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ABSTRACT

Objectives: The objective of this study was to evaluate the prosthetic complications resulting 
from the treatments performed with the All-on-Four concept either with splinted or un-splinted 
implants using the novel OT bridge system 

Materials and Methods: This study was conducted on twelve completely edentulous patient 
aged from 60 to 70 years. An upper and lower removable complete denture were constructed 
for each eligible patient. CBCT scan was done for the patients to quantify bone volumes at the 
planned implant sites. All patients received 4 implants to support an “all-on-four” fixed mandibular 
prosthesis. The patients were randomly divided into two equal groups. The first group patients 
received an immediately loaded all-on-four mandibular prosthesis with un-splinted abutments. 
While the second group patients received an immediately loaded all on four mandibular prosthesis 
where the abutments were splinted together with titanium wire. Immediate loading was performed 
by converting the patients’ existing denture into a fixed prosthesis by a picking up procedure at the 
day of implant placement. Prosthetic complications were evaluated for the temporary immediately 
loaded prosthesis in a 6-month period.

Results: In this study the overall prosthetic complications for those patients treated with 
splinted or un-splinted all on four technique was as follows:  for Group I (un-splinted implants), 
total incidence of patients showed at least one Prosthetic complication were 12 (100%) patients, 
while 4 (33.3%) patients showed at least one Prosthetic complications in (Group II).

Conclusion: From this study it can be concluded that the All-on-four concept with immediate 
loading is a procedure that is viable and could be helpful in completely edentulous patients. However, 
it can predispose the patient to some prosthetic complications specially when the implants are un- 
splinted with titanium wires. 
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INTRODUCTION 

The rehabilitation of an atrophied edentulous 
mandible is a challenging situation for dental pro-
fessionals. Implant-supported fixed restoration in-
volving immediate loading improves the patients’ 
quality of life and are becoming more popular and 
safer with high implant survival rate (1). 

The “all-on-four” treatment concept was 
developed in 1998 to maximize the use of the 
remaining jaw bone to place the jaw in immediate 
function and at the same time avoiding the costy 
regenerative procedures and additional patient 
morbidity, as well as the complications inherent to 
these procedures. The original protocol of the “all-
on-four” concept is the use of four implants in the 
anterior part of the completely edentulous mandible 
to support a provisional, fixed and immediately 
loaded prosthesis where the two anterior implants 
are placed axially parallel to each other while the 
two posterior implants are placed inclined distally 
in order to minimize the cantilever length and at the 
same time avoid the mental foramen by bringing the 
apex of the implant anterior to the foramen(1-6)

The rational of inclining the distal implants 
is advantageous and necessary as it increases 
the prosthetic support, reduces the length of the 
cantilever and allows the construction of up to 12 
units prostheses, which increases the masticatory 
efficiency, thus reducing the need for bone grafts 
and also allows the installation of longer implants 
by avoiding areas of vital anatomic structures 
including mandibular canal and mental foramen (7,8).

Although the All-on-four concept has many 
advantages, but it also has some limitations, such 
as the need to make a provisional acrylic prosthesis 
that has a higher incidence of fractures because the 
force applied to angled implants is magnified which 
might cause bone crest injuries up to five times 
larger than parallel implants. In addition, there are 
few long-term follow-up studies in the literature 
investigating the effects of this technique (5,9,10).

In the last three decades, implantologists 
evaluated the implant success by implant survival 
rate, prosthesis stability, bone loss and absence 
of peri-implant soft tissue infection. Nowadays, 
new parameters are introduced to assess success 
in achieving a lifelike implant restoration. These 
parameters include natural looking peri implant soft 
tissue, esthetics and patient satisfaction. However, 
oseointegration remains the main parameter that 
evaluate success. It seems logic that the definition of 
success should be comprehensive to include these 
additional factors (11).

