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Abstract 

Background  Dental implants emerge as a dependable and efficacious alternative for patients experiencing partial 
or complete tooth loss. The stability of these implants is influenced by surface topography and macro-level design. In 
cases where the height of the maxillary posterior region is diminished, employing short implants can prove advanta-
geous. With the aim of examining the distribution of von Mises stress, strain, and micromovement in D4 bone quality 
surrounding platform-switched short implants, measuring 6 mm in length and featuring diameters ranging from 4 
to 6 mm, as well as different thread designs, an in-depth finite element analysis was conducted under immediate 
loading conditions. 

Methodology  A 3D finite element model was constructed to simulate maxillary molar crowns, incorporating 
an implant with a length of 6 mm and varying diameters and thread designs. The diameters utilized were 4/3.6 mm, 
5/4 mm, and 6/4.8 mm, while the thread designs included buttress, square, and triangle patterns. Each model under-
went analysis with a 100 N force applied in two directions: vertical and oblique, relative to the long axis of the implant. 
Stress, strain, and micromovement in the peri-implant region were recorded, employing the Ansys Workbench R 
v.18.1 software for modelling and analysis.

Results  When comparing all three diameters, the wide diameter (6 mm threads) exhibited the lowest values of peri-
implant von Mises stresses (3.3 MPa and 35.1 MPa), strains (194 Ɛ and 484 Ɛ), and micromovements (0.7 μm and 1.3 
Ɛ) subjected to axial and non-axial loading of a 100 N force. Notably, square microthreads yielded the most favorable 
stress parameters among the different thread shapes, manifesting the minimum values of stress, strains, and micro-
movements in their vicinity.

Conclusion  For the treatment of atrophic ridges or in scenarios necessitating extensive surgical preparation 
of the implant site, a combination of short implants, wide diameters, and platform switching can be employed. 
In situations with reduced bone height and the requirement for an implant-supported prosthesis to replace a missing 
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permanent maxillary molar, the utilization of wide-diameter platform-switched short implants measuring 6 mm 
in length, featuring a square thread design, should be taken into consideration.

Keywords  Bone quality, Immediate loading, Platform switched, Short implant

Introduction
Dental implants are an appropriate solution for par-
tial or completely edentulous patients [1]. In order for 
an implant to function properly, it must be integrated 
with the bone. Multiple variables influence the inter-
action between bones and implants, such as interfacial 
bonding, the type, quantity, and quality of bone, bone 
metabolism, and the bone healing environment [2]. 
Additionally, occlusal loads are transmitted to peri-
implant area [3] irrespective of the kind of prosthetics 
utilized for support. An implant’s ability to respond 
to force depends upon the BIC (how bone tissue will 
respond to mechanical forces) as well as the implant 
designs (shape, length, and diameter). Analyzing the 
functionality of prosthetic devices also requires con-
sideration of the intensity, trajectory, and rate of the 
force application [4]. In addition, it is known that the 
implant’s micromotion must range between 10 and 
150  μm, and excessive micromotion impairs the osse-
ointegration and bone stability. This fact is crucial, inde-
pendently of the implant design, and should always be 
observed, mainly because of early loading and immedi-
ate restoration of dental implants [5, 6].

Generally, the integration of implant grooves amplifies 
preliminary connection, enhance steadiness, and aug-
ment the extent of contact in equal measure. It is crucial 
to select the correct thread design for dental implants to 
achieve clinical success. In addition to offering optimal 
load distribution and protection against marginal bone 
loss, microthreaded implants preserve bone better than 
implants without microthreads [7–9]. Lee’s study found 
that microthreaded implants resulted in significantly 
less bone loss and more bone contact [10]. Approxi-
mately 50% of the implants within the microthread cat-
egory made contact with the coronal portion of the bone, 
whereas the ratio surpassed 72.8% in the control group, 
signifying a notable difference [11]. In dental implant 
designs, several types of threads are used, including 
square threads, V-shaped threads, buttress threads, and 
reverse buttress threads [12].

The compactness of the bone greatly impacts the effi-
cacy of dental implants. Typically, substandard bone, 
such as that located in the upper back jaw classified 
as D4-grade (a narrow band of solid bone encircling 
a mesh-like framework), exhibits a diminished rate of 
recuperation [13]. Inserting an implant within these 
areas can present difficulties. The study by Rungsiyakull 

P and colleagues focused on how bone types and load-
ing patterns impact remodeling over 12 months in 
implant-supported single crowns. They considered 
stress, strain, strain energy density (SED), and bone 
density distribution. When applying an off-axial load 
to an implant, the highest von Mises stresses were 
observed in D4 (22.2 MPa) and D3 (21.9 MPa) bone cat-
egories [14]. There exist various alternatives to address 
the issue of subpar bone density, including augment-
ing the quantity of implants or employing a configu-
ration with enhanced structural and site preparation 
features to enhance stability and contact area [14, 
15]. Furthermore, it is possible to modify the implant 
design to minimize stress on softer forms of bone [16, 
17]. In their research, Alemayehu D-B and colleagues 
employed Finite Element Analysis (FEA) simulations 
to delve into the effects of various thread designs and 
occlusal loading directions on the responses of both 
implants and the surrounding bone material. The study 
encompassed the evaluation of buccal-lingual, mesio-
distal, and apical loading orientations. Study evaluated 
curved flank buttress and reverse buttress threaded 
implants and showed significant enhancements in the 
distribution of compressive stress, thereby substantially 
mitigating the levels of maximum stress experienced 
[18]. Udomsawat C and team analyzed stress around 
three dental implant designs during insertion into 
bone. They used dynamic finite element stress analy-
sis. Results showed highest stress in cortical bone for 
all cases. Stress distribution varied based on implant 
geometry interacting with surrounding bone. [19].

