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The digital workflows in implantology are becoming increasingly common, offering 
rehabilitation with predictable outcomes. However, there are instances where a fully 
digital workflow is not feasible, often requiring conventional methods such as when 
registering the patient’s occlusion. The present paper aimed to show a case report 
based on a digital workflow to make immediately loaded fixed interim complete-arch 
prostheses for a patient with terminal dentition. The key innovation lies in digitally 
capturing the patient’s maxillo-mandibular relationship, prior to the surgical procedure, 
by utilizing two dedicated “skeletal scan bodies” (ScanSke) and an intraoral scanner. 
These ScanSke were used as reference landmarks screwed onto mini-implants. 
In particular, these scan bodies were scanned with the maxillary complete arch 
before and after implant surgery, in order to be used as reference landmarks for the 
superimposition of the arches before and after the implant placement, maintaining the 
maxillary relationship with the antagonist arch.
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INTRODUCTION

Over the past few decades, the widespread integration 
of digital technologies in dentistry, coupled with the 
introduction of increasingly advanced and attractive 
restorative materials, has ushered in a profound shift in 
prosthetic approaches. Specifically, intraoral scanners 
(IOSs) are rapidly gaining prominence in daily dental 
practice [1], primarily due to a range of indisputable 
benefits. Patients overwhelmingly prefer scans over 
conventional impressions, significantly reducing stress 
and discomfort [2]. Additionally, intraoral scanners 
simplify and expedite clinical procedures [3-4], are 
unaffected by dimensional changes in impression 
materials and gypsum [2, 5], enhance communication 
within the dental team, with the laboratory, and with 
the patient [4, 6], and obviate the need for storing and 
disposing of casts [7].
In implantology, the use of digital technologies has 
expanded an interesting scenario in which the use of 
these technologies is increasingly frequent, thanks 
to accurate planning, and faster, easier, and more 
predictable surgery [8]. 
During the prosthetic fabrication phase, it is feasible 
to virtually replicate the implant position through 
intraoral scanning [9] which prevents distortions caused 
by traditional impression materials, enhances patient 
comfort, and eliminates the necessity of a gypsum cast 
[10]. 
Nevertheless, in edentulous patients, restoring 
aesthetics and chewing function through fixed implant-
supported prostheses seems to be a highly effective 
means of enhancing their quality of life [11-12]. Recent 
years have witnessed a wealth of clinical studies and 
systematic reviews affirming that early and immediate 
functional loading of dental implants can be equally 
effective as treatments following conventional loading 
protocols [11,13-14]. Immediate loading offers various 
advantages, including time reduction, elimination of 
temporary removable prostheses, avoidance of secondary 
surgeries, and preservation of residual alveolar ridges 
[15-16]. The application of digital technologies has 
further advanced the rehabilitation of fully edentulous 
patients through the utilization of complete-arch fixed 
prostheses supported by multiple implants.
Digital technologies like intraoral scanners and 
computer-aided design / computer-aided manufacturing 
(CAD-CAM), coupled with the accessibility of innovative 
prosthetic materials, make the implementation of 
the immediate-loading protocol feasible [17-18]. This 
results in a significant reduction in procedural times, 
heightened patient satisfaction, and the attainment of 
favorable aesthetic outcomes [19-20].
In traditional protocols executed in a hybrid digital/
analog workflow, it is the clinician’s responsibility to 
register the patient’s occlusion in a rather empirical 
manner using cutaneous reference points and the 

interposition of a wax rim. This means that along the 
digital workflow, it becomes necessary to insert at least 
one “analog” phase for recording the occlusion.
Several papers are present in the literature regarding 
systems for recording the maxillomandibular 
relationship in complete-arch implant-supported 
restoration, such as custom scanning devices, useful 
both for intraoral scanning and maxillo-mandibular 
relationship registration [21], or fiducial markers which 
in addition to facilitating the stitching algorithm of 
scanning, allows an accurate overlapping of scans [22-
26]. Also noteworthy is the use of pins positioned before 
surgery to be used as references for the superimpositions 
of the scanning surfaces after surgery [27]. Unfortunately, 
to date, a completely digital operating protocol that 
would allow avoiding the interposition of at least one 
analog phase, in a digital operating flow, has not been 
unanimously defined in the scientific literature.
The present paper aimed to report a clinical case of 
an immediately loaded fixed interim complete-arch 
prosthesis for terminal dentition, where the digital 
registration of the patient’s occlusion takes place prior 
to the surgical procedure.

