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Abstract

Introduction The purpose of this study was to report mid-term clinical and radiographic results after hip arthroplasty revision
in Vancouver type B2 femoral periprosthetic fractures (PPFx). Specifical focus of the paper is as follows: (1) the description
of a standardized and reproducible surgical technique, (2) functional outcomes presentation and (3) type and number of
complications and implants’ survival rate analysis.

Methods We retrospectively reviewed all patients treated for hip revision with non-modular tapered fluted titanium stem
in patients with Vancouver type B2 femur PPFx at a single institution. At least 18 months’ follow-up period was required.
Harris Hip Scores and SF-12 were obtained, and radiographical follow-up was performed. Complications were reported
and analyzed.

Results The authors included 114 patients (114 hips) with a mean follow-up of 62.8 +30.6 months. All patients were treated
with Wagner SL revision hip stem (Zimmer-Biomet), metal cerclage wires + trochanteric plate. The mean HHS and SF-12
score at the last follow-up evaluation were respectively 81.3 £9.7 and 32.5 +7.6. Seventeen (14.9%) complications occurred.
We observed five cases of dislocations, two of periprosthetic joint infections and six cases of new PPFx. The stem-related
revision rate for any cause at the final FU was 1.7%, due to PJI. No patients underwent stem revision surgery for aseptic
loosening. Fracture healed in all the included patients with a union-rate of 100%. The re-operation rate for any cause was
9.6%, with an implant survival rate for overall failure of 96.5%.

Conclusion The presented standard and reproducible surgical technique obtains optimal clinical and radiological results with
limited complication rate at mid-term follow up. Preoperative planning as well as careful intraoperative surgical technique
is of a paramount importance.
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for patients [3—7]. Moreover, surgical treatment requires
both arthroplasty and trauma skills.

A detailed analysis of PPFx, including a classification,
is mandatory for defining the best treatment. To our knowl-
edge, Vancouver classification [8] is the most widely used to
address the treatment of the different types of PPFx around
the femoral stem. It considers the fracture site, the stability
of the femoral stem and the quality of surrounding femoral
bone stock. The classification has been modified by Masri
et al. to include intraoperative in addition to postoperative
periprosthetic femur fractures [9] Vancouver classification
divides fracture according to the location in type Type A
occurring around the trochanteric region, Type B near or
just distal to the femoral stem, and Type C well below the
femoral stem. Type A is subgrouped in AG (fracture of the
greater trochanter) and AL (fracture of the lesser trochanter).
Type B fractures are subdivided in B1 (well-fixed stem), B2
(loose stem with good bone stock) and B3 (loose stem with
poor bone stock).

Basically, well-fixed stems (Vancouver type B1 and C)
need ORIF (open reduction and internal fixation), whereas
loose stems (Vancouver type B2 and B3) require femoral
implant revision with or without internal fixation [8, 10,
11].The main goals of the surgeon are to achieve fracture
reduction with proper alignment and stable fixation, implant
stability and patient early mobilization.

The purpose of this study is to report mid-term clinical
and radiographic results after hip arthroplasty revision in
Vancouver type B2 PPFx. Specifical focus of the paper is:
(1) the description of a standardized and reproducible sur-
gical technique (2) functional outcomes presentation, (3)
type and number of complications and implants survival
rate analysis.

Material and methods
Study design

Data of this retrospective single-center study were col-
lected using the prospective institutional arthroplasty reg-
istry (Santa Corona Hospital—Pietra Ligure). Written
and informed consent was obtained from each individual
participant before the revision procedure. The study was
approved by the local ethics committee (177/2022) and it
was performed in accordance with the ethical standards as
laid down in the 1964 Declaration of Helsinki and its later
amendments.

The inclusion criteria were hip arthroplasty revision with
non-modular tapered fluted titanium stem in patients with
Vancouver type B2 femur PPFx, and completion of at least
18 months follow-up (FU) period. Exclusion criteria were
Vancouver fractures type A, B1, B3 and C, Vancouver type
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B2 associated with pelvis fracture. Patients with shorter than
18-months FU were excluded as well. Demographic features
of patients and surgical data were collected (Table 1).

