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Abstract

Introduction: Pertrochanteric fractures (PFs) frequently affect the lower limb of osteoporotic patients and represent
an important cause of morbidity and mortality in the elderly. In this prospective randomized controlled trial, we
have compared functional and radiological results and complications of patients affected by PFs treated with two
intramedullary proximal femoral nails.

Materials: We enrolled 323 subjects with PFs, classified according to AO/OTA system as 31.A1 (pertrochanteric
simple) and 31.A2 (pertrochanteric multifragmentary). Patients were divided into two groups according to the
osteosynthesis devices: group A, Elos-Intrauma® nail (155 cases) and group B, Gamma 3-Stryker® nail (168 cases).
Pre-operatively, the baseline characteristics of each patient (gender, age, weight and BMI) were collected.
Intraoperative blood loss, subjective pain by visual analogue scale (VAS), esthetic satisfaction, functional scores of
the hip by Harris Hip Score (HHS), and Western Ontario and McMaster Universities Arthritis Index (WOMAC) were
noted. The post-operative degree of fracture reduction was assessed. Each patient had a minimum follow-up of 12
months.

Results: The study group was composed of 106 male and 217 female with an average age of 854 (range, 65-90,
standard deviation (SD) 5.95) years. No statistical differences about sex and age distribution were noted between
the two groups. Group A reported lower intraoperative blood loss, 45 ml vs 51 ml, respectively (p < 0.001). There
was not any statistical difference about operative time. Group A had a better reduction of fracture (p =0.0347). The
greatest difference was detectable comparing subgroups 31.A2 (p =0.032). There were no statistical differences
about complication frequency and the overall rate was 25% (80 cases). Finally, there was no difference in terms of
VAS, HHS, and WOMAC score between the two groups on each follow-up. Patients of group A showed a higher
subjective satisfaction index at 1 post-operative year, 7.42 (SD 1.19) vs 6.45 (SD 1.35) of group B (p < 0.001).
Conclusion: Elos® nail is a reliable device on a short-term follow-up and represents an alternative choice to the
Gamma 3° nail, a well-known and appreciated system for over 25 years.
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Introduction

Pertrochanteric fractures (PFs) are frequent lesions of
the lower limb, generally associated with low energy
trauma of the elderly patient, older than 65 years, with
osteoporosis [1, 2], and they represent an important
cause of morbidity and mortality in these subjects [3, 4].

PFs are surgically treated with a closed reduction and in-
ternal fixation (CRIF) osteosynthesis by a cervical-cephalic
nail or a sliding hip screw [5-13]. Intramedullary nail is
the preferred synthesis because it allows a reduction of the
time of surgery, a stable synthesis and an early patient
mobilization [14]. In particular, these considerations are
valid for more stable PFs, classified with AO/OTA [15]
pattern 31-A1 (pertrochanteric simple) and 31-A2 (pertro-
chanteric multifragmentary).

Since PFs are an important health and economic prob-
lem, the use of constantly evolving effective tools that
allow us to reduce patient hospitalization and public
spending is essential.

Therefore, we carried out a prospective randomized
controlled trial in which we compared both functional
and radiological outcomes together with the complica-
tion rates of patients treated with two different intrame-
dullary proximal femoral nails.

Materials and methods

From July 1, 2015, to October 31, 2017, 741 consecutive
patients with pertrochanteric fracture were enrolled. All
patients were treated in the Orthopedics and Traumatol-
ogy department of S. Giovanni-Addolorata Hospital and
ICOT Hospital.

Inclusion criteria were as follows: age between 65 and
90 years old; fracture pattern AO/OTA [15] 31.A1 (per-
trochanteric simple) or 31.A2 (pertrochanteric multifrag-
mentary). Fracture classification was performed by
authors, experienced orthopedics (CP, MG, GS), on the
basis of AP and axial x-ray of proximal femur; surgery
performed within 48h from the trauma; a minimum
post-operative follow-up of 12 months; a good cognitive
and motor abilities, being able to walk without aids be-
fore the femur fracture.

Exclusion criteria were as follows: pathological frac-
tures or the presence of an on-going metastatic disease;
polytraumatized subjects; the presence of a high grade of
hip osteoarthrosis; hematological disease or therapy with
anticoagulants and antiplatelet drugs; patients with
American Society of Anaesthesiologists score (ASA
score) of 5.

We therefore excluded 418 subjects who did not
meet all inclusion criteria: 317 were treated with a differ-
ent device; 29 had a 31.A3 pattern [15] (intertrochan-
teric fracture), which was treated with a long
intramedullary nail or with a sliding hip screw; finally,
72 patients presented one or more exclusion criteria.
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Participants were divided by randomization into two
groups, A and B, according to their close reduction in-
ternal fixation (CRIF) by Elos-Intrauma® nail or Gamma
3-Stryker® nail, respectively. Randomization was done by
a clinician not enrolled in the study using random
blocks.

