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A B S T R A C T

Background: Periprosthetic femoral fractures are associated with significant morbidity, mortality, 
social and economic cost. The incidence of these fractures is expected to increase with an ever- 
growing elderly world-population. The complex nature and varied pattern of these injuries re
quires a range of specialized surgical techniques and tools. Fixation alone is being increasingly 
regarded as the preferred method of addressing these fractures, even in cases where the femoral 
stem is unstable, showing favourable outcomes overall when compared to a fix-and-replace 
approach. Lateral plate fixation is the primary surgical method for either case, and while there 
is a growing offer of implants specifically for this subset of orthopaedic injuries, the problem of 
non-union appears to be the most common of complications encountered postoperatively. We 
prefer fixation alone, including for Unified Classification System (UCS) B2 and B3 type fractures. 
A small-fragment plate fixed at the fracture apex acts as both a reduction device, thereby 
simplifying the operation itself, and as a buttressing device. The lateral tension-banding plate 
method can exploit the latter function of this smaller plate to improve the stability of the fixed 
construct, and thereby encourage more reliable bone healing.
Cases: We have treated 6 patients between the ages of 59 and 93 with UCS B1, B2, C and D 
fractures in this fashion. Fragments around an unstable stem (as with a UCS B2 or B3 fracture) 
were first reduced anatomically and fixed using cerclages, effectively creating a UCS B1, C or D 
type fracture, which can then be addressed using this two-plating system. All patients were dis
charged from hospital, returning home to activities of daily living. All radiographic follow-up 
demonstrated maintenance of reduction and implant position. For patients with radiographic 
follow-up beyond two months, fracture consolidation or partial consolidation was noted. No 
surgical infections were recorded.
Conclusions: We present this method of fixation for these types of fractures as a “mixed principles” 
approach to osteosynthesis. Here, the buttressing nature of the medial femoral cortex is at least in 
part reconstituted so that compressive forces are generated across cortices where an oblique or 
spiral fracture pattern would otherwise generate shear forces. Re-establishing these biomechanics 
with a lateral tension band plate, we assume, generates a more stable construct that favours bone 
healing and reduces the chances of non- or mal- union.
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Introduction

Epidemiology

Periprosthetic femoral fractures (PPFF) are associated with significant morbidity, mortality and disability. The incidence of these 
injuries is on the rise and thereby represents an ever more significant burden on healthcare systems and society.

Postoperative periprosthetic femoral fracture (pPPFF) risk lies at around 0.8% overall when considering the data from international 
joint registries [1]. With a rising number of total hip arthroplasties (THA) performed in an ever-ageing population, the absolute 
numbers are projected to increase by 4.6% every decade until 2050 [1,2]. Periprosthetic fractures currently represent the 3rd most 
common indication for revision surgery documented in the UK National Joint Registry (NJR) 2023 report [3]. However, the NJR has 
not yet captured fixation alone for pPPFF, which may well leave this particular postoperative complication significantly underreported 
[3].

PPFF occur predominantly in the segment of the population aged over 60 years [4,5], and occur either intraoperatively (iPPFF) on 
implantation, or postoperatively (pPPFF) through low-energy falls [4,5]. pPPFF occur significantly more often in revision- than in 
primary hip arthroplasty [6,7], in patients with rheumatoid arthritis [7] and in patients with previous iPPFF [5]. In the segment of 
patients over the age of 60, risk of both iPPFF and pPPFF has been found to be significantly higher in women [4,5] and where 
uncemented stems were used [4,5,7].

Surgical treatment for pPPFF are associated with a 2.4 %–3.9 % 30 day, [8] 9 % 90 day mortality, a 10–21 % 12 month mortality 
[8,9], and 60 % 5 year mortality [9], figures which are higher than those associated with revision hip surgery for any other reason for 
all cohorts except for males <75 years of age with an ASA < 2 [9] and are at least on par with those described for patients with native 
hip fractures in the first 12 months following surgery [10–12].

Impact and cost

pPPFF diverge from native hip fractures and in terms their greater complexity and the concomitant technical demand on the 
surgical team. That observed times-to-treatment were found to be between 1.9 and 5.7 days [10,11], may well be a reflection of the 
effects of this demand, both in terms of planning time and higher temporal and technical demand on theatre capacities [10,11]. This 
observed delay is itself correlated significantly with increased morbidity, mortality, disability, [8,10,13] reoperation rates [10] and 
length of hospital stay [13]. Longer operating times (as is especially the case for complex fractures) themselves probably play a role in 
high postoperative high dependency unit (HDU) and intensive treatment unit (ITU) admission rates [10].

