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Abstract
Background Recently, two novel concepts for intramedullary nailing of trochanteric fractures using a helical blade or 
interlocking dual screws have demonstrated advantages as compared to standard single-screw systems. However, these two 
concepts have not been subjected to a direct biomechanical comparison so far. The aims of this study were to investigate in 
a human cadaveric model with low bone quality (1) the biomechanical competence of nailing with the use of a helical blade 
versus interlocking screws, and (2) the effect of cement augmentation on the fixation strength of the helical blade.
Methods Twelve osteoporotic and osteopenic human cadaveric femoral pairs were assigned for pairwise implantation using 
either a short TFN-ADVANCED Proximal Femoral Nailing System (TFNA) with a helical blade head element or a short 
TRIGEN INTERTAN Intertrochanteric Antegrade Nail (InterTAN) with interlocking screws. Six osteoporotic femora, 
implanted with TFNA, were augmented with bone cement. Four groups were created: group 1 (TFNA) paired with group 2 
(InterTAN), both consisting of osteopenic specimens, and group 3 (TFNA augmented) paired with group 4 (InterTAN), both 
consisting of osteoporotic specimens. An unstable trochanteric AO/OTA 31-A2.2 fracture was simulated and all specimens 
were tested until failure under progressively increasing cyclic loading.
Results Stiffness in group 3 was significantly higher versus group 4, p = 0.03. Varus (°) and femoral head rotation around the 
femoral neck axis (°) after 10,000 cycles were 1.9 ± 1.0/0.3 ± 0.2 in group 1, 2.2 ± 0.7/0.7 ± 0.4 in group 2, 1.5 ± 1.3/0.3 ± 0.2 in 
group 3 and 3.5 ± 2.8/0.9 ± 0.6 in group 4, being significantly different between groups 3 and 4, p = 0.04. Cycles to failure and 
failure load (N) at 5° varus or 10° femoral head rotation around the neck axis in groups 1–4 were 21,428 ± 6020/1571.4 ± 301.0, 
20,611 ± 7453/1530.6 ± 372.7, 21,739 ± 4248/1587.0 ± 212.4 and 18,622 ± 6733/1431.1 ± 336.7, being significantly different 
between groups 3 and 4, p = 0.04.
Conclusions Nailing of trochanteric femoral fractures with use of helical blades is comparable to interlocking dual screws 
fixation in femoral head fragments with low bone quality. Bone cement augmentation of helical blades provides significantly 
greater fixation strength compared to interlocking screws constructs.

Keywords Helical blade · Bone cement augmentation · Interlocking lag screws · Trochanteric fracture · Proximal femur · 
Cephalomedullary nailing · Biomechanical study

Introduction

Osteoporotic trochanteric fractures are an increasingly com-
mon challenge for patients and incur significant socioeconomic 
costs. Despite numerous advances in implant design, compli-
cation rates and mortality remain high. Technical aspects of 
the implant placement, and the individual surgeons prefer-
ences play an important role in successful fixation, however, 
the ideal solution has yet to be developed [23]. Since its intro-
duction, cephalomedullary nailing is a widely accepted treat-
ment option for this type of fractures [14, 21, 23]. Initially, 
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these implants implemented single-screw systems to bridge 
the fracture line, which achieved reasonable radiological and 
clinical outcomes. However, mechanical complication rates 
of up to 16% have been reported in unstable fractures, being 
mostly related to varus collapse, rotation and cut-out of the 
femoral head fragment [1, 11, 26, 28, 35]. Higher complica-
tion rates were observed with increasing fracture complexity 
and decreasing patient bone quality [45]. Revision rates of 
up to 6.3% were reported, accompanied by poorer progno-
sis, an increase of mortality and fewer patients returning to 
their original residence [33]. Because of this, novel concepts 
for intramedullary nailing of trochanteric fractures have been 
developed. One newer implant is a helical blade instead of 
a lag screw as the head element, which compacts the can-
cellous bone in the femoral head during insertion [8]. This 
theoretically provides better fixation strength in low bone qual-
ity by preventing bone loss because pre-drilling of the entire 
head-element length—as required for use of lag screws—is 
not always necessary. On the other hand, lower pull-out forces 
and an increase of the rare complication related to medial cut-
through of the head element along its axis have been observed 
using helical blade fixation [4]. Recently, the option for bone 
cement augmentation of helical blades has been introduced, 
potentially providing better fixation strength in the femoral 
head in patients with poor bone quality. Although early results 
are promising [15, 40], the downside of this technique is pos-
sible cement leakage into the hip joint if the augmentation is 
not performed correctly [47]. A different approach to address 
the fixation problem of the femoral head fragment was the 
introduction of interlocking dual screws, which provides inter-
fragmentary compression at the fracture gap during implan-
tation using an additional compression screw [41]. Further-
more, the larger oval shaped cross section of the two screws 
provides an advantage against rotational moments [12, 20]. 
These two novel concepts for intramedullary nailing of tro-
chanteric fractures using either a helical blade with or without 
bone cement augmentation, or interlocking dual screws are 
commonly used in the orthopaedic field today and have dem-
onstrated advantages as compared with single-screw systems 
[8, 30, 42, 46]. However, they have not been subjected to a 
direct biomechanical comparison. Therefore, the aims of this 
study were to investigate in a human cadaveric model with low 
bone quality (1) the biomechanical competence of nailing with 
the use of a helical blade versus interlocking dual screws, and 
(2) the effect of cement augmentation on the fixation strength 
of the helical blade in the femoral head.

