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Abstract
Introduction Hip arthroplasty (HA) is commonly performed to treat various hip pathologies. Its volume is expected to rise 
further due to the increasing age of the population. Complication rates are low; however, periprosthetic femoral fractures 
(PFF) are a rare, albeit serious, complication with substantial economic impact. While current guidelines propose revision 
with long-stemmed prostheses for all Vancouver B2 and B3 PFF, some recent research papers suggest that open reduction 
with internal fixation (ORIF) could lead to an equivalent outcome. Our aim was to summarize the evidence, elucidating under 
which circumstances ORIF leads to a favorable outcome after B2 and B3 PFF compared with revision surgery.
Materials and methods A systematic literature search was performed to identify studies on patients treated with ORIF and 
with stem revision after B2 and/or B3 fractures. Extracted information included initial pathology, stem fixation mechanism, 
bone quality and stem stability at the time of PFF, clinical outcomes, and mortality. Results of individual studies were sum-
marized in a table in lieu of a quantitative data synthesis due to a lack of standardized information.
Results We identified 14 original research articles including both patients treated with ORIF and with stem revision after B2 
and/or B3 PFF. Five studies included statistical comparisons, all were in favor of ORIF or indeterminate. The common lack of 
rigorous statistical analyses and significant methodological weaknesses made identification of outcome predictors impossible.
Conclusion The choice of treatment modality for PFF depends on fracture, implant, and bone characteristics. Recent data 
show that successful outcome can be achieved without revising loose stems. ORIF may be a viable option if bone stock is 
adequate around uncemented or tapered polished stems with an intact cement mantle and the fracture geometry allows sta-
ble anatomic reconstruction. Conceptional considerations support this idea, but more data are needed to identify outcome 
predictors.
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Introduction

Hip arthroplasty and periprosthetic femoral 
fractures

Hip arthroplasty (HA) is a commonly performed success-
ful procedure used to treat various hip pathologies. Due to 
the general aging of the population and increased lifestyle 
demands, the number of people receiving hip replacements 
is expected to further rise in the future. The United Nations’ 
2017 report on World Population Prospects states “In 
Europe, 25% of the population is already aged 60 years or 
over and that proportion is projected to reach 35% in 2050, 
while in Northern America it will go from 22 to 28%” [1].

In general, complication rates for HA are low. How-
ever, periprosthetic femoral fractures (PFF) are a rare, but 
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serious complication, that often occurs many years after 
the initial surgery. In the majority of patients, they are 
caused by minor trauma [2–5]. The risk to undergo revi-
sion surgery due to a PFF has been shown to increase with 
age, which becomes more evident in geriatric patients [6, 
7]. Based on age being a major risk factor for osteoporosis 
and osteoporosis being a major risk factor for sustaining 
hip fractures [8], it is not surprising that the incidence of 
periprosthetic fractures around hip implants has steadily 
increased over the past few decades. The National Joint 
Registry of England and Wales reported a 1.5- and 1.6-
fold increase in periprosthetic fractures around hybrid and 
cemented hip prosthesis respectively between 2011 [9] and 
2016 [10] alone, while it remained stable for uncemented 
HAs.

Given the continual increase in volume of hip replace-
ments performed and the lag between primary hip sur-
gery and fracture, the number of periprosthetic fractures 
is expected to increase further in the years to come. The 
economic impact that arises from PFF is significant: Fig-
ures from the United Kingdom generated between 1999 
and 2009 suggest that the average cost generated by a PFF 
amounts to £23,469 per patient [11].

Treatment of PFF

Treatment of PFF is usually demanding, complication 
rates are high, and often the prognosis concerning out-
comes and mortality is bad [5, 12]. The choice of the treat-
ment modality depends on fracture characteristics, implant 
stability, the quality of the surrounding bone, and the pres-
ence of infection [13–15].

The Vancouver classification is currently the most com-
monly used classification for PFF after HA and provides 
distinct treatment recommendations. It divides PFF into 
three classes: A, B and C. Type A fractures are confined to 
the greater  (AG) or lesser  (AL) trochanter. Type B fractures 
are diaphyseal, around the prosthesis or immediately distal 
to it, and are divided into three subtypes: B1, B2 and B3, 
characterized by a well-fixed stem, an unstable or loose 
stem with good quality of the surrounding bone stock, and 
an unstable or loose stem with inadequate surrounding 
bone stock, respectively [13]. Type C fractures are well 
below the tip of the prosthesis.