Disability following pPPFF is also significant, reflected in discharge rates to skilled nursing facilities in at least 64 % of cases, and 
25–39 % of all patients do not return to life at home following pPPFF [10]. The financial implications of treating PPFs is higher than 
that of primary arthroplasty with mean cost of treating PPFs from one major trauma centre lying at £23,469 (range: £615–223,000) 
[14]. US data also corroborate these high costs with both readmission, surgery and hospitalisation costs contributing to a significant 
financial burden [15]. As a result, there is a growing need to centralise these complex cases in order to concentrate services and 
expertise to optimally manage often complex patient needs [16].

Classification

Periprosthetic femoral fractures are commonly classified according to the Vancouver [17] or its modification, the Unified Clas
sification System (UCS) [18]. We apply the UCS classification in this paper and describe B1 (fractures with a fixed stem) B2 fractures 
(fractures with a loosened stem) C fractures (below the tip of the stem) and D fractures (interprosthetic femoral fractures with fixed 
femoral knee and hip replacement component).

Basic principles, traditional concepts and challenges in surgery for pPPFF

Operative treatment of B and many C and D type fracture patterns precludes use of intramedullary nailing when the fracture 
extends too far proximal or distal to allow for sufficient locking locking-screw fixation. In such cases, plate fixation is the mainstay of 
treatment.

Treatment of UCS B1, C and diaphyseal D type fractures with a stable stem are suitable for fixation alone as opposed to fixation in 
combination with revision arthroplasty [18–20]. Indeed, a survey of European Hip Society Members indicated a clear preference for 
fixation alone in addressing B1 type fractures [21]. It is worth mentioning at this point that emerging evidence indicates outcomes are 
at least comparable and likely better overall for fixation alone when compared to fixation and revision surgery, including for fractures 
with unstable stems [22].

Fixation of such fractures in osteoporotic and osteopenic bone, often found in this older segment of the population, represents a 
special problem. Demineralisation and generally poor quality of bone, decreases pull-out strength of screws and the stability of fixation 
[23,24]. This reduction in stability increases strain at the site of fracture and is thereby assumed to slow and reduce the chances of 
healing [25,26] in bone where healing is already biologically likely to be at the very least delayed and generally poor in quality 
[25,26]. In combination, these are factors which likely underlie data indicating that non-union and implant failure rates are more 
prevalent in osteoporotic fractures [24].

The method of plating such injuries is also generally biologically disadvantageous when compared to nailing in that any amount of 

R. Bell et al.                                                                                                                                                                                                             



Trauma Case Reports 56 (2025) 101140

3

soft tissue (periosteal) compression by plates leads to devascularisation and osteonecrosis. This in turn leads to porosity in cortex deep 
to the plate, which further decreases pull-out strength and increases infection rates by generating sequesters [27].

The development of Low Contact Dynamic Compression Plates (LC DCP) provided a more stable and biologically protective 
construct than conventional plates, and has been found to improve outcomes in osteoporotic bone [28].

In spite of these technological advances, non-union in periprosthetic fractures, at a rate of 18 % was found to account for the most 
frequent surgical complication following fixation [29], with rates significantly higher than the 2.8 % reported in native femoral 
fractures in all adult age-groups for both plating and nailing [30].

These biological and technical challenges where incidence of pPPFF are constantly increasing, require continuous development of 
surgical strategies to effectively tackle fractures encountered around hip arthroplasty stems.

Basic principles of femoral fracture fixation

Plates will stabilise a fracture or fractures by neutralising torsional and shear forces at the fracture site. The convex structure of the 
intact femur generates tensile forces through the lateral cortex which are converted to compressive forces on the medial cortex when 
the femur experiences axial loading [31]. Application of a lateral femoral plate across a fracture site reconstitutes these biomechanics 
to a greater or lesser degree depending in large part on the fracture configuration by acting as a tension band plate [31].

A simple, transverse fracture is amenable to lateral tension band plating alone as the medial cortex can buttress the effects of 
tension transmitted to the fracture site. A “buttress” is a construct which redirects deforming forces to 90 degrees of their axis [32]. The 
medial cortex in a simple transverse fracture will act as a buttress by redirecting these forces 90 degrees to the tensile forces generated 
by the lateral plate and thereby across the fracture site [32]. This compression in turn increases friction at the fracture site and 
therefore stability [27].

Comminuted, spiral and oblique fractures of the femur generate predominantly shear forces through the site of fracture on axial 
loading, that are mostly the result of torque [33]. Tension band plating alone is therefore suitable only for simple transverse (AO Type 
A3) fractures [31].

