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Purpose: To evaluate the outcome of 2 versus 4 implants placed flapless in fully edentulous mandibles 
and immediately restored with metal-resin screw-retained cross-arch prostheses. 
Materials and methods: Sixty patients from two different centres were randomised: 30 to the all-
on-2 group and 30 to the all-on-4 group according to a parallel group design. To be immediately 
loaded, implants had to be inserted with a minimum torque of 40 Ncm. Outcome measures were 
prosthesis and implant failures, complications, and marginal bone level changes. 
Results: Flaps were raised in 18 patients. A total of 2 implants in 2 patients did not reach the planned 
insertion torque and were immediately replaced by larger diameter ones. One year after loading, 
no drop-out or implant failure occurred. Eight biomechanical complications occurred in the all-on-2 
group versus 8 complications in the all-on-4 group. There were no statistically significant differences 
for complications between groups. There were no statistically significant differences for marginal 
peri-implant bone levels between the two groups (estimate of the difference = -0.16; 95%CI -0.40 
to 0.08; P (ANCOVA) = 0.074), with both groups losing a statistically significant amount of marginal 
bone (0.74 mm for all-on-2 implants and 0.58 mm for all-on-4 implants). There were statistically 
significant differences between the two centres, with more bone being lost for the Bologna centre 
(0.26 mm versus 1.07 mm). 
Conclusions: These preliminary results, up to 1 year after loading, suggest that immediately loaded 
mandibular cross-arch fixed prostheses can be supported by only 2 dental implants. Longer follow-
ups (approximately 10 years) are needed to properly evaluate this therapeutic option.

Conflict-of-interest statement: This study was completely self-financed and no funding from the 
implant manufacturers has been sought or obtained, not even in form of free materials.

 � Introduction

When rehabilitating edentulous mandibles with fixed 
implant-supported prostheses, usually 4 implants are 
placed in the interforaminal area1. However, there 
are many alternative options in terms of the number 

of implants than can be used and where to place 
them. While it may be difficult to place more than 
4 implants between the mental foramina without 
the risk of compromising oral hygiene, additional 
implants can be placed distal to the mental foramina 
if there is sufficient bone above the mandibular 
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canals. The more implants are placed, the greater 
the increase in costs and difficulties in fabricating 
precise metal frameworks to be passively fixed on 
the implants. To reduce costs, often overdentures 
are made on 4 or even on 2 implants. Results from 
a Cochrane review2, which also evaluated the num-
ber of implants needed to support different types 
of prostheses, suggested that 2 implants supporting 
an overdenture may be sufficient to produce good 
clinical results, however these results were based 
on only two randomised controlled trials (RCTs)3-6. 
These observations were reaffirmed in a more recent 
systematic review7 and in two other RCTs8,9. While 
overdentures are considered a cheaper alternative to 
implant-supported fixed dental prostheses, they may 
require a higher degree of prosthetic maintenance 
for replacing worn-out components, which in the 
long term might make this treatment option not as 
cheap as it appears10.

It is also possible to load implants immediately 
without increasing the risk for implant failures11, 
especially in fully edentulous mandibles12-15. Good 
results were reported for overdentures supported by 
either 2 or 4 implants, however there is less evidence 
on immediately loaded fixed cross-arch prostheses. 
The advantages of immediate loading are reduced 
patient discomfort, treatment time and costs. To fur-
ther reduce patient morbidity and operation time, 
implants can be placed flapless, without using com-
puter-guided surgery, if bone volumes at implant 
sites are adequate15-17.

From the patient’s perspective, it would ideal to 
obtain a functional fixed prosthesis the same day of 
implant placement with minimal surgical intervention 
and reduced discomfort, treatment time and costs, 
providing the risk of implant failure is not increased. 
Therefore, it would be interesting to know whether 
it could be possible to rehabilitate a fully edentulous 
mandible using just 2 implants, placed flapless and 
immediately restored, to support a cross-arch fixed 
dental prosthesis. Preliminary data suggests that this 
is possible18,19.