CASE REPORT

The patient enrolled in the present case report is a 
64-year-old male, treated during the private activity 
at Studio Dentistico Serri, Quartu Sant’Elena, Cagliari 
(Italy) in February 2023. He was provided with detailed 
explanations of the clinical protocol and subsequently 
signed informed consent forms. According to 
the American Society of Anesthesiologists (ASA) 
classification, the patient was an ASA I, with good 
oral hygiene, and smoking less than 10 cigarettes/
day. He presented, adequate bone volume for implant 
placement, class I to III bone quality according to 
Lekholm and Zarb [28], and sufficient prosthetic space 
for receiving an anatomic restoration. Moreover, no 
infection at the implant sites was detected.

2.1 Surgical interventions
Standardized cone beam computed tomography 
radiographs and clinical photographs of the 
restorations were made. In particular, pre-surgical 
x-rays (orthopantomography and cone beam computed 
tomography) and photos were carried out from a few 
days up to 2 months before surgery (Figure 1).
The present clinical technique was based on the use 
of dedicated skeletal scan bodies and mini-implants, 
conceived by Dr. Marco Serri, which exhibited distinct 
characteristics. Customized for either the right or left 
side of the dental arch’s distal sections, these scan 
bodies showed an irregular parallelepiped shape with 
rounded edges on one side and three facets at a 45° 
angle on the other. Fabricated from polyether-ether-
ketone (PEEK), these scan bodies were designed to be 
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used during the implant placements. The contralateral 
skeletal scan bodies differed on their occlusal surfaces, 
featuring a hemisphere on one side and the letter L on 
the left skeletal scan body. This unique design, coupled 
with specific positioning on either side, ensured that the 
scanner identified the external surfaces of the skeletal 
scan bodies as distinct entities, as illustrated in Figure 2. 
Therefore, intraoral scans were performed according to 
the proposed clinical approach:
1. First acquisition: 

› Pre-surgical scan of the arch in terminal denti-
tion and the skeletal scan bodies    placed (Figure 
3); 

› the opposite arch; 
› the occlusion.

2. Second acquisition: the post-surgical scan of the 
edentulous arch, after implants positioning, with 
the skeletal scan bodies and the metal scan bodies 
joined with a scanning chain (Figure 4).

3. Third acquisition: the post-surgical scan of the 
edentulous arch after implants positioning, with the 

skeletal scan bodies and mucosa (Figure 5).
Once these 3 types of intraoral scans were obtained, the 
matching of the 3 digitizations was performed thanks 
to the presence of the skeletal scan bodies (ScanSke); 
these were transferred to a virtual articulator where 
the prosthetic space within which the prosthesis was 
designed was obtained. 

2.2 Surgical procedures

In this case report, the positioning of implants occurred 
immediately after the tooth extraction. One hour before 
surgery, antibiotic prophylaxis (i.e. 1 gr amoxicillin 
or, if allergic to penicillin, 600 mg clindamycin) was 
administered and a 0.2% chlorhexidine mouthwash for 
oral disinfection (twice a day for 15 days) was prescribed 
[29].
Superficial synchronous electromyography was 
performed with the Teethan system because this device 
analyzes the initial patient’s occlusal condition, through 
quantitative data and objective measurements.

