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Abstract
Objective: To evaluate the biomechanical properties of intramedullary �xation, lateral plate, medial
buttress plate and bilateral plate for �xing reverse oblique intertrochanteric fractures.

Methods: Twenty-four synthetic femoral bone models (Synbone) were divided into four groups [proximal
femoral nail anti-rotation (PFNA), proximal femoral medial buttress plate (PFMBP), proximal femoral
locking compression plate (PFLCP) and proximal femoral medial buttress plate + proximal femoral
locking compression plate (PFMBL+PFLCP)], and an unstable, reverse oblique femoral intertrochanteric
fracture was made. After �xation, each model underwent axial load testing, torsion testing, and axial load-
to-failure testing. The stiffness of axial and torsion, the torque of different torsion angles and the failure
load of every model were recorded.

Results: The bilateral plate showed the best performance in axial load, torsion, and load-to-failure testing.
The stiffness of axial and torsion in the PFMBP was superior to the PFNA [162.05±22.05 N/mm vs.
119.13±29.14 N/mm in axial, (1.36±0.32) N × mm/deg vs. (1.10±0.13) N × mm/deg in torsion, P<0.05],
whereas there was no signi�cant difference between PFMBP, PFLCP and PFLCP+PFMBP in torsion
stiffness [(1.36±0.32) N × mm/deg, (1.45±0.44) N × mm/deg, (1.45±0.18) N × mm/deg, P>0.05].

Conclusion: Our newly designed medial buttress plate achieved greater stiffness in axial load and torsion
than PFNA and PFLCP to �x reverse oblique intertrochanteric fractures in biomechanical research,
whereas the bilateral plate showed better stiffness than PFMBP.

Background
Reverse oblique intertrochanteric fractures are a particular kind of proximal femoral fracture in which the
fracture line extends through the lateral femoral cortex distal to the vastus ridge of the greater
trochanteric. Such fractures are classi�ed as 31-A3 according to the Orthopaedic Trauma Association
(OTA) classi�cation system, and could be further classi�ed as 31-A3.1 (reverse oblique), 31-A3.2
(transverse), and 31-A3.3 (multi-fragmentary). Reverse oblique intertrochanteric fractures account for
nearly 2% to 23% of all trochanteric fractures in some epidemiology studies [1–5], and the incidence is
increasing with osteoporotic elderly people and young adults involved in tra�c accidents and other
impact events. These unstable fractures are a challenge to surgeons because of the medialization and
shortening of the shaft with angulation and external rotation of the proximal fragment, which is caused
by the work of the iliopsoas, adductor, and abductor muscles, generating shear forces across the fracture
line. The treatment for reverse oblique intertrochanteric fractures is normally divided into two kinds of
�xation methods: intramedullary and extramedullary. Presently, more surgeons choose intramedullary
�xation methods such as Gamma3 nail, proximal femoral nail, and proximal femoral nail anti-rotation,
instead of extramedullary devices. In addition, some researchers proved that intramedullary methods
could provide better biomechanical effects [6,7]. The proximal femur has tension and stress bone
trabecular, under tensile stress and compressive stress, respectively. Traditional extramedullary �xation is
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primarily against the tensile stress from lateral cortical bone trabecular, whereas intramedullary �xation is
primarily against the shear force and tensile stress from the fracture line. As medial buttress plate has
never been used in this type of injury, we hypothesized that the use of this plate to treat reverse oblique
femoral intertrochanteric fracture could yield a similar or better outcome. A cadaveric research study
proved that a new anterolateral intermuscular approach could provide excellent exposure and less soft-
tissue damage than the traditional approach with the treatment of intertrochanteric fractures [8]. In
addition, wide exposure also bene�t the medial approach. Because extramedullary devices are primarily
located in the lateral of femoral, we asked whether there is a medial device that could treat reverse
oblique intertrochanteric fractures in a new approach. On the basis of the aforementioned theories, we
designed a new medial plate (proximal femoral medial buttress plate). The purpose of this study was to
evaluate the biomechanical properties of intramedullary �xation, lateral plate, and medial buttress plate
for �xing reverse oblique intertrochanteric fractures.

