 
sub-analysis of implant attributes. We studied the influence 
of design variations during the last 2 decades on implant sur-
vival of the most frequently used cemented femoral stem, the 
Lubinus SPII, reported to the Swedish Arthroplasty Register 
(SHAR).

Patients and methods — Between 2000 and 2018, 
100,032 cemented Lubinus SP II stems had been reported to 
SHAR. Patients with primary osteoarthritis operated on with 
stem length 150 mm together with a cemented cup from the 
same manufacturer (n = 76,530) were included in this analy-
sis. Primary study outcome was non-infectious stem revi-
sion. Cox regression with adjustment for age, sex, surgical 
approach, and year of surgery was used. Hazard rates (HR) 
are presented with 95% confidence intervals (CI).

Results — Average follow-up was 7.6 years (SD 4.2). At 
18 years the overall stem survival was 99.1 (CI 98.9–99.3). 
Increased revision rate was observed for stems with extra 
offset, when a long or an extra-long head length had been 
used. Smaller stem sizes, in particular the smallest stem size 
(01), substantially increased the rate of mechanical failure 
as reflected by an almost 10 times increased rate of revision 
compared with the standard size (2).

Interpretation — In this study with larger sample size 
and longer follow-up than previously presented from the 
same register, we observed more pronounced effects of pre-
viously documented design variations. Based on our results, 
surgeons using the Lubinus SPII stems are advised to con-
sider an alternative solution if a Lubinus stem size 01, Lubi-
nus extra offset, or an extra-long head seems to be the most 
suitable choice at the preoperative planning.

In Sweden, cemented fixation in total hip replacement (THR) 
is still dominant despite a decrease since 2006, mainly in favor 
of all-uncemented fixation (Kärrholm et al. 2019). The most 
used stem in Sweden is the cemented Lubinus SPII stem. 
This stem is frequently combined with the cemented Lubi-
nus eccentric cup (Waldemar Link, Hamburg, Germany). In 
2018, the SPII stem was used in 34% of all primary THRs 
(Kärrholm et al. 2018). The stem is made of cobalt-chromium 
alloy. It has a matte surface, anatomic shape, and is double 
curved with anterior and posterior ridges.

Some previous studies have focused on how variations in 
stem design may influence implant survival (Olofsson et al. 
2006, Thien and Kärrholm 2010, Kadar et al. 2011a). These 
studies show that variations in stem size and the features of 
the modular implant when finally assembled during the opera-
tion can also influence the risk of failure. Thien and Kärrholm 
(2010) studied design-related risk factors for revision of 3 pri-
mary cemented stems (the Lubinus SP II, the Exeter, and the 
Spectron EF) implanted between 1999 and 2006. The follow-
up included 43,036 Lubinus SP II stems that received 28 mm 
heads with an average follow-up of 3.3 years. Revisions were 
few and mainly caused by dislocation, aseptic loosening, or 
fracture. Nonetheless, higher risk for revision was observed for 
the smallest stem size, compared with all other sizes. Higher 
risk of revision was also found with increased offset and the 
use of a long neck. The use of ceramic heads was advantageous 
and associated with reduced risk of revision, reaching almost 
50% when compared with cobalt-chromium heads.

Since then, distribution between sexes, choice of modular 
components, and cup material have undergone varying degrees 
of changes, which could motivate an updated analysis of the 
potential influence of implant characteristics. Furthermore, the 
increasing use of uncemented fixation in Sweden could imply 
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that any changes in indications for use of an all-cemented THR 
has altered the influence of modularity and choice of stem size. 
We investigated whether the findings by Thien and Kärrholm 
(2010) as regards the Lubinus SPII stem are sustained or alter 
when a larger cohort with longer follow-up is studied.

Patients and methods
Study population
Data collection included all the 100,032 Lubinus SPII stems 
implanted in THRs in Sweden between 2000 and 2018 
reported to the SHAR during that period.

Only hips operated on due to primary osteoarthritis and 
stems inserted together with a cemented Lubinus cup were 
included to obtain as homogeneous a study group as possi-
ble. Only a posterior surgical approach (68%) or the direct 
lateral approach (32%) were included. Stem length other than 
150 mm and head sizes other than 28, 32, or 36 mm were 
excluded. Bilaterally operated hips were included.

76,530 implants matched our selection criteria (Figure 1). 
The largest 3 stem sizes were clustered into 1 group to obtain 
homogeneous comparable group sizes for statistical analysis.

Design attributes 
The design attributes investigated were stem size, caput-col-
lum-diaphyseal (CCD) angle (i.e., neck angle), offset, head 
length, head size, head material, and cup material.

