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Objective: To compare the fixation stability of the lag screw with a undercut
thread design for the dynamic hip screw (DHS) system versus the lag screw with
the conventional buttress thread.

Methods: The lag screws with the undercut thread (a flat crest feature, a tip-
facing undercut feature) and buttress thread were both manufactured. Fixation
stability was investigated using cyclic compressive biomechanical testing on
custom osteoporotic femoral head sawbone. The forces required for the same
vertical displacement in the two types of lag screw were collected to evaluate
the resistance to migration. Varus angle was measured on X-ray images to
assess the ability in preventing varus collapse. Finite element analysis (FEA) was
performed to analyze the stress and strain distribution at the bone-screw
interface of the two types of lag screws.

Results: The biomechanical test demonstrated that the force required to
achieve the same vertical displacement of the lag screw with the undercut
thread was significantly larger than the lag screw with conventional buttress
thread (p < 0.05). The average varus angles generated by the undercut and
buttress threads were 3.38 + 0.51° and 5.76 + 0.38°, respectively (p < 0.05). The
FEA revealed that the region of high-stress concentration in the bone
surrounding the undercut thread was smaller than that surrounding the
buttress thread.

Conclusion: The proposed DHS system lag screw with the undercut thread had
higher migration resistance and superior fixation stability than the lag screw with
the conventional buttress thread.

KEYWORDS

lag screw, dynamic hip screw, undercut thread, buttress thread, biomechanical test,
finite element analysis
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1 Introduction

Hip fractures are commonly encountered and challenging in
the elderly population because of their poor bone quality
(Veronese and Maggi, 2018; Dobre et al., 2021). Operation is
usually necessary for this condition to decrease the complications
associated with prolonged bed confinement (Roberts et al., 2015).
The dynamic hip screw (DHS), which comprises a lag screw and
a sliding plate, is a widely utilized fixation implant for hip
fractures, especially for intertrochanteric hip fractures (Matre
et al., 2013; Law et al., 2021; Lim et al., 2021). However, fixation
failure of DHS is common. In particular, the failure incidence can
reach 51.4% in unstable intertrochanteric hip fractures (Memon
etal., 2021). Failure patterns include femoral head varus collapse,
medialization of distal fragment and screw cut-out of the lag
screw, which always result in a revision surgery (Boukebous et al.,
2018; Taheriazam and Saeidinia, 2019; Memon et al., 2021).

Although fracture type and surgical techniques are crucial in
fixation failure of DHS treatment (Hsu et al., 2016), the
configurations of the lag screw are also critical factors; inner
diameter, outer diameter, pitch, screw length and thread shape
are main configuration parameters for orthopedics screws (Feng
et al,, 2015; Feng et al., 2016; Gustafson et al., 2019; Kilian et al,,
2019; Schliemann et al., 2019). The thread shape is the most
important structure, as it can determine the mechanical
environment at the bone-screw interface, and influence the
biomechanical performance and osseointegration, accordingly
(Abuhussein et al., 2010; Alemayehu and Jeng, 2021; Feng et al.,
2021; Watanabe et al., 2022). An FEA study found that under the
same pullout force, the V-shaped thread and square thread
generated less stress than the thin-thread at the bone-screw
interface (Geng et al, 2004). The reverse buttress thread also
exhibits superior performance in FEA and biomechanical pullout
test (Gracco et al., 2012; Oswal et al., 2016). However, another
biomechanical study showed that screws with trapezoidal thread
had higher pullout strength than screws with reverse buttress
thread (Yashwant et al., 2017). At present, the thread shape of the
DHS lag screw is standard buttress thread, which was first
proposed by Robert Danis in the 1950s and is prevalent
among different orthopedics screws. The typical buttress
thread has the optimal performance in terms of the resistance
of the unidirectional axial pull-out loading force (Ricci et al.,
2010). However, the loading forces are multiaxial during the
physiological motion in vivo. The failure risk for standard
thread
multidirectional loading forces (Stahel et al., 2017). A clinical

buttress screw is high when exposed to
research and finite element analysis (FEA) validated that radial
stress affects screw loosening in the plate fixation of long bone
fractures more than axial stress (Feng et al., 2019). The major
complication of DHS is screw cutout, usually due to lateral
migration of the lag screw relative to the femoral head
(Taheriazam and Saeidinia, 2019). Our previous researches

have demonstrated that the undercut thread design for
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FIGURE 1
The lag screws and surrogate femoral head used in this study.
(A) A lag screw with the undercut thread (left), and a lag screw with

conventional buttress thread (right). (B) Surrogate femoral head
manufactured from polyurethane foam blocks.

cancellous bone screw exhibited better lateral resistance than
the standard buttress cancellous bone screw (Feng et al., 2022a).
In addition, compared with the buttress thread, the undercut
thread can make the stress distribution of the bone around the
thread more uniform, and effectively avoid stress shielding, thus
facilitating the process of osseointegration (Feng et al., 2022b).

