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Abstract: New subperiosteal dental implants were designed to offer new options to 
edentulous patients with severe bone resorption for whom endosseous dental implants 
are not advisable. In our study, we aimed to design and manufacture subperiosteal dental 
implants with a minimum volume to facilitate surgical maneuvers and metal coverage by 
mucosa while ensuring maximal long-term implant strength and functionality. With cone-
beam CT-scan data obtained from an edentulous patient, a maxilla and mandible 
recreation were created, and subperiosteal implants were designed and analyzed with 
FEA (250 MPa infinite-life limit stress). We redesigned them until they stood the infinite-
life limit loads mentioned above. Then, they were manufactured with Ti6Al4V alloy and 
laser-powder bed fusion technology. All implants withstood mechanical tests (450 N 
static and 150 N loads for five-million cycle 150 N fatigue tests) with no failures. The first 
design resulted in maxillary and mandibular implant failures. Through the redesign 
process, the implant volume was reduced, and the number and placement of bone fixation 
screws were optimized while maintaining resistance to chewing. Once manufactured, 
these new implants withstood the loads mentioned above without failure. Our 
subperiosteal dental implants are an option for edentulous patients with severe maxilla 
and mandibular bone resorption. Manufactured with Ti6Al4V alloy and laser-powder 
bed fusion technology, they withstood the above-mentioned mechanical tests without 
failure.  

Keywords: subperiosteal dental implant; titanium alloy; severe bone resorption;  
custom-made implant; finite element analysis; laser-powder bed fusion 
 

1. Introduction 
Endosseous dental implants are currently available as a solution for the loss of teeth 

[1]. They can be applied to most patients, except to those with insufficient bone at the 
maxilla or mandible, be it due to prolonged edentulism [2,3], local cancer [4–6], or general 
conditions, like severe osteoporosis, diabetes mellitus, or rheumatoid arthritis [7,8]. In this 
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subgroup of patients, endosseous dental implants cannot be used as there is not enough 
remaining bone to support them [9]. In such cases, there are a number of surgical 
techniques to improve the amount and quality of the bone at the maxilla ridge and the 
mandible. They imply a surgical procedure to implant the bone graft, coming most of the 
time from the autologous iliac crest [10] or calvaria [11], and a prolonged waiting time for 
the graft to generate enough local bone to support the endosseous dental implants. 
Unfortunately, this goal cannot always be achieved. Additionally, some patients present 
unwanted results, like infections and further bone resorption [12,13]. 

Instead, in this subgroup of patients, a subperiosteal dental implant is another 
treatment option to consider [8]. Introduced by Dahl [14] in 1943, it entailed a surgical 
procedure to expose the remaining maxillary or mandibular bone by elevating wide oral 
mucosa flaps and undertaking direct complex intraoral bone measurements. Then, the 
mucosa was sutured back in place. The next step was to create a mold and manufacture 
the implant by casting with Vitallium (a cobalt–chromium alloy) or Tantalum. Finally, in 
a second surgical procedure, the device was implanted, the mouth mucosal flaps were 
elevated again, and the subperiosteal dental implant was screwed to the underlying bone. 
Aside from the technical difficulties of creating custom-made implants for the maxilla or 
mandible, the Vitallium did not integrate into the bone [15]. Mid- and long-term problems 
were frequent, with inadequate fitting, implant exposure, and local infection that resulted 
in its removal [16]. Goldberg and Gershkoff, in 1945, created a new subperiosteal implant 
made out of cobalt–chromium–molybdenum, adding an external oblique ridge to Dahl’s 
previous design [17]. In 1950, Lee used fewer support points over the ridge crest using a 
direct impression method [18]. Bodine, in 1953, placed the screw holes in the areas with 
the greatest bone strength and thickness [19]. In 1975, Small et al. [20] introduced a 
technique devised for patients with extensive mandibular bone atrophy. It entailed a 
submental skin incision with a transosseous implant insertion that was called the 
mandibular staple bone plate. This technique proved to be rather aggressive and did not 
achieve widespread use. 

