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Abstract
Background  The treatment of periprosthetic femoral fractures is a great challenge for the orthopedic surgeon and requires a 
knowledge of bone fracture fixation as well as skills and experience in revision surgery. The aim of this retrospective study 
was to evaluate the functional and radiological outcomes of periprosthetic femoral fractures surgically treated in our depart-
ment from 2010 to 2016.
Materials and methods  This study involved 73 patients with a periprosthetic femoral fracture after total hip arthroplasty or 
hemiarthroplasty. Periprosthetic femoral fractures were classified using the Vancouver system. Functional outcomes were 
assessed using Harris hip score, Palmer Parker score, SF-36 score and ambulatory status. Radiological findings were clas-
sified using Beals and Tower’s criteria.
Results  The mean age of patients was 79.6 years old. Local risks factors were identified in 67% of the patients, principally 
osteoporosis (63.0%), followed by osteolysis (26.0%) and loosening of the stem (8.2%). According to the Vancouver clas-
sification, there were 10 type A, 49 type B and 14 type C fractures. Of the type B fractures, 26 were B1, 17 were B2 and 6 
were B3. Applying Beals and Tower’s criteria, radiological results were excellent in 24 patients (32.9%), good in 35 (47.9%) 
and poor in 14 (19.2%). The mean Harris hip score post-operatively was 72.5.
Conclusions  These kinds of fractures should be assessed individually and the optimal treatment plan should be made in 
accordance with the bone stock quality, stem stability, location of the fracture and patient expectations.
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Introduction

Nowadays, periprosthetic femoral fractures (PFFs) are a seri-
ous increasing complication after hip replacements as the 
number of patients undergoing primary and revision total 
hip arthroplasty (THA) continues to rise [1, 2].

Data from the literature estimate an incidence of 1% 
in the first implants up to 6% in revision surgery. Differ-
ent reasons have determined the increase in PFF; first of 
all, the high number of hip prosthesis that are implanted 
every year in correlation with the continuous increase in 
the number of cases of coxarthrosis due to the aging of the 

general population. In particular, the number of primary and 
revision arthroplasty in the USA is expected to increase by 
174 and 137%, respectively, within 2030 [3]. Other factor to 
underline is the enlargement of indications since nowadays: 
thanks to innovated prosthetic materials and improvement 
in operating technique, surgery is realized more and more 
in old patients with poor quality bone and loss of fixation of 
the components associated with it.

Literature studies agree to recognize in the early detection 
of risk factors a crucial moment to the management of these 
patients. Among the risk factors for PFFs are to be included, 
general factors, as osteoporosis with loss of bone stock, and 
local factors as loosening of the femoral stem, periprosthetic 
osteolysis, or environmental factors that could cause trau-
matic events of modest entity, but enough to cause a PFF.

According to the Swedish National Hip Arthroplasty Reg-
ister of 2010, PFFs are the third most frequent complication 
after THA (9.4%), only preceded by aseptic loosening of the 
stem (60.1%) and recurrent prosthesis mobilization (13.1%) 
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[2, 4]. They also lead to an increase in mortality, and their 
management is extremely expensive.

Materials and methods

A total of 73 patients with PFFs surgically treated in our 
Department from February 2010 to November 2016 were 
enrolled in this retrospective study; 51 of them (69.9%) were 
women and 22 (30.1%) were men. Nineteen patients (26.0%) 
were lost to clinical follow-up because died before being 
interviewed.

PPFs were classified according to the Vancouver system, 
proposed by Duncan and Masri [5], which incorporates the 
site of the fracture, the stability of the implant and the qual-
ity of the surrounding bone [6].

X-rays and reports were studied to identify the location 
of the fracture rhymes, the causes and type of procedure 
used for first implant (THA, revision of arthroplasty, hemi-
arthroplasty (HA)), the type of fixation used (cemented or 
cementless), the year in which it was performed and the 
presence of risk factors (osteolysis, cortical defects, stress 
riser and stem loosening).

Functional outcomes were assessed with the use of Har-
ris hip score (HHS), Palmer Parker score (PPS) [7], SF-36 
score and ambulatory status. The mean follow-up time was 
41 months (range 4–69).

Therefore, pain was evaluated using the Visual Analogue 
Scale (VAS) and comorbidities were examined using the 
Charlson Comorbidity Index (CCI) [8] and the American 
Society of Anesthesiologists (ASA) score.

