Acta Orthopaedica 2019; 90 (2): 135142

3@ OPEN ACCESS
135

The design of the cemented stem influences the risk of Vancouver
type B fractures, but not of type C: an analysis of 82,837 Lubinus

SPIl and Exeter Polished stems

Georgios CHATZIAGOROU "2, Hans LINDAHL '3, and Johan KARRHOLM 12

1 The Swedish Hip Arthroplasty Register, Gothenburg; 2 Department of Orthopaedics, Institute of Clinical Sciences, Sahlgrenska Academy, University of

Gothenburg; 3 Department of Orthopaedics, Lidképing Hospital, Sweden
Correspondence: g.chatziagorou@gmail.com
Submitted 2018-09-30. Accepted 2019-01-07.

Background and purpose — In total hip replacements,
stem design may affect the occurrence of periprosthetic fem-
oral fracture. We studied risk factors for fractures around and
distal to the 2 most used cemented femoral stems in Sweden.

Patients and methods — This is a register study includ-
ing all standard primary Lubinus SPII and Exeter Polished
stems operated in Sweden between 2001 and 2009. The
outcome was any kind of reoperation due to fracture around
(Vancouver type B) or distal to the stem (Vancouver type C),
with use of age, sex, diagnosis at primary THR, and year of
index operation as covariates in a Cox regression analysis. A
separate analysis of the primary osteoarthritis patient group
was done in order to evaluate eventual influence of the surgi-
cal approach (lateral versus posterior) on the risk for Vancou-
ver type B fractures.

Results — The Exeter stem had a 10-times (95% CI
7-13) higher risk for type B fractures, compared with the
Lubinus, while no statistically significant difference was
noticed for type C fractures. The elderly, and patients with
hip fracture or idiopathic femoral head necrosis, had a higher
risk for both fracture types. Inflammatory arthritis was a risk
factor only for type C fractures. Type B fractures were more
common in men, and type C in women. A lateral approach
was associated with decreased risk for Type B fracture.

Interpretation — Stem design influenced the risk for
type B, but not for type C fracture. The influence of surgi-
cal approach on the risk for periprosthetic femoral fracture
should be studied further.

Periprosthetic femoral fracture (PPFF) is more common in
uncemented stems (Hailer et al. 2010, Thien et al. 2014, Abdel
et al. 2016). In cemented stems, higher risk for fracture has
been reported for “force-closed” (e.g., Exeter Polished, CPT),
compared with “shape-closed” stems like Lubinus SPII and
Charnley (Lindahl et al. 2005, Thien et al. 2014, Broden et
al. 2015, Palan et al. 2016). However, most of the previous
studies have focused on fractures treated with stem revision
(Thien et al. 2014, Palan et al. 2016), and hence mainly frac-
tures around a loose stem. It is probable that the shape and the
surface finish of the stem contribute to the risk for Vancouver
type B fractures (fractures around or close to a femoral stem)
(Broden et al. 2015, Palan et al. 2016). Little research has been
done to investigate whether the design of the stem can affect
the risk for suffering a fracture distal to the stem (Vancouver
type C) (Lowenhielm et al. 1989).

The majority of hip arthroplasty registries report only pri-
mary procedures and revisions. Therefore, type C fractures,
treated in principle with open reduction and internal fixation
(ORIF) without revision, are not reported. A recent register
study from Sweden (Chatziagorou et al. 2018), revealed that
only 17% of these fractures were reported to the Swedish Hip
Arthroplasty Register (SHAR). Type C fractures were numeri-
cally more common among Lubinus SPII stems, while type
B fractures predominated after insertion of an Exeter stem.
These figures were, however, not related to the numbers at risk
in each group. We are not aware of any study where the major-
ity of type C fractures treated without revision were included.
Nothing is known regarding the influence of surgical approach
on the risk for postoperative periprosthetic fracture around a
total cemented hip prosthesis.