The purpose of the present study was to evaluate the
biomechanical performance of the DHS lag screw with the
undercut thread design versus the standard conventional
thread pattern (buttress thread) using biomechanical testing
on surrogate femoral heads and FEA.

W IZ1 Pressing head
- e ' a1 Folating block

Steel shell
p | Metal jig

FIGURE 2
Setup of the biomechanical test of surrogate femoral head
fixed with the lag screw.
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FIGURE 3

10.3389/fbioe.2022.1019172

Images of X-ray scan pre-test (A,C) and post-test (B,D). The solid black line represents the axis of the screw, the solid red line represents the axis

of the femoral head.

2 Materials and methods
2.1 Biomechanical test

The DHS lag screws with undercut (n = 5) and buttress
threads (n = 5) were manufactured from 316 low carbon vacuum
melt stainless steel. Configurations of the screws were all identical
except thread shape, including major diameter of 12.88 mm,
minor diameter of 7.80 mm, thread pitch of 3.00 mm and screw
length of 120 mm. Additionally, the undercut thread had a flat
crest of 1.57 mm (Figure 1A).

Solid rigid polyurethane foam blocks with a density of 0.16 g/
cm® (Sawbones 10 PCF; Pacific Research Laboratories, Vashon,
Washington, United States ) were used to imitate the human
osteoporotic cancellous bone (O’Neill et al., 2012). The foam
blocks were custom manufactured into the shape of a femoral
head (Figure 1B). A pilot hole with the diameter of 8 mm and
depth of 55 mm was reamed for each surrogate femoral head.
Dimensions of the femoral head are shown in Figure 1B (Lee
et al., 2014). A steel shell with a thickness of 2 mm that matched
the shape of the femoral head was also custom manufactured
(Figure 2). A metal jig was custom manufactured to fix the
implant, with a special design slope to simulate the 17° clinical
angle of peak walking force vector acting toward the center of the
femoral head in the frontal plane (Figure 2) (Bergmann et al.,
2016).

Each lag screw was inserted into the pilot hole of the
surrogate femoral head using a screwdriver. Digital X-ray
images (20kV, 5s) were taken to ensure that the screw
reached the end of the hole (Figure 3). Then, the femoral
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head was assembled with the steel shell and fixed into the
metal jig. Subsequently, each sample was mounted on the
loading cell of an MTS 858 Mini Bionix (MTS Systems
United States )
hydraulic loading machine for cyclic loading test (Figure 2).

Corporation, Eden Prairie, Minnesota,
The loading force was applied to the steel shell through a pressing
head and a floating block (Figure 2). The cyclic loading program
was a double-peak loading curve with the minimum and
maximum forces ranging from 100 N to 1000 N, respectively,
for the first cycle. The maximum force increased by 0.2 N per
cycle at 1 Hz with the minimum force kept at 10% of the
maximum force. Continuous loading was applied until the
vertical displacement of 7 mm was reached. After loading, a
digital X-ray image was taken for each sample in the anterior-
posterior (AP) view.

The load required to reach the axial displacement of 1, 2, 3, 4,
5,6 and 7 mm was collected, respectively. The varus angle, which
was defined as the angle between the axis of the lag screw and the
central line of the femoral head after loading, was measured on
the X-ray image in the AP view (Figure 3).

2.2 Finite element analysis

FEA is an engineering tool for structural analysis and has
been widely used to evaluate the stress distribution of bones and
implants. FEA can reveal detailed information, such as stress and
strain distributions, that can be difficult or impossible to measure
in laboratory biomechanical tests. The FEA models in this study
were established to simulate the scenario of a human in a
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FIGURE 4
FEA model assembly. The right graph shows the mid-sagittal
plane of the FEA models.

TABLE 1 Material properties for the FEA models used in this study.

Material Young’s modulus, MPa Poisson’s ratio
Cancellous bone 260 0.29

Cortical bone 2600 0.3

Screw 200000 0.3

stationary standing position. The FEA 3D models included the
two kinds of lag screws with different thread shape, the femoral
head of the cancellous bone and the metal jig, which possessed
the the
biomechanical test section. The 3D model of cortical bone

same dimensions as described previously in
was designed as a shell with a thickness of 2 mm wrapped
around the surface of the femoral head cancellous bone. The
assembly of the 3D models is shown in Figure 4.

The 3D finite element models were created for each geometry
using ABAQUS software suite (6.13/CAE; Simulia, Providence,
Rhode Island, United States ). The metal jig was defined as a rigid
body. The material properties of the cancellous bone, cortical
bone, and screw are summarized in Table 1 (Benli et al., 2008;
Saba, 2012; Lee et al, 2016). The material properties were all
defined as homogeneous, isotropic and linear elastic (Feng et al.,
2022a). The cancellous bone and screw were simulated as
osteoporotic cancellous bone and stainless steel, respectively
(Benli et al., 2008; Oftadeh et al., 2015; Lee et al., 2016).
defined as
interactions with a Coulomb friction coefficient of 0.3

Bone-screw contact interfaces were sliding
(MacLeod et al, 2012). Bone-metal jig and screw-mental jig
contact interfaces were defined as frictionless sliding interactions
(Afferrante and Ciavarella, 2006). Cortical bone was tied with
cancellous bone (Fu et al., 2022). A constant load of 250N was
applied straight down on the femoral head with the bottom of the
metal jig fixed (Ching et al., 2020).