Patients

Between January 2011 and June 2020, 137 hip arthroplasty
revisions were performed in 137 patients affected by a B2
PPFx of the femur. One hundred and three (75.2%) patients
were female and 34 (24.8%) were male. The mean body mass
index (BMI) was 27.6 +5.4 (range 19.5-34.9) Kg/m2 and
mean age of the patients at the time of the indexed surgery
was 79.1+9.2 (range 41-94) years. The mean ASA scores
were 3.2 +0.7 (range 2-5). Twenty-three patients were lost
at follow up, of these 18 (13.1%) died, with a global drop-out
rate of 16.8%. A total of 114 patients were assessed clini-
cally and radiographically for a mean of 62.8 +30.6 (range
18-126) months.

In all cases, the indication for the surgery was a PPFx of
the femur, type B2 according to the Vancouver classification.

Surgical technique
Every surgery was performed in a single center, by a sen-
ior surgeon (ST, LC) with expertise in hip replacement and

revision surgery. In all cases an extended posterolateral
approach was performed to allow hip joint exploration and

Table 1 Demographic and surgical data

Sex

Female 103 (75.2%)

Male 34 (24.8%)
Body mass index (kg/m?) 27.6+54
Age at time of surgery (year) 79.1+9.2
Side of procedure

Right 82 (59.8%)

Left 55 (40.2%)
Indication for surgery

Vancouver type B2 fracture 137 (100%)

ASA score 3.6+0.7

Surgery time (min) 93.8+344
Previous stem designed

Single wedge® 46 (33.6%)

Double wedge* 68 (49.6%)

Tapered® 16 (11.7%)

Anatomic® 5 (3.6%)

Cemented 2 (1.5%)
Acetabular revision 15 (10.9%)
Trochanteric plate 5 (3.6%)
N° of femoral cerclages/patient 3.6+1.5

Classification of the cementless femoral stem designs (Khanuja
etal., 2011)
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diaphyseal femoral fracture visualization. One or more tem-
porary 2.0 mm cerclage wires were used to reduce and fix
the diaphyseal fracture fragments. After the implant disloca-
tion, routinary evaluation of the acetabular component and
careful debridement of dead soft tissue and avascularized
necrotic bone was performed. Acetabular prosthetic revision
was mandatory only in 15 cases. The decision to revise or
not the acetabular shell decided was performed case by case
by the senior surgeon. Once the femoral head and the loose
stem was removed, distal fixation of the uncemented revi-
sion stem was obtained. In all cases, the stem bypassed the
more distal fracture fragment by al least two cortical femoral
diameters to achieve a stable implant fixation [12]. In case of
cemented stem loosening, it was removed through suitable
osteotomes. Component orientation, leg length discrepancy
and implant stability were evaluated intra-operatively after
trial component reduction. At the end, the femoral shaft
fracture was fully reduced and fixed with definitive metal
wires cerclages. In the presence of extension fracture to the
great trochanter, a preformed trochanteric plate (in case of
comminuted fractures) or dynamic cerclages was performed.
Reduction ad fixation of the greater trochanter fracture was
always performed with the hip reduced on order to gain the
proper soft tissue tension. Figure 1 shows a radiographic
analysis of a sample case.

Post-operative treatment
The rehabilitation program was carried on case by case,

considering bone quality, shape of fracture, age and comor-
bidity of single patient. In general, a partial bearing (50%)

with crutches or walker was adopted from the first post-
operative day. Antibiotic prophylaxis with Cephalosporin
and standard venous thromboembolism prophylaxis with
EBPM were administered routinely. In all case 1 drain was
used and removed within the second post-operative day.

Clinical and radiological evaluation

Clinical assessment included physical examination, Harris
Hip Score (HHS) and Medical Outcome study short forms
12 (SF-12) were determined routinely at 1, 3 and 12 months
after the procedure, and annually thereafter, by senior sur-
geon. Conventional radiographs (anteroposterior view of
the pelvis, anteroposterior and lateral view of the femur)
were performed by default at the end of the surgery, at 1, 3,
12 months, and annually thereafter. Radiographic evidence
of osseointegration, prosthetic dislocation, stem loosening,
osteolysis according to Gruen zones [13], cortical hypertro-
phy, heterotopic ossification according to Brooker’s clas-
sification [14], bone healing or fracture displacement was
reviewed by 2 orthopedic surgeons (FC, LM). Doubtful
cases were solved by consensus. Complications, revision of
fixed components, reoperation and timing from the indexed
surgery were recorded. Cerclage removal was not considered
as a complication for statistical analysis.