Materials and methods

Specimens and study groups

Twelve pairs of fresh-frozen (− 20 °C) human cadaveric 
femora from 5 female and 7 male donors aged 77.8 years 
on average (range 70–87 years) were used. Based on Dual-
Energy X-ray Absorptiometry (DEXA) measurements [5], 
they included six osteoporotic and six osteopenic pairs. All 
specimens underwent computed tomography (CT) scan-
ning at a slice thickness of 0.63 mm (Revolution EVO, GE 
Medical Systems AG, Switzerland) to calculate volumetric 
bone mineral density (BMD) within a cylinder of 20 mm 
diameter and 30 mm length, located in the center of the 
femoral head, using a phantom (European Forearm Phan-
tom QRM-BDC/6, QRM GmbH, Möhrendorf, Germany).

The specimens were assigned for pairwise implantation 
using either a short TFN-ADVANCED Proximal Femoral 
Nailing System (TFNA, length 170 mm, Ø10mm, 130 deg, 
DePuy Synthes, Zuchwil, Switzerland) with a helical blade 
head element, offering the option for cement augmenta-
tion, or a short TRIGEN INTERTAN Intertrochanteric 
Antegrade Nail (InterTAN, length 180  mm, Ø10mm, 
130  deg, Smith and Nephew, Memphis, USA) with 
interlocking dual screws. Next, six osteoporotic femora, 
assigned for implantation with TFNA, were allocated for 
bone cement augmentation. As a result, four study groups 
were created and combined in two clusters comprising 
specimens of the same donors each – group 1 (TFNA) 
paired with group 2 (InterTAN), consisting of osteo-
penic femora (cluster 1), and group 3 (TFNA augmented) 
paired with group 4 (InterTAN), consisting of osteoporotic 
femora (cluster 2). The sample size of six specimens per 
group was considered sufficient for detection of existing 
significances among the corresponding groups, based on 
previous published work with similar study design, inves-
tigating different fixation methods of trochanteric fractures 
[13, 25, 48]. The optimal length of the nail head elements 
of each donor were determined from the CT scans consid-
ering a tip-apex distance (TAD) of less than 25 mm [1].

Specimens preparation and surgical technique

Prior to surgery, soft tissues of all intact femora were 
removed. According to the manufacturers guidelines, their 
implantation was performed under fluoroscopic control, 
with Ø11mm intramedullary canal reaming, center–center 
head-element position [36] and static distal screw locking 
mode. The head elements of both nail designs were left 
free to slide through the nail slot with blocked rotation by 
the set-screw. Following, an oscillating saw was used to 