Since the stress distribution and strain distribution in the

bone were the focus of this study, the bone was modeled using
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FIGURE 5

Results of the biomechanical test. (A) Force required to reach

the vertical displacement of 1, 2, 3, 4, 5, 6, and 7 mm. (B) Varus
angle generated post-test by the two types of lag screws. **, p <
0.01; ***, p < 0.001.

quadratic tetrahedral elements, while the screws and metal jig
were modeled using linear tetrahedral elements. The
approximate number of elements used in the cancellous
bone, cortical bone, screw, and metal jig were 760,000,
120,000, 190,000, and 1,280,000, respectively. All bone
models incorporated mesh refinement at the bone-screw
interface. The size of the element edge near the screw hole
was 0.02 mm. A mesh convergence study was performed to
determine the appropriate mesh size for each part of the
models based on their effect on the maximum Von Mises
stress. The maximum Von Mises stress of the undercut thread
model changed by 0.97%, when the number of elements in the
bone was doubled. Therefore, the number of elements
mentioned previously was considered suitable for the
analysis of the FEA models used in this study.

To assess the effect of the undercut thread and the
buttress thread on the bone, the maximum Von Mises
stress, the maximum principal strain, and the minimum
principal strain were evaluated for cancellous bone
surrounding the bone-screw interface for the two FEA
models in the mid-sagittal plane. In addition, the volume
of the bone around the screw thread at the bone-screw
interface, when the Von Mises stress exceeded a set

threshold, was calculated for both FEA models.

3 Data and statistical analysis

The varus angle, and the load required to reach the axial
displacement of 1, 2, 3, 4, 5, 6 and 7 mm were expressed as
means and standard deviations (SD). An independent sample
t test was used to compare differences between the two
studied groups and p < 0.05 was considered statistically
significant. All statistical analyses were conducted using
SPSS (IBM SPSS Statistics for Windows, IBM Corp,
Armonk, NY, Version 19.0).
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FIGURE 6

FEA results of the two models. (A,B) The Von Mises stress
distribution of the cancellous bone in the mid-sagittal plane
associated with the buttress thread and undercut thread,
respectively. (C) The volume of bone with Von Mises

stress >0.45 MPa.

4 Results
4.1 Biomechanical test

The mean load required to reach the axial displacement of 1,
2,3,4,5,6,and 7 mm for the proposed lag screw with undercut
thread was 1,336.50 + 49.58 N, 1882.67 + 44.53 N, 1964.87 +
29.63 N, 2078.55 = 47.69N, 2194.86 + 39.32 N, 230047 =
36.47 N, 237529 £ 46.29N, The
corresponding mean load for the lag screw with buttress head
was 1205.17 + 38.25 N, 1672.07 + 18.08 N, 1827.16 + 20.05N,
1959.64 + 25.70 N, 2070.35 + 27.25N, 2161.02 + 28.37 N, and
2227.88 + 50.91 N, respectively (Figure 5A). The mean varus
angles of the undercut and buttress thread lag screws were 3.38 +
0.51° and 5.76 + 0.38°, respectively (Figure 5B).

and respectively.

4.2 Finite element analysis

The Von Mises stress distribution of the cancellous bone for
the two FEA models in the mid-sagittal plane is illustrated in
Figures 6A,B. The maximum Von Mises stresses of the undercut
thread model and buttress thread models were 0.56 MPa and
1.38 MPa, respectively. Stress concentrations were observed at
the superior screw-bone interface for both models. However, the
area and value of the stress concentration of the undercut thread
model were smaller than in buttress thread model. A threshold
was defined as the 80% of the maximum Von Mises stress of the
undercut thread model, which was 0.45 MPa. The volumes of the
bone with Von Mises stress >0.45 MPa of the undercut thread
model and buttress thread model were 25.63 mm® and
465.30 mm’, respectively (Figure 6C).
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The maximum principal strain distribution of the cancellous
bone in the mid-sagittal plane of the two femoral head models
reveals the tensile strain distribution (Figure 7). The region of the
tensile strain distribution concentration was observed at the
superior screw-bone interface for both models. The area and
value of the tensile strain distribution concentration of the
undercut thread model were smaller than in the buttress
thread model.

The minimum principal strain distribution of the cancellous
bone in the mid-sagittal plane of the two femoral head models
reveals the compressive strain distribution (Figure 7). The region
of the compressive strain distribution concentration was also
observed at the superior screw-bone interface for both models.
The area of compressive strain distribution of the buttress thread
model was larger compared to the undercut thread model.