When utilizing the immediate loading concept in 
implant prosthesis, we use either semirigid splinting 
with acrylic resin or rigid splinting by metal bar. The 
semi-rigid splinting doesn’t offer adequate stress 
reduction on the bone around the implants but on the 
other hand this technique promotes better passivity 
to the implant- supported fixed prosthesis because 
of the absence of a metal support. This semi-rigid 
splinting has always been indicated for the healing 
period after implant placement (4–6 months), which 
is critical for implant survival. Degidi et al, 2012 
realized the drawback of the semirigid splinting and 
so they recommended splinting of the abutments by 
titanium bar using intraoral welding (12). 

Several studies were concerned with studying the 
effect of both splinted and non-splinted implants in 
immediate loading. One of these studies evaluated 
the clinical and radiographic results of immediately 
loaded mandibular implants restored with fixed 
prostheses using either rigid or semirigid splinting 
systems. They concluded that both splinting 
techniques (rigid and semi-rigid) were satisfactory, 
and both splinting conditions can be successfully 
used for the restoration of edentulous mandibles (13).

The OT bridge investigated in this research is 
a new restorative component that accommodate 
for different implant angulations up to 80 degrees 
and its configuration allow for a wire placement 
for splinting, accompanied by its low profile and 
width that provide better mechanical and biological 
outcomes. Only one multicentered study addressed 
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the efficacy of the OT bridge, they reported 
preliminary data on survival and success rates 
of immediately loaded, screw-retained, implant-
supported restorations delivered on lower arches 
using the novel OT equator and OT Bridge abutment 
prosthetic protocol (14).

Therefore, this study aimed to evaluate the 
prosthetic complications resulting from the 
treatments performed with the All-on-Four concept 
either with splinted or un-splinted implants using 
the novel OT bridge system at Faculty of Dentistry, 
Cairo University.  

Methodology

This study was conducted on twelve completely 
edentulous patient aged from 60 to 70 years. A 
full patient history was taken including personal 
information, medical history and dental history. 
It was then followed by an extra and intraoral 
examination to assess any problem that could 
contraindicate implant placement.

An upper and lower removable complete denture 
was constructed for each eligible patient. The lower 
denture was duplicated into clear acrylic resin 
which was modified with radiopaque markers at 
the proposed implant sites. This clear stent acted as 

the scan appliance for CBCT scan to quantify bone 
volumes at the planned implant sites.

Surgical and immediate loading procedures

On the day of implant placement, patients were 
instructed to rinse with 0.2% chlorhexidine mouth-
wash for 1 minute prior to the surgical procedure 
and to take two gm of amoxicillin one hour before 
the surgery (Patients allergic to penicillin were given 
Clindamycin 600 mg). All surgical procedures were 
implemented under local anaesthesia. After crestal 
incision and full-thickness flap elevation, the im-
plant sites were prepared aided by the surgical tem-
plate. 4 implants* were placed, 2 aligned in an axial 
orientation and 2 are distally aligned according to 
the all-on-four concept. The standard sequence of 
the osteotomy site preparation was followed to ac-
commodate the selected implant size. Implants were 
ideally placed at bone level. The soft tissue thick-
ness was assessed to decide the abutment height 
then the selected OT equator were screwed on each 
implant according to the manufacturer instruction, 
using a calibrated torque controller. After tightening 
of the OT equator**, the flap was closed with vic-
ryl 4.0 sutures. The titanium abutments were then 
screwed to the equator attachment with their pros-
thetic screw (Figure 1).

Fig. (1): a) The OT equator. b) The titanium abutment

* B & B dental implant, San Pietro, Casale, Bologna, Italy.
** Rhein83, Bologna, Italy.
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Patients Grouping:

At this stage the selected patients were randomly 
divided into two equal groups

Group I Patients received an all-on-four 
mandibular fixed restoration supported by un-
splinted OT bridge abutment.

Group II Patients received an all-on-four 
mandibular fixed restoration supported by splinted 
OT bridge abutment.