According to the authors of the Vancouver classifica-
tion, “type A fractures may be treated either conserva-
tively or surgically, depending on the stability of the frac-
ture. Type B1 fractures are best treated using ORIF or the 
bicortical onlay allograft technique. Type B2 fractures are 
best treated using long-stem revision total HA. Type B3 
fractures usually require complex reconstruction. Type C 
fractures are best treated using ORIF” [13].

Current treatment recommendations under debate

Recently, a debate around the necessity to strictly follow 
those recommendations for some fractures types has been 
raised. Several authors have argued that under certain condi-
tions, B2 or B3 fractures could also be treated successfully 
with ORIF or ORIF combined with cement-in-cement revi-
sion [16–18].

Quah et al. have proposed a treatment algorithm where, in 
the presence of good bone stock, the potential to reduce the 
fracture anatomically as well as the integrity of the cement 
mantle rather than the stability of the prosthesis alone, are 
the major determinants for the treatment decision [18]. 
According to this algorithm, ORIF is an option for B2 frac-
tures that can be reduced anatomically. Additionally, they 
point out that in cases where the cement is well fixed at the 
cement–bone interface, cement-in-cement revision could 
also reduce surgical time and better preserve the existing 
bone stock [17, 18].

The conception that ORIF could be advantageous in PFF 
around certain loose stems is supported by several reports 
where ORIF was compared to stem revision in B2 and/or B3 
fractures and resulted in equivalent, if not better, outcomes 
[5, 16, 19–27].

To date, there is no publication that summarizes the 
factors determining the outcome after ORIF or revision 
arthroplasty in the treatment of B2 or B3 fractures based 
on clinical evidence. Therefore, we performed a systematic 
literature search with the aim to identify articles that pro-
vide sufficient information on potential prognostic factors 
for favorable or unfavorable outcome in the treatment of 
Vancouver B2 and B3 fractures.

Materials and methods

Search strategy

Systematic literature searches were conducted in Web of Sci-
ence (WoS), Medline and the Cochrane databases in April 
2017 and updated in February 2018 (Table 1).

Study selection

Publications were deemed eligible if they were original 
research articles that included both patients treated with 
ORIF and patients treated with stem revision after a Van-
couver B2 or B3 fractures and were published 1999 or later. 
In the case of mixed study populations (including Vancouver 
classifications other than B2 and B3 fractures), information 
on B2/B3 fractures had to be reported separately for both 
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treatment groups to allow data extraction. Abstracts were 
only included if they presented sufficient numerical informa-
tion to extract relevant data.

Additionally, the references of relevant review articles 
[12, 14, 18, 28, 29] were screened for further eligible studies.

Data extraction and analysis

Information was collected on a standardized data extraction 
form and included the initial diagnosis for hip replacement, 
fixation parameters of the originally implanted stem (pri-
mary/revision, uncemented/cemented incl. fixation mecha-
nism, e.g., cemented collarless polished tapered [CCPT]/
composite beam [CB]), information on bone quality and 
stem stability at the time of PFF, and outcome parameters 
(e.g., union rate, functional outcome, complications, re-oper-
ations, mortality). Bearing in mind that our research ques-
tion concerned explicitly B2 and B3 type fractures, relevant 
data were extracted specifically for B2 and B3 fractures, but 
not for other types of PFF.

Data analysis

Depending on the type of information presented in the eli-
gible publications, outcome data were collated stratified for 
treatment, i.e., ORIF and revision arthroplasty, as well as for 
the fracture types B2 and B3 separately. If needed, data from 
the publications were recalculated to facilitate presenting the 
desired stratifications. However, since the data presented in 
the eligible publications were scarce concerning prognostic 
factors and diverse concerning outcomes, it was not possible 
to quantitatively analyze summary data beyond the descrip-
tive information in Table 2.

Results

Our systematic search identified 14 original studies that 
included patients treated with ORIF and patients treated 
with revision arthroplasty in the treatment of B2 and B3 
PFF [5, 16, 19–27, 30–32]. The publications were mainly 

retrospective cohort studies which did not describe the treat-
ment allocation, provided little information about potential 
predictive factors and presented diverse outcome parameters. 
Additionally, in most studies, the group sizes were small so 
that no statistical tests were performed. Table 2 provides 
an overview about the eligible studies including relevant 
outcomes and potential predictors.

