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Abstract: Immediate load of full-arch rehabilitations over implants, specially over 4 implants are
very well documented in the literature. More recently, the use of computed surgical guides to help
the planning and the execution of these treatments, in many situations without the need of raising
a flap, and diminishing the appearance of hematomas, bleeding and with less trauma to the patient
has gained preference among implantologists. The objective of this case report is to show a clinical
case of an immediate load full-arch fixed rehabilitation over 4 implants produced by 3D printing
manufacturing technology, and placed with a computed surgical guide, in the same appointment,
and the 24 months follow-up. The patient returned after 3 months to replace the immediate
temporary fixed prosthesis for a new one, with metallic bar, better teeth and more delicate. Soft and
hard tissue around the implants seemed to be stable, without signs of inflammation, either on the 3
or the 24 months follow-up. 3D printing of implants by direct metal laser sintering is a technology
that seems to be promising for oral implantology, with solid studies showing reliable results, as seen
in this single case. More clinical studies are necessary to testify its efficacy.
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1. Introduction

Over the last years, functional loading of implants immediately after their placement has been
used with high success rates in both arches [1]. This procedure reduces the number of surgical
interventions, thus reducing the treatment time between surgical and prosthetic phases. Immediate
loading was defined as the placement of an interim implant-supported structure up to 48 hours after
implant insertion, and is often used in full-arch implant-supported rehabilitations, with great long-
term results [2-4]. There are several clinical and in vitro studies on full-arch immediate load
treatments that have concluded that the placement of four implants , either two anterior parallel
implants and two distally tilted, or four parallel implants, have similar stress distribution on the
surrounding bone of the distal implants, leaving the choice of one or other depending on the
preference of the operator and anatomical situation [5-8]. Recently, computed guided protocols for
studying and planning the placement of these implants in the better possible position represents a
viable therapeutic choice for implant-supported rehabilitations of edentulous dental arches specially
[9-11].

The conventional implant placement protocol includes incisions, complete detachment of the
mucosa and periosteum, followed by exposure of the bone tissue for implant placement in a 1- or 2-
stage approach and require longer surgical time, resulting in more uncomfortable postoperative
healing as a consequence of pain, edema, and hematoma. Computer-guided flapless implant surgery,
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in contrast, provides a postoperative period with less trauma, systemic inflammation, bleeding,
edema, and hematoma because of the shorter surgical time, leading to precision closer to that of the
initial planning[11-15]. Although flapless computer-guided surgery with virtual planning and the
use of a prototype guide had some minimum angular and linear deviations, it has been considered
acceptably safe and accurate[16-19]. But in order to be able to perform immediate load on these
implants, some authors claim that installation torque values over 32Ncm are mandatory to provide
sufficient primary stability for that purpose. Macrogeometry and microgeometry are directly related
to primary stability, and after the healing period, the maintenance of the osseointegration of the
implants [20-22].

The transition from primary stability to secondary stability is characterized by bone remodeling
around the implant during the healing process. Likewise, the characteristics of the implant surface
influence this osseointegration process [23]. The treatment of the surface of dental implants, that is,
microgeometry, directly influences the retention of blood clots and migration of bone cells to
stimulate the osseointegration process and, therefore, obtain greater bone/implant contact, especially
in regions with low density bone [24-27]. The surface of implants with titanium powder direct laser-
sintered has also been studied in humans [28,29]. The results of these studies suggest that osteoblasts
are activated by direct contact with the sintered surface of the implant, leading to contact
osteogenesis. The percentage of bone-implant contact in these previous studies was higher than that
found in implants with a smooth surface, but still lower than that found in studies of implants with
surfaces blasted by titanium oxide and washed with acids [26,30]. Recently, new technologies and
advances in the additive manufacturing implants showed a great improvement in osseointegration
and protein adsorption. Clinical studies on humans have also been carried out showing that implants
produced entirely by additive manufacturing using the same process described previously, only
carried out layer by layer, sintering titanium powder, also showed success rates compatible with
conventional technologies of manufacturing dental implants for single cases [31,32].

Thus, we aim to report a clinical case of an immediate load full-arch screw retained over 4
implants produced by 3D printing manufacturing technology and installed by computed-guided
surgery, with 24 months follow-up.