Both the Exeter and the Lubinus stems are frequently
used in Sweden. Between 2000 and 2016, 104,081 Lubinus
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Eligible primary THRs
n = 82,837
Lubinus SP Il stems, n =55,026 (66%)
Exeter polished stems, n = 27,811 (34%)

Table 1. Periprosthetic fractures (n = 31) primarily
excluded

—_

Intraoperative fracture
Malignancy at the time of reoperation

Excluded THRs (n = 3,024):
- with primary diagnosis of tumor, 548

— THRs with uncemented cups, 1,602

— - stems shorter or longer than standard length, 844
— previous history of hemiarthroplasty, 30

Active deep infection

Perforation only

Fracture occurred during TKR surgery
Vancouver type A

Sawing (non-iatrogenic)

A WWOLol O

Analyzed THRs
n=79,813
Lubinus SP Il stems, n =52,625 (66%)
Exeter polished stems, n = 27,188 (34%)

Figure 1. Flow chart. Of the 73,630 originally included patients, 70,981 remained
for analysis. Standard stem length was 150 mm for both Exeter and Lubinus SPII.

SPII and 53,358 Exeter stems were used in primary total hip
replacements (THR) (Karrholm et al. 2017). This corresponds
to two-thirds of all primary THRs during this period. Previ-
ous studies have shown that Exeter stems run increased risk of
revision due to periprosthetic fractures, whereas less is known
about the risk for reoperation including also operative treat-
ment with osteosynthesis and without stem exchange.

We compared the Lubinus SPII and the Exeter Polished
stem as risk factors for Vancouver type B and C fractures.
Other risk factors studied were age, sex, diagnosis at the pri-
mary THR, year of index operation, and surgical approach.
We hypothesized that Lubinus stems might run an increased
risk of type C fractures because of the high resistance of this
stem to undergoing type B fractures ending up in a revision.
To include all types of surgical procedures of the operated
femur with relation to the hip prosthesis inserted, our primary
outcome was any reoperation due to periprosthetic fracture.

Patients and methods

All primary standard Lubinus SPII and Exeter Polished
stems used in THRs between 2001 and 2009, and reported
to the SHAR, were included. We studied reoperations for
any reason, and specifically due to PPFF between 2001 and
2011, to include a minimum of 2 years’ follow-up (maximum
follow-up 11 years). Follow-up ended at the date of reopera-
tion for any reason, death, emigration, or on December 31,
2011, whichever came first. Reoperation was defined as any
further surgical intervention related to the index hip arthro-
plasty irrespective of whether the prosthesis or parts of it have
been exchanged, extracted, or left untouched. All type A frac-
tures (fractures of the greater and lesser trochanter), conserva-
tively treated periprosthetic fractures, and fractures occurring
during insertion of a primary stem (intraoperative fractures)
were excluded. The SHAR records stem characteristics pro-
spectively, for all primary and secondary arthroplasties. Stem

length is one of these parameters, and during the
study period (2001-2011), the standard length for
both involved stems was 150 mm. Stem lengths
other than 150mm were excluded. Further exclu-
sion criteria are presented in a flow chart (Figure
1). Surgical treatment of fracture types excluded
for various reasons was labelled as reoperation due to causes
other than PPFF in the analyses (Table 1).

Data for the primary THRs and the reoperations were
derived from the SHAR. The reporting of primary hip arthro-
plasties is almost complete (98%) (Karrholm et al. 2017),
whereas the reporting of reoperations is poorer (Soderman et
al. 2000, Lindgren et al. 2014). Therefore, data linking was
done between the SHAR and the National Patient Register
(NPR), in order to detect even PPFFs not registered with the
SHAR. Cross-matching for the other types of reoperations
was not done. The NPR holds information on all inpatient care
since 1987, and all outpatient care since 2001. Both private
and public healthcare providers have had to report to the NPR
since 2001. All medical records of reoperations due to fracture
were collected and scrutinized to detect all femoral fractures
in patients with a primary THR. The information provided in
the case records was also used for fracture classification by
GC, according to the Vancouver classification system (Brady
et al. 1999). A detailed description of the classification pro-
cess, as well as its validation, is described in a previous publi-
cation (Chatziagorou et al. 2018). Bilateral observations were
included as previous studies have indicated that this will not
cause significant problems related to dependency (Ranstam et
al. 2011).