Fig. 1A

Fig. 2A

Fig. 1B

Fig. 2B
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Before all the extractions, the surgeon placed mini-
implants (Figure 2a) and corresponding ScanSke (Figure 
2b), therefore, the 2 arches were scanned by using an 
intraoral scanner, also registering the occlusion. During 
the surgical session, paracrestal (for edentulous areas) 
or intrasulcular (for dentate ones) incisions were made 
under local anesthesia (4% articaine with 1:100,000 
epinephrine) [30], followed by the preparation of a muco-
periosteal flap to expose the alveolar bone. The implant 
positioning was done freehand, therefore, a computer-
guided method with surgical guides was not followed. 
Mattress and force-breaking suture of De Stavola were 
performed [31]. The patient received 4 endosseous 
dental implants (Figure 6). Implant diameters were 4.1 
mm, while the length varied from 16 in areas 1.2, 1.5 and 
2.5, to 14 mm in area 2.2. 
Multi-unit abutments (MUA) with conical connection 
were used to manage the implant angulation.
Post-surgical x-rays (orthopantomography and if 
necessary cone beam computed tomography) were 
carried out 24 to 36 hours after surgery and three 

months after implant placement, in order to check any 
signs of peri-implant pathology both clinically and 
radiographically [32].

2.3 Prosthetic and laboratory procedures

After surgery, a new scan was performed on the arch 
where the implants were positioned, using titanium scan 
bodies joined with a scan chain and ScanSkes (Figure 4). 
In this way, the following scans were provided to the 
dental laboratory for superimposition [33]: 
1. The one on the pre-surgery jaw with its terminal 

dentition and the ScanSkes positioned (Figure 3), 
the occlusion, and the opposite arch; 

2. The post-surgery scan, with ScanSkes and scan 
bodies screwed onto implants (Figure 4);

3. The post-surgery scan on the mucosa with ScanSkes 
but without titanium scan bodies (Figure 5).

In this way by using a dedicated software the laboratory 
team superimposed scans from 1. (where there is the 
registration of the opposite arch and the occlusion), 2. 

Fig. 6 Fig. 7

Fig. 3 Fig. 4 Fig. 5



Serri M. et al.

12 September 2024; 16(3) © Tecniche Nuove

and 3. (Figure 8), maintaining the occlusal registration 
detected pre-surgery (Figure 9).
The restoration’s color was identified utilizing a 
traditional shade guide.
After designing the prosthesis on the virtual articulator, 
both the titanium for the substructure and polymethyl 
methacrylate (PMMA) for the teeth were milled, all 
within 24 hours. Dedicated software was used to design 
the prosthesis (Figure 10).
Therefore, the temporary prosthesis was made with 
hand-polished titanium on the surface in contact with 
the mucosa, while the teeth were made of PMMA and 
then glazed (Figure 11).

2.4 Delivery of restorations

The delivery of the restorations took place 24 hours after 
surgery (Figure 10) [34]. The implants had prostheses 
retained by screws, tightened to a torque of 10 N/cm using 
a dynamometric wrench. Screw channels were filled with 
polytetrafluoroethylene (PTFE) tape. To ensure proper 

occlusal contacts and prevent interferences on the 
restoration, occlusion was assessed by using 8 μm thick 
articulating foil. Any necessary adjustments to occlusion 
were performed using fine-grit diamond burs, followed 
by meticulous polishing of the modified surfaces using a 
dedicated PMMA polishing system. Lastly, comprehensive 
oral hygiene instructions were given to the patient.

2.5 Follow-up appointments

Seven days after the surgery, the patient came for a follow-
up to check the static and dynamic occlusal contacts and 
adjust them if necessary [35-36]. Two weeks after implant 
placement, the patient was recalled to remove sutures 
and control the healing process. 
21 days after surgery, superficial synchronous 
electromyography was performed again, with the 
Teethan system (Figure 7). The objective was to obtain 
a functional evaluation of the implant-supported 
prostheses delivered to the patient [37]. In particular, to 
observe if there had been an improvement in the occlusal 
and muscle balance compared to the starting situation. 