Prognostic factors

Only a handful of publications provided information about 
the most likely prognostic factors such as type of the original 
stem, initial indication for THA, or implants used to treat the 
PFF, which have been shown to be important outcome pre-
dictors [29]. Therefore, it was not possible to quantitatively 
analyze these potential prognostic factors.

Eight studies presented information on whether the PFF 
occurred around primary or around revision hip stems [5, 16, 
22–25, 27, 31], eight presented the information whether the 
stem was cemented or uncemented [5, 16, 22, 24, 25, 27, 30, 
31], three provided information about the fixation mecha-
nism of the cemented stem (CCPT or CB) or the stem’s 
brand name for the respective treatment group [16, 22, 27], 
three informed about the diagnosis that had led to the initial 
hip replacement [22, 27, 31] and 7 provided details about 
the implants used for ORIF [16, 20, 22–25, 30]. One study 
presented some of the aforementioned parameters for some 
of the PFF types but did not follow a consistent pattern in 
doing so [26].

In addition to the assessment of bone quality and stem 
stability inherent to the Vancouver classification (B2: unsta-
ble or loose stem with good quality of the surrounding bone 
stock, B3: unstable or loose stem with inadequate surround-
ing bone stock), one study classified the bone quality around 
B3 fractures according to Paprosky [5]. In this study no 
ORIF was used to treat B3 fractures.

Outcome parameters

Since the reported outcome measures were diverse, it was 
not possible to summarize them quantitatively. Some studies 

Table 1  Search strategies in 
different medical databases

Database Search strings Matches

PubMed (((periprosthetic) OR (*prosthetic) OR (interprosthetic)) 
AND ((vancouver b2) OR (vancouver b3) OR (vancouver)) 
NOT ((rat) OR (dog) OR (sheep) OR (rabbit) OR (pig) OR 
(experimental) OR (model)))

428

Web of Science TS=(((periprosthetic) OR (*prosthetic) OR (interprosthetic)) 
AND ((vancouver b2) OR (vancouver b3) OR (vancouver)) 
NOT ((rat) OR (dog) OR (sheep) OR (rabbit) OR (pig) OR 
(experimental) OR (model)))

290

Cochrane libraries Periprosthetic 277
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focused on mobility [16, 23–27, 30] as measured with vari-
ous instruments, whereas other studies focused on union 
rates [16, 20, 23, 24, 26, 27, 32], reoperation rates [5, 19, 
21–23, 30, 32], mortality [21, 22, 25, 26], or on periopera-
tive parameters [16, 19–21, 23–25], including various com-
binations of these outcomes.

Success of treatment modality

Only five studies used statistical tests to compare the results 
of ORIF vs. stem revision in B2 or B3 fractures. Solomon 
et al. compared ORIF to stem revision in 21 patients whose 
initial stem was a CCPT stem and who had sustained B2 
fractures. The results were significantly in favor of ORIF 
for surgical time and the need for blood transfusions. There 
were also non-significant (n.s.) trends in favor of ORIF 
for the Harris pain score and complications as well as n.s. 
trends in favor of revision surgery for mobility. However, 
the authors pointed out that the mean age in the revision 
group was 9 years higher and that one of the nine patients in 
the revision group had been evaluated for mobility directly 
after having received a knee replacement to explain the lat-
ter trend [16]. Antoniadis et al. compared results of ORIF 
to stem revision in 53 patients who had sustained B2 frac-
tures with an unknown fixation type of the initial stem. 
They found results significantly in favor of ORIF for surgi-
cal time and blood loss along with n.s. trends in favor of 
ORIF concerning complications and mortality [19]. Joestl 
et al. compared the results of 3 treatment modalities to treat 
B2 PFF, one being ORIF, with a group size of only 8, and 
two different revision stem designs with group sizes of 14 
each. They found n.s. trends in favor of ORIF for surgery 
time, blood units needed and the number of patients return-
ing back to their pre-injury mobility level [23]. Gitajn et al. 
analyzed the outcomes of patients with B1, B2 and B3 frac-
tures. The results of the patients who had sustained B2 or 
B3 fractures were in favor of ORIF concerning blood loss 
and blood transfusions, showed no difference concerning 
mortality, and were in favor of revision surgery concern-
ing the postoperative weight bearing instructions given by 
the treating practitioner [21]. Pavlou et al. compared ORIF 
with and without grafting with stem revision with and with-
out grafting, amongst other PFF types also between B2 and 
B3 fractures. The main outcome of the paper was that in 
the treatment of PFF, using a graft in addition to ORIF or 
a revision stem is beneficial. A comparison of all possible 
treatment combinations (ORIF/revision/with graft/without 
graft) demonstrated that in B2 fractures, treatment with a 
revision stem with or without graft resulted in higher union 
rates than treatment with ORIF without graft. No signifi-
cant differences were seen in any of the other combinations, 
including ORIF with graft compared to revision with a stem 
with or without graft [32].