Statistics

Statistical calculations were done using IBM SPSS statis-
tics 23 (IBM Corp, Armonk, NY, USA). To identify eventual
demographic differences between the Lubinus and the Exeter
group, a chi-squared test and Mann—Whitney test were used.
The 10-year survival was calculated with Kaplan—Meier anal-
ysis (log rank test). We plotted survival curves for the covari-
ates included, and log—log plots to test that the Cox propor-
tional hazard model was fulfilled. A Cox regression model
was used to analyze the relative risk for reoperation due to
PPFF. Adjustment for age, sex, type of stem, and diagnosis at
the time of primary THR, as well as the year of index opera-
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tion, was performed. The distribution  Table 2. Patient demographics and reoperations
of the population into age groups was
done according to the age at the time of  iem Lubinus SPIl  Exeter Al p-value
the primary operation. The aim was to
- : Primary THRs, n (%) 52,625 (66) 27,188 (34) 79,813 (100)
have as equally sized groups as possible. 1o "8 ory e 20,870 (40) 10,322 (38) 31.192(39) <0.001b
Diagnosis was separated into primary Median age (interquartile range):
osteoarthritis (OA), inflammatory arthri- at primary THR 72.2 (13) 72.1 (13) 72.1 (13)
. : s : at reoperation for any reason 73.0 (13) 74.7 (14) 74.0 (13) 0.001 ¢
us, hlp, fracture, ,ldmp?thlc femoral head at reoperation due to PPFF 80.3 (14) 79.8 (13) 79.9 (13)
necrosis, and various (including sequel to Age group, n (%) 2
childhood hip disease). Censored were <64 10,613 (20) 5,824 (22) 16,437 (20)
- . 64-69 11,015 (21) 5,502 (20) 16,517 (21)
cases with cause of reoperation other 20-74 10,826 (21) 5505 (20) 16.331 (20)
than PPFF, excluded cases (Table 1), 75-79 10,451 (20) 5,172 (19) 15,623 (20)
patients who died without any reopera- 80-100 9,720 (18) 5,185 (19) 14,905 (19) )
: _ Diagnoses, n (%) 2 < 0.001
tion, or those who had not been reoper Primary OA 43,648 (83) 22,280 (82) 65,928 (83)
ated until the end of 2011. The surgical Hip fracture 6,181 (12) 2,794 (10) 8,975 (11)
approach (lateral versus posterior), as a Idiopathic femoral head necrosis 1,148 (2) 968 (4) 2,116 (3)
: Inflammatory arthritis 1,162 (2) 654 (2) 1,816 (2)
risk factgr fqr Vancouver type B fracture, Versus? 486 (1) 492 (2) 978 (1)
was studied in a subgroup analysis. Com- Reoperations, n (%) 2
plete information on surgical approach All reasons 1,660 (3.2) 966 (3.6) 2,626 (3.3) 0-0032
was available in 43,639 Lubinus and in Reeil;ieot]ospfl(if)sa 167 (03) 298 (11) 465 (06) < 0.001
. . 0 o
22,271 Exeter cases with primary OA. All reasons (revision of any part) 1,095 (2.1) 595 (2.2) 1,690 (2.1)
Missing data were 9 cases for each stem All reasons (revision of the stem) 544 (1.0) 343 (1.3) 887 (1.1)  0.004P
Due to PPFFs® 18(0.03) 131 (0.5) 149 (0.2) <0.001P

(Table 6). In the other groups of diagno-

ses, up to 97.5% (hip fracture) had miss-
ing information. Therefore, we chose to
include only those patients operated due
to primary OA and with a lateral or poste-
rior incision. P-values were 2-sided with
a significance level < 0.05, and 95% con-
fidence intervals (CI) were calculated.

Ethics, funding, and potential conflicts of interest

The study was approved by the Central Ethical Review Board
in Gothenburg (Entry number: 198-12, Date: 2012-04-05).
There was no financial support for this research. The authors
declare no conflict of interest.