Pre-operatively, the baseline characteristics of each
subject (gender, age, weight, and BMI) were collected,
and the fracture pattern was classified according to the
AO/OTA system [15].

Surgery was performed by three of the authors (CP,
GM, and GS). Cefazolin 2 g was administered 30 min be-
fore surgery. Patients received a spinal anesthesia and
were operated in a supine position with the use of a
traction table. The pre- and intraoperative anatomical
reduction of the fracture was controlled by fluoroscopy.
The surgical technique was in accordance with the
protocol described by Mereddy [16] and Zhong [17].
The nail was distally stabilized with static or dynamic
screw according to fracture. For patients of group A,
with a 31.A2 fracture, in order to increase the stability of
the synthesis, an antirotational cervico-cephalic screw
was applied, in addition to the cephalic screw. The dur-
ation of surgery (time from the cutaneous incision to the
surgical suture) was recorded. In patients with narrow-
ing of proximal femur medullary canal, obstructing the
nail entry, a bore with burr was performed to obtain a
medullary diameter 1.5-2 mm greater than that of the
nail.

Intraoperative blood loss was recorded. The amount of
losses was calculated as “Blood Loss = [(Used gauzes
weight — Clean gauzes weight) — weight of Physiological
Solution used as washing]”. We did not use other swab
systems, such as aspiration with cannula, to make this
measurement as much reliable as possible.

Subjects underwent a standard post-operative rehabili-
tative protocol (when allowed by the patient’s clinical
status and osteosynthesis stability). It consisted of 1 day
of bed rest with passive mobilization of the lower limb,
followed by an assisted walking with tolerance weight
bearing. Usually, patients carried out rehabilitation
protocol for the affected hip for 1month post-
operatively.

Regarding post-operative clinical evaluations, follow-ups
were performed every 5 days for the first 15 days (to check
the general conditions and surgical suture), at 1, 6, and 12
months. At each evaluation, we noted the following: sub-
jective pain by visual analogue scale (VAS); esthetic satisfac-
tion by a subjective index, which consisted in a score value
included between 0 and 10, where 0 and 10 corresponded
to the minimum and maximum, respectively; functional
scores of the hip by two well-known systems, the Harris
Hip Score (HHS) [18]; and the Western Ontario and
McMaster Universities Arthritis Index (WOMAC) [19].
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Regarding radiographic evaluations, an x-ray control
was performed at the immediate post-operative and at
follow-up at 1, 3, 6, and 12 months. We assessed the de-
gree of fracture reduction through post-operative view,
according to Baumgaertner classification, modified by
Fogagnolo [20]. The consolidation delay was classified as
Mal-union if there was less than 50% bone contact be-
tween proximal and distal fragment at the x-ray or a col-
lapse of the cervico-diaphyseal angle, < 120°; Non-union
if there was a total lack of bone union after 6 months
post-operatively.

Statistical analysis
Calculation of sample size was done using G*Power
3.1.9.3 software (Heinrich-Heine-University, Dusseldorf,
Germany). According to post hoc Wilcoxon-Mann—
Whitney test, assuming an a-value of 0.05 (sensitivity of
95%) and a sample size group of 165 patients and 168
patients, the power achieved is 94% (S-value = 0.06). Sha-
piro—Wilk test was used to verify normal distribution of
samples. For unpaired group comparisons, the Mann—
Whitney U test was used. All statistical tests were two-
sided. p values <0.05 were considered as statistically
significant. All metric variables are reported as mean and
standard deviation. All statistical calculations were per-
formed using R 3.5.1 software (R Foundation for Statistical
Computing, Vienna, Austria, https://www.r-project.org).
The x> test was applied to verify a significant statistical
difference in terms of complications and fracture reduc-
tion. The significance level was set at p < 0.05.

Results

The final number of subjects enrolled in our study was
323 (155 in group A and 168 in group B). Between
groups A and B, no statistical differences emerged about
sex and age distribution. Seventeen percent of subjects
(55 cases) had a type 31.A1 fracture (28 in group A and
27 in group B), and 83% (268 cases) had a 31.A2 fracture
(127 in A and 141 in B). All data are reported in
Table 1.

