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* Thereis currently a debate on whether all Vancouver B2 periprosthetic hip fractures should

be revised.

* The aim of our work was to establish a decision-making algorithm that helps to decide
whether open reduction and internal fixation (ORIF) or revision arthroplasty (RA) should be

performed in these patients.

* Relative indications in favour of ORIF are low-medium functional demand (Parker mobility
score (PMS) <5), high anaesthetic risk (American Society of Anesthesiologists score (ASA)
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> 3), many comorbidities (Charlson Comorbidity Index (CCI) > 5), 1 zone fractured
(VB2.1), anatomical reconstruction possible, and no prior loosening (hip pain).

* Relative indications in favour of RA are high functional demand (PMS >6), low anaesthetic
risk (ASA< 3), few comorbidities (CCl<5), fracture > 2 zones (VB2.2), comminuted

fractures, and prior loosening (hip pain).

* In cemented stems, those fractures with fully intact cement-bone interface, no stem

subsidence into the cementraliser, cement mantle anatomically reducible, and some partial

stem-cement attachment can be safely treated with ORIF.
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Introduction

Periprosthetic hip fracture (PPHF) is a potentially
devastating complication following total hip arthroplasty
(THA), with high first-year mortality (15-20%) when
occurring in frail elderly patients (1, 2, 3).

PPHFs are commonly classified according to the
Vancouver system (2), which takes into account the fracture
location, the stability of the implant, and the quality of
the surrounding bone when deciding on the treatment of
choice, without considering the patient's previous mobility
level, the anaesthetic risk, comorbidities or fracture pattern.
It subdivides PPHF into three types (2): A, B, and C. Type
A fractures affect the greater (A;) or lesser (A)) trochanter.
Type B are diaphyseal fractures around the prosthesis or
immediately distal to it. There are three subtypes: B1 (stable
stem), B2 (unstable or loose stem with good surrounding
bone stock quality), and B3 (unstable or loose stem with
inadequate surrounding bone stock). Type C fractures are
distal to the stem (2). Although most orthopaedic surgeons
use the Vancouver system as a reference, it is rarely used as
a closed treatment algorithm (3, 4).
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According to the authors of the Vancouver
classification, (2) type A fractures can be treated either
non-surgically or surgically, depending on the stability of
the fracture; for type B1, the recommended treatment is
open reduction and internal fixation (ORIF); for type B2,
they recommend prosthetic replacement using a longer
stem; type B3 fractures generally require replacement
with more complex reconstructions and an implant. The
recommended treatment for type C is the ORIF technique.

In VB2 PPHFs, the arthroplasty stability is compromised,
and there is adequate bone stock. In general, long-stem
revision arthroplasty, alone or supplemented by plate
and/or allograft strut fixation, is widely considered the
most effective solution (5, 6, 7).

Recently, there has been a debate on the need to follow
these recommendations in all patients. Various authors
have argued that, in certain circumstances, VB2 PPHF
could be successfully treated using the ORIF technique
(3, 8, 9, 10). For this reason, in some studies, ORIF has
been compared to revision arthroplasty (RA) for this type
of fracture, and equivalent if not better results have been
obtained (8, 11, 12, 13, 14, 15, 16, 17).
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In a recent metanalysis, Lewis et al. (10) state that
RA has a similar revision rate to ORIF in VB2 PPHF. Fewer
dislocations were seen in the ORIF group; however, there
was no difference between other complications. They
conclude that their results challenge the customary
practice that all arthroplasty in VB2 must be revised and
open the door for more nuanced decision-making. While
RA is likely to remain the mainstay of treatment, ORIF
should be considered in patients where RA is not ideal.
Furthermore, the results show that if ORIF is performed,
the outcomes are not disastrous as convention would
have us believe and may offer a benefit over RA, although
further research will help identify patients who may
benefit from ORIF over RA (10).

The main objectives of this work are to provide an
updated narrative review on this topic and attempt to
design a decision-making algorithm for VB2 PPHF.

