
Moreta et al. 
Journal of Orthopaedics and Traumatology           (2025) 26:78  
https://doi.org/10.1186/s10195-025-00886-3

ORIGINAL ARTICLE Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, 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 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. 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-​nc-​nd/4.​0/.

Journal of Orthopaedics
and Traumatology

Internal fixation versus revision arthroplasty 
for Vancouver B2–B3 fractures: mortality 
and functional outcomes in frail patients. 
Insights from the PIPPAS study of 485 patients
Jesús Moreta1†, Héctor J. Aguado2*†   , Pablo Castillón‑Bernal3, Josep M. Muñoz‑Vives4, Pilar Camacho5, Montsant Jornet‑Gibert5, 
Jordi Teixidor6, Adela Pereda‑Manso2, Yaiza García‑Sánchez6, Cristina Ojeda‑Thies7, Pablo García‑Portabella8, Elvira Mateos Álvarez2, 
David Noriega‑González2, María‑Fe Muñoz‑Moreno2, Irene Arroyo‑Hernantes2, Begoña Aránzazu Álvarez‑Ramos2, Belén García‑Medrano2, 
Carmen Martínez‑Sellés2, Sergio Marín‑Jiménez2, Virginia García‑Virto2, Sergio País‑Ortega2, Adriana Acha3, Jordi Tomás‑Hernández6, 
Jordi Selga‑Marsà6, José Vicente Andrés‑Peiró6, Carlos Piedra‑Calle6, Ferrán Blasco‑Casado6, Ernesto Guerra‑Farfán6, Jordi Querolt‑Coll4, 
Guillermo Triana‑López de Santamaría4, José M. Hernández5, Marina Renau‑Cerrillo5, Carles Gil‑Aliberas5, Anna Carreras‑Castañer5, 
Marian Vives‑Barquiel5, Eliam Ajuria Fernández7, Eugenia Fernández Manzano8, Unai García De Cortázar9, Mirentxu Arrieta9, 
Daniel Escobar9, Estíbaliz Castrillo9, Patricia Balvis Balvis10, Maciej Denisiuk10, Manuel Castro Menéndez10, Sonsoles Pastor1, Ane Larrazábal1, 
Beatriz Olías‑López11, Patricia Amaya‑Espinosa11, Juan Boluda‑Mengod11, David González‑Martín11, Daniel López‑Dorado12, 
Juan Carlos Borrás‑Cebrián13, Carles Martínez‑Pérez13, Patricio Andrés Freile Pazmiño14, Pablo Calavia‑Calé14, Miguel Ángel Suárez‑Suárez15, 
Lucía Lanuza‑Lagunilla15, Antonio García Arias15, Julián Cabria‑Fernández15, Javier García‑Coiradas16, José Valle‑Cruz16, Jaime Sánchez del Saz16, 
Jesús Mora‑Fernández16, Pedro Lalueza‑Andreu16, César Bonome‑Roel17, María Ángeles Cano‑Leira17, Antonio Benjumea Carrasco18, 
Ana López‑de Pariza19, Alexis Fernández‑Juan19, Carmen Sevillano‑de la Puente19, Miren Juldain‑Mondragón19, Jorge Guadilla Arsuaga19, 
Eladio Saura‑Sánchez20, Sandra Giménez‑Ibáñez21, Plácido Sánchez‑Gómez21, F. Javier Ricón‑Recarey22, Elena M. García García23, 
Francisco Cuadrado‑Abajo24, María Isabel Pérez‑Núñez24, Pedro del Pozo‑Manrique25, Francisco Manuel García Navas‑García25, 

Ester García‑Paredero26, Ainhoa Guijarro‑Valtueña26, Teresa Beteta Robles26, Inés Navas‑Pernía27, Ignasi De Villasante‑Jirón28, Teresa Serra Porta29, 

Carmen Carrasco Becerra30, Víctor Otero‑Naveiro31, Silvia Pena Paz31, Inés Fernández‑Billón Castrillo31, Fátima Fernández‑Dorado32, 

Amaia Martínez‑Menduiña32, Víctor Vaquerizo‑García33, Antonio Murcia‑Asensio34, Elena Galián‑Muñoz34, Carmelo Marín‑Martínez34, 

Adrián Muñoz‑Vicente35, Nuria Plaza‑Salazar35, Carla Gámez‑Asunción35, Jennifer Benito‑Santamaría36, Paula Salgado‑Tarrida36, 

Oriol Prats‑Puente36, Alejandro Cuenca‑Copete37, Blas González‑Montero37, Luis Alejandro Giraldo‑Vegas38, Juan Mingo‑Robinet39, 

Ricardo Briso‑Montiano39, Amaya Barbería‑Biurrun40, Emma Escudero‑Martínez41, Laura Chouza‑Montero41, María Naharro‑Tobío41, 

Alfons Gasset‑Teixidor42, Andrea Domínguez‑Ibarrola42, J. M. Peñalver42, Jorge Serrano‑Sanz42, Adrián Roche‑Albero43, Carlos Martín‑Hernández43, 

María Macho‑Mier43, José Carlos Saló‑Cuenca44, Jordi Espona Roselló44, Guillermo Criado‑Albillos45, Hugo Gabriel Cabello‑Benavides45, 

†Jesús Moreta and Héctor J. Aguado have contributed equally to this work.

*Correspondence:
Héctor J. Aguado
hjaguado@gmail.com
1 Hospital Universitario de Galdakao-Usansolo, Bizkaia, Spain
2 Hospital Clínico Universitario de Valladolid, Valladolid, Spain
3 Hospital Universitari Mútua de Terrassa, Barcelona, Spain
4 Hospital Sant Joan de Deu - Fundació Althaia de Manresa, Barcelona, Spain
5 Hospital Clínic de Barcelona, Barcelona, Spain
6 Hospital Universitari Vall d’Hebrón de Barcelona, Barcelona, Spain
7 Hospital 12 de Octubre de Madrid, Madrid, Spain
8 Hospital de Jove de Gijón, Asturias, Spain
9 Hospital Universitario de Basurto, Bizkaia, Spain
10 Hospital Álvaro Cunqueiro de Vigo, Pontevedra, Spain
11 Hospital Universitario de Tenerife, Santa Cruz de Tenerife, Spain

12 Hospital Infanta Elena de Valdemoro, Madrid, Spain
13 Hospital Universitario Dr. Peset de Valencia, Valencia, Spain
14 Hospital Royo Villanova de Zaragoza, Zaragoza, Spain
15 Hospital Universitario de Cabueñes de Gijón, Asturias, Spain
16 Hospital Clínico San Carlos de Madrid, Madrid, Spain
17 Complejo Hospitalario Universitario de A Coruña, A Coruña, Spain
18 Hospital General Universitario Gregorio Marañón de Madrid, Madrid, Spain
19 Hospital Universitario de Álava Álava, Araba, Spain
20 Hospital Universitario General de Elche, Elche, Spain
21 Hospital General Universitario Los Arcos del Mar Menor de Murcia, 
Murcia, Spain
22 Hospital Vega Baja de Orihuela, Alicante, Spain
23 Hospital General Universitario J.M. Morales Meseguer de Murcia, 
Murcia, Spain
24 Hospital Universitario Marqués de Valdecilla de Santander, Santander, 
Spain

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s10195-025-00886-3&domain=pdf
http://orcid.org/0000-0002-0371-520X


Page 2 of 18Moreta et al. Journal of Orthopaedics and Traumatology           (2025) 26:78 

David Alonso Nestar45, Jerónimo González‑Bernal45, Josefa González‑Santos45, Jorge Cunchillos‑Pascual45, Jorge Martínez‑Íñiguez Blasco46, 

José Manuel Bogallo‑Dorado47, Alicia Ramírez‑Roldán47, Juan Ramón Cano‑Porras47, Fernando Marqués‑López48, Santos Martínez‑Díaz48, 

Pablo I. Slullitel49, Guido S. Carabelli49, Ignacio Astore49, Bruno Rafael Boietti49, Julio César Córdova‑Peralta50, Carlos Hernández‑Pascual50, 

Alfredo Rodríguez‑Gangoso51, Iván Dot‑Pascuet51, Ana Piñeiro‑Borrero52, José María Pérez‑Sánchez52, Alfonso Mandía‑Martínez53, 

Julio De Caso‑Rodríguez53, Jordi Martín‑Marcuello53, Miguel Benito‑Mateo54, Oiane Alda‑Gastiain55, Irene Corcuera‑Elosegui55, 

María Rosa González‑Panisello56, Nicolás Elizalde Pérez‑Salazar57 and María De Sande‑Díaz58 

Abstract 
Background  Periprosthetic femoral fractures following hip arthroplasty (FH-PPF) represent a severe complication, especially in elderly patients 
with compromised health. Traditionally, revision arthroplasty is recommended for B2–B3 FH-PPF, yet internal fixation has emerged as a debated 
alternative in select patients. The hypothesis was that fixation, in selected patients with B2–B3 FH-PPF, decreases mortality and surgical complica-
tion rates with the same functional outcomes as revision arthroplasty.