Confounders
Age, sex, year of surgery, and surgical approach were used 
as confounders as these variables have previously been dem-
onstrated to influence implant survival (Hailer et al. 2012, 
Skoogh et al. 2019).

Outcome
The outcome of interest was 1st-time stem revision defined 
as the removal or exchange of the stem for all non-infectious 
reasons listed in Table 1. Patients were followed until death, 
emigration, any type of revision, or at the end of the study on 
December 31, 2018, whichever came first.

Statistics
We used IBM SPSS version 25 (IBM Corp, Armonk, NY, 
USA). Design-specific characteristics were analyzed using 
Cox regression analysis with adjustment for age, sex, and 
incision. Survival curves, log minus log plots, and Schoenfeld 
residuals were calculated. The residuals were tested (global 
test: p = 0.5, test of individual covariates: p = 0.05–0.9), plotted 
and graphically inspected in order ensure that model assump-
tions were met. We performed 2 additional sensitivity analy-
ses. In the 1st analysis we included only the first operated hip 
(n = 65,225). In this analysis the hazard rates changed margin-
ally (0.2 or less) without any change in the results according 
to previous findings (Robertsson and Ranstam 2003, Lie et 
al. 2004). In the 2nd analysis we stratified data into 2 periods, 
2000–2008 and 2009–2018 and included both hips.

We computed life tables to study the probability rate of non-
infectious stem revision. Hazard rates (HR) are presented with 
95% confidence intervals (CI). All design parameters were 
classified using the group with highest number of observations 
as reference.

All Lubinus SPII stems reported to SHAR 
2000–2018
n = 100,032

SPII stems  with Lubinus excentric cup
n = 84,193

SPII stems inserted due to primary OA
n = 79,160

SPII stems inserted through a posterior or 
lateral incision with patient on the side

n = 78,107

 SPII stems with 15 cm length 
n = 76,606

Final study cohort
SPII stems with 28, 32 or 36 mm heads

Short, medium, long or X-long head
CoCr or ceramic head

n = 76,530

Excluded cups other than 
Lubinus excentric (n = 15,840): 
– cemented 12,923
– uncemented 2,905
– cup data missing, 12

Excluded diagnoses (n = 4,632): 
– secondary OA 4,482
– diagnosis missing, 150

Excluded incisions (1,053):
– anterior, lateral supine, trans-
   throcanteric and mini incisions, 725
– incision missing, 328

Excluded stem lengths (1,501):
– 13 cm, 1,339
– 17 cm and longer, 140
– length missing, 22

Excluded head sizes (1,501):
– not 28–36 mm, 57
– size missing, 76

Figure 1. Flowchart for stem selection.

Table 1. Reasons for non-infectious revisions

Cause for revision  n (% of total 245 prosthesis)

Aseptic loosening  159 (65)
Stem fracture 36 (15)
Periprosthetic fracture  24 (9.8)
Dislocation 14 (5.7)
Technical reasons  4 (1.6)
Pain 2 (0.8)
Diverse reasons 6 (2.4)
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Results

Mean and median follow-up were 7.6 (SD 4.2) and 7.4 years 
(0–19).

Descriptive data 
76,530 operations were performed on 65,225 patients (58% 
females). 17% of the males and 18% of the females had bilat-
eral Lubinus SPII prostheses (Table 2). Analyses were based 
on number of hips and not on number of patients. The cohort 
was divided into 5 age groups, of which the age group 65–74 
years was the largest, including 44% of all hips.

Stem sizes were divided into 5 groups (Figure 2), where 
size 2 was most frequent (32%). 126° was the most frequently 
used CCD (82%). The use of 117° increased through the study 
period (14% for the entire period) while the opposite applied 
to 135° (4%) (Figure 3). This shift did not result in a negative 
impact on implant survival in the current analysis.

An increase in the use of extra-offset stems (10.5 mm longer 
neck than the standard version) was observed during the study 
period and reached 13% in 2018 (7% for the entire period).

Medium long (0 mm) was the most common (49%) and 
extra-long the least common (+10.5 mm for 28 mm head Ø, 
+8.5 mm for 32 mm head, and + 8 mm for 36 mm head) (1.2%) 
head length used. No clear change of trend in the use of head 
length was observed through the progress of the study period.

A shift in using head sizes was observed with the progress in 
time. 61% of the 28 mm heads were used in the earlier period 
of the study. By the end of the study period, the 28 mm heads 
accounted for approximately 2% of all heads used in this cohort.