Multidisciplinary approach

It has been shown in the literature that the collaboration
of the orthogeriatric department is very important for
improving the management of older patients with hip
fractures (18, 19, 20). Through our work and algorithm,
we wish to highlight how important a multidisciplinary
approach is  between  orthopaedic  surgeons,
orthogeriatricians, and anaesthesiologists. This approach
has, on many occasions, enabled us to comprehensively
assess patients and evaluate the pros and cons of the
procedure to be performed.

Management algorithms

Even though several classifications and algorithms exist to
guide PPHF treatment, the surgeon needs to understand
thatthe treatment of PPHF needs to be individualized taking
into account different parameters (patient comorbidities,
implant stability, patient function levels, and availability
of relevant resources and expertise) (7). Decision-making
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requires experience and time; regularly multidisciplinary
input should also be employed. The need to establish
specific clinical pathways for fragility fractures, similar
to those for other common fracture types, has recently
become apparent (21).

Given the increasing need for decision-making
algorithms or clinical scores in clinical practice, we have
analysed separately each factor described in the literature
that has been considered or recommended for the
therapeutic decision, ORIF (Fig. 1) or RA (Fig. 2) in VB2
PPHF. Far from proposing a closed decision algorithm, all
the factors that the authors consider in their daily clinical
practice to decide between both techniques are presented.
Finally, this paper proposes for the first time a treatment
algorithm for deciding between ORIF or RA in VB2 PPHF.

Comorbidities/anaesthetic risk

The presence of multiple comorbidities and high
anaesthetic risk are common points in all available
literature when proposing ORIF vs RA (3, 4, 15, 22, 23, 24,
25, 26, 27).

Pavone et al. (22) discuss that patients who have
a PPHF with surgical criteria, whatever the Vancouver
classification, but who have significant comorbidities
(American Society of Anesthesiologists score (ASA) >3) and
a low functional demand before the fracture are assigned
ORIF treatment instead of being given a RA. According to
this criterion, of eight VB2 PPHF patients, two were treated
via ORIF, as they both had a poor medical condition and
low functional demand before the fracture (22). Pavliou
et al. (24) suggest that elderly patients deemed unsuitable
for prolonged procedures may selectively be considered
for palliative fixation of a VB2/B3 PPHF.

A recent international consensus favours RA in VB2/B3
PPHF (28), but there are reported exceptions — the frail,
elderly, low-demand individual, with osteopenia, who
is unfit for prolonged surgery (25, 26). Spina et al. (4)
state that the choice of surgical treatment (ORIF vs RA)

Figure 1

VB2 PPHF treated via ORIF. (A) VB2 PPHF; (B) postoperative control X-ray; (C) 1 year follow-up X-ray.
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Figure 2

VB2 PPHF treated via RA. (A) VB2 PPHF; (B) postoperative control X-ray; (C) 1 year follow-up X-ray; (D) 2 years follow-up X-ray.

was affected by the clinical-anamnestic characteristics
of the patient (ability in pre-fracture deambulation and
comorbidity).

The authors of this narrative review also approach the
patient in a comprehensive manner (3, 29) and consider
that functional and medical assessment of the patient are
the most important factors, and in many cases, this may
be more relevant than the fracture pattern or whether the
implant is loose or not. To make a better decision for the
patient, the Charlson Comorbidity Index (CCl) was used
(30), taking CCl > 5 as the cut-off point, which is the one
established by its authors as the one associated with the
highest mortality (3, 30). There were a higher proportion
of patients with ASA > 3 and CCl > 5 in the ORIF group
compared to the RA group, a statistically significant
difference (3).

Functional status/previous mobility

As previously mentioned, the patient's previous functional
status and previous mobility are other factors that most
authors take into account when deciding between ORIF
and RA in VB2 PPHF. Some refer to it as low functional
demand (3, 22, 31), others poor general medical condition
(32, 33), while others refer to the ability in pre-fracture
deambulation (4).

Slullitel et al. (27) chose low functional demand as
one of their criteria to indicate ORIF for VB2 PPHF, defined
as a Parker mobility score <5 (34) or a Lawton scale for
instrumental activities of daily living <6 (35).

