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Aims
This study evaluates risk factors influencing fracture characteristics for postoperative peri-
prosthetic femoral fractures (PFFs) around cemented stems in total hip arthroplasty.

Methods

Data were collected for PFF patients admitted to eight UK centres between 25 May 2006
and 1 March 2020. Radiographs were assessed for Unified Classification System (UCS) grade
and AO/OTA type. Statistical comparisons investigated relationships by age, gender, and
stem fixation philosophy (polished taper-slip (PTS) vs composite beam (CB)). The effect of
multiple variables was estimated using multinomial logistic regression to estimate odds ra-
tios (ORs) with 95% confidence intervals (Cls). Surgical treatment (revision vs fixation) was
compared by UCS grade and AO/OTA type.

Results

A total of 584 cases were included. Median age was 79.1 years (interquartile range 72.0
to 86.0), 312 (53.6%) patients were female, and 495 (85.1%) stems were PTS. The com-
monest UCS grade was type B1 (278, 47.6%). The most common AO/OTA type was spiral
(352, 60.3%). Metaphyseal split fractures occurred only with PTS stems with an incidence
of 10.1%. Male sex was associated with a five-fold reduction in odds of a type C fracture (OR
0.22 (95% C10.12 to 0.41); p < 0.001) compared to a type B fracture. CB stems were associat-
ed with significantly increased odds of transverse fracture (OR 9.51 (95% Cl 3.72 to 24.34);
p < 0.001) and wedge fracture (OR 3.72 (95% CI 1.16 to 11.95); p = 0.027) compared to PTS
stems. Both UCS grade and AO/OTA type differed significantly (p < 0.001 and p = 0.001, re-
spectively) between the revision and fixation groups but a similar proportion of B1 fractures
underwent revision compared to fixation (45.3% vs 50.6%).

Conclusion

The commonest fracture types are B1 and spiral fractures. PTS stems are exclusively associat-
ed with metaphyseal split fractures, but their incidence is low. Males have lower odds of UCS
grade C fractures compared to females. CB stems have higher odds of bending type fractures
(transverse and wedge) compared to PTS stems. There is considerable variation in practice
when treating B1 fractures around cemented stems.
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Introduction taper-slip (PTS) stemsare now thecommonest
Cemented total hip arthroplasty (THA) cemented femoral stem having overtaken
provides excellent long-term outcomes and  traditional composite beam (CB) stems.
is proven to be cost-effective."* Polished They consistently demonstrate successful
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results,>® but recent reports have indicated an increased
risk of postoperative periprosthetic femoral fracture (PFF)
compared to CB stems.”"* PFFs usually require complex
surgery, which is burdened with unacceptably high rates
of morbidity, complication, and healthcare costs.™'

Patient- and implant-related risk factors for PFF around
cemented stems have been demonstrated in large
registry-based cohort studies but little is known about
fracture characteristics.”>"'¢ Fenelon et al analyzed
138 PFFs and found a higher proportion of comminuted
fractures with cemented stems compared to cementless
stems, but this study was limited by its sample size and
fracture classification protocol. PFFs are graded using the
Unified Classification System (UCS) based on fracture
location, stem stability, and femoral bone stock.”™ They
can also be described using the AO/OTA system based
on fracture morphology.” An additional fracture type
specific to PFFs around PTS stems is the metaphyseal split
(or log-splitter) fracture where there is bone and cement
comminution with cement mantle fracture and an intact
bone-cement interface.?® Simple fractures can be treated
successfully with internal fixation and have more predict-
able outcomes than revision surgery, which is commonly
indicated for comminuted fractures, transverse fractures,
or those that occur around a loose stem or with severe
bone loss.?'?* A more detailed understanding of frac-
ture patterns around cemented stems and associated
risk factors may help guide preventative and therapeutic
strategies.?

