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Clinical and Radiological Outcome of Vancouver B2
Fracture Treated With Open Reduction and Internal

Fixation. A Multicenter Cohort Analysis

Peter Biberthaler, MD, PhD,a Patrick Pflüger, MD,a Markus Wurm, MD,a Marc Hanschen, MD, PhD,a

Chlodwig Kirchhoff, MD, PhD,a Joseph Aderinto, MD,b,c George Whitwell, MD,b,c

Peter V. Giannoudis, MD, PhD,b,c and Nikolaos Kanakaris, MD, PhDb,c

Objectives: To determine whether open reduction and internal
fixation (ORIF) of periprosthetic Vancouver B2 fractures can lead to
successful fracture healing in selected patients, when attention is
given to the surgical exposure and the creation of a balanced
extramedullary construct.

Design: Retrospective.

Setting: Two Level-1 trauma centers in Germany and United
Kingdom.

Methods: Patients with a B2 fracture receiving solely ORIF using a
polyaxial locking plate were included for analysis. Patients with
other fracture types, or treated with other methods, or with follow-up
less than 12 months were excluded. Clinical characteristics,
including the Charlson index, the American Society for
Anesthesiologists score, and their preinjury functional levels, were
recorded. Main outcome measures were 1-year mortality, revision
rate, and radiological healing according to the Beals–Tower criteria.

Results: A total of 32 patients (mean age ,79 6 12 years) were
enrolled. Six patients died within the first year (1-year mortality:
19%), and 5 were unavailable for follow-up studies. The remaining
21 patients had a mean follow-up of 30 months. Of 21, 20 had an
excellent/good result using the criteria of Beals–Tower. One patient
required revision surgery due to loosening and secondary subsidence
of the stem.

Conclusion: ORIF can be offered to selected patients suffering
from B2 fractures, especially if their functional demand is limited,
and perioperative risk high for revision arthroplasty. In this
challenging cohort of patients, ORIF was a safe and effective
therapeutic option.

Key Words: periprosthetic fracture, femoral fracture, hip arthro-
plasty, open reduction internal fixation, polyaxial locking plate

Level of Evidence: Therapeutic Level IV. See Instructions for
Authors for a complete description of levels of evidence.

(J Orthop Trauma 2022;36:e306–e311)

BACKGROUND
The number of total hip arthroplasties (THA) has been

increasing continuously over the past decades.1 Consequently,
the number of periprosthetic fractures (PPFx) is increasing and
constitute the second most frequent reason for revision surgery
at 4 years after a primary THA.2 Due to aging and the growing
incidence of comorbidities in this population, mortality rates are
increasing and are reported to be almost similar to those suffer-
ing hip fractures.3 Moreover, the functional demand in this
advanced aged group is also reduced as compared with primary
hip replacement, and only a small proportion of patients return
directly to their homes postoperatively.4

PPFx relevant to a THA, affect either the acetabular or
the femoral components. Several studies have demonstrated
that the frequency of periacetabular fractures is much less
when compared with femoral PPFx.5 In general, the therapeu-
tic strategy of PPFx is based on the following critical factors:
(1) location of the fracture, (2) stability of the prosthesis, (3)
bone stock quality, (4) patient clinical characteristics, comor-
bidities, and perioperative risk, and (5) available resources
and surgical expertise. When the femoral stem is loose
(Vancouver B2 and B3 PPFx) a revision to a longer stem
either alone or combined with plate fixation or strut grafts
can achieve acceptable results.6,7 The revision stem system
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should anchor well to the remaining femoral shaft below the
level of the fracture to allow immediate mobilization of the
patients and reduce the risk of bone healing complications.

Undoubtedly, revision arthroplasty, even as an elective
procedure, is a highly invasive surgical procedure with
associated increased perioperative morbidity and mortality.8

We have hypothesized that open reduction and internal fixa-
tion (ORIF) of Vancouver B2 PPFx can lead to successful
fracture healing in a specific geriatric patient group, when
attention is given to the surgical exposure and the creation
of a balanced extramedullary construct, using modern poly-
axial locking periprosthetic plating systems. Therefore, the
aim of this study was to analyze the short-to-midterm out-
come of patients treated with this method.