Age

Age is a factor that in many cases may not determine the
functionality and medical situation of the patient. In daily
clinical practice, young patients with multiple pathologies,
and sometimes elderly patients who maintain regular
exercise routines can be found. Mainly the indication for
ORIF in VB2 PPHF is for the elderly people but setting an

age limit may not be correct due to the large variability
between patients. Revision hip surgery in octogenarians
has demonstrated a very high complication rate (36, 37).
Some authors set the cut-off at 65 years (27, 38). However,
most publications recommend ORIF in elderly patients
with low functional demand (15, 16, 23, 29), without
setting a cut-off point.

Fracture pattern

Baum et al. (14) state that the Vancouver classification did
not distinguish between fracture patterns and, although
they do not analyse these, they did remark that this element
could be important as fractures with a single fragment
could be anatomically reduced and fixed using ORIF (14).
Similarly, Moazen et al. (5) report that in patients with
multiple fragments, or comminuted fractures, where
osteosynthesis becomes very complicated, if the patient can
withstand more aggressive surgery, such as RA, this would
be a more suitable option, as it is sufficient to bring the
fragments closer together without the need for anatomical
reduction (5). Spina et al. (16) argue that the nature of the
fracture is important to choose the surgical treatment.
Flury et al. (39) show that ORIF might be a valuable
alternative to RA in VB2 PPHF, irrespective of the stem’s
design. Park et al. (33) in their work on PPHF conclude
that their customized treatment, which considers the
stability of the femoral stem and the configuration of
the fracture, showed favourable overall results, despite
differing substantially from the Vancouver classification
system. Several VB2 PPHFs patterns have been described:
burst (40), clamshell (41), reverse clamshell (42), and spiral
(43). We have previously proposed a subclassification of
VB2 PPHF according to the fracture pattern (44). Using the
Gruen system (45), the proximal femur was divided into
three zones (Fig. 3). The lateral zone (Gruen 1 + 2 + 3),
medial zone (Gruen 5 + 6 + 7), and distal zone (Gruen
4 + 3 + 5) were analysed and it was determined whether
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each of the three zones was fractured. We concluded
that V-B2 PPHF treated via ORIF affecting only one zone
(medial, lateral, or distal) have a lower risk of complication
than those affecting two or more zones. We propose a
subclassification of Vancouver B2 type fractures: B2.1 (1
fractured zone) (Fig. 3 - panels A1, B1, C1) and B2.2 (>2
fractured zones) (Fig. 3 - panels A2, B2, C2)

Spina et al. (4) state that in the presence of a straight
uncemented stem and a fracture around the stem that
modifies the relationship between the prosthetic stem and
the metaphyseal femoral bone, but does not exceed the
apex, the fixation of the stem into the diaphyseal canal may
not be completely lost. This is because the straight stem has
a higher fixation in the diaphyseal part of the femur (46).

The difference in fracture patterns between cemented
and uncemented stems has recently been described.
Fenelon et al. (47) conclude that fracture patterns differ
according to femoral stem fixation. A simple ‘sickle-
like” oblique fracture pattern was more commonly seen
in uncemented stems while cemented tapered stems
resulted in acomminuted ‘axe splitting” pattern. However,
it does not establish the comparison of results between
ORIF and RA.

On the other hand, Spina et al. (4) suggest that the
recommended treatment should still be RA with a longer
stem, but also that ORIF with a plate can be a viable

A1 B1 c1

Figure 3

Fracture patterns according to the 3 radiographic zones (medial,
lateral and distal). (A1) Medial zone fracture; (B1) Lateral zone
fracture; (C1) Distal zone fracture; (A2) 3-zone fracture; (B2)
Medial and distal fracture; (C2) Lateral and distal fracture.
Reprinted from (44) with permission from Elsevier.
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alternative when the fracture does not exceed the apex
of the uncemented straight stem and when the fracture
causes the detachment of the stem from the cement-bone
(c-b) complex.