The aim of this RCT was to compare the clin-
ical outcome of 2 (test group) versus 4 implants 
(control group) placed flapless in totally edentulous 
mandibles and immediately restored with a metal-
resin screw-retained cross-arch prosthesis. The null 
hypothesis was that there would be no difference in 

the outcomes between the two procedures, against 
the alternative hypothesis of a difference. This art-
icle is written following the CONSORT statement for 
improving the quality of RCT reports (http://www.
consort-statement.org/) and presents the 1-year 
post-loading results. A preliminary report was pub-
lished previously19. This study was designed to have 
a 10-year follow-up after functional loading.

 � Materials and methods

Any patient requiring an implant-supported man-
dibular prosthesis, who was 18 or older and able 
to sign an informed consent form, was eligible for 
inclusion in this trial. Eligible patients needed to have 
bone volumes between the mental foramina allow-
ing the placement of 4 implants with a diameter 
of at least 4 mm and 10 mm long. Immediate post-
extractive dental implants were included. 
Patients were not accepted into the study if any of 
the following exclusion criteria were present: 
• general contraindications to implant surgery at 

the discretion of the surgeon 
• uncontrolled diabetes
• pregnancy or lactation
• addiction to alcohol or drugs
• psychiatric problems 
• unrealistic expectations
• irradiated in the head and/or neck 
• treated or under treatment with intravenous 

amino-bisphosphonates 
• poor oral hygiene and motivation
• untreated periodontitis
• an active infection or severe inflammation in the 

area intended for implant placement
• need for bone-augmentation procedures
• participation in other trials
• unable to commit to a 10-year follow-up
• lack of opposing occluding dentition/prosthesis/

dentures.

Patients were categorised into three groups accord-
ing to what they declared: non-smoker, moderate 
smoker (up to 10 cigarettes per day) or heavy smoker 
(more than 10 cigarettes per day). Patients were also 
grouped according to their skeletal class into class 
1, 2 or 3; according to the clinical appearance of 
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their masseter muscles into 1) normal or 2) hyper-
developed; and according to the type of dentition 
in the opposite jaw (natural/fixed or full dentures).

The principles outlined in the Declaration of Hel-
sinki on clinical research involving human subjects were 
followed. All patients received thorough explanations 
and signed a written informed consent form prior 
to being enrolled in the trial. Patients were recruited 
and treated in two Italian private practices (Pavia 
and  Bologna) with extensive experience in immedi-
ate loading and flapless procedures. Two experienced 
dentists (Dr Cannizzaro and Dr Felice) recruited 30 
patients each and performed all the operations.

Preliminary screening was performed on intraoral 
radiographs, panoramic orthopantomographs, lat-
eral view radiographs or CT scans. When CT scans 
were not deemed necessary, a bone calliper was used 
to clinically estimate the thickness of the available 
bone. When satisfactory mandibular dentures were 
not available, new dentures were made prior to im-
plantation to obtain the correct vertical dimension 
and occlusion. Transparent resin denture replicas 
were made, acting as surgical templates and indi-
vidual impression trays. Patients received profes-
sional oral hygiene prior to implantation. All patients 
received prophylactic antibiotic therapy: amoxicillin 
2 g orally 1 h prior to the intervention. Patients aller-
gic to penicillin were given clindamycin 600 mg 1 h 
prior to the intervention. Patients rinsed with a 0.2% 
chlorhexidine mouthwash for 1 min just prior to the 
intervention. Local anaesthesia was administered 
using articaine with adrenaline 1:100,000.

The two centres used different implant sys-
tems. Dr Cannizzaro used tapered NT Full Osseotite 
implants with external connection (Biomet 3i, Palm 
Beach, FL, USA). The operator was free to choose 
implant lengths (10, 11.5, 13 or 15 mm) and diam-
eters (4, 5 or 6 mm) according to clinical indications 
and his preference. Dr Felice used conical ExFeel 
titanium dental implants with internal connection 
(MegaGen Implant, Gyeongbuk, South Korea). The 
operator was free to choose implant lengths (10, 
11.5, 13 or 15 mm) and diameters (4.1, 4.5 or 5 mm) 
according to clinical indications and his preference. 
Surgical templates with 4 holes indicating the ideal 
position of the 4 implants were used.