5 Discussion

The results of the biomechanical test showed the proposed
the undercut thread produced a higher load and a smaller varus
angle when loaded to the same vertical displacement as the
conventional buttress thread (Figure 5), which demonstrated
the superiority of the resistance to migration of the proposed
DHS lag screw with the undercut thread compared to the
conventional buttress thread under the simulated physiological
loading pattern. FEA revealed that the undercut thread can
reduce the stress and strain of the cancellous bone at the
bone-screw interface (Figures 6, 7). These results show that
the undercut thread can potentially reduce the failure
incidence of the DHS when treating hip fractures.

Although the biggest advantage of the buttress thread is the
resistance to axial pullout forces (Ryu et al,, 2014; Mosavar et al,
2015), bones in vivo need to withstand complex forces in multiple
directions during physiological activities. A clinical investigation
combined with FEA simulation demonstrated that axial stress was
not the main reason for screw loosening (Feng et al., 2019). In this
study, screw loosening was observed using X-ray images, which
showed that the screw closest to the fracture line was most prone to
loosening. FEA simulation indicated the radial stress, rather than the
axial stress, produced more volume of bone destruction, which
induced bone resorption and in turn led to screw loosening. The
buttress thread design screw can produce microfractures at the bone-
screw interface, as it is more likely to stripping (Stahel et al., 2017).
Previous studies have validated that the undercut thread can
effectively reduce stress concentration and stress shielding and
that it possesses superior fixation stability in both lateral and
torsional loading (Feng et al, 2022a; Feng et al, 2022b). In the
present study, the undercut thread exhibited higher resistance to
migration, compared to the buttress thread, in the biomechanical test
simulated physiological load of the hip joint. FEA results suggested
that the reason for this phenomenon could be the undercut thread
that can reduce the Von Mises stress at the bone-screw surface. The
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FIGURE 7

FEA results of the two models. (A,B) The maximum principal strain distribution of the cancellous bone in the mid-sagittal plane generated from
the buttress thread and undercut thread, respectively. (C,D) The minimum principal strain distribution of the cancellous bone in the mid-sagittal
plane generated from the buttress thread and undercut thread, respectively.

peak Von Mises stress was 1.38 MPa for the buttress thread, whereas
for the undercut thread, it was 0.56 MPa. The volume of the bone
with stress higher than 0.45 MPa of the buttress thread model was
larger than that of the undercut thread model, which meant that less
bone destruction would occur surrounding the undercut thread. The
flat crest of the undercut thread increased the lateral surface area of
the thread meant that larger force was needed to achieve the same
displacement as the buttress thread. This is the theoretical reason for
the lower bone-screw interface stress of the undercut thread. In other
words, the fixation construct with the undercut thread lag screw had
greater stiffness and was stabler than the buttress thread under cyclic
loading.

Varus collapse of the femoral head is the most common failure of
DHS, often accompanied with cut-out of the lag screw through the
femoral head, which usually requires revision surgery treatment, like
total hip arthroplasty (Chen et al., 2017; Taheriazam and Saeidinia,
2019). In this study, the degree of varus collapse can be represented by
the varus angle. In the case of the undercut thread, the mean varus
angle after the biomechanical test was 3.38° + 0.51°, which was
significantly smaller than for the buttress thread with 5.76° + 0.38".
The results demonstrated the undercut thread could effectively
reduce the incidence of the varus collapse and cut-out of the lag
screw for DHS treatment. Larger varus angles can result in greater
deformation of the surrounding cancellous bone at the bone-screw
interface. Consequently, increased volume of bone destruction and
resorption is produced. This was revealed by the features of the post-
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test X-ray images and FEA simulation. Compared with the undercut
thread, X-ray images showed that more cancellous bone was stripped
by the buttress thread. The FEA simulation revealed that the
maximum and minimum principal strain was larger at the bone-
screw interface of the buttress thread than in the undercut thread. In
other words, the undercut thread can reduce the microfracture
occurrence in the cancellous bone at the bone-screw interface and
thus lower the incidence of varus collapse.

Loads applied to the bone-screw interface can produce three
types of forces on the surrounding bone tissue, including
compressive, tensile and shear forces (Misch and Abbas, 2008).
Bone tissue is more resistant to compression than tension
(Oftadeh et al,, 2015; Morgan et al., 2018). Compressive force is
the most beneficial to bone tissue as it can increase bone density and
its strength (Bolind et al,, 2005). On the other hand, shear force could
impair the mechanical properties of the trabecular bone (Wang and
Niebur, 2006; Misch and Abbas, 2008). Different thread shapes have
a significant effect on the distribution and proportion of these three
types of forces (Abuhussein et al., 2010). Conceptually, the flat crest of
undercut thread can reduce the shear stress and increase the
proportion of compressive stress compared to the buttress thread,
when subjected to lateral loads. Therefore, the mechanical
environment at the bone-screw interface by the undercut thread
design is favorable to bone resorption reduction and osseointegration
improvement. However, this structure increases the lateral area of the
thread, which may cause difficulty in screwing in. Therefore, in the
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clinical scenario, the screw with this thread may need a self-tapping
structure.

