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Comparison of the Susceptibility to Implant Failure in the Lateral, Posterior, and

Transforaminal Lumbar Interbody Fusion: A Finite Element Analysis
Ryo Oikawa1, Hideki Murakami1, Hirooki Endo1, Hirotaka Yan1, Daisuke Yamabe1, Yusuke Chiba1, Ryosuke Oikawa1,
Norihiro Nishida2, Xian Chen3, Takashi Sakai2, Minoru Doita1
-OBJECTIVE: There are several techniques for lumbar
interbody fusion, and implant failure following lumbar
interbody fusion can be troublesome. This study aimed to
compare the stress in posterior implant and peri-screw
vertebral bodies among lateral lumbar interbody fusion
(LLIF), posterior lumbar interbody fusion (PLIF), and
transforaminal lumbar interbody fusion (TLIF) and to
select the technique that is least likely to cause implant
failure.

-METHODS: We created an intact L3eL5 model and
simulated the LLIF, PLIF, and TLIF techniques at L4eL5 using
finite element methods. All models at the lower portion of
L5 were fixed and imposed a preload of 400 N and a
moment of 7.5 Nm on the upper portion of L3 to simulate
flexion, extension, lateral bending, and axial rotation. We
investigated the peak stresses and stress concentration in
the posterior implant and peri-screw vertebral bodies for
the LLIF, PLIF, and TLIF techniques.

-RESULTS: The extension, flexion, bending, and rotation
peak stresses and stress concentration in the posterior
implant, as well as the peri-screw vertebral bodies, were
the lowest in LLIF, followed by PLIF and TLIF.
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Abbreviations and Acronyms
CL: Capsular ligament
CT: Computed tomography
FE: Finite element
ISL: Interspinous ligament
IVD: Intervertebral disc
LBP: Low back pain
LF: Ligamentum flavum
LLIF: Lateral lumbar interbody fusion
LSCS: Lumbar spinal canal stenosis
PLIF: Posterior lumbar interbody fusion
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-CONCLUSIONS: It was found that implant failure was
least likely to occur in LLIF, followed by PLIF and TLIF.
Hence, surgeons should be aware of these factors when
selecting an appropriate surgical technique and be careful
for implant failure during postoperative follow-up.
INTRODUCTION
ow back pain (LBP) is one of the most prevalent complaints
in the world (prevalence: 9.17%),1 and many elderly people
Lwith lumbar spinal canal stenosis (LSCS) suffer from LBP.

Conservative treatment is the first choice for LBP caused by LSCS.
However, if people have neurologic leg pain associated with LBP,
it is often difficult to treat and resist conservative treatment.2 In
such cases, surgery may be performed. In lumbar
spondylolisthesis, there is an unfirm displacement of the lumbar
vertebrae, which causes LSCS and compression or stretching of
nerves, leading to neurologic leg pain. Hence, the surgical
treatment for lumbar spondylolisthesis involves decompression,
lumbar interbody fusion, and spinal fusion with the pedicle
screw. Since the inception of lumbar interbody fusion, 2 major
posterior approaches, such as the posterior lumbar interbody
PLL: Posterior longitudinal ligament
ROM: Range of motion
SSL: Supraspinous ligament
TLIF: Transforaminal lumbar interbody fusion
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fusion (PLIF) and transforaminal lumbar interbody fusion (TLIF),
have been widely performed. Furthermore, in recent years, lateral
lumbar interbody fusion (LLIF) has been performed frequently
since it allows the insertion of larger cages and indirect
decompression with a minimally invasive technique.3 Although
there are several techniques for lumbar interbody fusion,
implant failures, such as implant fracture and screw loosening
following lumbar interbody fusion, could be troublesome.
Previous studies have compared the stresses of posterior im-

plants in PLIF and TLIF,4 as well as in the anterior lumbar
interbody fusion, PLIF, and TLIF,5 using the finite element (FE)
method. However, the stresses in the posterior implant in LLIF,
PLIF, and TLIF have not yet been investigated. Furthermore,
increased stress on the vertebral body causes trabecular bone
injury.6 Nevertheless, the stresses on the peri-screw vertebral
bodies in LLIF, PLIF, and TLIF have not been investigated yet. We
hypothesized that the effects on the stresses in the posterior
Figure 1. Models of lumbar interbody fusion. (A) Lateral
lumbar interbody fusion. (B) Posterior lumbar interbody
fusion. (C) Transforaminal lumbar interbody fusion. (1)
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implant and peri-screw vertebral bodies would change when
comparing LLIF, PLIF, and TLIF.
The study aims to compare the 3 techniques of LLIF, PLIF, and

TLIF. This is to confirm the stresses of the posterior implant and
peri-screw vertebral bodies using the FE method and to identify a
better technique that is less likely to cause implant failure after
lumbar interbody fusion.