Case report

We describe a novel surgical technique in addressing UCS B1, B2, C and D type fractures with an oblique or spiral pattern. We make 
use of a dual-plate construct, by which a small-fragment 4 or 5-hole locking compression plate (“Apex Plate”) is applied at the apex of a 
reduced, simple spiral or oblique pPPFF fracture. We employ this method for fractures with a fixed femoral stem (that is, a UCS B1, C or 
D type fracture) or for B2 or B3 fractures in with a fracture line that extends distal to the tip of the femoral stem, where the fragments 
surrounding the stem have been reduced and fixed with cerclages thereby effectively creating a B1, C or D type fracture. A long lateral 
locking plate (such as a Synthes® VA Condylar or Periprosthetic Femur Plate) is subsequently applied. Beyond reconstitution of the 
biomechanics that favour bone healing, the use of a second plate in this fashion simplifies application of the lateral plate considerably 
by maintaining reduction without using a clamp such as a Haygroves, which can be obstructive.

Buttress plates are otherwise used traditionally for the reduction and stabilisation of oblique fractures at the metaphysis [32] 
through the conversion of shear force to compressive force as described above [34]. The application of this Apex Plate restores but
tressing in oblique and spiral diaphyseal fractures where the biomechanics of lateral tension band plating would otherwise be dis
rupted by shear forces. This method represents a “mixed principles approach” for the treatment of diaphyseal femoral fractures in 
which nailing is not an option. Additionally, an apex plate augments the fixation provided by the lateral plate, which we assume 
increases stability and pull-out strength as shown in in vitro biomechanical studies [35].

This technique is indicated only for the aforementioned fracture-patterns that are simple in nature, or in fractures which can be 
reduced to two stable fragments such as with cerclages as described above. This method is not suitable for fractures with more 
extensive comminution where the fracture cannot be stably reduced to a simple, two-part pattern. The collapse of the zone of 
comminution under loading would therefore eliminate the buttressing effect of a construct otherwise intended as an antiglide plate. 
For such injuries, orthogonal dual plating – as described in the Discussions section of this paper – using a larger secondary plate as a 
bridging fixation, with or without revision arthroplasty might be considered as one that would confer better stability and therefore be 
more conducive to bone healing [36].

We have treated six patients, three female and three male, between the ages of 59 and 93, with periprosthetic femoral fractures in 
this fashion. American Society for Anaesthetics (ASA) grade for these patients lay between II and III. A Consultant Trauma and Or
thopaedic surgeon with subspecialisation in orthopaedic trauma, hip and revision-hip arthroplasty carried out all operations. Fracture 
patterns included two B1, one C, one D and two B2 fractures. Injuries were incurred and treated between April 2019 and March 2024. 
Five patients suffered their injuries secondary to low-energy falls, one patient from a high-energy road traffic crash. One patient was 
transfused with a single unit of blood preoperatively, two patients required one and four units of blood postoperatively, respectively. 
Postoperatively, one patient developed AKI, another pneumonia. No surgical site infections were noted. There were no HDU or ITU 
admissions. All patients were either discharged home or transferred to in-patient rehabilitation. Clinical follow-up could be carried out 
for four patients after discharge. These patients returned to their activities of daily living, two still required walking aids at the time of 
follow-up. One patient represented five years later with clinical and radiographic signs of contralateral hip osteoarthritis and 
requesting consultation for a THA.

Radiographic follow-up could be obtained for five patients and ranged widely from 6 days to 5 years. Imaging verified maintenance 
of reduction of the fracture and implant position. Anatomical reduction could not be achieved in one case, leaving a fracture gap of 
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approximately 2 mm as measured on postoperative X ray. In this case, some small callus formation was noted in 6-week follow-up x- 
rays. In the three remaining cases with radiographic follow-up at 6 weeks or more, signs of consolidation were noted without callus 
formation. Reduction and implant position was consistently maintained in all cases. The longest period of radiographic follow-up was 
at just over 5 years. In this case of a UCS B2 fracture, fragments around the stem had first been reduced en bloc with wire-cerclages, 
effectively leaving a simple fracture which was reduced and then fixed first with a Synthes® Small-Fragment Locking Compression 
Plate™ (LCP) plate at the fracture apex. A Synthes® Large-Fragment Locking Compression Plate™ was then applied as a lateral 
tension-band plate.

Fig. 1 below shows a plain-film radiograph of periprosthetic UCS B2 fracture with a loose stem and spiral fracture extending distally 
to the tip of the femoral stem. Fig. 2 shows detailed relief of the reduced fracture with a Haygroves proximally and small fragment plate 
fixed distally across the fracture apex and Fig. 3 the completed fixation-intraoperatively. Figs. 4 & 5 show followup plain-film ra
diographs at 6 days and 5 years, respectively.

Discussion

Beyond the intraoperative practicality of utilizing a low-profile implant to maintain reduction, we assume that this construct in
creases stability in favour of direct bone healing, by increasing compression and rigidity, thereby reducing strain sufficiently to 
encourage primary bone healing [34,37,38].