The initial dental implants were made out of iridio-platinum [21], Vitallium 
(chromium–cobalt alloy) [18], stainless steel [18], cobalt–chromium–molybdenum [17], 
and a crystallized material composed mainly of aluminum [22]. These implants did not 
achieve osseointegration, so eventually, they became loose or were the source of local 
infection. The first to introduce the titanium dental implants was Brånemark in 1978 [23]. 
When conducting a research project on the femurs of rabbits, he noticed that, upon 
inserting a hollow cage made out of titanium, the bone grew inside it to such an extent 
that, in case of a fracture, the bone would fracture first at the bone–titanium interface. Ever 
since then, titanium has been the metal of choice for dental implants [24]. 

However, manufacturing dental implants by machining or forging is costly and is 
cannot be customized to every patient [25]. Today, the available technology allows dental 
implant manufacturing to be precise and non-invasive. Three-dimensional patient-
customized implants are made out of titanium alloy (Ti6Al4V), with excellent bone 
osseointegration and highly successful implant survival results [8,26,27]. 

Different research groups have created subperiosteal dental implants, mainly for the 
maxilla [2,3,8,26–28] and some for the mandible [3,7,29]. Yet, most designs include two 
independent pieces for each side of the maxilla [2,3,7,27,30] or for the mandible [3,7,29]. 
These separate metal constructs provide dental implants to a limited area, not to the whole 
maxilla or lower jaw. So, there is room for improvement. 
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Some FEA (finite element analysis) studies have evaluated the differences between 
dual- and mono-subperiosteal dental implants (one implant for each side of the maxilla 
or mandible versus a single implant for both sides) [28]. They report that mono-
subperiosteal implants provide the best immediate results. Still, long-term dual ones offer 
better local accommodation and the best long-term implant survival. Further FEA studies 
are needed to optimize implant design, shape, and the number and location of fixation 
screws. 

While zygomatic implants and bone grafting remain viable options in patients with 
severe maxillary or mandibular bone atrophy, subperiosteal plates stand out for their 
adaptability, patient-centric design, and reduced surgical burden [5,31]. Their 
customizability through CAD/CAM technology expands their stability and long-term 
success [5,25]. Future studies should explore their outcomes in terms of patient 
satisfaction, functional rehabilitation, and cost-effectiveness. Wishing to offer new 
options, our research group designed new subperiosteal dental implants for the maxilla 
and the mandible. With FEA and mechanical tests, the implants were analyzed, improving 
their design to optimize their mechanical resistance. The group strived for a minimum 
implant volume to facilitate surgical maneuvers and mucosa metal coverage while 
ensuring maximal long-term implant strength and functionality. Finally, implant shape, 
width, thickness, bone fixation screw number, and position were optimized to improve 
the patient’s masticatory function and aesthetics without compromising implant 
resistance. 

This article aims to present our experience in the design and manufacturing of 
custom-made dental implants, hoping that this could be of help in the treatment of 
edentulous patients. 

2. Material and Methods 
The first step was obtaining the configurations of the maxilla and mandible from a 

73-year-old male with severe maxillary and mandibular bone resorption (Cawood–
Howell grade V) [32] with cone-beam CT-scan images. He had lost all his teeth due to 
tooth decay four years earlier. He was the average type of patient we see in our daily 
practice with this specific dental problem. The patient did not smoke, took no 
biphosphonates, and had no past medical history of cleft palate (Figure 1). The bone 
geometries (STL format or Stereolithography) were extracted from the CT-scan images by 
Fesmedical Custom Digital Health (FCDH). 
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Figure 1. Patient CT-scan images with maxilla and mandible reconstructions. 

Next, the FCDH processed the images into 3D objects using MIMICS software 
(Materialise, Leuven, Belgium, 
https://www.materialise.com/en/healthcare/mimics?gad_source=1&gclid=CjwKCAiA-
ty8BhA_EiwAkyoa3_NiitbAPbvudArtKS3xs8HhYQYLAY4NwLBnsFrwIAYoQkmRbsX
3AhoCl2oQAvD_BwE). 