Methods
Our experiment was conducted in the Tianjin Orthopaedic Biomechanical Laboratory (Tianjin Hospital,
Tianjin, China), and four implant groups were included: group A: proximal femoral nail anti-rotation
(PFNA; Watson Co., Ltd., Changzhou, China); group B: proximal femoral medial buttress plate (made of
titanium alloy); group C: proximal femoral locking compression plate (PFLCP; Watson Co., Ltd.,
Changzhou, China); group D: both proximal femoral medial buttress plate and proximal femoral locking
compression plate (PFMBP+PFLCP). Our newly designed T-shape medial buttress plate maintains three
holes proximally and eight holes distally, and two lag screws could be planted in the medial of
intertrochanteric through two distal holes (Figure 1). The PFLCP (7 holes, left) includes four holes
proximally and seven holes distally, with 120 degrees of proximal screws. The PFNA that we chose
consisted of a 9-mm distal diameter nail, a length of 340 mm, a 130-degree neck angle, and 10.5 ×95 mm
anti-rotation blade screws. Two locking screws (5 × 50 mm) were inserted into the static locking hole for
the PFNA. The Instron E10000 (Instron Corporation, Norwood, MA, USA) dynamic multi-dimensional
biomechanical fatigue testing machine was used for the biomechanical test. The Instron E10000 testing
machine features up to ±10,000 N of axial force capacity and ±100 Nm torque capacity. Axial load and
rotation data were recorded by Bluehill 2 software (Instron Corporation, Norwood, MA, USA) and MAX
software (Instron Corporation, Norwood, MA, USA). The medial buttress plate was placed by �rst using
two Kirschner wires to temporarily �x the fracture. Then, two proximal screws were inserted. Lag screws
were inserted after the Kirschner wires were removed, and the remaining screws were then inserted.
Normally, two or three screws were used proximally, and �ve or six screws were used distally. The PFLCP
was also placed using two Kirschner wires to �rst �x the fracture, followed by the insertion of three
proximal screws, and then the remaining four or �ve distal screws. In the bilateral group, the medial
buttress plate was planted before the PFLCP, and the location and length of the PFLCP’s screws were
chosen according to the medial buttress plate’s screws. The PFNA was inserted with an intramedullary
nail aiming device (Watson Co., Ltd., Changzhou, China).
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Specimens
Twenty-four synthetic femoral bone models (the 4th generation left adult composite femurs, Malans
Synbone, Switzerland) were randomly, average-divided into four groups. They had a length of 337 mm, a
neck shaft angle of 135 degrees, a femoral head diameter of 48 mm, and an anteversion angle of 15
degrees. All synthetic bones were �lled with dense inner foam and a synthetic cortical layer, which
simulate cancellous bone.

Model
To simulate reverse oblique intertrochanteric fractures, osteotomies were created by jig saw in each
specimen with an angle of 60 degrees running inferolaterally from the lesser trochanteric. Every fracture
line was similar. After the fracture lines were created, all implants were �xed in each model, which was
performed by the same researcher (Figure 2). There are no gaps or displacement between the fracture
fragments. Every model was embedded in a metal tube using ethoxyline resin (ER) to simulate the single-
leg stand of the femur adducted 15 degrees at the frontal plane and vertical at the sagittal plane,
maintaining a medial rotation of 5 to 10 degrees. The femoral head was seated freely in a cup made of
polyoxymethylene POM , which simulates the function of the acetabulum.

Biomechanical testing

Axial load testing
Before the o�cial axial load test, the models were preloaded under a velocity of 5 mm/min and the
maximum load of 100 N to stabilize the construct. Then, the models were loaded in axial compression of
5 mm/min from the base line, and the test was stopped when it reached 1400 N and before any �xation
failure was visualized (Figure 3a). The axial stiffness was calculated (axial stiffness equal to axial load
divided by displacement).

Torsion testing
The torsion test was performed after the axial load test. The femur was stabilized proximally and distally
by a self-made holder (10 × 1010 cm). We conducted the torsion in the control mode of 1.0 Hz. The
torque was recorded at the points of 0, 1, 2, 3, 4, and 5 degrees (Figure 3b), and the torsion stiffness was
calculated respectively (torsion stiffness equal to torque divided by torsion degree).