Lastly, in patients with multiple bone fragments
or comminuted fractures, where ORIF becomes very
complicated, if the patient can withstand more aggressive
surgery, such as RA, this would be a more suitable option,
as it is sufficient to bring the fragments closer together
without the need for anatomical reduction (5, 27, 44).

Anatomical reduction

Joestl et al. (15) suggest that it is essential to emphasize
that anatomical reduction of the femoral shaft should
be achieved to ensure stem stability to the bone and
consequently avoid secondary migration of the prosthesis.
Several authors agree that ORIF is a valid treatment
option for VB2 PPHF. However, they also agree that an
anatomical reduction is mandatory (4, 27, 44).

Type of stem

Although it would be very interesting to know which
type of stem is associated with better outcomes with
osteosynthesis, there is poor available evidence.

Flury et al. (39) did not take into account the type
of stem. De Boer et al. (46), in a paper examining stem
grasp in THA, demonstrated that compared to straight
stem design, an anatomically designed stem has a
significantly higher metaphyseal femoral canal fill (46).
Gonzélez-Martin et al. (3), described that all implant
complications in the ORIF group (39 patients) occurred
in straight uncemented stems, and they found no implant
complications in anatomic or cemented stems; however,
the difference was not statistically significant.

Prior loosening

Ninan et al. (48), in their work on PPHF, introduced the
concept of ‘happy hips’ and ‘unhappy hips’, referring to
patients who had not presented documented preoperative
loosening problems in the ipsilateral hip and those who
had, respectively. They concluded that patients with ‘happy
hips’ before the fracture can be treated by ORIF alone
unless the fracture itself compromises the fixation of the
arthroplasty (48). This is an important factor that should
be considered when making the definitive surgical decision,
and whether or not the patient presented pain and clinical
loosening before the fracture may be considered a factor
against ORIF, as it may biologically hinder the potential
viability and consolidation of VB2 PPHF.

Surgeon experience

PPHF is becoming increasingly common due to the ageing
population and the increasing number of hip replacements
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(29). As these fractures become more common, they
are increasingly treated by trauma surgeons and not
arthroplasty surgeons. It could explain the reason why
they seem to be increasingly fixed instead of revised,
but there must be a very broad geographic distribution
across the world. There is no clear evidence on this issue.
Most authors state that the surgeon’s experience with the
technique to be performed (ORIF/RA) is important (3,
15, 16, 32). Baum et al. (14) state that if an arthroplasty
surgeon was on call, RA was performed by a dedicated
senior consultantarthroplasty surgeon. If atrauma surgeon
was on call, ORIF with LCP was performed by a dedicated
trauma surgeon immediately or in the later course.

In some centers, these fractures could be treated by
trauma surgeons which are very capable of reductions
restoring stability. However, they are also capable of
revision when needed. However, in other centers, there
may be sub-specialization and ORIF may be performed by
trauma surgeons and RA by arthroplasty surgeons.

In our daily clinical practice, if in the preoperative
X-ray, the stem is separated from all the fragments (totally
loose), then RA is performed by arthroplasty surgeons. If
the radiograph shows that some of the fracture fragments
(medial or lateral) that seem fixed to the stem, then ORIF
is planned by arthroplasty surgeons, which are very
capable of reductions restoring stability. In this case,
with the patient in lateral decubitus, if it is necessary to
change the decision to RA, the femur is approached
laterally, without approaching the joint, reaching the
fracture site, and exposing it by anterior retraction of the
vastus lateralis muscle. Under direct vision of the path of
the fracture site, the stem can be visualized. At this point,
the assistant is asked to make rotational movements of
the leg and with this manoeuvre, the surgeon verifies if
the implant is attached to at least one of the fragments
(they move together). If so, the osteosynthesis with plate
is chosen. If in the rotation movements the implant moves
independently of all the fragments during the rotation
movements, we understand that the whole stem is loose
and we proceed to the RA in the same surgical act.

