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Abstract

Introduction: The purpose of this study was to present the management of periprosthetic 
fractures (PF) of total hip arthroplasty (THA) and the outcomes.

Materials and methods: It was a prospective study of patients treated in the orthopedic 
trauma department for a femoral Periprosthetic fracture of THA from January to October, 
2018. According to the type of fracture, sealing of the implant, and the characteristics of 
patients, the decision of PF treatment was dependent on the Vancouver Type.

Results: Based on the Vancouver classification, this study of 22 periprosthetic fractures 
(PFs) around the femoral stem in hip arthroplasties of a series of 102 femoral fractures, 
revealed 2 type A, 10 B1, 2 B2, 5 B3, and 3 type C fractures. The type A fractures were 
treated conservatively. Two of the type B1 fractures had non-operative treatment and 8 
had open reduce internal fixation (ORIF). Type B2 fractures were operated with an LCP 
hook reconstruction plate and Dall–Miles cables. Four type B3 had a change of prosthesis. 
Three type C fractures were operated with an LCP and Dall–Miles cables. Of the 22 patients 
treated for PF, 2 died, 18 were healed, 1 had a non-union, and 1 had a new fracture on the 
same bone.

Discussion: In this series, we found two fractures of the greater trochanter type A by the 
Vancouver classification. An unmoved bill received a non-operative treatment, and the 
second, corresponding to the iatrogenic intraoperative fracture, was osteosynthesis by an 
LCP hook plate and Dall–Miles cables.

Conclusion: This study confirms that the Vancouver classification is a simple reproducible 
classification system. Conservative treatment is a valid option if the implant is stable, while 
surgical intervention is mandatory if the implant is loose.
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Periprosthetic fractures (PF) are fractures associated with 
an orthopedic implant, which is either a replacement or an 
internal fixation device. The global incidence of all types of PF 
is continually increasing due to the growing number of primary 
joint arthroplasties and revision surgeries. Management of 
PF around the femoral stem after total hip arthroplasty (THA) 
represents a significant challenge and the optimal treatment 
remains controversial [1]. The number of these fractures 
increases exponentially for several reasons including that 
the number of primary prostheses posed increases in parallel 
with the increase of the life expectancy of the population. The 
excellent results achieved with modern implants has led to an 
expansion of indications, especially in younger and more active 
subjects, who will live even longer with their prostheses in place 
and also be more at risk of trauma during their life [2-4]. PFs 
mainly occur in the elderly, and this often results in considerable 
morbidity and disability with significant socioeconomic 
consequences. On average, the estimated cost of treatment 
is between $20,000 and $200,000 US [5]. This study aimed to 
present the management of periprosthetic femoral fractures of 
THA or intermediate hip arthroplasty (IHA) and the outcomes.

During the study period, 616 patients were hospitalized in the 
orthopedic surgery trauma department, of which 102 were 
for femoral fracture, including 22 for femoral fracture on hip 
arthroplasty (HP). Of the 22 patients treated for PF, there were 
8 men and 14 women with a sex ratio of 0.57. The average 
age of patients was 81.86 years with extremes of 46 and 97 
years. In the 22 patients, there was 1 case of intraoperative 
fracture iatrogenic and 21 cases of PF. We classified fractures 
according to the Vancouver classification (Table 1). The results 

This was a prospective study of patients treated in the 
orthopedic trauma department for a femoral periprosthetic 
fracture of the THA or IHA from January 2018 to October 
2018 at the Moulins Yzeure Hospital (CHMY) France. In total, 
22 PFs in 22 adult patients of a series of 102 femoral fractures 
of both sexes were included following oral consent and 
treated for a femoral fracture of the THA or IHA. Patients with 
fracture ipsilateral knee arthroplasty, an acetabular fracture, 
or acetabular loosening were excluded. Several classifications 
are used to describe periprosthetic femoral fractures, including 
the Vancouver model described by Ducan and Masri, which 
takes into account the fracture site location, implant stability, 
and bone stock quality [6]; the use of this classification was 
based on standard radiographs. Non-operative treatment was 
used for traction glued in the axis of the limb, or simply bed 
rest for a few days until the pain eased. The limb was then 
mobilized gradually until a sufficient flexion, about 80° of the 
hip and knee, was attained to allow the patient to be placed 
in the chair. Resumption of support was guided by indolence 

and a radiography of the fracture followed. The indication 
of orthopedic treatment may arise if the expected result is 
acceptable: 1 cm of shortening and 15° of rotation were set 
as the limit. Surgical treatment was a multi-operator process, 
and the operators comprised four orthopedic surgeons of the 
service.

