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Background: Transverse or short oblique periprosthetic femoral fractures around total hip arthroplasty
(THA) stems are typically classified as B1 fractures (stem well-fixed) and usually managed with fixation.
These fractures have high non-union rates. This study aimed to identify reoperation rates in patients with
operatively managed transverse or short oblique fractures around a cemented polished taper-slip stem
and determine any associations with treatment failure.
Methods: This retrospective cohort study included 31 patients with Arbeitsgemeinschaft für Osteosyn-
thesefragen transverse or short oblique Vancouver B1 periprosthetic femoral fractures around THA with
a cemented taper slip stem: 12 males (39%); mean age 74 ± 11.9 years (range 44-91); mean BMI 28.5 ± 1.4
(range 16-48); median American Society of Anesthesiologists score 3. Patient journeys were assessed and
re-interventions recorded. The primary outcome was reoperation.
Results: The mean time from primary THA to fracture was 11.3 ± 7.8 years (0.5-26 years). Surgical
management involved fixation in 27/31 cases and revision-THA (r-THA) in 4/31. Ten patients (32%)
required reoperation (8 following ORIF and 2 following r-THA, P ¼ .584), most commonly within 2 years
of injury (9/10) due to non-union (6/10). No significant associations with reoperation requirement were
identified. Kaplan-Meier survival free from reoperation was 67.4% (95% CI 49.8-85.0) at 2 years, unaf-
fected by initial management with fixation or revision (Log rank 0.898). Of those reoperated, 60% (6/10)
required multiple reoperations to achieve bony union or a stable revision construct.
Conclusions: These fractures are challenging to manage with either fixation or revision. Patients should
be counseled about a one in 3 risk of reoperation and a one in 5 risk of requiring multiple reoperations.
Crown Copyright © 2024 Published by Elsevier Inc. on behalf of The American Association of Hip and

Knee Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Periprosthetic femoral fractures (PFFs) around total hip arthro-
plasties (THAs) are increasing in incidence at a rate of 13% per year
[1e3]. Their management is challenging and is associated with
significant patient morbidity and mortality [4,5]. The surgical
management of PFFs is guided by the Unified Classification System
rgh, Little France Cres, Edin-

evier Inc. on behalf of The America
es/by-nc-nd/4.0/).
(UCS) [6], an expansion of the Vancouver classification, and typi-
cally involves fracture fixation when stems are well fixed (B1), and
revision arthroplasty where the fracture has rendered the femoral
stem loose (B2/B3) [7,8].

The most commonly implanted stem in the United Kingdom is
the Exeter V40 (Stryker, Mahwah, NJ). Despite excellent all-cause
survival [9,10], polished tapered slip (PTS) stem designs have a
higher risk of PFFs than composite beam stem designs [11-14]. The
most common fracture type around PTS stems are B2 fractures of a
long spiral pattern [15], and recent evidence has suggested that
provided these fractures can be anatomically reduced, fixation is
associated with lower morbidity and reoperations rates than
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revision surgery [16]. Long-term follow-up of type B fractures
around PTS stems treated with fixation has demonstrated that
compared to B2 fractures treated with fixation, fixation failure
requiring reoperation is highest among B1 fractures [17]. This may
reflect that B1 fractures include fracture patterns associated with
longer union times and risk of non-union, such as transverse or
short oblique fractures (clinical radiographs of these fracture pat-
terns presented in Figs. 1 and 2) where there is potentially less
surface area for bone healing [17,18].

The aim of this study was to report the outcomes of transverse
and short oblique periprosthetic fractures involving a cemented
PTS stem. The primary outcome measure was reoperation. Sec-
ondary outcomes included residential status, complications, and
mortality.
Material and methods

Ethical approval was obtained for this retrospective cohort
study (Scotland (A) Research Ethics Committee 20/SS/0125). Be-
tween 2007 and 2022, 396 consecutive unilateral PFFs around a
polished tapered Exeter stem were identified from a prospectively
collected trauma database. Patients with operatively managed B1
fractures of an Arbeitsgemeinschaft für Osteosynthesefragen (AO)
transverse or short oblique pattern were included in this study.
Patients with hemiarthroplasties, with stems other than cemented
PTS stems, UCS (Vancouver) A, B2, B3, C, D, and E fractures, spiral
fractures, and those who underwent non-operative management
were excluded from the study. This gave a study population of 31
patients with operatively managed transverse or short oblique
fractures (AO classification) involving THAs with well-fixed
cemented Exeter stems.

Electronic patient records were examined, and the following
data recorded: demographic data, BMI, American Society of Anes-
thesiologists score (ASA), date of primary prosthesis, date of injury,
details of operative management, and complications. Mortality was
calculated at 1 year. Modes of surgical management failure were
determined, and revision surgery or other reoperations were
recorded.

Radiographic review was performed by 2 orthopedic surgeons
(CEHS, MPB), using picture archiving and communication system
(Kodak Carestream, Rochester, NY). Fractures were classified ac-
cording to the UCS [6], and fracture patternwas recorded according
to the AO classification. Additional notes were also recorded if the
fracture had atypical features (lateral beaking and cortical or cystic
Figure 1. Transverse B1 fracture, treated with a single plate go on to non-u
changes). All subsequent radiographs were reviewed using the
national (Scotland) picture archiving and communication system
archive to identify any subsequent revision surgery which may
have occurred out with the study institution.