Groups A and B had a mean intraoperative blood loss
of 45ml (£7.92 SD) and 51.3 ml (+ 10.54 SD), respect-
ively. A significant difference was found (p < 0.001). Stat-
istical differences were also found according to the
boring of femur canal, performed in 3 and 24 subjects of
groups A and B, respectively (p <0.001). Regarding sur-
gery duration, in group A, the mean time was 43 min (+
7.19 SD), and in Group B was 42 (+ 7.4 SD), (p =0.63).
About post-operative fracture reduction, in group A
emerged a statistical better result, (p = 0.035). The great-
est difference was detectable comparing subgroups
31.A2 (multifragmentary of great trochanter and supero-
lateral metaphyseal cortex), with a p value of 0.032. No
difference was found comparing 31.A1 subgroup in two
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Table 1 Baseline characteristics of the study sample

n (%) Range (mean + SD)

Group A 155

Age 65-90 (85.1 SD 642) ys

Gender M 51-F 104

31.A1 28 (18.1%)

31.A2 127 (81.9%)
Group B 168

Age 66-90 (85.7 SD 548) ys

Gender M 55-F 113

31.A1 27 (16.1%)

31.A2 141 (83.9%)

n number; SD standard deviation; ys years

groups, p=0.92. Data regarding fracture reduction is
shown in Table 2.

There were no statistical differences about complica-
tions rate. Overall rate was 24.8% (80 cases, 37 in group
A and 43 in group B). We observed 4 lag screw cut-outs
in group A and 8 in group B; 5 and 2 local infections
were registered in groups A and B, respectively; 2 con-
solidation delays in group A and 4 in group B (Malunion
with cervical-metaphyseal varus scomposition, < 120°); 1
proximal screw dislocation in the soft tissue in group B;
1 femoral fracture close to the nail distal tip in group A;
2 nail breakage in group A. Due to these adverse events,
8 and 11 patients of group A and B, respectively, were
submitted to re-surgery. Finally, 23 subjects in group A
and 28 in group B died for other reasons before the first
post-operative (po) year.

Table 2 Post-operative fracture anatomical reduction according
to Fogagnolo classification

Reduction Group A n. Group B n. p value
(31.A1 + 31.A2) (31.A1 + 31.A2)
Good 108 94 *0.0347
Acceptable 38 57
Poor 9 17
Reduction Group A n. Group B n. p value
(31.A1) (31.A1)
Good 20 18 092
Acceptable 7 8
Poor 1 1
Reduction Group A n. Group B n. p value
(31.A2) (31.A2)
Good 88 76 *0.032
Acceptable 31 49
Poor 8 16

n number of patient; *statistically significant p value
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Table 3 Subject pain and functional scores of the hip at each
post-operative follow-up

Mean (SD) Group A mean (SD) Group A p value

VAS 1d 5.95 (143) 6.18 (142) 0.074
15d 433 (151) 4.57 (1.63) 0.098
Tm 3.3 (046) 3.38(0.82) 0.1
6m 0.74 (0.56) 0.63 (0.55) 0.109
12m 048 (0.5) 043 (0.5) 0421

HHS 6m 85.14 (7.55) 84.25 (8.19) 0438
12m 8934 (7.56) 89.84 (7.55) 0.56

WOMAC 6m 79.2 (7.88) 7831 (8.39) 0.399
12m 8461 (769) 84.82 (7.75) 0.777

VAS visual analogue, HHS Harris Hip Score, WOMAC Western Ontario and
McMaster Universities Arthritis Index, d post-operative day/days, m post-
operative month/months, SD standard deviation

As shown in Table 3, no statistical difference was re-
ported comparing VAS score at 1 day (p = 0.074), 15 days
(p=0.098), 1, 6, and 12 months post-operatively (p = 0.1;
0.109; 0.421, respectively), HHS at 6 and 12 months
post-operatively (p = 0.438; 0.56, respectively); WOMAC
at 6 and 12 months post-operatively (p = 0.399; 0.777, re-
spectively) between the two groups. Finally, a significant
difference was found in the subjective satisfaction index.
Patients of group A reported a higher index compared
with group B, with mean values of 7.42 (SD 1.19) and
6.45 (SD 1.35), (p value < 0.001).

Discussion
PFs represent the most frequent cause of hospitalization
in an orthopedic department [11]. The treatment of these
fractures must be aimed to early assisted walking restor-
ation, to reduction of hospitalization time and of morbid-
ity of the patient. Factors associated with a better outcome
are an early treatment, an anatomical reduction of frag-
ments, a stable osteosynthesis, an early mobilization, and a
full weight bearing and walking [21, 22]. Following these
principles, we carried out a randomized prospective study
and we compared functional and radiological outcomes
and complication rate in patients treated with two differ-
ent proximal femoral nail for a pertrochanteric fracture.
Considering the baseline demographic characteristics,
we found no significant differences between the two
groups. This result is due to the randomization process of
the patients. A lower intraoperative blood loss was de-
tected in patients of group A, even if the real difference
was minimal (< 10 ml). This result may be due to the de-
sign of the Elos® nail, in which the cephalic screw and the
distal locking screw (both in the static and dynamic pos-
ition) can be inserted through a single, minimally invasive,
cutaneous access permitting this nail to be implanted with
only 2 mini-open surgical accesses (Fig. 1a, b). However,
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Fig. 1 Elos® nail can often require only 2 mini-open surgical
accesses. a Proximal access, b distal access