3789Archives of Orthopaedic and Trauma Surgery (2022) 142:3787–3796 

1 3

create an unstable trochanteric fracture AO/OTA 31-A2.2 
with complete removal of the lesser trochanter and the 
whole calcar support (Fig. 1). Symmetry in the fracture 
patterns was ensured using a predefined jig for creation 
of the osteotomies. The first osteotomy line connected the 
most proximal aspect of the greater trochanter with the 
aspect right below the lesser trochanter, while the second 
osteotomy line connected the middle of the first line with 
the aspect right above the lesser trochanter. After comple-
tion of the osteotomies' setting, interfragmentary compres-
sion was applied via the compression screw of the Inter-
TAN nails. Next, the six osteoporotic specimens in group 
3 were augmented with 3 ml TRAUMACEM V + bone 
cement (DePuy Synthes, Zuchwil, Switzerland) as recom-
mended by the manufacturer guidelines, preheating them 
in a 37 °C water bath to simulate in-vivo conditions. The 
volume of 3 ml was injected as follows: after injection of 
1 ml through the perforations of the head element into the 
cranial side of the femoral head, the cannula was turned 
180 deg, allowing caudally directed injection of another 
1  ml. Subsequently, the cannula was withdrawn over 
10 mm, and the same procedure was repeated by injecting 
0.5 ml twice [40]. Anteroposterior X-rays of exemplified 
specimens post implantation and fracturing are presented 
in Fig. 2. After cutting the femoral condyles at a distance 

of 25 cm measured from the tip of the greater trochanter, 
all specimens were embedded distally in a 7 cm long cyl-
inder filled with polymethylmethacrylate (PMMA, SCS-
Beracryl D-28, Suter Kunststoffe AG, Fraubrunnen, Swit-
zerland). Further, the femoral head of each specimen was 
embedded in a PMMA shell with a custom-made detec-
tor integrated in the embedding. The detector included 
a special electro-conducting foil, attached to the articu-
lar surface of the femoral head and used for immediate 
automatic detection of implant penetration. Finally, four 
optical marker sets were mounted to the femoral head, 
the specimen's shaft, the proximal tip of the nail and the 
lateral tip of the head element for motion tracking. 

Test setup

Biomechanical testing was performed on a servo-hydraulic 
test system (Mini Bionix II 858, MTS Systems Corp., Eden 
Prairie, MN, USA) equipped with a 4 kN load cell. Test 
setup was adopted from previous studies [3, 10, 43, 48] 
(Fig. 3). All specimens were tested in 20° adduction of the 
femoral shaft to simulate physiological forces acting during 
the mid-stance phase of the human gait [2, 27]. Distally, they 
were attached to the machine base via a cardan joint. Proxi-
mally, the load transfer between the load cell—mounted to 
the machine actuator—and the femoral head was carried out 
via a ball-and-socked joint, whereby a steel ball pressed on 

Fig. 1  Anteroposterior view of a right human cadaveric femur repre-
senting a  simulated unstable trochanteric fracture AO/OTA 31-A2.2 
with complete removal of the lesser trochanter and the whole calcar 
support

Fig. 2  Anteroposterior X-rays of specimens implanted with TFNA 
without (left) and with (middle) cement augmentation, and InterTAN 
(right). Unstable trochanteric fracture AO/OTA 31-A2.2 is created by 
complete removal of the lesser trochanter and the whole calcar sup-
port
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the femoral head embedding at the point right above the 
superior aspect of the femoral head.

Loading protocol

The loading protocol comprised an initial non-destructive 
quasi-static axial compression ramp from 50 to 200 N at a 
rate of 15 N/s, followed by progressively increasing cyclic 
axial loading at 2 Hz with physiologic profile of each cycle 
[2, 43]. Whereas the valley load of the cycles was kept at 
200 N, their peak load started at 500 N and then increased 
at a rate of 0.05 N/cycle until failure of the bone-implant 
construct. The application of progressively increasing cyclic 
loading has been demonstrated as useful in previous stud-
ies [9, 43] and allows construct failure of specimens with 
different bone quality to occur within a predefined number 
of cycles. The test stop criteria were either 40 mm displace-
ment of the machine actuator relative to the initial position, 
reaching 4 kN axial load, or cut-out of the implant through 
the femoral head, the latter being immediately detected by 
the electric contact occurring between the head element of 
the implant and the foil of the embedded detector to prevent 
further implant damage.