Radiological findings were classified using Beals and 
Tower’s criteria [9]. Following this classification, outcomes 
were assessed as excellent (stable prosthesis with minimal 
deformity), good (stable prosthesis with moderate deform-
ity) or poor (loosening, non-union, severe deformity, sepsis 
or new fracture).

A prosthesis was graded as stable if there were not radio-
lucent lines around the stem. The femoral components were 
considered loose if there were progressive radiolucencies of 
≥ 2 mm wide involving (1) > 50% of the bone–cement inter-
face, (2) cement column fractures surrounding the prosthesis 
or (3) femoral component migration.

We also subdivided patients unrolled in this study into 
four groups according to the prosthetic first implant: the first 
group includes cemented THA, the second group cement-
less THA, the third group revision THA and the forth group 
hemiarthroplasty. So, we searched significative differences 
between the first two groups.

Initially, an exploratory analysis of sample data was per-
formed, the results of this study were reported as means, 
with the standard derivation (SD) preceded by ±; frequen-
cies and percentages were calculated for qualitative data. 

Statistical significance was researched with the use of Anova 
test, Chi-squared test and Kruskal–Wallis test using the pro-
gram “MedCalc 12.14.0” (Medcalc Software, Mariakerke, 
Belgium).

Results

The mean age of the patients was 79.6 ± 9.8 years (range 
53–96) with 80.3 ± 9.9 years for women (range 54–96) and 
78 ± 9.6 years for men (range 53–91). The mean BMI of all 
patients at the time of surgery was 26.3 ± 7.4.

The most frequent fractures, 56.2% (n. 41), occurred on 
the right side, while 43.8% (n. 32) on the left side.

Reasons for first prosthetic implant were coxarthrosis 
in 48 patients (65.8%), fractures in 21 (28.8%), avascular 
necrosis of the femoral head in 3 (4.1%) and developmental 
dysplasia of the hip (DDH) in 1 (1.4%).

The PFF involved a primary THA in 58 cases (79.5%), a 
revision THA in 9 (12.3%) and a HA in 6 (8.2%).

The type of fixation was cemented in 30 cases (41.1%), 
while cementless in 43 (58.9%). The mean time from pri-
mary procedure to fracture was 8.6 years. No intraoperative 
fractures occurred during first prosthetic implants.

As for the comorbidities, 14 patients (19.2%) had a Deyo-
Charlson index > 3, 12 (16.4%) a score of 3, 12 (16.4%) a 
score of 2, 12 (16.4%) a score of 1 and 23 (31.5%) had no 
comorbidities.

At the time of surgery, ASA score was 4 in 24 patients 
(32.8%), 3 in 41 (56.2%) and 2 in 8 (11.0%).

The mean operative time was 111 ± 43.4 min. The mean 
delay between the hospital admission and surgery was 
5.7 days (range 0–22 days), and the mean hospital stay was 
21 days (range 5–108 days).

We found a high incidence of blood transfusions in 
patients with surgical treatment (all cases except four). The 
mean number of units transfused was 3.9 (range 0–13), 
with the most number in patients with type B3 fractures 
(5.3 ± 2.8).

Radiographic and clinical assessment at 6  months 
revealed bone union in 25 patients (34.2%).

In our study, by statistical calculation, we found that gen-
der, BMI, side and type of fracture, ASA, presence of con-
tralateral prosthesis and type of surgery were not statistically 
significant on post-operative functional outcomes.

The mean HHS post-operatively was 72.5 ± 16.8 (fair 
result). The lowest HHS scores were obtained in the group 
of patients where PFFs had occurred after cementless arthro-
plasty. In particular, examinations conducted at 12 months 
after surgical treatment showed poor results (HHS < 70) in 
24 patients (44.4%); 15 of them (27.8%) after cementless 
THA, 5 (9.3%) after primary revision surgery, 3 (5.6%) after 
hemiarthroplasty and 2 (3.7%) after cemented THA.
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Moreover, according to the Vancouver classification, we 
found HHS > 90 (excellent result) in 33.3% type A, in 5.0% 
type B1, in 23.1% type B2, in 20.0% type B3 and in 22.2% 
type C fractures.

Post-operative weight-bearing was allowed in 21 patients 
(28.8%), including 17 (23.3%) with partial weight-bearing 
and 4 (5.5%) with full weight-bearing; the remaining 52 
(71.2%) were not allowed it. In particular, following the Van-
couver classification, we found allowed weight-bearing in 
40% patients with type A, in 38.5% with type B1, in 23.5% 
with type B2, in 33.3% with type B3 and in 7.1% with type 
C fractures.