Surgery involved either isolated osteosynthesis or revision 
arthroplasty associated with osteosynthesis. The different 
osteosynthesis were as follows: Osteosynthesis by strapping, 
by Dall–Miles cables type plate, by screw plate locked with 
LCP, or femoral plates LCP with hook. The change of prosthesis 
consisted of changing the stem with another with a longer 
femoral stem. The aim was to find an area in the distal femur 
that was capable of holding the implant and then to fix the 
fractured fragments upon it. According to the type of fracture, 
sealing of the implant, and the characteristics of patients, the 
decision of PF treatment was dependent on the Vancouver 

Type:

- Vancouver Type A fractures: Orthopedic treatment unless very 
significant displacement was present.

- Vancouver Type B fractures: • Fracture B1: Osteosynthesis • 
Fracture B2 and B3: Change of stem or not, and osteosynthesis 
if necessary.

- Vancouver Type C: Osteosynthesis.

The Vancouver classification facilitated treatment decisions, 
and the results were observed with a mean follow-up of 12 
months
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Table 1:  Different types of fracture according 

to the Vancouver classification

A B C
AG AL B1 B2 B3 C

EFFECTIVE 2 0 10 2 5 3
PERCENTAGE 9,1 0 45.5 9.1 22.7 13,6

Table 3: Different types of treatment according 

to the Vancouver classification

A B1 B2 B3 C
Conservative treatment 1 2 1 1
Change of the stem 4
Conservation of the stem 1 8 1 3
LCP 3 3
Hook LCP 1 3 1 1
Dall–miles cables 1

Table 2: Different types of prosthesis

PRIMARY
IHA THA TOTAL
7 14 21

REVISION 0 1 1
TOTAL 7 16 22

according to the treatment of the different fractures are 
recorded in (Table 2). The results were observed with a mean 
follow-up of 12 months (extremes 6 and 18 months) as shown 
in Figures 1,2,3 and 4. In the 22 patients treated for PF, 2 died, 
1 as a result of decompensation of the defects, and the other, 
of a postoperative pulmonary embolism. In total, 18 patients 
consolidated, 1 patient had a non-union and 1 had a new 
fracture on the same bone. In these consolidated patients, 2 
had a shortenings of 3 and 7 mm and 1 had consolidated in 
external rotation of 15°.
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Figure 1: Type B1 treated with a non-operative method

Figure 2: Type B2 treated with an LCP crochet plate + Dall–Miles bond beaded cable
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Figure 3: Fracture type B3 osteosynthesis with a long LCP plate + Dall–Miles bond

Figure 4: Type B3 treated with a prosthesis change (locked prosthesis) added to the bond



In total, 18 patients consolidated, 1 patient had non-union, 
and 1 had a new fracture on the same bone. The current study 
population is similar to that of the study by Ben-Aissi [7], even 
if the study period is longer at 5 years, while the study by 
Karabila is over an even longer period of 8 years [8]; however, 
the study by Holley extends beyond a period of 17 years [9]. The 
average age in the current study was 81.86 years (extremes, 46 
and 97 years), while Katz found an average age of 82.5 years in 
the United States [10], and Ehlinger (France) found an average 
age of 76 years [11]. Moreover, Ben-Aissi (Morocco) found an 
average age of 68 years, and Karabila (Morocco) and average 
age of 67 years [7,8]. This relatively high average age in Western 
countries is mainly due to the aging of the population and a 
very high life expectancy.

Several classifications exist for periprosthetic hip fractures 
[12,13]; most of these are descriptive, and while they provide 
information about the headquarters, they do not bring any 
significant interest information in the treatment. In the current 
study, we chose the Vancouver classification as described by 
Duncan because it is widely used [6] and takes into account 
the three most important criteria in the management of 
periprosthetic hip fractures: The fracture site, stability of the 
femoral implant, and the quality of the surrounding femoral 
bone stock. In addition to being simple and reproducible, the 
Vancouver classification is useful for developing a therapeutic 
strategy based on easily identifiable characteristics. Furthermore, 
the Vancouver classification allows the surgeon to differentiate 
a stable fracture from an unstable fracture that requires 
osteosynthesis, but also a stable implant from an unstable 
implant that requires revision [14]. The hemi arthroplasties, in 
the curent series, were consecutive to femoral neck fractures 
type 3 and 4 of Garden, whereas total arthroplasties were 
mostly performed for hip osteoarthritis. In the current study, 
a total of 17 fractures occurred on uncemented prostheses 
compared to 5 on cemented prostheses. In the literature, 
the prevalence of PF ranges from 0.1% to 1% for cemented 
prosthesis [15]. The iatrogenic fracture occurred in the current 
series during a revision surgery during the placement of 
the femoral stem and it’s interested the greater trochanter. 
Iatrogenic fractures are described as occurring most frequently 
during the placement of the femoral stem [2,16,17], and this 
risk is increased by non-cemented stems. Indeed, the tapered 