Materials and methods  PIPPAS is a multicenter prospective observational study. This cohort substudy includes 485 patients across 57 hospitals 
with B2–B3 FH-PPF between January 2021 and May 2023. Management strategy, revision or fixation, was at the attending surgeon’s discretion. 
Propensity score matching, controlled for age, age-adjusted Charlson Comorbidity Index (a-CCI), prefracture mobility, Pfeiffer scale, and ASA score, 
was done. Mortality risk factors were assessed using univariate and multivariate analysis.

Results  Out of 485 patients, 164 received fixation, and 321 underwent revision. Fixation patients were older (88 versus 82 years, p < 0.001) 
and frailer. Fixation was associated with shorter hospital stay (13 versus 15 days, p = 0.003) but higher 1-year mortality (25% versus 14.3%, p = 0.04). 
There were no differences in medical or surgical complications (p = 0.83 and p = 0.36) at any time, but dislocation rate was higher in the revision 
group (p = 0.001). The 1-year mortality rate in patients with no weight-bearing restrictions was higher for the revision group (p = 0.01). The propen-
sity score matching showed higher 1-year mortality rate in the fixation group but no differences in functional outcomes, complications, or up to 
6-months mortality. In the multivariate analysis a-CCI, cognitive impairment, B3 fractures, and prefracture independent walking impairment were 
independent mortality risk factors.

Conclusions  Revision arthroplasty showed less 1-year mortality rate and weight-bearing restrictions than fixation. However, frail patients with B2–
B3 FH-PPF managed with fixation allowing full weight-bearing showed a lower 1-year mortality rate. Fixation in B2–B3 FH-PPF is a treatment option 
in frail patients, while aiming for stable constructions allowing full weight-bearing.

Level of Evidence II: prospective cohort study.

Trial registration: ClinicalTrials.gov (NCT04663893)

Keywords  Periprosthetic fracture, Orthogeriatrics, Vancouver B2 fracture, Vancouver B3, Mortality, Revision, Fixation, Frailty, Weight-bearing, Total 
hip arthroplasty
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Introduction
Periprosthetic femoral fractures after hip arthroplasty 
(FH-PPF) are a severe complication. Their incidence is 
rising worldwide [1] owing to the increase in the global 
number of hip arthroplasty procedures and the high 
prevalence of elderly patients carrying a hip arthroplasty. 
According to the Unified Classification System (UCS), B 
type fractures sit around or just below the stem and are 
subdivided into B1 when the stem is fixed, B2 if the stem 
is loose with adequate bone stock, and B3 when the stem 
is loose and the bone quality is poor [2]. The manage-
ment strategy recommended for B2–B3-type FH-PPF is 
revision arthroplasty of the stem [2–5]. As these fractures 
occur mainly in elder and frail patients with poor func-
tional status, there is recent controversy about whether 
this treatment is ideal for all patients. Therefore, there is 
an ongoing debate whether management with internal 
fixation can be a valid treatment option in selected cases 
[6–9]. Recent studies comparing revision versus fixation 
alone present similar reoperation rates [8–14].

Our hypothesis was that fixation, in selected patients 
with B2–B3 FH-PPF, decreases mortality and surgical 
complication rates with the same functional outcomes as 
revision arthroplasty.

Materials and methods
The PIPPAS study is a collaborative multicenter pro-
spective observational case series study (level IV evi-
dence) evaluating PPF and peri-implant fractures in 
56 Spanish hospitals and one hospital in Buenos Aires, 
Argentina [15]. B2–B3 FH-PPF management was the 
standard of care at each participating site, as determined 
by the attending surgeon. This cohort substudy, fixa-
tion versus revision arthroplasty, included patients aged 
18  years or older who presented with a B2- or B3-type 
FH-PPF between January 2021 and May 2023, with avail-
able 1-year follow-up clinical data. We excluded patients 
managed nonoperatively, patients with intraoperative 
or pathologic fractures, patients with fractures between 
a hip stem and any other distal implant, and preg-
nant patients. Written consent for participation in the 
study was obtained from all participants or their legal 
representatives.

The primary outcome was 1-year mortality rate; sec-
ondary outcomes were postoperative weight-bearing 
restrictions, 1-year surgical complication rate (including 
dislocation, refracture, infection, nonunion, and revision 
surgery), medical complication rate, worsening of mobil-
ity, cognitive impairment or clinical frailty score (CFS), 
moving to a nursing home, health-related quality of life, 
and fracture healing.

Prospective data collection included patient demo-
graphics, management, and outcomes based on the Fra-
gility Fracture Network’s Minimum Common Dataset for 
hip fracture audits but adapted to the specific nature of 
FH-PPFs [16] (appendix 1). Cognitive status was assessed 
with the Pfeiffer Short Portable Mental Status Question-
naire (SPMSQ) [17]. Distinction between B1 and B2–B3 
types was at the discretion of the treating team based 
on clinical, radiological and surgical findings. Previous 
clinical history of thigh pain was suggestive of loosening. 
X-rays showing subsidence, progressive lucencies in mul-
tiple Gruen zones, pedestal formation, and calcar remod-
eling were indicative of type B2 fractures or type B3 
fractures if there were also sings of osteolysis and poor 
supportive bone stock [18]. The intraoperative assess-
ment included direct testing with traction, rotation and 
visual assessment of cement–bone or stem–bone inter-
face. We classified surgeons into two groups of expertise: 
those performing more than 20 revision arthroplasty pro-
cedures and/or more than 20 minimally invasive fixations 
per year and those performing fewer than 20 procedures 
in either category. The weight-bearing protocol at hospi-
tal discharge was determined by the surgical team at each 
site according to local practice. However, the prescription 
of weight-bearing restrictions did not necessarily ensure 
patient adherence. Several patients may have performed 
weight-bearing as tolerated after discharge, which was 
often only identified at the 30-day follow-up visit, at 
which time the weight-bearing recommendation was 
usually revised. Health-related quality of life was assessed 
using the EQ-5D-5L instrument at 6 and 12 months [19]. 
Fracture healing was defined as the presence of at least 
three cortical callus bridges on radiographic examina-
tion and pain-free full weight-bearing. A comprehensive 
list of variables is available in the Supplementary Mate-
rial. Data were collected and managed using REDCap 
electronic data capture tools hosted at the Instituto de 
Estudio de Ciencias de la Salud de Castilla y León, Spain 
[20]. The manuscript was adapted to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) statement [21]. The study was conducted in 
accordance with the ethical standards laid down in the 
1964 Helsinki Declaration and received approval from 
the institutional review boards of the coordinating center 
and each participating hospital. This study is registered at 
ClinicalTrials.gov (NCT04663893).

Statistical analysis
Descriptive statistics summarized group epidemio-
logical data and outcomes between “fixation” and “revi-
sion arthroplasty” groups. Continuous variables were 
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Table 1  Demographic, baseline data for patients presenting a type B2 or B3 femoral hip periprosthetic fracture (FHPPF), management 
and hospital outcomes: Qualitative variables are summarized using counts and percentages (%)

Total Fixation Revision p-Value

n 485 164 321

Baseline:

 Age (years)* 84 [14] 88 (8) 82 (15) < 0.001

Sex, n (%):

 Female 306 (63.09%) 112 (68.29%) 194 (60.44%) 0.110

 Male 179 (36.91%) 52 (31.71%) 127 (39.56%)

Place of residence, n (%):

 Community 415 (85.57%) 129 (78.66%) 286 (89.1%) 0.003

 Health institution 70 (14.43%) 35 (21.34%) 35 (10.9%)

Prefracture mobility*, n (%):

 Independent outdoors 354 (73.14%) 106 (64.63%) 248 (77.5%) 0.009

 Independent indoors 86 (17.77%) 37 (22.56%) 49 (15.31%)

Dependent 44 (9.09%) 21 (12.8%) 23 (7.19%)

 Pfeiffer’s SPMSQ* 2 (5) 3 (4) 2 (4) < 0.001

 CFS* 4 (3) 5 (2) 4 (3) 0.001

 ASA* 3 (1) 3 (1) 3 (1) 0.037

 CCI age-adjusted* 5 (2) 5 (2) 5 (2) 0.001

Osteoprotective treatment, n (%):

 Yes 136 (28.04%) 53 (32.32%) 83 (25.86%) 0.164

 No 349 (71.96%) 111 (67.68%) 238 (74.14%)

Antiaggregant or anticoagulant medication, n (%):

 Yes 190 (39.18%) 75 (45.73%) 115 (35.83%) 0.038

 No 295 (60.82%) 89 (54.27%) 206 (64.17%)

 Hb at admission (gr/dL)^ 12.08 (1.87) 11.87 (1.98) 12.19 (1.81) 0.119

Fracture features:

 UCS type:

  B2 389 (80.21%) 137 (83.54%) 252 (78.5%) 0.541

  B3 96 (19.79%) 27 (16.46%) 69 (21.5%)

Cemented or uncemented stem

 Cemented 142 (29.28%) 55 (33.54%) 87 (27.1%) 0.171

 Uncemented 343 (70.72%) 109 (66.46%) 234 (72.9%)

 Time since stem implantation (months)* 120 (131.75) 130 (126.5) 115 (141) 0.023

Dysfunctional prosthesis

 Yes 225 (46.49%) 66 (40.24%) 159 (49.69%) 0.061

 No 259 (53.51%) 98 (59.76%) 161 (50.31%)

Management

 Surgical delay (h)* 154.71 (593.26) 128.69 (105.29) 168 (795.39) 0.007

Anesthesia

 General 171 (35.33%) 31 (19.02%) 140 (43.61%) < 0.001

 Neuroaxial 313 (64.67%) 132 (80.98%) 181 (56.39%)

Team expertise:

  < 20 procedures per year 157 (32.37%) 57 (34.76%) 100 (31.15%) 0.484

  > 20 procedures per year 328 (67.63%) 107 (65.24%) 221 (68.85%)

Surgical approach:

 Less invasive 34 (7.01%) 34 (20.73%) 0 < 0.001

 Open 451 (92.99%) 130 (79.27%) 321 (100%)

Was the stability of the stem checked?

