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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-CCl), 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-CCl, 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

Level of Evidence II: prospective cohort study.
Trial registration: ClinicalTrials.gov (NCT04663893)

hip arthroplasty

in frail patients, while aiming for stable constructions allowing full weight-bearing.

Keywords Periprosthetic fracture, Orthogeriatrics, Vancouver B2 fracture, Vancouver B3, Mortality, Revision, Fixation, Frailty, Weight-bearing, Total
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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 (CES),
moving to a nursing home, health-related quality of life,
and fracture healing.

Page 4 of 18

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 Le6n, 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() 4 (3) 0.001
ASA* 3(1) 3(1) 3(1) 0.037
CCl 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)A 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%) 0171
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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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 involvede
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
<48h 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). AOsteoprotective treatment: percentages of each
individual treatment are referred to the total number of patients receiving osteoprotective treatment

o 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

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



Moreta et al. Journal of Orthopaedics and Traumatology (2025) 26:78 Page 7 of 18

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%) 0423
Better 57 (23.85%) 1(13.92%) 38 (22.49%)
Worse 99 (41.42%) 43 (54.43%) 68 (40.24%)
CFS* 5() 6(2.25) 50) 0.008
Change of CFS from baseline
Same 72 (27.59%) 20 (28.57%) 47 (25.82%) 0348
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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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

Kaplan-Meier

Revision Arthroplasty

Survival Probabilty

p=0.0032

No ~#: Yes

Davs

Fig. 1 Kaplan-Meier analysis for 1-year survival rate between fixation and revision arthroplasty groups

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
CES, 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
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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 1(0.61%) 1(0.31%) 1
Loosening 3(1.84%) 2 (0.62%) 0440 4(245%) 2 (0.62%) 0.2 7 (4.27%) 6 (1.87%) 04192
Nonunion 1(0.31%) 1 0 4(1.25%) 04636

(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.
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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) 0456
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() 5() 5(2) 0.963
ASA* 3(1) 3(1) 3(M 0.519
CCl 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%) 0477
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)A 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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Table 4 (continued)
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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 involvede
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
<48h 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%)

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).
AOsteoprotective treatment: percentages of each individual treatment are referred to the total number of patients receiving osteoprotective treatment.

o 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

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]. Gonzélez-
Martin 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.
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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) 0416
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%) 04294
Better 34 (25.19%) 13 (20.97%) 21 (28.77%)
Worse 61 (45.19%) 31 (50%) 30 (41.1%)
CFs* 603) 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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Table 5 (continued)
Total Fixation Revision p-Value
30-day follow-up 20 (10.1%) 12 (12.12%) 8 (8.08%) 0479
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%) 0435
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%) 0460

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

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
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True positive rate

AUC:0.7784

False positive rate
Fig. 2 ROC curve corresponding to the predictive model
for mortality

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
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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
Bl 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-PPE. 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.
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