First, the implant sites in the position of both 
mandibular canines/first premolars were prepared 

and 2 implants were placed, leaving enough space 
to place 2 additional implants mesially to these 
implants. It was recommended to use the longer 
implants with the widest possible diameter. When 
feasible, implants were placed flapless by inserting 
drills directly into the mucosa. Bone quality was 
quantified through tactile sensation at drilling as soft, 
medium or hard. The two centres placed implants 
with the slightly different approaches that follow. Dr 
Cannizzaro angulated both distal implants according 
to the original all-on-4 concept20 and started the im-
plant site preparation with the final drill of one size 
less than the implant diameter to be used. In cases 
of hard bone he also used the final drill correspond-
ing to the implant diameter. Implants were placed 
slightly supracrestally. Dr Felice placed all implants in 
a straight position and followed the drilling sequence 
recommended by the implant manufacturer. How-
ever, he underprepared with a drill of one size less 
than the one recommended for implant sites char-
acterised by medium and soft bone quality to obtain 
high torque values when inserting the implants. Dr 
Felice attempted to place the implants with the cor-
onal neck flush to the surrounding bone.

Implants were inserted in the prepared sites 
with a torque of 40 N/cm and, once the motor 
stopped, manually with a ratchet until seated in 
the proper position. Resistance to implant inser-
tion was objectively recorded with a motor torque 
device (Elcomed 100, W & H, Dentalwerk Buer-
moos, Buermoos, Salzburg, Austria). At the proto-
col formulation phase, it was decided that implants 
inserted with 40 Ncm or less could not be loaded 
immediately. The surgeon, at his discretion, could 
either load these implants anyway, replace them 
with larger diameter ones, or leave the implants to 
heal submerged for 3 months. 

After insertion of both distal implants, the enve-
lope containing the random code was opened and 
the operator was advised whether the patient would 
receive 2 additional implants in between those 2 
already placed (all-on-4 group), or whether the 2 
inserted implants were sufficient (all-on-2 group). 
Depending on the random allocation, surgeons 
placed 2 additional mesial implants or not.

After surgery, patients were instructed to avoid 
brushing at the surgical site and to rinse twice a 
day with 0.12% chlorhexidine for 2 weeks. A cold 
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and soft diet was recommended for 7 days. Analge-
sics (ibuprofen 400 mg) were provided to be taken 
twice a day during meals on patient demand. When 
placed, sutures were removed after about 10 days 
and oral hygiene instructions were given.

The prosthetic procedures were initiated imme-
diately after implant placement and were identical 
for both groups. The patient’s mandibular denture 
replicas were trimmed and used as individual trays. 
Impregum F or Garand (Espe Dental, Seefeld, Ger-
many) were used as impression materials, and the 
dentures were blocked directly to titanium abutments 
for cemented prostheses (Cannizzaro) or to copy 
transfers (Felice) with Pattern Resin (GC America, 
Alsip, IL, USA). Once the abutment/transfers with 
the impression tray were removed, healing screws 
were placed onto the implants. Screw-retained de-
finitive frameworks with a sagittal section of at least 
3 mm in height and 1.5 mm in width were cast in a 
non-precious metal alloy. Resin teeth were added 
and the cross-arch prostheses were screwed onto 
the implants using a standard torque of 25 Ncm. All 
definitive prostheses were to be delivered within 48 h 
after implant placement.

Four months post-loading, patients were recalled 
for maintenance. Occlusion was checked, the screw-
retained prostheses were removed to check implant 
stability and maintenance was delivered as needed. 
Data of the 4-month post-loading follow-up were 
previously published19. Patients were recalled for 
maintenance at the 1-year post-loading follow-up 
(Figs 1a  to 1c and 2a to 2c). Periapical radiographs 
of the study implants were taken. Occlusion was 
carefully checked and adjusted if needed; prostheses 
were unscrewed to evaluate stability of individual 
implants. Patients will be recalled every 6 months for 
oral hygiene maintenance and prosthetic check-ups 
for the entire duration of the study. The following 
outcome measures were evaluated:
• Prosthesis failure (primary outcome measure): a 

fixed prosthesis that could not be placed because 
of implant failures or secondary to implant fail-
ure.