Implant placement may have restrictions due to 
reduced bone height, independently if the density, due 
to anatomical structures [20, 21]. Therefore, extra-
short, short, and wide implants have been recom-
mended for those regions where there is not enough 
bone accessible for surgical insertion [22]. Short 
implants are typically placed in the alveolar bone with 
less height, offering several advantages over conven-
tional implants in terms of cost, execution period, 
treatment requirements, and risks [23]. Moreover, the 
restorations with prosthetic components with a width 
smaller than the diameter of the implant may have less 
or no crestal bone resorption, favoring long-term suc-
cess (platform switching) [24, 25]. Platform-switched 
implant systems create a right-angle step between 
an implant and an abutment. An inward-oriented 
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implant–abutment connection facilitates the creation 
of a horizontal biological width, enhancing soft tis-
sue attachment and reducing vertical bone resorption. 
Moreover, computational analysis results have indi-
cated that platform switching can significantly reduce 
craniofacial stress by shifting the burden away from 
the connection between bone and implant [26]. Clini-
cal research has shown that implant placements based 
on platform switching result in better soft and osseous 
tissue responses than implants paired to their platform 
[27, 28].

Analyzing biomechanics through the finite element 
analysis (FEA) method can be considered the most effec-
tive way to verify the stress distribution for implants [29]. 
Since dental implant–bone systems possess complex geo-
metrical properties, FEA is widely recognized as the opti-
mal approach for evaluating these constituents [30]. A 
significant obstacle for many researchers is the cost and 
complexity of the equipment needed for experimental 
testing. In comparison to experimental testing, the FEA 
method has the advantage of being more time efficient, 
simpler to use, and cheaper [31].

The design and form of dental implant threads can 
exert a noteworthy influence on oral biomechanics. To 
comprehend the impact of implant mobility on bone 
reaction, it is necessary to analyze the deformation of the 
BIC. Liu et al. [32], studying the macro thread designs of 
implants, reported that a short implant with a buttress 
thread generated reduced stresses in cancellous bone. 
Rismanchian et al. [33] noted in their study that straight/
tapered triangular- or square-threaded implants had 
higher peak tensile and compressive stresses when com-
pared to tapered implants with double-threaded trian-
gular threads. On the contrary, Kong et al. [11] reported 
that square, buttress, reverse buttress, and V threads 
have better stress distribution depending on helix angle 
and width of the thread. It is, however, apparent in past 
literature that there is a need to ascertain the appropri-
ate implant thread design suitable for proper distribu-
tion of stresses. The von Mises criterion is a suitable 
stress criterion for assessing the performance of ductile 
materials such as titanium. The von Mises formulation 
is deemed as a mathematically convenient and appeal-
ing approximation of the Tresca criterion [34]. While 
von Mises’s principle represents a limit of the stored 
deformative energy within the material, the Tresca prin-
ciple indicates the material’s utmost shear stress [35]. 
Hence, the main objective of the present study was to 
evaluate the von Mises stress, strain, and micromove-
ment dispersion by wide-diameter, platform-switched, 
short-length implants in D4 bone quality under imme-
diate loading. Based on FEA simulations of distribution 
of stresses under load, the null hypothesis postulated in 

this study asserts that there are no notable distinctions 
between various diameters and thread configurations of 
short implants.

Materials and methods
As a first step, virtual geometric models (VGMs) of D4 
bones were generated with reference to Misch classifi-
cation [36]. The results of VGMs are more reliable than 
those of actual structures. In order to assess structural 
and load characteristics from multiple angles, three-
dimensional models were incorporated. In order to 
view and split CT images, Ansys R v.18.1 was utilized. 
A 3D tetrahedral structural solid finite element model 
of the implant, abutment, and surface of the biomate-
rial was constructed with Solid Edge, version 19. A 
computer with an Intel Core i9 processor and 32 GB of 
RAM running Windows 10 was used in this study. Each 
model took approximately 7  min to run. Solver sec-
tions are integral parts of FEA, which utilize algorithmic 
approaches to address a multitude of equations gener-
ated by preprocessors. A static Implicit solver was used 
in this study. Models were constructed using homogene-
ous, anisotropic, and proportionally resilient materials.

Bone characteristics
The bone structure possessed a density value of 4 
(referred to as D4) [36], showcasing a remarkable abun-
dance of spongy bone. Its representation involved the 
following parameters: (i) vertical extent: 22 mm; (ii) hori-
zontal span: 20  mm. A slender layer of 0.5  mm marked 
the magnitude of the outer compact layer of bone. Dis-
tinctive anisotropic properties were allocated to the 
cortical and cancellous constituents of this bone entity. 
(Fig. 1; Table 1) [15, 23].

Implant setting
Each variation of the implant design consisted of a 6 mm-
long anchoring component that integrated a support 
structure, along with a threaded section featuring either 
a buttress pattern or a triangular (V) configuration. The 
width of the threads measured 0.8 mm, while their height 
was 0.4  mm. All models were specifically developed to 
provide stability for a permanent maxillary first molar. 
The dimensions of the dental crown were determined 
based on the average measurements of the maxillary 
first molar, as indicated in Table 2. The screw exhibited 
a tapered shape by the 5th turn. The abutment’s height 
was set at 5 mm and it possessed an internal hexagonal 
connection, as illustrated in Fig.  1. The models featur-
ing a diameter of 4 mm were designed with a platform-
switching technique applied to 10% of the structure, 
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whereas the models with 5 and 6  mm diameters incor-
porated a platform-switching technique applied to 20% of 
the structure.