In several other publications, which had not used statisti-
cal tests to compare the results of ORIF vs. stem revision 
in B2 or B3 fractures, there were trends which appeared 
to favor ORIF for various parameters [20, 24, 25]. Other 
publications also showed trends for better outcomes of revi-
sion arthroplasty [22, 24]. However, the lack of appropriate 
statistics and the small group sizes do not allow drawing 
reliable conclusions.

Discussion

In summary, the majority of recent studies suggest equiva-
lence of ORIF compared to revision arthroplasty in the 
treatment of selected B2 and B3 fractures. Notwithstanding, 
most of these studies have significant methodological weak-
nesses, especially concerning the choice of treatment allo-
cation, which bears a high risk of producing biased results. 
Additionally, the scarcity of information concerning prog-
nostic factors and the diversity of outcome instruments did 
not allow to identify outcome predictors or to quantitatively 
summarize the results.

This is well in line with the findings of Mont and Maar, 
who published a quantitative analysis of the outcomes after 
PFF reported in the literature in 1994 [33]. They found that 
the lack of relevant information provided in the respective 
publications rendered them unable to stratify the results for 
important predictors.

Only few studies provided a rigorous statistical analysis 
[16, 19, 21, 23, 32]. Whereas some of these studies could 
show significant advantages of ORIF for various in-hospital 
parameters [16, 19, 21], this was not the case for postopera-
tive clinical outcomes: Only one study found a significant 
difference, namely the postoperative weight bearing instruc-
tions as given by the treating physician, which allowed more 
weight bearing after revision arthroplasty than after ORIF, 
and thus was in favor of revision surgery [21]. Various stud-
ies found n.s. trends in postoperative outcome parameters 
either in favor of ORIF [19, 23], in favor of revision [32] or 
balanced [16], i.e. some parameters were in favor of ORIF; 
others in favor of stem revision. These findings challenge 
the recommendations given in the Vancouver classification, 
which defines that B2 and B3 PFF are associated with an 
unstable prosthesis and thus should be replaced with a long-
stemmed prosthesis [13].

In line with the findings of the aforementioned studies, 
several authors postulate that B2 or B3 fractures could also 
be treated successfully with ORIF [16, 18]. This would 
not need to be restricted to palliative care in patients with 
low lifestyle demands. A fixation of PFF with ORIF alone 
could be generally beneficial due to the reduced surgical 
time and complexity and reduced implant costs. Moreover, 
preserving bone stock by avoiding a long-stemmed implant 
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could benefit especially younger patients who are likely to 
require further revisions in the future [16].

In B2 fractures, provided there was sufficient bone stock 
and the possibility to anatomically reconstruct the frac-
ture, a construct with sufficient stability to allow fracture 
healing could be created by means of ORIF [16, 18]. In 
particular straight polished tapered stems could regain sta-
bility after anatomic fracture reduction within an intact 
cement mantle [16]. The principle of the “loaded taper” 
design of cemented stems is also referred to as “force-
closed” fixation where the polished stem does not bond 
with the surrounding cement und during axial loading 
becomes lodged as a wedge in the cement mantle. These 
stems are polished and do not bond with the surrounding 
cement. Thus, they allow the taper to subside within the 
cement mantle until it stabilizes, even in case of anatomi-
cally reduced periprosthetic fractures. In primary THA, 
these stems usually stabilize after the first year [34–36]. 
From the literature it is unknown how long it takes the 
stem to stabilize once the fracture has healed in an ana-
tomical way.

