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Abstract

The article is devoted to intraoperative periprosthetic femoral fractures during hip arthroplasty, their causes, classification 
and treatment methods used. This complication can occur at any stage of the operation, differ in localization and character, which 
determines the preferred method of surgical treatment.
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Introduction
Periprosthetic fractures of the femur during hip arthroplasty are a complication that sooner or later almost any surgeon dealing with 

arthroplasty encounters. In connection with the increase in the total number of these operations, the number of complications, including 
periprosthetic fractures, also increases [1,2]. There are 3 types of periprosthetic fractures: intraoperative, identified and eliminated during 
surgery; intraoperative, not identified during the operation (as a rule, stable, without displacement); postoperative [3].

This article is devoted to intraoperative periprosthetic fractures (PPI) of the femur (BC), their classification and currently used 
treatment methods. Intraoperative peri-prosthetic fracture poses a threat to the stability of the implant, affects the patient’s quality of life, 
and also worsens the long-term results of surgical interventions, causing an earlier need for the feasibility of carrying out operations [4-6], 
therefore the urgency of the problem is beyond doubt.

Etiology

The reasons leading to the occurrence of PPIs are many: the quality of CD, improper preoperative planning, surgical errors, gross ma-
nipulations. Risk factors for PPI CD include female sex, old age, systemic osteoporosis, a thin cortical layer, altered forms of the proximal 
femur due to previous trauma or surgery, drugs, long-term treatment with hormonal drugs, rheumatoid arthritis [7-9].

Currently, many authors agree that with cementless fixation of components, the risk of periprosthetic fractures during surgery is rather 
high [10], and their frequency varies from 1.5 to 27.8% [11-15]. At the same time, according to the data [16,17], the frequency of PPI with 
cementless fixation of the legs is 1 - 5.4%. Such a difference in indicators is due to the fact that over the past 20 years there have been many 
publications on the possibility of achieving biological fixation and, as a consequence, long-term survival of cementless legs [18,19]. This 
led to an increase in interest in this method of endoprosthetics, as evidenced by the data of registers [20-22]. The growth in the number of 
operations, in turn, led to an increase in the number of IPPs.
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According to the registry of the Mayo Clinic in Rochester, the incidence of PPIs with the use of cement stems was 0.3 and 3.6% dur-
ing primary and revision operations, respectively [16,23]. According to some authors [5,6,24], PPIs occur more often during revision 
arthroplasty, which is associated with a deterioration in the quality of the bone, the presence of defects in it, massive osteolysis, as well 
as the fact that the “tired” bone is exposed to strong loads during removal of the old leg and implantation of a new one. Tamaki., et al. [25] 
conducted a retrospective multivariate logistic analysis of 850 operations using Taperloc cementless legs (Biomet) of standard and short 
size. All 10 (1.2%) PPI cases occurred with the use of short stems. Based on these data, it was concluded that there is an increased risk of 
PPIs when using.

In the literature, there are also data on the dependence of the incidence of PPIs not only on the model and type of implant fixation, 
but also on the specific instruments used during the operation. For example, K Berend., et al. [9] showed that when using toothed calcar 
cutters to prepare the proximal part of the BC for planting, the teeth cut and jammed into the bones, which led to fractures due to the 
rotational movements of the rasp. No such complications were observed in the case of cutters with smooth cutting edges.

One of the causes of STIs, which was described in great detail by C. DeCook in his report at the Pacific Congress of Orthopedic Trauma-
tology (https://icjr.net/articles/is-it-time-to-rethink-using-the-mallet-in -tha), is the impact on the bone of the kinetic energy of the ham-
mer, as a result of which the tension in the calcar area sharply increases with each blow. The force of the hammer blow and the kinetic en-
ergy transmitted to the BC are variable and depend on its mass, trajectory of movement, and the surgeon’s efforts. The bone has a tensile 
strength, above which a fracture occurs. This happens especially often in the calcareous zone, when the load axis deviates from the thigh 
axis (Figure 1). From this we can conclude that the lower the force and kinetic energy, the lower the risk of PPI during stem implantation 
or canal treatment. In this connection, instruments began to appear that allow treating the femoral canal and implanting the stem with 
non-aggressive and sharp blows. but with low-energy impacts to avoid fracture. One of these instruments is the latest surgical impactors. 
At the Pacific Congress of Orthopedic Traumatologists, held in August 2016, video materials on their use were presented (Figure 2).

Figure 1: Stress strain on the calcar zone during rasping.