According to the Beals and Tower’s criteria, we obtained 
excellent or good radiological findings in 59 patients 
(80.8%). Particularly, excellent results were found in 6 
patients of 10 (60%) with type A, in 9 of 26 (34.6%) with 
type B1, in 6 of 17 (35.3%) with type B2, in 1 of 6 (16.7%) 
with type B3 and in 2 of 14 (14.3%) with type C fractures.

Moreover, poor results were found in 2 patients of 10 
(20%) with type A, 2 of 26 (7.7%) with type B1, 4 of 17 
(23.5%) with type B2, 1 of 6 (16.7%) with type B3 and 5 of 
14 (35.7%) with type C fractures. So we can suggest type A 
fractures had a better radiological result, while type C had 
a worse radiological result at 12 months from the surgery.

Evaluating the walking ability of the patients after sur-
gery, we subdivided the PPS into three groups: PPS < 4 
(poor results), PPS 4–6 (good results), PPS > 6 (excellent 
results). Considering the type of fracture according to the 
Vancouver classification, we found excellent results in 55.6% 
type A, 26.3% type B1, 33.3% type B2 and C and 0% type 
C fractures; poor results in 11.1% type A, 26.3% type B1, 
16.7% type B2, 20.0% type B3 and 22.2% type C fractures. 
From these data, we can say the best results were in type A 
fractures, while the worst results in type B1.

Moreover, the mean VAS score was 3.4 ± 2.4. Divid-
ing the VAS score into three groups (0–2 mild pain, 3–5 
moderate pain, > 5 high pain), we found in the first group 
(mild pain) 12 patients of 22 (54.6%) had been operated with 
ORIF (plate and screws), 5 (22.7%) with metal loops and 5 
(22.7%) with revision of the stem. Furthermore, following 
the Vancouver classification, we found mild pain (VAS < 3) 
in 66.7% type A, 42.1% type B1, 25.0% type B2, 40.0% type 
B3 and 33.3% type C fractures. So we can suggest type A 
fractures were related with less pain (Fig. 1).

We also found 20 of 46 patients (43.5%) with osteo-
porosis were in anti-osteoporotic therapy before fracture; 
the mean post-operative HHS in this group was 76.6 (fair 
result), while the mean PPS was 6.5. In the other group of 26 
patients (56.5%) without anti-osteoporotic therapy, the mean 
HHS was 70.8 (fair result), while the mean PPS was 5.2.

After that, comparing the cemented THAs (group 1; 21 
cases) with cementless THAs (group 2; 37 cases) as cause 
of first implant, we found in the first group the mean age 

of patients with PFF was 83 ± 9.3 years, the mean BMI 
was 27.8 ± 8.4, the mean ASA was 3.5 ± 0.6 and the mean 
CCI was 2.9 ± 1.5, while in the second group, respectively, 
76 ± 8.6 years, 25.7 ± 3.6, 3.0 ± 0.6 and 3.3 ± 2.0. So, 
there were no significative differences about CCI in these 
two groups, while there was a slight difference about ASA, 
age and BMI (all higher in cemented THA).

Moreover, in the first group, the mean time of surgery 
was 127.8 ± 45.2 min, the mean days of hospitalization was 
23.3 ± 23.2, the mean time from first implant to fracture 
was 12.4 ± 8.3 years, and the mean units of blood trans-
fused was 4.2 ± 2.8, while in the second group, respectively, 
105.1 ± 44.8 min, 18.7 ± 12.6, 5.9 ± 7.1 years and 3.3 ± 2.0. 
As to be expected, the surgical time was longer in cemented 
implants. Even the days of hospitalization, the mean time 
from first implant to fracture and the mean units of blood 
transfused were higher in patients with cemented THA.

As for the Vancouver classification, we found in the first 
group 0 type A, 7 (33.3%) type B1, 7 (33.3%) type C, 4 
(19.1%) type B2 and 3 (14.3%) type B3 fractures, while in 
the second group, 12 (32.4%) type B1, 12 (32.4%) type B2, 
9 (24.3%) type A, 3 (8.1%) type B3 and 1 (2.7%) type C 
fractures. From these results, we can note there were no frac-
tures around the trochanteric region in cemented implants, 
while fractures below the tip of the stem (the most frequent 
in cemented implants) were found the least common after 
cementless implants.