Loading
Each individual model underwent examination using a 
consistent force magnitude of 100  N, applied vertically 

(90 degrees) at the central fossa. Additionally, an inclined 
direction (45 degrees) relative to the long axis of the tooth 
(Fig. 1) was employed for immediate loading conditions 
at the bone-implant interface, considering a frictional 
coefficient of 0.3. The material characteristics employed 
in the models were obtained from existing research stud-
ies [24, 37] and appropriately allocated (Table 1).

Fig. 1  Bone block, Abutment and Loading application

Table 1  Material properties assigned to the model

S. No. Material Young’s Modulus
(E MPa)

Poisson’s Ratio
(v)

Shear Modulus
(G MPa)

1. Cortical Bone Ex 12,600 V xy 0.300
V yz 0.253

G xy 4850

Ey 12,600 V xz 0.253
V yx 0.300

G yz 5700

Ez 19,400 V zy 0.390
V zx 0.390

G xz 5700

2. Trabecular Bone Ex 1148 V xy 0.055
V yz 0.010

G xy 68

Ey 210 V xz 0.322
V yx 0.010

G yz 68

Ez 1148 V zy 0.055
V zx 0.322

G xz 434

3. Titanium 110,000 0.350 -

4. Porcelain 70,000 0.190 -

5. Cement 12,000 0.25 -

6. Cobalt–Chromium Metal 87,900 0.30 -
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Meshed models
The 3D models underwent meshing using Hypermesh, 
v.13.0, employing a combination of tetrahedral and octa-
hedral elements. The modeling process involved precise 
node positioning derived from mathematical calcula-
tions, considering the thread inclination (Fig. 1; Table 3). 
The numerical solutions of the elements directly correlate 
to the number of nodes and elements present. Tetrahe-
dral elements, characterized by either four or ten nodes 
with three degrees of freedom per node (translations in 
the x, y, and z directions), were employed due to their 
versatility in handling intricate geometries. Specifically, 
ten-node tetrahedra were utilized to mesh the assembly. 
Given the structural complexity, hexamesh implementa-
tion was not viable, necessitating the adoption of a tetra-
hedral mesh with an element size of 0.5 mm. Boundary 
conditions were established by constraining all nodes at 
the base of the 3D models. The following models were 
designed: Model 1, buttress thread having a length of 
6  mm and diameter of 4/3.6  mm; Model 2, buttress 

thread having a length of 6 mm and diameter of 5/4 mm; 
Model 3, buttress thread having a length of 6  mm and 
diameter of 6/4.8  mm (Fig.  2); Model 4, square thread 
having a length of 6  mm and diameter of 4/3.6  mm; 
Model 5, square thread having a length of 6  mm and 
diameter of 5/4 mm; Model 6, square thread having a 
length of 6 mm and diameter of 6/4.8 mm (Fig. 3); Model 
7, triangle (V) thread having a length of 6 mm and diam-
eter of 4/3.6 mm; Model 8, triangle (V) thread having a 
length of 6  mm and diameter of 5/4 mm; Model 9, tri-
angle (V) thread having a length of 6 mm and diameter 
6/4.8 mm (Fig. 4).

The interconnected models, known as finite element 
models, comprised vertices and elemental data, con-
structing a comprehensive framework for analysis. The 
accuracy of the finite element solution is directly corre-
lated with the quantity of vertices and elements utilized, 
ensuring exact results. The assembly was methodically 
meshed using 10-node tetrahedral elements, providing a 
resilient representation of the structure. Given the intri-
cacy of the system, a meticulously crafted tetrahedral 
mesh with an element size of 0.3 mm was implemented 
to capture intricate nuances. The mesh incorporated a 
substantial number of elements, totaling 784,386, and 
nodes, totaling 987,346, with a focus on refining regions 
prone to stress concentration. Key material properties, 
including Poisson’s ratio, Young’s modulus, shear modu-
lus, and densities, were appropriately integrated into the 
mesh to accurately simulate the mechanical behavior. The 

Table 2  Dimensions assigned to the maxillary molar crown

1 Cervico-occlusal length 7.5 mm

2 Mesio-distal diameter 10.0 mm

3 Mesio-distal diameter at the cervix 8.0 mm

4 Buccolingual diameter 11.0 mm

5 Buccolingual diameter at the cervix 10.0 mm

Table 3  Incorporated nodes and elements of the developed models

Diameter Buttress Square Triangle

Nodes Elements Nodes Elements Nodes Elements

4 mm 57,145 40,230 54,985 38,580 59,353 41,751

5 mm 63,095 44,637 61,611 43,409 63,559 44,880

6 mm 67,626 48,955 67,661 47,935 70,217 49,863

Fig. 2  Buttress thread models of 4 mm (left), 5 mm (middle), and 6 mm diameter (right)
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modeling analyses were executed using Ansys R v.18.1, a 
powerful software package renowned for its capabilities 
in advanced numerical simulations and analysis (Fig. 5).

Statistical analysis
After assessing the Gaussian distribution using the Shap-
iro-Wilk W test, it was confirmed by employing Levene’s 
test for homogeneity of variance on all collected data. 
Subsequently, in case of a normal distribution, the t-Stu-
dent test was utilized for two variables, while for more 
than two variables, an ANOVA with Tukey’s post hoc test 
was applied. Alternatively, if a non-normal distribution 
was detected, a Kruskal-Wallis test with Dunn’s post hoc 
test was employed. All comparative analyses were con-
ducted using GraphPad Prism 8 (GraphPad Software, San 
Diego, CA, USA). The significance level was established 
at p = 0.05.