Figure 2: Surgical impactor. C. DeCook. Is it time to 
rethink using the mallet in THA?
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Various manufacturers are constantly improving not only the implants themselves, but also the entire toolkit, which will potentially 
allow minimizing the number of such complications.

Classification 

Intraoperative periprosthetic CD fractures differ in type, degree, and localization. Some fractures are identified directly during surgery, 
while others are detected in the postoperative period based on clinical symptoms and X-ray data [17,26]. They can occur throughout the 
entire bone. It is believed that the more distal the fracture is, the more complex it is [27]. There are many classifications based on the loca-
tion of the fracture, the degree of displacement of bone fragments, and the stability of the endoprosthesis components. Moreover, in most 
cases, there is no division into fractures obtained intraoperatively or after surgery. Meanwhile, these are different complications, differing 
in the mechanism occurrence, form, complexity, which means that they require different approaches to treatment.

Parrish and J Jones [28] proposed the very first classification of periprosthetic fractures, which was based only on their localization: 
type 1 - fractures of the trochanteric region, type 2 - fractures of the proximal CD, type 3 - fracture of the middle third of the BC, type 4 - 
fractures of the distal part of the BC.T. Mallory., et al. [29] classified them as follows: type 1 - proximal fractures; type 2 - fractures reaching 
the level of the leg, but not below its apex; type 3 - fractures located distal to the apex of the endoprosthesis stem. J. Johansson., et al. [26] 
classified peri-prosthetic fractures in a similar way: type 1 - the fracture line is located above the end of the leg, the leg is in the canal; type 
2 - the fracture line extends distal to the end of the stem, while the stem is not in the canal of the distal fragment; type 3 - the fracture line 
is located distal to the end of the stem.

S. Stuchin [30] described 4 types of fractures: type 1 - fractures of the proximal CD; type 2 - long screw-shaped fractures in the area of 
the leg; type 3 - fractures breaks that appeared at typical points of BC stress; type 4 - unclassified [30]. The listed classifications did not 
take into account such a parameter as the stability of the implant. In 2007 T. Ninan., et al. [31] proposed a simplified classification of peri-
prosthetic fractures, in which the lesions are divided into two large groups based on the leg stability: the first group - “happy CD” means 
a stable leg and the absence of the need for its replacement, the second group - “unhappy CD”, on the contrary, requires replacement of 
an unstable component. The works and publications of Russian authors are devoted mainly to postoperative periprosthetic fractures. In 
particular, I.M. Piven., et al. [32] in a literature review presented only statistical data on the incidence of PPIs, paying particular attention 
to postoperative fractures and analyzing the classifications that are more applicable to them [32]. M.V. Belov [33] highlighted several early 
classifications of PPIs proposed by B. Morrey, J. Shwartz., et al. which did not become widespread.

Despite the variety of classifications, currently Vancouver fracture is used for intraoperative fractures, which was developed in 2003 
[27]. In this classification, fractures are described depending on localization, nature and stability. The authors distinguish 3 types of peri-
prosthetic fractures: type A - the fracture is localized in the proximal metaphysis (trochanteric zone) without spreading to the diaphysis 
of the CD; type B - the fracture is localized at the level of the BC diaphysis around the stem of the endo-prosthesis; type C - a fracture at the 
level of the distal part of the CD and extending beyond the apex of the endoprosthesis. Each of these types of fractures, in turn, is divided 
into 3 subtypes: point perforations of the bone tissue (subtypes A1, B1, C1), linear fractures without displacement (subtypes A2, B2, C2), 
unstable fractures with displacement (subtypes A3, B3, C3). The Vancouver classification seems to us the most convenient and optimal, 
since it is simple to understand and contains all the necessary criteria for damage to BC at different levels. The main types of fractures 
that occur intraoperatively non-linear (with and without displacement) and perforation of the cortical layer of the bone. It is enough 
just a little more roughly to manipulate the CD, to hit the rasp or implant with a hammer to get a periprosthetic fracture, especially if the 
patient has systemic osteoporosis. Thus, the mechanism of trauma is often low energy. Intraoperatively, it is unlikely to get a complex 
multi-fragmented fracture with a large number of fragments, since this is more typical for fractures obtained in the postoperative period 
with various high-energy injuries.

Treatment

Considering that this PPI can occur unexpectedly during any stage of the hip replacement surgery, it is advisable to have appropriate 
instruments and materials in the operating room (metal wire for denia of cerclage sutures, plates for osteosynthesis, needles, screws, etc.).