Statistical analysis

Data were analyzed using SPSS version 27.0. Univariate analysis
was performed using non-parametric (Mann-Whitney U-test) tests
as appropriate to assess variables for significant differences be-
tween operative successes and failures. Survival analysis was un-
dertaken with KaplaneMeier analysis using the endpoints
reoperation for any reason; failure of fixation; and revision of �1
component. Log rank statistic was used to compare treatment
strategies. A P value of �.05 was considered statistically significant.

Results

Of the 31 patients, 12 were male (39%), with mean age 74 ± 11.9
(range 44-91) and mean BMI 28.5 ± 1.4 (range 16-48). The median
ASA was 3. Time from primary THA to fracture was 11.3 ± 7.8 years
(0.5-26 yrs).

Primary surgical management was fixation with non-locked
dynamic compression plates in 27/31 and rTHA in 4/31. Where
open reduction and internal fixation (ORIF) was performed, intra-
operative image intensifier was used for 9/27 cases; bone grafts in
3/27; dual plates in 3/27; and cables in 21/27. Revision THA was
primarily performed for 3/31 patients due to poor quality of the
cement mantle, and signs of radiographic aseptic loosening around
the THA.

Ten of 31 (32%) patients required reoperation and are detailed in
Table 1. Nine of these reoperations were required within 2 years of
index PFF: 1 following rTHA and 8 following ORIF. Non-union was
the commonest mode of failure and occurred in 6/9 early failures
(including one rTHA, patient had ORIF with cement-on-cement
revision). Other modes of failure included inadequate fixation and
refracture and infection (Table 1). KaplaneMeier survival free from
reoperation was 67.4% (95% CI: 49.8-85.0) at 2 years (Fig. 3).

There was no difference in survival free from reoperation be-
tween patients managed initially with ORIF or rTHA (Log rank
0.898). Details of the patients who underwent a revision (r) THA as
initial management for their PFF are detailed in Table 2.

Multiple reoperations were required in 6/10 patients. Of the 8
failures of fixation, 3 underwent refixation of whom 2 went on to
nion and conversion to uncemented fluted tapered stem (a Link MP).
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Figure 3. KaplaneMeier survivorship of surgically managed transverse/oblique
periprosthetic fractures for the endpoint reoperation.
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unite (though one refractured). The relative risk of requiring
multiple reoperations following initial ORIF was 1.2 (95% CI 0.17
-8.5) compared to those who had undergone rTHA. Five of 27
(19%) patients initially managed with fixation ended up requiring
rTHA all for non-union and fixation failure. Figure 2 displays
clinical radiographs of a patient included in the study cohort, who
sustained non-union and required an rTHA. Ultimately, 4 of the
cohort (13%) required proximal formal replacement, 3 required
uncemented fluted tapered stems (10%), and 3 had femoral strut
grafts (10%).

Patients who did and did not require reoperation had com-
parable age, BMI, sex, ASA, preoperative mobility, time from
arthroplasty to fracture, and surgical management, and no sig-
nificant associations with reoperation requirement were identi-
fied (Table 3). There were 2 patients (one from each group) that
had a change in residential status after injury (Table 3). The
relative risk of 1 year mortality was 1.6 (95% CI: 0.25-10.1) among
patients who required reoperation compared to those who did
not.

Discussion

This study has identified a unique, challenging but rare subset
of PFF. The data though limited by the patient numbers and the
retrospective nature of the study design have produced some
striking results that will impact patient care.

Among patients with transverse or short oblique UCS B1 per-
iprosthetic fractures at the level of well-fixed cemented PTS
stems, 30% required reoperation after the primary management of
their PFF. The risk of reoperation did not differ between patients
able 2
ummary of the patients who underwent rTHA stem revisions for PFF treatment.

Patient case THA for PFF Surgical intervention

44F OA Transverse 2 component revision:
Uncemented fluted tapered stem plus
cemented cup

83M OA Short oblique 1 component revision:
C-in-C femur with cable and plate to
fracture

75F rTHA Short oblique 1 component revision:
Uncemented fluted tapered stem plus
cables.

88F OA Transverse 2 components revision:
PFR plus Constrained cup



Table 3
Comparison of the 2 groups, reoperation vs no reoperation.

Variable Successful primary
management (n ¼ 21)

Reoperation
(n ¼ 10)

P value

Age 76 75 .880b

BMI 28.2 (1.58) 30.0 (3.5) .535a

Female sex 12 [57] 6 [60] 1.00
ASA
2 10 [48] 2 [20] .105
3 8 [38] 8 [80]
4 2 [10] 0 [0]

Preop mobility
Unaided 6 [29] 4 [10] .434
1 stick 5 [24] 4 [40]
2 sticks 4 [19] 0 [0]
Frame 3 [14] 2 [2]
Chair/bedbound 2 [10] 0 [0]

Time from THA to PFF 10.3 14.4 .629b

Management
ORIF 18 [86] 8 [80] .584
Revision 2 [10] 2 [20]

Bone graft 1 [5] 1 [10] 1.00
Cables 14 [67] 6 [60] .690
Intra-op II 5 [24] 4 [40] .431
Change in residential status. 1 [5] 1 [10] 1.00
Mortality
1 year 4 [21] 1 [10] .640

Data are given as mean (SD) or number [%].
a T-Test.
b ManneWhitney U.