Results
The current investigation assessed and compared the von 
Mises stresses, strains, and micromovements in the peri-
implant region of wide-diameter platform-switched short 
implants inserted in D4 bone quality, while subjected to 

immediate loading. A three-dimensional finite element 
analysis (3D FEA) was employed for this purpose. The 
implant configurations aimed to restore the absence of 
a permanent maxillary first molar in D4 bone quality, 
with a consistent length of 6 mm and varying diameters 
of 4/3.6  mm, 5/4 mm, and 6/4.8  mm, each possessing 
specific thread patterns: buttress microthreads, square 
microthreads, and triangular (V) microthreads. Each 
model underwent examination using a single applied 
force of 100  N, exerted at oblique angles (45 degrees) 
and vertically (90 degrees) simulating immediate loading 
conditions.

4/3.6 mm diameter
Regarding the implants with a diameter of 4/3.6 mm and 
a length of 6  mm, subjected to vertical loading as pre-
sented in Table 4 and illustrated in Figs. 6, 7 and 8, the 
distribution of von Mises stress at the interface between 
the bone and the implant was measured. Specifically, 
for the buttress thread, the stress value was 22.95  MPa, 
for the square thread, it was 18.9  MPa, and for the tri-
angle thread, it reached 23.2 MPa (as depicted in Fig. 9). 
In terms of strain, the observations were as follows: the 

Fig. 3  Square thread models of 4 mm (left), 5 mm (middle), and 6 mm diameter (right)

Fig. 4  Triangular thread models of 4 mm (left), 5 mm (middle), and 6 mm diameter (right)
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buttress thread exhibited a strain of 765 Ɛ, the square 
thread displayed a strain of 202 Ɛ, and the triangle thread 
showed a strain of 682 Ɛ (as demonstrated in Fig.  10). 
Additionally, the micromovement measurements indi-
cated that the buttress thread experienced 0.94  μm of 
movement, the square thread demonstrated 0.93  μm, 
and the triangle thread exhibited 0.94 μm (as indicated in 
Fig. 11).

Fig. 5  Flowchart depicting the study workflow

Table 4  Von Mises stress, strain, and micromovement values at 
vertical loads of 100 N on 4/3.6 mm diameter implants

Buttress Square Triangle

STRESS (MPa) 22.95 18.9 23.2

STRAIN (Ɛ) 765 202 682

MICROMOVEMENTS (µm) 0.94 0.93 0.94

Fig. 6  FEA images of 4/3.6 mm diameter buttress threads with 100 N force under vertical and oblique loading for von Mises stress (VMS), strains, 
and micromovements

Fig. 7  FEA images of 4/3.6 mm diameter square threads with 100 N force under vertical and oblique loading for von Mises stress (VMS), strains, 
and micromovements
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In the case of implants with a diameter of 4/3.6 mm 
and a length of 6 mm, when subjected to oblique load-
ing as detailed in Table 5 and depicted in Figs. 6, 7 and 
8, the stresses and strains exhibited higher magni-
tudes. Specifically, the buttress thread showed a stress 
of 142.8  MPa, the square thread displayed a stress of 
127.1  MPa, and the triangle thread exhibited a stress 
of 138.3  MPa. These values were in contrast to the 

results under vertical loading, as shown in Fig. 9. The 
corresponding strain values were 1026 Ɛ for the but-
tress thread, 846 Ɛ for the square thread, and 1126 Ɛ 
for the triangle thread, as depicted in Fig.  10. Addi-
tionally, micromovements were measured at 4.1  μm 
for the buttress thread, 4.4 μm for the square thread, 
and 4.4  μm for the triangle thread, as illustrated in 
Fig. 11.

Fig. 8  FEA images of 4/3.6 mm diameter triangle threads with 100 N force under vertical and oblique loading for von Mises stress (VMS), strains, 
and micromovements

Fig. 9  Von Mises stress values around 4/3.6 mm diameter implants in MPa under vertical and oblique loading of 100 N

Fig. 10  Von Mises strain values around 4/3.6 mm implants in Ɛ under vertical and oblique loading of 100 N
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5/4 mm diameter
For the implants with a diameter of 5/4 mm and a length 
of 6 mm, subjected to vertical loading (details in Table 6, 
and depicted in Figs.  12, 13 and 14), the distribution of 
von Mises stress at the interface between the bone and 
implant was measured at 15 MPa for the buttress thread, 
10 MPa for the square thread, and 12 MPa for the triangle 
thread (as shown in Fig.  15). The corresponding strains 
were calculated as 620 Ɛ for the buttress thread, 194 Ɛ 
for the square thread, and 295 Ɛ for the triangle thread 
(displayed in Fig. 16). Micromovements were found to be 
0.78  μm for the buttress thread, 0.70  μm for the square 
thread, and 0.68 μm for the triangle thread (illustrated in 
Fig. 17).