PATIENTS AND METHODS
Two level-1 trauma centers in Munich, Germany, and

Leeds, United Kingdom, participated in the study. The study
was approved by local regulatory committees (No: 313/18s,
Technical University of Munich, Germany and No: 2019/
TRS81 Leeds UK) as a retrospective cohort study. The study
period was from 2009 until 2019.

Inclusion criteria were all patients with a femoral PPFx
after hip arthroplasty classified as Vancouver B2 and treated
using solely ORIF. Exclusion criteria included patients with
other types of PPFx, evidence of septic loosening of their
stem, or B2 fractures treated with revision arthroplasty or
other combined methods. Primary study end points were
1-year mortality, revision rate, and radiological bone healing
characteristics. Collected and analyzed data complied with the
recent recommendations of Khan et al.6

RADIOLOGICAL EVALUATION
In all cases, the instability of the femoral component

was apparent and documented, after careful evaluation of the
preoperative imaging (x-rays and CT scan with metal artifact
reduction). Thereafter, no further exposure of the hip joint and
surgical dislocation was required or performed to document
the stem instability. All patients were treated with ORIF
alone, as described below. At follow-up, only patients with
adequate radiological data sets and a minimum follow-up
time of 12 months were included for further analysis. Plain
radiographs, and when available postoperative computed
tomography scans, were analyzed. The fracture was deemed
healed when bridging callus was seen across the fracture on
both the anteroposterior and lateral planes.9

Implant fixation of the femoral stem was evaluated
according to Engh et al10 (bone-ingrowth fixation, stable
fibrous fixation, unstable fixation). The vertical subsidence
of the femoral hip stem was measured as distance between
the apex of greater trochanter to the shoulder of stem in
immediate postoperative and 1-year or final follow-up radio-
graph. A subsidence up to 3 mm was graded acceptable and
more than 5 mm as poor.11

The results were graded following the criteria proposed by
Beals and Tower.12 An excellent outcome was a stable arthro-
plasty and healed fracture with minimal deformity and no

shortening. A stable subsidence of the prosthesis or moderate
deformity/shortening was graded good. A poor result was
defined as loose prosthesis, nonunion, or severe shortening.12

Secondary end points were epidemiological and demo-
graphic data, such as age, gender, preoperative assessment,
the mode of injury, time to index fracture, primary implants,
Vancouver classification, type of ORIF implants, the surgical
approach and technique, and overall follow-up time.6

CLINICAL PROCEDURE
All patients were investigated preoperatively for loos-

ening symptoms such as pain during walking before their
injury. The preoperative Parker Mobility Score and Charlson
Index score was then calculated.13,14 To quantify periopera-
tive risk, the American Society for Anesthesiologists (ASA)
score was recorded. Patient and THA history, biochemical
markers, as well as pre- and intraoperative clinical findings
indicating the presence of infection were assessed. If positive,
they were excluded from the study group.

The decision to treat with ORIF alone without revision
was made by the senior surgeon on the basis of perioperative
risks, physiologic reserve, the severity of their comorbidities,
and the patient’s preinjury functional state/demands. Based
on these data, it was determined that the patient would not
be able to withstand a larger surgical procedure such as a
formal ORIF combined with revision of the prosthesis. All
procedures were discussed at the multidisciplinary meetings
of each department and performed with the full informed
consent of the patients and their family members as to the
risks and benefits of this alternative approach.

Surgical Technique
All surgical procedures were performed using a specific

plating system, which allows noncontact bridging (NCB
Periprosthetic Proximal Femur System, Zimmer Biomet,
Warsaw, Indiana). The screws allow a polyaxial placement
for bypassing even bulky stems and become locking with the
insertion of specific end cups.

One of the most important objectives in all these
patients was the anatomic reduction around the loose stem
preserving vascularity as much as possible, with careful
elevation of the vastus lateralis and minimizing the extend
of injury to the perforating nutrient arteries. The reduction of
the fractured femur around the stem, often using 1 or 2 onlay
cerclages and a reduction clamp was always the initial stage.
Subsequently, a long precontoured NCB periprosthetic plate
was inserted usually using the targeting jig. During insertion
of the plate, the vascularity of the bone was respected, as
much as possible but not on the cost of femoral reduction or
optimal plate positioning. Then, the plate was temporarily
anchored with 2.0 mm K-wires proximally and distally, and
the overall axis, and length and rotational alignment were
assessed using fluoroscopy. Fixation around the THA stem
was achieved using polyaxial cortical screws (4.0 or 5.0 mm)
aiming to achieve bicortical fixation as often as possible, with
at least 4 anchoring points equally distributed along the stem.
Unicortical screw fixation was used when no bicortical screw
could be inserted. Around cemented stems, slightly oversized
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drill bits were used to minimize the risk of further compro-
mise of the cement mantle Furthermore, attention was given
into the avoidance of linear perforation of the cement mantle
but rather spreading the fixation points at both sides of the
stem. The main goal was to create a balanced construct
around an accurately restored proximal femoral anatomy with
the least possible surgical insult (Figs. 1, 2).