This study aims to describe fracture characteristics in
patients with a PFF around a primary THA with a cemented
stem. In addition, we aim to determine patient- and
implant-related risk factors for UCS grade and AO/OTA
type and the effect of fracture type on choice of surgical
treatment.

Methods
A multicentre observational cohort study was performed.
This study was approved by our local Research Ethics
Committee (MREC 19-005 Amd1). Data were collected
for PFF patients admitted to eight UK centres between 25
May 2006 and 1 March 2020. Cases were identified using
pre-existing databases of consecutive PFFs admitted to
each centre. Demographic data and radiographs were
deidentified and collated for analysis. Excluded cases
were hemiarthroplasty patients, interprosthetic frac-
tures occurring between a THA stem and an ipsilateral
distal femoral implant, intraoperative fractures, and stem
brands with fewer than 20 cases in the whole dataset.
Demographic data included age at time of PFF (years),
sex, laterality, stem fixation (PTS vs CB), and stem brand.
Patients were divided into age groups representing
younger patients (under 60 years), typical patients (60
to 80 years), and older patients (over 80 years). PTS
stem brands in the series were Exeter (Stryker, USA),

Table 1. Baseline demographic data of all study patients (n = 584).

Result
79.07 (71.98 to 86.00)

Characteristic

Median age, yrs (IQR)
Sex, n (%)

Female 314 (53.8)
Male 270 (46.2)
Side, n (%)
Left 280 (47.9)
Right 304 (52.1)
Stem brand, n (%)
C stem AMT 20 (3.4)
C stem classic 39 (6.7)
Charnley 87(14.9)
CPT 201 (34.4)
Exeter 237 (40.6)
Stem fixation, n (%)
CB 87 (14.9)
PTS 497 (85.1)
UCS, n (%)
AG 18 (3.1)
AL 7(.2)
B1 278 (47.6)
B2 152 (26.0)
B3 52(8.9)
C 77 (13.2)
AO/OTA type, n (%)
Oblique 85 (14.6)
Transverse 48 (8.2)
Wedge 24 (4.1)
Spiral 352 (60.3)
Metaphyseal split 50 (8.6)
N/A 25 (4.3)

CB, composite beam; IQR, interquartile range; N/A, not applicable; OTA,
Orthopaedic Trauma Association; PTS, polished taper-slip; UCS, Unified
Classification System.

CPT (Zimmer Biomet, USA), C-stem classic, and C-stem
AMT (both Depuy Synthes, USA) stems. CB stems were
all Charnley (Depuy Synthes) stems. Fracture variables
assessed via radiographs were UCS grade' and AO/OTA
fracture type' for all UCS grade B and C fractures. UCS
grades were AG (greater trochanter fracture), AL (lesser
trochanter fracture), B1 (fracture around a stable stem),
B2 (fracture around a loose stem, B3 (fracture around a
loose stem with loss of bone stock to the extent that it
is no longer capable of supporting a standard revision
stem), and C (well below the stem tip)."® A loose CB stem
was defined by radiolucency at either the cement-bone
interface or stem-cement interface whereas a loose PTS
stem was defined by radiolucency at the cement-bone
interface or if stable anatomical reduction was unlikely
due to a comminuted or irreducible cement mantle.?22¢
AO/OTA types were transverse (< 30° to a line perpen-
dicular to the long bone axis), oblique (= 30° to a line
perpendicular to the long bone axis), spiral (fracture line
rotating around long bone axis), and wedge (bending
fracture creating a single or multiple wedge fragments)."
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Table II. Comparison of fractures occurring in young, typical age, and
older patients.