32 mm head size was the most commonly used head size 
throughout the study (38%) and dominated the later portion of 
the study period. In 2011, the first 36 mm heads were used. 36 
mm head size was used in only 1.5% of the cases and in about 
100 to 200 operations per year from 2011.

Table 2. Demographic data and design attributes. Values 
are count (percentage within group)
 

Factor Hips included Revised

Sex  
 Male 31,839 (42) 158 (0.5)
 Female 44,691 (58) 87 (0.2)
Age group  
 < 55 1,413 (1.8) 20 (1.4)
 55–64 12,964 (17) 92 (0.7)
 65–74 33,100 (43) 85 (0.3)
 75–84 25,522 (33) 46 (0.2)
 ≥ 85 3,531 (4.6) 2 (0.1)
Incision  
 Direct lateral 24,431 (32) 61 (0.2)
 Posterior 52,099 (68) 184 (0.4)
Stem size  
 01 7,172 (9.4) 101 (1.4)
 1 18,891 (25) 53 (0.3)
 2 24,628 (32) 49 (0.2)
 3 16,659 (22) 26 (0.2)
 4–6 9,180 (12) 16 (0.2)
Stem CCD angle  
 117º 10,664 (14) 19 (0.2)
 126º 62,663 (82) 209 (0.3)
 135º 3,203 (4.2) 17 (0.5)
Stem offset  
 Standard 70,976 (93) 223 (0.3)
 Extra offset 5,554 (7.3) 22 (0.4)
Femoral head size, mm  
 28 46,494 (61) 223 (0.5)
 32 28,892 (38) 19 (0.1)
 36 1,144 (1.5) 3 (0.3)
Femoral head length  
 Short 20,056 (26) 77 (0.4)
 Medium 37,719 (49) 92 (0.2)
 Long 17,872 (23) 67 (0.4)
 Extra long 883 (1.2) 9 (1.0)
Femoral head material  
 CoCr 62,181 (81) 209 (0.3)
 Ceramic 14,349 (19) 36 (0.3)
Cup material  
 Older standard a 56,014 (73) 238 (0.42)
 Highly crosslinked b 20,516 (27) 7 (0.03)

a Gamma irradiated 2.5–4 MRad. 
b Gamma irradiated 7.5 (SD 1) MRad.

Figure 2. Distribution of stem sizes. Figure 3. Distribution of usage of 
CCD angle
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Lubinus eccentric cups made of highly cross-linked polyeth-
ylene were introduced in Sweden in 2010. Their use increased 
during the following years to reach 84% in 2018. 

Stem survival and risk factors for revision
The overall stem survival at 18 years was 99.0 (CI 98.8–99.2). 
The most common reason for stem revision was aseptic loos-
ening (79% of all non-septic stem revisions, Table 1). Males 
had a higher risk of revision when compared with females 
(adjusted HR = 4.3). Age below the reference group also 
implied increased hazard rate (adjusted HR, age < 55 and 
55–64 = 2.5 and 1.8 respectively; Table 3).

CCD angles used did not statistically significantly alter the 
survival probabilities for the Lubinus stem. Stems with extra 
offset had an increased hazard rate as had stems below size 2, 
with the highest rate for the smallest size. Stem size 01 had an 

almost 10 times increased rate relative to the reference stem 
size 2 (Table 3). The survival probabilities for the different 
stem sizes are illustrated in Figure 4. A higher rate was also 
found when long and extra-long head lengths were used (HR 
= 1.6 and 4.2 respectively; Table 3).

In the stratified analysis we observed a higher stem survival 
during the later period (2009–2018, log-rank test: p < 0.001). 
Separate analyses of the influence of design variations showed 
rather similar results between the 2 periods with 1 exception. 
Use of a stem with extra offset increased the adjusted rate of 
non-infectious revision for stems operated on during the first 
but not during the second period (HR 1st period: 2.4 (CI 1.4–
3.9); 2nd period: 1.0 (CI 0.3–3.5). Cups made of highly cross-
linked polyethylene were used only during the later period. 
During this period use of these cups seemed to be protective, 
and statistically significantly so in the adjusted analysis (unad-
justed HR 0.6 (Cl 0.3–1.5); adjusted HR 0.3 (CI 0.1–0.9).

Discussion

We studied design the influence of design variations of the 
Lubinus SPII stem on implant survival. The Lubinus SPII 
stem is the most frequently used cemented stem in Sweden. 

In 2018 its share regardless of fixation was 34%, followed 
by Corail (26%) and Exeter (18%), and the Lubinus SPII 
accounted for 58% of all cemented stem fixations (Kärrholm 
et al. 2018). During the period for our study (2000–2018) the 
SPII cemented stem constituted 40%. This decline over almost 
2 decades is caused by an increasing use of uncemented fixation 
and the introduction of the cemented and polished MS30 stem. 