In the other kind of cemented stem, the “composite 
beam” type (also referred to as “shape-closed” fixation), a 
firm cement–metal bond is mandatory. These implants are 
not intended to subside, and may either be collared or uncol-
lared, anatomical or straight, undersized or canal-filling. All 
these designs have in common that the strong bond between 
the interfaces of stem and cement as well as the interface of 
cement and bone creates a stable construct from three dif-
ferent materials with different elasticities. Because the stem 
possesses the highest stiffness, it transmits the axial load 
to its tip and to the cement and bone below it [37]. Once 
the interface between the stem and the cement is disrupted, 
a loose stem can by definition never become stable again. 
In uncemented stems, long term clinical success depends 
on stem stability, which in turn depends on the area of pri-
mary fixation. According to the Mont group, the uncemented 
stems can be categorized in 6 major design types, primarily 
defined by the location of fixation (metaphyseal, diaphyseal 
or a combination of both) as well as their design geometry 
[38]. If the periprosthetic fracture does not involve the pri-
mary location of fixation, the stem remains stable and the 
fracture can be internally fixed. However, if the primary area 
of the implant stabilizing zone is involved in the fracture, 
the stem is loose and it will depend on the type of fracture 
and implants used whether sufficient stabilization can be 
achieved or not. According to Pilliar et al., micromotion of 
< 20 µm results in predominantly bone formation, more than 
150 µm leads to fibrous tissue formation and between 40 
and 150 µm results a combination of bone and fibrous tissue 
formation [39]. In an unstable fracture fixation, the excessive 
micromotion will inhibit osseointegration of uncemented 
components and the stem will remain unstable, causing thigh 

pain associated with possibly reduced range of motion and 
a limp [40].

Considering the multitude of anchoring philosophies, 
understanding the underlying biomechanics of the fixation 
is essential to determine whether ORIF may be a suitable 
treatment. These technical considerations on stem fixation 
philosophies provide insights in potential success or failure 
mechanisms for PFF fixation.

The main limitation of our work lies in the low quality of 
publications. None of the eligible publications was clearly 
prospective and only few studies used statistical tests to iden-
tify differences in outcomes of B2 and B3 fractures treated 
with ORIF or stem revision. Moreover, not a single study 
applied transparent decision algorithms for treatment allo-
cation that would have resulted in balanced groups, hence 
the risk of biased results is high. Beyond this, the lack of 
uniform outcome reporting did not allow to synthesize any 
outcome results and the lack of documentation of potential 
outcome predictors made it impossible to analyze those.

Notwithstanding, the currently available best evidence 
implicates there may be a benefit of ORIF vs. stem revi-
sion. However, the scarcity of information about prognostic 
factors makes it clear that further research to determine the 
relevant predictors is badly needed. Therefore, a registry that 
will document relevant predictors as well as outcomes after 
treatment of PFF along with other periprosthetic fractures is 
being funded by the AO Foundation via the AO TK Trauma 
and AOTrauma Network and set up by AOCID (registration: 
ClinicalTrials.gov: NCT03378557).

The documentation will include information about ini-
tial implant and pathology, fracture classification, clinical, 
radiological and intraoperative stem stability, patient data 
(comorbidities, joint function, pain, quality of life), adverse 
events, implants used to treat the PFF, quality of fracture 
reduction, fracture healing and postoperative clinical and 
prosthetic loosening. In the first phase a limited number of 
sites from different regions will participate. Once launched 
successfully, it is envisioned to open the registry for further 
sites.

Conclusion

PFF are a rare but important complication of hip arthro-
plasty. The choice of the treatment modality depends on 
fracture, implant, and bone characteristics. Recent data 
challenge the present treatment recommendation as they 
show that successful outcomes can be achieved without 
revising loose stems. ORIF may be a viable option in frac-
tures around uncemented stems as well as around polished 
tapered stem designs with an intact cement mantle if a stable 
anatomic reconstruction is deemed possible. Conceptional 
considerations form the basis of this idea, which is further 
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supported by results from the recent literature. Notwith-
standing, due to methodological weaknesses of the available 
studies, the rising evidence confirming the benefits of ORIF 
is still weak and more data are needed to identify relevant 
outcome predictors.

Funding This work was sponsored by Mathys Medical, Bettlach, 
Switzerland.

Compliance with ethical standards 

Conflict of interest Karl Stoffel has received research grants from the 
AO TK Trauma, Mathys and DePuy Synthes and is a consultant for 
Zimmer, Mathys and DePuy Synthes. Karl Stoffel is a board member 
of the AO TK Trauma. Michael Blauth is employee of DePuy Syn-
thes.  Alexander Joeris, Andrea Blumenthal and Elke Rometsch are 
employees of the AO Documentation and Publishing Foundation.