MATERIALS AND METHODS

FE Model of the Intact Lumbar Vertebrae
This study was approved by the institutional review board (H28-054
andMH2021-042). A 3-dimensional FEmodel, which consisted of the
L3eL5 vertebrae, anterior longitudinal ligament, posterior longitu-
dinal ligament (PLL), ligamentumflavum(LF), and intervertebral disc
(IVD), was created using computed tomography (CT) images of an
adult woman. The vertebral body was divided into cortical and
Lateral, (2) oblique, and (3) posterior views of the
models and (4) the location of the interbody cage.
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Table 1. Material Properties of the Present Model

Young Modulus
(MPa)

Poisson
Ratio

Cross-Sectional
Area (mm2)

Cortical bone 12,000 0.3

Cancellous bone 100 0.3

Annulus fibrosus 4.2 0.45

Nucleus pulposus 1 0.49

Anterior longitudinal
ligament

20 0.3

Posterior longitudinal
ligament

20 0.3

Ligamentum flavum 19.5 0.3

Interspinous ligament 11.6 0.3 40

Supraspinous ligament 15 0.3 30

Intertransverse
ligament

58.7 0.3 3.6

Capsular ligament 32.9 0.3 60

Cage (PEEK) 3500 0.3

Pedicle screw
(titanium alloy)

113,000 0.3

Rod (titanium alloy) 113,000 0.3

PEEK, polyetheretherketone.

Table 2. Validation of the Present Finite Element Model Against
Previous Study

Extension
(�) Flexion (�)

Lateral
Bending (�)

Axial Rotation
(�)

L3-L4

Niosi et al.20 2.4 � 0.9 4.4 � 2.0 2.4 � 1.2 1.2 � 0.5

Schmoelz
et al.21

5.0 � 1.0 4.0 � 1.3 4.7 � 2.0 1.0 � 0.6

Present study 2.03 4.14 4.10 (L) 1.16 (L)

3.56 (R) 1.34 (R)

L4-L5

Schilling
et al.22

3.32 � 1.12 5.62 � 2.17 7.76 � 1.85 5.16 � 1.30

Shim et al.23 2.79 � 0.42 5.48 � 0.88 4.45 � 1.01 3.80 � 0.99

Yang et al.24 1.70 2.16 1.40 (L) 0.90 (L)

1.84 (R) 0.96 (R)

Present study 3.23 4.25 5.01 (L) 1.01 (L)