• Implant failure (primary outcome measure): the 
presence of any mobility of the individual implant 
and/or any infection dictating implant removal. 
Implant facture or deformation of the connec-
tions rendering the implant unusable were also 
considered as failures. Implant stability was 
measured 4 months and 1 year post-loading, 
after having removed the prosthesis by tighten-
ing the implant abutment screw with a 20 Ncm 
force.

a

Fig 1  Orthopantomographs at 1 year after loading of representative patients treated 
by Dr Cannizzaro: a) and b) two patients randomised to the all-on-2 group (case in b 
represents a protocol violation since two mandibular molars were still present), c) one 
patient randomised to the all-on-4 group.

b

c
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• Any biological or prosthetic complications (pri-
mary outcome measure): complications were 
grouped in three categories: a) intra-operative 
and immediate postoperative biological compli-
cations such as haemorrahage and numbness of 
the lower lip and chin, which was assessed by 
asking the patients at the postoperative visits 
whether he/she had altered sensations or pro-
longed anaesthesia in the area; b) biological com-
plications in maintenance such as peri-implant 
mucositis (heavily inflamed soft tissue without 
bone loss), peri-implantitis (bone loss with sup-
puration or heavily inflamed tissues) and fistulas; 
c) biomechanical complications such as fracture 
of the implant, abutment screw, framework and 
detachment of resin teeth.

• Peri-implant marginal bone level changes (sec-
ondary outcome measure): assessed on peri-
apical radiographs taken with the paralleling 
technique at implant placement and 1 year after 
loading. Radiographs were scanned and digitised 
in JPG, converted to TIFF format with a 600 dpi 
resolution, and stored in a personal computer. 
Peri-implant marginal bone levels were meas-
ured using the UTHSCSA Image Tool 3.0 soft-
ware (The University of Texas Health Science 
Center, San Antonio, TX, USA). The software 
was calibrated for every single image using the 
known implant diameter. Measurements of the 
mesial and distal bone crest level adjacent to 
each implant were made to the nearest 0.01 mm 
and averaged at patient level and the at group 
level. The measurements were taken parallel to 
the implant axis. Reference points for the linear 
measurements were the most coronal margin of 
the implant collar and the most coronal point of 
bone-to-implant contact. 

All maintenance procedures and implant stability 
evaluations were performed by two independent 
dentists, one at each centre (Dr Giuseppe Fontana 
in Pavia and Dr Gerardo Pellegrino in Bologna), who 
were not aware of the nature of the study. Complica-
tions were addressed by the treating clinicians. One 
dentist (Dr Torchio), not aware of the nature of the 
study, performed all radiographic assessments with-
out knowing group allocation, therefore the out-
come assessor was blinded. However, the difference 

in the number of implants would be obvious when 
looking at the radiographs. 

This study was designed as a pilot study and it 
was not possible to calculate a realistic sample size 
since the present authors were not aware of any 

a

Fig 2  Orthopantomographs at 1 year after loading of representative patients treated 
by Dr Felice: a) and b) two patients randomised to the all-on-2 group, c) one patient 
randomised to the all-on-4 group.

b

c



Cannizzaro et al  All-on-2 versus all-on-4126 �

Eur J Oral Implantol 2013;6(2):121–131

other trials evaluating immediately loaded man-
dibular fixed cross-arch prostheses supported by just 
2 dental implants at the time of the research protocol 
preparation. To give an idea of a possible sample size, 
if it could be expected to have 10% of prosthesis 
failures in one group and 20% in the other group, 
a 2-group Fisher exact test with a 0.050 two-sided 
significance level will have 90% power to detect the 
difference a proportion of 0.200 and a proportion of 
0.100 (odds ratio of 0.444) when the sample size in 
each group is 286. Due to the exploratory nature of 
this study, it was decided to include 30 patients in 
each group with each centre allocating 15 patients 
to each study arm.