Research involving human participants and/or animals For this type of 
study formal consent is not required. This article does not contain any 
studies with animals performed by any of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. United Nations DoEaSA, Population Division (2017) World pop-
ulation prospects: the 2017 revision, key findings and advance 
tables. Working Paper No. ESA/P/WP/248

 2. Adolphson P, Jonsson U, Kalen R (1987) Fractures of the ipsilat-
eral femur after total hip arthroplasty. Arch Orthop Trauma Surg 
106:353–357

 3. Beals RK, Tower SS (1996) Periprosthetic fractures of the femur. 
An analysis of 93 fractures. Clin Orthop Relat Res 327:238–246

 4. Kamineni S, Vindlacheruvu R, Ware HE (1999) Peri-prosthetic 
femoral shaft fractures treated with plate and cable fixation. Injury 
30:261–268

 5. Lindahl H, Garellick G, Regner H, Herberts P, Malchau H (2006) 
Three hundred and twenty-one periprosthetic femoral fractures. 
J Bone Joint Surg Am 88:1215–1222. https ://doi.org/10.2106/
JBJS.E.00457 

 6. Garellick G KJ, Lindahl H, Malchau H, Rogmark C, Rolfson O 
(2014) The Swedish Hip Arthroplasty Register Annual Report 
2014, p 10

 7. Cook RE, Jenkins PJ, Walmsley PJ, Patton JT, Robinson CM 
(2008) Risk factors for periprosthetic fractures of the hip: a 

survivorship analysis. Clin Orthop Relat Res 466:1652–1656. 
https ://doi.org/10.1007/s1199 9-008-0289-1

 8. Hernlund E, Svedbom A, Ivergard M, Compston J, Cooper C, 
Stenmark J, McCloskey EV, Jonsson B, Kanis JA (2013) Osteo-
porosis in the European Union: medical management, epidemi-
ology and economic burden. A report prepared in collaboration 
with the International Osteoporosis Foundation (IOF) and the 
European Federation of Pharmaceutical Industry Associations 
(EFPIA). Arch Osteoporos 8:136. https ://doi.org/10.1007/s1165 
7-013-0136-1

 9. (2012) National Joint Registry for England and Wales. 9th annual 
report 2012. In: National Joint Registry (GB)

 10. (2017) National Joint Registry for England, Wales, Northern Ire-
land and the Isle of Man. 14th annual report 2017. In: National 
Joint Registry (GB)

 11. Phillips JR, Boulton C, Morac CG, Manktelov AR (2011) What 
is the financial cost of treating periprosthetic hip fractures? Injury 
42:146–149. https ://doi.org/10.1016/j.injur y.2010.06.003

 12. Khan T, Grindlay D, Ollivere BJ, Scammell BE, Manktelow AR, 
Pearson RG (2017) A systematic review of Vancouver B2 and B3 
periprosthetic femoral fractures. Bone Joint J 99-b:17–25. https 
://doi.org/10.1302/0301-620x.99b4.bjj-2016-1311.r1

 13. Duncan CP, Masri BA (1995) Fractures of the femur after hip 
replacement. Instr Course Lect 44:293–304

 14. Masri BA, Meek RM, Duncan CP (2004) Periprosthetic fractures 
evaluation and treatment. Clin Orthop Relat Res 420:80–95

 15. Muller M, Winkler T, Mardian S, Trampuz A, Renz N, Perka 
C, Karczewski D (2019) The worst-case scenario: treatment of 
periprosthetic femoral fracture with coexistent periprosthetic 
infection-a prospective and consecutive clinical study. Arch 
Orthop Trauma Surg 139:1461–1470. https ://doi.org/10.1007/
s0040 2-019-03263 -y

 16. Solomon LB, Hussenbocus SM, Carbone TA, Callary SA, Howie 
DW (2015) Is internal fixation alone advantageous in selected 
B2 periprosthetic fractures? ANZ J Surg 85:169–173. https ://doi.
org/10.1111/ans.12884 

 17. Briant-Evans TW, Veeramootoo D, Tsiridis E, Hubble MJ (2009) 
Cement-in-cement stem revision for Vancouver type B peripros-
thetic femoral fractures after total hip arthroplasty. A 3-year 
follow-up of 23 cases. Acta Orthop 80:548–552. https ://doi.
org/10.3109/17453 67090 33168 27

 18. Quah C, Porteous M, Stephen A (2017) Principles of manag-
ing Vancouver type B periprosthetic fractures around cemented 
polished tapered femoral stems. Eur J Orthop Surg Traumatol 
27:477–482. https ://doi.org/10.1007/s0059 0-016-1883-7