Results

Study population

Between 2001 and 2009, 82,837 primary Lubinus SPII
and Exeter Polished femoral stems were inserted in 73,630
patients. The data linking with the NPR resulted in a total
of 626 PPFFs (295 of these were registered only in NPR),
giving 4,233 reoperations between 2001 and 2011. After the
exclusions (Figure 1 and Table 1), there were 79,813 primary
THRs (70,981 patients), with 2,626 first-time reoperations
(2,597 patients) left for analysis. 465 of the reoperations (462
patients) were due to periprosthetic femoral fracture. The
mean follow-up time was 5.6 years. A slightly higher propor-
tion of men was noted in the Lubinus SPII group (Table 2).
The Exeter group had, proportionally, more patients classified
as idiopathic femoral head necrosis and “various.” The cups

P-value is referred to only in cases with statistically significant difference.

2% of all primary Lubinus, Exeter, and both stems, respectively.

b Pearson chi-squared test.

¢ Mann-Whitney test.

d Other reasons including sequel after childhood hip disease.

€ The number of revisions of any part due to fracture was the same as the number of stem
revisions due to fracture.

used with the Lubinus and the Exeter stems are presented in
Table 3.

Vancouver type and risk factors

The proportion of reoperations due to PPFF was higher in the
Exeter than in the Lubinus group, as reflected in the survival
analyses (Table 2, Figure 2). The commonest fracture type
observed after insertion of a Lubinus SPII stem was Vancouver
type C (74%), whereas type B fractures were more common
after use of Exeter Polished stems (73%, Table 4). The Exeter
stem had a 3.5-times higher risk for PPFF (B or C), and a 9.6-
times higher risk for type B fracture when compared with the
Lubinus SPII (Table 5). There was no statistically significant
difference between the 2 groups regarding the risk of type C
fracture.

Overall, women more frequently sustained fractures distally
to the stem, whereas men had a higher risk for fracture around
the stem, and a slightly higher risk for PPFF in general (type B
or C). The risk for fracture increased with age, irrespective of
whether age was studied as a continuous or a categorical vari-
able. Patients aged 80 years and older had the highest risk for
both type B and C fractures, compared with patients younger
than 64 years (Table 5).
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Figure 2. Cumulative survival (unadjusted) for periprosthetic femoral fracture. Numbers at risk at the end of 10 years’ follow-up were: 2,903 for the
Lubinus SPII group, and 1,518 for the Exeter Polished group. 2(a): All fractures studied (Type B and C fractures). Mean survival at 10 years was
99.4% (SE 0.06) for the Lubinus SPII, and 97.9% (SE 0.17) for the Exeter Polished (log rank test p < 0.001). 2(b): Type B fractures. Mean survival

at 10 years was 99.8% (SE 0.04) for the Lubinus SPIl, and 98.6% (SE 0.11) for the Exeter Polished (log rank test p < 0.001).

2(c): Type C frac-

tures. Mean survival at 10 years was 99.6% (SE 0.05) for the Lubinus SPIl, and 99.3% (SE 0.11) for the Exeter Polished (log rank test p = 0.08).

Table 3. Type of cups (all cemented) used with Lubinus SPIl and
Exeter Polished stems. Values are frequency (%)

Table 5. Risk factors, adjusted hazard ratios (HR), and 95% confidence
intervals (Cl) for reoperation due to periprosthetic femoral fracture

Cups used with All THRs PPFFs

Lubinus SPII stems, total number 52,625 (100) 167 (100)
Lubinus 44,620 (85) 139 (83)
FAL 5,075 (9.6) 16 (9.6)
Charnley Elite 943 (1.8) 5(3)
ZCA XLPE 809 (1.5) 0
Exeter Duration 674 (1.3) 2(1.2)
OPTICUP 158 (0.3) 3(1.8)
Contemporary Hooded Duration 111 (0.2) 0
Avantage Cemented (0 2) 1 (0.6)
Reflection 5 (0.1) 0
Various (0 2) 1 (0.6)

