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only 34%) [14]. The authors also turned out that the decrease was not 
significant for patients 80 and older, whereas the age is a major risk factor 
for hip fracture [5,15,16]. In comparison to these medicinal methods, 
surgical prevention has the advantage to be immediately effective, 
without regular intake and several surgical techniques, including 
femoroplasty, injection of silicone, and metallic spiral augmentation, 
have been the object of biomechanical investigations [17-20]. But 
despite their potential ability to reinforce strongly the proximal femur, 
they have not been tested through clinical trials owing to their major 
drawbacks (use of an important amount of cement inducing necrosis, 
leading to atypical fractures and making the revision complex if need 
be) [17,18]. One device - consisting in a titanium tubular screw with a 
coated hydroxyapatite thread, inserted in the axis of the femoral neck 
by minimally invasive surgery - was evaluated during a clinical trial, 
showing the feasibility and safety of a prophylactic surgery in case of 
a first fracture in the opposite hip [21]. However patient disability has 
not permitted to demonstrate the whole benefit of the device since 
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Introduction
More than 2 million hip fractures are reported annually worldwide 

[1]. The occurrence is expected to increase with growing and aging of 
the population, aggravating this public health issue [2]. A hip fracture, 
even with a surgical treatment well managed with high success rate, 
remains a traumatic event for the elderly. This event often initiates a 
radical worsening of their quality of life, including functional and vital 
consequences, leading to dependency. Besides, the mortality rate after a 
first hip fracture is between 15 and 33% at 1 year [3,4].

In the elderly population, hip fracture is often the result of a low-
energy fall linked to a daily life activity, and it is associated with a change 
in the bone structure naturally linked to age: Osteoporosis. Around 9% 
of patients treated for a hip fracture are victims of a second fracture of 
the opposite side during the year following the first fracture, and this 
rate increase to 20% at 5 years, leading to a dramatic increase of the 
mortality risk reaching 64% within 5 years [5]. 

To date, existing preventive solutions are weakly convincing; first, 
efficiency of hip protectors has not been proved and they are rarely 
used because of a low compliance [6]. Secondly, the efficiency of the 
medication treatments for osteoporosis is limited, especially because the 
patient’s compliance is very low [7,8]. The adverse side effects of these 
treatments are often an obstacle to a long-term intake: Jaw necrosis, 
oesophageal and gastric complications, atypical fractures [9-13]. On the 
other hand some drug treatments are efficient to reduce the hip fracture 
rate only after 12 to 36 months of use [7]. Another study showed that the 
effectiveness of these treatments were limited (risk fracture reduction of 

Abstract
A prevention dedicated osteosynthesis device (Y-STRUT®, Hyprevention) was developed to reinforce the proximal 

femur on patients with high risk of fragility hip fracture. A multicentre pilot study was initiated to evaluate the feasibility, 
safety and tolerance of this device and the related operative procedure. 

This clinical study is an on-going prospective series of 15 patients. Between February 2013 and December 2016, 10 
patients were implanted. Patients were recruited when arriving to emergencies following a low-energy trauma leading 
to a pertrochanteric hip fracture. The device was implanted in combination with bone cement into the contralateral hip 
during the same anaesthesia as the fractured hip fixation. Clinical evaluation includes pain evaluation, functional status, 
and osteointegration of the device.

Mean age of patients was 82 ± 7 years. Mean duration of implantation was 56 ± 19 min for Y-STRUT® implantation 
and 37 ± 24 for fracture fixation in the opposite side. Mean cement quantity injected was 8 ± 1.6 ml. At 3 months, 
WOMAC scores for pain and functionality were 5 and 24, respectively and 4 and 18 at 12 months. Mean follow-up is 16 
± 12 months. No patient died during the follow-up. No osteolysis nor post-operative fracture were observed.

