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Nowadays, treatment of edentulous patients aims 
to restore both masticatory and aesthetic function by 
means of prostheses that are functionally stable and 
identical from the natural dentition over time (1-9). 
Fixed prostheses supported by dental implants have 
become more and more required by the patients. 
These prostheses are a well-documented method 
to treat from a single tooth gap to full mouth 
rehabilitation (10-19). The main limitation of full-
arch rehabilitation is the possible reabsorption of 
posterior jaws due to the presence of hopeless teeth 
or long-time edentulism. 

Bone reabsorption is often related to a 
pneumatization of maxillary sinus in the maxillary 
jaws and a surfacing of the inferior alveolar nerve. 
In the beginning of 2000, it was proposed to insert 
implants with >12 mm length in tilted position of 30° 
in order to avoid the maxillary sinus or the mental 
foramen and to get in contact with native bone (20-
27). The technique provided the use of four implants 
with two straights in frontal area and two tilted in the 
posterior region (28-33). The four implants had to be 
placed in regular and symmetric manner to provide 
an inter-implant distance as large as possible. 

The aim of this study was to assess the soft tissues health around the implant/abutment interfaces of 
fixed screw-retained prosthesis supported by four dental implants after at least 1-year in function. All the 
implants were placed between December 1, 2015 and April 30, 2019. Digital implant surgical planning 
was performed for all the complete-arch rehabilitations and then full-guided surgery was performed. 
The fixed-interim prostheses were delivered the day of the surgery and replaced by definitive prostheses 
after the healing period. Patients were followed-up to determinate peri-implant scores, such as Plaque 
Score (PS) and Bleeding on Probing (BoP). A total of 160 implants were placed in 37 patients, whereas 3 
patients received both arches rehabilitated. A total of 40 complete-arch rehabilitations were performed, 
26 in the maxilla and 14 in the mandible. Only 5 implants failed resulting in an overall implant survival 
rate of 96.9%. BoP was detected around 6 implants (3.7%) and 16 implants showed a superficial amount 
of plaque resulting a Plaque Score of 10%. Within the limitation of this study, it seems that the use of a 
fixed screw-retained prostheses supported by four dental implants to rehabilitate edentulous jaws could 
be a valid treatment option in the short and medium term without critical peri-implant issues.  However, 
several perspective studies with longer follow-up are needed to achieve more predictable results. 
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≥ 4.1mm x length 8mm or Ø3.3mm x length 10mm. 
Furthermore, patients with one of these conditions were 
excluded: heavy smokers (more than 5 cigarettes per day); 
drug or alcohol abuse; poor oral hygiene; radiotherapy in 
the head and neck region; patients undergoing antiblastic 
chemotherapy. The procedures accomplished in this study 
were in accordance with the Helsinki Declaration of 1964 
and revised in 2013 about ethical principles regarding 
human experimentation.  

For each rehabilitation, a case study was digitally performed 
by means of implant planning software (coDiagnostix, Dental 
Wings, Montreal, Canada) (Fig. 1). 

The digital data from the patients were merged together 
in order to perform a full guided static-template assisted 
surgery. On the day of the surgery, all patients received 
antibiotic prophylactic therapy: 2 g of amoxicillin (or 
clindamycin 600 mf if allergic to penicillin) 1 hour before 
the surgery and rinsed with chlorhexidine mouthwash 
0.2% for 1 minute before the intervention. Local anesthesia 
was performed using articaine with adrenaline 1:100000 
(40-41). All hopeless teeth were extracted the day of the 
implant surgery as gently as possible if they cannot be 
useful to support the surgical template. The precise fit of 
surgical templates was checked before the surgery. 