5.45 (R) 1.16 (R)
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cancellous bones based on the actual CT measurements to allow a
cortical shell thickness ranging from 1.5 to 2.0 mm, and the IVD was
divided into the annulus fibrosus and nucleus pulposus. We used the
Simpleware ScanIP, Version R-2020.9 (Synopsys, Inc., Mountain
View, CA, USA). Additionally, the truss element simulated the pos-
terior ligaments (capsular ligament, CL; interspinous ligament, ISL;
supraspinous ligament, SSL; intertransverse ligament). Each liga-
ment type had a distinct cross-sectional area. In each segment, 16, 3,
2, and 8 truss elements were used to simulate the CL, ISL, SSL, and
intertransverse ligament, respectively.7 We used the Patran 2019 FP1
SP1 (MSC Software, Inc., Newport Beach, CA, USA) to make these
truss elements.
FE Model of Posterior Implant and LIF Procedure
The intact L3eL5 model was modified to simulate LLIF, PLIF, and
TLIF at the L4eL5 level, respectively, with 4 pedicle screws
(diameter ¼ 6.5 mm and length ¼ 45 mm) and 2 rods (diameter ¼
5.5 mm). These were optimally fabricated using the Simpleware
ScanIP. The simulated surgical procedure for LLIF inserted a
cuboid resembling an LLIF cage (height, 9 mm; length, 40 mm;
and width, 18 mm) at the L4eL5 intervertebral space8 which
removed the entire IVD (Figure 1A). The simulated surgical
procedure for PLIF removed partial lamina, bilateral medial facet
joints, partial PLL, entire SSL, entire ISL, entire LF, and entire
IVD at L4eL5 and inserted 2 cuboids resembling a PLIF cage
(height, 9 mm; length, 22 mm; and width, 9 mm), which were
placed in parallel at the L4eL5 intervertebral space based on
WORLD NEUROSURGERY 164: e835-e843, AUGUST 2022
previous literature4 (Figure 1B). The simulated surgical
procedure for TLIF removed the entire left facet joint (including
the CL), left LF, and entire IVD at L4eL5 and inserted a cuboid
resembling a TLIF cage (height, 9 mm; length, 22 mm; and
width, 9 mm), which was placed obliquely at 45� at the L4eL5
intervertebral space based on previous literature9 (Figure 1C).
Material Properties and Boundary Conditions
All FE analyses were performed using the Patran. The bone-cage and
bone-screw interfaces and screw-rod connections were assigned and
bonded entirely by node sharing. A tetrahedral mesh was generated
on the vertebra, IVD, anterior longitudinal ligament, PLL, and LF.
After node sharing, the intact model had a total of 368,617 nodal
points and 1,846,289 elements. The material properties of the
anatomical partswere set basedonprevious studies,10-14 and titanium
alloy (Ti-6Al-4V) was selected as the material for the posterior im-
plants (Table1).15,16 Polyetheretherketonewas selected as thematerial
for the interbody cages (Table 1).16,17 All FE models at the lower L5
were fixed and imposed a preload of 400 N and a moment of 7.5
Nm on the superior L3 to simulate flexion, extension, lateral
bending, and axial rotation.4,9 We investigated the von Mises stress
in the posterior implant and peri-screw vertebral bodies in the LLIF,
PLIF, and TLIF.
RESULTS

Model Validation
The range of motion (ROM) of L3eL4 in extension, flexion, left
bending, right bending, left rotation, and right rotation was 2.03�,
4.14�, 4.10�, 3.56�, 1.16�, and 1.34�, respectively (Table 2). The
ROM of L4eL5 in extension, flexion, left bending, right
www.journals.elsevier.com/world-neurosurgery e837
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Table 3. The Peak von Mises Stress of the Pedicle Screw
Fixation (Unit: MPa)

