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Abstract
Inter-implant fractures are associated with reduced quality of life and increased 1-year mortality. For that reason, we propose, 
instead of treating, a novel, preventative surgical approach that involves splinting the inter-implant femoral shaft interval. In 
patients with a previous femoral implant in whom a second surgery for new material implantation was necessary (including 
knee or hip arthroplasty, plate or femoral nailing), an overlapping technique using the minimally invasive plate osteosynthesis 
technique was performed during the second surgery. Nine patients were included, all females with median (range) age of 78 
(55–88) years. No surgery-related complications or mortality occurred. Two patients suffered fractures from a casual fall 
postoperatively with no implant failure or hospital admission required. In conclusion, instead of treating such fractures after 
they occur, we propose an effective, safe and reproducible preventative surgical approach, not previously reported, which 
involves internal femoral splinting, a plate and the minimally invasive plate osteosynthesis technique.
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Introduction

The number of patients with a total hip arthroplasty (THA) 
and total knee arthroplasty (TKA) or other implants in the 
same leg is increasing [1, 2]. These patients are at risk not 
only for peri-prosthetic, but also inter-implant fractures 
with an estimated incidence of 1.25% [3]. In addition to 
increased healthcare costs due to prolonged hospital stays 
[4] and reduced quality of life, 1-year mortality after peri-
prosthetic femoral fractures has been estimated at 18% [5]. 
To minimize complications associated with inter-prosthetic 

fractures, we propose a novel prophylactic treatment that 
involves splinting. Data of this novel prophylactic treatment 
are provided based on a case series.

Patients and methods

This was a prospective, unicenter study based on a series of 
consecutive patients at risk of inter-implant femoral frac-
tures. This study was conducted in accordance with the 
principles of the Declaration of Helsinki while a high level 
of confidentiality, in terms of the protection of personal 
data as required by Spanish Law (LOPD 15/1999), was also 
ensured. Written informed consent was obtained from all 
participants.

All consecutive patients attended from April 2014 to 
April 2018 with a previous femoral implant in whom a sec-
ond surgery involving newly implanted hardware was neces-
sary (including knee or hip arthroplasty, plate insertions and 
femoral nailing) were included. During the second surgery, 
an overlapping plate was placed by minimal invasive plate 
osteosynthesis (MIPO), to prevent inter-implant fractures. 
An associated interlocking procedure could be done when-
ever possible. Date of birth, gender, as well as the primary 
implant, indication for the second surgery, second implant, 
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splinting procedure, complications, mortality and dates 
related to discharge, were collected.

Baseline characteristics were summarized using standard 
descriptive statistics, and a descriptive analysis was carried 
out. Continuous variables were described as median (range), 
and categorical data were summarized as absolute frequency 
and percentages.

Results

A total of nine patients were included. Patient characteristics 
and results are summarized in Table 1. All the patients were 
female, with median (range) age of 78 (55–88) years. The 
right femur was affected in six of the nine patients. The most 
frequent primary implant was TKA, which was present in 
five patients. Other primary implants were THA (n = 1), a 
dynamic hip screw system (DHS) (n = 1), dynamic condylar 
screw system (DCS) (n = 1) and knee fusion nail (n = 1).

Preventive approach of inter-implant fractures

The most frequent indications for the second surgery were 
a proximal femoral fracture, which occurred in six patients. 
Patients with a proximal femoral fracture were treated with 
total hip arthroplasty if the fracture was sub-capital (n = 3), 
intramedullary nailing if the fracture was subtrochanteric 
(n = 2), and a 130° angle blade plate (ABP) if the fracture 
was peri-trochanteric (n = 1). The second surgery indica-
tions for the remaining three patients were a supracondylar 
peri-prosthetic fracture (n = 1), knee arthroplasty instability 
(n = 1) and hip osteoarthritis (n = 1), which were treated with 
a less invasive stabilization system (LISS) plate, knee arthro-
plasty replacement and total hip arthroplasty, respectively.

An overlapping plate was inserted in all of these 
patients during the second surgery, via the MIPO 

technique—employing a locking compression plate in 
eight patients and a low contact dynamic compression plate 
in one—with interlocking performed in two of the nine 
patients.

Median time between the first implantation and the sec-
ond surgery was 41 months (range 1–120) with a mean time 
of 46.7 months (SD 37.8).

Two patients suffered a casual fall after their prophylactic 
procedure. One of these patients suffered a posttraumatic 
fracture in the gap between the implants, without plate fail-
ure (Fig. 1); for this patient, hospital admission was unneces-
sary. In the other patient, a fracture in the contralateral proxi-
mal femur was observed, but no femoral lesion was detected 
on the side ipsilateral to the prophylactic procedure (Fig. 2).

Discussion

Although the real incidence of fractures between implants 
remains unknown, this is estimated to be 1.25% [3]. This 
incidence is only expected to rise, primarily because of 
the steadily aging population and the increasing number of 
patients with femoral implants.

Consistent with previously reported patients with peri-
prosthetic femoral fractures [5], we observed an average 
age in our patients in the mid-seventies. Age is an impor-
tant issue, because the associated risk of falls and the bone 
properties change with age, including reduced bone mineral 
density and cortical thickness.