Variable <60yrs 60to80yrs >80yrs p-value*
Total, n 41 262 281

Sex, n (%) 0.687
Female 21 (51.2) 146 (55.7) 147 (52.3)

Male 20(48.8) 116 (44.3) 134 (47.7)

Stem brand, n

(%) 0.319
C stem AMT 3(7.3) 5(1.9) 12 (4.3)

C stem classic 3(7.3) 20 (7.6) 16 (5.7)

Charnley 4(9.8) 34 (13.0) 49 (17.4)

CPT 14 (34.1) 99 (37.8) 88 (31.3)

Exeter 17 (41.5) 104 (39.7) 116 (41.3)

Stem fixation, n

(%) 0.218
CB 4(9.8) 34 (13.0) 49 (17.4)

PTS 37(90.2) 228(87.0) 232 (82.6)

UCS grade, n (%) 0.385
AG 0(0.0) 4(1.5) 3(1.1)

AL 1(2.4) 9 (3.4) 8(2.8)

B1 22(53.7) 125(47.7) 131 (46.6)

B2 10 (24.4) 76 (29.0) 66 (23.5)

B3 6 (14.6) 19 (7.3) 27 (9.6)

C 2(4.9) 29 (11.1) 46 (16.4)

AO/OTA type, n

(%) 0.196
Oblique 52.2) 38 (14.5) 42 (14.9)
Transverse 4(9.8) 19 (7.3) 25(8.9)

Wedge 0(0.0) 16 (6.1) 8(2.8)

Spiral 23(56.1) 158 (60.3) 171 (60.9)
Metaphyseal split 8(19.5) 18 (6.9) 24 (8.5)

N/A 1(2.4) 13 (5.0) 11 (3.9)

*Chi-squared test.

CB, composite beam; IQR, interquartile range; N/A, not applicable; OTA,
Orthopaedic Trauma Association; PTS, polished taper-slip; UCS, Unified
Classification System.

An additional category was specified for metaphyseal
split fractures with comminution of bone and cement
but an intact bone-cement interface.?® Radiographs
were assessed by two arthroplasty-trained investigators
(S), INL) and in any cases where there was uncertainty
in classification, the final decision was settled through
discussion. Surgical treatment data were collected and
compared (fixation vs revision). Fixation was defined as
the use of any fracture fixation device to stabilize the frac-
ture without THA implant exchange. Revision was defined
as removal, exchange, or modification of any component
of the primary THA construct with or without an addi-
tional fixation device.

Statistical analysis. The primary outcome variables were
UCS grade and AO/OTA type and the measured predic-
tor variables were age, sex, and stem fixation philosophy.
Data were tested for normality using the Shapiro-Wilks
test. Normally distributed continuous variables were
summarized as mean values with standard deviations
(SDs) and non-normally distributed variables as medians

with interquartile ranges (IQRs). Comparisons of fracture
patterns were performed to investigate relationships by
age, sex, and stem fixation philosophy. Comparisons be-
tween continuous variables with a normal distribution
were performed with a independent-samples t-test and
a non-normal distribution with a Mann-Whitney U test.
Comparison of ordinal and nominal variables were per-
formed with chi-squared tests.

Regression analysis was performed to adjust for
heterogeneity between groups and possible confounding
factors. The effect of multiple variables on UCS grade
and AO/OTA fracture type was estimated separately. As
no metaphyseal split fractures were seen with CB stems,
these were removed from the model and analyzed
descriptively to eliminate the effect of sparse data bias.?”
Multinomial logistic regression models were used to esti-
mate odds ratios (ORs) with 95% confidence intervals
(Cls) compared to a reference value. Statistical signifi-
cance was set to p < 0.05.