Exeter Polished stems, total number 27,188 (100) 298 (100)
Exeter Duration 9,157 (34) 110 (37)
Charnley Elite 8,308 (31) 97 (33)
Contemporary Hooded Duration 6,454 (24) 48 (16)
Charnley 2,041 (7.5) 22 (7.4)
Marathon XLPE 714 (2.6) 12 (4.0)
Cenator 194 (0.7) 4 (1.3)
ZCA XLPE 168 (0.6) 1(0.3)
Exeter 8 (0.3) 1(0.3)
Various 84 (0.3) 3(1.1)

22 different types of cups were used in conjunction with Lubinus
SPIl, and 17 with Exeter Polished stems.

Table 4. Distribution of periprosthetic femoral fractures according
to the Vancouver classification system. Values are frequency (%)

Vancouver Lubinus Exeter All

B1 27 (16) 55 (19) 82 (18)
B2 15 (9) 157 (53) 172 (37)
B3 2(1) 4 (1) 6 (1)

C 123 (74) 82 (28) 205 (44)
Total 167 (100) 298 (100) 465 (100)

Type A fractures were excluded from this study.

Vancouver B&C Vancouver B Vancouver C

Risk factors HR (Cl for HR) HR (Cl for HR) HR (Cl for HR)

Stem
Lubinus SPII (ref.) 1 1 1
Exeter Polished 3.5(2.9-4.2) 9.6 (7.0-13) 1.3(0.95-1.7)
Sex
Men (reference) 1 1 1
Women 0.7 (0.6-0.8) 0.4 (0.3-0.5) 2.0(1.4-2.8)
Age groups
< 64 (reference) 1 1 1
64-69 1.1 (0.8-1.5) 1.0(0.6-1.5) 1.3(0.7-2.2)
70-74 1.5(1.1-2.1) 1.4(09-22) 1.7(1.0-2.8)
75-79 2.0(1.527) 21 (1.4-31) 1.9(1.2-3.1)
80-100 3.1(2.34.2) 29(2.0-43) 34(2.1-5.4)
Diagnoses
Primary OA (ref.) 1 1 1
Inflam. arthritis 3.6 (2.3-5.5) 1.9(0.9-4.2) 5.6(3.3-9.6)
Hip fracture 3.6 (2.9-4.5) 3.3(24-44) 4.2(3.0-5.7)
Idiopathic femoral
head necrosis 3.5 (2.4-5.0) 3.0(1.9-5.0) 4.1 (2.4-7.1)
Various 2 2.0 (1.02-3.9) 1.6(0.6-3.9) 2.8(1.01-7.6)
Calendar year for
primary THR 1(1.0-1.1) 1.1 (1.1-1.2) 1.0 (0.97-1.1)

a Other reasons including sequel after childhood hip disease.

Inflammatory arthritis, when compared with primary OA,
did not affect the risk for fracture around a stem, but distal to
it. Patients with hip fracture or idiopathic femoral necrosis had
approximately 3 times higher risk for type B fractures, and
4 times for type C (Table 5). The later the year for the index
operation, the more likely the patient would suffer a type B
fracture. No corresponding time-related change in risk was
observed as regards type C fractures. The subgroup analysis
(lateral versus posterior approach) was done in 43,271 Lubi-
nus SPII stems and 21,562 Exeter Polished stems, inserted



Acta Orthopaedica 2019; 90 (2): 135142

139

Table 6. Distribution of surgical approach among hips with primary OA. Values

are frequency (%)

Table 7. Risk factors, adjusted hazard ratios (HR), and
95% confidence intervals (Cl) for reoperation due to
Vancouver type B fracture

