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Finite element analysis of the
modified intramedullary nail-ll
for managing reverse obliquity
trochanteric fractures

Qian Wang, Yao Lu, Lu Liu, Teng Ma, Zhong Li, Kun Zhang" & Qiang Huang™*

Cephalomedullary nails are widely used to fix unstable femoral trochanteric fractures nowadays.
However, for reverse obliquity trochanteric (ROT) fractures, the fixation failure rate of existing
cephalomedullary nails is high, resulting in many complications. Our team aimed to propose the
modified intramedullary nail-1l (MIN-11) to improve the fixation effects of ROT fractures and make
biomechanical comparisons between MIN-Il and three other cephalomedullary nails by finite element
method. AO/OTA 31-A3.1 and 31-A3.3 ROT fracture models were established via a series of femoral

CT data. Four cephalomedullary nails were constructed, including MIN-II, proximal femoral bionic

nail (PFBN), InterTAN nail (ITN), and proximal femoral nail antirotation (PFNA). Then, these implants
were assembled onto the above ROT fracture models. After setting boundary conditions, the mesh
convergence test and model validation were performed. The evaluation indicators comprised von Mises
stress (VMS) and displacement. To compare the mechanical stability of four implants, the percent
difference (PD) was calculated. The values of maximal VMS on implants were 176.81 MPa, 292.04 MPa,
227.36 MPa, and 306.45 MPa in 31-A3.1 ROT fracture and 257.32 MPa, 349.90 MPa, 372.93 MPa, and
679.75 MPa in 31-A3.3 ROT fracture for the MIN-II, PFBN, ITN, and PFNA models under axial loads of
2100 N. Compared to the PFNA model, the PD reduction of MIN-Il was 42.3% in 31-A3.1 ROT fracture
and 62.1% in 31-A3.3 ROT fracture. The values of maximal displacement were 14.38 mm, 18.95 mm,
18.86 mm, and 20.53 mm in 31-A3.1 ROT fracture and 16.40 mm, 19.02 mm, 19.21 mm, and 20.56 mm
in 31-A3.3 ROT fracture for the MIN-II, PFBN, ITN, and PFNA models. In comparison with the PFNA
group, the MIN-II group showed a 30.0% reduction in 31-A3.1 ROT fracture and a 20.2% reduction in
31-A3.3 ROT fracture for this indicator, respectively. The values of maximal VMS on bones and maximal
displacement of fracture surface exhibited similar trends for the four fixation groups. The modified
intramedullary nail-1l displayed the best biomechanical stability among the four cephalomedullary
nails for the management of reverse obliquity trochanteric fractures. Hence, the MIN-Il might be a
good option for patients with ROT fractures.
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Reverse obliquity trochanteric (ROT) fractures account for up to 20% of all femoral trochanteric fractures!. It
mainly occurs in elderly patients, especially those with osteoporosis. According to the AO/OTA fracture and
dislocation classification, this type of fracture is classified as AO/OTA 31-A3 (31-A3)2. The typical characteristic
of ROT fractures is the direction of the main fracture line, which is from distal-lateral to proximal-medial or
approximately horizontal'. Unlike 31-A1 and 31-A2 fractures, in 31-A3 fractures both the medial and lateral walls
of the proximal femur are involved. These features of 31-A3 fractures make them own different biomechanical
characteristics. Scholars have reached a consensus on early surgical treatment for such fractures®*. Unfortunately,
the surgical failure rate for ROT fractures is high, and there are many postoperative complications, such as
screw cut-out, screw withdrawal, varus deformity, peri-implant fracture, screw breakage, etc.>~”. These not only
seriously affect the rehabilitation process of elderly patients, but also bring great trouble to them and increase the
mortality rate. Therefore, ROT fractures have been a thorny issue faced by orthopedic surgeons.