Results

In total, 584 cases of PFF following primary THA with
cemented stems were included in the analysis (Table I).
Median age was 79.1 years (IQR 72.0 to 86.0) and 314
(53.8%) patients were female. PTS stems accounted for
497 (85.1%) in the series. Males and females were of a
similar age (p = 0.690, Mann-Whitney U test, Table II)
but CB stems were more common in females compared
to males (18.8% vs 10.4%; p = 0.005, chi-squared test,
Table IlI). Patients with CB stems were also older at the
time of fracture (83.0 years vs 79.0 years; p = 0.003,
Mann-Whitney U test, Table IV) than patients with PTS
stems. The commonest UCS grade was grade B (482,
82.5%) of which grade B1 (278, 47.6%) was the most
prevalent. The commonest AO/OTA fracture type was
spiral (352, 60.3%) and the least common was wedge
(24, 41%). Metaphyseal split fractures accounted for
only 50 (8.6%) cases overall.

ucs grade. UCS grade did not change significantly be-
tween age groups (p overall = 0.390, chi-squared test,
Table I1). A significant difference was seen in UCS grade
between males and females (p overall < 0.001, chi-
squared test, Table ). Females had a greater proportion
of C fractures (20.1% vs 5.2%) but fewer B2 fractures
(20.1% vs 33.0%) than males (p < 0.001, chi-squared
test). UCS grade differed between stem fixation philoso-
phy groups (p overall = 0.003, chi-squared test, Table IV).
Patients with CB stems had a greater proportion of AG
(3.4% vs 0.8%), B3 (13.8% vs 8.0%), and C fractures
(19.5% vs 12.1%) but fewer AL (0.0% vs 3.6%) and B1
fractures (34.5% vs 49.9%) compared to PTS stems (p =
0.003, chi-squared test).

AO/OTA fracture type. AO/OTA fracture type did not dif-
fer between age groups (p overall = 0.200, chi-squared
test, Table II). A significant difference was seen in AO/OTA
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Table I11. Comparison of fractures between females and males.

Table IV. Comparison of fractures by stem fixation philosophy.

Variable Female Male p-value

Total, n 314 270

Median age, yrs (IQR) 79.00 (72.00 to 80.00 (71.00 to 0.692*
86.00) 86.12)

Stem brand, n (%) +0.001

C stem AMT 10 (3.2) 10 (3.7)

C stem classic 23(7.3) 16 (5.9)

Charnley 59 (18.8) 28 (10.4)

CPT 117 (37.3) 84 (31.1)

Exeter 105 (33.4) 132 (48.9)

Stem fixation, n (%) +0.005

CB 59 (18.8) 28 (10.4)

PTS 255 (81.2) 242 (89.6)

UCS grade, n (%) < 0.0017F

AG 4(1.3) 3(1.1)

AL 9(2.9) 9(3.3)

B1 149 (47.5) 129 (47.8)

B2 63 (20.1) 89 (33.0)

B3 26 (8.3) 26 (9.6)

C 63 (20.1) 14 (5.2)

AO/OTA type, n (%) +0.009

Oblique 39 (12.4) 46 (17.0)

Transverse 31(9.9) 17 (6.3)

Wedge 17 (5.4) 7 (2.6)

Spiral 197 (62.7) 155 (57.4)

Metaphyseal split 17 (5.4) 33(12.2)

N/A 13 (4.1) 12 (4.4)

Variable CB stems PTS stems \'r)alue*

Total, n 87 497

Sex, n (%) 0.005

Female 59 (67.8) 255 (51.3)

Male 28 (32.2) 242 (48.7)

Median age, yrs (IQR)  83.00 (77.00 to 79.00 (71.00 to 0.003
88.00) 86.00)

Stem brand, n (%) < 0.001

C stem AMT 0(0.0) 20 (4.0)

C stem classic 0(0.0) 39(7.8)

Charnley 87 (100.0) 0 (0.0)

CPT 0(0.0) 201 (40.4)

Exeter 0(0.0) 237 (47.7)

UCS grade, n (%) 0.003

AG 3(3.4) 4(0.8)

AL 0(0.0) 18 (3.6)

B1 30 (34.5) 248 (49.9)

B2 25(28.7) 127 (25.6)

B3 12 (13.8) 40 (8.0)

C 17 (19.5) 60 (12.1)

AO/OTA type, n (%) < 0.001

Oblique 8(9.2) 77 (15.5)

Transverse 24 (27.6) 24 (4.8)

Wedge 7 (8.0) 17 (3.4)

Spiral 45 (51.7) 307 (61.8)

Metaphyseal split 0 (0.0) 50 (10.1)

NC 3(3.4) 22 (4.4)

*Mann-Whitney U test.