Regarding the 5/4 mm diameter implants measur-
ing 6 mm in length and subjected to oblique loading as 
detailed in Table 7 and represented by Figs. 12, 13 and 14, 
the von Mises stresses exhibited distinct values: 52.1 MPa 

Fig. 11  Micromovement values around implants of 4/3.6 mm diameter under vertical and oblique loads of 100 N

Table 5  Von Mises stress, strain, and micromovement values at 
oblique loads of 100 N on 4/3.6 mm diameter implants

Buttress Square Triangle

STRESS (MPa) 142.8 127.1 138.3

STRAIN (Ɛ) 1026 846 1126

MICROMOVEMENTS (µm) 4.7 4.4 4.4

Table 6  Von Mises stress, strain, and micromovement values at 
vertical loads of 100 N on 5/4 mm diameter implants

Buttress Square Triangle

STRESS (MPa) 15 10 12

STRAIN (Ɛ) 620 237 295

MICROMOVEMENTS (µm) 0.78 0.70 0.68

Fig. 12  FEA images of 5/4 mm diameter buttress threads with 100 N force under vertical and oblique loading for von Mises stress (VMS), strains, 
and micromovements

Fig. 13  FEA images of 5/4 mm diameter square threads with 100 N force under vertical and oblique loading for von Mises stress (VMS), strains, 
and micromovements
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for the buttress thread, 45.5 MPa for the square thread, 
and 50.46  MPa for the triangle thread (as illustrated in 
Fig.  15). As for the strains observed, they were quanti-
fied at 727 Ɛ for the buttress thread, 527 Ɛ for the square 
thread, and 664 Ɛ for the triangle thread (depicted in 
Fig.  16). Additionally, the micromovements recorded 
were 2.4 μm for the buttress thread, 2.2 μm for the square 
thread, and 2.7  μm for the triangle thread (depicted in 
Fig. 17).

6/4.8 mm diameter
In the case of implants with a diameter of 6/4.8 mm 
and a length of 6  mm, subjected to vertical loading 
as indicated in Table  8 and illustrated in Figs.  18, 
19 and 20, the von Mises stress values around the 
implant were measured. Specifically, for the buttress 
thread, the stress was 8.3 MPa, for the square thread 
it was 3.3  MPa, and for the triangle thread it was 
4.5 MPa (as depicted in Fig. 21). The corresponding 

Fig. 14  FEA images of 5/4 mm diameter triangle threads with 100 N force under vertical and oblique loading for von Mises stress (VMS), strains, 
and micromovements

Fig. 15  Von Mises stress values around 5/4 mm diameter implants in MPa under vertical and oblique loading of 100 N

Fig. 16  Von Mises strain values around 5/4 mm implants in Ɛ under vertical and oblique loading of 100 N
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strain values for these threads were 265 Ɛ for the 
buttress, 237 Ɛ for the square, and 248 Ɛ for the tri-
angle (as shown in Fig.  22). Moreover, the micro-
movement values were found to be 0.74  μm for 
the buttress thread, 0.78  μm for the square thread, 

and 0.7  μm for the triangle thread (as displayed in 
Fig. 23).

Regarding the 6/4.8  mm diameter implants with a 
length of 6  mm under oblique loading (refer to Table  9; 
Figs. 18, 19 and 20), the von Mises stress was measured 
at 60 MPa for the buttress thread, 35.1 MPa for the square 
thread, and 58.8 MPa for the triangle thread (see Fig. 21). 
In terms of strains around the implants, the recorded 
values were 596 Ɛ for the buttress thread, 484 Ɛ for the 
square thread, and 531 Ɛ for the triangle thread (shown 
in Fig.  22). Micromovement values were also obtained, 
measuring 1.5  μm for the buttress thread, 1.3  μm for 
the square thread, and 1.5  μm for the triangle thread 
(depicted in Fig. 23).

Statistical result
There was an extremely statistically significant result 
when comparing vertical and oblique stresses (MPa) with 
100 N (p < 0.001); the greater the stress, the narrower the 
implant diameter either for vertical or oblique forces. 
A similar significant result was verified for the strain 
and micromovements (p < 0.001). Moreover, the square 
thread showed better and more significant stress and 
strain distribution in the peri-implant bone compared to 
the other thread designs.

Fig. 17  Micromovement values in µm around implants of 5/4 mm diameter under vertical and oblique loads of 100 N at central fossa

Table 7  Von Mises stress, strain, and micromovement values at 
oblique loads of 100 N on 5/4 mm diameter implants

Buttress Square Triangle

STRESS (MPa) 52.1 45.5 50.46

STRAIN (Ɛ) 727 527 664

MICROMOVEMENTS (µm) 2.4 2.2 2.7

Table 8  Von Mises stress, strain, and micromovement values at 
vertical loads of 100 N on 6/4.8 mm diameter implants

Buttress Square Triangle

STRESS (MPa) 8.3 3.3 4.5

STRAIN (Ɛ) 265 194 248

MICROMOVEMENTS (µm) 0.74 0.7 0.78

Fig. 18  FEA images of 6/4.8 mm diameter buttress threads with 100 N force under vertical and oblique loading for von Mises stress (VMS), strains, 
and micromovements
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Fig. 19  FEA images of 6/4.8 mm diameter square threads with 100 N force under vertical and oblique loading for von Mises stress (VMS), strains, 
and micromovements

Fig. 20  FEA images of 6/4.8 mm diameter triangle threads with 100 N force under vertical and oblique loading for von Mises stress (VMS), strains, 
and micromovements

Fig. 21  Von Mises stress values around 6/4.8 mm diameter implants in MPa under vertical and oblique loading of 100 N

Fig. 22  Von Mises strain values around 6/4.8 mm implants in Ɛ under vertical and oblique loading of 100 N at central fossa
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Discussion
The objective of this study was to evaluate the stress–
strain and micromovements of a platform-switched 
6 mm short implant with different diameters and threads 
using a fast-loading protocol. Biomedical mechanical 
tools such as 3D models, optical elasticity, and strain 
measurements performed on bone surfaces were utilized, 
but they have limitations such as complexity and diffi-
culty in modification. FEA introduced by Weinstein et al. 
has become a popular method in dentistry due to its ease 
of use and user-friendly interface [38]. This study applied 
FEA to quantify the von Mises stress, strain, and micro-
movements of short implants in D4 bone under immedi-
ate loading conditions. The FEA study of dental implants 
must consider both vertical and lateral forces for accurate 
occlusal direction simulation. A 100 N force was exerted 
in the direction of the implant axis and at a 45° diagonal 
angle [39].