The group took these geometries to the 3-MATIC custom implant design program 
(Materialise, Leuven, Belgium) and designed the implants (Figure 2). These were also 
exported as STL (Stereolithography) and meshed to tetrahedral elements. Finally, FCDH 
designed a subperiosteal dental implant plate for the maxilla and another for the mandible 
with Solid Works 2023 software (Waltham, MA 02451, USA) (Figure 3). This methodology 
segments the external cortex of the maxilla and the mandible, and based on this 
information, the 3D geometry of the plate was generated. The aim is to maintain 
maximum bone–plate contact to allow a better load transmission from the plate to the 
bone. In this way, overloading the plate is avoided at all times. 
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Figure 2. First implant designs for the maxilla and mandible with the 3-MATIC custom implant 
design program (Materialise, Leuven, Belgium). 

 

Figure 3. First implant designs for the maxilla and mandible. 

The Instituto de Biomecánica of Valencia (IBV) evaluated the implants with ANSYS 
21® software (Ansys, Inc., Canonsburg, PA 15317, USA), carrying out meshing and 
boundary conditons. The mesh was made using four-node tetrahedral elements with a 
total number of elements of 10,180. The boundary conditions were the embeddings at the 
connection points of the plate to the bone through the screws. The rest of the plate had no 
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fixation pieces or elements in contact with the bone. The loads were applied in a 
distributed manner at the attachment of the plate to the dental bridge. 

As the implants were custom-made, they were not entirely symmetrical for both 
sides of the mouth (Figure 3). The maxillary implant had two upgoing wings on each side: 
one that would rest on the canine and the other on the zygomatic bone buttresses. This 
shape should ensure that the fixation screws are inserted in the strongest remaining 
maxillary bone areas. Meanwhile, the mandibular implant covered the mandibular crest, 
both the front and back, with a sagittal section simulating a saddle. 

The implants had abutments to apply chewing loads during the test and hold the 
dental prosthesis. These abutments had an equivalent geometry for a connection-type Nobel 
Multiunit RP (Nobel Biocare Services AG, Zürich-Flughafen, Switzerland) and an M1.4 
thread for the fixation of the dental prosthesis with a dental screw. After surgery, these 
connecting pillars would emerge from the gum, allowing the fixation of the artificial 
denture. 

The IBV created an FEA based on the data provided by Carnicero et al. [30] using 
tetrahedral elements and a parabolic shape for the meshing (Figure 3) with ten nodes and 
an average size of 0.25 mm (Table 1). To perform this, the IBV respected the original STL 
mesh (surface) and meshed it again with a maximum element size of 0.3 mm, an average 
of 0.25 mm, and at least three element layers with an average implant thickness of 0.8 mm. 

Once the implants were meshed, the FEA was performed with ANSYS. The IBV 
performed two iterations for each implant type, which we will detail later. 

Table 1. The number of elements created with ANSYS 21® software for each implant design model. 

MODEL ELEMENTS 
1st type design 1 179.748 
1st type design 2 125.321 
2nd type design 1 209.490 
2nd type design 2 140.755 

The IBV applied a vertical load of 150 N chewing force and distributed it equally 
between the abutments on each implant side, as recommended [33–36]. Figure 4 depicts the 
holes for the insertion of the fixation screws (green color) and the abutments where the load 
was applied (blue color). The distribution of the implant stresses was calculated according 
to the von Mises criterion, while those of the nearby bone were studied with the Rankine 
stress criterion. 

With the FEA results of the first iteration, some areas needing improvement were 
identified. Accordingly, the implant designs were modified with 3-MATIC software 
(https://www.materialise.com/es/industrial/software/3-matic) (Figure 5). The implants’ 
shape and thickness were reduced or increased in some specific locations. The number of 
fixation points was increased (four for the maxillary and two for the mandibular implant) 
or changed in position (four for the maxillary implant) (Figure 6). 
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Figure 4. Implant FEA meshing with the fixation screw holes and the abutments. 

 

Figure 5. Implants with the points for fixation screw insertion (green color) and abutments to apply 
the loads (in blue and purple). The abutments are the places where the dental prosthesis will anchor. 



Materials 2025, 18, 622 9 of 24 
 

 

 

Figure 6. Second implant design changes for the maxilla and the mandible. The red arrows represent 
the new fixation screw holes, and the blue the ones with a new position. 