Limitations exist in this study. Polyurethane foam of the
Sawbones synthetic bone is a homogeneous material and cannot
accurately reflect the reality in which cancellous bone is highly
heterogeneous in vivo. Thus, conclusions based on results of the
biomechanical test on artificial bone should be cautious. The
models used were not an intact femur, so the conclusions may
not represent the real clinical situation. Therefore, biomechanical
testing on the cadaveric specimen should be conducted to
validate the conclusions of this study in the future.

6 Conclusion

Overall, the lag screw of dynamic hip screw with the undercut
thread had higher resistance to migration than the lag screw with
thread.
demonstrated that the lag screw with the undercut thread

conventional  buttress Biomechanical  testing
required a higher force to reach the same displacement as the
lag screw with the buttress thread. Furthermore, the varus angle
generated by the undercut thread was much smaller. Finite
element analysis revealed that the Von Mises stress, the
maximum and minimum principal strain at the bone-screw
The

high-stress

interface around the wundercut thread were lower.
the
concentration compared with the buttress thread.

undercut thread can effectively relieve

Data availability statement

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation.

References

Abuhussein, H., Pagni, G., Rebaudi, A., and Wang, H. -L. (2010). The effect of
thread pattern upon implant osseointegration. Clin. Oral Implants Res. 21 (2),
129-136. d0i:10.1111/j.1600-0501.2009.01800.x

Afferrante, L., and Ciavarella, M. (2006). Frictionless” and “frictional”
ThermokElastic dynamic instability (TEDI) of sliding contacts. J. Mech. Phys.
Solids 54 (11), 2330-2353. doi:10.1016/j.jmps.2006.06.008

Alemayehu, D. -B., and Jeng, Y. -R. (2021). Three-Dimensional finite element
investigation into effects of implant thread design and loading rate on stress
distribution in dental implants and anisotropic bone. Materials 14 (22), 6974.
doi:10.3390/mal14226974

Benli, S., Aksoy, S., Havitcioglu, H., and Kucuk, M. (2008). Evaluation of bone
plate with low-stiffness material in terms of stress distribution. J. Biomech. 41 (15),
3229-3235. doi:10.1016/j.jbiomech.2008.08.003

Bergmann, G., Bender, A, Dymke, J, Duda, G., and Damm, P. (2016).
Standardized loads acting in hip implants. PLoS One 11 (5), €0155612. doi:10.
1371/journal.pone.0155612

Bolind, P. K., Johansson, C. B., Becker, W., Langer, L., Sevetz, E. B,, Jr, and
Albrektsson, T. O. (2005). A descriptive study on retrieved non-threaded and
threaded implant designs. Clin. Oral Implants Res. 16 (4), 447-455. doi:10.1111/j.
1600-0501.2005.01129.x

Boukebous, B., Guillon, P., Vandenbussche, E., and Rousseau, M. A. (2018).
Correlation between femoral offset loss and dynamic hip screw cut-out

Frontiers in Bioengineering and Biotechnology

07

10.3389/fbioe.2022.1019172

Author contributions

BC and XF were responsible for the design of the study. FL
were responsible for biomechanical test and writing the
manuscript. JZ and FL performed the FEA and statistical
analyses. All authors have read and approved the final
manuscript.

Funding

This study was supported by Innovation Programme

among Guangdong, Hong Kong and Macao (No.
2021A0505110011); Hong Kong Innovation and
Technology  Support Programme—Platform Research

Projects (No. ITS/329/19FP).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

complications after pertrochanteric fractures: A case-control study. Eur.
J. Orthop. Surg. Traumatol. 28 (7), 1321-1326. doi:10.1007/s00590-018-2204-0

Chen, C. -Y., Huang, S. -W., Sun, J. -S,, Lin, S. -Y,, Yu, C. -S,, Pan, H. -P,,
et al. (2017). Wing-augmentation reduces femoral head cutting out of
dynamic hip screw. Med. Eng. Phys. 44, 73-78. d0i:10.1016/j.medengphy.
2017.02.015

Ching, M., Gee, A., Balso, C. D., Lawendy, A., Schemitsch, E., Zdero, R., et al.
(2020). Biomechanical consequences of nail insertion point and anterior cortical
perforation for antegrade femoral nailing. Biomed. Res. Int. 2020, 1-10. doi:10.1155/
2020/5878607

Dobre, R., Niculescu, D. A, Cirstoiu, C., Popescu, G., and Poiana, C. (2021).
Osteoporotic hip fracture incidence rates in the main urban area
of Romania. Acta Endocrinol. (Copenh). 17 (1), 60-67. doi:10.4183/aeb.
2021.60