According to the authors, the exact adherence to the classification allows you to choose the appropriate method of treatment. The main 
principles of treatment in this case are the achievement of stability and the correct position of the components of the endoprosthesis, as 
well as the prevention of the spread of the fracture line. Compliance with these principles provides the conditions for obtaining the best 
long-term results [10,12].
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Methods for eliminating periprosthetic fractures are complicated from subtype to subtype. Thus, a sufficient volume of treatment for 
type A1 fractures (point perforations in the proximal part of the BC) is impacting of perforations with bone chips obtained during the 
treatment of the acetabulum. The preferred method of treatment for type A2 fractures (stable linear fractures of the proximal BC) is the 
application of wire cerclages prior to stem implantation to prevent the fracture line from spreading. For the treatment of fractures of 
type A3 (unstable fractures of the proximal part of the BC), full-covered or conic with a ribbed surface of the legs can be used, which is 
conditioned by basic biomechanical principles. A large trochanter (in case of its separation) can be fixed with a cerclage wire, themes of 
osteosynthesis with wires according to Weber (Figure 3) or special trochanteric plates (Figure 4 and 5) [34]. Type B1 defects (cortical 
perforations) most often occur when cement is removed from the medullary canal of the BC. To eliminate them, it is necessary to implant 
a long stem in such a way that its apex passes distal to the defect, since only in this case it is possible to speak of sufficient stability [35]. 
Cortical allografts can be used to further strengthen BC and bypass the load [27,34].

Figure 3: Intraoperative periprosthetic fracture of the greater trochanter type A3. 
Osteosynthesis with needles according to Weber. The large spit is stable.

Figure 4: Trochanter plate ("DePuy") used for fractures and 
tears of the greater trochanter.
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Fractures of type B2 (linear fractures of the diaphysis without displacement) are caused by the manifold increasing radial stress of the 
bone due to implantation of the stem of the endoprosthesis or treatment of bone marrow channel with rasps. If the leg of the prosthesis 
is stable as a result of such a fracture, it is necessary to visualize the fracture line and fix it with cerclage sutures along the entire length. If 
the stability of the endoprosthesis stem is questionable, it is advisable to implant such a stem, the apex of which will be located distal to 
the fracture line. In the case of poor bone quality, it is also advisable to use long cortical allografts with their fixation with cerclage sutures 
[27,34].

Fractures of type B3 (unstable fractures of the diaphysis) most often occur with dislocation of CD, removal of cement from the canal and 
implantation of the stem. For the treatment of such fractures, it is also necessary to use a long stem and cortical allotransplants (if neces-
sary) in combination with a cerclage wire (Figure 6).

Figure 5: Intraoperative periprosthetic fracture A3. Tear off a large skewer. 
Fixation with a trochanteric plate.

Figure 6: Intraoperative periprosthetic fracture B3. Cerclage wire 
placement in combination with cortical allograft.
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Type C1 perforations (distal metaphysis area) need to be impacted with bone allotransplants. Treatment of type C2 fractures (stable, 
in the distal metaphysis) includes fixation with cerclage wire and cortical allotran grafts, which perform an augmenting role (Figure 7). 
The most difficult in terms of treatment are intraoperative fractures of the C3 type (unstable, in the area of ​​the distal metaphysis (Figure 
8), which most often occur with dislocation of CD. Their treatment consists in open reduction of fragments and metal osteosynthesis 
[27,34,36].

Figure 7: Intraoperative fracture C2. Fixation with cerclage wire 
in combination with cortical allograft.

Figure 8: Intraoperative periprosthetic fracture type C3. Fixation with 
cerclage wire and metal osteosynthesis with a plate.
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Conclusion
Intraoperative periprosthetic femoral fractures, according to many authors, are one of the most difficult problems of hip arthroplasty. 

According to H. Cameron [37], in addition to the negative effect on the stability of the stem, intraoperative periprosthetic fractures lead to 
an increase in the cost and duration of the operation, which is associated with an increased risk of associated complications. To prevent 
these complications should be treated with particular responsibility ness, and in case of its occurrence - to correctly classify the fracture 
and perform reduction and the most stable fixation of bone fragments. Many modern authors pay special attention to the stability of the 
implant, since it is the primary stability that is a necessary condition for good long-term results of the operation [6,24]. It is important 
to remember that revision surgery is almost always more difficult than the primary one, and the prevention of complications is always 
preferable to its treatment.
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