Then, the IBV repeated the FEA on the new designs to rule out any remaining 
problems. Figure 7 shows the final designs and how we applied them. 

 
Figure 7. Final subperiosteal dental implant designs and how they will be applied with the dental 
prosthesis fixed to the abutments. 
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After confirmation that the new designs fulfilled our requirements, the next step was 
to manufacture the implants by FCDH. Fresdental, a specialized company in dental 
implant manufacturing, utilizes the Renishaw RenAM 500 3D printing system 
(RENISHAW, New Mills, Gloucestershire, UK) to produce high-quality titanium 
implants. The machine’s advanced capabilities ensure reproducibility, accuracy, and 
efficiency throughout the manufacturing process. RenAM 500 features a multi-laser 
system where all lasers can simultaneously focus on the entire powder bed. This flexibility 
reduces build times and optimizes laser energy utilization, making it an ideal solution for 
manufacturing precision implants. RenAM 500 employs a powder bed fusion (PBF) 
technique, where fine layers of titanium powder are fused using high-power lasers. Layer-
by-layer fusion allows for the creation of highly intricate and precise geometries that 
match patient-specific designs. RenAM 500 undergoes regular calibration to maintain 
laser alignment and ensure uniform energy delivery. Laser technology was chosen for 
plate manufacturing over other methods, such as EBM, due to its ability to produce 
higher-quality parts with minimal need for subsequent polishing or machining work. 
After printing, the implants were removed from the build plate and subjected to 
additional treatments: 

- Heat treatment: To relieve internal stresses and enhance mechanical properties. 
- Surface finishing: To ensure smoothness and biocompatibility. This included 

polishing and sandblasting for optimal osseointegration. 
Implants were inspected using metrology equipment to verify dimensions, 

tolerances, and surface quality. 

2.1. Design of Maxilla and Mandible Recreations 

The IBV obtained the maxilla and mandible configurations from the cone-beam CT-
scan images of the patient mentioned above. 

A gap was created between the maxillary and mandibular bone and the areas of the 
implant plates where the abutments lay, simulating significant bone resorption. Thus, the 
only contact between the bone and the subperiosteal implants was the spot where the 
fixation screws were located. Then, anchor plates were added to the maxilla and mandible 
recreations for fixation to an INSTRON E3000/863 (Norwood, MA, USA) universal testing 
machine. 

Figure 8 shows the 3-MATIC maxilla and mandible recreations to test our 
subperiosteal dental implants with their abutments (places where the dental prosthesis 
would eventually be screwed). 

 

Figure 8. 3-MATIC maxilla and mandible recreations and the subperiosteal dental implants with 
their abutments resting in place. A recess in the maxilla crest mimics total bone resorption, so the 
only support between the bone and implant would be the fixation screws. 
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With these data, the bone recreations were manufactured with RESIONE ANTI-
IMPACT (Dongguan Godsaid Technology Co., Ltd., Guangdong, China) with 3-D LCD 
(Liquid Crystal Display) technology and an ANYCUBIC PHOTON MONO X 6K 
(Hongkong Anycubic Technology Co., Ltd., Hongkong, China) machine. This material 
is a nylon-like resin with extraordinary strength, tensile toughness, durability, fatigue 
tolerance, scratch-resistant surface, and high dimensional accuracy. 

Finally, the subperiosteal implants were mounted on the recreations of the upper and 
lower jaw using self-tapping screws (5 mm long and 2 mm in diameter) in a previously 
drilled hole 1.5 mm in diameter (Figure 9). 

 

Figure 9. Maxilla and mandible nylon-like resin recreations with the subperiosteal dental implants 
in place. 

2.2. Mechanical Testing 

Once the implant designs stood the intended loads in the FEA, FCDH manufactured 
them with L-PBF (laser-powder bed fusion) technology [37]. 