Due to the large trauma and high failure rate, the application of extramedullary fixation devices in ROT
fractures is gradually decreasing, including dynamic hip screw, proximal femoral locking plates, etc. Conversely,

Department of Orthopedics, Honghui Hospital, Xi'an Jiaotong University, Xian 710054, Shaanxi, China. *email:
gukezhangk@163.com; 369292735@qq.com

Scientific Reports|  (2025) 15:21303 | https://doi.org/10.1038/s41598-025-05748-w nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-05748-w&domain=pdf&date_stamp=2025-6-11

www.nature.com/scientificreports/

cephalomedullary nails have been used as the gold standard for the treatment of femoral trochanteric fractures,
such as PENA3. Cephalomedullary nails belong to the central fixation devices, which has a shorter lever arm
compared to extramedullary fixation devices. This is beneficial for local stress dispersion. In addition, after
satisfactory reduction, these cephalomedullary nails can usually be implanted via a minimally invasive method.
This helps protect the local circulation. Despite these advantages, for ROT fractures, the head screws of these
cephalomedullary nails (PFNA, ITN, and Gamma3 nail) are almost parallel to the main fracture line. In this case,
it is easy to cause complications such as femoral shaft internalization and head screw cut-out, resulting in a high
failure rate of fixation>’. PFBN is a cephalomedullary nail designed based on the theory of triangular stability
and lever balance!’. Some clinical and biomechanical studies have shown that PFBN was more effective than the
PFNA in fixing femoral trochanteric fractures'®!!. Other studies indicated that PFBN had better biomechanical
stability than PFNA and ITN in fixing ROT fractures'>!3. Yet, although the PFBN device has two head screws
(the tension and pressure screws), it faces a similar issue in fixing ROT fractures. The angles between the head
screws and the main fracture line present small acute angles. Both head screws of PFBN are located on the same
side of the main fracture line, which has a limited effect on restricting sliding of the fracture fragments. Cerclage
cable technique can indeed enhance the local mechanical stability of the fracture site for ROT fractures'.
However, scholars have to face the risks of significant trauma, excessive bleeding, and increased postoperative
infections when applying cerclage cable technique. So far, there is no specially designed cephalomedullary nails
for fixing ROT fractures in clinical work.

Given the current situation, our team designed the modified intramedullary nail-IT (MIN-II, Fig. 1A) to
treat reverse obliquity trochanteric fractures. In our previous research, the MIN device has been proven to be
effective in fixing 31-A2.3 femoral trochanteric fractures'®. Compared to the MIN, the MIN-II has undergone
minor optimization to better fix ROT fractures. In MIN-II, two head screws are fixed to the femoral head
along the femoral neck after passing through the main nail. These two head screws are arranged in parallel.
The interlocking screw is locked at a right angle with the tail of the lower head screw, and finally fixed to the
area below the lesser trochanter. The main nail, the lower head screw, and the interlocking screw form a small
triangular stable structure. Our team hoped that the MIN-II, with its unique design, would bring superior
fixation and good stability for ROT fractures.

Finite element analysis (FEA) is a modern computational method based on structural mechanics analysis.
This method was first applied in the field of mechanics in the 1950s. Currently, it is widely used in verifying the
reliability and safety of new implants. By analyzing the stress, strain, displacement and other parameters of new
implants under different load conditions, researchers could optimize the design and improve the biomechanical
properties. In this research, four fixation models were constructed by FEA, including MIN-IL, PEBN, ITN, and
PFNA. Two ROT fracture models (AO/OTA 31-A3.1 and 31-A3.3) were established. The evaluation indicators
comprised maximal VMS and displacement. Through these mechanical evaluation and comparison, our team
attempted to preliminarily clarify the effects of MIN-II in fixing ROT fractures.

Materials and methods

Three-dimensional (3D) building of ROT fractures

Written informed consents have been gotten from the volunteers, and all methods were conducted according
to relevant guidelines and regulations. The experimental protocol has been approved by the ethics committee
of Xian Honghui Hospital. For these volunteers, the exclusion criteria included severe osteoporosis, limb
deformities, bone tumors, etc. Preliminary screening comprised X-ray and bone density examination. Then,
CT data of the left femur were obtained from 20 volunteers. On the basis of the mean CT values, a standard 3D
femur model was built by the Mimics (Materialize Co., Leuven, Belgium). For smoothing and surface fitting, the
femoral model was saved as a STL file and imported into Studio (Geomagic Co., US). To differentiate cortex and
cancellous bones, Hounsfield Unit (HU) was introduced'®. According to previous acknowledged fracture map
and the 2018 AO/OTA Classification®!7, two ROT fractures (AO/OTA 31-A3.1 and 31-A3.3) were constructed
(Fig. 1E,F).

