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ABSTRACT
Background: Implant choice for fixation of intertrochanteric fractures remains controversial despite being one of the
most commonly performed operations. Although use of sliding hip screws is still considered a gold standard in
treatment of these fractures, there is a wide tendency in using cephalomedullary nails because of their biomechanical
superiority over sliding hip screws. This trial was initiated in order to compare the biomechanical properties of two
different cephalomedullary nails, aPFN and the PROFIN under axial loading, based on the questions that can a single
lag screw with an antirotator blade render better rotational stability? Is there a difference between one lag screw or
two lag screws with respect to superior migration or cut-out of the screws? And do different nail designs cause
different types of failure and what are the pros and cons of classical and new designs from the view point of
biomechanical aspects?
Methods: Ten pairs of third generation synthetic bone models simulating unstable intertrochanteric fracture were
used for biomechanical testing.
Results: No posterior displacement of screws was recorded in both groups suggesting rotational unstability. There
was not a significant difference between forces values loaded at the time of failure.
Conclusions: Although there was no statistically significant difference between compressive strengths at the time of
failure, aPFN may provide equal rigid fixation with less possible cut-out which may have an important consequences
in real clinical applications.
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INTRODUCTION
Implant choice for fixation of intertrochanteric fractures
remains controversial despite being one of the most

commonly performed operations. Although use of sliding
hip screws (SHSs) is still considered a gold standard in
treatment of these fractures, there is a wide tendency in
using cephalomedullary nails because of their
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biomechanical superiority over SHS.1,2 Besides, a
cephalomedullary nail can be inserted by a minimally
invasive technique, as the closed reduction of the fracture
preserves the haematoma and minimally invasive
technique allows the surgeon to minimise soft-tissue
dissection, thereby reducing surgical trauma, blood loss,
infection and wound complications.3,4
Starting from introduction of gamma nails, different
designs of cephalomedullary nails have been used in
these fractures to improve functional results and decrease
the complications. In 1997 AO/ASIF had developed
proximal femoral nail (PFN) which had been used
frequently and its similar designs have still been used
especially in developing countries.3,5-7 Because of
biomechanical complications caused by two lag screws,
proximal femoral nail antirotation (PFNA) was developed
in 2004.8,9 PFNA uses one helical blade to prevent
rotational instability and maintain fracture stability with
one implant in the femoral head. However after
introduction of PFNA, different cephalomedullary nail
designs using one lag screw have been developed to
facilitate fracture fixation and reduce the biomechanical
complications due to implant designs and optimize the
fracture healing.
In this study we compare fixation stability characteristics
between two different cephalomedullary nail designs, a
nail using two lag screws (PROFIN, TST san. Istanbul,
Turkey) and a nail using one telescoping lag screw with
an antirotator blade (aPFN, TST san. Istanbul, Turkey).
Ten pairs of third generation synthetic bone models
simulating unstable intertrochanteric fracture were used
for biomechanical testing.
METHODS
20 third-generation femur models which resembles
osteoporotic
bone
were
provided
simulating
AO/Orthopedic Trauma Association type 31/A2 unstable
intertrochanteric fractures (Synbone®, no: 2420,
Switzerland). The characteristics of the bone models used
were as follows: Length: 337 mm, neck angle: 135°,
anteversion: 15°, head diameter: 48 mm, and canal
diameter: 10 mm. Models were coated with a synthetic
cortical layer and filled with dense foam representing
cancellous bone. Femoral bone models were divided into
two groups, each comprised of ten bones.
An antirotator proximal femoral nail (aPFN) (TST SAN,
Istanbul, Turkey) was implanted into the femurs in the
first group. The proximal diameters of the aPFNs were 15
mm, and the distal diameters were 10 mm. The nail had a
slot at the distal end, a 6° of proximal medio-lateral
curvature and a neck-shaft angle of 135°. An appropriatesized drill was used before inserting the nails. The size of
the nail was selected to be 10 mm × 220 mm. After the
insertion of the intramedullary nail, in accordance with
the proximal femoral anatomy, one lag screw (10.0 mm
diameter, 85 mm length, cancellous and having a canal

where the antirotator blade sits) was placed at 15°
anteversion through the targeting device of the nail under
the control of a fluoroscopy. Next, antirotator blade was
inserted from the inferior surface of the screw where it
sits and locks to the nail and the screw. Nail was fixed
distally through distal dynamic hole using a 5.0 mm
cortical screw through the targeting device. At the last
step a 6.0 mm cannulated compression screw (provides
6 mm compression and prevents lateral migration of
antirotator blade) was added to the back of the lag screw
and it was locked (Figure 1). The same procedure was
repeated for the remaining 9 bone models by a single
surgeon.