Aftercare consisted of early mobilization out of bed into
a chair, weight bearing as tolerated, and increased walking
distance and mobility as tolerated over the first 8 weeks,
under physical therapy supervision. This approach was
considered more practical in this patients’ group due to their
relevant inability to follow different instructions.15,16

Statistical Analysis
Data are presented as mean 6 SD. RStudio (Version

1.2.5033, 2009–2019 RStudio, Inc.) was used for data
processing.

RESULTS

General Parameters
During the study period, 108 patients with a Vancouver

B2/3 were surgically treated in the study hospitals. In total, 32

patients were identified as B2 fractures treated solely with
ORIF. The mean age was 79 6 12.2 years, including 17
female and 15 male patients. Due to early death or incomplete
radiological data, 21 patients remained for the radiological
and functional analysis component of the study.

Implants and Surgical Technique
Twenty-three patients had a primarily cemented hip

stem, all polished taper slip designs. The other 9 patients had
a uncemented collarless or collared hip stem. Four patients
had their PPFx around a cemented hemiarthroplasty stem.
During fixation of the PPFx, 29 of 32 cases required at least 1
or more cerclage wires/cables in addition to a polyaxial
locking plate for fracture reduction and fixation. Overall, the
mean was 2 cerclage wires/cables with a maximum of 6
besides the plate fixation. Thirty-one patients were treated
with an antegrade polyaxial locking plate (NCB
Periprosthetic Proximal Femur System, Zimmer Biomet).
Only 1 patient received a retrograde polyaxial locking plate
(NCB Periprosthetic Proximal Femur System, Zimmer
Biomet). The targeting jig was used in 24 cases (75%).
Most frequently a 12-hole, followed by a 15 hole, polyaxial
locking plate was used for internal fixation (see Table,
Supplemental Digital Content 1, http://links.lww.com/
JOT/B683).

FIGURE 1. Radiographs of Vancouver B2 fracture treated with ORIF. A, X-ray (pelvic anteroposterior view) of an 80-year-old man
with a Vancouver B2 fracture. B, Intraoperative x-ray showing ORIF with the help of 2 cerclages. C, Intraoperative x-ray with
polyaxial locking plate osteosynthesis (NCB Periprosthetic Proximal Femur System, Zimmer Biomet). D, Postoperative radiographs
2 months after ORIF.
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Primary End points

One-Year Mortality
From 32 enrolled patients, 26 (81%) survived the first

year and 6 died (19%). Five of the 6 patients died within the
first 2 months after surgery. Another 5 patients were excluded
from radiological analysis due to missing x-ray data or
inadequate follow-up.

Revision Rate and Radiological Bone
Healing Characteristics

Twenty-one patients remained for radiological analysis
with a minimum x-ray follow-up of 12 months (mean, 30
months; range 12–67 months, SD 6 17.7). All 21 fractures
progressed to union. One healed with a varus deformity and 1
showed evidence of secondary subsidence and loosening of
the stem. Revision arthroplasty was performed in the patient
with the loose stem 1 year after the ORIF. The mean vertical
subsidence in the final x-ray was 1.5 mm6 2.5 (without the 1
patient with revision arthroplasty: 1.2 mm 6 2.5). Sixteen
patients had an excellent, 4 a good, and 1 a poor result ac-
cording to the classification of Beals–Tower (Table 1).