Statistical analysis
Continuous variables were reported as mean + standard

deviation (SD). Categorical variables were expressed as
the number of cases or percentage. Kaplan—Meier survival

Fig. 1 A Vancouver type B2 periprosthetic fracture, treated with stem revision (Wagner SL, Zimmer Biomet), and cerclage wires (2 years fol-

low-up)
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curves with 95% confidence intervals (CI) were created to
analyze femoral implant and fixed components survivorship
free of revision for any reason as the endpoints.

Results

Non-modular tapered fluted titanium stem (Wagner SL revi-
sion hip stem; Zimmer-Biomet) was used in all cases. In
80% of the cases, Wagner 225 or 265 was implanted. Main
features of the implanted Wagner SL revision stems are sum-
marized in Table 2.

Acetabular revision was performed in 15 patients, due
to aseptic loosening of the acetabular cup or polyethylene
wear without the possibility of replacing the insert (out of
business). Liner exchange was performed in 24 (17.6%)
patients. In 5 patients with Vancouver type B2 fracture with
a comminuted fracture of the greater trochanter, a trochan-
teric plate was implanted in addition to the replacement of
the femoral stem. In 18 patients, the authors performed a
trochanteric fracture reduction and fixation with wires. On
average, 3.6 + 1.5 cerclages wires were used for each patient.
Although the authors moved to a routine use of ultra-high-
molecular-weight polyethylene iso-elastic cables, the case
series includes only patients with metallic cerclages. No
diaphyseal plates were used to fix the femoral fractures.

In seven (6.1%) patients, during post-operative clinical
examination, was observed a leg length discrepancy (LLD),
in all cases less than 1 cm.

Clinical outcomes

The mean HHS and SF-12 score at the last follow-up
evaluation were, respectively, 81.3+9.7 and 32.5+7.6.
Obviously subjective score was performed only in patient
without dementia (subjective scores were not performed
in 12 patients). There was only 1 patient during FU period
with severe midthigh pain and functional limitation that
required re-operation. Seventy-five patients were pain free,
29 patients had occasional pain and the remaining patients
had mild pain well managed with painkillers and moderate

Table2 Length and size of the revision stem (Wagner SL, Zimmer
Biomet)

Length stem N° 137 (100%) Size stem N° 137 (100%)
190 16 (11.7%) 14 34 (24.8%)
225 74 (54.0%) 15 45 (32.8%)
265 38 (27.7%) 16 29 (21.2%)
305 9 (6.6%) 17 16 (11.7%)

18 10 (7.3%)

19 3Q2.2%)

limited activities of daily living. Globally, 25 patients
walked with crouches at final follow-up.

Radiologic outcome

All radiographic controls showed good AP e LL implant
positioning and prosthetic osseointegration without stem
loosening, with 16 (14.0%) cases of non-progressive radio-
lucency in Gruen Zone [-VI-VII. Heterotopic ossifications
were observed in 14 (12.3%) patients, without the need to re-
operation. Fracture healing was observed in all cases, with 4
(3.5%) displacements of fracture.

Complications

No intraoperative complications occurred during indexed
surgery.

We reported 17 (14.9%) complications that occurred
during FU and are summarized in Table 3.

Five (4.4%) dislocation were observed. In particu-
lar, 3 dislocations occurred during the hospitalization
of patients, and in two cases an acetabular revision was
performed, using a dual mobility cup; 2 episodes hap-
pened at more than 45 days from surgery, were referred as
movements exceeding the usual range of motion, and were
treated conservatively with good final outcome.

Periprosthetic joint infection (PJI) was seen in 2 (1.7%)
patients and were successfully managed with staged revi-
sion [15].

Six (5.3%) patients developed new traumatic PPFx,
without evidence of radiologic stress shielding or stem
loosening. Three of these reported trochanteric fractures,
treated with cerclages wires and great trochanteric plate.
In the other 3 cases, distal periprosthetic fracture (Van-
couver type C) was observed and managed with plate
fixation. In all cases, Wagner stems were well fixed and
osseointegrated.

Last, we reported 4 displacements of fracture (2 at
30 days and 2 at 90 days after the indexed procedure) that
required re-operation in 1 case with additional wires cer-
clages for severe thigh pain.

Six (5.3%) patients underwent cerclage removal for
minimal tight pain (Fig. 2).