Preliminary results of this prospective study showed the feasibility, safety and tolerance of the implantation of this 
new device. Further patients are required to confirm this experience and confirm efficacy of the device to reduce the 
risk of contralateral hip fracture during the first year after the first fracture when elderly patients are at the highest risk of 
fracture and mortality and the anti-osteoporosis medication prescribed at fracture is not yet efficient.
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only 31% of included patients returned to their pre-injury walking 
ability. To address the issue of hip fragility fracture prevention, a new 
medical device, Y-STRUT® (Hyprevention, France), was developed to 
be implemented in the proximal femur by minimally invasive surgery 
[22,23]. Biomechanical tests on human osteoporotic femurs showed that 
the implantable medical device, placed in the proximal femur, increases 
the bone fracture load and energy to fracture in case of fall without 
modifying or worsening the nature of the fracture [24]. Its performance 
in biomechanical reinforcement has also been shown in case of multiple 
falls through cyclic testing.

Besides, this device has already been studied in patients with 
impeding pathological fractures due to lytic tumorous lesions located on 
the proximal femur [25]. This article reports an analysis of preoperative 
and postoperative (short-term and mid-term) preliminary data from 
the first 10 patients implanted with Y-STRUT® device in osteoporotic 
patients with a first hip fracture and at high risk of contralateral fracture. 
It should be noted that another article has already been published to 
present the initial results of this study [26].

Materials and Methods
A multicentre, single-arm, prospective and international study was 

initiated in order to assess Y-STRUT® medical device in an orthopaedics-
traumatology indication-prevention of contralateral hip fracture [25,26]. 
A cohort of 15 patients with a 5 year follow-up is planned.

The study was performed according to the Declaration of Helsinki 
and with the approval of the Human Ethics Committees and the 
Competent Authorities of France (ANSM-“Agence Nationale de Sécurité 
du Médicament et des produits de santé”) and Belgium (AFMPS-“Agence 
Fédérale des Médicaments et des Produits de Santé”). All investigation 
variables were collected using electronic Case Report Forms (CS Online, 
Clinsight).

Population

The patients included in the study were older than 60 years old 
with suspected or known osteoporosis (defined by a T-Score inferior 
or equal to-2.5), suffering from a pertrochanteric fracture further to a 
low-energy trauma, and having a risk of new fall (falls history, ocular 
diseases, use of walking aids, dizziness, important walking ability) [27-
31]. In addition, the 10-year probability of hip fracture, given by the 
Fracture Risk Assessment Tool-FRAX was estimated for each patient 
[32]. Patients who agreed to participate by signing the informed consent 
underwent the surgical procedure within 24 to 72 h following their 
admission.

Studied device and surgical technique

Y-STRUT® device (Hyprevention, France) is an implantable medical 
device composed of two implants assembled in situ. The implants are 
made of radio-transparent polymer PEEK and include visualizing 
markers made of tantalum. It is combined with PMMA bone cement, 
radio-opaque and with a low viscosity in order to allow smooth injection 
through the peripheral perforations of the implants, to ensure the bone 
anchoring of the device and increase the surface contact between the 
implants and the weak/osteoporotic bone (Figures 1a and 1b). 

The surgical procedure is a percutaneous internal fixation of 
the proximal femur. All procedures were performed under general 
anaesthesia due to the simultaneous hip fracture fixation. Patients were 
in supine position on an orthopaedic traction table. The device was 
implanted contra laterally, after surgical treatment of the hip fracture 
and under the same anaesthesia (Figure 2). It was inserted through a 

minimally invasive procedure with only 2 small incisions of 1 to 2 cm 
in the thigh, by means of a specific instrumentation kit (Hyprevention, 
France) and under imaging control (Figure 3).

First, a guide wire was inserted parallel to the axis of the femoral 
neck, in the upper third part of the proximal femur. After drilling of the 

Figure 1a: Y-STRUT® implants-schematic view.

Figure 1b: Controlateral prophylactic prevention with Y-STRUT® implants 
x-rays view.