Construction of four fixation models and mesh convergence test

In computer-aided design (CAD) (Autodesk Co., US), four implants (MIN-II, PEBN, ITN, and PFNA, Fig. 1A-
D) were designed according to the parameters provided by the manufacturer and our team. Then, these implants
were installed on the ROT fracture models. The length of the four cephalomedullary nails was 240.0 mm
while the diameter of the main nails was 10.0 mm. For the MIN-II, the diameters of two head screws and the
interlocking screw are set as 10.0 mm, 5.0 mm, and 5.0 mm. The intersection angle between the main nail and
the lower head screw is defined as 130°. Moreover, the intersection angle between the lower head screw and
the interlocking screw is exactly at a right angle. The mesh type of this research was determined as tetrahedral
elements during finite element modelling. Referring to similar researches, a mesh convergence test of these
fixation models was carried out to assess the reliability!®!°. 1.5 mm has been determined as the mesh size for this
study. For maximal degree of freedom, field variables, comprising strain energy and displacement, were within
the scope of 5% for both types of elements and there was no maximum stress point. Based on these results, our
finite element models were proven to be reliable.

Material properties and boundary situation

According to previous researches, the material properties of these finite element models were set uniformly as
homogeneous, isotropic, and linear elastic?’. The metal property of these cephalomedullary nails was determined
as Titanium alloy. Based on similar researches, the parameter settings for Young’s modulus and Poisson’s ratio
are listed in Table 121. The values of elements and nodes for four fixation groups are displayed in Table 2. The type
of contact between bones, cephalomedullary nails, and fracture fragments was defined as frictional contact. The
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Fig. 1. Cephalomedullary nail models and the reverse obliquity trochanteric fracture models. (A) MIN-IL

(B) PEBN. (C) ITN. (D) PENA. (E) The MIN-II in AO/OTA 31-A3.1 fracture model. (F) The MIN-II in AO/
OTA 31-A3.3 fracture model. MIN-II modified intramedullary nail-II, PFBN proximal femoral bionic nail, ITN
InterTAN nail, PENA proximal femoral nail antirotation.

Material Elastic modulus (MPa) | Poisson’s ratio
Titanium alloy 105,000 0.35
Cancellous bones 840 0.2

Cortical bones 16,800 0.3

Table 1. Indicator settings of elastic modulus and Poisson’s ratio.

frictional coefficient values for implant-implant, bone-bone, and bone-implant surfaces were defined as 0.2,
0.46,and 0.3, respectivelyzz. In order to evaluate the effects of vertical compression, the distal femur of each finite
element model was properly fixed. The abduction angle was set as 10° while the tilt-back angle was 9° for these
femoral models. The workload was set to 2100 N acting onto the femoral head surface in the vertical direction®.
Marc Mentat 2016 (MSC Co.,US) was adopted in our finite element analysis and the analysis was solved via an
implicit solver.
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31-A3.1 31-A3.3

Model | Elements | Nodes | Elements | Nodes
MIN-II | 616,963 971,428 | 616,647 970,797
PFBN 602,061 953,041 | 600,984 951,307
ITN 614,065 966,612 | 610,530 960,512
PFNA 565,320 881,103 | 564,934 880,330

Table 2. Number of elements and nodes for the four groups. MIN-II modified intramedullary nail-I1I, PFBN
proximal femoral bionic nail, ITN InterTAN nail, PENA proximal femoral nail antirotation.

Observation indexes and model validation

The observation indexes included maximal VMS on implants and bones, maximal displacement, and maximal
displacement of fracture surface (MDEFS). As the PENA device was widely used in managing femoral trochanteric
fractures in the past few decades, it was defined as the control group in our research?*. Inter-group comparison
was presented using percent difference (PD) which was calculated on the basis of the following formula:
PD =(P,—Pa)/P, x 100%*. Pa indicates the results of the MIN-II, PFBN, or ITN while P, indicates the result
of PENA.

To conduct model validation, a standard femoral model was constructed through finite element method. The
material properties were the same as those set in our previous text. The distal femur was fixed and vertical loads
of 2100 N were loaded onto the femoral head. Axial stiffness of the intact femur was evaluated by the Ansys19.0
(ANSYS, US) and compared with experimental results published in previous research?. After testing, the axial
stiffness of the femoral model in our study was 0.58 kKN/mm. This result was very close to the experimental values
of [(0.76 +0.26) kN/mm] which has been published in previous research?®. The VMS distribution increased
gradually from the distal femur to the proximal femur. In the light of individual difference for each model, our
finite element models were validated.