Feng, X., Fang, ], Lin, C,, Zhang, S., Lei, W., Li, Y., et al. (2015). Axial perspective
to find the largest intraosseous space available for percutaneous screw fixation of
fractures of the acetabular anterior column. Int. J. Comput. Assist. Radiol. Surg. 10
(8), 1347-1353. doi:10.1007/s11548-015-1149-6

Feng, X,, Lin, G., Fang, C. X,, Lu, W. W,, Chen, B,, and Leung, F. K. L. (2019).
Bone resorption triggered by high radial stress: The mechanism of screw loosening
in plate fixation of long bone fractures. J. Orthop. Res. 37 (7), 1498-1507. doi:10.
1002/jor.24286

frontiersin.org


https://doi.org/10.1111/j.1600-0501.2009.01800.x
https://doi.org/10.1016/j.jmps.2006.06.008
https://doi.org/10.3390/ma14226974
https://doi.org/10.1016/j.jbiomech.2008.08.003
https://doi.org/10.1371/journal.pone.0155612
https://doi.org/10.1371/journal.pone.0155612
https://doi.org/10.1111/j.1600-0501.2005.01129.x
https://doi.org/10.1111/j.1600-0501.2005.01129.x
https://doi.org/10.1007/s00590-018-2204-0
https://doi.org/10.1016/j.medengphy.2017.02.015
https://doi.org/10.1016/j.medengphy.2017.02.015
https://doi.org/10.1155/2020/5878607
https://doi.org/10.1155/2020/5878607
https://doi.org/10.4183/aeb.2021.60
https://doi.org/10.4183/aeb.2021.60
https://doi.org/10.1007/s11548-015-1149-6
https://doi.org/10.1002/jor.24286
https://doi.org/10.1002/jor.24286
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2022.1019172

Liu et al.

Feng, X., Qi, W., Fang, C. X,, Lu, W. W,, Leung, F. K. L., and Chen, B. (2021). Can
barb thread design improve the pullout strength of bone screws? Bone Jt. Res. 10 (2),
105-112. doi:10.1302/2046-3758.102.BJR-2020-0072.R2

Feng, X., Zhang, S., Liang, H., Chen, B., and Leung, F. (2022b). Development and
initial validation of a novel undercut thread design for locking screws. Injury 53 (7),
2533-2540. doi:10.1016/j.injury.2022.02.048

Feng, X., Zhang, S., Luo, Q., Fang, J., Lin, C,, Leung, F., et al. (2016). Definition of a
safe zone for antegrade lag screw fixation of fracture of posterior column of the
acetabulum by 3D technology. Injury 47 (3), 702-706. doi:10.1016/j.injury.2016.
01.026

Feng, X., Zhang, S., Luo, Z., Liang, H., Chen, B.,, and Leung, F. (2022a).
Development and initial validation of a novel thread design for nonlocking
cancellous screws. J. Orthop. Res. doi:10.1002/jor.25305

Fu, G., Zhong, G., Yang, Z., Cheng, S., Ma, L., and Zhang, Y. (2022). Two
cannulated screws provide sufficient biomechanical strength for prophylactic
fixation in adult patients with an aggressive benign femoral neck lesion. Front.
Bioeng. Biotechnol. 10, 891338. doi:10.3389/fbioe.2022.891338

Geng, J. P, Ma, Q. S., Xu, W,, Tan, K. B,, and Liu, G. R. (2004). Finite element
analysis of four thread-form configurations in a stepped screw implant. J. Oral
Rehabil. 31 (3), 233-239. doi:10.1046/j.0305-182X.2003.01213.x

Gracco, A., Giagnorio, C., Incerti, P. S., Alessandri, B. G., and Siciliani, G. (2012).
Effects of thread shape on the pullout strength of miniscrews. Am. J. Orthod.
Dentofac. Orthop. 142 (2), 186-190. doi:10.1016/j.ajod0.2012.03.023

Gustafson, P. A., Veenstra, J]. M., Bearden, C. R, and Jastifer, J. R. (2019). The
effect of pitch variation and diameter variation on screw pullout. Foot Ankle Spec. 12
(3), 258-263. doi:10.1177/1938640018789999

Hsu, C. -E., Huang, K. -C,, Lin, T. -C,, Tong, K. -M.,, Lee, M. -H., and Chiu, Y. -C.
(2016). Integrated risk scoring model for predicting dynamic hip screw treatment
outcome of intertrochanteric fracture. Injury 47 (11), 2501-2506. doi:10.1016/j.
injury.2016.09.012

Kilian, M., Simkovic, P., Zamborsky, R., Skoda, A., and Labas, P. (2019). What are
the ideal screw lengths in volar locking plate fixation for distal radius fractures?
Bratisl. Lek. Listy 120 (7), 505-509. doi:10.4149/BLL_2019_080