 Yes 444 (91.55%) 123 (75%) 321 (100%) < 0.001
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summarized as mean and standard deviation (SD) or 
median and interquartile range (IQR) as appropri-
ate (p < 0.05 Shapiro–Wilk test). Categorical variables 
were summarized by absolute frequencies and percent-
ages. Pearson’s chi-squared test analyzed the association 
between qualitative variables, the Kruskal–Wallis test 
for quantitative variables, or the analysis of variance 
(ANOVA) test for quantitative variables with normal dis-
tribution. Fisher’s exact test or the likelihood ratio test 
was used for variables with more than two categories.

Risk factors for 1-year mortality and clinical outcomes 
were assessed with univariate logistic regression analy-
sis. Variables with a p-value < 0.05 were selected for a 

multivariate logistic regression analysis. A predictive 
equation was obtained to predict mortality. A receiver-
operating characteristic (ROC) curve represented the 
discriminative capacity of the model. Propensity score 
matching techniques were used to minimize risks of 
bias between both groups in age, prefracture mobility, 
prefracture place of residency, age-adjusted Charlson 
Comorbidity Index (a-CCI), Pfeiffer, and presence of a 
dysfunctional prosthesis with a 1:1 ratio. Uni- and multi-
variate regression analysis were performed afterwards.

Kaplan–Meier estimators were used to estimate sur-
vival functions, and comparisons were made using the 
log-rank test. p-values < 0.05 were considered statistically 

Table 1  (continued)

Total Fixation Revision p-Value

 No 41 (8.45%) 41 (25%) 0

Cerclage for reduction

 Yes 430 (88.66%) 138 (84.15%) 292 (90.97%) 0.037

 No 55 (11.34%) 26 (15.85%) 29 (9.03%)

Type of fixation:

 Plate 242 (49.90%) 152 (92.68%) 90 (28.04%) < 0.001

 Cerclage wiring 144 (29.69%) 12 (7.32%) 132 (41.12%)

Medical staff involved⋄
 Geriatrics 190 (39.18%) 76 (46.34%) 114 (35.51%) 0.025

 Internal Medicine or others 196 (40.41%) 64 (39.02%) 132 (41.12%)

 No 99 (20.41%) 24 (14.63%) 75 (23.36%)

Hospital outcomes:

 Length of hospital stay* (days) 14 (11) 13 (10.25) 15 (11) 0.003

 Need of transfusion

 Yes 338 (69.98%) 105 (64.42%) 233 (72.81%) 0.0721

 No 145 (30.02%) 58 (35.58%) 87 (27.19%)

Initial postoperative mobilization out of bed

  < 48 h 330 (68.46%) 118 (71.95%) 212 (66.67%) 0.280

  > 48 h 152 (31.54%) 46 (28.05%) 106 (33.33%)

Weight-bearing permission

 Full weight-bearing 186 (38.51%) 34 (20.86%) 152 (47.5%) < 0.001

 Not allowed or with restrictions 297 (61.49%) 129 (79.14%) 168 (52.5%)

Change of residence at hospital discharge

 Same 316 (69.15%) 95 (61.69%) 221 (72.94%) 0.010

 Community to health institution 137 (29.98%) 59 (38.31%) 78 (25.74%)

 Health institution to community 4 (0.88%) 0 4 (1.32%)

Continuous variables were summarized as mean and standard deviation (SD)^, or median and interquartile range (IQR)*. Categorical variables were summarized by 
absolute frequencies and percentages. Prefracture mobility scale: registered as 1: complete independent gait, 2: outdoors independent gait with one technical aid, 3: 
outdoors independent gait with two technical aids, 4: only indoors independent gait with or without aids, 5: no mobility at all or with the help of two other people, 
and grouped as independent outdoors (nos. 1, 2, and 3), independent indoors (no. 4), and dependent (no. 5). ^Osteoprotective treatment: percentages of each 
individual treatment are referred to the total number of patients receiving osteoprotective treatment

⋄ Medical staff involved in the patient’s care (other than trauma and anesthesia)

Surgeon experience: more or less than 20 less invasive fixation procedures or revisions for PPF per year

IQR interquartile range, Pfeiffer’s SPMSQ Pfeiffer’s Short Portable Mental Status Questionnaire, CFS clinical frailty scale, ASA American Society of Anesthesiologists (ASA) 
physical status classification system, Hb Hemoglobin
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Table 2  30-day, 6-month, and 1-year follow-up outcomes and mortality for patients presenting a type B2 or B3 femoral hip 
periprosthetic fracture (FHPPF): Qualitative variables are summarized using counts and percentages (%)

Total Fixation Revision p-Value

n 485 164 321

30-day follow-up

Weight-bearing permission at 30 days:

 Full weight-bearing 206 (48.47%) 44 (31.43%) 162 (56.84%) < 0.001

 Not allowed or with restrictions 219 (51.53%) 96 (68.57%) 123 (43.16%)

Change of mobility at 30 days:

 Same 154 (36.32%) 37 (26.43%) 117 (41.2%) 0.002

 Worse 14 (3.3%) 2 (1.43%) 12 (4.23%)

 Better 256 (60.38%) 101 (72.14%) 155 (54.58%)

Place of residence at 30 days:

 Community 243 (57.18%) 62 (44.29%) 181 (63.51%) < 0.001

 Health institution 182 (42.82%) 78 (55.71%) 104 (36.49%)

6-month follow-up

 EQ-5D* 0.65 (0.32) 0.62 (0.37) 0.66 (0.28) 0.003

Is the fracture healed?

 Yes 229 (69.18%) 95 (90.48%) 134 (59.29%)

 No 43 (13.0%) 10 (9.52%) 33 (14.6%) < 0.001

 Does not apply 59 (17.82%) 0 59 (26.11%)

1-year follow-up

 EQ-5D* 0.64 (0.41) 0.61 (0.43) 0.66 (0.31) 0.014

Is the fracture healed?

 Yes 202 (75.38%) 73 (92.41%) 129 (68.25%)

 No 20 (7.47%) 6 (7.59%) 14 (7.41%) 0.895

 Does not apply 46 (17.25%) 46 (24.34%)

Change of EQ-5D from 6-month follow-up

 Same 51 (19.54%) 15 (19.48%) 36 (19.57%) 0.766

 Better 103 (39.46%) 28 (36.36%) 75 (40.76%)

 Worse 107 (41%) 34 (44.16%) 73 (39.67%)

Pfeiffer’s SPMSQ 2 (4.75) 3 (4.5) 2 (4.75) 0.002

Change of Pfeiffer’s SPMSQ from baseline

 Same 83 (34.73%) 25 (31.65%) 63 (37.28%) 0.423

 Better 57 (23.85%) 11 (13.92%) 38 (22.49%)

 Worse 99 (41.42%) 43 (54.43%) 68 (40.24%)

 CFS* 5 (2) 6 (2.25) 5 (3) 0.008

Change of CFS from baseline

 Same 72 (27.59%) 20 (28.57%) 47 (25.82%) 0.348

 Better 49 (18.77%) 19 (27.14%) 38 (20.88%)

 Worse 140 (53.64%) 31 (44.29%) 97 (53.3%)

Change of residence from baseline

 Same 229 (84.81%) 65 (81.25%) 164 (86.32%) 0.202

 Community to health institution 38 (14.07%) 15 (18.75%) 23 (12.11%)

 Health institution to community 3 (1.11%) 0 3 (1.58%)

Change of mobility from baseline

 Same 181 (67.29%) 47 (58.75%) 134 (70.9%) 0.090

 Better 12 (4.46%) 6 (7.5%) 6 (3.17%)

 Worse 76 (28.25%) 27 (33.75%) 49 (25.93%)

Cumulative mortality

 In-hospital 28 (5.77%) 10 (6.1%) 18 (5.61%) 0.990
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significant. Statistical analysis was conducted using RStu-
dio (v.4.3.2; R Foundation for Statistical Computing, 
Vienna, Austria).