Axial load-to-failure testing
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After the axial load and torsion test, if there were no failure of the construct’s �xation, it was subject to an
axial load-to-failure test. The load mode was kept the same as in the axial loading test, and the implant-
femur constructs were positioned in a single-leg stance under the axial compression at the rate of 5
mm/min (Figure 3c). Failure was de�ned as the one of the following: 1) a new fracture line was found in
model; 2) failure of internal �xation, such as bending or breakage of plates or screws; 3) 15 mm of
actuator displacement; or 4) the load-displacement curve became a �at curve, indicating that there was
no change of axial load when displacement 161 increased. All constructs of failure load were recorded.

Statistics
All statistical calculations and analysis were performed by SPSS version 21.0 software (SPSS Inc.,
Chicago, IL, USA). All statistics were performed by mean ± standard deviation (x ± s). One-way analyses
of variance (ANOVA) was used for comparison among groups, and the Student-Newman-Keuls (SNK) test
was used for comparison between any two means. The level of statistical signi�cance was de�ned as
p<0.05.

Results

Axial load testing
All axial load data were collected in a load-displacement curve, with slope equal to the axial stiffness’s
reciprocal value, and we found the linear curve in the four groups from 0 to 1000 N. After the axial load
reached a level over 1000 N, the axial stiffness of the PFNA and PFLCP group reduced, whereas the
medial buttress plate and bilateral plate group increased slowly. From 0 to 600 N, the medial buttress
plate’s stiffness showed almost no difference with that of the bilateral plate group, whereas the PFNA
group and the lateral plate group showed the same trend from 0 to 400 N (Figure 4). In our analysis, all
data met homogeneity of variances. The mean axial stiffness and standard deviation of the PFLCP group
were 109.42±30.14 N/mm, 119.13±29.14 N/mm for the PFNA group, 162.05±22.05 N/mm for the PFMBP
group, and 178.64±32.93 N/mm for the PFLCP+PFMBP group. There was a statistical difference between
each of the four groups when compared with one another (P<0.05) (Figure 5).

Torsion testing
The torque increased with increasing degree of torsion in the four groups. The torque resulting from
different degrees of torsion in the same group showed signi�cant differences (P<0.05); moreover, torque
of the same degree in the four groups showed signi�cant difference (P<0.05) (Table 1). The torsion
stiffness in PFLCP was (1.45±0.44) N × mm/deg, (1.10±0.13) N × mm/deg in the PFNA group,
(1.45±0.18) N × mm/deg in the PFLCP+PFMBP group, and (1.36±0.32) N × mm/deg in the PFMBP group
(Figure 6). All data met homogeneity of variances, and there was a signi�cant difference between the four
groups with respect to torsion stiffness (P<0.05). Nevertheless, there was no signi�cant difference
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between the PFLCP, PFMBP, and PFLCP+PFMBP groups (P>0.05), and these three groups showed a
signi�cant difference with the PFNA group (P<0.05).

Axial load-to-failure testing
There were no plates or screws broken or bended in any of the groups. In the PFLCP group, we found one
case of a new fracture that occurred, and the remaining �ve cases had proximal fracture fragment
displacement. Two cases in the PFNA group had a new fracture in the distal locking screw area, and four
cases had proximal fracture fragment displacement. Every case in the bilateral plate group had actuator
displacement of 15 mm. In the PFMBP group, there were three cases of new fracture in the distal area of
the plate, and three cases of actuator displacement of 15 mm (Figure 7). The axial load-to-failure in the
PFLCP group was 1408.88±0.17 N, 1696.56±0.52 N for the PFNA group, 2283.35±0.46 N for the
PFLCP+PFMBP group, and 2154.65±0.10 N for the PFMBP group (Figure 8). The axial load-to-failure in
the four groups was signi�cantly different (P<0.05).