LLIF* PLIFy TLIFz

Extension

L4 left screw 48.8 66.2 55.0

L4 right screw 49.7 52.9 48.7

L5 left screw 38.2 43.6 35.4

L5 right screw 37.5 40.2 46.7

Left rod 60.6 57.4 56.8

Right rod 55.1 59.9 71.2

Flexion

L4 left screw 20.3 17.8 30.3

L4 right screw 18.2 24.2 21.1

L5 left screw 11.3 27.8 31.8

L5 right screw 14.3 28.8 32.0

Left rod 10.7 14.9 16.9

Right rod 9.35 23.1 41.0

Lt bending

L4 left screw 25.3 28.4 34.2

L4 right screw 13.9 17.8 16.6

L5 left screw 11.7 22.6 26.7

L5 right screw 9.04 22.0 26.2

Left rod 26.4 40.0 45.0

Right rod 11.5 10.1 14.5

Rt bending

L4 left screw 18.7 16.3 28.7

L4 right screw 16.2 30.8 44.1

L5 left screw 8.35 21.2 28.3

L5 right screw 13.3 34.1 52.8

Left rod 12.7 21.1 29.2

Right rod 24.0 56.7 83.6

Lt rotation

L4 left screw 39.8 52.1 42.2

L4 right screw 25.1 26.0 26.3

L5 left screw 47.9 62.6 63.2

L5 right screw 39.3 41.7 45.1

Left rod 40.9 49.1 50.6

Right rod 36.2 32.2 30.0

Rt rotation

L4 left screw 34.1 33.2 37.8

L4 right screw 41.9 52.8 62.4

L5 left screw 34.6 39.7 44.8

Continues

Table 3. Continued

LLIF* PLIFy TLIFz
L5 right screw 46.6 65.9 80.7

Left rod 41.6 34.9 34.2

Right rod 36.2 52.2 61.5

*LLIF, lateral lumbar interbody fusion.
yPLIF, posterior lumbar interbody fusion.
zTLIF, transforaminal lumbar interbody fusion.
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bending, left rotation, and right rotation was 3.23�, 4.25�, 5.10�,
5.45�, 1.01�, and 1.16�, respectively (Table 2).
The von Mises Stresses of Posterior Implants
The von Mises stresses in the posterior implants of the LLIF, PLIF,
and TLIF models are shown in Table 3. For the LLIF model, the
following data of the peak von Mises stress were obtained:
extension (60.6 MPa), flexion (20.3 MPa), left bending
(26.4 MPa), right bending (24.0 MPa), left rotation (47.9 MPa),
and right rotation (46.6 MPa). For the PLIF model, the following
data of the peak von Mises stress were found: extension
(66.2 MPa), flexion (28.8 MPa), left bending (40.0 MPa), right
bending (56.7 MPa), left rotation (62.6 MPa), and right rotation
(65.9 MPa). For the TLIF model, the following data of the peak
von Mises stress were found: extension (71.2 MPa), flexion
(41.0 MPa), left bending (45.0 MPa), right bending (83.6 MPa),
left rotation (63.2 MPa), and right rotation (80.7 MPa). With
this, the LLIF model had the lowest peak von Mises stresses,
and the TLIF model was the highest among all directions
(Figure 2). Additionally, the stress concentration was found to
be the lowest and highest in the LLIF and TLIF, respectively
(Figure 3).
The von Mises Stresses of Peri-Screw Vertebral Bodies
The von Mises stresses of the peri-screw vertebral bodies of the
LLIF, PLIF, and TLIF models are shown in Table 4. For the LLIF
model, the following data of the peak von Mises stresses were
obtained: extension (66.5 MPa), flexion (17.6 MPa), left bending
(10.7 MPa), right bending (12.1 MPa), left rotation (35.6 MPa),
and right rotation (47.5 MPa). For the PLIF model, the following
data of the peak von Mises stresses were found: extension
(71.7 MPa), flexion (26.4 MPa), left bending (17.3 MPa), right
bending (18.8 MPa), left rotation (50.1 MPa), and right rotation
(51.5 MPa). For the TLIF model, the following data of the peak
von Mises stresses were obtained: extension (78.0 MPa), flexion
(30.6 MPa), left bending (21.8 MPa), right bending (21.1 MPa),
left rotation (50.9 MPa), and right rotation (55.7 MPa). With
this, the LLIF model had the lowest peak von Mises stresses,
and the TLIF model was the highest among all directions
(Figure 4). Additionally, the stress concentration was found to
be the lowest and highest in the LLIF and TLIF, respectively
(Figure 5).
UROSURGERY, https://doi.org/10.1016/j.wneu.2022.05.056
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Figure 2. Comparison of the peak von Mises stress of
posterior implants in the lateral lumbar interbody fusion

(LLIF), posterior lumbar interbody fusion (PLIF), and
transforaminal lumbar interbody fusion (TLIF).
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DISCUSSION

The FE method is a computational method that uses computers to
solve problems in structural mechanics, and it enables the analysis
of complex structures.18 In orthopedics, it was first used in 1972 to
calculate stresses in bones.19 Since then, many studies have used
this method in the spine, wherein the structures of bones, joints,
Figure 3. Stress concentration in the posterior implants. (A) Extension, (B)
flexion, (C) left bending, (D) right bending, (E) left rotation, and (F) right

WORLD NEUROSURGERY 164: e835-e843, AUGUST 2022
and ligaments are more complex. Based on these characteristics,
we also conducted a biomechanical study using this method.
We compared the von Mises stresses of the posterior implants

and peri-screw vertebral bodies using the FE method in LLIF,
PLIF, and TLIF. This was to compare the risk of postoperative
implant failures, such as implant fracture and screw loosening.
rotation in the lateral lumbar interbody fusion (LLIF), posterior lumbar
interbody fusion (PLIF), and transforaminal lumbar interbody fusion (TLIF).

www.journals.elsevier.com/world-neurosurgery e839
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Table 4. The Peak von Mises Stress of Peri-Screw Vertebral
Bodies (Unit: MPa)