Law, G. W.,, Wong, Y. R,, Gardner, A., and Ng, Y. H. (2021). Intramedullary
nailing confers an increased risk of medial migration compared to dynamic hip
screw fixation in unstable intertrochanteric hip fractures. Injury 52 (11), 3440-3445.
doi:10.1016/j.injury.2021.01.011

Lee, C. H,, Shih, C. M., Huang, K. C,, Chen, K. H., Hung, L. K,, and Su, K. C.
(2016). Biomechanical analysis of implanted clavicle hook plates with different
implant depths and materials in the acromioclavicular joint: A finite element
analysis study. Artif. Organs 40 (11), 1062-1070. doi:10.1111/aor.12679

Lee, C. K., Kwan, M. K., Merican, A. M., Ng, W. M,, Saw, L. B,, Teh, K. K,, et al.
(2014). Femoral head diameter in the Malaysian population. Singap. Med. J. 55 (8),
436-438. doi:10.11622/smedj.2014103

Lim, E. J., Shon, H. -C., Cho, J. -W., Oh, J. -K,, Kim, J., and Kim, C. -H. (2021).
Dynamic hip screw versus cannulated cancellous screw in pauwels type II or type III
femoral neck fracture: A systematic review and meta-analysis. J. Pers. Med. 11 (10),
1017. doi:10.3390/jpm11101017

MacLeod, A. R, Pankaj, P., and Simpson, A. H. (2012). Does screw-bone interface
modelling matter in finite element analyses? J. Biomech. 45 (9), 1712-1716. doi:10.
1016/j.jbiomech.2012.04.008

Matre, K., Havelin, L. L, Gjertsen, J. -E., Espehaug, B., and Fevang, J. M. (2013).
Intramedullary nails result in more reoperations than sliding hip screws in two-part
intertrochanteric fractures. Clin. Orthop. Relat. Res. 471 (4), 1379-1386. doi:10.
1007/s11999-012-2728-2

Memon, K., Siddiqui, A. M., Khan, Z. A, and Zahoor, A. (2021). Dynamic hip
screw fixation vs. Proximal femur nail for unstable per-trochanteric fractures: A

Frontiers in Bioengineering and Biotechnology

08

10.3389/fbioe.2022.1019172

comparative analysis of outcomes and complications. J. Ayub Med. Coll.
Abbottabad. 33 (1), 34-38.

Misch, C. E., and Abbas, H. A. (2008). Contemporary implant dentistry. 3rd. St.
Louis: Mosby, 1061.

Morgan, E. F,, Unnikrisnan, G. U., and Hussein, A. I. (2018). Bone mechanical
properties in healthy and diseased states. Annu. Rev. Biomed. Eng. 20, 119-143.
doi:10.1146/annurev-bioeng-062117-121139

Mosavar, A., Ziaei, A., and Kadkhodaei, M. (2015). The effect of implant thread
design on stress distribution in anisotropic bone with different osseointegration
conditions: A finite element analysis. Int. J. Oral Maxillofac. Implants 30 (6),
1317-1326. doi:10.11607/jomi.4091

O’Neill, F., Condon, F., McGloughlin, T., Lenehan, B., Coffey, C., and Walsh, M.
(2012). Validity of synthetic bone as a substitute for osteoporotic cadaveric femoral
heads in mechanical testing: A biomechanical study. Bone Jt. Res. 1 (4), 50-55.
doi:10.1302/2046-3758.14.2000044

Oftadeh, R., Perez-Viloria, M., Villa-Camacho, J. C., Vaziri, A., and Nazarian, A.
(2015). Biomechanics and mechanobiology of trabecular bone: A review.
J. Biomech. Eng. 137 (1), 0108021-01080215. doi:10.1115/1.4029176

Oswal, M. M., Amasi, U. N.,, Oswal, M. S., and Bhagat, A. S. (2016). Influence of
three different implant thread designs on stress distribution: A three-dimensional
finite element analysis. J. Indian Prosthodont. Soc. 16 (4), 359-365. doi:10.4103/
0972-4052.191283

Ricci, W. M,, Tornetta, P. R, Petteys, T., Gerlach, D., Cartner, J., Walker, Z., et al.
(2010). A comparison of screw insertion torque and pullout strength.
J. Orthop. Trauma 24 (6), 374-378. doi:10.1097/BOT.0b013e3181c4a655

Roberts, K. C., Brox, W. T, Jevsevar, D. S., and Sevarino, K. (2015). Management
of hip fractures in the elderly. J. Am. Acad. Orthop. Surg. 23 (2), 131-137. doi:10.
5435/JAAOS-D-14-00432

Ryu, H. S., Namgung, C,, Lee, J. H., and Lim, Y. J. (2014). The influence of thread
geometry on implant osseointegration under immediate loading: A literature
review. J. Adv. Prosthodont. 6 (6), 547-554. doi:10.4047/jap.2014.6.6.547

Saba, L. (2012). Computed tomography: Clinical applications. Norderstedt,
Germany: BoD-Books on Demand.