Table 3 Post-op complications

Complication N° (%) Re-operation N° (%)
Dislocation 5 (4.4%) 2 (1.7%)

PIT 2 (1.7%) 2 (1.7%)
Recurrence of PPFx 6 (5.3%) 6 (5.3%)

Fracture displacement 4 (3.5%) 1(5.3%)

Total 17 (14.9%) 11 (9.6%)

@ Springer
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Fig.2 Radiographic analysis of a sample case with final cerclage removal performed after 21 months from indexed surgery
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Fig. 3 Kaplan—Meier survival function for the failure of Wagner stem
(n=114) in patients treated with stem revision for PPFx

Outcome evaluation

The stem-related revision rate for any cause at the final FU
was 1.7%, due to PJI (Fig. 3).

No patients underwent stem revision surgery for aseptic
loosening. Fracture healed in all the included patients with
a union-rate of 100%.

The re-operation rate for any cause was 9.6%, with an
implant survival rate for overall failure of 96.5% (Fig. 4).

Months

Fig.4 Kaplan—-Meier survival function for the failure of fixed com-
pontents (n=114) in patients treated with stem revision for PPFx

Discussion

PPFx are one of the most feared complications after THA.
PPFx are the third most common reasons for revision after
THA and the second most common reason for revision after
the fourth year from the primary THA according to the
Swedish National Hip Arthroplasty Register.

PPFx management includes several unique points. First,
the surgical management requires expertise both in fracture
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fixation and in revision arthroplasty. Moreover, since these
fractures usually occur in elderly population, a comprehen-
sive evaluation of the patient is of paramount importance to
choose the most tailored treatment. A complete and multi-
disciplinary evaluation including fracture pattern, previous
situation of THA (failing prosthesis), type of stem, medical
comorbidities and bone quality is mandatory [16].

Up to now, the Vancouver classification is the most
widely used system to describe these fractures and to address
surgical management. Several other algorithms have been
proposed (Coventry classification, Unified Classification
System) but they still need further validation [17-19].

The Vancouver classification is based on the following
three pillars: fracture location, stem stability and bone stock
preservation. Although some B1 fractures (short oblique or
transverse at the tip of the stem) might benefit from stem
revision [20], basically this procedure is required when the
femoral implant is loose (Type B2 and B3 fractures). Stem
stability should be accurately checked in the preoperative
planification but is a common experience that the final deci-
sion on stem stability is mainly an intraoperative judgment.
Some reports underline that up to 20% of loose stems remain
undiagnosed at radiographic-based approach and up to 47%
of B2 fractures, confirmed intraoperatively, were initially
classified as B1 on X-ray evaluation [21, 22]. Recently,
Aubert et al. defined possible risk factors associated with
an early femorotomy during a revision stem procedure. The
authors identified bracket sign (defined as a distal spot weld
between the surface of the implant and closest endosteum),
bone contact in zones 2, 6, 12, and 13 as predictors of a
stable stem requiring an early femorotomy for stem removal
[23]. Such parameters should be clearly identified in the pre-
operative analysis but final decision whether revise or not is
still intraoperative. According to these findings, the authors
always checked the intraoperative stability of the stem in all
the included patients.

Generally, long stems alone or in addition with plate or
allografts are required for B2 fracture management. A recent
survey among members of the European Hip Society (EHS)
showed strong consensus in treating Vancouver B2 fractures
with stem revision e cerclages [24].Kahn et al. performed
a systematic review of 22 studies on B2 fracture manage-
ment. Out of 343 fractures, 298 were treated with stem
revision and 45 with open reduction and internal fixation
(ORIF) alone. Higher reoperation rate was observed in the
non-revised cohort of patients [25]. The Swedish National
Hip Arthroplasty Register support this evidence showing a
reoperation rate of 32% in patients treated with ORIF alone
compared to a 10% and 23% rate in patients managed with
stem revision alone or stem revision and ORIF, respectively.

On the contrary, some papers showed good results
with ORIF alone in Vancouver B 2 PPF [26-28]. Joestl
et al. analyzed a cohort of 36 patients, with 8 of them
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treated with ORIF utilizing a locking compression plate.
The authors demonstrated optimal results with 100% of
union rate in the ORIF group without secondary stem
migration. In the postoperative period, the ORIF group
has limited weight bearing for the first 6 weeks while the
revision group was allowed to partial of full weight bear-
ing as tolerated [28]. A recent review confirmed that suc-
cessful outcomes could be obtained without the need for
revising a loose stem [29]. Although these recent data, is
the authors opinion that stem removal and revision of a
loose component is of a paramount importance. This pro-
cedure combined with a stable fracture reduction allows
an early mobilization and rapid recovery of full weight
bearing. Since the majority of the patients are old and
affected by multiple comorbidities, early mobilization and
rapid recovery of self-reliance and independence is fun-
damental to prevent further adverse events and avoiding
stasis-related complications (i.e., pressure ulcers, pulmo-
nary thromboembolism, deep vein thrombosis, pneumo-
nia) [30, 31].