LLIF* PLIFy TLIFz

Extension

L4 left screw 66.5 71.7 78.0

L4 right screw 55.0 55.7 59.2

L5 left screw 37.2 42.2 37.0

L5 right screw 33.0 35.9 40.5

Flexion

L4 left screw 17.6 22.6 18.1

L4 right screw 14.0 24.0 18.0

L5 left screw 13.3 26.4 30.6

L5 right screw 11.4 21.3 21.7

Lt bending

L4 left screw 10.7 14.8 15.1

L4 right screw 9.24 11.4 11.3

L5 left screw 7.31 8.42 13.8

L5 right screw 9.04 17.3 21.8

Rt bending

L4 left screw 11.8 14.3 15.4

L4 right screw 12.1 14.6 13.6

L5 left screw 10.1 18.8 16.5

L5 right screw 7.59 17.2 21.1

Lt rotation

L4 left screw 26.1 21.9 50.9

L4 right screw 30.2 36.7 33.9

L5 left screw 35.6 50.1 45.6

L5 right screw 33.2 39.7 43.4

Rt rotation

L4 left screw 40.5 41.5 48.0

L4 right screw 47.5 51.5 48.6

L5 left screw 41.0 48.7 49.2

L5 right screw 32.2 48.7 55.7

*LLIF, lateral lumbar interbody fusion.
yPLIF, posterior lumbar interbody fusion.
zTLIF, transforaminal lumbar interbody fusion.
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The results demonstrated that the peak of stresses in the posterior
implant and peri-screw vertebral bodies was the lowest at LLIF,
followed by PLIF and TLIF.
In this study, we examined the validity of the model based on

previous studies. The ROM of L3eL4 in extension, flexion, left
bending, right bending, left rotation, and right rotation was 2.03�,
4.14�, 4.10�, 3.56�, 1.16�, and 1.34�, respectively, in our study.
Niosi et al.25 reported that the ROM of L3eL4 in extension,
e840 www.SCIENCEDIRECT.com WORLD NE
flexion, bending, and rotation was 2.4 � 0.9�, 4.4 � 2.0�,
2.4 � 1.2�, and 1.2 � 0.5, respectively. Schmoelz et al.21

reported that the ROM of L3eL4 in extension, flexion, bending,
and rotation was 5.0 � 1.0�, 4.0 � 1.3�, 4.7 � 2.0�, and
1.0 � 0.6, respectively. As a result, our study was within the
range of previous in vitro studies (Table 2). Additionally, the
ROM of L4eL5 in extension, flexion, left bending, right
bending, left rotation, and right rotation in our study was 3.23�,
4.25�, 5.01�, 5.45�, 1.01�, and 1.16�, respectively. Schilling
et al.22 reported that the ROM of L4eL5 in extension, flexion,
bending, and rotation was 3.32 � 1.12�, 5.62 � 2.17�,
7.76 � 1.85�, and 5.16 � 1.30�, respectively. Shim et al.23

reported that the ROM of L4eL5 in extension, flexion, bending,
and rotation was 2.79 � 0.42�, 5.48 � 0.88�, 4.45 � 1.01�, and
3.80 � 0.99, respectively. Consequently, our study was within
the range of previous in vitro studies, except for rotation
(Table 2). Therefore, for rotation, we compared our results with
those of the FE study. Yang et al.24 reported that the ROM of
L4eL5 in left rotation and right rotation was 0.90� and 0.96�,
respectively. Accordingly, our study is consistent with that study
(Table 2). Hence, our intact L3eL5 FE model was proven to be
accurate and could be used for analysis.
The von Mises stress of the posterior implant was lowest in the

LLIF in our study. The reason was thought to be that LLIF has the
advantage of preserving anatomical structures such as vertebral
bodies and ligaments of the posterior lumbar spine25 as compared
to PLIF and TLIF. This may have led to increased stability and
lower von Mises stresses in the posterior implant. Stress
concentration on the posterior implants causes implant fracture,
and lower stresses denote that there are fewer chances that the
implant will be fractured. Therefore, our study suggested that
LLIF was less likely to cause implant fracture.
In addition, the von Mises stresses on the posterior implant in