To stabilize the templates a surgical silicon index 
was used, and two or three pre-planned anchor pins were 
inserted. All implants were inserted using a full guided 
surgery. Implants sites were prepared using a dedicated 
drill set (Straumann, Straumann  Holding AG, Basel, 
Switzerland) following manufacturer’s guidelines. Two 
types of dental implants (Straumann Bone Level and 
Straumann Bone Level Tapered, Straumann) could be 
used. Mucoperiosteal flaps were raised if any implant site 
needed guided bone regeneration (GBR). Care was taken 
to not overextend the flaps to maintain mininvasivity. The 
implant insertion torque was measured after the removal 
of surgical template to avoid any interferences. Following 
implant placement, screw retained abutments (SRA, 
Straumann) were placed to correct angle compensation 
for tilted posterior implants and to correct implant 
angulation in the anterior zone when placed in the 
residual alveolar ridge. Soft tissue closure was performed 
using Polyglycolic Acid (PGA) sutures (Vicryl, Ethicon, 
Somerville, NJ, USA).  

The interim prosthesis based on the digital plan was 
designed and milled by the dental technician from a block 

Traditionally, a mucoperiosteal flap had to be raised 
to visualize the implant recipient site. This can be 
unnecessary when computer-guided surgery is 
performed by means of surgical templates that give 
guidance to the surgeon because the accuracy that 
3D study gives to the clinician provides to perform 
a minimally invasive flapless implant surgery 
causing less pain and discomfort to the patients and 
improving healing process due to the preservation of 
blood circulation in the soft tissues. 

Immediate loading protocol for edentulous 
complete arches have been developed and have 
been largely accepted by clinicians and patients. 
The immediate loading of dental implants to 
restore complete arch is performed by means of an 
interim screw-retained prosthesis solidarized onto 
the implants. However, oral hygiene maintenance 
can be a hard challenge for the patients (34-
39). A considerable accumulation of plaque can 
be encountered around the implants/abutments 
interfaces and plaque deposits have been reported to 
cause mucositis.

The aim of this study was to assess the soft tissues 
health around the implant/abutment interfaces of 
fixed screw-retained prosthesis supported by four 
dental implants after at least 1-year in function. 
This research is reported according to the STROBE 
statement.

MATERIALS AND METHODS

This retrospective study included all patients treated in 
a private dental clinic with fixed full arch screw retained 
prosthesis supported by four dental implants loaded 
immediately in the maxilla and/or mandible between 
December 1, 2015 and April 30, 2019 to have at least 1 
year of follow-up after definitive prosthesis delivery. 

All patients signed an informed consent for data 
collection. The medical status of patients regarding any 
diseases was documented. The patients included in this 
study needed to present complete edentulous jaws or 
hopeless teeth requiring extraction refusing invasive 
grafting procedures. In addition, the patients needed to 
suite the following inclusion criteria: absence of oral 
mucosal disease; suitable bone dimension for the insertion 
of 4 implants of the following minimum dimensions: Ø 
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parameters bleeding on probing (BoP) and plaque score 
(PS) were recorded at each planned visit.
Outcomes

Soft tissue parameters around the implant/abutment 
interfaces (Fig. 4) were assessed by means of a periodontal 
probe (Hu-Friedy PGF-GFS, Hu-Friedy, Chicago, IL., 
USA). The BoP was recorded at four sites around each 
implant (mesial, distal, buccal and lingual) according to 
the Mombelli Index. The probe was carefully inserted 1 
mm into the sulcus and the provoked bleeding within 20 
s was assessed (0 = no bleeding; 1 = spot bleeding, 2 = 

of polymethyl methacrylate (PMMA, dima Mill temp, 
Kulzer) and blocked-out to the titanium copings. The 
prosthesis, without cantilever, was attached to the SRAs 
and it was screwed to 15 Ncm of torque. Patients were 
instructed to rinse with 0.2% chlorhexidine mouthwash for 
one minute twice a day for 15 days, to have a soft diet for 
one month and to avoid any trauma on the surgical sites. 
If an implant demonstrated mobility, pain or soft tissue 
irritation it had to be removed, recorded in the database as 
a failure, and then replaced after 3 months. The definitive 
prosthesis consisted of a titanium infrastructure around 
which acrylic resin denture base material with denture 
teeth (Fig. 2). 

The occlusal scheme was adapted to the opposing 
dentition. In addition, patients were instructed to wear a 
nightguard to protect the acrylic teeth during the night. 
Patients were recalled every 4 months for professional 
oral hygiene and every 12 months for the annual 
radiographic and clinical examination. Panoramic 
radiographs were performed by an independent 
operator in order to assess radiographic peri-implant 
bone quality following the European Association for 
Osseointegration guidelines10 (Fig. 3). Periodontal 

 

 
 
Fig. 1. Digital planning of the rehabilitation. 
 