2. Case Report

A patient, EMZ, 72-year-old woman, with complete dentures on the upper and lower arches,
came to our private practice complaining that she started to have discomfort when chewing, in the
mental foramen region, on the left side. The alveolar mucosa seemed healthy (Figure 1). The patient
had just replaced her old pair of dentures, and these new ones were aesthetically and functionally
satisfactory, with correct vertical dimensions, occlusion and good retention. Therefore, she was
looking for some kind of fixed rehabilitation, that wouldn’t compress the nerves emergence and give
her comfort on clenching. Along anamnesis she told us she had been using a prescribed anticoagulant
because of a genetic heart condition. On clinical examination, it was possible to feel the alveolar nerve
on the crest of the mandible. The patient was asked to get a computed tomography scan with the
dentures in position, with 6 radiopaque points that we made (Figure 2) on the lower denture, so we
could digitally plan the best position for the possible implant for a fixed rehabilitation, and produce
a computed guide accordingly to this project, in order to avoid incisions and so reduce the risk for
excessive bleeding during surgery, due to her systemic condition. The images were sent to the
Plenum planning center (Plenum® Bioengenharia- Jundiai, Brazil), where the project of the implants
position and manufactory of the surgical guide would be 3D printed, after approval. Four implants
were planned, two anterior in an axial position, and two distal slightly tilted, from a safe distance to
the mentual foramen. Three fixation pins were planned also, to eliminate micromovements of the
guide during the use and diminish possibility of errors (Figures 3-5). The patient approved our
treatment plan for a flapless surgery. The computed surgical guide was tested for its adaptation
before the surgery day (Figure 6).

Pre-operatory medication consisted only on 2g of Amoxicillin one hour before the procedure, as
suggested by her cardiologist. On surgery day, after anesthesia with Articaine 4% 1: 100,000 (DFL,
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Rio de Janeiro, Brazil), the computed surgical guide was placed in position, assured by the oclusal
position on both sides and the stability over the patient’s mucosa, and in this position, fixed with the
fixation pins after using their drills, assuring the guide immobilization (Figure 7). After that, we
followed the guided bone instrumentation protocol recommended by the Plenum implant system
(Plenum® Bioengenharia- Jundiai, Brazil) to place 4 dental implants of 4.0x10mm with morse-tapper
connection, produced by addtive manufacturing technology using titanium powder grade 23 (Figure
8), without raising a flap (Figures 9 and 10). Because of this detail, very little bleeding was noted
during the surgery. All implants were inserted with insertion torque ranging from 45 to 60 N/cm,
assuring us the possibility for immediate load. The guide was removed (Figure 11) and four mini-
conic abutments (Plenum® Bioengenharia- Jundiai, Brazil), with 2mm high were installed on the
implants. No suture was necessary and minimum trauma was noted on the soft tissue (Figure 12).
Over these abutments, titanium cylinders were installed (Figure 13) and the lower denture was
prepared to capture the implants position, translating the removable prosthesis into a fixed one
(Figures 14 and 15). Pattern Resin was used to unite the denture to the cylinders, and over the red
resin, pink acrylic resin was used to improve the aesthetic appearance of the prosthesis. The denture
was worn out in order not to touch the patient’s mucosa, and to diminish the cantilever we removed
the molars from both sides of the denture (Figure 16) and installed the temporary fixed screw retained
full-arch rehabilitation (Figures 17 and 18). With this, the patient left the surgical appointment with
an immediate load implant rehabilitation. Post operatory medication consisted on 600mg of
Ibuprofen, twice a day during 3 days, if necessary. She was instructed to put ice bags on the surgical
area during 48 hours, about 15 minutes every hour. On the day before surgery the patient suspended
the medication because she had no pain. The patient was also instructed not to sleep with the
opposing complete denture for 7 days and feed only with soft foods.

After a healing period of 3 months the patient returned to change que temporary fixed prothesis
for a new one, more delicate and with a reinforced metallic bar for a better ferulization of the implants
and better dissipation of the stress during function. After removal of the temporary prosthesis we
could see the peri-implant mucosa was healthy (Figure 19), without bleeding on probe nor peri-
implant sulcus with more than 3mm depth, even around the implants were there were lack of a
satisfactory keratinized tissue band, showing us that the patient was being able to maintain the
cleansing of the region below the prosthesis. A new fixed rehabilitation over the implants was
produced (Figures 20-22). 2 years after the surgery we could see on a control panoramic radiograph
no signs of bone remodeling above the expected around the implants (Figure 23).

Figure 1. Initial view of the patient’s lower mucosa.
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Figure 2. Buccal view of the denture in position with radiopaque points inserted to guide the virtual
planning after tomography.

Figure 3. Front view of the project, with the position of the four implants and the fixation pins.

Figure 4. Tomographic view of each implant position, accordingly to the prosthetic project.
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Figure 5. Project of the computed surgical guide.

Figure 7. Computed surgical guide fixed to the mandible with the fixation pins.
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Figure 8. Implant Plenum RE 4.0x10mm.

Figure 9. Bone instrumentation through the surgical guide, as recommended by the manufacturer,
with the bur with total length of the proposed implant.
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Figure 11. View of the mucosa immediately after surgical guide removal and implants placement.
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Figure 14. Denture preparation for capturing the implant position.
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Figure 15. Denture prepared and in position to capture the implants position through the opening
windows.

Figure 16. Inferior denture translated into a fixed screw-retained temporary full-arch prosthesis after
modifications.

Figure 17. View of the fixed screw-retained temporary full-arch prosthesis installed.
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Figure 19. View of the peri-implants mucosa after 3 months of healing.