Fig. 1. Plain radiographs showing a periprosthetic femoral fracture around a loosened stem.
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Fracture gap strain is defined as ΔL
L where L is the magnitude of fracture gap and ΔL is the change in fracture gap magnitude [33,39]. 

Direct healing (laminar bone) tolerates a strain of 2 %, whereas indirect healing (woven bone in callus) tolerates strain of up to 10 % 
[27,38,39].

Ideal circumstances for the induction of direct bone-healing require anatomical reduction with stable compression that reduces 
strain to below 2 %. Indirect bone healing would require a greater fracture-gap and a fixation sufficiently stable enough to mitigate 
strains beyond 10 % [27]. By the mechanisms of bone resorption and implant loosening described above, these fixations may develop 
strain in excess of 2 % and therefore what direct bone healing is able to tolerate. Bone resorption at points of high strain, that is at the 
fracture margins, will increase L and therefore decrease strain [27]. Osteoporotic bone complicates this situation for the reasons of 
reduced screw tear-out strength and compromised healing described above, which is in turn likely to lead to increase strain soon after 
fixation in bone with poor and slow healing tendencies, possibly even beyond 10 % and therefore the tolerances of woven bone 
altogether [24]. Comminuted fractures would in theory be easier to address in this respect as they may tolerate more movement as it 
relates to healing since movement and strain is shared among fragments within a zone of comminution [27,39].

Presumably, the method of fixation as we have described them here, are at least initially absolutely stable, compressed constructs if 
they can be reduced anatomically or nearly so. We assume that, in this situation of significant shear forces acting on bone of poor 
mechanical quality with slow healing tendencies, that ensuring a high degree of stability as can be achieved through anatomical 
reduction and the reconstitution of buttress/tension-band biomechanics at the time of fixation, creates a more advantageous biological 
situation for healing to take place than a lateral plate alone. This method appears to favour direct bone healing as follow-up radio
graphs showed no callus formation, with the one exception described above.

Single-plate constructs probably yield initial higher strain that is likely to later progress through a bone resorption and implant 
loosening as weight bearing progresses. We postulate strain in in these situations is more likely to exceed the tolerance of woven bone, 
thereby leading to mal or even non-union.

This assumption is reflected in the findings of in vitro studies showing that orthogonal dual plating of B1 fractures is shown to 
improve load and cycles-to-failure when compared to single plates augmented with locking attachment plates in cadaveric [40] and 
synthetic bone [35]. This method has been shown to improve union rates in Vancouver B1 type fractures to 92 % in a prospective trial 
[36] and to 98 % of cases for all types of diaphyseal fractures- in both native and periprosthetic femurs [41]. This method was not 
found to cost more surgical time, indeed surgical time was found to be reduced to single plating methods and even intramedullary 
nailing [36]. Orthogonal plating does not necessarily describe the technique we employ described here, however. Depending on the 
fracture pattern, an orthogonal plate may or may not play a role in buttressing the fracture so much as making the construct more rigid 
overall, whereas a plate placed at the fracture apex specifically would convey stability through buttressing.

Limitations

The retrospective nature of the study and paucity of cases represent the main limitations of this study. A significantly greater 
number of subjects with a standardized information profile to encompass factors such as: patient age, fracture patterns, indwelling 
implants (e.g. cemented vs. uncemented stems), degree of mobility pre- and postoperatively and comorbidities would serve to acquire 
a cohort more representative of the general population. Adding to this, standardized follow up periods to describe the short- mid- and 

Fig. 2. Intraoperative imaging showing application of a small fragment plate at the apex of a reduced, periprosthetic femoral fracture extending 
distal to the indwelling stem.
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long-term clinical and radiographic outcomes would improve the quality and resolution of the data which, even in our small sample, 
lacks in those respects. We continue to gather experience with this method and follow patients prospectively with the intent of building 
a greater cohort and therefore be able to better assess these techniques.

Conclusions

In conclusion, we find this method to be a useful addition to our armament in addressing UCS B1, C and D type fractures. The 
biomechanics of this construct, to us, represent a “mixed principles approach” to the problem of addressing diaphyseal fractures of the 
femur that are otherwise not amenable to intramedullary nailing. The main advantage of this approach is assumed to lie in increasing 
stability in a situation where a high degree of shear forces would otherwise generate strain in excess of what both direct and indirect 
bone healing are likely to tolerate in a population that is disproportionately affected by osteoporosis. Longitudinal examination of a 
greater number of cases would help shed light on these ideas and help improve our understanding of how to manage a growing 
incidence of such debilitating injuries.

Fig. 3. Intraoperative imaging showing final fixation of this UCS B2 fracture with a buttressing plate at the apex of fracture extending distal to the 
implant stem.
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