According to the Beals and Tower’s criteria, in cement-
less implants, we found poor radiographic results in six 
patients (16.2%), good results in 14 (37.8%) and excellent 
results in 17 (45.9%), while in cemented implants, poor 
results in 3 patients (14.3%), good results in 14 (66.7%) and 
excellent results in 4 (19.0%).

As for the functional outcomes, in the first group, we 
found the mean HHS was 80.9  ±  11.1, the mean PPS 
was 6.1 ± 2.2, the mean ISF (index of physical health) 
according to the SF-36 was 40.1 ± 10.2 (physical activity 
57.1 ± 30.1; physical role restrictions 60.7 ± 33.6; physical 
pain 68.8 ± 19.7), while in the second group, respectively, 

Fig. 1   Comparison of outcomes according to the Vancouver classifi-
cation
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72.6  ±  18.2, 5.8  ±  2.0, 36.9  ±  11.5 (physical activity 
53.7 ± 26.6; physical role restrictions 48.4 ± 36.5; physi-
cal pain 57.8 ± 20.2). All these data show better functional 
results in cemented THA compared to cementless THA 
(Fig. 2).

Discussion

According to the literature, conservative treatment in patient 
with PFFs results in a high rate of complications, which 
include non-union, pulmonary embolism and atelectasis 
[10]. For that, surgical treatment is recommended for elderly 
patients [11]. We chose surgical management for all patients 
in this study because of its advantages of early joint exer-
cise and ambulation to avoid the problem of conservative 
treatment.

Surgical treatment of PFFs also demonstrated mortality 
in the literature, generally showing a prevalence of approxi-
mately 10% [12]. In our study, we found 8 patients (10.9%) 
had died from complications unrelated to the fracture, 4 
(5.5%) for cardiogenic shock, 3 (4.1%) for respiratory fail-
ure, 2 (2.7%) for kidney failure and 2 (2.7%) for bed rest 
syndrome.

The time interval between primary THA and fracture 
varies among different studies, ranging from 7.4  years 
(Swedish Registry) to 8.1 years (Mayo Clinic Total Joint 
Registry). Furthermore, the Swedish Registry reported the 
time interval between revision surgery and fracture to aver-
age 3.9 years [13]. As in the literature, we found the mean 
time to fracture from the primary THA was 8.3 ± 8.2 years, 
while in spite of the Swedish Registry data, in our study, 
the mean time to fracture from last revision surgery was 
12 ± 7.2 years. In particular, we found the shortest time 
between the primary implant and PFFs was after cemented 
hemiarthroplasty (5.8 ± 10.9 years).

Following the Beals and Tower’s criteria, we obtained 
excellent or good radiological findings in 59 patients 
(80.8%). On the contrary, Beals and Tower showed a 
higher proportion of poor results (52%), in spite of the 
fact that the patients they studied were younger than our 
sample (mean of 67 vs. 79.6 years old) [14]. These better 
results are probably attributable to the use of new fixa-
tion devices with locking screws, the evolution of modular 
stems and the less invasive techniques, but further studies 
should be conducted to confirm this.

The Vancouver classification has proved to be reli-
able and valid, showing good correlation between radi-
ographic evaluation and intraoperative findings, even 
when used by unexperienced people [15]. According to 
this classification, in our cases, the most common PFFs 
were type B1 (26 patients, 35.6%), followed by type B2 
(17 patients, 23.3%), type C (14 patients, 19.2%), type 
A (10 patients, 13.7%) and type B3 (6 patients, 8.2%). 
Type A fractures were treated using metal mesh with loops 
or plates (Fig. 3a, b). Type B1 fractures were stabilized 
with Intrauma O’Nil plates, in some cases supported with 
metal loops (Fig. 4a, b). Type B2 fractures were treated 
by replacing the prosthetic stem with a new one with and 
without additional strengthening as a plate or metal loops 
(Fig. 5a, b). Revision surgery was performed using long 
cementless stems to achieve fixation at the femoral isth-
mus. Type C fractures were stabilized with Intrauma O’Nil 
or Synthes plates (Fig. 6a, b).

The results presented by other authors are similar to ours 
and show that type B fractures occur most often and consti-
tute about 80% of all fractures, especially in patients after 
primary hip replacement surgery [16].

In agreement with our results, many studies have shown 
that in an elderly population similar to ours the mean HHS 
is between 59 and 73 [17, 18]. Like us, Montaldi et al. [19] 
found poor HHS values but good radiological results in 
according with the Beals and Tower classification.