Data acquisition and analysis

Machine data in terms of axial load and axial displacement 
were recorded from the machine controllers at 128 Hz. 
Based on this data, initial axial construct stiffness was cal-
culated from the ascending slope of the load–displacement 
curve from the initial quasi-static ramp within the linear 
range between 100 and 200 N axial loading. Further, the 
coordinates of the optical markers attached to the tested 
constructs were continuously acquired throughout the tests 
at 75 Hz by means of stereographic optical measurements 
using contactless full-field deformation technology (Ara-
mis SRX, GOM GmbH, Braunschweig, Germany) to assess 
both interfragmentary and bone-implant movements in all 
six degrees of freedom. Based on the motion tracking data, 
the following parameters were evaluated: (1) varus deforma-
tion, defined as the relative femoral head rotational move-
ment with respect to the femoral shaft in the coronal plane; 
(2) femoral head rotation around the neck axis; (3) implant 
migration and cut-out, defined as the relative movements 
of the head-element tip with respect to the femoral head, 
directed along and perpendicular to the head-element axis, 
respectively. The outcome values of these parameters were 
analyzed after 2000, 4000, 6000, 8000 and 10,000 test cycles 
under valley loading to assess the degradation of construct 
stability over the course of cyclic testing. Furthermore, 5° 
varus deformation and 10° femoral head rotation around 
the neck axis, relative to initial position, were defined as 
clinically relevant failure criteria. The number of cycles until 
fullfilment of one of these criteria under valley loading con-
ditions, defined as cycles to clinical failure, was calculated 
together with the corresponding peak load of those cycle 
number, the latter being defined as clinical failure load of 
each specimen [40].

In addition, anteroposterior radiographic images were 
taken at the beginning (50 N) and the end (200 N) of the 
quasi-static ramp and at timed intervals every 250 cycles 
during the cyclic test under valley loading (200 N) using a 
triggered C-arm (Siemens ARCADIS Varic, Siemens Medi-
cal Solutions AG, Erlangen, Germany). Together with the 
machine data, they were used to detect the time point of 
catastrophic failure of each specimen.

Statistical analysis

Statistical analysis was performed with SPSS software pack-
age (IBM SPSS Statistics, V27, IBM, Armonk, NY, USA). 
Shapiro–Wilk test was used to screen and prove normality 
of the data distribution. Significant differences between the 
groups and clusters with regard to T-score, BMD, initial 
stiffness, and cycles and load to clinical and catastrophic 
failure were identified with Independent-Samples t test, 
Paired-Samples t test and One-Way Analysis of Variance 

Fig. 3  Setup with a specimen mounted for biomechanical testing
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(ANOVA). General Linear Model Repeated Measures test 
was applied to detect significant differences between the 
groups with regard to the parameters evaluated over the five 
time points after 2000, 4000, 6000, 8000 and 10,000 cycles. 
Level of significance was set to 0.05 for all statistical tests.

Results

T‑scores and volumetric bone mineral density

T-score in cluster 1 (median − 2.0, range − 2.4 to − 1.3) was 
significantly higher compared to cluster 2 (median − 3.3, 
range − 5.1 to − 2.6) (p = 0.03), although they did not differ 
significantly between the paired groups within each clus-
ter (p ≥ 0.21). Similarly, volumetric BMD (mgHA/cm3) in 
cluster 1 (median 298.6, range 228.3–362.9) was signifi-
cantly higher compared to cluster 2 (median 215.9, range 
123.5–338.0) (p < 0.01), with no significant differences 
between the paired groups within each cluster (p ≥ 0.11).

Initial axial stiffness

Initial axial stiffness (N/mm) was highest in group 3 
(371.5 ± 63.8, mean ± standard deviation, SD), followed 
by group group1 (335.7 ± 65.3), group 2 (326.9 ± 62.2) and 
group 4 (301.6 ± 85.9). It was significantly higher in group 
3 compared with group 4 (p = 0.03), with no further detected 
significances between the groups.