From the technical point of view, a long conical tapered
stem was implanted in all patients. Wagner SL (Zimmer-
Biomet, Warsaw, IN) is a diaphyseal fitting revision stem
which is made of a titanium—aluminum-niobium alloy with
arough-blasted surface [32]. The shaft of the prosthesis has
a conus angle of 2° and eight longitudinal ribs around the
stem. The stem is available in four lengths (190, 225, 265
and 305 cm) and one neck-shaft angle (135°). In the setting
of B2 PPFx, this stem achieves optimal results bridging the
fracture and providing a biomechanically sound in-axis load-
sharing. The ribs of the stem provide rotational stability to
the implant, while the taper provides axial stability.

The choice of the proper stem length and size during the
preoperative planning guarantees an adequate load-sharing
avoiding stress risers that could jeopardize fracture healing
and stem stability.

After stem stability is obtained bypassing the fracture
level by at least two cortical diameters, fracture is easily
reduced and stabilized with simple metal cerclages adopt-
ing a distal-to-proximal sequence (from the diaphysis to
the grater trochanter). From a biomechanical point of view,
sound stem stability provides resistance to axial and rota-
tional stability (stem ribs) while cerclage wires offer a good
resistance to bending forces making bridging locking plates
not necessary in most cases.

As Frangie et al. demonstrated in a cadaveric case—con-
trol study [33], there is no difference in stem and fracture
stability in reducing first the fracture and then implanting
the stem, compared to a “ream-first” technique (first stem
implantation and then fragments reduction).

Even if anatomical reduction is always advisable and
should be obtained whenever possible, the proposed tech-
nique allows to achieve a complete fracture healing with
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optimal clinical results even in case of minimal fracture
displacement if axis, length, and rotation of the femoral
diaphysis is obtained.

The presented results favorably compare with the avail-
able literature on this topic [22, 28]. Baum et al. [34] pro-
vided results from a cohort of 59 patients (35 treated with
revision and 24 with ORIF). They reported 12.5% of fracture
recurrence in the ORIF group and 28.6% implant-related
complications in revision group. In a recent meta-analysis
comparing ORIF and revision procedure in B2 PPFX, Lewis
et al. [35] reported an overall complication rate of 24% for
ORIF versus 18% for revision group. In the presented cohort,
6 patients sustained a new traumatic PPFx (3 greater tro-
chanter fractures and 3 type C fractures). In all cases the
previous fracture was healed, and the stem was well fixed.
One patient underwent reoperation for fracture displacement
at one month after the indexed surgery. Fixation with addi-
tional wires was performed.

Financial implications of these injuries have also been
investigated. Philips et al. [36] found that the mean cost of
treating 146 PPFx was £23.649 with the ward cost being
responsible for 80.3% of the total cost. Obviously, the mean
implant cost is higher for revision arthroplasty patients, but
the quicker rehabilitation led to a reduction in general com-
plication rate, length of stay and overall lower costs. Con-
sidering the growing rate of PPFx, the proposed technique
should be considered to reduce the economic burden of such
clinical scenario.

Undoubtedly, this study has several limitations. The retro-
spective nature of the analysis contains inherent limitations
which must be considered when evaluating the results. The
absence of control groups made any considerations on dif-
ferent treatment options not possible. The main limitation of
the proposed technique is the extension of the fracture over
the femoral isthmus. In infra-isthmus PPFx a sound stem
stability is difficult to obtain. Such situation benefits from
a stable bridge plating according to standard osteosynthe-
sis techniques. However, the prospective collection of data,
the relatively long follow-up, the fact that all the patients
underwent a standardized protocol of surgical treatment and
follow-up can be considered strengths of this study.

Conclusions

PPFx are one of the most challenging fractures not only
from the surgical point of view but also for the complexity
of patient’s features. The management requires trauma and
revision arthroplasty skills, and a multidisciplinary approach
should be standard of care. More intraoperative surgical
solutions and implants must always be available.

The presented standard and reproducible surgical tech-
nique obtain optimal clinical and radiological results with

limited complication rate at mid-term follow up. Preopera-
tive planning as well as careful intraoperative surgical tech-
nique are of a paramount importance. Further high-quality
long-term studies are needed to directly compare different
techniques, define limits and correct pitfalls.
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