In the present study, we did not find statistical differences 
in the final results depending on the type of fracture, the type 
of surgery, or the previous comorbidities. On the other hand, 
we found that the presence of previous local risk factors is 
associated with a poorer outpatient state after the fracture, 
although we did not identify an independent risk factor.

In the literature, it has been suggested that the type of 
fixation has an influence on the functional outcomes. Spe-
cifically, Foster et al. [20] found a significantly higher risk 
of PFFs in uncemented Austin-Moore hemiarthroplasties 
(7%) than Thompson cemented hemiarthroplasties (0%). 
These and other authors recommended cemented fixation 
in elderly patients, as bone cement may act to reinforce the 
osteoporotic proximal femur, improving load distribution. 
In our study, uncemented fixation was used in 97.3% of the 
patients, but this factor did not have an effect on the final 

Fig. 2   Comparison of outcomes and data in cemented and unce-
mented THA
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Fig. 3   a Pre-operative type A 
fracture; b post-operative type 
A fracture treated with 2 metal 
loops

Fig. 4   a Pre-operative type 
B1 fracture; b post-operative 
type B1 fracture treated with 
an Intrauma O’Nil plate with 3 
metal loops
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outcome. Nevertheless, further research should be conducted 
in our institution to assess this factor as a risk factor of PFFs.

Then, the use of cement is considered by many reports 
as a protective factor for PFFs [21]. In accordance with 
them, in our study, we found that in cemented implants, 
PFFs occurred on average 6.5 years later than in cementless 
implants.

Many studies in the literature reported that osteoporo-
sis is a significant risk factor for PFFs. In our study, we 
reported that the most risk factors were osteoporosis in 46 
cases (63.0%), following by osteolysis in 19 (26.0%), loos-
ening of the stem in 6 (8.2%) and weakening of the cortical 
bone due to stress shielding in 3 (4.1%).

Furthermore, we found 30 patients of 73 (41.1%) had a 
local or systemic post-operative complications. Although 
our overall complication rate is high, it is consistent with 
that reported in the literature (26–43%) [22]. We reported 
21 cases of local complications (28.8%), including 7 wound 
infections, 7 urinary tract infections, 6 deep venous throm-
bosis and 1 case of hemorrhagic wound. The systemic com-
plications were 20 (27.4%), including 7 respiratory failures, 

4 kidney failures, 4 cardiogenic shocks, 2 ischemic stokes, 
2 hypokinetic syndromes and 1 septic shock.

Then, 8 patients of 73 (10.9%) had post-operative compli-
cations requiring re-intervention: 3 aseptic loosening (4.1%), 
2 recurrent dislocations (2.7%), 2 periprosthetic infections 
(2.7%) and 1 fracture (1.4%). Our incidence of re-interven-
tion results lesser than other data reported in the literature 
from 23% [22] to 32% [18].

Conclusions

Many studies underline that PFFs are a very important 
problem because they will be destined to increase and 
there is not an only type of treatment, but the correct thera-
peutic choice depends on the level of fracture, quality of 
bone, prosthesis stability and general patient conditions. 
Thanks to the literature and our own results, we suggest 
that local risk factors contribute to a poorer final result 
in elderly patients in terms of functional outcomes with 
relatively low Harris hip scores and an elevated risk of 

Fig. 5   a Pre-operative type B2 
fracture; b post-operative type 
B2 fracture treated with a long 
revision stem, plate and metal 
loops
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mortality. In particular, in our study, we found patients 
with type A fractures and with cemented THA as first 
implant had the best radiological and functional outcomes.

Moreover, this kind of surgery is expensive, difficult 
and elaborated to realize; in some cases, despite a preced-
ing planning, the surgeon is forced to change the typol-
ogy of surgical procedure. Therefore, prevention is the 
only valid weapon in the hand of the orthopedic before a 
definitely demanding surgery; according to our case stud-
ies, the surgery performed by an equipe with experience 
in prosthetic implants and traumatology brings the best 
guarantee of treatment. So, careful pre-operative planning 
and appropriate intraoperative management in the hand of 
experienced surgeons may increase the chances of success-
ful treatment [23]. Seeing that periprosthetic femoral frac-
tures are an increasing complication and their treatment 
is a complex clinical challenge, it is believed that further 
studies are necessary to identify other related risk factors.
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