Results
The study involved 485 patients meeting the inclu-
sion criteria, with two groups: 164 patients managed 
with internal fixation and 321 patients with revision 

arthroplasty. Patients managed with fixation were older 
(88 versus 82  years, p < 0.001), frailer according to the 
CFS, the American Society of Anesthesiologists physi-
cal status classification system (ASA), and the a-CCI, 
presented higher cognitive impairment (Pfeiffer 3 versus 
2, p < 0.001), living at nursing healthcare facilities (21.3% 
versus 10.9%, p < 0.001), and presented worse mobility 

Table 2  (continued)

Total Fixation Revision p-Value

 30-day follow-up 36 (7.42%) 15 (9.14%) 21 (6.54%) 0.395

 6-month follow-up 69 (14.23%) 31 (18.90%) 38 (11.84%) 0.056

 1-year follow-up 87 (17.94%) 41 (25.0%) 46 (14.33%) 0.004

Medical complications

 In-hospital 225 (46.39%) 82 (50%) 143 (44.55%) 0.297

 30-day follow-up 102 (21.03%) 37 (22.56%) 65 (20.25%) 0.636

 6-month follow-up 189 (38.97%) 69 (42.07%) 120 (37.38%) 0.366

 1-year follow-up 248 (51.13%) 92 (56.1%) 156 (48.6%) 0.142

 At any moment 412 (84.95%) 138 (84.15%) 274 (85.36%) 0.827

Surgical complications

 30-day follow-up 116 (23.92%) 32 (18.29%) 84 (26.79%) 0.050

 6-month follow-up 167 (34.43%) 55 (33.54%) 112 (34.89%) 0.845

 1-year follow-up 222 (45.77%) 79 (48.17%) 143 (44.55%) 0.509

 At any moment 266 (54.85%) 87 (53.05%) 179 (55.76%) 0.364

Continuous variables were summarized as median and interquartile range (IQR)*. Categorical variables were summarized by absolute frequencies and percentages. 
IQR interquartile range, Pfeiffer’s SPMSQ Pfeiffer’s Short Portable Mental Status Questionnaire, CFS clinical frailty scale

Fig. 1  Kaplan–Meier analysis for 1-year survival rate between fixation and revision arthroplasty groups
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(p = 0.009). The fixation group had shorter surgical delay 
(128 versus 168  h, p = 0.007), more patients operated 
under spinal anesthesia (80.98% versus 56.39%, p < 0.001) 
and received a higher proportion of comanagement with 
geriatricians (46.34% versus 35.51%, p = 0.025) (Table 1).

Outcomes are presented in Table 2. Patients managed 
with fixation showed higher rates of 1-year mortality 
(25% versus 14.33%, p = 0.04), with no differences in mor-
tality up to the 6-month follow-up. Patients with fixa-
tion had more weight-bearing restrictions (20.86% versus 
47.5%, p < 0.001 after surgery, and 31.43% versus 56.84%, 
p < 0.001 at 30-day follow-up) and worse EQ5D at 6- and 
12-month follow-up (0.62 versus 0.66, p = 0.003 and 0.61 
versus 0.66, p = 0.014) but shorter hospital stay (13 versus 
15  days, p = 0.003). The Kaplan–Meier analysis demon-
strated a significantly higher 1-year survival rate for the 
revision arthroplasty group compared with the fixation 
group (p = 0.032) (Fig.  1). There were no differences in 
medical or surgical complication rates at any time point, 
although the dislocation rate was higher for the revision 
group (p = 0.001) (Table  3). Patients with no weight-
bearing restrictions at hospital discharge showed lower 
1-year mortality rates in the fixation group than those in 
the revision group (p = 0.014). Patients with no weight-
bearing restrictions at 30-day follow-up showed no dif-
ferences in 1-year mortality rates (p = 0.14) between both 
groups.

After propensity score matching, 99 patients were 
included in each group, showing no differences in 
patient and fracture features between both groups. The 
revision group showed longer surgical delay (6 versus 
4  days, p < 0.001) and received general anesthesia more 
frequently (54.55% versus 17.35%, p < 0.001) (Table  4). 
Mortality was higher for the fixation group only at 1-year 
follow-up, with no differences before that time point. The 
fixation group presented higher rates of weight-bearing 
restrictions after surgery and at 30-day follow-up (17.35% 
versus 42.42%, p < 0.001) (Table 5).

Table 6 shows risk factors for mortality in the univari-
ate and multivariate analysis. The predictive model for 
mortality presented a ROC curve with an area under the 
curve of 0.7784 (Fig.  2). The equation predicting mor-
tality obtained from this model is presented in Table  6. 
Mortality risk predictive cutoff values in the multivari-
ate regression analysis could be established for Pfeiffer > 2 
(odds ratio, OR: 2.52; 95% CI (1.438,4.492), p = 0.001) 
and a-CCI > 5 (OR: 2.35; 95% CI (1.373,4.064), p = 0.002). 
Table 7 shows risk factors for mortality after the propen-
sity score matching.

Discussion
According to previous research recommendations 
[2–5], B2–B3 FH-PPF should be managed with stem 
revision. Recent literature, however, has questioned 
whether all patients should adhere to these recommen-
dations, particularly frail and elderly individuals with 
low functional demands and certain fracture patterns 
[22, 23]. A systematic review published in 2017 with 22 
studies reported that internal fixation for B2–B3 FH-
PPF was associated with a higher reoperation rate [24]. 
By contrast, a 2022 systematic review found no signifi-
cant difference in surgical complication rates between 
fixation alone (24%) and revision arthroplasty (18%), 
with fixation being superior preventing dislocation [25]. 
A 2023 meta-analysis further revealed that fixation was 
associated with reduced blood loss, shorter operative 
time, decreased need for transfusions, fewer compli-
cations, lower reoperation rates, and shorter hospital 
stays [26]. Mortality rates and overall outcomes were 
comparable between the groups. Additional studies 
have suggested that B2 and B3 can be effectively man-
aged with fracture fixation, without stem revision, 
yielding favorable and, in several cases, superior results 
compared with revision in select patient populations 
[8–14, 27].

B2–B3 FH-PPF represent a severe complication 
because they commonly affect frail and elderly patients. 

Table 3  Surgical complications at 30-days, at 12-month follow-up, and cumulative. * p < 0.05

30-day follow-up 12-month follow-up Cumulative (1 year)

Fixation Revision p Fixation Revision p Fixation Revision p

Fracture 0 9 (2.81%) 0.070 2 (1.23%) 5 (1.56%) 1 3 (1.83%) 15 (4.67%) 0.1690

Dislocation 1 (0.61%) 24 (7.5%) < 0.001* 2 (1.23%) 18 (5.62%) 0.040* 3 (1.83%) 45 (14.02%) 0.0013*

Infection 7 (4.29%) 22 (6.88%) 0.354 6 (3.68%) 15 (4.69%) 0.782 17 (10.37%) 50 (15.58%) 0.2284

Fixation failure 0 1 (0.31%) 1 0 0 1 (0.61%) 1 (0.31%) 1

Loosening 3 (1.84%) 2 (0.62%) 0.440 4 (2.45%) 2 (0.62%) 0.2 7 (4.27%) 6 (1.87%) 0.4192

Nonunion 0 1 (0.31%) 1 0 4 (1.25%) 0.4636
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Table 4  Demographic, baseline data, management, and hospital outcomes for patients presenting a 
type B2 or B3 femoral hip periprosthetic fracture (FHPPF), included in the propensity matching score. 
Qualitative variables are summarized using counts and percentages (%)^

Total Fixation Revision p-Value

n 198 99 99

Baseline:

Age (years)* 87 (9) 87 (8.5) 86 (8.5) 0.456

Sex, n (%):

 Female 130 (65.66%) 64 (64.65%) 66 (66.67%) 0.881

 Male 68 (34.34%) 35 (35.35%) 33 (33.33%)

Place of residence, n (%):

 Community 165 (83.33%) 81 (81.82%) 84 (84.85%) 0.703

 Health institution 33 (16.67%) 18 (18.18%) 15 (15.15%)

Prefracture mobility*, n (%):

 Independent outdoors 139 (70.2%) 69 (69.7%) 70 (70.71%) 0.188

 Independent indoors 39 (19.7%) 20 (20.2%) 19 (19.19%)

 Dependent 20 (10.1%) 10 (10.1%) 10 (10.1%)

Pfeiffer’s SPMSQ* 3 (4) 3 (4) 3 (4) 0.781

CFS* 5 (2) 5 (2) 5 (2) 0.963

ASA* 3 (1) 3 (1) 3 (1) 0.519

CCI age-adjusted* 6 (1.75) 6 (1.5) 6 (2) 0.992

Osteoprotective treatment, n (%):

 Yes 104 (52.53%) 55 (55.56%) 49 (49.49%) 0.477

 No 94 (47.47%) 44 (44.44%) 50 (50.51%)

Antiaggregant or anticoagulant medication, n (%):

 Yes 85 (42.93%) 43 (43.43%) 42 (42.42%) 0.600

 No 113 (57.07%) 56 (56.57%) 57 (57.58%)

Hb at admission (gr/dL)^ 12 (1.79) 12.13 (1.46) 11.88 (2.09) 0.695

Fracture features:

UCS type:

 B2 160 (80.81%) 82 (82.83%) 78 (78.79%) 0.588

 B3 38 (19.19%) 17 (17.17%) 21 (21.21%)

Cemented or uncemented stem

 Cemented 64 (32.32%) 36 (36.36%) 28 (28.28%) 0.288

 Uncemented 134 (67.68%) 63 (63.64%) 71 (71.72%)

 Time since stem implantation (months) 123 (135) 123 (123) 121 (151.25) 0.676

Dysfunctional prosthesis

 Yes 93 (46.97%) 48 (48.48%) 45 (45.45%) 0.776

 No 105 (53.03%) 51 (51.52%) 54 (54.55%)

Management:

 Surgical delay (h)* 120 (119) 96 (108) 143.5 (120) < 0.001

Anesthesia

 General 71 (36.04%) 17 (17.35%) 54 (54.55%) < 0.001

 Neuroaxial 126 (63.96%) 81 (82.65%) 45 (45.45%)

Team expertise:

  < 20 procedures per year 63 (31.82%) 34 (34.34%) 29 (29.29%) 0.542

  > 20 procedures per year 135 (68.18%) 65 (65.66%) 70 (70.71%)

Surgical approach:

 Less invasive 21 (10.61%) 21 (21.21%) 0 < 0.001

 Open 177 (89.39%) 78 (78.79%) 99 (100%)

Was the stability of the stem checked?