For the mechanical tests, four maxillary and four mandibular implants were 
manufactured with their corresponding maxilla and mandible recreations. For each type, 
one out of four underwent static loading, and the other three underwent fatigue testing. 
The IBV carried out all static and fatigue tests with the INSTRON E3000/863 (Norwood, 
MA 02062, USA) testing machine mentioned above, following the recommendations for 
titanium alloy dental implants manufactured by additive technologies [30]. Given the 
reported infinite-life limit of 250–300 MPa [38–41], we selected the lower range (250 MPa) 
for our study. We followed the recommendations indicated for materials manufactured 
by additive laser technologies, adding a safety factor on the maximum stresses that the 
implant should withstand. In the case of titanium, considering a breaking stress of 1000 
MPa, we accepted that the stresses should not exceed 250 MPa at any point of the plate to 
ensure that it would not break due to fatigue. Under these conditions, it is estimated that 
the implant will never fail, provided these values are not surpassed [38]. 

For the tests, the maxilla or mandible recreations were attached to the testing machine 
actuator with their corresponding subperiosteal dental implants in place. The loads were 
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applied by the actuator perpendicular to the plate by the INSTRON E3000/863 machine 
(Figure 10). 

 

Figure 10. Maxilla and mandible implants and recreations in the INSTRON E3000/863 testing 
machine for testing. 

For the static tests, the end-of-test condition was sample failure or when 450 N was 
reached, whichever came first. The fatigue tests entailed cyclic compression sinusoidal 150 
N loads (135 N amplitude and 15 N preload) with a 10 Hz load application frequency, 
with the end-of-trial condition being implant failure or reaching 5,000,000 cycles, 
whichever happened first. The test was carried out at 5 M cycles as indicated by the 
international standard for dental implants. This standard studies the useful life of dental 
implants through fatigue tests according to ISO 14801 [42] and UNE-EN ISO 14801 [43]. 
The standard estimates that 5 M cycles represent the chewing activity carried out in a 
minimum period of between 10 and 20 years of the patient’s life. The tests were carried 
out dry according to the previous standard. 

2.3. Statistical Analysis 

Free statistical analysis software R (R Development Core Team, Vienna, Austria, 
https://www.r-project.org/) was used in combination with the Deducer user interface[44]. 

3. Results 
3.1. FEA Results 

3.1.1. First Iteration FEA Results 

Figure 11 shows the stress per implant type and the chewing side. If the maximum 
stress value in any area of each implant is greater than 250 MPa, it runs the risk of 
notwithstanding fatigue tests, and it must be redesigned. This situation was the case with 
the first implant designs (red color areas), both for the maxilla and for the mandible, which 
were corrected by modifying the designs. The highest stresses were in the horizontal parts 
of the implants just above the abutments. In the maxillary implant, they reached 550 MPa 
for the right side and 400 MPa for the left. In the case of the mandibular implant, these 
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stresses reached 600 MPa for the right side and 400 MPa for the left. In both cases, the 
stresses were well above the ones that could be accepted. All stress results shown from 
our FEAs are equivalent to von Mises stresses. 
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Figure 11. Stress (MPa) FEA results in the 1st iteration for the maxillary and mandibular 
subperiosteal dental implants with loads on the right- or left-side abutments with the maximum 
stress per chewing side. In red are the areas with the most considerable stress and, thus, with the 
highest risk of failure. The insets show the areas of maximum stress. 

After analyzing the results of this first iteration, the recommendation was rounding 
all live edges, increasing the number of implant fixation screws, the implant width and 
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thickness where it bears the highest stresses, and avoiding small radii between implant 
branches. 

3.1.2. Results of the Second Iteration FEA 

The FCDH made some design changes following the recommendations of the first 
iteration, and then the FEA was repeated, and the results were analyzed. Figure 12 shows 
the maximum stress for each implant type and chewing side, with a remarkable stress 
reduction due to implant design improvement. Now, no implant went over the 250 MPa, 
and again, the highest stresses were in the horizontal parts of the implants just above the 
abutments where the vertical chewing load was applied. In the maxillary implant, the 
stresses reached 230 MPa for the right side and 90 MPa for the left. Meanwhile, for the 
mandibular implant, they reached 200 MPa for the right side and 250 MPa for the left. In 
all cases, the stresses remained within the accepted limits. 
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Figure 12. Stress (MPa) FEA results in the 2nd iteration for the maxillary and mandibular 
subperiosteal dental implants with loads on the right- or left-side abutments with the maximum 
stress per chewing side. In red are the areas with the most considerable stress and, thus, the highest 
risk of failure. Compared with the first iteration implants, the stress areas are reduced in size and 
can tolerate more considerable forces. The insets show the areas of maximum stress. 
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The results of the second iteration recommend polishing the implants on all sides. 
These results involve removing excess material and rounding off all the sharp edges. Care 
was taken to minimize any reduction in implant width to maintain its structural integrity 
and functionality. 