If in the preoperative multidisciplinary assessment the
patient is not a candidate for RA, it is scheduled in the
trauma or orthopedic operating theatre, the stability of
the arthroplasty is not tested in the operating theatre as
this will not change the therapeutic decision. An attempt
is made to fix the fracture as well as possible and not to
expose the patient to a greater risk of bleeding, surgical
time, etc. (10)

Type of osteosynthesis

There is no consensus on the best type of osteosynthesis.
However, Patsiogiannis et al. in a recent review on PPHF
state that the use of bridging locking plates is nowadays
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the most popularized technique of fixation (7). They act
as extramedullary bridging splints creating a fixed-angle
construct ideal for fixation of osteopenic/porotic bone
(7). Bridge plating, in principle, creates a mechanical
environment of relative stability, which leads to early callus
formation. Modern periprosthetic femoral plates also offer
anatomical designs (pre-contoured plates), which match
the anatomy of the femur; variable interlocking options
facilitating screw fixation around the stem; extensions
capturing the greater trochanteric region; multidirectional
screw placement to avoid obstacles and/or aim to available
bone stock, as well as the incorporation of wires/cables
through the plate (inlay cerclages) (7).

Most of these plating systems can also be applied using
minimally invasive techniques (such as minimally invasive
plate osteosynthesis (MIPO)) and indirect reduction,
minimizing the soft tissue damage and preserving the
blood supply around the fracture area (7). The ‘plate
working length’ (length of the middle part of the plate
which is unprotected by screws or inlay cables and is
overlying the fracture area) influences the cyclic fatigue
performance and the strain of the plate and affects the
overall stiffness of the construct (7). The recommended
effective working length of a plate should measure two
to three times the width of the femur at the level of the
fracture, and not less than the fracture extent, protecting
the plate from stress concentration and early fatigue
failure and to promote callus formation (7).

The use of the longest possible plate decreases the
pull-out forces on the screws, improves the active lever
arm of each screw, and protects from secondary stress
risers and fractures of the femur (7). Bicortical fixation
is biomechanically more stable, but if not possible, a
combination of cerclage wires/cables with unicortical
locking screws should be used (49). The rationale of using
long plates to span the whole femur to protect from
further future injuries is also advocated (50).

In VB2 PPHFs, the arthroplasty stability is compromised,
and there is adequate bone stock. In general, long-stem
revision arthroplasty alone or supplemented by plate and/
or allograft strut fixation represents the consensus (5, 6,
7). However, although the use of strut allograft has been
recommended, very few authors use it in their daily clinical
practice in patients with VB2 PPHF (3, 27, 50), showing
nevertheless good clinical results (3, 27, 50).

Cemented stems

Quah et al. proposed a treatment algorithm for
cemented arthroplasties, stating that a good bone stock,
the possibility of achieving an anatomical reduction,
and the integrity of the cement mantle, rather than the
stability of the arthroplasty alone, are the most important
determinants for making the final decision (51).
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Vancouver B2 Periprosthetic
Hip Fractures

Multidisciplinary approach:

Anaesthesiologist.

Orthopedic surgeon, Orthogeriatrician, — |—

CEMENTED/UNCEMENTED:
Low-medium functional demand (PMS<S5)
High anaesthetic risk (ASA > 3)
Many comorbidities (CCI >5)
1 zone fractured (VB2.1)

Anatomical reconstruction possible

No prior loosening (hip pain)

CEMENTED:
Fully intact cement-bone interface
No stem subsidence into the cementraliser
Cement mantle anatomically reducible

Some partial stem-cement attachment

ORIF

Figure 4

CEMENTED/UNCEMENTED:
High functional demand (PMS >6)
Low anaesthetic risk (ASA <3)
Few comorbidities (CCI <5)
Fracture > 2 zones (VB2.2)

Comminuted fractures

Prior loosening (hip pain)

CEMENTED:
Cement-bone interface loosening
Stem subsidence into the cementraliser
Cement mantle not anatomically reducible

‘Floating stem’ (completely detached)

REVISION
ARTHROPLASTY

VB2 PPHF treatment algorithm (relative indications in favour of ORIF or RA). Bold type indicates most important factors; PMS, Parker
mobility score; ASA, American Society of Anesthesiologists score; CCl, Charlson Comorbidity Index

Solomon et al. (12) and Spina et al. (4) discuss that
cemented VB2 PPHF could theoretically regain stability in
their original cement mantle, provided that the c-b interface
is maintained, with the fracture disrupting only the stem-
cement (s-c) interface, and stable anatomical reduction is
achieved at the time of surgery. These authors postulated
that VB2 PPHF around cemented collarless polished tapered

(CCPT) stems, which are loose at the s-c interface only and
can be anatomically reduced, can be successfully managed
by ORIF alone, without revision of the stem.