A computer-generated restricted random list 
was used to create two groups with equal num-
bers of patients by Dr Marco Esposito who was 
not involved in patient recruitment or treatment 
and who was the only one to have access to the 
random list stored in a password-protected port-
able computer. The random codes were enclosed 
in sequentially numbered, identical, opaque, sealed 
envelopes. Envelopes were opened sequentially 
only after the 2 distal implants were inserted, 
therefore treatment allocation was concealed to the 
investigators in charge of enrolling and treating the 
patients included in the trial.

All data analysis was carried out according to a 
pre-established analysis plan. The patient was the 
statistical unit of the analyses. A biostatistician with 
expertise in dentistry analysed the data, without 
knowing group allocation. The Fisher exact prob-
ability test was used to compare the relative num-
bers of patients who had at least one prosthesis 
failure, implant failure or complication. Differences 
of means at patient level for continuous outcomes 
(bone levels) between groups were compared by 
t tests. Comparisons between each time point and 
the baseline measurements were made by paired 
tests to detect any changes in marginal peri-implant 
bone levels. An analysis of covariance was used to 
compare the mean radiographic values at loading 
and 1 year, with the baseline value as a covariate. 
Dichotomous and continuous outcomes were also 
compared between the two centres using the Fisher 
exact test and analysis of covariance, respectively. All 
statistical comparisons were conducted at the 0.05 
level of significance. 

 � Results

Eighty-one patients were originally screened, how-
ever 21 (8 in Pavia and 13 in the Bologna centre) were 
not enrolled for the following reasons: 8 patients 
opted for an overdenture supported by 2 implants 
for economic reasons; 5 patients had a mandible too 
resorbed to allow the placement of four 10 mm-long 
implants; 3 patients were treated with intravenous 
amino-bisphosphonates; 2 patients wanted to play 
it safe and demanded 4 implants; 2 patients did not 
want to take part in a clinical trial; 1 patient did not 
want a flapless procedure since he/she read that 
flapless procedures can be risky. Sixty patients were 
consecutively recruited and treated from May 2009 
to January 2011 and were randomised just after 
placement of the 2 distal implants: 30 to the all-on-2 
group and 30 to the all-on-4 group. All patients were 
treated according to the allocated interventions. No 
patient dropped out and the data of all patients were 
evaluated in the statistical analyses.

The following deviations from the operative pro-
tocol occurred: at the Pavia centre one partially eden-
tulous patient was included (Fig 1b). At the Bologna 
centre in 2 patients of the all-on-2 group the definitive 
prostheses were delivered after 5 days, whereas 5 
 all-on-4 prostheses were delivered after the planned 
date (1 after 5 days, 2 after 7 days and 2 after 10 
days). In all cases this was due to the inability to pro-
duce the definitive prostheses within 24 hours due to 
congestion at the lab. In particular, the 2 final pros-
theses delivered after 10 days had to be resoldered 
since they did not fit passively on the implants.

The follow-up focused on the time between im-
plant placement and 1 year post-loading. 

The main baseline patient characteristics are pre-
sented in Table 1. Six patients with various medi-
cal conditions and pathologies were included in 
each group. Flaps had to be raised in 18 patients 
to level the bone, to better visualise the area after 
multiple teeth extraction or to check drill direction 
as described in Table 1. Dr Cannizzaro elevated 4 
flaps and Dr Felice 14 flaps. At placement, all but 
2 implants achieved the minimal insertion torque 
required (>40 Ncm). These two 4 mm-diameter 
implants were immediately replaced by Dr Canniz-
zaro with 5 mm-diameter implants and the required 
insertion torque was achieved (Table 1). The bone 
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quality at implant sites by study centre is presented in 
Table 2 and the lengths and diameters of the inserted 
implants are presented Table 3.

Prosthesis failures: no prosthesis failed.
Implant failures: no implant failed.
Complications: no intra-operative complica-

tion occurred. Sixteen postoperative complications 
occurred in 16 patients during the 1-year follow-up 
(Table 4). Eight patients belonged to the all-on-2 
group and 8 to the all-on-4 group. All complications 
were successfully treated by dividing and resolder-
ing non-passive metal frameworks, by retightening 
loosened abutment screws, by occlusion adjust-
ments, by reattaching resin teeth, and by resolder-
ing fractured distal extensions of the framework. 