Dental implants provide a practical solution for par-
tially or fully edentulous patients, but placement may not 
be feasible due to reduced bone height or obstacles such 
as maxillary sinus pneumatization or close proximity to 
the mandibular canal. A bone augmentation method is 
employed to enhance the steadfastness of dental implants 
by amplifying the compactness of native bone [40]. 

Alaqeely et  al. [41] carried out a numerical simulation 
using the finite element method to assess the stress levels 
in various areas of the jawbone during conventional drill-
ing (CD) and osseodensification drilling (OD). The OD 
model exhibited a notable decrease in von Mises stress 
in comparison to the CD model. This was attributed to 
areas of increased density in the bone structure, which 
absorbed a significant portion of the stress and impeded 
its transmission. Bone augmentation is also advocated 
but involves multiple procedures and increased postop-
erative discomfort, cost, and recovery time [22, 42, 43]. 
An alternative to bone grafting is short implants, defined 
as less than 7 mm in length [44].

As per Esposito’s findings, the strength and size of the 
bone are crucial factors in the unsuccessful outcomes of 
both initial and delayed implant procedures. It is esti-
mated that 50 to 80% of dental implants do not survive 
in posterior bone regions due to poor bone texture [45]. 
The Misch classification scheme [30] is widely accepted 
by clinicians and researchers, dividing jawbone den-
sity into four distinct categories based on the classifica-
tion of trabecular and cortical bone. D1 is dense cortical 
bone found in the anterior lower jaw, while D2 is thick, 
dense, and porous cortical bone on the crest with coarse 
trabecular bone inside, typical of the posterior mandi-
ble and anterior maxilla. D3 has thin cortical bone on 
the crest and fine trabecular bone within, found in the 
interior/posterior maxilla and posterior mandible. D4, 
located in the posterior maxilla, is primarily trabecular 
bone with the thinnest cortical plate. In the FEA simu-
lation, a 0.5  mm cortical plate thickness was applied to 
D4 bone to replace a missing maxillary molar. Thin corti-
cal bones such as D4 are associated with high stress lev-
els surrounding the implant collar, putting the implant at 

Fig. 23  Micromovement values in µm around implants of 6/4.8 mm diameter under vertical and oblique loads of 100 N

Table 9  Von Mises stress, strain, and micromovement values at 
oblique loads of 100 N on 6/4.8 mm diameter implants

Buttress Square Triangle

STRESS (MPa) 60 35.1 58.8

STRAIN (Ɛ) 596 484 531

MICROMOVEMENTS (µm) 1.5 1.3 1.5
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vulnerability, according to Okumura et al. [46]. Studies by 
Oliveira et al. [47] and Sevimay et al. [15] showed that the 
D4 bone generated the highest peri-implant stresses of 
170.31 MPa and 180 MPa, respectively.

Immediate loading protocols for dental implants have 
become more popular due to their advantages such as 
reduced treatment durations, diminished patient attend-
ance and decreased expenses. compared to the classic 
two-stage implant placement protocol. These protocols 
result in improved comfort, function, speech, stability, 
and psychological factors [48, 49]. This study modeled 
the interface with the bone of an instantly loaded implant 
using a friction coefficient of 0.3127 [50] and found 
favorable stress and strain results around short platform-
switched implants.

An implant/crown ratio is unfavorable when short 
implants are used with longer prosthetic crowns. Short 
implants can support most prostheses [51, 52]. A remain-
ing vertical bone dimension of 7 mm was presumed for 
the positioning of the implant in this current investiga-
tion. Consequently, considering this presumption, the 
mean dimension of maxillary 1st molar crowns, which 
measures 7.5 mm, was presumed to escalate to 13.5 mm 
within the simulated finite element model. This was car-
ried out to mimic real-world circumstances that account 
for bone loss. The findings of our investigation aligned 
with prior studies concerning the utilization of short 
implants. Bruggenkate and colleagues [53] discovered 
that short implants exhibited similar rates of survival as 
long implants during a 1–7 year period. Thread design, 
pitch, and depth can also improve implant performance 
and reduce stress, as the compressive stress intensity in 
the bone structure varies based on the implant thread 
form. Von Mises and compressive stresses are more 
prevalent in cortical bone compared to spongy bone. 
Deporter et  al.’s retrospective multicenter report sug-
gested that 5  mm length dental implants may be viable 
for significantly assimilated posterior areas in cases of 
partial tooth loss, particularly in the maxilla [54].