Fig. 8 Fig. 9

Fig. 10 Fig. 11
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The analysis made with the Teethan system showed an 
enhancement of the occlusal stability. In particular, the 
Global Index of Neuromuscular Balance was improved 
from an overall value of 64, detected before surgery, to 
an enhanced value of 87, measured 21 days after surgery 
[38].

DISCUSSION

The purpose of the present case report was to describe a 
fully digital protocol for  producing immediately loaded 
fixed interim complete-arch prostheses for an upper  arch 
in terminal dentition. This approach involves digitally 
recording the patient’s  occlusion before the surgical 
procedure. The process used for occlusal registration  
could be considered feasible and effective, as the maxillo-
mandibular relationship  before and after surgery is 
maintained thanks to the use of dedicated artificial  
landmarks, the ScanSkes. This clinical technique would 
also seem to bring benefit to  the patient, as found by 
the superficial synchronous electromyography system, 
in  which an improvement in post-operative occlusal and 
muscle balance was observed  21 days after surgery, on 
a condition recorded directly on the implant-supported  
fixed prosthesis delivered to the patient. Despite several 
papers in the literature addressing systems for recording 
the maxillomandibular relationship in implant- supported 
restorations for complete arches [21-27], a universally 
agreed-upon fully  digital operating protocol, that 
eliminates all analog phases within a digital  workflow, has 
not yet been established in scientific literature. Various 
techniques,  such as custom scanning devices and fiducial 
markers, have been explored for  intraoral scanning and 
maxillomandibular relationship registration [22-26].  
Additionally, the use of pins positioned pre-surgery to 
serve as references for  aligning scanning surfaces post-
surgery has been noteworthy, as reported by Espona  et al 
[27]. About the present clinical approach, a comparison 
with the paper published by  Espona et al. should be 
made. [27]. The latter illustrates a digital protocol for 
full- arch rehabilitation with immediate loading, but 
more complex and with the  possibility of introducing 
errors in the various operational steps. In fact, to create  
the immediate loading temporary prosthesis, the Authors 
make use of a  superimposition between the scan of the 
implant scan bodies performed in the  mouth on post-
surgical edematous tissues and an extra-oral scan of 
a system  (MedicalFit), which they remove from the 
mouth solidified with resin liquid to the  temporary caps 
unscrewed by the MUA. Subsequently, MUA analogues 
are  screwed in and then scanned, effectively adding 
an extra step. Furthermore, in the Authors’ opinion, 
the miniscrews (Ti-System) used to record the  vertical 
dimension of occlusion (VDO) have a different geometry 
from that designed  for, which could be insufficient 
to facilitate matching due to a lack of landmarks, so  
much so that a tooth is left behind. Another limitation 

could be that these  miniscrews are also positioned 
in anterior areas of the jaw and it could interfere  with 
surgery. In summary, the ScanSke approach does not 
include this extraoral step and the VDO  information 
contained in the ScanSke is much more detailed than 
that of the small  blue screws used by Espona et al [27], 
because the coupling is performed on many  more points 
and surfaces as presents in the skeletal scan body.  In 
essence, the ScanSke approach facilitates the recording 
of the patient’s occlusion  and implant positions in a 
fully digital workflow, during a single operational step,  
utilizing skeletal scan bodies. Furthermore, it leads to a 
temporary prosthesis made  after the surgery, which will 
not be followed by intraoral relining of the prosthesis,  
as with resin before insertion into implant abutments. 
An additional advantage is  the elimination of patient 
discomfort associated with receiving impressions using  
plaster or other materials at the end of the surgery. 
Nevertheless, the present paper shows a case report, and 
the methodology needs  validation through additional 
research involving a larger sample size.

CONCLUSION

According to the Authors’ opinion, the clinical approach 
outlined in this paper  describes a feasible and effective 
system for rehabilitating patients with terminal  
dentition using implant-prosthetics treatment. This 
method enables clinicians to  utilize a digital workflow 
where specialized scan bodies (ScanSke) record both the  
patient’s occlusion and the position of implants during a 
single clinical session.
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