Fig. 1. Digital planning of the rehabilitation.

 
 
Fig. 2. Definitive prothesis. 
 

Fig. 2. Definitive prosthesis. 
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identified. Descriptive analysis was performed using 
mean and standard deviation. The implant was used as 
unit in the statistical analysis.

RESULTS

Clinical data from 37 patients of both sexes (20 
men and 17 women), mean age, 68.3 years ranged 
from 46 to 97 years, rehabilitated with a fixed 
screw-retained prosthesis supported by four dental 
implants inserted using computer guided surgery, 
and followed-up with a minimum period of 1 year 
were collected and analyzed in the statistical analysis 
(Table I). 

A total of 160 dental implants were placed and 
all of them were loaded immediately receiving 
a fixed screw-retained interim complete-arch 
prostheses without cantilevers (Table II). A total of 
26 maxillary arches and 14 mandibulary arches were 
rehabilitated. Three out of 40 patients received both 
arches rehabilitated. One-hundred four implants 
were placed in the maxilla and fifty-six were placed 
in the mandible. BoP was detected around 6 implants 
(3.7%) and 16 implants showed a superficial amount 
of plaque resulting a Plaque Score of 10%. 

linear bleeding, and 3 = spontaneous bleeding).
The PS was measured by running the periodontal 

probe parallel to the abutment surfaces and scored at one 
site for implants as the presence of plaque (yes/no) on the 
abutment/restoration complex. An independent blinded 
dental hygienist who was not involved in the study 
recorded all the periodontal measurements.

Statistical analysis
All the data were imported onto a master spreadsheet 

and the name of the patients were codified to be de-

 
 
Fig. 3. Implant/abutment interface.  
 

Fig. 3. Implant/abutment interface. 

 
 
Fig. 4. Panoramic X-Ray of the definitive prosthesis.  
 

Fig. 4. Panoramic X-Ray of the definitive prosthesis. 
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flap (33.8%). Forty-eight implant sites needed GBR 
(30%). Two different types of dental implants were 
used: 12 Bone Level (BL, Straumann, Straumann 
Institute AG) and 148 Bone Level Tapered (BLT, 
Straumann, Straumann Institute AG). A total of 

Eighty-three implants were placed in healed sites 
(51.9%) while seventy-seven implants were placed 
in post-extration sockets (48.1%). One-hundred six 
implants were placed flapless (66.2%) while fifty-
four implants were placed raising a mucoperiosteal 

Table I. Main characteristics of the patients. 

Patients (Female, Male) 37 (17, 20) 

Age  68.3 (46-97) 

Smokers ≤ 5 cigarettes per day 9 

Complete arches rehabilitated  40 

Maxilla 26 

Mandible 14 

Opposite dentition  

Natural teeth and ceramic crowns 17 

Removable dentures 13 

Natural teeth 4 

Both arches treated  3 

 

 

Table II. Main characteristics of the implants. 

Number of implants 160 

Failed implants 5 

Type of implants  

Bone Level Tapered RegularCrossfit® 108 

Bone Level Tapered NarrowCrossfit® 40 

Bone Level RegularCrossfit® 12 

Implants in the maxilla  104 

Implants in the mandible  56 

Implants length:  

14 mm 87 (54.4%) 

12 mm 58 (36.2%) 

10 mm 12 (7.5%)  

8 mm 3 (1.9%) 

 

Table I. Main characteristics of the patients.

Table II. Main characteristics of the implants.
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become a validated therapeutic option3. Through the 
last years, several studies investigated how long only 
four dental implants can support fixed-complete-
arch prosthesis over short- and long-term follow-up. 