Figure 1: Anterior-posterior and lateral x-ray images
of the aPFN applied fractured femur model. Red
arrows, 1) Lag screw 2) Antirotator blade
3) Cannulated compression screw.
A proximal femoral intramedullary nail (PROFIN) (TST
SAN, Istanbul, Turkey) was placed into the femurs in the
second group. The proximal diameters of the PROFINs
were 16 mm, and the distal diameters were 10 mm. Also
this nail had a slot at the distal end, a 6° of proximal
medio-lateral curvature and a neck-shaft angle of 135°.
An appropriate-sized drill was used before inserting the
nails. The size of the nail was selected to be
10 mm × 220 mm as it was in the first group. After
insertion of the intramedullary nail, in accordance with
the proximal femoral anatomy, two lag screws (8.5 mm
diameter, 85 mm length, cancellous) were placed at 15°
anteversion through the targeting device of the nail under
the control of a fluoroscopy. Nail was fixed distally
through distal dynamic hole using a 3.5 mm cortical
screw through the targeting device (Figure 2). The same
procedure was repeated for the remaining 9 bone models
by the same surgeon. Fluoroscopy images before and
after the loading tests and images of fractured regions of
the bone models were obtained and recorded.
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locking screw in 1 specimen (specimens 2), fracture
occurred at the tip of the nail and near the distal locking
screw in 6 specimens (specimens 3-7, 10) (Figure 4).

Figure 2: Anterior-posterior and lateral x-ray images
of the PROFIN applied fractured femur model.
The Shimadzu autograph AGS testing device was used to
measure the compressive strength of the specimens. The
biomechanical loading test was performed by the same
metallurgical and materials engineer under the
supervision of the orthopedic surgeon. Bone models were
placed in accordance with the mechanical axis of the
femur and force was loaded in this axis onto the femoral
heads. Each specimen was initially loaded with 500 N
and an axial force at a constant velocity of 5 mm/min was
loaded until failure. Force values at fracture time were
recorded.

Figure 3: Trochanter major fracture in aPFN group
(specimen 5), (a) Fracture occurred at the trochanter
major and tip of the nail. (b) x-ray image showing no
superior migration of the lag screw.

Descriptive analysis was performed using the SPSS®,
version 23.0 (IBM Corporation, Armonk, New York,
United States). Independent-samples T-test with
Bootstrap results were used to compare the independent
two groups. Shapiro-Wilk test was used to examine the
suitabilty of distrubution of data. Levene test was used to
examine the homogeneity of variences. A P-value of
<0.05 was considered to be statistically significant for all
analyses.
RESULTS
In the aPFN group fracture patterns were as follows;
fracture occurred at the trochanter major and then the
shaft was fractured at the tip of the nail and near to the
distal locking screw in 2 specimens (specimens 5, 7)
(Figure 3), fracture occurred at the tip of the nail and near
the distal locking screw in 8 specimens (specimens 2-4,
6, 8-10) (Figure 4).
In PROFIN group fracture patterns were as follows;
femoral head splitting fracture occurred while shaft
remains intact in 3 specimens (specimens 1, 8, 9) (Figure
5), fracture occured at the trochanter major and then shaft
was fractured at the tip of the nail and near the distal

Figure 4: (a) Fracture occurred at the tip of the nail in
aPFN group (specimen 2), (b) Fracture occurred at
the tip of the nail in PROFIN group (specimen 3).
There was no posterior or superior migration on x-rays
obtained after testing for the aPFN group (Figure 3).
However, cut-out of the lag screws was detected in 3
speciemens in PROFIN group (Figure 5). No posterior or
superior migration was detected on x-rays of remaining 7
specimens. Mean force loaded at the time of fracture was
1637.30±82.89 N in the aPFN group and 1559.35±225.84
N in the PROFIN group (Table 1, 2 and 3, Figure 6).
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compressive strength of models that sustained fracture at
the tip of the nail, or sustained a fracture at trochanter
major or femoral head in both groups was found
(respectively p=0.290, p=0.310). There was no lateral
migration of lag screws in both groups.
Table 1: Compression results of aPFN added models.