Figure 20. Lingual view of the new fixed screw-retained full-arch rehabilitation.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2024

d0i:10.20944/preprints202401.1579.v1

Figure 22. Extra oral view of the patient with the new fixed screw-retained full-arch rehabilitation.

Figure 23. Panoramic radiograph view with 24 months follow-up.

3. Discussion

Full-arch fixed rehabilitation over 4 implants is not a new alternative to treat edentulous
patients, and became very famous due to the “All-n-four concept”[33,34], with several studies
showing excelent long term results[3-5,35]. In this case case we also choose with the patient’s consent
to use only four implants for her lower jaw rehabilitation. Even that we didn’t tilted the disatl
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implants as much as the “All-on-four concept” precognize, at the 24 months follow-up it seems to be
successful so far, corroborating with some studies that also claim that parallel implants may be as
effective as tilted ones [6-8] . The age of the patient also seemed not to interfere on the result, but
because of her systemic condition[36-38] we preferred to perform a flapless computed guided
surgery, promoting more comfort during and after the procedure [13-16]. This modality of computed
guided surgery with flapless approach has been proved to show good results for the ful-arch
rehabilitation over implants [15,19,39,40] and encouraged us to use it in our clinical case.

The advances in digital dentistry and implantology are not exclusive for planning implant
positions, producing computed surgical guides, or preparing prosthetic rehabilitation even before
the surgery, with reliable accuracy [41-45]. In this clinical report, we placed titanium dental implants
produced by 3D printing or additive manufacturing technology. As we know at this moment, this is
the only commercially available implant system that uses this kind of technology in the
manufacturation of their implants. Direct laser sintering may improve the mechanical properties,
accuracy, and material versatility in dental applications by the construction of the component or
implant layer by layer, as in 3D printing [46,47]. The greater control in the production of micro and
nano geometry in this process appears to balance the difference between the elastic moduli of the
bone tissue and the titanium implant, thus reducing the stress on functional load and providing
greater long-term tissue stability [31,32]. In fact, there are some studies published about implants
produced by direct laser forming, showing excellent results on survival rates and osseointegration
levels [31,32,48-50]. Some studies have been published on this technology when used for implant
surface treatment as well, with good results [25,26,29,48].

A recent systematic review of clinical trials compared the bone-to-implant interface of different
implant surface treatments, aiming to asses histological healing outcomes of loaded and unloaded
implants, on bone-to-implant contact, bone density in and outside the threaded area, and osteocyte
index [51]. They concluded that rough surfaces and load implants resulted in higher values of every
parameter studied. Another recent review that aimed to analyze different implant surfaces and try
to identify the ideal structure from a clinical and durability point of view [52] concluded that treated
surfaces allowed better osseointegration and better cell proliferation, as long as a better propensity
for epithelial cell adhesion and attachment, proliferation, and differentiation of osteoblastic cells.
They also suggest that 3D printed implants deserve further investigation to help improve
biocompatibility. In the same direction, an in vitro study evaluated the interaction between 5 different
implant surfaces and fibrinogen, because of it is the first step for the formation of the fibrin network
[53]. Among the specimens was the implant used in this clincal case report. They showed that
Plenum® surface had the best performance on coverage by the liquid fibrinogen, with a thick and
dense fibrin layer with more cells trapped inside. According to the authors, the topography
characteristics of this implant, such as the mimic of the microstructure of a trabecular bone, may
stimulate cell adhesion and new bone formation because of the thicker fibrin fibers inserted and
interconnected between its microroughness, shown in the study [53]. Another in vitro study
evaluated the impact of two different methods for titanium disc production, conventional and by
direct laser metal sintering, and their influence on microbial profile using a subgingival multispecies
biofilm in vitro model. The results showed that the direct laser metal sintering modified the in vitro
biofilm profile, reducing the proportion of red complex and decreasing total counts of Porphyromonas
gingivalis which might be related to peri-implant disease. Finally, an animal study compared the
sequential osseointegration between implants produced by 3D printing technology with
conventional titanium implants after 2 and 6 weeks [55]. Because of the 3D network of the trabecular
structure of the 3D printed implants, the total surface available for the osseointegration process was
higher than that of conventional implants, as shown statistically by higher bone-to-implant contact.
So, the direct bone formation on the 3D-printed implant surface is by far adequate for functional
stability. The authors concluded that implants manufactured by 3D printing had successfully
osseointegrated, with adequate fractions of mineralized bone formation after 2 and 6 weeks. Also, it
appears that the crystal bone height was maintained in an optimal way compared to the conventional
implant systems [55].
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4. Conclusions

Within the limitations of this single case report, the fixed full-arch rehabilitation over 4 implants
produced by 3D printing manufacturing and placed with a computed surgical guide seems to be
effective, without any biological or mechanical complications, at the 24 months follow-up. Although
this is a new implant system, studies on the field encourage clinicians to run clinical trials to evidence
medium- and long-term results with these implants, ensuring that the good in vitro results may be
translated to in vivo studies.
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