Results

Maximal von Mises stress on implants

The bar plots of maximal VMS on implants under axial loads of 2100 N are displayed in Fig. 2A while the cloud
pictures of maximal VMS on implants for the four fixation groups are shown in Fig. 3. For 31-A3.1 fracture
models, the maximal VMS on implants was 176.81 MPa, 292.04 MPa, 227.36 MPa, and 306.45 MPa for the MIN-
II, PFBN, ITN, and PFNA groups. Besides, it was 257.32 MPa, 349.90 MPa, 372.93 MPa, and 679.75 MPa for
these groups in 31-A3.3 fracture models. The results of maximal VMS on implants for the MIN-II groups were
lower than those of the PENA groups in two ROT fracture models. The PD reduction for the MIN-II group was
42.3% and 62.1% in 31-A3.1 and 31-A3.3 fracture models, compared with the PFNA group.

Maximal von Mises stress on bones

The bar plots of maximal VMS on bones are exhibited in Fig. 2B while the cloud pictures of maximal VMS on
bones for these groups are presented in Fig. 4. The maximal VMS on bones was 90.52 MPa, 66.66 MPa, 81.11 MPa,
and 217.58 MPa for the MIN-II, PEBN, ITN, and PFNA groups in 31-A3.1 fracture models. Moreover, it was
171.90 MPa, 188.89 MPa, 297.38 MPa, and 315.86 MPa in 31-A3.3 fracture models. The results of maximal
VMS on bones for the MIN-II groups were lower than those of the PENA groups in two ROT fracture models.
Compared with the PFNA group, the PD reduction of this observation index for the MIN-II group was 58.4%
and 45.6% in 31-A3.1 and 31-A3.3 fracture models.

Maximal displacement for the four fixation groups

For 31-A3.1 fracture models, the maximal displacement was 14.38 mm, 18.95 mm, 18.86 mm, and 20.53 mm for
the MIN-IL, PFBN, ITN, and PFNA groups under axial loads of 2100 N, respectively. The values were 16.40 mm,
19.02 mm, 19.21 mm, and 20.56 mm in 31-A3.3 fracture models for these fixation groups. Obviously, the results
of maximal displacement for the MIN-II groups were smaller than those of the PFNA groups in two ROT
fracture models. The PD reduction of this observation index for the MIN-II group relative to the PENA group
was 30.0% and 20.2% in 31-A3.1 and 31-A3.3 fracture models. The bar plots of maximal displacement for the
four fixation groups are shown in Fig. 2C while the cloud pictures for these groups are displayed in Fig. 5.

MDFS for the four fixation groups

The MDFS was 12.01 mm, 13.32 mm, 13.73 mm, and 17.37 mm for the MIN-II, PFBN, ITN, and PFNA groups
in 31-A3.1 fracture models under axial load case. Notably, it was 13.18 mm, 14.43 mm, 13.79 mm and 17.93 mm
in 31-A3.3 fracture models for these fixation groups. The results of MDFS for the MIN-II groups were smaller
than those of the PFNA groups in two ROT fracture models. The PD reduction of MDES for the MIN-II group
was 30.8% and 26.5% in 31-A3.1 and 31-A3.3 fracture models, compared with the PENA group. The bar plots of
MDES for the four fixation groups are presented in Fig. 2D while the cloud images for these groups are exhibited
in Fig. 6.
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Fig. 2. The bar plots of maximal VMS and displacement for the four fixation groups in 31-A3.1 and 31-A3.3
fracture models. (A) Maximal VMS on implants. (B) Maximal VMS on bones. (C) Maximal displacement. (D)
Maximal displacement of fracture surface. VMS represents von Mises stress. MIN-II modified intramedullary
nail-1I, PFBN proximal femoral bionic nail, ITN InterTAN nail, PFNA proximal femoral nail antirotation.