No of
Specimen

Figure 5: Femoral head fracture in PROFIN group (a)
specimen 1, (b) specimen 8 and (c) specimen 9.

1
2
3
4
5
6
7
8
9
10

Compressive
strength at
fracture time
(Newton)
1795.5
1549.5
1643.5
1599.3
1669.1
1736.9
1557.6
1569.4
1573.8
1678.4

Compressive
strength at
fracture time
(Kg-force)
183.09
158.06
175.03
172.64
171.26
177.12
158.82
160.03
160.48
171.14

Table 2: Compression results of the PROFIN added
bone models.
No. of
Specimen

Figure 6: Graphic showing distribution of force values
at the time of fracture for both groups.
Although there was no significant difference between two
groups in the means of compressive strength at fracture
time (p=0.320) (Table 3). Mean force loaded at the time
of fracture was higher in aPFN group comparing to PFN
group. Likewise, no significant difference between

1
2
3
4
5
6
7
8
9
10

Compressive
strength at
fracture time
(Newton)
1601.5
1595.0
1580.0
1199.0
1359.0
1299.0
1910.0
1505.0
1795.0
1750.0

Compressive
strength at
fracture time
(Kg-force)
163.30
162.64
161.11
122.26
138.57
132.46
194.76
153.46
183.03
178.45

Table 3: Statistical analysis results comparing the forces applied to the two groups.
Compressive strength
at fracture time
(Newton)
Mean±SD
Mxm-Mnm
(Kg-force)
Mean±SD
Mxm-Mnm

PROFIN
(n=10)

aPFN
(n=10)

Total
(n=20)

P-value

1559.35±225.84
1910-1199

1637.30±82.89
1795.5-1549.5

1598.33±170.33
1910-1199

0.320

159.00±23.03
194.76-122.26

168.77±8.82
183.09-158.06

163.89±17.70
194.76-122.26

0.228

Independent T Test(Bootstrap) SD: Standard deviation

Mxm-Mnm: Maximum-Minimum
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DISCUSSION
This trial was initiated in order to compare the
biomechanical
properties
of
two
different
cephalomedullary nails, aPFN and the PROFIN under
axial loading, based on the questions that can a single lag
screw with an antirotator blade render better rotational
stability? Is there a difference between one lag screw or
two lag screws with respect to superior migration or cutout of the screws and? Do different nail designs cause
different types of failure and what are the pros and cons
of classical and new designs from the view point of
biomechanical aspects?
Maintaining rotational stability is the rationale behind
using two lag-screws in treatment of unstable
intertrochanteric fractures.10 However after introduction
of PFN several studies have reported complications
related to two lag screws. Cut-out, Z- effect, reverse Zeffect, lateral migration of the screws are the mostly
reported complications resulting from inappropriate
placement of screws, low- bone mineral density and
alteration of the weight on the lag screws during weight
bearing cycles.9,11,12 Different screw combinations and
designs have been developed to overcome these
problems and improve the success of treatment.
Single helical-shaped blade in cephalomedullary nails
have been developed to resist cutting out was introduced
in recent years. By inserting the blade into the femoral
head, the surrounding trabecular structure would undergo
a volumetric compaction. Theoretically it offers the
potential of resisting rotation and a better holding power
in osteoporotic femoral head with compaction of
cancellous bone and can decrease the rate of cutting
out.13,14 As a matter of fact, several clinical and
experimental studies were published after ıntroduction of
the single helical blade. Although studies comparing two
lag screws with a single helical blade concluded the
biomechanical and clinical superiority of single helical
blade.3,13-15 There are still unresolved problems like lack
of compression with blade and more lateral migration
when compared with telescoping screws.16
The aPFN have been developed from this point of view.
The 10 mm telescoping screw with a larger transverse
area has been developed to resist cutting out. Besides,
threads have the advantage of compression if desired.
The antirotator blade fits into the inferior surface of the
screw and impacts trabecular bone to resist rotation and
locks the screw to resist lateral migration.
X-rays after testing were evaluated for both groups in our
study. Three specimens sustaining head splitting fracture
were recorded as cut-out (PROFIN group). Although no
posterior or superior displacement in any of the
remaining specimens were noted, we believe that
speciemens that sustained trochanter major fracture (two
in aPFN group an one in PROFIN group) and then shaft
fracture, may have undergone a minimal superior