Schliemann, B., Risse, N., Frank, A., Miiller, M., Michel, P., Raschke, M. ]., et al.
(2019). Screws with larger core diameter and lower thread pitch increase the
stability of locked plating in osteoporotic proximal humeral fractures. Clin.
Biomech. (Bristol, Avon. 63, 21-26. doi:10.1016/j.clinbiomech.2019.02.006

Stahel, P. F., Alfonso, N. A., Henderson, C., and Baldini, T. (2017). Introducing
the "Bone-Screw-Fastener" for improved screw fixation in orthopedic surgery: A
revolutionary paradigm shift? Patient Saf. Surg. 11, 6. doi:10.1186/s13037-017-
0121-5

Taheriazam, A., and Saeidinia, A. (2019). <p&gt;Salvage of failed dynamic hip
screw fixation of intertrochanteric fractures&lt;/p&gt;. Orthop. Res. Rev. 11, 93-98.
doi:10.2147/ORR.S215240

Veronese, N., and Maggi, S. (2018). Epidemiology and social costs of hip fracture.
Injury 49 (8), 1458-1460. doi:10.1016/j.injury.2018.04.015

Watanabe, K., Mitchell, B., Sakamaki, T., Hirai, Y., Kim, D. G., Deguchi, T., et al.
(2022). Mechanical stability of orthodontic miniscrew depends on a thread shape.
J. Dent. Sci. 17 (3), 1244-1252. doi:10.1016/j.jds.2021.11.010

Wang, X, and Niebur, G. L. (2006). Microdamage propagation in trabecular bone
due to changes in loading mode. J. Biomech. 39 (5), 781-790. doi:10.1016/j.
jbiomech.2005.02.007

Yashwant, A. V., Dilip, S., Krishnaraj, R., and Ravi, K. (2017). Does change in
thread shape influence the pull out strength of Mini implants? An in vitro
study. J. Clin. Diagn. Res. 11 (5), ZC17-ZC20. doi:10.7860/JCDR/2017/25774.
9808

frontiersin.org


https://doi.org/10.1302/2046-3758.102.BJR-2020-0072.R2
https://doi.org/10.1016/j.injury.2022.02.048
https://doi.org/10.1016/j.injury.2016.01.026
https://doi.org/10.1016/j.injury.2016.01.026
https://doi.org/10.1002/jor.25305
https://doi.org/10.3389/fbioe.2022.891338
https://doi.org/10.1046/j.0305-182X.2003.01213.x
https://doi.org/10.1016/j.ajodo.2012.03.023
https://doi.org/10.1177/1938640018789999
https://doi.org/10.1016/j.injury.2016.09.012
https://doi.org/10.1016/j.injury.2016.09.012
https://doi.org/10.4149/BLL_2019_080
https://doi.org/10.1016/j.injury.2021.01.011
https://doi.org/10.1111/aor.12679
https://doi.org/10.11622/smedj.2014103
https://doi.org/10.3390/jpm11101017
https://doi.org/10.1016/j.jbiomech.2012.04.008
https://doi.org/10.1016/j.jbiomech.2012.04.008
https://doi.org/10.1007/s11999-012-2728-2
https://doi.org/10.1007/s11999-012-2728-2
https://doi.org/10.1146/annurev-bioeng-062117-121139
https://doi.org/10.11607/jomi.4091
https://doi.org/10.1302/2046-3758.14.2000044
https://doi.org/10.1115/1.4029176
https://doi.org/10.4103/0972-4052.191283
https://doi.org/10.4103/0972-4052.191283
https://doi.org/10.1097/BOT.0b013e3181c4a655
https://doi.org/10.5435/JAAOS-D-14-00432
https://doi.org/10.5435/JAAOS-D-14-00432
https://doi.org/10.4047/jap.2014.6.6.547
https://doi.org/10.1016/j.clinbiomech.2019.02.006
https://doi.org/10.1186/s13037-017-0121-5
https://doi.org/10.1186/s13037-017-0121-5
https://doi.org/10.2147/ORR.S215240
https://doi.org/10.1016/j.injury.2018.04.015
https://doi.org/10.1016/j.jds.2021.11.010
https://doi.org/10.1016/j.jbiomech.2005.02.007
https://doi.org/10.1016/j.jbiomech.2005.02.007
https://doi.org/10.7860/JCDR/2017/25774.9808
https://doi.org/10.7860/JCDR/2017/25774.9808
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2022.1019172

	Biomechanical comparison of the undercut thread design versus conventional buttress thread for the lag screw of the dynamic ...
	1 Introduction
	2 Materials and methods
	2.1 Biomechanical test
	2.2 Finite element analysis

	3 Data and statistical analysis
	4 Results
	4.1 Biomechanical test
	4.2 Finite element analysis

	5 Discussion
	6 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