Approach @
ltem Lateral Posterior Other All Vancouver B
Risk factors HR (CI for HR)
Lubinus SPII
Primary THRs 12,540 (100) 30,731 (100) 368 (100) 43,639 (100) Stem
Type B fractures 6 (0.05) 21 (0.07) 0 27 (0.06) Lubinus SPII (reference) 1
Type C fractures 16 (0.13) 47 (0.15) 1(0.27) 64 (0.15) Exeter Polished 11.4 (7.5-17)
Exeter Polished Sex
Primary THRs 10,471 (100) 11,091 (100) 709 (100) 22,271 (100) Men (reference) 1
Type B fractures 49 (0.47) 89 (0.80) 8(1.13) 146 (0.66) Women 0.4 (0.3-0.5)
Type C fractures 14 (0.13) 27 (0.24) 2 (0.28) 43 (0.19) Age groups
< 64 (reference) 1
29 Exeter and 9 Lubinus stems with unknown approach were excluded. 64—-69 1.3 (0.7-2.4)
Only patients operated with lateral or posterior approach were included in the 70-74 1.9 (1.1-3.3)
separate regression analysis. 75-79 3.1 (1.8-5.3)
80-100 4.5 (2.7-7.7)
Calendar year for primary THR 1.1 (1.04-1.2)
Surgical approach:
Lateral (reference 1
due to primary OA (Table 6). 1,077 stems operated with other postericfr ) 1.6 (1.2-2.2)

surgical approaches were excluded from this analysis. Stems
inserted with the posterior approach had a 1.6-times higher
risk for suffering a Vancouver type B fracture compared with
those inserted with a lateral approach (Table 7).

Discussion

Several previous studies have demonstrated an increased risk
for periprosthetic fracture of the Exeter when compared with
the Lubinus stem (Lindahl et al. 2005, Thien et al. 2014). To
our knowledge, this is the first study that distinguished between
Vancouver type B and type C fractures, based on extensive
research to include all reoperations. Earlier studies have either
looked at the overall risk for periprosthetic fracture (Lindahl et
al. 2005, Palan et al. 2016), or the risk for revision due to frac-
ture (Cook et al. 2008, Thien et al. 2014) (mainly Vancouver
type B2 and type B3 fractures), for one or both of these stems.
Our main finding is that the Lubinus SPII did not have a higher
risk for type C fractures, despite the fact that almost 3 out of 4
fractures around this stem were located distal to it (see Table
4). The finding that the Exeter Polished stem had a higher risk
for fracture (type B and overall), confirms earlier publications
(Lindahl et al. 2005, Thien et al. 2014). The commonest frac-
ture type in this material was, however, type C (see Table 4).
This observation results from an almost complete registration
of fractures treated with osteosynthesis only, and without any
stem revision (Chatziagorou et al. 2018). In Sweden, type B
fractures are more common in uncemented stems, and type
C fractures in cemented stems (Chatziagorou et al. 2018), in
contrast to a previous study from the Mayo Clinic (Abdel et
al. 2016).

The cemented Lubinus SPII stem (Waldemar Link, Ham-
burg, Germany) is a shape-closed, CoCrMo, tapered, and ana-
tomically s-shaped stem, with a collar, a matte finish, and a
19° built-in anteversion of the femoral neck. Its shape allows

Only patients with the diagnosis of primary OA, and
a lateral or posterior approach were included in this
analysis.