FChi-squared test.

CB, composite beam; IQR, interquartile range; N/A, not applicable; OTA,
Orthopaedic Trauma Association; PTS, polished taper-slip; UCS, Unified
Classification System

fracture type between males and females (p overall <
0.010, chi-squared test, Table Ill). Males had a higher pro-
portion of metaphyseal split (12.2% vs 5.4%) and oblique
fractures (17.0% vs 12.4%) but fewer transverse (6.3% vs
9.9%), wedge (2.6% vs 5.4%), and spiral fractures (57.4%
vs 62.7%) than females (p = 0.010, chi-squared test). AO/
OTA fracture type differed between stem fixation philoso-
phy groups (p overall < 0.001, chi-squared test, Table IV).
CB stems were associated with a greater proportion of
transverse (27.6% vs 4.8%) and wedge (8.0% vs 3.4%)
fractures but fewer spiral (51.7% vs 61.8%) and oblique
(9.2% vs 15.5%) fractures (p < 0.001, chi-squared test).
Metaphyseal split fractures were seen in 10.1% of PPFs
around PTS stems while none were seen with CB stems
(p < 0.001, chi-squared test).

Effect of multiple variables on outcome measures: UCS
grade. Fracture location was modelled as UCS grade with
age, sex, and stem fixation as covariates, of which only
sex reached statistical significance (Figure 1). The final
model demonstrated that male sex was associated with
an approximate five-fold reduction in odds of a C fracture
(OR0.22 (95% C1 0.12 to 0.41); p < 0.001, Wald statistic)
compared to a B fracture.

*Chi-squared test.

CB, composite beam; IQR, indicates interquartile range; N/A, not
applicable; OTA, Orthopaedic Trauma Association; PTS, polished taper-
slip; UCS, Unified Classification System.

AO/OTA fracture type. AO/OTA fracture type was mod-
elled with age, gender, and stem fixation philosophy as
covariates, of which stem fixation philosophy was the
only variable to reach statistical significance (Figure 2). CB
stems were associated with significantly increased odds
of transverse fracture (OR 9.51 (95% Cl 3.72 to 24.34); p
< 0.001, Wald statistic) and significantly increased odds
of wedge fracture (OR 3.72 (95% CI 1.16 to 11.95); p =
0.027, Wald statistic) compared to PTS stems.

Effect of fracture type on surgical treatment. Of the 584
PFFs in the series, 287 (49.1%) were treated with revi-
sion, 255 (43.7%) were treated with fixation, 38 (6.5%)
were treated nonoperatively, two (0.3%) were treated
with excision arthroplasty, and two (0.3%) were treated
with above-knee amputation. Comparison was made be-
tween cases treated with revision and fixation (Table V).
Ucs grade. UCS grade differed significantly between
the revision and fixation groups (p overall < 0.001, chi-
squared test). The revision group had more B2 (35.9%
vs 17.3%) and B3 (13.2% vs 3.5%) fractures than the
fixation group whereas the fixation group has more C
fractures (26.3% vs 1.4%; p < 0.001, chi-squared test).
A similar proportion of B1 fractures were seen between
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a) Fixed effects of variables on Unified Classification System (UCS) grade (vs UCS grade B) from multivariate modelling of age, sex, and stem fixation
philosophy and b) predicted values from fixed effects of sex on UCS grade. Note: *** indicates p < 0.001, fixed estimates indicated by dots, and numerical
labels with 95% confidence intervals as adjoining whiskers, predicted values are for a 78-year-old patient with a polished taper-slip (PTS) stem.
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Fig. 2
a) Fixed estimates of AO/OTA type (vs AO/OTA oblique type) from multivariate modelling of age, sex, and stem fixation philosophy and b) predicted values
from fixed effects of stem fixation philosophy on AO/OTA type. Note: *** indicates p < 0.001 and * indicates p < 0.05, fixed estimates indicated by dots and
numerical labels with 95% confidence intervals as adjoining whiskers, predicted values are for a 78-year-old female patient. PTS, polished taper-slip.