Varus deformation, femoral head rotation, implant 
migration and implant cut‑out at 2000, 4000, 6000, 
8000 and 10,000 cycles

The results for these four parameters of interest are sum-
marized in Table 1 and presented in Figs. 4 and 5. Small-
est values of each parameter were observed in group 3, 
followed by groups 1, 2 and 4. The values of each parame-
ter increased significantly over these numbers of cycles in 
each group (p < 0.01). Both varus deformation and femo-
ral head rotation were significantly lower in group 3 com-
pared with group 4 after 8000 cycles (p = 0.04). Implant 
migration was significantly lower in both groups 1 and 3 
compared with group 4 after all predefined numbers of 

Table 1  Parameters of interest 
in the four study groups after 
predefined number of cycles 
in terms of mean value and 
standard deviation

The four groups are combined in two clusters comprising specimens of the same donors each—group 1 
(TFNA) paired with group 2 (InterTAN), consisting of osteopenic femora (cluster 1), and group 3 (TFNA 
augmented) paired with group 4 (InterTAN), consisting of osteoporotic femora (cluster 2)

Parameter Cycles Study groups

Osteopenic bone (cluster 1) Osteoporotic bone (cluster 2)

1
TFNA

2
InterTAN

3
TFNA augmented

4
InterTAN

Varus deformation
[deg]

2000 0.585 ± 0.250 0.612 ± 0.232 0.567 ± 0.369 0.901 ± 0.779
4000 0.951 ± 0.553 1.026 ± 0.320 0.815 ± 0.580 1.482 ± 1.174
6000 1.240 ± 0.796 1.436 ± 0.381 1.039 ± 0.783 2.146 ± 1.558
8000 1.618 ± 0.983 1.885 ± 0.492 1.282 ± 1.137 2.778 ± 2.022
10,000 1.885 ± 1.008 2.238 ± 0.674 1.464 ± 1.308 3.549 ± 2.827

Femoral head rotation
[deg]

2000 0.077 ± 0.037 0.200 ± 0.127 0.072 ± 0.047 0.222 ± 0.196
4000 0.125 ± 0.052 0.325 ± 0.203 0.122 ± 0.080 0.335 ± 0.296
6000 0.251 ± 0.105 0.446 ± 0.260 0.189 ± 0.136 0.468 ± 0.388
8000 0.291 ± 0.140 0.554 ± 0.326 0.229 ± 0.161 0.629 ± 0.497
10,000 0.347 ± 0.198 0.688 ± 0.403 0.326 ± 0.199 0.933 ± 0.639

Implant migration
[mm]

2000 0.008 ± 0.004 0.016 ± 0.014 0.006 ± 0.004 0.041 ± 0.032
4000 0.016 ± 0.007 0.032 ± 0.025 0.011 ± 0.009 0.070 ± 0.056
6000 0.022 ± 0.012 0.049 ± 0.033 0.015 ± 0.012 0.112 ± 0.091
8000 0.034 ± 0.015 0.067 ± 0.039 0.025 ± 0.021 0.130 ± 0.101
10,000 0.045 ± 0.021 0.085 ± 0.045 0.030 ± 0.025 0.154 ± 0.104

Implant cut-out
[mm]

2000 0.071 ± 0.049 0.154 ± 0.032 0.069 ± 0.039 0.262 ± 0.181
4000 0.109 ± 0.053 0.270 ± 0.094 0.091 ± 0.055 0.447 ± 0.302
6000 0.143 ± 0.059 0.393 ± 0.123 0.135 ± 0.089 0.656 ± 0.431
8000 0.207 ± 0.105 0.505 ± 0.177 0.205 ± 0.116 0.935 ± 0.652
10,000 0.296 ± 0.108 0.645 ± 0.249 0.284 ± 0.167 1.229 ± 0.821
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cycles, and in group 3 compared with group 2 after 8000 
cycles (p ≤ 0.04).  

Implant cut-out was significantly lower in both groups 
1 and 3 compared with both groups 2 and 4 after all pre-
defined numbers of cycles (p ≤ 0.04). No further signifi-
cant differences were detected among the groups.