3.2. Implant Material Selection and Manufacturing 

The IBV found out the mechanical and material properties of the L-PBF-
manufactured Ti6Al4V alloy used to create our implants following the ASTM E8/E8M [45] 
and UNE EN ISO 6892-1:2020 [46] standards and the elastic modulus (118 GPa) and 
Poisson’s ratio (0.31). Both were similar to those reported by other research groups 
[28,30,47,48]. Table 2 shows the values for our samples, all above the reported ones. As 
the yield strength is 1007 MPa, a lower stress level would not cause any plastic or 
permanent deformation in the implant. FEA analyses corroborated that the stresses 
reached were less than the yield strength. 

Table 2. Tensile strength, elastic limit, elongation percentage, and elastic modulus on the different 
axes for the Ti6Al4V alloy used to manufacture our subperiosteal implants. MPa (Mega Pascals), 
GPa (Giga Pascals). 

Sample 
Tensile Strength (MPa) Elastic Limit (MPa) Elongation (%) Elastic Modulus (GPa) 
X-Y Axes Z Axis X-Y Axes Z Axis X-Y Axes Z-Axis X-Y Axes Z Axis 

T1 1085 1114 999 1049 12.8 15.3 120 119 
T2 1078 1086 1010 1008 16.0 16.0 119 120 
T3 1083 1080 1005 1027 11.6 16.4 116 123 
T4 1081 1082 1013 1022 14.8 15.2 120 126 
T5 1081 1088 1010 1025 12.4 18.4 114 119 

MEAN 1082 1090 1007 1026 13.52 16.26 118 121 
STD 2.60 13.78 5.50 14.75 1.81 1.29 2.68 3.04 

Five samples, like the one in Figure 13, were used in the static test. These samples 
had threaded heads for clamping to the testing machine and a diameter of 5 mm in the 
area to be tested in accordance with the UNE EN ISO 6892-1:2020 [49] standard. 

 

Figure 13. Sample for the mechanical tests of the Ti6Al4V alloy L-PBF used to manufacture our 
subperiosteal implants. 

The samples were created with a RenAM500 machine (RENISHAW, New Mills, 
Gloucestershire, United Kingdom) using 5 mm particle Ti6Al4V powder in continuous 
reuse and contributions of virgin powder. This technique is called the “infinite use 
strategy”, and the machine supplier recommends it for manufacturing environments. The 
use of virgin powder is deemed feasible only in the research but not in a production line 
due to the high costs of virgin titanium powder [50,51]. In any case, the oxygen content 
was below 0.13%, as requested for the Ti6Al4V ELI (grade 23) [1]. We measured it with 
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the LECO ON 736 elemental analyzer (LECO, St. Joseph, Michigan 49085, USA) and the 
test method of fusion with inert gas according to ASTM 1409 [52]. Particle size distribution 
for the Ti6Al4V powder is shown in Table 3. 

Table 3. Particle size distribution for the Ti6Al4V alloy powder used. ASTM (American Association 
for Testing and Materials); µm (micron). 

Particle Size 
Distribution by 

Laser Diffraction 
(Microtrac) ASTM-

8822 

Volume% Minimum 
μm 

Maximum 
μm 

Results 
μm 

Meets Specifications 

D10 FIO 26 N/A 
D50 FIO 37 N/A 
D90 FIO 54 N/A 

Size µm Minimum% Maximum% Results% Meets Specifications 
−20 µm --- 5 <2 YES 

Particle Size 
Distribution by 
Sieve Analysis 

ASTM-8214 

Size µm Minimum 
Weight% 

Maximum Weight Results Weight% Meets Specifications 

+75 --- 0.0 0.0 YES 
+63 -- 1.0 0.0 YES 
+53 --- 5.0 0.4 YES 

3.3. Mechanical Tests 

The IBV first carried out the static tests and ensured that the implants supported the 
load at least three times, which would later be applied to the fatigue ones. All implants 
withstood the test, without any failures at a 450 N vertical load in the static tests and 150 
N loads for 5 million cycles in the fatigue ones with no failures whatsoever. 