Secondary End points
The majority of the patients had an ASA score of 3, and

a mean preoperative Parker Mobility Score of 6 6 1.7.
Regarding the Charlson Index score, more than half of the
patients had a score of $3 (mean: 2.7 6 0.9). Preoperative
assessment of hip function revealed that 6 patients were
unhappy with their hip arthroplasty, whereas 26 patients re-
ported no symptoms. A simple fall occurred in 28 of 32
patients as the cause of injury, only 2 fell down the stairs,
and another 2 were involved in a road traffic accident. The
interval between primary hip replacement and periprosthetic
fracture was 5 years (range, 1–11 years). Twenty-nine
patients had a Vancouver B2 fracture, 3 an interprosthetic
B2 (see Table, Supplemental Digital Content 1, http://
links.lww.com/JOT/B683). From the 32 patients, we retrieved
their preinjury social status in 27, with 12 living previously at
a nursing home, 10 at home with caregiver support, and only
5 at home independently. At their latest follow-up, only 16 of
27 patients have returned to their preinjury social status. The
rest either have died earlier or have become new residents of
nursing houses.

FIGURE 2. Long-term radiological result after ORIF of a Vancouver B2 fracture. A, X-ray of a B2 femoral fracture of a 73-year-old
man following a high-energy accident (associated injuries of spleen rupture, subarachnoid and multiple rib fractures). B, CT scan
captures that demonstrates the expansion of fracture lines all the way up to the calcar region of his cemented tapered THA,
making the tapered stem fully unstable. The CT scan also does not show any cement–bone separation. C, Intraoperative fluo-
roscopy views demonstrating the long spiral nature of the fracture, and following the lateral surgical approach did show clear
exposure of the stem at all its length remaining attachment index 0. Onlay cerclage wires were used for reduction and as well as a
balanced plate bone construct with bicortical screw fixation around the stem and appropriate plate span width and plate screw
density. D and E, latest follow-up x-rays (anteroposterior and lateral relatively) at 7 years postoperatively with full union and
minimal subsidence of the tapered stem of 3 mm.
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DISCUSSION
In our study, we investigated the outcome of 32 patients

suffering from Vancouver B2 fractures treated with ORIF.
This number of patients is comparable to those of previous
studies reporting on 8 to a maximum of 52 patients.17–21

Patients with periprosthetic femur fractures are usually elderly
and thus often suffer from several comorbidities.6 Our cohort
had a mean age of 79 years, high ASA score ($3), and had on
average ($3) serious comorbidities, while at the same time
was perceived by a senior clinician as of high risk to be
subjected to a revision arthroplasty. This subgroup of patients
represents a similar cohort to other studies.6

In our series, 6 patients died in the first year, resulting in
an overall 1-year mortality of 19%. One-year mortality after
femoral PPFx is similar to that following hip fracture, ranging
from 11% to 15.1%.3,21–24 The elevated 1-year mortality in
this cohort can be attributed to the comorbidities of this cohort
of patients. High ASA score and low Parker Mobility Score,
as in this group, correlates with increased mortality.13,23 In
general, studies found comparable results regarding the 1-year
mortality of Vancouver B2 fractures treated with ORIF or
revision arthroplasty.18,20,21

Quite recently, Karam et al25 introduced 4 subtypes of
B2 fractures with different configuration and fracture line
extensions, which appear to be quite relevant mostly to local
femoral bone quality and the type of the femoral stem. These
authors advocate in favor of ORIF for the spiral types of B2
around a cemented stem or those with an intact bone–cement
interface and/or where anatomic reduction around a cemented
or uncemented stem can be achieved. In our cohort, this
approach was not followed because our series represent
patients operated before this publication. However, interest-
ingly, in all our cemented stems, the preoperative CT scan
demonstrated intact bone–cement interfaces of the main
fragments, and anatomic reduction around the stem was one
of our main goals. Our approach to proceed to an ORIF was
mostly individualized and influenced from the patient’s
overall profile rather than the fracture characteristics.

Within the follow-up period of this study (mean of 30
months), only 1 patient needed a reoperation due to loosening
of the hip stem following the ORIF. In contrast to other
studies with overall reoperation rates from 11% to 17%, our
reoperation rate is considerably lower,6,19,24 which can be

attributed to the low demands of this group of patients, as
well as to our limited follow-up. A systematic review ana-
lyzed 22 studies with a total number of 343 Vancouver B2
fractures and found comparable revision rates for hip arthro-
plasty of 12.4% and internal fixation of 13.3%.6,24 Baum et al
treated Vancouver B2 fractures with a monoaxial locking
compression plate, and 4 patients (17%) needed revision sur-
gery. In 2 cases, a wound revision was performed, and in
another 2, a revision with LCP.17 Spina and Scalvi20 reported
of 3 patients (15%) with hip stem loosening in their ORIF
cohort of 20 patients. Smitham et al19 reported about 5 reop-
erations (11%) in their cohort, from which 3 patients needed
reoperation due to revision of the fixation and 2 following a
new fracture below the fixation.