neutral positioning in the femoral canal and resists rotational
forces (Sesselmann et al. 2017), while the collar is claimed to
restrict the distal migration of the stem (Catani et al. 2005).
The anatomical shape of this stem probably facilitates an
adequate cement mantle (Broden et al. 2015). The cemented
Exeter stem (Stryker Howmedica, Mahwah, NJ, US) is a force-
closed, straight, collarless, double-wedge tapered, highly pol-
ished stem. It does not bond to the cement and is designed to
subside into the cement mantle as a wedge (Palan et al. 2016).
Both stems are well documented with excellent outcomes in
the short and long term (Murray et al. 2013, Prins et al. 2014,
Sesselmann et al. 2017, Westerman et al. 2018). It is postulated
that the subsidence of the Exeter stem into the cement mantle
will create an axial loading effect within the cement mantle,
resulting in hoop stresses in the adjacent bone, which might
increase the risk of sustaining a PPFF. As soon as a peripros-
thetic fracture occurs close to an Exeter stem, the stem is by
definition loose (Broden et al. 2015). The reason why force-
closed cemented stems have a higher risk for periprosthetic
fractures has been reported previously (Broden et al. 2015,
Palan et al. 2016). The higher percentage of type C fractures
within Lubinus SPII stems possibly has to do with the relative
lower risk for fractures close to it (type B). We assume that
these fractures are, rather, secondary to an osteoporotic femur
(elderly, women, inflammatory arthritis, and previous history
of hip fracture), than secondary to the stem’s design.
Previous comparisons between the posterior and the lateral
approach showed superior results for the former regarding the
thickness of the cement mantle (Hank et al. 2010), the align-
ment of the stem (Vaughan et al. 2007, Broden et al. 2015),
and revision risk due to aseptic loosening of the stem (Lind-
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gren et al. 2012). Femurs with a loose stem are more prone
to suffer a periprosthetic fracture (Lindahl et al. 2005). Thus,
the posterior surgical approach should be beneficial regarding
the risk for aseptic loosening and, hence, the risk for type B
fractures around a loose stem. We are not aware of any publi-
cation where the surgical approach is studied as a risk factor
for postoperative periprosthetic femoral fractures, secondary
to a primary cemented THR. Berend et al. (2006) found that
an anterolateral approach was associated with intraoperative
fracture of the proximal femur, in both cemented and unce-
mented stems. A more recent study showed that patients older
than 85 years, with hemiarthroplasty, had 2 times higher risk
for postoperative PPFF if operated with a posterior approach,
compared with those operated via a direct lateral approach
(Rogmark et al. 2014), but this observation might have been
confounded by inclusion of both cemented and uncemented
stems of various designs.

Our finding, that use of a posterior approach is associated
with a higher risk for PPFF, is difficult to explain. A radio-
stereometric study (Glyn-Jones et al. 2006) observed slightly
increased retrotorsion of the Exeter stem if inserted through a
posterior compared with an anterolateral approach, suggest-
ing a less secure stem fixation in the former group. Gore et al.
(1982) showed less prosthetic femoral anteversion and more
inward rotation of the operated hip with the posterior approach.
A Cochrane review (Jolles and Bogoch 2006) also reported
increased internal rotation of the hip joint in extension with
use of the posterior approach, suggesting that implant loading
might differ depending on the approach used.

The influence of potential risk factors for PPFF such as age,
sex, and diagnosis at the time of primary THR vary depend-
ing on the type of the stem (cemented/uncemented, primary/
secondary), the outcome measure (revision, reoperation, non-
operative treatment), and whether the fracture is intra- or post-
operative (Berend et al. 2006, Cook et al. 2008, Meek et al.
2011, Abdel et al. 2016). We studied risk factors in patients
with cemented Lubinus or Exeter stems and only those suf-
fering a postoperative PPFF on the same side, and without
any history of previous reoperation. Therefore, a generaliza-
tion of our results for the whole population of patients with
THR would be unreliable. High age, as well as the diagnosis
of hip fracture or idiopathic femoral head necrosis, implied
an increased risk for both type B and C fracture. Men had a
higher risk for type B fractures, probably because of younger
age with increased daily activity level (Witte et al. 2009) and
higher risk for aseptic loosening than women (Hailer et al.
2010). Conversely, women, with more osteoporotic femoral
bone and higher mean age at the time of primary THR, more
frequently suffered type C fractures.

The year of index operation influenced the risk for type B
and not for type C fractures. This is probably the result of the
increasing mean age at the index operation during the study
period, from 71 years in 2001 to 72 years in 2009. Another
reason could, theoretically, be a trend toward a decrease in

postoperative clinical and radiological controls after primary
THR. This could lead to more cases with “unknown stem
loosening,” and thus an increased risk for Vancouver type B
fractures. The addition of the surgical approach in the sub-
group analysis did not alter the relation of the other risk factors
(age, sex, stem type, and year of primary THR). Inflammatory
arthritis did not have a higher risk for fractures around the stem
when compared with primary OA. This finding is in line with a
previous report (Thien et al. 2014). On the other hand, femurs
with inflammatory arthritis run a 6-times higher risk for distal
femoral fractures. This is in accordance with a previous pub-
lication that reported a higher risk for osteoporotic fractures
(Yamamoto et al. 2015) in patients with rheumatoid arthritis.