 19. Antoniadis A, Camenzind R, Schelling G, Helmy N (2017) Is pri-
mary osteosynthesis the better treatment of periprosthetic femur 
fractures Vancouver type B2? Br J Surg 104:17

 20. Baum C, Leimbacher M, Kriechling P, Platz P, Cadosch D (2017) 
Treatment of periprosthetic femoral fractures type Vancouver 
B2-Revision arthroplasty vs. open reduction and internal fixation 
with Locking Compression Plate: a retrospective single center 
study. Br J Surg 104:20

 21. Gitajn IL, Heng M, Weaver MJ, Casemyr N, May C, Vrahas MS, 
Harris MB (2017) Mortality following surgical management of 
Vancouver B periprosthetic fractures. J Orthop Trauma 31:9–14. 
https ://doi.org/10.1097/bot.00000 00000 00071 1

 22. Inngul C, Enocson A (2015) Postoperative periprosthetic fractures 
in patients with an Exeter stem due to a femoral neck fracture: 
cumulative incidence and surgical outcome. Int Orthop 39:1683–
1688. https ://doi.org/10.1007/s0026 4-014-2570-0

 23. Joestl J, Hofbauer M, Lang N, Tiefenboeck T, Hajdu S (2016) 
Locking compression plate versus revision-prosthesis for Van-
couver type B2 periprosthetic femoral fractures after total hip 
arthroplasty. Injury 47:939–943. https ://doi.org/10.1016/j.injur 
y.2016.01.036

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2106/JBJS.E.00457
https://doi.org/10.2106/JBJS.E.00457
https://doi.org/10.1007/s11999-008-0289-1
https://doi.org/10.1007/s11657-013-0136-1
https://doi.org/10.1007/s11657-013-0136-1
https://doi.org/10.1016/j.injury.2010.06.003
https://doi.org/10.1302/0301-620x.99b4.bjj-2016-1311.r1
https://doi.org/10.1302/0301-620x.99b4.bjj-2016-1311.r1
https://doi.org/10.1007/s00402-019-03263-y
https://doi.org/10.1007/s00402-019-03263-y
https://doi.org/10.1111/ans.12884
https://doi.org/10.1111/ans.12884
https://doi.org/10.3109/17453670903316827
https://doi.org/10.3109/17453670903316827
https://doi.org/10.1007/s00590-016-1883-7
https://doi.org/10.1097/bot.0000000000000711
https://doi.org/10.1007/s00264-014-2570-0
https://doi.org/10.1016/j.injury.2016.01.036
https://doi.org/10.1016/j.injury.2016.01.036


1394 Archives of Orthopaedic and Trauma Surgery (2020) 140:1381–1394

1 3

 24. Lunebourg A, Mouhsine E, Cherix S, Ollivier M, Chevalley F, 
Wettstein M (2015) Treatment of type B periprosthetic femur 
fractures with curved non-locking plate with eccentric holes: 
retrospective study of 43 patients with minimum 1-year fol-
low-up. Orthop Traumatol Surg Res 101:277–282. https ://doi.
org/10.1016/j.otsr.2015.01.015

 25. Niikura T, Lee SY, Sakai Y, Nishida K, Kuroda R, Kurosaka M 
(2014) Treatment results of a periprosthetic femoral fracture case 
series: treatment method for Vancouver type b2 fractures can be 
customized. Clin Orthop Surg 6:138–145. https ://doi.org/10.4055/
cios.2014.6.2.138

 26. Spina M, Rocca G, Canella A, Scalvi A (2014) Causes of fail-
ure in periprosthetic fractures of the hip at 1- to 14-year follow-
up. Injury 45(Suppl 6):S85–S92. https ://doi.org/10.1016/j.injur 
y.2014.10.029

 27. Zuurmond RG, van Wijhe W, van Raay JJ, Bulstra SK (2010) 
High incidence of complications and poor clinical outcome in the 
operative treatment of periprosthetic femoral fractures: an analy-
sis of 71 cases. Injury 41:629–633. https ://doi.org/10.1016/j.injur 
y.2010.01.102

 28. Ohly NE, Whitehouse MR, Duncan CP (2014) Periprosthetic 
femoral fractures in total hip arthroplasty. Hip Int 24:556–567. 
https ://doi.org/10.5301/hipin t.50001 55

 29. Stoffel K, Sommer C, Kalampoki V, Blumenthal A, Joeris A 
(2016) The influence of the operation technique and implant used 
in the treatment of periprosthetic hip and interprosthetic femur 
fractures: a systematic literature review of 1571 cases. Arch 
Orthop Trauma Surg 136:553–561. https ://doi.org/10.1007/s0040 
2-016-2407-y