 Yes 174 (87.88%) 75 (75.76%) 99 (100%) < 0.001
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The mean age from previous reviews was around 
75  years old [25, 28]. Other studies have observed 
that fixation is more frequently performed in older 
patients, with the mean age in the fixation group rang-
ing from 78.8 to 80 years old to and from 77 to 84 years 
in the revision group [12, 29, 30]. In the present study, 
patients were notably older, potentially influencing the 
prognosis. However, age is not always an accurate indi-
cator of a patient’s medical status. Several studies have 
reported worse medical status and higher proportion 
of patients with ASA ≥ 3 and a-CCI, > 5, particularly 
among those treated with fixation [29, 30]. González-
Martín et  al. [31] proposed a treatment algorithm 

suggesting that patients with a-CCI ≥ 5, ASA ≥ 3, and 
low functional demand can be treated with fixation, 
provided that the anatomical reduction of the fracture 
can be achieved. Preoperative gait ability is another 
critical factor influencing the choice between fixation 
and revision. Previous studies suggest that fracture 
fixation maybe suitable for patients with low functional 
demand [29–31]. In the current study, the percentage 
of patients without autonomous ambulation was higher 
in the fixation group (12.8% versus 7.19%). Prefracture 
mobility has been identified as a mortality risk factor 
and should be carefully considered during the decision-
making process.

Continuous variables are expressed as median and interquartile range (IQR)*. Prefracture mobility scale: registered as 1: complete independent gait, 2: outdoors 
independent gait with one technical aid, 3: outdoors independent gait with two technical aids, 4: only indoors independent gait with or without aids, 5: no 
mobility at all or with the help of two other people, and grouped as independent outdoors (nos. 1, 2, and 3), independent indoors (no. 4), and dependent (no. 5). 
^Osteoprotective treatment: percentages of each individual treatment are referred to the total number of patients receiving osteoprotective treatment.

⋄ Medical staff involved in the patient’s care (other than trauma and anesthesia)

Surgeon experience: more or less than 20 less invasive fixation procedures or revisions for PPF per year

IQR interquartile range, Pfeiffer’s SPMSQ Pfeiffer’s Short Portable Mental Status Questionnaire, CFS clinical frailty scale, ASA American Society of Anesthesiologists (ASA) 
physical status classification system, Hb hemoglobin

Table 4  (continued)

Total Fixation Revision p-Value

 No 24 (12.12%) 24 (24.24%) 0

Cerclage for reduction

 Yes 170 (85.86%) 81 (81.82%) 89 (89.9%) 0.153

 No 28 (14.14%) 18 (18.18%) 10 (10.1%)

Type of fixation:

 Plate 118 (59.6%) 94 (94.95%) 24 (24.24%)

 Cerclage wiring 48 (24.24%) 4 (5.05%) 44 (44.44%)

Medical staff involved⋄
 Geriatrics 85 (42.93%) 43 (43.43%) 42 (42.42%) 0.955

 Internal Medicine or others 78 (39.39%) 38 (38.38%) 40 (40.4%)

 No 35 (17.68%) 18 (18.18%) 17 (17.17%)

Hospital outcomes:

 Length of hospital stay (days)* 14.5 (13) 13 (12.75) 17 (13.75) 0.015

Initial postoperative mobilization out of bed

  < 48 h 132 (67.01%) 75 (75.76%) 57 (58.16%) 0.013

  > 48 h 65 (32.99%) 24 (24.24%) 41 (41.84%)

Weight-bearing permission

 Full weight-bearing 59 (29.95%) 17 (17.35%) 42 (42.42%) < 0.001

 Not allowed or with restrictions 138 (70.05%) 81 (82.65%) 57 (57.58%)

Change of residence at hospital discharge

 Same 111 (60.66%) 50 (54.95%) 61 (66.3%) 0.076

 Community to health institution 70 (38.25%) 41 (45.05%) 29 (31.52%)

 Health institution to community 2 (1.09%) 2 (2.17%)
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Table 5  30-days, 6-month, and 1-year follow-up outcomes and mortality for patients presenting a 
type B2 or B3 femoral hip periprosthetic fracture (FHPPF) included in the propensity matching score. 
Qualitative variables are summarized using counts and percentages (%).

Total Fixation Revision p-Value

n 198 99 99

30-day follow-up

Weight-bearing permission at 30 days:

 Full weight-bearing 69 (38.98%) 24 (27.91%) 45 (49.45%) 0.005

 Not allowed or with restrictions 108 (61.02%) 62 (72.09%) 46 (50.55%)

Change of mobility at 30 days:

 Same 37 (20.9%) 13 (15.12%) 24 (26.37%) 0.184

 Worse 27 (15.25%) 14 (16.28%) 13 (14.29%)

 Better 113 (63.84%) 59 (68.6%) 54 (59.34%)

Place of residence at 30 days:

 Community 91 (51.41%) 39 (45.35%) 52 (57.14%) 0.156

 Health institution 86 (48.59%) 47 (54.65%) 39 (42.86%)

6-month follow-up

 EQ-5D* 0.62 (0.34) 0.62 (0.34) 0.64 (0.29) < 0.001

Is the fracture healed?

 Yes 106 (71.14%) 62 (88.57%) 44 (55.7%) < 0.001

 No 22 (14.77%) 8 (11.43%) 14 (17.72%)

 Does not apply 21 (14.09%) 0 21 (26.58%)

1-year follow-up

 EQ-5D* 0.62 (0.42) 0.62 (0.38) 0.6 (0.45) 0.416

Is the fracture healed?

 Yes 113 (79.58%) 57 (90.48%) 54 (70.13%) 0.004

 No 12 (8.45%) 6 (9.52%) 6 (7.79%)

 Does not apply 17 (11.97%) 17 (22.08%)

Change of EQ-5D from 6-month follow-up

 Same 25 (18.12%) 12 (19.35%) 13 (17.11%) 0.943

 Better 54 (39.13%) 24 (38.71%) 30 (39.47%)

 Worse 59 (42.75%) 26 (41.94%) 33 (43.42%)

Pfeiffer’s SPMSQ* 3 (5) 3 (5) 3 (5) 0.929

Change of Pfeiffer’s SPMSQ from baseline

 Same 40 (29.63%) 18 (29.03%) 22 (30.14%) 0.4294

 Better 34 (25.19%) 13 (20.97%) 21 (28.77%)

 Worse 61 (45.19%) 31 (50%) 30 (41.1%)

CFS* 6 (3) 6 (2.25) 5 (3) 0.794

Change of CFS from baseline

 Same 44 (31.21%) 19 (29.69%) 25 (32.47%) 0.230

 Better 25 (17.73%) 8 (12.5%) 17 (22.08%)

 Worse 72 (51.06%) 37 (57.81%) 35 (45.45%)

Change of residence from baseline

 Same 116 (81.69%) 53 (82.81%) 63 (80.77%) 0.654

 Community to health institution 25 (17.61%) 11 (17.19%) 14 (17.95%)

 Health institution to community 1 (0.7%) 0 1 (1.28%)

Change of mobility from baseline

 Same 87 (61.27%) 37 (57.81%) 50 (64.1%) 0.745

 Better 6 (4.23%) 3 (4.69%) 3 (3.85%)

 Worse 49 (34.51%) 24 (37.5%) 25 (32.05%)

Cumulative mortality

 In-hospital 15 (7.58%) 8 (8.08%) 7 (7.07%) 1
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Surgical delay was longer in the revision group 
(128 versus 168  h), as well as hospital stay (13 versus 
15 days). Across both cohorts, 46.39% of patients expe-
rienced medical complications during hospitalization. 
Although an economic analysis was not conducted, 
the longer hospital stay likely incurs higher costs. A 
recent study reported that the average cost for patients 
undergoing fixation was €14,239.07 compared with 
€21,498.45 for those treated with revision [30]. Only 
20.86% of patients treated with fixation were permit-
ted full weight-bearing at hospital discharge, compared 
with 47.5% in the revision group. This situation may 
explain the higher proportion of patients managed with 
fixation being discharged to a nursing home (38.31% 
versus 25.74%, p = 0.010).