migration of lag screws. In these three specimens
compressive strength at the failure time were detected to
be similar and all sustained a shaft fracture eventually.
Previous biomechanical studies comparing biomechanical
properties of lag screw applied fractured femoral models
have been cut too near to the tip of the nail distally to
prevent a femoral shaft fracture and examine only failures
caused by lag screws.13,17,18 But we believe that this
situation doesn’t simulate the real stance. Because load to
failure under such a condition eventually leads a failure
from femoral head. However under physiological loads
failure can occur at any place of the femur and this can be
due to implant or other physiological circumstances. In
our study specimens were long enough to examine
possible shaft fractures. However all of the models in
aPFN group and 6 of the PROFIN group were fractured
from the tip of the nail under similar load values
(159.00±23.03 Kg-f for PROFIN and 168.77±8.82 Kg-f
for aPFN). Suggesting that failure at the tip of the nail is
more likely to occur with usage of cephalomedullary
nails rather than failures caused by lag screws. Femoral
head splitting fracture had occurred in three of PROFIN
group. We believe that this can be result of superior
positioning of the proximal lag screw which has been
shown to be the main reason of cut-out. In a finite
element analyses of two lag screws compared with one
screw Wang et al had showed that the smaller diameter
two screws develop increased stresses in the bone of the
femoral head, which potentially could lead to premature
screw cut-out.11
Another issue making treatment of intertrochanteric
femur fractures challenging is excessive forces exerted to
the femoral head. Cephalomedullary nails have been
designed to provide controlled impaction by transforming
these forces into a compressor force on fracture site.19
Although there is no evidence we believe that
maintaining compression at fracture site adds to the
reduction quality and resistance to torsional forces.
Although compression can be maintained in both nail
designs used in this study, no compression was achieved
in either group. Because force was loaded only in axial
direction.
Apart from the nail design, the surgical tecnique is very
important for the treatment success.20 When using two lag
screws besides anatomical fracture reduction, insertion of
the inferior lag screw as close as possible to inferior
cortex of the femoral neck is strongly recommended as
the tensile and compressive trabecula of the proximal
femur intersect at that area so making this place for the
strongest screw purchase, but unfortunately it may not be
always possible to place inferior lag screw in proper
place due to anatomical and surgeon experience.7,20 Also
in patients with small femoral neck diameter it may
sometimes be very hard to find enough space for two
screw insertion.
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CONCLUSION
In our study, design parameters of both nails excluding
lag screws were similar. No posterior displacement of
screws was recorded in both groups suggesting rotational
unstability. There was not a significant difference
between force values loaded at the time of failure.
Although there was no statistically significant difference
between compressive strengths at the time of failure,
aPFN may provide equal rigid fixation whith less
possible cut-out which may have an important
consequences in real clinical applications.
This study has some limitations. First, although third
generation synthetic bones are validated in use of
biomechanical tests comparing biomechanical properties
of two different implants, it would be better if the test
was done using cadaveric bones.13 Although study
reflects the biomechanical properties of two different
designs of cephalomedullary nails, it should have been
better if the failure test was done using cyclical loading
which had been more similar to physiological loading of
daily activities. Only axial loading was performed which
makes it harder to draw conclusions about endurance and
biomechnical properties of implants under bending and
torsional forces. The sample size is small. Further clinical
correlations with large multicentric randomized
controlled studies are required.
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