 30. Bulatovic N, Kezunovic M, Vucetic C, Abdic N, Bencic I, Cengic 
T (2017) Treatment of periprosthetic femoral fractures after total 
hip arthroplasty Vancouver type B. Acta Clin Croat 56:536–543. 
https ://doi.org/10.20471 /acc.2017.56.03.21

 31. Montalti M, Pilla F, Guerra G, Traina F (2013) Periprosthetic 
femoral fractures: treatments and outcomes. An analysis of 47 
cases. Hip Int 23:380–385. https ://doi.org/10.5301/hipin t.50000 
25

 32. Pavlou G, Panteliadis P, Macdonald D, Timperley JA, Gie G, Ban-
croft G, Tsiridis E (2011) A review of 202 periprosthetic frac-
tures–stem revision and allograft improves outcome for type B 
fractures. Hip Int 21:21–29

 33. Mont MA, Maar DC (1994) Fractures of the ipsilateral femur after 
hip arthroplasty. A statistical analysis of outcome based on 487 
patients. J Arthroplast 9:511–519

 34. Alfaro-Adrian J, Gill HS, Murray DW (2001) Should total hip 
arthroplasty femoral components be designed to subside? A 
radiostereometric analysis study of the Charnley Elite and Exe-
ter stems. J Arthroplast 16:598–606. https ://doi.org/10.1054/
arth.2001.23576 

 35. Huiskes R, Verdonschot N, Nivbrant B (1998) Migration, stem 
shape, and surface finish in cemented total hip arthroplasty. Clin 
Orthop Relat Res 355:103–112

 36. Nelissen RG, Garling EH, Valstar ER (2005) Influence of cement 
viscosity and cement mantle thickness on migration of the Exe-
ter total hip prosthesis. J Arthroplast 20:521–528. https ://doi.
org/10.1016/j.arth.2004.09.036

 37. Shen G (1998) Femoral stem fixation. An engineering interpreta-
tion of the long-term outcome of Charnley and Exeter stems. J 
Bone Joint Surg Br 80:754–756

 38. Khanuja HS, Vakil JJ, Goddard MS, Mont MA (2011) Cementless 
femoral fixation in total hip arthroplasty. J Bone Joint Surg Am 
93:500–509. https ://doi.org/10.2106/jbjs.j.00774 

 39. Pilliar RM, Lee JM, Maniatopoulos C (1986) Observations on 
the effect of movement on bone ingrowth into porous-surfaced 
implants. Clin Orthop Relat Res 208:108–113

 40. Attar S, Spangehl M (2009) Clinical evaluation of the failed or 
painful total hip arthroplasty. In: Thomas B (ed) Arthritis and 
arthroplasty: the hip. Elsevier, Berkeley, pp 12–23

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.otsr.2015.01.015
https://doi.org/10.1016/j.otsr.2015.01.015
https://doi.org/10.4055/cios.2014.6.2.138
https://doi.org/10.4055/cios.2014.6.2.138
https://doi.org/10.1016/j.injury.2014.10.029
https://doi.org/10.1016/j.injury.2014.10.029
https://doi.org/10.1016/j.injury.2010.01.102
https://doi.org/10.1016/j.injury.2010.01.102
https://doi.org/10.5301/hipint.5000155
https://doi.org/10.1007/s00402-016-2407-y
https://doi.org/10.1007/s00402-016-2407-y
https://doi.org/10.20471/acc.2017.56.03.21
https://doi.org/10.5301/hipint.5000025
https://doi.org/10.5301/hipint.5000025
https://doi.org/10.1054/arth.2001.23576
https://doi.org/10.1054/arth.2001.23576
https://doi.org/10.1016/j.arth.2004.09.036
https://doi.org/10.1016/j.arth.2004.09.036
https://doi.org/10.2106/jbjs.j.00774

	Fracture fixation versus revision arthroplasty in Vancouver type B2 and B3 periprosthetic femoral fractures: a systematic review
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Hip arthroplasty and periprosthetic femoral fractures
	Treatment of PFF
	Current treatment recommendations under debate

	Materials and methods
	Search strategy
	Study selection
	Data extraction and analysis
	Data analysis

	Results
	Prognostic factors
	Outcome parameters
	Success of treatment modality

	Discussion
	Conclusion
	References