MIN-II PFBN ITN PFNA

Stress (MPa) Stress (MPa) Stress (MPa) Stress (MPa)
17681 292.04 22736 306.45
a 157.21 & 259.59 W 21 H 2724
M 1376 ' 22714 = 17686 238.36
117.99 {={ 194.69 1516 + 20431
98.379 162.25 126.35 170.26
! 7877 1298 5 1011 136.22
59.161 97.354 75845 10217
39.552 { 64.907 50593 68.129
I 19.943 3246 I 2534 34,083
033405 001313 0087184 0.03774
31-A3.1
Stress (MPa) Stress (MPa) Stress (MPa) Stress (MPa)
o 25732 3499 37293 679.75
22877 [t F e q 604.23
200.22 = 27216 £l Zqo'w | 52871
17167 23328 24864 45319
14312 19441 207.22 377.67
B 11457 155.54 165.79 ﬂ 30215
86.018 11667 12436 22663
57.468 77.795 8293 15111
I st 38923 41502 73.508
036789 0.050686 0073016 0.06747
31-A3.3

Fig. 3. Maximal VMS on implants for the MIN-II, PEBN, ITN, and PFNA models in 31-A3.1 and 31-A3.3
fractures. VMS represents von Mises stress. MIN-II modified intramedullary nail-II, PFBN proximal femoral
bionic nail, ITN InterTAN nail, PFNA proximal femoral nail antirotation.
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Fig. 4. Maximal VMS on bones for the MIN-II, PFBN, ITN, and PFNA models in 31-A3.1 and 31-A3.3
fractures. VMS represents von Mises stress. MIN-II modified intramedullary nail-II, PFBN proximal femoral
bionic nail, ITN InterTAN nail, PFNA proximal femoral nail antirotation.

Discussion

In this research, we introduced a new cephalomedullary nail of MIN-II for managing ROT fractures. The
biomechanical properties of four cephalomedullary nails (MIN-II, PFBN, ITN, and PFNA) were compared by
finite element analysis. According to our results, the MIN-II displayed the best biomechanical performance,
followed by PFBN, ITN and PENA. Specifically, in comparison with the PENA group, a 42.3-62.1% reduction
was observed for maximal VMS on implants and a 45.6-58.4% reduction for maximal VMS on bones in the
MIN-II group. For maximal displacement, the PD reduction was 20.2-30.0% in the MIN-II group, compared to
the PENA group. These data demonstrated that the design of MIN-II might be reasonable. Through decreasing
stress concentration and enhancing mechanical stability, the MIN-II might be feasible in treating ROT fractures.

Currently, cephalomedullary nails have been used as the gold standard by most scholars for the treatment
of femoral trochanteric fractures®2°. However, the failure rate of cephalomedullary fixation remains high for
ROT fractures?’~%. In Factor’s study, 265 cases diagnosed as ROT fractures were managed with four kinds of
cephalomedullary nails, including the Proximal Femoral Nail (PFN), Gamma3 nail, ITN, and the TFN-advanced
proximal femoral nailing system (TFNA)%. The orthopedic complication (infection, cut-out, malunion, and
nonunion) rate was 7.3-15.8% in three sub-types and the overall revision rate was 9.4%%”. Hao et al. explored
45 patients with ROT fractures who accepted PFNA fixation?®. Six (13.3%) experienced implant failure?®. In
Irgit’s study, 148 patients with ROT fractures were fixed by cephalomedullary nails*. The complication rate was
12.2% while the revision rate was 8.1%2°. The stress concentration and insufficient stability of cephalomedullary
nails may be the key factors for the high failure rate in fixing ROT fractures. Conventional cephalomedullary
nails have innovations in the number and structure of head screws. These modifications bring excellent
biomechanical stability for those with femoral intertrochanteric fractures, such as the types of 31-Al and 31-
A2%630 Nevertheless, for ROT fractures, also known as the type of 31-A3 in AO/OTA classification, current
cephalomedullary nails are unable to provide satisfactory fixation effects.