 
Figure 2: Percutaneous approach.
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first implant bed, a template was used during the second phase, where 
a second guide wire and drill were used for the second implant bed. 
A pilot instrument allowed directing the second drilling to assemble 
safely the 2 implants in situ, with an angle of 30° between both implants. 
At the end of the procedure, PMMA bone cement is injected through 
catheters directly inserted in the cannulated implants. Progressive 
cement injection into the implants is controlled by imagery to avoid 
cement leakages.

After the intervention, patients followed the rehabilitation protocol 
prescribed for their fracture, without additional rehabilitation with 
respect to the contralateral device.

Patients were followed by medical consultations and radiographic 
exams at short-term (3 weeks, 3 months and 6 months), mid-term (12 
months), and long term (follow-up on-going to 5 years).

Endpoints

The objectives of this investigation were to assess the procedure 
feasibility and safety as well as the short-term and mid-term device 
tolerance. We analysed the technical data of the procedure, its duration 
and per-operative adverse events. Tolerance of the device was evaluated 
by analysing the device stability and osteointegration on imagery, by 

using pain assessment by visual analog scale (VAS). WOMAC scores 
for pain and functionality were also assessed. All related adverse events 
were collected.

Results
We analysed the results for the 10 first patients (9 female, 1 male) 

included between February 2013 and December 2016. Mean follow-up 
duration was 16 months (range 5 to 47 months).

Mean age and BMI of patients were 82 ± 7 years and 25 ± 6 kg/
m2, respectively. Bone mineral density of patients was measured at 
3-month follow-up; Osteoporosis was confirmed at 3 months with a 
mean T-Score of -3.20 ± 1.2. Mean FRAX was 34% (range 5 to 74). 

Six different orthopaedic surgeons performed the 10 procedures (1 
to 3 cases by surgeon), with a mean intervention duration of 56 ± 19 
min for device implantation and 37 ± 24 for hip fracture fixation in the 
opposite side. Mean cement quantity injected was 8 ± 1.6 ml. 

Mean duration of hospitalisation was 14 days (range 5 to 29 days) 
and was always related to the hip fracture treatment on the opposite 
side. No additional rehabilitation was needed with respect to the one 
set up for the fracture. Walking recovery was not delayed by the device 
implantation. All patients could resume walking at hospital discharge. 

Figure 3: Radiographs showing the consecutive steps of the operative technique: (a) Positioning of the guide wire,  (b) Drilling implant 1 location site, (c) positioning the 
template and the guide wire 2, (d) Drilling implant 2 location site, (e) Positioning of implant 1 (visualizing marker on the head side over the guide wire), (f) Positioning 
of implant 2 and control of implants positioning (the 2 distal markers form a V shape), (g, h) Cement injection on both sides.

Follow-up 3 weeks 3 months 6 months 12 months 24 months 36 months
Number of patients 10 10 9 4 2 1
Missing patient 0 1 3 1 0 0
Mean pain in the fractured hip (VAS) 1.8 ± 1.1 2.7 ± 3.6 1.3 ± 1.4 2.3 ± 1.2 3 ± 2 2
Mean pain  in the Y-STRUT hip (VAS) 0.9 ± 1.2 2.2 ± 2.6 2.7 ± 2.9 3.4 ± 2.6 3 ± 2 0
Mean WOMAC pain Not evaluated 5 ± 5 3 ± 6 4 ± 2 Not evaluated Not evaluated
Mean WOMAC function Not evaluated 24 ± 17 17 ± 14 18 ± 8 Not evaluated Not evaluated

NB: Two patients were lost to follow-up at 10 and 18 months, respectively
Table 1: Data collected during follow-up.
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Two cases of non-device related serious adverse events were reported 
in this cohort (thromboembolic event and anaemic episodes) and may 
rather be related to the treatment of the fractured hip done under the 
same anaesthesia. There was no case of wound infection nor bleeding; 
all patients achieved a complete wound healing at 3 month follow-up.