LLIF were lower, especially in flexion and lateral bending
compared to PLIF and TLIF. The reason was thought to be that a
larger cage can be inserted since the disc cavity can be widely
exposed in LLIF.3 This allows the LLIF to place the cage on the
anterior surface of the intervertebral space and the surrounding
edge of the vertebral body. This has the advantage of facilitating
the braking of movement during the forward and lateral
motions, which increases stability. This may have contributed to
the reduction in von Mises stresses in the posterior implant.
In this study, the peak von Mises stress of TLIF (83.6 MPa) in

the posterior implant was greater than that of PLIF (66.2 MPa).
Fan et al.5 reported that the peak von Mises stress in the posterior
implants in PLIF was 88.7 MPa and that in TLIF was 99.4 MPa. Xu
et al.4 reported that the peak von Mises stress in the pedicle screw
was greater in TLIF than that in PLIF. Thus, our study was similar
to the previous studies. In other words, TLIF is more likely to
cause implant fracture than PLIF. Fan et al.5 reported that the
increased stress on the posterior implant in TLIF may be due to
the complete resection of the unilateral facet joint; however,
they have not reported the mechanism in detail. The facet joints
play a role in stabilizing the spine in flexion and extension and
restricting excessive axial rotation.26-29 Previous prefacetectomy
and postfacetectomy studies have shown that the facet joints may
support 25% of the axial compressive forces and 40%e65% of the
rotational and shear forces on the lumbar spine.27-29 As such,
UROSURGERY, https://doi.org/10.1016/j.wneu.2022.05.056
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Figure 4. Comparison of the peak von Mises stress of
peri-screw vertebral bodies in the lateral lumbar
interbody fusion (LLIF), posterior lumbar interbody

fusion (PLIF), and transforaminal lumbar interbody
fusion (TLIF).
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facetectomy may affect lumbar spine stability. In PLIF, depending
on the method, the facet joints are often preserved; however, in
TLIF, the entire facet joint on one side is removed. Therefore,
TLIF, which has a resected unilateral facet joint, is likely to
Figure 5. Stress concentration in the peri-screw vertebral bodies. (A)
Extension, (B) flexion, (C) left bending, (D) right bending, (E) left rotation,
and (F) right rotation in the lateral lumbar interbody fusion (LLIF), posterior

WORLD NEUROSURGERY 164: e835-e843, AUGUST 2022
increase instability as compared with PLIF, which has a preserved
facet joint. This is a possible factor that may increase von Mises
stress in the posterior implant. Although the supraspinous and
interspinous ligaments are resected in PLIF, these are structurally
lumbar interbody fusion (PLIF), and transforaminal lumbar interbody fusion
(TLIF).

www.journals.elsevier.com/world-neurosurgery e841
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weaker ligaments6 and may not be affected as much as the facet
joint resected in TLIF.
We evaluated the stresses in the peri-screw vertebral bodies in

the LLIF, PLIF, and TLIF and revealed that it was lowest at LLIF,
followed by PLIF and TLIF. Previous studies have reported that an
increase in stress in the vertebral body can cause trabecular bone
injury and inflammation.6 In addition, Mueller et al.30 reported
that peri-implant trabecular bone failure caused a fixation fail-
ure. However, a few studies have evaluated the stresses on the
peri-screw vertebral bodies after spinal fusion,31 and none have
evaluated them after lumbar interbody fusion. In this study, by
comparing and evaluating the stress on the peri-screw vertebral
bodies in lumbar interbody fusion, we thought that we could
compare the ease of degeneration of the peri-screw vertebral
bodies, which may also cause screw loosening. Therefore, we
suggest that screw loosening is least likely to occur in LLIF and
most likely to occur in TLIF.
Our study has several limitations. First, muscles were not

considered, which may compromise the model’s accuracy. Sec-
ond, we were unable to reproduce the detailed shape of the
interbody cage due to the unavailability of a detailed cage design.
Third, the CT images of adult females were used to create the
model, and it was not possible to reproduce the degenerative
changes that are often seen in elderly patients who underwent
interbody fusion surgery. Fourth, we did not take osteoporosis
e842 www.SCIENCEDIRECT.com WORLD NE
into account when creating the FE model. Fifth, we did not
consider the improvement of spinal alignment after lumbar
interbody fusion.
Despite these limitations, we were able to analyze the stresses

among LLIF, PLIF, and TLIF. It could be predicted that implant
failure such as implant fracture and screw loosening was least
likely to occur in LLIF, followed by PLIF and TLIF. Hence, sur-
geons should be aware of these factors when selecting an appro-
priate surgical technique and be careful for implant failure during
postoperative follow-up.
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