Cycles and load to clinical failure

Both cycles and load to clinical failure were highest in 
group 3 (21,739 ± 4248 and 1587.0 ± 212.4 N) followed 
by group 1 (21,428 ± 6020 and 1571.4 ± 301.0 N), group 
2 (20,611 ± 7453 and 1530.6 ± 372.7  N) and group 4 

Fig. 4  Varus deformation (left) and femoral head rotation (right) in 
the four study groups after 2000, 4000, 6000, 8000 and 10,000 test 
cycles, presented in terms of mean value and standard deviation. 
The four groups are combined in two clusters comprising speci-

mens of the same donors each – group 1 (TFNA) paired with group 
2 (InterTAN), consisting of osteopenic femora (cluster 1), and group 
3 (TFNA augmented) paired with group 4 (InterTAN), consisting of 
osteoporotic femora (cluster 2)

Fig. 5  Implant migration (left) and implant cut-out (right) in the four 
study groups after 2000, 4000, 6000, 8000 and 10,000 test cycles, 
presented in terms of mean value and standard deviation. The four 
groups are combined in two clusters comprising specimens of the 

same donors each—group 1 (TFNA) paired with group 2 (InterTAN), 
consisting of osteopenic femora (cluster 1), and group 3 (TFNA aug-
mented) paired with group 4 (InterTAN), consisting of osteoporotic 
femora (cluster 2)
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(18,622 ± 6733 and 1431.1 ± 336.7 N), respectively. They 
were significantly higher in group 3 compared with group 
4 (p = 0.04), with no other detected significant differences 
among the groups.

Cycles and load to catastrophic failure

Both cycles and load to catastrophic failure were high-
est in group 3 (27,936 ± 2936 and 1896.8 ± 146.8 N) fol-
lowed by group 1 (27,542 ± 6783 and 1877.1 ± 339.1 N), 
group 2 (23,847 ± 7574 and 1692.4 ± 378.7 N) and group 4 
(22,085 ± 7875 and 1604.2 ± 393.7 N), respectively, with no 
significant differences among the groups.

Discussion

Trochanteric fractures represent a significant burden for 
health systems since most patients need to be operated and 
consequently hospitalized [23]. Surgeons have the choice 
between different implant designs for cephalomedullary nail-
ing of these fractures [21]. In the current study we inves-
tigated the biomechanical characteristics of two different 
novel nail constructs, using either a helical blade or inter-
locking dual screws. Moreover, the effect of bone cement 
augmentation on the helical blade fixation strength within 
the femoral head was explored in osteoporotic specimens.

Comparable stability of cephalomedullary nailed tro-
chanteric fractures with use of non-augmented helical blade 
or interlocking screws in the femoral head fragments with 
osteopenic bone quality was reported in the current study. 
Although the non-augmented helical blade revealed slight 
superiority compared with the interlocking screws in terms 
of initial stiffness, resistance to varus deformation and femo-
ral head rotation, and endurance to failure, the differences 
between the two fixation systems were not significant so that 
both implants demonstrated similar biomechanical behav-
ior. Despite the theoretically expected higher resistance to 
rotational moments by the larger cross-sectional area of the 
interlocking screws, they did not demonstrate advantageous 
resistance to rotational moments compared to the helical 
blade. One possible explanation is the bone compaction in 
the femoral head around the helical blade’s surface during 
insertion, resulting in its enhanced anchorage by a previously 
proposed mechanism [24, 44]. The downside of the helical 
blade design is its rather low resistance to pull-out forces 
restricting intraoperative compression [31]. Some compli-
cations such as cut-through or reverse migration of the heli-
cal blade have already been reported [7]. However, none of 
these events occurred in the current study. Comparable low 
rates of femoral head rotation and head migration follow-
ing implantation of helical blades or interlocking screws 
were observed in previous biomechanical studies [20, 22].