Discussion
Reverse oblique intertrochanteric fracture, an unstable type of intertrochanteric fracture, can cause
morbidity and mortality. The incidence of this fracture is increasing with an aging population in
developed and developing countries. The majority of surgeons choose an intramedullary device to treat
reverse oblique intertrochanteric fractures because of its superior stable �xation [9]. PFNA was �rst
developed by the AO/ASIF in 2004, and its characteristic of the use of an anti-rotation blade provides
stability when inserted into cancellous bone. The shape of the PFNA provides increased contact between
implant and bone, and its anti-rotation blade in the femoral head decreases the incidence of rotation and
cutout compared to traditional screws [10]. The primary challenge for �xing a reverse oblique
intertrochanteric fracture is to overcome shear force along the fracture line. PFNA’s anti-rotation blade in
the femoral head and nail in the medullary resist proximal fracture fragment sliding laterally and distal
fragment sliding medially. With the wide use of the PFNA, the �xation failure rate has also increased.
Failure often results from the blade inserting into the hip joint, the blade dropping out, coxa vara, and
proximal femoral splitting fracture. The failure rate was reported to be 3% to 40%[11,12], and typically
caused by improper operation, unstable fracture, and osteoporosis. The PFLCP was an alternative
method for proximal femoral fracture, and is one of the most widely used extramedullary implants.
According to some literature [13–15], the PFLCP also has a failure rate of 37% to 40%. There were various
biomechanical studies [16–18] comparing intramedullary versus extramedullary devices to treat
intertrochanteric fractures; from these studies, we found that intramedullary devices were superior to
extramedullary devices in terms of biomechanical properties. A series of clinical studies reported the
intramedullary device’s superiority in less surgery damage, stable �xation, and fewer complications when
compared to extramedullary implants [9,19–21]. One biomechanical study [22] compared PFLCP and
PFNA for reverse oblique intertrochanteric fractures; however, to the best of our knowledge, no
comparative study of PFNA, PFLCP, medial buttress plate, and bilateral plate exists.
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Our newly designed medial buttress plate changed the tradition of extramedullary device planted laterally,
as the anatomic plate could �t the femoral neck well. We can say that the medial buttress plate has
become an innovation, our anatomic plate was �rstly used in treating unstable femoral intertrochanteric
fractures. Since Mir H. et al [23] hypothesized that the use of the medial buttress plate may prevent
�xation failure in vertical femoral neck fractures. Chang. et al [24] also emphasized the importance of
positive medial cortical support for unstable pertrochanteric fractures. At the same time, the primary
question is, which surgical approach best suits the medial buttress plate? The lateral approach, a
commonly used extramedullary approach for intertrochanteric fractures, could provide direct access to
the vastus lateralis muscle; however, it has the disadvantage of limited exposure, long surgery time, and
substantial bleeding. The direct anterior approach (DAA), �rst described by Hunter [25], is a modi�ed
Smith-Peterson approach with less soft-tissue damage, shorter surgery duration, and less bleeding than
traditional lateral and posterior-lateral approaches [26]. However, DAA has some drawbacks such as a
long learning curve [27], di�culty in femur exposure, and the possibility of lateral femoral cutaneous
nerve (LFCN) and lateral femoral circum�ex artery (LFCA) injury. After reviewing a series of literature, we
found an improved approach proposed by Li. et al[8]: the anterolateral intermuscular approach. The
anterolateral intermuscular approach exposes the femoral neck and proximal femoral intertrochanteric
based on conventional space between the gluteus medius and the tensor fasciae latae. Initial clinical
studies con�rmed that this approach is relatively safe, provides excellent exposure, and causes less soft-
tissue damage than the traditional approach [28,29]. We believe that it represents a promising new
method to surgically treat reverse oblique intertrochanteric fractures.

In our biomechanical research, PFLCP+PFMBP had the highest axial stiffness of the four groups, whereas
PFLCP achieved lowest. In the other two groups, PFMBP showed superior axial stiffness to PFNA.
Forward. et al[30]in his study stated that intramedullary nail achieved the best axial stiffness when
compared to locking plate and 95-degree angled blade plate. Bong. et al[31]con�rmed intramedullary had
an advantage over sliding hip screw in stiffness. We found that the medial buttress plate had better
performance than PFNA for these reasons: 1) The thickness of the medial buttress plate was 8 mm,
whereas the diameter of PFNA was 9 mm on average and PFLCP was 5 mm; the thickness of PFNA and
medial buttress plate is greater than PFLCP, making the stiffness of PFNA and medial buttress plate
greater than that of PFLCP. 2) The connect area of the proximal and distal plates in PFMBP is short and
wide, which results in less arm of force and better mechanical stability. 3) The proximal part of PFMBP
was designed to have much more contact area between the femoral neck and the implant, which may be
a reason for superior medial buttress performance. 4) Two lag screws offer e�cient pressure on
fragment. In load-to-failure testing, the PFLCP+PFMBP and the PFMBP had higher failure load than did
the PFNA, which proved that our medial buttress plate has stronger stiffness in axial load. Fensky. et al
[32] reported that intramedullary and extramedullary showed no signi�cant difference in torsion stiffness.
Rupprecht. et al [33] veri�ed that torsion stiffness showed no difference between intra- and
extramedullary in femoral neck fracture. Our torsion testing showed that there was no signi�cant
difference between the PFLCP, PFMBP, and PFLCP+PFMBP groups; the PFNA was different with respect to
torsion stiffness. We considered that our results of higher torsion stiffness in the medial buttress over the
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PFLCP and PFNA was mainly due to our design. The proximal part of the plate uses three screws, while
the lateral two screws are designed to toe-out. As with PFLCP, more screws in the distal part could add
holding force on the femoral head, increasing the torsion stiffness. On the basis of these theories,
PFLCP+PFMBP should have achieved better axial load and rotation, and our experiment has proved it.