Table 3. Cox regression analysis with hazard rate (HR)
 
  
 Unadjusted Adjusted
Factor HR (95% CI) HR (95% CI)

Sex   
 Male 2.6 (2.0–3.4) 4.3 (3.2–5.7)
 Female (ref.) 1 1 
Age group   
 < 55 3.5 (2.2–5.8) 2.5 (1.5–4.1)
 55–64 2.1 (1.6–2.9) 1.8 (1.3–2.4)
 65–74 (ref.) 1 1
 75–84 0.8 (0.6–1.2) 1.0 (0.7–1.4)
 ≥ 85 0.4 (0.1–1.6) 0.5 (0.1–2.1)
Incision   
 Direct lateral 0.8 (0.6–1.1) 0.9 (0.7–1.2)
 Posterior (ref.) 1 1
Stem size   
 01 6.0 (4.3–8.5) 9.7 (6.8 –14)
 1 1.3 (0.9–2.0) 1.7 (1.1–2.5)
 2 (ref.) 1 1
 3 0.8 (0.5–1.3) 0.7 (0.5–1.2)
 4–6 1.1 (0.6–1.9) 0.8 (0.5–1.5)
Stem CCD angle   
 117º 1.1 (0.7–1.7) 0.7 (0.5–1.2)
 126º (ref.) 1 1
 135º 1.0 (0.6–1.6) 0.9 (0.6–1.5)
Stem offset   
 Standard (ref.) 1 1
 Extra offset 1.7 (1.1–2.7) 2.0 (1.2–3.1)
Femoral head size, mm   
 28 (ref.) 1 1
 32 0.5 (0.3–0.8) 0.8 (0.5–1.3)
 36 2.1 (0.7–6.5) 4.4 (0.9–22)
Femoral head length   
 Short 1.4 (1.0–1.9) 1.2 (0.9–1.7)
 Medium (ref.) 1 1
 Long 1.6 (1.2–2.2) 1.6 (1.2–2.2)
 Extra long 4.2 (2.1–8.4) 3.2 (1.6–6.4)
Femoral head material   
 CoCr (ref.) 1 1
 Ceramic 0.8 (0.6–1.2) 0.7 (0.5–1.0)
Cup material   
 Older standard a (ref.) 1 1
 Highly crosslinked b 0.4 (0.2–0.9) 0.4 (0.1–1.2)

a,b See Table 2
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During the observation period, the Lubinus SPII did not 
undergo any modifications. It was used for a wide spectrum 
of patients and numerous orthopedic surgeons with varying 
experience were involved in these operations. We did try to 
reduce this variability by exclusion of other diagnoses than 
primary osteoarthritis and focused on only the most com-
monly used stem length. The overall high survival rate of the 
Lubinus SPII stem in our follow-up is in line with published 
studies (Espehaug et al. 2009, Prins et al. 2014, Junnila et 
al. 2016).

According to the confidence limits observed in our study the 
true hazard rates with use of CCD angle 117 or 135 degrees 
could be up to 50% higher or lower than those hazard rates pre-
sented. Further, the number of observations of the 135 stems 
was comparatively small, with decreasing use over time, which 
means that these results should be viewed with some caution. 
We could confirm a negative influence of increased offset and 
neck length on stem survival as previously reported for the 
SPII stem by Thien and Kärrholm (2010). Similar findings 
were reported for the Spectron stems (Johanson et al. 2016). 
In the stratified analysis the negative effect of increased offset 
was observed only for hips operated during the 1st period. The 
reason for this difference is not known, but it could be associ-
ated with a longer follow-up of these cases, as increasing revi-
sion rate in the group of hips with extra offset did not occur 
until 5–6 years after the index operation, when compared with 
standard offset. Furthermore, an even more pronounced nega-
tive effect was observed with use of the smallest stem size. 
In addition, we observed a small but statistically significantly 
increased rate of stem revision due to non-infectious reasons 
with the use of size 1. These observations are probably due 
to longer follow-up time and a larger cohort being studied. 
Our results are consistent with the findings of Johanson et al. 
(2016) who also demonstrated an increased revision rate for 
the 2 smaller sizes of the cemented Spectron stem.