The peri-implant tissues healthy is strictly 
connected also to the prosthetic design. (Fig. 6). 
The interim prostheses had no cantilevers while the 
definitive prostheses were designed in order to have 
12 mm or 15 mm maximum of cantilevers in the 
maxilla and in the mandible respectively to minimize 
biomechanical risks. In addition, several studies 
investigated the amount of plaque and the presence 
of BoP around the implant/abutment interfaces. The 
results are not similar with this study. As a matter of 
fact, a study by Menini et al reported a BoP of 21.1% 
. The type of dental implants used in this study can 
have influenced the peri-implant values recorded. 
All the implants used had core made of titanium-
zirconium alloy (Roxolid®) and a chemically 

120 4.1 mm Ø RegularCrossfit®  implants (RC, 
Straumann, Straumann Institute) were used, while 
40 3.3 mm Ø NarrowCrossfit® implants (NC, 
Straumann, Straumann Institute) were used. The 
most used implant length was 14 mm 87 times 
(54.4%), followed by 12 mm 58 times (36.2%), 
10 mm 12 times (7.5%) and 8 mm 3 times (1.9%). 
Fourty definitive screw-retained prostheses were 
delivered. Concerning the opposite dentition, 17 
patients presented natural teeth and some fixed 
ceramic crowns, 13 patients had removable dentures, 
4 patients predsentes all natural teeth and 3 patientes 
had both arches rehabilitated. No dropouts occurred 
during the entire follow-up. After the healing period, 
a total of 40 definitive prostheses were delivered 
(Fig. 5). All the 37 patients were followed up for at 
least 1 year. All the data collected were included in 
the statistical analysis. No deviations occurred and 
all the 37 patients were treated following the original 
protocol. At the last follow-up.

DISCUSSION

This retrospective study aimed to assess the soft 
tissues health around the implant/abutment interfaces 
of fixed screw-retained prosthesis supported by 
four dental implants after at least 1-year in function 
(42-51). The main limitation of this study is in its 
intrinsic retrospective nature. The rehabilitation 
of complete arch by means of four dental implants 
supporting a fixed screw-retained prosthesis had 

 
 
Fig. 5. Definitive prothesis in situ. 
 

 1 

 
 
Fig. 6. Prosthetic scalloped design. 
 

Fig. 5. Definitive prosthesis in situ.

Fig. 6. Prosthetic scalloped design.
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4(3):227–43. 
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study. J Periodontol 2019; 90(12):1374-1382. 
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dentistry 2011. A consensus workshop organized by 
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Res 2012; 23(11):1243–1253. 
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treatment of peri-implantitis. Periodontol 2000 
1998; 17:63–76.
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in implant therapy. Int J Oral Maxillofac Implants 

modified sandblasted, large-grit and acid-etched 
surface (SLActive®). The described characteristics 
of the type of dental implants used may be crucial 
when immediate loading is performed. Frequently, 
implant failures occur in the early healing phase of 
osseointegration. The period between the 2nd and 
the 4th week after implant placement is the turning 
point from the primary mechanical stability to the 
secondary biological stability. 

The possibility to achieve a secondary stability by 
means of a hydrophilic modified surface faster reduces 
the risks in the early phase and eliminates the stability 
dip between the primary and secondary stability (52-
59). The prosthesis realization has to be carefully 
made in order to achieve a high prosthesis success rate 
over the medium and long period. Constant recall to 
perform professional oral hygiene and occlusion and 
radiographic checks in combination with nightguard 
wearing are mandatory to achieve a successful 
rehabilitation through the years. 

If any implant site required GBR a mucoperiosteal 
flap was raised only above the requiring site 
to not compromise surgical template stability 
and maintaining an acceptable implant surgery 
accuracy (60-63). Finally, it is mandatory to remind 
that diagnosis, treatment planning and surgical 
procedures have to be performed carefully and a 
learning curve is required to better understand and use 
the computer-assisted implant planning software to 
achieve successful and free of issues rehabilitations.  

Complete arch rehabilitations are always a 
hard challenge to face for every clinician and the 
maintenance is as hard as the clinical situations. 
However, within the limitation of this study, it seems 
that the use of a fixed screw-retained prostheses 
supported by four dental implants to rehabilitate 
edentulous jaws could be a valid treatment option 
in the short and medium term without critical peri-
implant issues. However, several perspectives 
studies with longer follow-up period are required to 
assess the reliability of this treatment protocol.
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