After 6 months, 1 patient of the all-on-2 group com-
plained about the shortness of the fixed dental pros-
thesis because the patient was unable to chew prop-
erly and requested an overdenture. However, after  
2 months, the patient complained about the insta-
bility of the overdenture and wanted the fixed pros-
thesis back. There were no statistically significant 
differences in postoperative complications between 
the two interventions (Fisher exact test P = 1; risk 
 difference 0; 95% CI -32 to 32).

Peri-implant marginal bone levels: there was no 
statistically significant difference between the two 
groups for peri-implant bone level changes 1 year 
post-loading (P = 0.74). Both groups gradually lost 
marginal peri-implant bone and this was highly stat-

Table 1  Patient and intervention characteristics.

All-on-2 (n = 30) All-on-4 (n = 30)

Females 17 (57%) 14 (47%)

Mean age at implant insertion (range) 63 years (37–83) 56 years (39–71)

Skeletal class 1 22 (73%) 25 (83%)

Skeletal class 2 1 (3%) 1 (3%)

Skeletal class 3 7 (23%) 4 (13%)

Non-smokers 22 (73%) 22 (73%)

Smoking up to 10 cigarettes/day 7 (23%) 4 (13%)

Smoking more than 10 cigarettes/day 1 (3%) 4 (13%)

Patients with a positive general anamnesis 6* (20%) 6** (20%)

Patient with hypertrophic masseters 6 (20%) 4 (13%)

Patients wearing dentures in the maxilla at loading 19 (63%) 10 (33%)

Patients wearing dentures in the maxilla 1 year post-loading 17 (57%) 7 (23%)

Total number of inserted implants 60 120

Implants inserted in fresh extraction sockets 12 (20%) 33 (27%)

Patients who had a flap elevated 4*** (13%) 14**** (47%)

Patients who had implants placed with <40 Ncm***** 1 (3%) 1 (3%)

*2 patients were treated with a cardiac bypass, 1 had controlled diabetes, 1 had hypertension, 1 had hepatitis C, 1 was treated with oral 
bisphosphonates
**2 patients had carcinoma, 2 patients had controlled hypertension, 1 had controlled diabetes, 1 had a heart attack
***2 patients in Bologna
****11 patients in Bologna
*****Both patients in Pavia

Table 2  Bone quality by study centre at implant sites.

Dr Cannizzaro Dr Felice

Bone quality All-on-2 (n = 30) All-on-4 (n = 60) All-on-2 (n = 30) All-on-4 (n = 60)

Soft 3 (10%) 3 (5%) 0 (0%) 2 (3%)

Medium 9 (30%) 15 (25%) 6 (20%) 14 (23%)

Hard 18 (60%) 42 (70%) 24 (80%) 44 (73%)
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Table 3  Lengths and diameters of the implants by study centre/implant type.

Dr Cannizzaro (Biomet 3i) Dr Felice (MegaGen)

Implant length All-on-2 (n = 30) All-on-4 (n = 60) Implant length All-on-2 (n = 30) All-on-4 (n = 60)

10 mm 3 (10%) 29 (48%) 10 mm 14 (47%) 12 (20%)

11.5 mm 7 (23%) 18 (30%) 11.5 mm 7 (23%) 18 (30%)

13 mm 20 (67%) 13 (22%) 13 mm 9 (30%) 26 (43%)

15 mm 0 (0%) 0 (0%) 15 mm 0 (0%) 4 (7%)

Implant Ø All-on-2 (n = 30) All-on-4 (n = 60) Implant Ø All-on-2 (n = 30) All-on-4 (n = 60)

4.0 mm 25 (83%) 50 (83%) 4.1 mm 24 (80%) 60 (100%)

5.0 mm 3 (10%) 10 (17%) 4.5 mm 4 (13%) 0 (0%)

6.0 mm 2 (7%) 0 (0%) 5.0 mm 2 (7%) 0 (0%)

Table 4  All complications up to 1 year after implant placement/loading by study group and centre.