Considerably improved fixation strength was detected after 
cement augmentation of the helical blades in the current 
study, resulting in significant differences between the two 
nail systems in osteoporotic bone quality and demonstrating 
significantly higher initial stiffness and resistance to rota-
tional and varus deforming forces and moments, as well as 
endurance until catastrophic failure of the blade when com-
pared with the interlocking screws. No technical challenges 
were encountered during the augmentation procedure of 
the helical blades in osteoporotic femoral heads, being in 
agreement with previous clinical and biomechanical cadav-
eric studies [16, 37]. Furthermore, the cement injection suc-
ceeded without experiencing excessive reaction forces at the 
syringes, achieving homogeneous cement distribution. This 
is in line with previous reports on helical blade augmenta-
tion, demonstrating symmetric cement distribution around 
the cephalic implant [39]. As reported by Sermon et al. [38], 
cement augmentation is most efficient in osteoporotic bone 
quality. However, possible complications such as cement 
leakage into the hip joint are a major downside of this tech-
nique, therefore it should be applied only after confirmation 
of no guide wire penetration of the femoral head. A standard 
leakage test should always be performed prior to bone cement 
injection as previously recommended [15]. In a survey from 
2013, only 7–17% of the responding surgeons fully agreed 
with the benefit of applying cement augmentation techniques 
for hip fracture implants [21]. Furthermore, in a multidirec-
tional gait-simulation scenario, cement augmentation did not 
enhance implant anchorage with regard to femoral head rota-
tion, implant migration, stiffness, femoral neck shortening or 
vertical displacement in femoral neck fractures [19]. How-
ever, our study not only demonstrated superior stability of 
augmented helical blades compared with interlocking screws 
in osteoporotic bone quality but also increased stability of 
the former compared with non-augmented helical blades 
and interlocking screws in osteopenic femoral heads. This 
stronger fixation in osteoporotic bone quality is in line with 
previously published work demonstrating less catastrophic 
failures in patients with augmented implants [16]. Moreover, 
a systematic review on 455 patients reported higher stabil-
ity in terms of varus deformity and head-element sliding of 
cement-augmented versus non-augmented implants [29]. 
Furthermore, increased postoperative loading capability of 
augmented helical blades over non-cemented implants was 
demonstrated [18]. Recent biomechanical work reported 
similar stability between augmented TFNA blade and screw 
head elements [40]. Therefore, it could be expected that 
cement augmentation of TFNA screws would result in similar 
resistance to failure, related to implant anchorage within the 
femoral head, when compared with interlocking dual screws 
fixation. Most geriatric patients are incapable of following 
postoperative weight bearing restrictions [17]. Therefore, 
confidence in the osteosynthesis might encourage surgeons 
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to allow mobilization with full weight bearing of their elderly 
patients immediately after operation as there is increasing 
evidence supporting its importance after hip fractures [34]. 
This is likely to decrease postoperative complications due to 
immobility and could have a positive effect on the functional 
recovery of geriatric patients [32].

Limitations

This study has some limitations inherent to all human cadav-
eric investigations. First, a limited number of human cadav-
eric femora were used, resulting in restriction of the trans-
lation to generalized clinical applications. Despite this, we 
were able to detect several significant differences related to 
the two tested implant systems. An appropriate study design 
was set to explore both their biomechanical competence in 
two different categories of bone quality and the effect of 
cement augmentation on the fixation strength. Second, a 
cadaveric model is incapable to completely simulate in-vivo 
situations with surrounding soft tissues, swelling and biolog-
ical reactions following clinical fractures in humans. Third, 
artificially created fractures via osteotomizing do not neces-
sarily obey the physical laws of real fracture mechanisms, 
however, they were created because of standardization pur-
poses for implant comparisons. Fourth, the applied biome-
chanical model did not take into account all in-vivo forces 
and moments acting on the femur, however, the test setup 
and loading protocol were defined to ensure a close simula-
tion of dynamic physiologic loading conditions. Fifth, only 
short nails were investigated in the current study, despite that 
some clinicians use long nails as a rule of thumb for unsta-
ble trochanteric fractures. However, a recently conducted 
meta-analysis of 3208 patients concluded that short nails 
could be used for the majority of trochanteric fractures [6]. 
As the clinical outcome depends on several factors besides 
the implant design, such as quality of reduction, duration of 
surgery, consequences of cement augmentation, soft tissue 
damage, potential wound infections and other postoperative 
complications, further prospective randomized clinical trials 
need to be conducted to confirm the findings of the current 
study in the clinical practice.

Conclusion

Cephalomedullary nailing of trochanteric femoral fractures 
with use of helical blades is comparable to interlocking 
dual screws fixation in femoral head fragments with low 
bone quality. Bone cement augmentation of helical blades 
provides significantly greater fixation strength compared to 
interlocking screws constructs.
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