in case of obese patients, as shown in Figs. 2 and 3a, b two
cutaneous accesses will be needed to introduce both ceph-
alic and distal screws. In our sample, two different ac-
cesses were needed in only 25 cases. In addition, due to
the smaller diameter compared with Gamma 3° (10 mm
vs 11 mm), Elos® nail required fewer bores of the femoral

Fig. 2 The cephalic and the distal locking screws of the Elos® nail
can often be inserted through a single cutaneous access, according
to the anthropometric characteristics of the patient, as the

thigh circumference
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Fig. 3 a Cephalic screw insertion; b distal locking screws insertion

canal (3 vs 24); it could justify also the lower intraopera-
tive blood loss.

Duration of surgery was similar in the two groups, the
two devices were applied following the same technique
[16, 17] and surgery was performed by the same surgeons.
Regarding fracture reduction, the result obtained in group
A was better than that in group B. This data could be due
to the different nail interfragmentary compression systems
of the cervical-metaphyseal fracture. Gamma 3° nail re-
duces the fracture backing the cephalic screw; the Elos®
nail, on the other hand, reduces the fracture by medially
translating the whole introducer handpiece-nail system.
This feature is particularly advantageous in patients with
multifragmention of greater trochanter and supero-lateral
metaphyseal cortex (pattern 31.A2 according to the AO
classification [ 15]). Figures 4 and 5 show pre and post-
operative x-rays of patients treated with Gamma 3 and
Elos® nails, respectively.

The overall complication rate in our study was 25%;
it is similar to those of other authors [11, 23-26].
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According to the literature, the cut-out of the lag
screw is the most frequent complication of the nail
for proximal femur fracture [11, 23, 27-31] with an
occurrence rate between 1 and 5% of surgeries [11,
23-26] causing the 84% of failures and revision sur-
gery of these devices [32]. We found this complica-
tion in 3.7% of patients and only 4 of them occurred
in group A. This finding may be due to the optional
antirotational screw of the Elos® nail in addition to
the cephalic screw. In the literature, it is reported
that the three main factors causing the screw cut-outs
are the presence of a multifragmentary and unstable
fracture, the non-anatomical reduction of the frag-
ments and of the cervico-diaphyseal angle, and the
wrong position of the lag screw [29]. A combination
of all three factors leads to a high probability of cut-
out [23]. For a good reduction, the cervico-diaphyseal
angle must be >130° the cephalic screw must be po-
sitioned in the inferior-central quadrant or, alterna-
tively, in the inferior-anterior or inferior-posterior
quadrants; finally, the distance between medial cortex
of the femoral head and the screw’s apex must never
be greater than 2.5cm [23].

Regarding the perceived pain and the functional out-
comes assessed by HHS and WOMAC scores, the two
groups did not show differences in both 6- and 12-
month post-operative evaluation. Probably, this result
was obtained because all patients were subjected to the
same rehabilitation protocol, and because the two nails
have an overlapping reliability.

Finally, the subjective esthetic result was better in
group A. Patients treated with Elos® nail reported a
greater liking at follow-up at 1year, probably because
they had, in most cases, only two surgical incisions,
compared with three incisions of the group B patients.

Our study has some limitations; the low number of
enrolled patients and the duration of the minimum
follow-up at only 1 year, which does not allow the
long-term evaluation of outcomes and complications,
are the main ones.

3® nail

Fig. 4 Pre-operative and post-operative x-rays of a patient with a pertrochanteric fracture (31.A1, pertrochanteric simple) treated with Gamma
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Elos® nail

Fig. 5 Pre-operative and post-operative x-rays of a patient with a pertrochanteric fracture (31.A2, pertrochanteric multifragmentary) treated with

Conclusion
In this study, we compared functional and radiological
results and complications of patients who underwent to
osteosynthesis by Elos® or Gamma 3° nails, for a pertro-
chanteric fracture. In the Elos-group, we have registered
a lower intraoperative blood loss, a better anatomical re-
duction of the fracture, particularly in patients with mul-
tifragmention of great trochanter and supero-lateral
metaphyseal cortex, and a greater esthetic result. On the
other hand, complication rate, post-operative perceived
pain, and functional outcomes were similar between the
two groups.

According to our short-term follow-up results, we
propose the Elos® nail as a reliable device. Overall, it
may represent a valid choice for the orthopedic surgeon.
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