Prosthetic stems and femoral nails also reduce femoral 
fracture strength, with an in vitro fracture strength reduction 
of 32% [6] and in vivo risk of fracture in patients with two 
intramedullary devices (stem or nail) of 20% higher relative 
to femurs with only a single prosthesis, mainly, as a result 
of elevated stress between the tip of the nail and the tip of 
the stem [7].

Table 1  Individualized patient data

ABD angle blade plate, DCS dynamic condylar screw, DHS dynamic hip screw system, KFN knee fusion nail, LCP locking compression plate, 
LC-DCP low contact dynamic compression plate, LISS less invasive stabilization system, THA total hip arthroplasty, TKA total knee arthroplasty

Patient Age Sex Side Previous implant Indication for the second surgery Second implant Overlapping 
technique

Postoperative 
complications

1 84 F Right TKA Hip arthritis THA LCP None
2 64 F Left TKA Sub-capital femoral fracture THA LCP None
3 74 F Light DCS Peri-trochanteric fracture ABP LC-DCP None
4 55 F Right THA TKA instability TKA LCP None
5 84 F Right TKA Subtrochanteric fracture Femoral Nail LCP None
6 88 F Right DHS Peri-prosthetic fracture LISS plate LCP None
7 72 F Right TKA Subtrochanteric fracture Femoral Nail LCP None
8 82 F Right TKA Sub-capital femoral fracture THA LCP None
9 78 F Left KFN Sub-capital femoral fracture THA LCP None
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Fig. 1  Patient with a femoral fracture between the implants secondary 
to a casual fall months after having an overlapping prophylactic plate 
implanted. a Left hip osteoarthritis, b treated with total hip arthro-

plasty and overlapping prophylactic plate (arrow) total knee arthro-
plasty stem tip. c Posttraumatic femoral fracture through the gap 
between implants (*). d Wide view of the femoral fracture

Fig. 2  Patient with a proximal 
femoral fracture on the con-
tralateral side after a casual fall 
with no lesions in the previously 
splinted femur. a Preventative 
overlapping plate in a patient 
with a unilateral knee fusion 
nail and total hip arthroplasty. 
b Contralateral sub-capital 
femoral fracture, c treated with 
total hip arthroplasty
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The main goal for patients with an inter-implant femoral 
fracture is to create a construct that allows for the balanced 
distribution of strain along a neutral axis, while achieving 
appropriate axial and rotational stability [1].

Prophylactic overlapping is a less aggressive technique 
that consists of implanting a plate (a locking compression 

plate in most patients) during a second surgery, using the 
MIPO technique. This technique provides angular sta-
bility with the locking compression plate (LCP) plates 
and has benefits that include less soft tissue dissection 
(Figs. 3, 4). This is an important issue in elderly patients 
who usually have delay heeling of the surgical incision 

Fig. 3  a Subtrochanteric right femoral fracture in a patient with a 
total knee arthroplasty stem. b Fracture treatment with intramedullary 
nailing; (*) proximal interlocking; (arrow) distal lap plate. c Intraop-

erative X-ray images. d Skin incisions using the minimally invasive 
plate osteosynthesis (MIPO) technique

Fig. 4  a, b Supracondylar fracture in a patient with total knee arthroplasty and a proximal dynamic hip screw system (DHS); c overlapping of 
the implant gap with a locking compression plate (*); d, e skin incisions and wide view of the locking compression plate
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and an increased risk of surgical site complications [8, 
9]. Moreover, using an interlocking procedure in patients 
with femoral intramedullary nails can increase stability 
(Fig. 3).

The main problem with surgeons focusing their efforts 
on treating, rather than preventing inter-implant femoral 
fractures, is the sequelae associated with these fractures, 
which include 22% of patients dying before fracture union 
[10], almost 18% within 1 year and 80% of the deaths 
within 3 months [5]. Another important issue is the eco-
nomic burden of these fractures, with reported average 
hospital charges of US$ 24,831 (± 18,739) for peri-pros-
thetic femoral fractures [5].

It is important to emphasize that two of our patients 
suffered a casual fall within months of their prophylactic 
procedure, with no implant failure and no hospital admis-
sion required in one of them (Fig. 1) and a femoral fracture 
in the contralateral thigh without injury on the plated side 
(Fig. 2) in the other one.

For all these reasons, instead of waiting for fractures 
to happen in patients with multiple implants in the same 
lower limb, we propose prophylactic treatment to prevent 
these fractures.

Some limitations are that effectiveness and safety of our 
preventive approach of inter-implant fractures have to be 
validated in future studies in which the aim is the number 
of inter-implant fractures avoided. Moreover, this is a case 
series, but it should be mentioned that the aim of this study 
was to describe and to propose a new approach to avoid 
inter-implant fractures.

Conclusions

Instead of treating, we propose an effective, safe and 
reproducible preventative surgical approach, not previ-
ously reported, which involves internal femoral splinting, a 
plate and the minimally invasive plate osteosynthesis tech-
nique. The effectiveness and safety of this new preventive 
approach for inter-implant fractures should be validated in 
future clinical studies.
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