the revision and fixation groups (45.3% vs 50.6%, respec-
tively). A comparison of stem stable fractures (B1) versus
stem unstable fractures (B2 and B3) also showed a sig-
nificant difference between treatment groups (p < 0.001,
chi-squared test; Table VI). The revision group had a simi-
lar proportion of stem stable and stem unstable fractures
(48.0% vs 52.0%, respectively) but the fixation group

had a much greater proportion of stem stable fractures
compared to stem unstable fractures (70.9% vs 29.1%,
respectively).

AO/OTA fracture type. AO/OTA type differed significant-
ly between the revision and fixation groups (p overall =
0.001, chi-squared test, Table V). The revision group had
a higher proportion of transverse (9.1% vs 5.9%) and
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Table V. Comparison of United Classification System grade and AO/OTA
fracture type by treatment method (revision vs fixation).

Revision Fixation
Variable (n = 287) (n=255) p-value*
UCS grade, n (%) < 0.001
AG 2(0.7) 1(0.4)
AL 10 (3.5) 5(2.0)
B1 130 (45.3) 129 (50.6)
B2 103 (35.9) 44 (17.3)
B3 38 (13.2) 9(3.5)
C 4(1.4) 67 (26.3)
AO/OTA type, n (%) 0.001
Oblique 34 (11.8) 44 (17.3)
Transverse 26 (9.1) 15 (5.9)
Wedge 13 (4.5) 10 (3.9)
Spiral 165 (57.5) 171 (67.1)
Metaphyseal split 37 (12.9) 9(3.5)
NC 12 (4.2) 6(2.4)

*Chi-squared test.

CB, composite beam; IQR, interquartile range; N/A, not applicable; OTA,
Orthopaedic Trauma Association; PTS, polished taper-slip; UCS, Unified
Classification System.

Table VI. Comparison of Unified Classification System (UCS) grade and
AO/OTA fracture type by treatment method for all UCS B and C fractures
treated with either revision or fixation.

Revision Fixation
UCS, n (%) (n=271) (n=182) p-value*
B1 (stem stable) 130 (48.0) 129 (70.9) < 0.001
B2 and B3 (stem unstable) 141 (52.0) 53(29.1)

*Chi-squared test.

metaphyseal split fractures (12.9% vs 3.5%) compared to
the fixation group while the fixation group had a higher
proportion of oblique fractures (17.3% vs 11.8%). Wedge
fractures (4.5% vs 3.9%) and spiral fractures (57.5% vs
67.1%) had similar representation in both groups.

Discussion

This is the largest study investigating fracture character-
istics for PFFs around cemented stems in THA. It shows
that UCS grade is affected by sex while AO/OTA type is
affected by stem fixation philosophy.

Age had no statistically significant effect on UCS grade.
However, UCS grade does appear to be dependent on
sex as males were five times less likely than females to
sustain a type C fracture compared to a type B fracture.
Type C fractures are effectively distal femur fragility frac-
tures of which the majority are known to occur in female
patients following low-energy trauma.?®* The presence
of a cemented femoral stem does not appear to affect this
association. The commonest UCS grade was type B1 for
both PTS and CB stems. Univariate analysis demonstrated
more type AG, B2, B3, and C fractures but fewer type AL
and B1 fractures with CB stems compared to PTS stems.
No type AL fractures occurred with CB stems in this series
although the reason for this is unclear. By definition, PTS