Powell-Bowns et al. (52), in the same way, in their
article on Vancouver B PPHF involving the Exeter cemented
stem, state that by definition, all CCPT stems are loose at
the implant—cement interface with no bond between the
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highly polished stem and the cement. If the c-b interface
is well fixed, and the fracture and cement mantle are
anatomically reducible, fractures are potentially amenable
to fixation as opposed to stem revision. The indications for
RA vs ORIF were symptomatic/progressive c-b interface
loosening, unreconstructible secondary to comminution,
stem subsided into centraliser (likely irreducible), and
irreducible intraoperatively. Likewise, in another study on
cemented PPHF (43), the fracture was considered suitable
for fixation in the absence of symptomatic c-b interface
loosening, unreconstructable comminution, or stem
subsidence into the cementraliser.

Finally, Slullitel et al. (27), similar to the principles defined
by Richards et al. (31), define their criteria to indicate ORIF
in cemented VB2 PPHF consisted of the following: well-
cemented (Barrack A or B) (53) polished femoral prosthesis,
a fully intact cement-bone interface without signs of
previous loosening and, evidence of some partial stem-
cement attachment, with no evidence of ‘floating stem’
(i.e. not completely detached from the mantle).

The proposed algorithm (Fig. 4) is intended to
summarise the available evidence (Table 1), which must
be weighed up to make the best therapeutic decision.
We propose several factors to help orthopaedic surgeons
decide on the best treatment. However, given the vast
heterogeneity of patients, we do not believe that it is
possible to establish a closed algorithm, as there are no
studies with a high level of evidence.

There is consensus that the most relevant factors when
recommending ORIF or RA are the first three proposed:
functional demand, anaesthetic risk, and comorbidities
(3, 4, 22, 23, 24, 25, 26, 27, 31, 32, 33). ORIF should
be recommended in cases where there is low-medium
functional demand, high anaesthetic risk, and many
comorbidities.

If the patient is a candidate for revision arthroplasty, the
rest of the factors should be assessed. It is true that there
are types of fractures that cannot be synthesised, mainly
due to comminution. In these cases, the risks of revision
arthroplasty surgery must be explained to the patient and
his or her family, and a joint decision must be made.

Table 1 Evidence-based algorithm (Oxford Centre for Evidence-Based
Medicine (54)).

Level of evidence

References
3,4,22,27,31,32,33

Evidence

Functional status/previous mobility ~ 3b

Comorbidities/anaesthetic risk 3b 3,4,15, 22, 23, 24, 25,
26, 27
Fracture pattern 3b 4, 44
4 14,15, 16
Anatomical reduction 4 4,15, 27, 44
Prior loosening 3b 48
Surgeon experience 3b 3,14,15, 16, 32
Cemented stems 3b 4,12, 27,43, 49, 50

3b, case—control studies; 4, case-series.
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In this regard, the surgeon’s experience is very
important (15, 16), since they must be the one who,
after assessing all the factors (previous functionality,
comorbidities, anaesthetic risk, fracture pattern, implant
stability, and bone stock), determines, preferably with the
help of their team, the best decision for the patient.

Conclusions

We propose a comprehensive treatment algorithm in
VB2 PPHF to help in the decision-making process. The
proposed algorithm is a valid addition to clinical practice
because it summarizes the available scientific evidence.
It helps to decide whether open reduction and internal
fixation or revision arthroplasty should be performed in
these patients. There is currently no available evidence to
make a closed treatment algorithm, so all factors included
must be weighed up to make the best therapeutic
decision.
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