Dr Cannizzaro Dr Felice

Complication type All-on-2 (n = 15) All-on-4 (n = 15) All-on-2 (n = 15) All-on-4 (n = 15)

Metal framework not fitting 0 0 0 2

Occlusion to be adjusted 0 1 2 2

Abutment screw loosening 1 0 3 0

Resin tooth detachment/fracture 0 2 0 1

Distal extension framework fracture 1 0 0 0

Patient unsatisfied 1 0 0 0

Totals 3 3 5 5

All complications were successfully treated.

istically significant (P < 0.001; Table 5). One year 
post-loading, all-on-2 implants lost an average of 
0.74 mm peri-implant bone versus 0.58 mm for the 
all-on-4 (estimate of the difference = -0.16; 95% CI 
-0.40 to 0.08; P (ANCOVA) = 0.074; Table 5).

Centre comparisons: the comparison between 
the two centres is presented in Table 6. Dr Felice 
placed more post-extractive implants than Dr Can-
nizzaro (32 versus 13 post-extractive implants). 
There were no statistically significant differences for 
complications but there was a statistically significant 
difference for marginal bone loss changes between 
the two centres (Dr Cannizzaro 0.26 mm versus Dr 
Felice 1.07 mm, P < 0.001; Table 6).

 � Discussion

This RCT was designed to evaluate whether 2 flap-
less inserted and immediately loaded implants sup-
porting a cross-arch fixed dental prosthesis could 
provide a reliable treatment alternative to identical 

prostheses conventionally supported by 4 implants. 
The 1-year findings of the present trial are encour-
aging and somewhat surprising, since no implant 
or prosthesis was lost up to 1 year post-loading. 
The present results closely match those of another 
1-year post-loading prospective study on 80 patients 
all treated with 2 mandibular implants and cross-arch 
fixed dental prostheses19. In the latter study, only 2 
early implant failures were reported, which could 
be successfully treated. The high success rates of 
immediately loaded implants observed in the present 
study are in agreement with other RCTs evaluat-
ing immediate loading in fully edentulous mandi-
bles12-15.

It was decided to load immediately only implants 
that achieved an insertion torque of greater than 
40 Ncm. To achieve a high insertion torque, implant 
sites were underprepared to a various degree accord-
ing to bone quality. Only for 2 implants was the 
desired primary stability not able to be obtained. 
They were immediately replaced with larger diam-
eter implants that obtained the desired insertion 
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torque. A high insertion torque could be the most 
relevant aspect which may explain the good initial 
results of this trial21,22.

Twenty-seven percent of the patients had a com-
plication, which were equally distributed between 
the two groups. All complications where of a bio-
mechanical nature. It is possible that some differ-
ent trends in complication patterns between the 
two groups could be hypothesised. For instance, in 
2 patients rehabilitated with a prosthesis supported 
by 4 implants, the metal frameworks did not fit per-
fectly and they had to be cut and soldered. This 
suggests that it is easier to cast a precise prosthesis 
on 2 rather than on 4 implants. However, the abut-
ment screws of 4 all-on-2 fixed dental prostheses 
became loose, which may be suggestive of more 
biomechanical tension on prostheses supported by 
2 implants only.

The major limitations of the present study are 
that the number of included patients may be too 
low to detect statistically significant differences in 
prosthesis/implant failures and that the follow-up 
is still too short to be able to predict what is going 
to happen over the ensuing years. There is another 
prospective study19 including 80 patients followed 
to 1 year post-loading that reported results similar 
to the present study. This suggests that the differ-
ences over 1 year in function between cross-arch 