stems are not fixed at the stem-cement interface and
normally subside within the cement mantle rather than at
the bone-cement interface. In contrast, when subsidence
occurs with CB stems, migration occurs at both these
interfaces.®® This explains why a greater proportion of
type B1 fractures were seen with PTS stems and a greater
proportion of type B2 and B3 fractures were seen with CB
stems. The higher prevalence of type B2 and B3 fractures
in CB stems can also be explained by the presence of oste-
olysis which is rarely seen with PTS stems.?"*2 More type
AG and C fractures were seen with CB stems compared
to PTS stems. These are more commonly seen with oste-
oporosis and this finding can be explained by an older
and more female CB stem cohort.?* Shape and surface
finish differences are also likely contributing factors to the
disparate distribution of UCS grade between stem types.’
However, fixation philosophy did not affect UCS grade
when other variables were accounted for during multi-
variate analysis.

Age did not have a statistically significant effect on AO/
OTA fracture type but a difference in AO/OTA fracture type
was seen with sex comparison during univariate analysis.
Males had more metaphyseal split and oblique fractures but
fewer transverse, wedge, and spiral fractures than females.
However, sex was not found to be a significant factor during
multivariate analysis. The most common AO/OTA type was
spiral for both PTS and CB stems, which suggests a rota-
tional mechanism of injury. CB stems had more transverse
and wedge fractures but fewer spiral, oblique, and metaph-
yseal split fractures than PTS stems. The significant effect of
stem fixation philosophy on AO/OTA type was confirmed
during multivariate analysis. PTS stems were exclusively
seen with metaphyseal split fractures but had reduced odds
of transverse and wedge fractures compared to CB stems.
This implies that AO/OTA type is dependent on stem fixation
philosophy and is likely to be related to differences in stem
geometry and loading mechanisms. Due to their wedge
shape and smooth surface finish, PTS stems subside within
the cement mantle for the first decade.’* Axial loading,
subsidence, and a wedge-shaped design render PTS stems
more likely to result in metaphyseal split fractures than CB
stems. In our series, these fractures occurred in 10.1% of
PFFs with PTS stems while none occurred with CB stems.
These complex fractures are considered typical of PFFs with
PTS stems,”?° but this study confirms that their incidence is
reassuringly low. Our results show that bending type frac-
tures (transverse and wedge) were more common with
CB stems and this likely relates to their loading properties.
With CB stems, load bypasses the proximal femur, transmits
to the stem tip and can lead to proximal stress shielding.*
The subsequent stress riser at the stem tip may contribute
to an increased susceptibility for bending type fractures. In
contrast, PTS stems allow transmission of hoop stresses to the
proximal femur and prevents stress shielding. Both metaph-
yseal split fractures and bending type fractures are inherently
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unstable fracture patterns. Although associated with higher
complication rates, revision surgery is more likely to give
better outcomes for these fractures than internal fixation due
to the increased risks of nonunion and metalwork failure.?-

Both UCS grade and AO/OTA type had a significant effect
on surgical treatment. A greater proportion of B2 and B3
fractures with unstable stems were treated with revision
surgery than fixation. This is an expected finding and is
consistent with well-recognized treatment principles based
on the original Vancouver classification of PFFs.3¢ The same
is true for C fractures where fixation remains the accepted
standard of care. A small proportion of stem unstable frac-
tures were treated with fixation which is may be an accept-
able form of treatment for patients who are medically unfit
for prolonged revision surgery. The most striking finding was
that a similar proportion of B1 fractures were treated with
revision surgery compared to fixation. This likely relates to
the high prevalence of PFFs around PTS stems in this series
and significant variation in practice in both classifying and
managing these fractures. Equally successful results have
been reported with both fixation and revision of PFFs around
PTS stems, although it is accepted that the fracture and
cement mantle must be anatomically reducible for fixation
to be deemed an appropriate management strategy.?2%+* In
addition to UCS grade, surgical decision-making is also likely
to be multifactorial relating to training, local experience,
availability of implants, and patient factors such as fitness
for revision surgery. As might be expected, more transverse
and metaphyseal split fractures were observed in the revision
group as these are inherently unstable fracture patterns that
benefit from revision surgery over internal fixation.'-*