There are limitations to our study. The linkage between the
SHAR and the NPR included only reoperations due to peri-
prosthetic fracture and not all other reasons for reoperation
(aseptic loosening, infection, dislocation, other). These reop-
erations are recorded in the SHAR, but could be underreported,
especially those performed owing to infection (Lindgren et al.
2014). Therefore, the real number of all reoperations could be
slightly higher than found by us. Reoperations that took place
before the PPFF were detected when the case records were
scrutinized. All other reoperations not reported to the SHAR
could most probably be expected to be equally distributed
between the 2 groups studied. Another limitation, however, is
that we did not include the presence of a total knee replace-
ment (TKR) as a risk factor. Total hip replacements with an
ipsilateral TKR have a higher risk for proximal femoral frac-
ture (Katz et al. 2014), and total knee replacement is associ-
ated with distal femoral fracture (McGraw and Kumar 2010).
We do not, however, think that the relative number of patients
with TKR differs between those who have been operated with
a Lubinus and those who have received an Exeter stem. Hips
with primary osteoarthritis and inflammatory arthritis had
almost the same share in the 2 groups. It is also important to
underline that the classification process was based on read-
ing of medical records. A better optimized way would be to
define the fracture type based on information from both the
medical records and the radiographs. In a previous validation
of the classification process (Chatziagorou et al. 2018) we did,
however, observe good agreement corresponding to previous
validations of the Vancouver classification (Brady et al. 2000,
Rayan et al. 2008). In addition, our analysis was based only
on fractures classified as either B or C, without any further
analyses of the sub-categories in the type B group.

The methodological strength of this study was the relatively
good data quality of a large volume of material, and its high
external validity regarding PPFFs in the Swedish population.
The hip prostheses studied in our report have a long tradi-
tion in Sweden with excellent implant survival (Junnila et
al. 2016). The volume of our data was big enough to analyze
only stems of the same length (150 mm). A difference in stem
length can potentially affect the risk of periprosthetic fracture
and its classification into type B or C. We also excluded unce-
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mented cups, since use of such implants was shown to result
in a higher rate of femoral lysis when used with Exeter V40
stems (Westerman et al. 2018). Furthermore, we investigated
all kind of reoperations due to PPFF, and not only revisions,
which is the contemporary standard in other arthroplasty reg-
istries. This, in addition to the cross-matching with the NPR,
gave us the unique opportunity to study an almost complete
data set of fractures treated surgically with other methods such
as ORIF and without concomitant revision of the stem (mostly
type B1 and C fractures).

Overall, the Exeter stem had almost an 3.5-times increased
risk to suffer a periprosthetic fracture and about 10 times
increased risk to suffer a PPFF leading to revision, which
for the patient usually is a more demanding procedure than
operation with osteosynthesis. According to our findings and
previous studies the difference in risk ratio will increase fur-
ther with increasing age and in patients with secondary OA.
Lindahl et al. reported 23% reoperation rate (235 of 1,002) in
patients treated surgically for type B and C fractures (Lindahl
et al. 2005). We therefore think that our findings have clinical
relevance and especially in the older population with a high
incidence of osteoporosis.

In summary, the Exeter Polished stem had a higher risk for
postoperative periprosthetic femoral fractures of type B com-
pared with the Lubinus SPII. As regards type C fractures there
was no difference. The relative increased proportion of type C
versus type B fractures in the Lubinus group might indicate
that, after the insertion of a Lubinus stem, the distal femur will
constitute the weakest part as long as the stem has not loos-
ened. Our study suggested that the posterior approach may not
be beneficial regarding the risk of PPFF in cemented THRs,
but this observation needs to be studied further.
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