Like hip fractures, FH-PPF are associated with high 
mortality rates. Comorbidities play a critical role in 
determining the optimal treatment strategy for each 
patient. Some studies correlated a-CCI ≥ 5 with increased 
mortality risk [9, 32, 33]. One study reported a 1-year 
mortality rate of 22.3%, associated with poorer prefrac-
ture walking ability and a-CCI ≥ 3 [32]. In our study, an 
a-CCI > 5 was associated with 1-year mortality. Addition-
ally, patients in the fixation group were older and had 
more comorbidities compared with those in the revision 
group, likely influencing the choice of management strat-
egy. To account for potential selection bias, propensity 

score matching was performed. This analysis identified 
male gender, a-CCI, and cognitive impairment as inde-
pendent risk factors for 1-year mortality.

Early weight-bearing is a well-established protec-
tive factor following hip fractures, decreasing morbidity 
and mortality rates [34]. In the PIPPAS study, weight-
bearing restriction was common practice in the fixation 
group (42.42% versus 17.35%) and was identified as an 
independent risk factors for mortality. Among patients 
treated with fixation, full weight-bearing within the first 
30 days was associated with reduced risk of mortality. A 
review by Haider et al. [27] reported similar rates of full 
weight-bearing between revision and fixation groups. 
While a higher rate of stem subsidence was observed in 
the fixation group, there was no statistically significant 
difference in radiological loosening during the first year 
of follow-up, even though pain referred to the thigh was 
not evaluated. This finding suggests that full weight-bear-
ing may be safely achieved after stable fixation, highlight-
ing the relevance of the fixation technique. Minimally 
invasive plating osteosynthesis has been shown to reduce 
blood loss and local complications [35, 36]. A recent ret-
rospective study comparing a mini-invasive approach 
with an open approach demonstrated shorter operative 
times, reduced intraoperative bleeding, and earlier frac-
ture consolidation by 2 months [37]. In our study, less 
invasive approaches were used in 20.73% of the cases of 

Continuous variables are expressed as median and interquartile range (IQR)*. IQR interquartile range, Pfeiffer’s SPMSQ Pfeiffer’s Short Portable Mental Status 
Questionnaire, CFS clinical frailty scale

Table 5  (continued)

Total Fixation Revision p-Value

 30-day follow-up 20 (10.1%) 12 (12.12%) 8 (8.08%) 0.479

 6-month follow-up 43 (21.72%) 26 (26.26%) 17 (17.17%) 0.168

 1-year follow-up 56 (28.28%) 35 (35.35%) 21 (21.21%) 0.040

Medical complications

 In-hospital 101 (51.01%) 48 (48.48%) 53 (53.54%) 0.570

 30-day follow-up 36 (18.18%) 17 (17.17%) 19 (19.19%) 0.854

 6-month follow-up 58 (29.29%) 32 (32.32%) 26 (26.26%) 0.435

 1-year follow-up 67 (33.84%) 38 (38.38%) 29 (29.29%) 0.230

 At any moment 154 (77.78%) 77 (77.78%) 77 (77.78%) 1

Surgical complications

 30-day follow-up 39 (19.7%) 15 (15.15%) 24 (24.24%) 0.153

 6-month follow-up 44 (22.22%) 21 (21.21%) 23 (23.23%) 0.864

 1-year follow-up 54 (27.27%) 29 (29.29%) 25 (25.25%) 0.632

 At any moment 72 (36.36%) 33 (33.33%) 39 (39.39%) 0.460
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fixation group. However, the surgical approach did not 
influence weight-bearing restrictions or mortality rates.

Surgical complications should be expected in both 
treatment groups. In the present study, rates of infection 
were high in both groups, but the dislocation rate was 
higher in the revision group, similar to in a recent sys-
tematic review [11]. A systematic review by Haider et al. 
[10] found no significant differences in overall compli-
cation rates between fixation and revision arthroplasty. 
Although nonunion is a concern in fixation cases, non-
union rates in our study were not relevant, and there 
were no differences in the rate of subsequent surgeries 
performed for aseptic loosening during the first year of 
follow-up. The primary objectives for stem revision in 
B2–B3 FH-PPF are to address loosening and restore 
function, enabling unrestricted weight-bearing [2–5, 
8, 11, 24]. Based on our findings, stem revision did not 
result in a higher re-revision rate for aseptic loosening 
at 1-year follow-up. Notably, in the fixation group, full 
weight-bearing was not associated with fixation fail-
ure, suggesting that surgeons may be overly cautious 
in restricting weight-bearing in certain patients. There 
is an ongoing debate regarding who should manage 
periprosthetic fractures: arthroplasty-focused orthopedic 

surgeons, orthopedic trauma surgeons specialized in 
fracture fixation, or perhaps a combined team. Pohl et al. 
did not find differences in outcomes based on surgeon 
subspecialty training [38]. In our study, the level of exper-
tise was not a risk factor for mortality, although it may 
influence treatment indication, complication rates and 
weight-bearing indications. The impact of expertise and 
subspecialty focus on the management of periprosthetic 
fractures deserves further research.

The weaknesses of this study include the fact that the 
decision to pursue fixation or revision was made by the 
attending surgeon on the basis of the patient’s functional 
status, comorbidities, and the fracture pattern. Con-
sequently, a selection bias was inherent, although we 
attempted to mitigate this using propensity score match-
ing. There was variability in the treatment methods that 
were employed. In addition, the distinction between 
B1 and B2–B3 types was at the discretion of the treat-
ing surgeon based on clinical, radiological, and surgical 
findings. Although criteria were standardized, several 
radiographic or intraoperative details might have not 
been captured uniformly across sites. Surgeon experience 
might influence the choice of treatment (fixation versus 
revision), the weight-bearing protocol, as well as the risk 
of complications, including dislocation. Weight-bearing 
restrictions prescribed at hospital discharge could only 
be verified at the 30-day follow-up visit, depending on 
the patient’s actual behavior at home after discharge. 
Nonetheless, to the best of our knowledge, and excluding 
meta-analyses, this represents the largest series of B2–B3 
FH-PPF cases reported to date.

In conclusion, revision arthroplasty showed a lower 
1-year mortality rate and fewer weight-bearing restric-
tions than fixation with similar functional outcomes; 
fixation showed reduced dislocation rates, shorter sur-
gical delay, and hospital stay. Frail patients with B2–B3 
FH-PPF managed with fixation and without weight-
bearing restrictions presented a lower 1-year mortal-
ity rate. Age, frailty, and weight-bearing restrictions 
were identified as mortality risk factors following B2–
B3 FH-PPF. Elderly patients treated with a strategy to 
achieve full weight-bearing, regardless of the treatment 
selected, fare better than patients who were prescribed 
weight-bearing restrictions.

Fig. 2  ROC curve corresponding to the predictive model 
for mortality
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ASA	� American Society of Anesthesiologists physical status classification 

system

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s10195-​025-​00886-3.

Additional file 1.

Acknowledgements
We thank Dasha Gorbenko del Blanco (PhD, medical illustrator, dasha.blanco@
gmail.com) for her work art producing the figures for the PIPPAS study.

Author contributions
Conceptualization: JM, HJA, PCB, JMMV, PC, MJG, JT, APM, YGS, COT, and PGP; 
methodology: JM, HJA, PCB, JMMV, PC, MJG, JT, APM, YGS, COT, and PGP; 
validation HJA, APD, MMM, and IAH; formal analysis: JM, HJA, MMM, and IAH; 
investigation: JM, HJA, PCB, JMMV, PC, MJG, JT, APM, YGS, COT, PGP, EMA, DNG, 
MMM, IAH, BAAR, BGM, CMS, SMJ, VGV, SPO, AA, JTH, JSM, JVAP, CPC, FBC, EGF, 
JQC, GTLS, JMH, MRC, CGA, ACC, MVB, EAF, EFM, UGDC, MA, DE, EC, PBB, MD, 
MCM, SP, AL, BOL, PAE, JBM, DGM, DLD, JCBC, CMP, PAF P, PCC, MASS, LLL, AGA, 
JCF, JGC, JVC, JSDS, JMF, PLA, CBR, MACL, ABC, ALDP, AFJ, CSDLP, MJM, JGA, ESS, 
SGI, PSG, FJRR, EMGG, FCA, MIPN, PDPM, FMGNG, EGP, AGV, TBR, INP, IDVJ, TSP, 
CCB, VON, SPP, IFBC, FFD, AMM, VVG, AMA, EGM, CMM, AMV, NPS, CGA, JBS, 
PST, OPP, ACC, BGM, LAGV, JMR, RBM, ABB, EEM, LCM, MNT, AGT, ADI, JMP, JSS, 
ARA, CMH, MMM, JCSC, JER, GCA, HGCB, DAN, JGB, JGS, JCP, JMIB, JMBD, ARR, 
JRCP, FML, SMD, PIS, GSC, IA, BRB, JCCP, CHP, ARG, IDP, APB, JMPS, AMM, JDCR, 
JMM, MBM, OAG, ICE, MRGP, NEPS, and MDSD, resources: HJA; data curation, 
JM, HJA, SMG, MJG, APM, MMM, and IAH; writing—original draft preparation: 
JM and HJA; writing—review and editing: JM, HJA, PCB, JMMV, PC, MJG, JT, 
APM, YGS, COT, PGP, EMA, DNG, MMM, IAH, BAAR, BGM, CMS, SMJ, VGV, SPO, 
AA, JTH, JSM, JVAP, CPC, FBC, EGF, JQC, GTLS, JMH, MRC, CGA, ACC, MVB, EAF, 
EFM, UGDC, MA, DE, EC, PBB, MD, MCM, SP, AL, BOL, PAE, JBM, DGM, DLD, JCBC, 
CMP, PAF P, PCC, MASS, LLL, AGA, JCF, JGC, JVC, JSDS, JMF, PLA, CBR, MACL, 
ABC, ALDP, AFJ, CSDLP, MJM, JGA, ESS, SGI, PSG, FJRR, EMGG, FCA, MIPN, PDPM, 
FMGNG, EGP, AGV, TBR, INP, IDVJ, TSP, CCB, VON, SPP, IFBC, FFD, AMM, VVG, AMA, 
EGM, CMM, AMV, NPS, CGA, JBS, PST, OPP, ACC, BGM, LAGV, JMR, RBM, ABB, 
EEM, LCM, MNT, AGT, ADI, JMP, JSS, ARA, CMH, MMM, JCSC, JER, GCA, HGCB, 
DAN, JGB, JGS, JCP, JMIB, JMBD, ARR, JRCP, FML, SMD, PIS, GSC, IA, BRB, JCCP, 
CHP, ARG, IDP, APB, JMPS, AMM, JDCR, JMM, MBM, OAG, ICE, MRGP, NEPS, and 
MDSD; supervision, PCB, JTS, YGS, JMMV, PCC, MJG, COT, PGP, EMA, and APM; 
funding acquisition, HJA. All authors have read and agreed to the published 
version of the manuscript.