4. Discussion 
The experiment was designed to evaluate the efficacy of subperiosteal implants 

fabricated using advanced manufacturing techniques. The primary goals were: 

1. Customization: To test the ability of additive manufacturing (AM), such as the 
RenAM 500 system, to produce implants tailored to patient-specific anatomy. 

2. High Survival Rates: Subperiosteal implants have shown superior survival rates in 
cases of poor-quality bone compared to traditional endosseous implants and bone 
substitutes [53]. 
Our study proves that subperiosteal dental implants can be designed to the specific 

anatomical characteristics of the individual patient and later manufactured satisfactorily 
and made ready for clinical use. 

Subperiosteal dental implants are currently considered for patients in whom 
endosseous dental implants are not an option due to insufficient maxillary or mandibular 
bone, especially if bone grafting techniques [54] are not advisable in this individual patient 
[7,8]. They have also been used successfully in the case of extensive bone resection due to 
oncological reasons [4,5]. 

The first subperiosteal implants did not even have osseointegration screws [24], but 
this is no longer the case. Titanium alloys are the preferred material for dental implants 
because they have excellent soft tissue tolerance [55] and osseointegration [55,56]. Once 
implanted in the craniofacial skeleton, they are commonly overgrown by nearby bone 
[57]. That is why they are widely used in dental implants [1], and we selected them for 
our implants. 

The current 3D implant customization techniques have improved the long-term 
results [7,8,27,29,58]. However, local infections and mucosal atrophy with implant 
exposure are not uncommon [27,59]. Among the leading causes of failure are exposure to 
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the titanium plate or poor placement during surgery, which results in the movement of 
the implant [60]. There are other options in the market, but many of our competitors are 
much thicker, with the surgical problems that this entails [5,55]. Our implants seek the 
minimum amount of metal with the thinnest possible thickness to minimize the risk of 
implant exposure due to a lack of adequate mucosa covering. We could reduce further the 
implant thickness, but the tensions supported would be higher and the risk of failure 
greater. Our methodology has found an optimal point between the use of the material and 
the risk of implant failure. 

To improve the results further, some have added polymer guides to remove the 
residual bone contours that can lead to a suboptimal implant fitting but at the price of 
weakening the maxilla further [61]. Another option is to provide a greater implant 
roughness as it improves osseointegration but at the cost of worse fatigue behavior [38], 
particularly at the thinnest implant sections [62]. Fractures initiate at surface pores, voids, 
and partially unmelted titanium powder particles, causing failure over time [38,41]. As 
cracking begins on the metal surface, polishing is advised to achieve a surface roughness 
Ra ≤ 0.2 mm [38,41,63,64], as we did with our implants. Electron beam melting techniques 
elevate temperatures to 700 °C [37], enhancing metal quality and stress resistance [38]. The 
Hot Isostatic Pressing technique improves these properties further [38]. Meanwhile, L-
PBF, which we used in our study, creates titanium implants that do not need any further 
finishing steps [48]. 

Another consideration is whether using virgin or recycled titanium powder makes 
any difference. The first type creates implants with a stronger fatigue resistance [41]. 
Conversely, recycling increases the oxygen content, improving roughness and 
osseointegration but decreasing fatigue resistance and elasticity [38,41,65,66]. For optimal 
results, the Ti6Al4V alloy oxygen content must remain under 0.13% [67], as was the case 
with our implants. The significantly increased cost of using virgin titanium powder makes 
this option unsuitable for clinical purposes [50,51]. An exception is the L-PBF 
manufacturing technique, the one we used in our study, as it provides excellent fatigue 
resistance with recycled Ti6Al4V powder [48,68]. 