shape of the cementless stems associated with the impaction 
force during their placement favors the occurrence of these 
iatrogenic fractures [14,18]. Careful grating of the medullary 
canal during surgery minimizes intraoperative or postoperative 
fractures [19]. According to Schmidt, intraoperative fluoroscopy 
can also be used to reduce the possibility of unrecognized 
cortical perforation [18]. In this series, we found two fractures 
of the greater trochanter type A by the Vancouver classification. 
An unmoved bill received a non-operative treatment, and the 
second, corresponding to the iatrogenic intraoperative fracture, 
was osteosynthesis by an LCP hook plate and Dall–Miles cables. 
These fractures are generally stable due to the action of the 
vast lateral and gluteal muscles. The treatment of these non-
displaced fractures is non operative and consists of bed rest for 
6 to 12 weeks with eviction of hip abduction until the fracture 
heals [20]. When moved, they require a fixation, either with 
a cable reconstruction hook plate or strapping, to restore the 
functional lever of the gluteal muscles [21]. In the 10 patients with 
a Vancouver type B1 fracture, 2 had a non-operative treatment 
and 8 had an open reduction and an internal fixation without 
stem changes; used alone or in a combination of strapping and 
LCP plates. This treatment is robust and appears to be superior 
to what is generally accepted in these type of fractures since 
DCP plates are used in the majority of cases [13,22-24]. The use 
of LCP plates provides greater stability, especially for patients 
with osteoporotic bones. However, several studies have shown 
that strapping alone has a high failure rate, and that the use of 
proximal unicortical screws on DCP plates is more stable than 
strapping alone [18,25-29]. In the current study, 2 patients had 
Vancouver type B2 fractures, 1 of whom was operated with LCP 
hook reconstruction plate osteosynthesis with wire strapping 
and Dall–Miles cables. Revision arthroplasty is the treatment of 
choice for this lesion [21,30,31], and the main decisions revolve 
around the length of the femoral stem, use of a cemented or 
non-cemented stem, strapping wires or plaque for fracture 
reduction, and whether bone grafting is needed to increase 
stability. In the current study, 5 patients had Vancouver type 
B3 fractures, of which 4 patients had a change of prosthesis, 
including 1 that was cemented; in the literature, revision 
arthroplasty is the treatment of choice for this lesion [21,32]. 
The 3 patients with Vancouver Type C fractures were operated 
with a PCL femoral plate and a Dall–Miles cables, which is 
the treatment of choice for these types of fractures. In total, 
2 patients died, which resulted in a 9.1% mortality rate, and 1 
case of refracture gave a 4.54% refracture rate. The study by 
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Young had a 7.3% mortality rate and a 7.3% refracture rate at 
6 months.33 In the current study, the 3 patients with sequelae 
were all treated orthopedically, thus justifying the superiority 
of the surgical treatment whenever the general condition of the 
patient and the quality of the bone allow it.

Notes

The authors grant exclusive license to publish the material in 
Sage Publications, on acceptance for publication.

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

The cumulative growth of periprosthetic fracture is an indication 
of the increasing number of hip arthroplasties in relation to the 
high life expectancy of the population. Age, osteoporosis, use 
of uncemented stems, and revision of prosthesis are the main 
risk factors for the occurrence of these fractures, which happen 
according to two mechanisms: Iatrogenic intraoperative 
fractures and postoperative traumatic fractures. Management 
of PF represents a real challenge for the orthopedic surgeon 
and must take into account the sealed or unsealed nature of the 
prosthesis, quality of the bone capital, and the patient’s general 
condition related to comorbidities. The results are generally 
satisfactory with consolidation in almost all cases and very few 
sequelae.
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