In research conducted by Petrie et  al. [55], they 
explored the impact of implant size on stress and strain 
using FEA. The findings indicated that increasing the 
implant’s width from 3.5 to 6 mm led to a reduction in 
crestal strain by a factor of 3.5. Furthermore, extend-
ing the implant’s length from 5.75 to 23.5 mm resulted 
in a decrease in stress and strain parameters by a fac-
tor of 1.65. These outcomes imply that the width of 
the implant significantly controls the stress and strain 
characteristics. Another study by Himmlova et al. [56] 
examined implants with lengths ranging from 8 to 
18 mm and diameters ranging from 2.9 to 6.5 mm and 
found that implants with diameters between 3.6 and 
4.2 mm had the most significant reduction in stress at 

31.5%. While implant length was also considered, it 
had a less prominent influence than implant diameter. 
Our study found that using wider diameters of 6  mm 
in implants can be effective. We observed a decline in 
both stresses and strains as the diameter underwent 
an increment from 4 to 6 mm. Upon exposure to verti-
cal loading, the von Mises peri-implant stresses exhib-
ited a substantial reduction: the stress on buttress 
thread implants decreased by 63.36% from 22.9  MPa 
to 8.39  MPa, the stress on square thread implants 
decreased by 82.06% from 18.9 MPa to 3.39 MPa, and 
the stress on triangle thread implants decreased by 
81.07% from 23.2 MPa to 4.39 MPa. When subjected to 
oblique loading, the stress on 4 mm diameter buttress 
thread implants was highest at 142.8 MPa.

In contrast, the stress on 6 mm diameter square thread 
implants was lowest at 35.11  MPa, reducing 75%. Our 
study found that the maximum strains occurred with 
4  mm diameter buttress thread implants under verti-
cal loading (765 Ɛ) and triangular thread implants with a 
diameter of 4 mm subjected to oblique loading (1126 Ɛ). 
The implants with 6 mm square thread demonstrated the 
lowest levels of strains when subjected to both vertical 
and oblique loading. The strain values recorded were 194 
Ɛ and 237 Ɛ for vertical and oblique loading, respectively. 
These values also demonstrate a reduction of 75% in 
strain with an increase in the diameter of the implant. In 
addition, less strain was generated around square thread 
designs compared to buttress and triangle thread designs. 
According to these observations, the utilization of wide-
diameter implants presents a feasible therapeutic alter-
native for the sustained upkeep of implant-supported 
prosthetic rehabilitations in the posterior regions.

Based on the outcomes of our investigation, the von 
Mises stress, strains, and micromovements displayed 
consistent elevation when subjected to oblique load-
ing, surpassing those observed under vertical loading 
across all thread types and diameters. These findings 
align harmoniously with previous research endeavors. 
As expounded by Ding et al. [57], oblique loading engen-
ders significantly amplified interfacial stresses and strains 
compared to vertical loading, owing to the diameter and 
length’s impact on stress and strain dispersion around 
the crestal bone encircling the implants. Although a 
larger diameter and extended implant mitigate stress and 
strain on the alveolar crest, loading the implant in a buc-
colingual manner triggers a noticeable augmentation in 
stress and strain values. Nonetheless, the diameter proves 
more efficacious than the length in alleviating concentra-
tions of stress and strain in the crestal region. Another 
FEA investigation [58] revealed that both cancellous and 
cortical bone endure escalated loads during buccolin-
gual loading. Consequently, heightened stresses in the 



Page 15 of 18Alqahtani et al. BMC Oral Health          (2023) 23:686 	

cancellous bone and implant due to lateral loading may 
culminate in implant failure. Given this consideration, it 
is crucial to optimize the design of implant structures to 
withstand lateral forces optimally.

The implant body is also displaced relative to the sur-
rounding bone due to peri-implant stresses and strains. 
This type of movement is referred to as micromovement. 
A significant amount of micromotion may interfere with 
the osseointegration of the implant [59]. Micromove-
ment of 150  μm should not be exceeded for successful 
implant healing. There were no micromovements outside 
these limits in our study’s models. Negligible dispari-
ties were registered in the micromotions of the models, 
with minimal minuscule movements observed for the 
6  mm square thread, measuring 0.7  μm, and maximum 
microshifts for the 4 mm diameter buttress and triangu-
lar thread, measuring 0.94 μm, when subjected to vertical 
loading. The micromotions exhibited greater magnitude 
under oblique loading for all cases, with the smallest 
value of 1.3 μm recorded for the 6 mm diameter square 
thread, and the highest value of 4.7 μm observed for the 
4 mm diameter buttress thread under oblique loading. In 
comparison to 4 mm implants, there was a 26% reduction 
in micromotions for 6  mm implants, and a 14% reduc-
tion for 5 mm implants. Anitua et al. [60] concluded that 
wider short implants effectively dissipate forces and alle-
viate stress concentrations, thereby resulting in enhanced 
stress and strain parameters.

The present study found that square thread implants 
had the lowest von Mises stress under axial and oblique 
loads compared to other thread designs. Square and trian-
gle threads also reduced vertical loading stress by 16% and 
4%, respectively, compared to buttress threads of 4 mm in 
diameter. Compared to buttress threads of 5 mm in diam-
eter, square threads reduced stresses by 13% and trian-
gle threads by 4%. Under vertical loading, square threads 
resulted in a 64% reduction in stress, and triangle threads 
resulted in a 46% reduction in stress compared to buttress 
threads of 6 mm in diameter. Similar results were also seen 
for oblique loading, with square threads experiencing a 
42% reduction in stress and triangle threads experienc-
ing a 2% reduction in stress compared to buttress threads 
of 6 mm in diameter. Alemayehu et al. [19] conducted an 
extensive FEA study to examine the impacts of five dis-
tinct dental implant thread configurations (square, but-
tress, reverse buttress, trapezoidal, and triangular) on the 
distribution of stress experienced by the implant and the 
surrounding bone. The von Mises stresses for the various 
thread designs around a 4.1 mm x 14 mm implant dimen-
sion were recorded as follows: square − 18.75 MPa, buttress 
− 31.54  MPa, reverse buttress − 33.60  MPa, trapezoidal 
− 35.53 MPa, and triangular − 51.81 MPa. The researchers 
concluded that among the thread designs investigated in 