The specimen chosen, Synbone, is made of rigid polyurethane foam and simulates human cancellous
bone [34]. Some researchers had already used synthetic bone in their studies. Luo. et al [35] used
Synbone to compare helical blade with screw design for sliding hip �xations, and Marmor [36] used
Sawbone to compare the in�uence of different lengths of intramedullary nails in �xed intertrochanteric
fracture. There were still some limitations to our study. First, the absence of soft tissue and ligaments
from synthetic bone could not simulate clinical conditions in the real human body. Second, because
Sawbone surrogates were much better than Synbone surrogates to real bone, we will use Sawbone to
perform biomechanical studies in the future. Third, by this approach, the fracture obtained an anatomic
reduction as would a traditional extramedullary implant. However, this implant would be an intracapsular
implant. The reconstruction period may destroy the blood supply of the capsular, and increase the risk of
avascular necrosis of the femur head (ANFH) and nonunion of the fracture. Thus, an anatomic study
should be conducted to con�rm whether intracapsular injury exists. Fourth, insu�cient biomechanical
indicators concluded only axial load stiffness and torsion stiffness; further studies should involve tests
such as the bending test and a fatigue load test. Our biomechanical study could not re�ect actual
fracture �xation properties, yet effective information has been provided for comparing relative stabilities
in four �xation methods.

Conclusion
In summary, our newly designed medial buttress plate achieved excellent stiffness in axial load and
torsion compared to PFNA and PFLCP to �x reverse oblique intertrochanteric fractures in biomechanical
research, whereas the bilateral plate showed better stiffness than PFMBP. The research also indicated
that the implant may have a good outcome in treating reverse oblique intertochanteric fractures because
of its performance under medial compressive stress. Future research should focus on large-size samples,
with su�cient testing of mechanical properties in proven clinical settings.
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Table 1 Comparison of torque corresponding to the torsion angles between four groups
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Group 0° 1° 2° 3° 4° 5° Statistics
PFNA 0 1.09±0.02 2.16±0.01 3.28±0.11 4.33±0.03 5.47±0.02 F=98.89

P=0.000
PFMBP 0 1.46±0.04 2.62±0.09 3.97±0.01 5.01±0.03 6.06±0.04 F=75.60

P=0.000
PFLCP 0 1.48±0.09 2.67±0.03 3.93±0.02 5.36±0.04 6.51±0.05 F=76.90

P=0.000
PFLCP+PFMBP 0 1.56±0.01 2.87±0.01 4.15±0.04 5.23±0.02 6.41±0.01 F=90.74

P=0.000
Statistics - F=85.97

P=0.000

F=78.43

P=0.000

F=79.69

P=0.000

F=91.27

P=0.000

F=84.57

P=0.000

 

 

Figures

Figure 1

Our newly designed T-shaped medial buttress plate has three holes proximally and eight holes distally.
Two lag screws could be planted in the medial of the intertrochanteric through two distal holes.
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Figure 2

The fracture model in our biomechanical testing: a) PFLCP+PFMBP; b) PFLCP; c) PFMBP; d) PFNA.
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Figure 3

Biomechanical testing modes: a) axial load testing; b) torsion testing; c) axial load-to-failure testing.

Figure 4

Axial load-displacement curve in the four groups.

Figure 5

Stiffness in axial load between the four groups
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Figure 6

Stiffness in torsion between the four groups
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Figure 7

Failure mode for constructs: a) proximal fracture fragment displacement in the PFNA group; b) new
fracture in distal area of plate in the PFMBP group; c) proximal fracture fragment displacement in the
PFLCP group.

Figure 8

Failure in axial load between the four groups.