prostheses supported by 2 or 4 implants are small, 
if any. Regarding the duration of the follow-up, it 
was planned to follow these patients for a decade, 
so in coming years there should be some additional 
useful information. Another limitation could be the 
presence of some baseline differences between 
groups despite patients being randomly allocated 
to the interventions. Most notably, patients of the 
all-on-2 group were older (average age of 65 versus 
56 years) and more commonly wearing full maxil-
lary dentures (19 versus 10) when compared to all-
on-4 treated patients. Since many patients were also 
edentulous in the maxilla, after the provision of fixed 
mandibular prostheses, if satisfied, they might have 
requested a maxillary fixed prosthesis too. Therefore 
we decided to recount at the 1-year post-loading 
endpoint the type of maxillary prostheses present 
and there were 17 in the all-on-2 group and 7 in 
the all-on-4 group. It is very difficult to evaluate the 
potential clinical implications of these baseline imbal-
ances, though it could be speculated that patients 
of the all-on-2 group may have had a slightly bet-
ter prognosis. Obviously these imbalances could 
have been reduced by recruiting a larger number of 
patients. Unfortunately, the present centres did not 
have the capacity to recruit the number of patients 
suggested by the sample size calculation in a reason-
able period. It can be estimated that the recruitment 

Table 5  Mean radiographic peri-implant marginal bone levels between groups and time periods, and mean changes in peri-
implant marginal bone levels at different times.

Implant placement 1 year post-loading* Baseline – 1 year post-loading**

Mean   (SD)   95% CI Mean   (SD)   95% CI Mean   (SD)   95% CI

All-on-2 0.50   (0.27)   0.40 to 0.60 1.24   (0.61)   1.01 to 1.47 -0.74   (0.54)   -0.95 to -0.54

All-on-4 0.72   (0.46)   0.55 to 0.90 1.31   (0.71)   1.04 to 1.58 -0.58   (0.38)   -0.73 to -0.44

P value for groups 0.024 0.70 0.074**

*All changes from baseline statistically significantly different (P < 0.001)
**Analysis of covariance at 1 year post-loading with baseline as a covariate

Table 6  Comparisons between study centres for the various outcome measures 1-year post-loading.

Dr Cannizzaro Dr Felice P value

Patients with prosthesis failures 0 0 not applicable

Patients with implant failures 0 0 not applicable

Total number of complications 6 10 0.38a

Bone level changes: N   Mean   (SD) 30   -0.26   (0.16) 30   -1.07   (0.29) <0.001b*

aFisher exact test; bAnalysis of covariance at 1 year post-loading with baseline as a covariate; *statistically significant difference
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period would have had to have been prolonged for 
a dozen years to achieve the calculated numbers. In 
addition, this is a pilot study, designed to investigate 
whether the all-on-2 treatment concept is a viable 
treatment option. At trial initiation (and still at the 
time of writing this report) the present authors were 
unable to predict with reasonable certainty the long-
term outcome of the all-on-2 rehabilitations, there-
fore it seemed prudent not to recruit a larger patient 
population into the trial. 

The two operators used two different implant 
systems and slightly different clinical procedures 
depending on their preference. These differences 
may not have influenced the short-term clinical out-
come. This study was not designed to test whether 
these procedural differences could influence the 
clinical outcome, however, it may be hypothesised 
that positioning distal implants in a straight or in a 
tilted position may not have had a clinically signifi-
cant impact on the prosthesis success rate. Clinicians 
should evaluate whether it would be advantageous 
to place distally tilted implants in similar indications 
since this could complicate the prosthetic procedures. 

The generalisation (external validity) of the find-
ings of the present trial to other settings should be 
done with great caution since both operators were 
highly experienced with flapless and immediate-
loading procedures. It should also be considered that 
the follow-up is too short and that more biomech-
anical complications are likely to occur over time. 
On the other hand, both approaches were tested in 
real clinical conditions, using relatively broad patient 
inclusion criteria. We neither recommend nor sug-
gest to immediately load mandibular cross-arch fixed 
dental prostheses on 2 implants; this therapeutic 
approach should be considered still experimental 
and not validated yet. Future long-term follow-ups 
are needed to evaluate the outcome of mandibular 
cross-arch prostheses supported by only 2 implants.

 � Conclusions

These preliminary results at 1 year after loading sug-
gest that immediately loaded mandibular cross-arch 
prostheses can be successfully supported by only 2 
dental implants. Longer follow-ups (approximately 
10 years) are needed to understand whether cross-

arch mandibular prostheses can be successfully sup-
ported by 2 dental implants only.
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