The reasons behind these findings are not known. We specu-
late that due to the smaller contact area, the smaller sizes of 
the SPII stems are more prone to debonding from the cement 
mantle. This will facilitate abrasive wear and particle release. 
The stem might subside inside the mantle, and result in a more 
distal fixation and impaired proximal stem support, facilitating 
stem fracture. This could explain why as many as 0.9% of the 
size 01 (smallest size) were revised due to stem fracture and 
4.2% due to loosening, whereas these complications occurred 
in only 0.0–0.02% and 0.6–1.5%, respectively, with use of 
the other sizes. This problem could be expected to become 
even more pronounced if a small stem is inserted in a narrow 
canal of a young person with thick femoral cortex and who is 
supposedly physically active. Small stem sizes and lateralized 
necks increased the rate of revision in a study by Hallan et al. 
(2012). Asayama et al. (2005) suggested as an explanation an 
increased risk of early loosening when small stem sizes are 
used combined with high offset, generating greater strain on a 
smaller surface area.

When the problems associated with the size 01 stem became 
evident its use decreased from a maximum of about 8% down 
to 4–5% but did not decrease further. Its use in the young-
est group (< 55 years) did, however, decrease from 5.9% to 
1.9% between the periods 2000–2009 and 2010–2018 among 
those patients who were operated on with an SPII stem. Based 
on our observations we think that alternatives other than a 
cemented matte stem should be used in active patients with a 
very narrow femoral canal.

Extra offset is used in cases with a long neck but could also 
be related to the level of neck resection and thus an effect of 
suboptimal planning or surgical technique. A low neck resec-
tion will probably decrease the resistance to rotatory forces 
and thereby increase the risk of mechanical loosening. These 
theories will, however, remain as speculations because stud-
ies based on register data may be biased in various ways. In 
cadaver studies, resection of the femoral neck below midshaft 
markedly decreased the torsional load-bearing capacity of the 
proximal femur (Whiteside et al. 1995, 1996). 

36 mm heads had a higher rate and use of 32 mm had a lower 
rate of aseptic stem revision, when compared with the refer-
ence size 28 mm, but none of these differences reached statisti-
cal significance after adjustment. These findings may be sur-
prising, because larger heads are often used to lower the rate 
of revision, particularly due to dislocation. It should, however, 
be emphasized that our outcome is stem revision, whereas dis-
location problems are commonly addressed with revision of 
the cup. Our results should also be interpreted with caution as 
the number of 36 mm heads used in the study is rather low. 
Furthermore, 36 mm heads may be used in cases where patient 
and/or surgical factors played a role in the selection of larger 
head size. Our results are, nevertheless, in line with data from 
the Nordic Arthroplasty Register Association (Tsikandylakis et 
al. 2018, 2020), suggesting that there are no additional benefits 
in using 36 mm heads when compared with 32 mm heads.

Thien and Kärrholm (2010) observed a reduced rate of 
revision with the use of a ceramic head. In our evaluation the 
hazard rate was similar between use of cobalt-chromium and 
ceramic heads. The reason for this discrepancy is not known, 
but the introduction of a more wear-resistant polyethylene 
or increasing use of larger heads could have had some influ-
ence. It remains unclear whether ceramic heads in general 
provide better long-term survival than cobalt-chromium with 
cemented all-poly sockets (Kadar et al. 2011b, 2012, Si et al. 
2015, López-López et al. 2017).

Limitations and strengths 
The definition of non-infectious stem revisions as the primary 
outcome in this register-based study may be considered as a 
disadvantage and limitation. The reasons behind development 
of a deep infection are, however, multi-factorial and most 
probably not or very vaguely related to choice of implant 
components. Exclusions summarized in Figure 1 and exclu-
sion of stem lengths other than 150 mm may be considered as 
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a limitation. These stems are, however, rarely used in Sweden 
in primary surgery. Our results cannot be generalized to SPII 
stem variations other than those included in the study design.

Another limitation is that we have not performed a radio-
graphic evaluation. Some unrevised stems might be loose 
and the decision to revise depends on multiple factors includ-
ing the symptoms presented by the patient, which may vary 
depending on choice of stem design. Finally, register studies 
should be viewed with caution because of other possible resid-
ual confounding such as BMI and ASA classification, which 
were not collected in SHAR before 2015.

The strength of our study is that it is based on data with high 
validity and high completeness from the Swedish Arthroplasty 
Register. The sample is probably the biggest so far published, 
as is the time to follow-up. 

Conclusion
Overall, the Lubinus SPII stem is associated with a very 
low revision rate. Nonetheless, more careful implant selec-
tion could probably be applied to reduce the number of revi-
sions due to mechanical problems even further. Based on our 
results, we would advise surgeons using the Lubinus SPII 
stems to reflect on alternative solutions if stem size 01, extra 
offset or extra-long head seems to be the most suitable during 
preoperative planning. 
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