This study provides clear implications for clinical practice.
It provides new evidence that UCS grade is affected by sex
while AO/OTA type is affected by stem fixation philosophy. It
is thefirst to identify patientand implant related risk factors for
PFF characteristics in cemented stems following THA based
on validated fracture classification protocols and its find-
ings should be incorporated into surgical decision-making
regarding stem choice and the patient consent process. It
is the first study to estimate the incidence of metaphyseal
split fractures around PTS stems and offers reassurances that
their incidence is low and therefore should not discourage
the use of PTS stems. This study also highlights how tradi-
tional treatment algorithms may no longer be relevant to
contemporary clinical practice,* and that consensus needs
to be established for PFFs around modern cemented PTS
stems, particularly B1 fractures. This should be supported by
large comparative multicentre studies into clinical outcomes
and cost-effectiveness. Our conclusions are strengthened
by a large sample size and observational bias has been
addressed by using a consecutive multicentre series of PFFs
to enhances the external validity of our findings. We limited
the confounding effects of heterogeneity by excluding hemi-
arthroplasty and interprosthetic fracture cases as the pres-
ence of a native acetabulum and/or a distal femur implant

may affect PFF biomechanics. Further biomechanical testing
is indicated to investigate our findings further with particular
focus on improving axial and bending rigidity with variations
in surgical technique.

We accept that this study has some limitations. There
may be an element of sampling bias as there were more
PTS than CB stems in the series. The UCS is based on the
Vancouver classification of PFF and while this has been vali-
dated in previous studies on cementless and CB cemented
stems, % it has never been reliably validated for PFFs around
PTS stems. As there is currently no standardized definition
for PTS stem loosening in the context of fracture, there may
be inconsistencies in classification with interobserver differ-
ences. The time from stem implantation to fracture was not
investigated. Though patients with PFFs associated with CB
stems were older, we cannot comment as to whether the CB
stems had been in situ for longer before fracture. We are also
unable to determine the effects of BMI on fracture type due
to incomplete data, but it is feasible that there is an as yet
undefined association between raised BMI and unstable PFF
patterns as has previously been identified in intertrochanteric
hip fractures.*® In addition, a clustering effect may have arisen
due to the inclusion of high-volume specialist centres which
may have led to a misrepresentation of some fracture types
e.g. type AL fractures those that are often manged nonop-
eratively. While we were able to make observations about
choice of treatment based on fracture type, we are unable
to recommend a particular treatment as outcome data were
not collected.

In conclusion, PFF characteristics around cemented
femoral stems are associated with sex and stem fixation
philosophy. These observations require biomechanical
testing for validation and investigation of modifiable factors
during primary THA which could reduce the risk of certain
PFF patterns such as metaphyseal split fractures and bending
type fractures. These complex fracture patterns usually
require revision surgery which carries increased cost and
morbidity compared to internal fixation.

Take home message

‘ - Sex affects Unified Classification System grade, with more
[~

type C fractures seen in female patients.

- Metaphyseal split fractures are exclusive to polished taper
stems but their incidence is reassuringly low (10.1%).
- Stem fixation philosophy affects AO/OTA type with more bending type
fractures (transverse and wedge) seen with composite beam stems.
- A significant proportion of B1 fractures with stable stems undergo
revision surgery, indicating a lack of consensus regarding optimal
surgical treatment. Further biomechanical work is needed to address
surgical technique during primary total hip arthroplasty which may
reduce the risk of complex fracture patterns requiring revision surgery.
- Large comparative multicentre studies evaluating clinical outcomes

and cost-effectiveness are required to determine the best treatment for
periprosthetic femoral fractures around modern cemented stems.
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