Funding
This research was funded by grants from AO Trauma Foundation (Spain) grant 
number PI-20–2041 and Gerencia Regional de Salud de “Salud de Castilla y 
León” (GRS SACYL) grant numbers GRS 2371/A/21 and GRS 2794/A1/23. The 
funding body did not participate in the design of the study, collection, analy-
sis, or interpretation of data, nor in writing the manuscript.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the ethical standards laid down 
in the 1964 Helsinki Declaration and received approval from the institutional 
review boards of the coordinating center (Comité de Ética de la Investi-
gación con Medicamentos CEIm Área de Salud de Valladolid) code number 

PI-20–2041 and each participating hospital. Written consent for participation 
in the study was obtained from all participants or their legal representatives. 
This study is registered at ClinicalTrials.gov (NCT04663893).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Hospital Universitario de Galdakao-Usansolo, Bizkaia, Spain. 2 Hospital Clínico 
Universitario de Valladolid, Valladolid, Spain. 3 Hospital Universitari Mútua de 
Terrassa, Barcelona, Spain. 4 Hospital Sant Joan de Deu - Fundació Althaia de 
Manresa, Barcelona, Spain. 5 Hospital Clínic de Barcelona, Barcelona, Spain. 
6 Hospital Universitari Vall d’Hebrón de Barcelona, Barcelona, Spain. 7 Hospital 
12 de Octubre de Madrid, Madrid, Spain. 8 Hospital de Jove de Gijón, Asturias, 
Spain. 9 Hospital Universitario de Basurto, Bizkaia, Spain. 10 Hospital Álvaro Cun-
queiro de Vigo, Pontevedra, Spain. 11 Hospital Universitario de Tenerife, Santa 
Cruz de Tenerife, Spain. 12 Hospital Infanta Elena de Valdemoro, Madrid, Spain. 
13 Hospital Universitario Dr. Peset de Valencia, Valencia, Spain. 14 Hospital Royo 
Villanova de Zaragoza, Zaragoza, Spain. 15 Hospital Universitario de Cabueñes 
de Gijón, Asturias, Spain. 16 Hospital Clínico San Carlos de Madrid, Madrid, 
Spain. 17 Complejo Hospitalario Universitario de A Coruña, A Coruña, Spain. 
18 Hospital General Universitario Gregorio Marañón de Madrid, Madrid, Spain. 
19 Hospital Universitario de Álava Álava, Araba, Spain. 20 Hospital Universitario 
General de Elche, Elche, Spain. 21 Hospital General Universitario Los Arcos del 
Mar Menor de Murcia, Murcia, Spain. 22 Hospital Vega Baja de Orihuela, Ali-
cante, Spain. 23 Hospital General Universitario J.M. Morales Meseguer de Mur-
cia, Murcia, Spain. 24 Hospital Universitario Marqués de Valdecilla de Santander, 
Santander, Spain. 25 Hospital Universitario de Toledo, Toledo, Spain. 26 Hospital 
Puerta de Hierro de Majadahonda, Madrid, Spain. 27 Complejo Asistencial de 
Segovia, Segovia, Spain. 28 Consorci Sanitari Integral - Hospital Sant Joan Despí- 
Moisès Broggi de Barcelona, Barcelona, Spain. 29 Hospital Universitari Sagrat 
Cor - Quirónsalud de Barcelona, Barcelona, Spain. 30 Complejo Hospitalario de 
Llerena-Zafra, Badajoz, Spain. 31 Hospital Universitario Lucus Augusti de Lugo, 
Lugo, Spain. 32 Hospital Ramón y Cajal de Madrid, Madrid, Spain. 33 Hospital 
Príncipe de Asturias de Alcalá de Henares, Madrid, Spain. 34 Hospital General 
Universitario Reina Sofía de Murcia, Murcia, Spain. 35 Hospital Universitario de 
Guadalajara, Guadalajara, Spain. 36 Hospital Universitari Doctor Josep Trueta 
de Girona, Girona, Spain. 37 Complejo Hospitalario Universitario de Albacete, 
Albacete, Spain. 38 Hospital Sierrallana de Torrelavega, Cantabria, Spain. 39 Com-
plejo Asistencial Universitario de Palencia, Palencia, Spain. 40 Hospital Univer-
sitario Fundación Jiménez Díaz de Madrid, Madrid, Spain. 41 Complexo Hospita-
lario Universitario de Pontevedra, Pontevedra, Spain. 42 Hospital Universitari 
Parc Taulí de Sabadell, Barcelona, Spain. 43 Hospital Universitario Miguel Servet 
de Zaragoza, Zaragoza, Spain. 44 Hospital Universitario Arnau de Vilanova de 
Lleida, Lleida, Spain. 45 Complejo Asistencial Universitario de Burgos, Burgos, 
Spain. 46 Hospital Universitario San Pedro de Logroño, Logroño, Spain. 47 Hos-
pital Universitario Costa del Sol de Marbella, Málaga, Spain. 48 Hospital Parc De 
Salut Mar de Barcelona, Barcelona, Spain. 49 Hospital Italiano de Buenos Aires, 
Buenos Aires, Argentina. 50 Hospital Universitario de Salamanca, Salamanca, 
Spain. 51 Hospital Universitari Sant Joan de Reus, Tarragona, Spain. 52 Hospital 
Virgen del Rocío de Sevilla, Seville, Spain. 53 Hospital de La Santa Creu I Sant 
Pau de Barcelona, Barcelona, Spain. 54 Hospital Universitario Infanta Leonor de 
Madrid, Madrid, Spain. 55 Hospital Universitario de Donostia, Gipuzkoa, Spain. 
56 Hospital Reina Sofía de Tudela, Tudela, Navarra, Spain. 57 Hospital San Agustín 
de Avilés, Avilés, Asturias, Spain. 58 Hospital Universitario Virgen Macarena de 
Sevilla, Seville, Spain. 

Received: 5 August 2025   Accepted: 7 September 2025

References
	1.	 Katz JN, Wright EA, Polaris JJZ, Harris MB, Losina E (2014) Prevalence 

and risk factors for periprosthetic fracture in older recipients of total hip 
replacement: a cohort study. BMC Musculoskelet Disord 15:1

https://doi.org/10.1186/s10195-025-00886-3
https://doi.org/10.1186/s10195-025-00886-3


Page 18 of 18Moreta et al. Journal of Orthopaedics and Traumatology           (2025) 26:78 

	2.	 Duncan CP, Haddad FS (2014) The unified classification system (UCS): 
improving our understanding of periprosthetic fractures. Bone Joint J 
9(6):713–716

	3.	 Tsiridis E, Pavlou G, Venkatesh R, Bobak P, Gie G (2009) Periprosthetic 
femoral fractures around hip arthroplasty: current concepts in their 
management. Hip Int 19(2):75–86

	4.	 Munro JT, Garbuz DS, Masri BA, Duncan CP (2014) Tapered fluted titanium 
stems in the management of Vancouver B2 and B3 periprosthetic femoral 
fractures. Clin Orthop Relat Res 472:590–598

	5.	 Abdel MP, Lewallen DG, Berry DJ (2014) Periprosthetic femur fractures 
treated with modular fluted, tapered stems. Clin Orthop Relat Res 
472:599–603

	6.	 Stoffel K, Horn T, Zagra L, Mueller M, Perka C, Eckardt H (2020) Peripros-
thetic fractures of the proximal femur: beyond the Vancouver classifica-
tion. EFORT Open Rev 5:449–456