Based on our results, compared with PFNA, ITN, and PFBN, the MIN-II presented the lowest maximal
displacement and MDFS values. These data of our finite element study proved that the mechanical stability
of MIN-II was good. Notably, a significant improvement has been made to the design of MIN-II, namely the
introduction of the interlocking screw. This unique design may be the main reasons why the MIN-II exhibited
such good biomechanical performance. Under axial loads, the proximal fracture fragment of ROT fractures will
slide outward and downward while the distal femur will slide inward and upward>!. Due to the head screws of
PFNA and ITN being close to parallel to the main fracture line of ROT fractures, its ability to restrict the sliding
of the fracture fragments is limited. Although the two proximal head screws of PFBN are interlocked, they are
both located above the fracture line. The anti-sliding effects of PFBN are also limited to some extent. Unlike
PFNA, ITN, and PFBN, the direction of the interlocking screw in MIN-II is close to perpendicular to the main
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Fig. 5. Maximal displacement for the MIN-IIL, PFBN, ITN, and PFNA models in 31-A3.1 and 31-A3.3
fractures. MIN-II modified intramedullary nail-II, PFBN proximal femoral bionic nail, ITN InterTAN nail,
PFNA proximal femoral nail antirotation.
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Fig. 6. Maximal displacement of fracture surface for the MIN-II, PFBN, ITN, and PFNA models in 31-A3.1
and 31-A3.3 fractures. MIN-II modified intramedullary nail-II, PFBN proximal femoral bionic nail, ITN
InterTAN nail, PFNA proximal femoral nail antirotation.
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fracture line of ROT fractures. From a geometric perspective, the screw perpendicular to the direction of the
main fracture line has the greatest restriction on fracture fragment sliding. In addition, the interlocking screw
and the lower head screw interlock with each other. The interlocking screw, the lower head screw, and the main
nail form a small triangular stable structure. These structural features might provide superior stability for the
fracture site of ROT fractures.

On the basis of our finite element data, compared to the PENA, ITN, and PFBN fixation models, the MIN-
II fixation model exhibited lower maximal VMS values on implants and femurs. The possible reasons are as
follows. The junction between the main fracture line and the main nail is a stress concentration area of these
fixation models. For PFNA, ITN, and PFBN, axial loads are transmitted along the main nail at the fracture line.
Due to the introduction of the interlocking screw in MIN-II, the main fracture line of ROT fractures seems to
be “locked” in the metal triangle structure. Near the fracture line of ROT fractures, a portion of axial loads is
transmitted along the main nail towards the distal end. The other portion of axial loads is transmitted along the
tail of the lower head screw to the interlocking screw, and then transmitted to the main nail and the distal end.
This dual-line load conduction mode in ROT fractures might disperse local stress at the fracture site. The VMS
stress data in our finite element analysis confirmed this point.

The design of MIN-II and PEN has some similarities. In the proximal part, both MIN-II and PFN have
two head screws arranged in parallel. Compared to single-screw of PENA and Gamma3 nail, dual-screw
configuration helps to better resist rotation and provide axial support for ROT fractures. However, this proximal
structure of PFN is prone to causing Z-effects or reverse Z-effects in axial load case®>**. The Z-effects refer to
the displacement of the upper head screw towards the proximal end and its penetration into the acetabulum,
while the lower head screw moves towards the distal end and causes this screw to retract. The reverse Z-effects
indicate that the movement direction of the two head screws is opposite to that of the Z-effects. The possible
complications caused by the Z-effects or reverse Z-effects may increase patients’ pain and recovery time, and
even significantly affect the therapeutic efficacy. Unlike PEN, the introduction of the interlocking screw in MIN-
II restricts the sliding of the lower head screw. This may reduce the occurrence of Z-effects and reverse Z-effects,
and finally decrease the fixation failure rate of implants.

There are some deficiencies of this research. Firstly, the material properties were assumed to be homogeneous,
isotropic, and linear elastic, which was a simplification of the reality. Yet, to reduce interference factors, this
simplification was essential in finite element studies. Secondly, our team only simulated vertical loads and did
not simulate bending and torsional loads. In further research, we will explore the mechanical properties of
MIN-II under bending and torsional loads. Thirdly, soft tissues were not simulated during model construction.
Considering that the focus of this study was on the mechanical properties of MIN-II and its comparison with
three other cephalomedullary nails, ignoring soft tissues can help us obtain accurate conclusions. Fourthly,
before the MIN-II is ultimately used in patients with ROT fractures, its mechanical properties still need to be
further explored through cadaver and clinical trials. We will improve these deficiencies in further research.

Conclusion

The modified intramedullary nail-II displayed the best biomechanical stability among the four cephalomedullary
nails for the management of reverse obliquity trochanteric fractures. The introduction of the interlocking screw
in MIN-II provided good anti-sliding effects via locking with the lower head screw. The MIN-II decreased local
stress concentration by a dual-line load conduction mode in ROT fractures. Additionally, it may reduce the
occurrence of Z-effects and reverse Z-effects via the introduction of the interlocking screw. Hence, the MIN-II
might be a good option for patients with ROT fractures.

Data availability
The datasets analyzed during the current study are available from the corresponding author upon reasonable
request.
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