Figure 2. (a) Clinical radiographs of B1 transverse fracture treated with ORIF cables plate and strut graft. (b) Clinical radiographs of B1 spiral fracture.
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who had initially underwent fixation vs those treated initially with
revision. When reoperation was required, 60% of patients required
multiple reoperations to obtain either bony union or a stable
revision construct, with 13% of the cohort ultimately requiring
proximal femoral endoprostheses. These are difficult fractures to
manage, which are associated with a high mortality risk. Patients
should be counseled as to the risks of repeated surgery at
presentation.

On reflection of the 2 groups: non-reoperation vs reoperation,
there were no differences in the age, sex, BMI, overall health (ASA),
and clinical frailty score. Therefore, one can assume the “bone
health” would be comparable for the 2 groups. This is further
supported by reflection of our greater PFF data base, of over 500
patients. PFF patients in general are elderly, frail female, ASA 3, with
a high clinical frailty score, but the rate of non-union is significantly
lower in the UCS B2 [17]. As a result, we can conclude that no pa-
tient or fracture features were identified as being associated with
the risk of reoperation. Further supporting the morphology of the
fracture that precipitates the high risk of non-union and failure.

The significance of the subtype of B1 fracture around the PTS
stem has only recently become apparent [15-18]. Chakrabarti et al.
in 2019 published work indicating the clinical significance of the
transverse B1 PFF in a group of 22 patients [18]. Jain et al. in 2021
published a large multi-centered study of 584 PFF with 247 B1
fractures. There was no information regarding the fracture pattern
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in this group. Despite this, the study revealed a large number of
primary revisions for the B1 fractures indicating concerns over
primary fixation failure [15]. Powell-Bowns et al. in 2021 reviewed
152 B fractures, 74 being B1. This study showed those patients had
12% risk of re-operation [16]. The same group looked at the out-
comes of PFF treatment at 5 years, and this article highlighted B1
fractures and how the morphology could influence the outcome
[17].

Transverse and short oblique long-bone fractures offer limited
surface area for union and are susceptible to non-union [17,18].
These fractures frequently occur at the stem tip at the distal cement
mantle making them difficult to compress. Although cerclage ca-
bles can be used in some oblique fractures, for transverse fractures,
compression is achieved by dynamic compression plating or the
use of a dynamic compression device. Due to the prolonged healing
time of transverse fractures [15], unilateral plate fixation may be
insufficient, and dual plating, or strut grafts, (Fig. 2) may be
considered for primary fixation. In addition, this group of trans-
verse and short oblique fractures can also include periprosthetic
atypical femoral fractures that have an independent increased risk
of non-union as they occur through biologically abnormal bone
[19]. It has yet to be determined whether teriparatide is beneficial
to bone union in atypical femoral fractures. If a role is confirmed in
these biologically challenging fractures, then such medical
augmentation may be useful in these biomechanically challenging
transverse periprosthetic fractures.

Augmentation of platefixationwith cortical strut grafting or dual
plating can be used to stiffen the fixation construct and help facili-
tate bony union prior to fatigue failure of a unilateral plate [20-22].
Neither of these strategies are “new” concepts, and both have been
used in PFF treatment in previous decades in both the proximal and
distal femur [20,21]. Vancouver C and supracondylar PFF have
established evidence to support dual plating [23]. There is however
limited evidence with regards to dual plating in B1 proximal frac-
tures [21]. Performing dual plating at the primary procedure re-
quires greater exposure and soft-tissue stripping than unilateral
plating, and therefore may contribute to non-union risk. The use of
strut allografts in contrast has resulted in union rate of up to 98% in
B1 fractures with well-fixed implants [21]. However, specific frac-
ture patterns are not discussed or reported. At our own center,
transverse fractures account for 6%-8% of the PFFs managed, and
therefore, obtaining robust data on optimum treatment strategies is
difficult without multicenter studies. When revision arthroplasty is
performed, the fracture still has to heal to avoid cantilever bending
and ultimately failure of the stem [14]. Revision arthroplasty
therefore does not avoid non-union as a complication.
Conclusions

Transverse and short oblique periprosthetic fractures at the tip
of the stem are difficult fractures to manage. Despite well-fixed
stems and UCS-B1 status, these fractures are associated with very
high reoperation rates of one in 3. This should be anticipated, the
patient warned, and measures taken, such as strut grafting or dual
plating, to improve the chance of union and potentially avoid
multiple reoperations with ever-increasing risks. The role for
medical management of bone health in these biomechanically
challenging fractures remains unclear and is an avenue for further
research. Surgeons must not underestimate these fractures, often
considered the most straight forward of periprosthetic fracture if
they are to “get it right first time.”
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