Assessing the radiological outcome in our study cohort,
20 patients (95%) had “excellent/good” results according to
the Beals–Tower criteria. Only 1 patient, the one that needed
revision arthroplasty, was scored as “poor” result (Table 1).
That is in line with other studies, who reported “excellent/
good” radiographic results of 80% in Vancouver B2 patients
treated with ORIF and an uneventfully healing without stem
migration or other complications.17,18,20,26 A current study of
52 Vancouver B2 periprosthetic fractures treated with ORIF
reported only minimal stem subsidence with union in all
patients.19

Secondary End points
The mean ASA score of 3 is in line with previous

published studies reporting also a median ASA score of
3.20,21 Patients were limited in their mobility, represented by a
mean preoperative Parker Mobility Score of 6. Thus, it is not
surprising that the mode of injury was a simple fall in 28 of
the 32 patients. Other studies also report a limited mobility
and similar mode of injury in their cohort.18 Assessing the
patients risk factors is essential for choosing the right treat-
ment. Studies revealed an increased mortality with increasing
age and higher ASA score.23,27 Since the patients’ general
medical condition is not part of the Vancouver classification,
recent studies suggest an individualized treatment especially
for B2 fractures depending on patients’ comorbidities, mobil-
ity, and the surgeon’s experience.28–30

Implants and Surgical Technique
ORIF in comparison to revision arthroplasty is a less

invasive procedure for patients with a Vancouver B2
fracture.17,18,26 The primary biomechanical target of our less
invasive surgery technique was to restore the femoral anat-
omy around the stem, achieve adequate fixation stability with
a balanced plate/bone construct, and, at the same time, min-
imize the compromise of the local biology. The vascularity of
the bone was respected as much as possible but not at the
expense of reduction or optimal plate position. The careful
surgical technique of exposure and reduction, as well as the
noncontact design of this specific plating system to the lateral
femoral cortex,31 contribute to the preservation of periosteal
blood supply versus a totally open technique.16,32,33

Limitations of the study are its retrospective design and
the relatively small number of patients, as well as the absence
of a control group. Randomization between revision

TABLE 1. Outcome of Patients According to Beals–Tower
Scoring at Latest Follow-up (Mean, 30 Months; Range, 12–67
Months)

Beals–Tower Score N (%)

Excellent (healed fractures, stable
stem, minimal deformity, and no
shortening)

16 (76%)

Good (healed fracture and
subsidence ,3 mm, moderate
deformity/shortening)

4 (19%)

Poor (subsidence .5 m, loose
prosthesis)

1 (5%)

N, number of patients.
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arthroplasty and ORIF in patients with high perioperative risk
is problematic, as well as the completion of large prospective
series of surgical patients of this age group as previously
described.16 Long-term clinical and radiological results were
not part of our study, and radiographs were taken for clinical
follow-up and not for research purposes in a strict standard-
ized manner. The surgical procedures evaluated in this study
were performed between a period of 10 years in both centers,
which share the same principles of fixation and rationale of
indications. The decision for ORIF or revision arthroplasty
was made by senior clinicians based on the overall patient
profile (functional demands, perioperative risk and physiolog-
ical reserves, and comorbidities) rather than the fracture char-
acteristics. Hence, there was a clear selection bias, which is
another shortcomings of this retrospective study; however, it
represents the clinical reality in many centers and seems to be
supported by the overall outcome of this group of patients.

CONCLUSIONS
In this multicentered cohort study, we recorded success-

ful healing in the majority of these selected B2 PPFx treated
solely with ORIF using modern polyaxial implant systems
and biological surgical techniques in low demand geriatric
patients, confirming our hypothesis. This alternative approach
could be encouraged when the strategy of a revision
arthroplasty is considered too much of a surgical insult for
a specific patient with a B2 periprosthetic fracture.
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