	7.	 Corten K, Macdonald SJ, McCalden RW, Bourne RB, Naudie DD (2012) 
Results of cemented femoral revisions for periprosthetic femoral fractures 
in the elderly. J Arthroplasty 27:220–225

	8.	 Stoffel K, Blauth M, Joeris A, Blumenthal A, Rometsch E (2020) Frac-
ture fixation versus revision arthroplasty in Vancouver type B2 and B3 
periprosthetic femoral fractures: a systematic review. Arch Orthop Trauma 
Surg 140:1381–1394

	9.	 González-Martín D, Pais-Brito JL, González-Casamayor S, Guerra-Ferraz A, 
Martín-Vélez P, Herrera-Pérez M (2021) Periprosthetic hip fractures with a 
loose stem: open reduction and internal fixation versus stem revision. J 
Arthroplasty 36:3318–3325

	10.	 Haider T, Hanna P, Mohamadi A, Merchan N, McNichol M, Wixted JJ, 
Appleton PT, Nazarian A, von Keudell AG, Rodriguez EK (2021) Revision 
arthroplasty versus open reduction and internal fixation of Vancouver 
type-B2 and B3 periprosthetic femoral fractures. JBJS Rev 9:e21.00008

	11.	 Lewis DP, Tarrant SM, Cornford L, Balogh ZJ (2022) The management of 
Vancouver B2 periprosthetic femoral fractures, revision total hip arthro-
plasty vs open reduction and internal fixation: a systematic review and 
meta-analysis. J Orthop Trauma 36(1):7–16

	12.	 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(3):169–173

	13.	 Baum C, Leimbacher M, Kriechling P, Platz A, Cadosch D (2019) Treat-
ment of periprosthetic femoral fractures Vancouver type B2: revision 
arthroplasty versus open reduction and internal fixation with locking 
compression plate. Geriatr Orthop Surg Rehabil 10:2151459319876859

	14.	 Joestl J, Hofbauer M, Lang N, Tiefenboeck T, Hajdu S (2016) Locking com-
pression plate versus revision-prosthesis for Vancouver type B2 peripros-
thetic femoral fractures after total hip arthroplasty. Injury 47:939–943

	15.	 PIPPAS Study Group (2024) Optimizing periprosthetic fracture manage-
ment and in-hospital outcome: insights from the PIPPAS multicentric 
study of 1387 cases in Spain. J Orthop Traumatol 25(1):13

	16.	 Fragility fracture network. Minimum Common Dataset. https://​fragi​lityf​
ractu​renet​work.​org/​hip-​fract​ure-​audit/.

	17.	 Pfeiffer E (1975) A short portable mental status questionnaire for the 
assessment of organic brain deficit in elderly patients. J Am Geriatr Soc 
23(10):433–441

	18.	 Manaster BJ (1996) From the RSNA refresher courses total hip arthro-
plasty: radiographic evaluation. Radiographics 16(3):645–660

	19.	 Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D et al (2011) 
Development and preliminary testing of the new five-level version of 
EQ-5D (EQ-5D-5L). Qual Life Res 20(10):1727–1736

	20.	 Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L et al (2019) 
The REDCap consortium: building an international community of soft-
ware platform partners. J Biomed Inform 95:1

	21.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke 
JP, STROBE Initiative (2007) Strengthening the reporting of observational 
studies in epidemiology (STROBE) statement: guidelines for reporting 
observational studies. BMJ 335:806–808

	22.	 Zachari S, Ahmed AH, Mott A, Tawfiq O, Ahmed SS (2025) Outcomes of 
revisions and fixations following periprosthetic fractures around the hip: a 
retrospective service evaluation. J Clin Orthop Trauma 68:103080. https://​
doi.​org/​10.​1016/j.​jcot.​2025.​103080

	23.	 Stoffel K, Clauss M, Mauch M (2025) Which B2 fractures can be treated 
with ORIF? validation of the “beyond the vancouver classification.” 
Medicina (Kaunas) 61(7):1138. https://​doi.​org/​10.​3390/​medic​ina61​071138

	24.	 Khan T, Grindlay D, Ollivere BJ, Scammell BE, Manktelow AR, Pearson RG 
(2017) A systematic review of Vancouver B2 and B3 periprosthetic femo-
ral fractures. Bone Joint J 99(4):17–25

	25.	 Lewis DP, Tarrant SM, Cornford L, Balogh ZJ (2022) Management of Van-
couver B2 periprosthetic femoral fractures, revision total hip arthroplasty 
versus open reduction and internal fixation: a systematic review and 
meta-analysis. J Orthop Trauma 36(1):7–16

	26.	 González-Martín D, Hernández-Castillejo LE, Herrera-Pérez M, Pais-Brito JL, 
González-Casamayor S, Garrido-Miguel M (2023) Osteosynthesis versus 
revision arthroplasty in Vancouver B2 periprosthetic hip fractures: a sys-
tematic review and meta-analysis. Eur J Trauma Emerg Surg 49(1):87–106

	27.	 Zachari S, Ahmed AH, Mott A, Tawfiq O, Ahmed SS (2025) Outcomes of 
revisions and fixations following periprosthetic fractures around the hip: a 
retrospective service evaluation. J Clin Orthop Trauma 68:103080. https://​
doi.​org/​10.​1016/j.​jcot.​2025.​103080

	28.	 Haider T, Hanna P, Mohamadi A, Merchan N, McNichol M, Wixted JJ, 
Appleton PT, Nazarian A, von Keudell AG, Rodriguez EK (2021) Revision 
arthroplasty versus open reduction and internal fixation of Vancouver 
type-B2 and B3 periprosthetic femoral fractures. JBJS Rev 20(9):8

	29.	 Pombo-Alonso S, Gabarain I, Nunes N, De la Herrán G (2024) Managing 
B2 periprosthetic femoral fractures: ORIF vs stem-revision. Injury 5:111789

	30.	 González-Martín D, Pais-Brito JL, González-Casamayor S, Guerra-Ferraz A, 
Martín-Vélez P, Herrera-Pérez M (2021) Periprosthetic hip fractures with a 
loose stem: open reduction and internal fixation versus stem revision. J 
Arthroplasty 36(9):3318–3325

	31.	 González-Martín D, Pais-Brito JL, González-Casamayor S, Guerra-Ferraz A, 
Ojeda-Jiménez J, Herrera-Pérez M (2022) Treatment algorithm in Vancou-
ver B2 periprosthetic hip fractures: osteosynthesis vs revision arthroplasty. 
EFORT Open Rev 7(8):533–541

	32.	 Moreta J, Uriarte I, Bidea I, Foruria X, Legarreta MJ, Etxebarría-Foronda 
I (2021) High mortality rate following periprosthetic femoral fractures 
after total hip arthroplasty. A multicenter retrospective study. Injury 
52(10):3022–3027

	33.	 Pavone V, de Cristo C, Di Stefano A, Costarella L, Testa G, Sessa G (2019) 
Periprosthetic femoral fractures after total hip arthroplasty: an algorithm 
of treatment. Injury 50:S45–S51

	34.	 Warren J, Sundaram K, Anis H, McLaughlin J, Patterson B, Higuera 
CA, Piuzzi NS (2019) The association between weight-bearing status 
and early complications in hip fractures. Eur J Orthop Surg Traumatol 
29(7):1419–1427

	35.	 Hess F, Knoth C, Welter JE, Zettl R, Dörr S (2020) Polyaxial locking plate 
fixation in periprosthetic, peri-implant and distal shaft fractures of the 
femur: a comparison of open and less invasive surgical approaches. Acta 
Orthop Belg 86(1):46–53

	36.	 Min BW, Cho CH, Son ES, Lee KJ, Lee SW, Min KK (2018) Minimally invasive 
plate osteosynthesis with locking compression plate in patients with Van-
couver type B1 periprosthetic femoral fractures. Injury 49(7):1336–1340

	37.	 Martorell de Fortuny L, Coelho Leal A, Sánchez-Soler JF, Martínez-Díaz 
S, León A, López FM (2023) Mini-invasive approach vs traditional open 
reduction for periprosthetic hip fracture osteosynthesis with the NCB® 
plate. Injury 54(2):706–711

	38.	 Pohl NB, Saxena A, Stambough JB, Martin JR, Mears SC, Periprosthetic 
Research Consortium, Lichstein PM (2024) Who is treating periprosthetic 
femur fractures? An analysis of the Periprosthetic Research Consortium. 
Arthroplasty Today 29:101428. https://​doi.​org/​10.​1016/j.​artd.​2024.​101428

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

https://fragilityfracturenetwork.org/hip-fracture-audit/
https://fragilityfracturenetwork.org/hip-fracture-audit/
https://doi.org/10.1016/j.jcot.2025.103080
https://doi.org/10.1016/j.jcot.2025.103080
https://doi.org/10.3390/medicina61071138
https://doi.org/10.1016/j.jcot.2025.103080
https://doi.org/10.1016/j.jcot.2025.103080
https://doi.org/10.1016/j.artd.2024.101428

	Internal fixation versus revision arthroplasty for Vancouver B2–B3 fractures: mortality and functional outcomes in frail patients. Insights from the PIPPAS study of 485 patients
	Abstract 
	Background 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