One case of cement leakage was reported: a patient experienced a 
high pain and was quickly hospitalized to remove an excess of cement 
located in soft tissues, which immediately resolved the pain. Median 
pain at the device implanted hip was 1 (range 0 to 4) at 3 week follow-
up, indicating a very good short-term tolerance of the device. At 3 
months, WOMAC scores for pain and functionality were 5 and 24, 
respectively, and 4 and 18 at 12 months.

Radiographic exams showed that the device remains in place in 
the bone and was stable 3 months after the intervention. None post-
operative fracture was reported during the follow-up (Table 1).

Discussion
Y-STRUT® was developed to offer a reinforcement solution for the 

prevention of fragility hip fractures in osteoporotic elderly patients 
with the advantage of being efficient immediately and constantly from 
implantation, contrary to non-surgical strategies such as osteoporosis 
drugs needing a difficult patient compliance to a long-term treatment 
and achieving efficacy after several years of administering or hip 
protectors not worn all day [8]. 

Otherwise, the technique of cementoplasty studied in several 
articles has major disadvantages due to the use of a gross amount of 
cement to achieve reinforcement leading to the risk of difficult revision 
and subtrochanteric fracture [17,18]. In this new technique, cement 
is needed to improve the contact surface and fix the implants into the 
bone and a very low amount of cement is used (8 ± 1.6 ml) comparing 
to Heini and Sutter (36 ml and 47 ml, respectively) [17,18]. 

One of the issues of preventing a second hip fracture is to identify 
the right patients who could fully benefit from the prevention, that is to 
say patients with the highest risk of new fracture. As shown on the study, 
FRAX assessment is a good tool to identify these specific patients. In 
addition, physicians, who could be the orthopaedic surgeon, the ortho-
geriatrician or geriatrician, the rheumatologists, have to evaluate the 
patients who are likely to have a second fracture by taking into account 
the activity of the patients before their first fracture and their medical 
history (ocular disease, dizziness, etc.).

Patients were recruited at the emergencies, thus the fixation of 
the fracture is planned quickly and the preventive act as to be decided 
simultaneously to be performed during the same intervention. 
Prophylaxis implied to not make patients running important risks with 
respect to the benefits. Indeed, operating the 2 hips leads to a unique 
anaesthesia and hospitalisation and mostly limits the risk of second 
fracture that will require a new surgery and hospitalisation and will 
lead to dependency and comorbidity in most of the cases [3]. Besides, 
in the study, longer anaesthesia (56 ± 19 min) was not related to any 
complications. Operation duration was longer than the additional 20 
min reported by Giannini in his cohort of 34 patients [21]. These first 
10 cases were performed by 6 different surgeons (1 to 3 cases by clinical 
center) and a learning curve should significantly reduce this additional 
operative time.

Besides, the mean hospitalization duration was not lengthened by 
the device implantation, as well as the rehabilitation protocol for the hip 
fracture fixation which was not modified by this second intervention. In 

this first cohort of patients, the results have shown the feasibility and safety 
of the operative technique. Imaging control at 3 months has shown a good 
stability and osteointegration of the medical device and a good tolerance by 
the patients with a median pain of 1 at 3 week follow-up.

Finally, no fracture was reported after an average follow-up of 16 
months (range 5 to 47 months)-and no patient died during the follow-
up. All patients recovered full walking ability not achieved in the other 
similar technique-suggesting the potential of this new technique [21].

Conclusion
Preliminary results from this first-in-man study showed the 

feasibility and safety of this new mini-invasive surgical approach 
to limit the risk of contralateral fragility hip fracture during the first 
year following the first fracture when the patients are at the highest 
risk of contralateral fracture and death. Besides tolerance was also 
demonstrated, making Y-STRUT® an encouraging solution for the 
osteoporotic elderly. Thus, more data (longer follow-up and a larger 
cohort of patients) are expected to confirm the clinical efficacy of the 
studied device.
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