the study, the square thread model exhibited reduced von 
Mises stress, shear stress, and displacement magnitude, 
while simultaneously increasing compressive stress. In a 
finite element investigation, Mosavar et al. [61] explored the 
implications of different implant thread configurations on 
the dispersion of stress within the peri-implant bone. The 
study encompassed a comprehensive analysis of buttress, 
reverse buttress, V-shaped, and square thread designs, 
evaluating their impact on stress distribution patterns in 
the surrounding bone tissue. A 4  mm × 12  mm implant 
size was taken into account. Von Mises stresses around 
the cortical bone were as follows: buttress 47.68  MPa, 
reverse buttress 47.76 MPa, square 44.50 MPa, and trian-
gular 47.88 MPa. According to the authors’ assertions, the 
implementation of a square thread configuration exhibited 
the least amount of stress across all levels of osseointegra-
tion within the transitional region between the implant 
and cortical bone. This region, referred to as the critical 
zone for design purposes, was utilized in our study. Specifi-
cally, for a 4 mm diameter implant, the von Mises stresses 
were recorded as 18.9 MPa, 22.95 MPa, and 23.2 MPa for 
square, buttress, and triangular threads, respectively. Our 
study findings concurred with previous research outcomes. 
Additionally, due to the implant’s superior stress-carrying 
capability, followed by the cortical bone, the von Mises 
stress was comparatively lower in the trabecular bone for 
all implant models. Chang et al. [62] performed a finite ele-
ment analysis investigating micromotion patterns involving 
implants and the surrounding bone, utilizing diverse thread 
designs such as trapezoidal, buttress, square, and stand-
ard V thread. These investigations were conducted under 
an axial load of 300 N following immediate loading. It was 
discovered that all micromotion primarily transpired at the 
interface connecting the cortical and cancellous bone, with 
the square thread profile demonstrating the most favorable 
micromotion values. Misch et al. [63] states that square and 
reverse buttress threads provide excellent primary stability 
during immediate loading.In contrast to buttress threads, 
which are efficient at transmitting forces in one direction, 
square threads are symmetrical and efficient at transfer-
ring forces along the screw–thread axis. This superiority of 
square threads has also been noted in a review by Sennerby 
et al. [64]. Mosavar et al. [61] used finite element analysis to 
study four different types of commercial thread-form con-
figurations for solid implants: buttress, reverse buttress, V, 
and square. They simulated various degrees of osseointe-
gration and assumed that bone was transversely isotropic. 
The results indicated that square threads produced the 
best results based on von Mises equivalent stress, pres-
sure, shear stress, and micromotion predictions. However, 
there are inherent limitations to this study. In this study, 
finite element analysis was used to simulate the integra-
tion of the implant with the surrounding bone and examine 
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peri-implant stresses, strains, and micromovements. The 
structures in the model were assumed to be homogene-
ous, anisotropic, and linearly elastic, but it is pertinent to 
note that living tissues have different properties. This study 
did not consider the biological aspect, so the mandible and 
applied loads and muscular action were not considered. 
When a dynamic force is imposed on the occlusal surface 
of the prosthesis, it imparts substantial mechanical strain 
on the implant and the encompassing osseous structure 
[19]. As a result, the stress patterns observed in this study 
may not match those seen in clinical applications where 
dynamic loading is present. Finite element problems are 
commonly solved using the optimum mesh size. Further-
more, it was not possible to test mesh sensitivity. For a com-
plex three-dimensional problem, a sensitivity study is not 
possible. It is better to use sensitivity when there is a limited 
number of elements. Additionally, the present investigation 
was limited by the absence of numerical model validation 
using an in vitro experiment to assess the reliability of the 
results. Since dental studies have a limited load range, sen-
sitive equipment is required. It should be noted, however, 
that most experimental equipment is available for large-
load experiments. A load of less than 100 kg is required for 
this study, for which it is difficult to conduct experiments. 
Even though the results of this study were consistent with 
those obtained in previous studies, they cannot be used 
to determine a treatment’s reliability [65, 66]. There is a 
need for further preclinical and clinical research, as well as 
fatigue testing, for data on aspects such as osseointegration 
related to the characteristics of fixtures.

Conclusions
Based on the outcomes uncovered by this investiga-
tion, it can be deduced that (i) The implant measuring 
6 mm exhibited the least amount of stress, strain, and 
micro-movements around the implant under both ver-
tical and oblique forces, while the 4 mm implant expe-
rienced the highest levels. Increasing the diameter of 
the implant resulted in a noteworthy reduction in von 
Mises stress, strain, and micromovements; (ii) Verti-
cal loads generated diminished levels of stress, strain, 
and micromovements compared to oblique loads; (iii) 
Subsequent to evaluating all thread configurations 
under vertical and slanted forces, the square-shaped 
thread exhibited superior dispersion of stress and 
strain within the surrounding bone tissue in contrast to 
the other thread configurations. However, it should be 
noted that the study did not conduct a mesh sensitiv-
ity test or validation test. Therefore, the accuracy and 
reliability of the results should be interpreted with cau-
tion. Further research with additional testing is neces-
sary to confirm these results and ensure their clinical 
applicability. Overall, this study provides a foundation 

for future studies on the optimal parameters for short 
dental implants in cases with limited bone height.
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