The size of the titanium powder particles also matters, as 5 mm powder particles 
produce implants with better fatigue resistance than 2 mm ones [41]. That is why we used 
5 mm-in-diameter titanium powder particles to manufacture our implants. 

The relationship between implant design and performance is crucial. Duo ones, one 
for each side of the maxilla or mandible, support less stress on chewing [28]. Still, mono-
implants have a maximum von Mises value of 129 MPa, well below the 250–300 MPa 
infinite-life limit [38–41]. Additionally, mono-implants behave better because they absorb 
and distribute local loads more evenly and allow the loading of the dental prosthesis 
much earlier [28]. Another advantage of a mono-implant is the greater ease of 
implantation in surgery [31]. As a final advantage, mono-implants are thinner than duo 
ones, facilitating successful covering by the oral mucosa, with less risk of implant 
exposure, and, thus, long-term failure due to repetitive infections [30]. Unfortunately, 
mono-implants require a more accurate fitting with precise positioning and alignment 
[28]. In our study, we used only mono-implants. 

The screw number and position are essential to provide strong fixation to bone and 
increase long-term implant survival. If screws penetrate the Schneiderian membrane at 
the maxillary sinus, bacteria will colonize the metal implant over time, which will cause 
local infection with implant loosening and failure [8,26]. Most subperiosteal implants are 
anchored at the zygomatic and canine buttresses [7,8,28,30,61,69], where the bone is more 
robust, even in an atrophic edentulous maxilla. When such buttresses are not an option, 
perhaps due to a previous oncological resection, placement directly on the bony palate 
and anchoring it in the anterior nasal spine are options to consider [6]. 
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There is some debate on how much load a subperiosteal implant should withstand 
to overcome long-term chewing forces in an atrophic edentulous maxilla or mandible. 
Some recommend that they should withstand 150 N vertical loads [30,33–36], with 50 N 
in the horizontal direction [28,30]. Others increase this vertical load tolerance to 200 N 
applied at a 45° angle because this angulation increases the von Mises stresses criterion to 
270 MPa [26]. Others raise the vertical loads to 300 N [30,70,71] to overcome the implant 
infinite-life limit (250–300 MPa) [38–41]. In our study, vertical loads of 450 N were applied 
and no failures were seen. We reduced the implant size and thickness while maintaining 
the von Mises stresses criterion consistently below 250 MPa. 

Our next step is a clinical study of the failure rate or problems in these implants 
compared to other types of dental implants. 

5. Positive Aspects of the Proposed Medical Solution 
The clinical use of subperiosteal plates allows for a greater number of plate fixations 

to the bone in those areas where the maxillofacial surgeon has determined that there is a 
greater bone density. Therefore, it is a new type of plate that, with good planning and 
selection of the areas, avoids placing the screws in areas of very low bone density and 
therefore ensures better fixation of the screws and greater long-term stability of the plate 
and the dental bridge. 

On the other hand, this study has shown the importance of using FEA. It is a powerful 
technique that evaluates new implant designs in a non-invasive way. The initial designs 
were corrected according to the FEA results, and when satisfactory, the implants could be 
manufactured. 

Finally, the plates were tested on the testing machine to validate the results obtained 
in the FEM models. 

6. Limitations 
As this design was tested on a single patient, the generalizability of the findings was 

limited. We plan to repeat the same study in more patients with similar maxilla and 
mandible bone resorption. The point left to study is the possible exposure of the implants 
and the infiltration of bacteria. Potential challenges are variations in patient anatomy or 
long-term implant exposure risks and bacterial infiltration. Clinical trials are pending. 

7. Conclusions 
With the final design, our maxillary and mandibular subperiosteal dental implants 

have met the FEA requirements. When manufactured, they withstood 450 N in the static 
and 150 N in the fatigue tests for five million cycles. These designs optimize the amount 
of titanium required to manufacture the implants, reaching an equilibrium between the 
decrease in the tensions supported and the increase in the use of the material without 
compromising their resistance to the chewing loads. In future studies, we will try to find 
this minimum amount of material, but this will entail a more significant number of design 
cycles and evaluations with FEA and mechanical tests. 
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