Pick up for the abutments was done at the day 
of surgery with the previously fabricated denture as 
follows:

For group I (un-splinted group):

A piece of rubber dam was fixed around the 
OT equator. The fitting surface of the denture was 
further relieved to create enough space surrounding 
the abutment assembly and to accommodate the 
self-curing denture base resin material*. A through 
and through tunnel was created to allow for escape 
of the excess resin to prevent excessive pressure on 
the soft tissue surrounding the implant (figure 2). 
The relief space was filled with self-cure resin in the 
dough stage then the denture was inserted in its place 
intraorally and the patient was guided to occlude at 

centric occlusion to secure the mandibular denture 
in its place till the resin hardens. The prosthesis was 
removed after the resin was cured, adjusted, finished 
and polished accordingly to assure a comfortable fit.

For group II (splinted group)

An impression was taken at the day of surgery 
using addition silicon material** to obtain a cast 
on which splinting of the abutments using the 
titanium wire could be easily done. The wires were 
then augmented by flowable composite to increase 
its rigidity (figure 3). After 24 hours the patient 
was recalled and the assembly was then fixed in 
the patient mouth for the pick-up procedures. The 
denture was prepared by making a trough over the 
abutments and the titanium wire. The same steps as 
in group I were then followed to complete the pick-
up procedure.

Outcome

Type and incidence of prosthetic complications 
for the immediately loaded prothesis for each 
group was evaluated in a six-month period. These 
complications included: loosening or fracture of 
the prosthetic screw, aesthetics, prosthesis mobility, 
fracture of the prosthesis and phonetics alteration.

* Qu-resin, Bredent, Weissenhorner, Senden, Germany.
** Panasil, Kettenback Dental Gmbh & Co.

Fig. (2): a) the relived denture. b) patient occluding during pick-up procedure. c) finished denture after pick-up
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Results (figure 4)

The mean and standard deviation values were 
calculated for the two groups under investigation. 
Data were explored for normality using Kolmogorov-
Smirnov and Shapiro-Wilk tests, data showed non-
parametric distribution. Mann Whitney test was 
used to compare between two groups in non-related 
samples for qualitative data. The significance 
level was set at P ≤ 0.05. Statistical analysis was 
performed with IBM® SPSS® Statistics Version 20 
for Windows.

The incidence of prosthetic complications was as 
follows (as shown in the table)

Loosening of the prosthetic screw

There was no statistically significant difference 
between (Group I) and (Group II) where (p=0.148). 

For (Group I), 2 (16.7%) patients showed 
loosening of the prosthetic screw, while 0 (0%) 
patients showed loosening of the prosthetic screw 
in (Group II).

Fracture of the prosthetic screw

There was no statistically significant difference 
between (Group I) and (Group II) where (p=1). 

For both groups, 0 (0%) patients showed fracture 
of the prosthetic screw.

Aesthetic

There was no statistically significant difference 
between (Group I) and (Group II) where (p=0.623). 

For (Group I), 3 (25%) patients showed aesthetic 
problem, while 2 (16.7%) patients showed aesthetic 
problem in (Group II).

Prosthesis mobility

There was no statistically significant difference 
between (Group I) and (Group II) where (p=0.148). 

For (Group I), 2 (16.7%) patients showed 
prosthesis mobility, while 0 (0%) patients showed 
prosthesis mobility in (Group II).

Prosthesis fracture

There was no statistically significant difference 
between (Group I) and (Group II) where (p=0.148). 

For (Group I), 2 (16.7%) patients showed 
prosthesis fracture, while 0 (0%) patients showed 
prosthesis fracture in (Group II).

Phonetic alteration

There was no statistically significant difference 
between (Group I) and (Group II) where (p=0.623). 

For (Group I), 3 (25%) patients showed phonetic 
alteration, while 2 (16.7%) patients showed phonetic 
alteration in (Group II).

Total Prosthetic complications

There was a statistically significant difference 
between (Group I) and (Group II) where (p=0.001). 

For (Group I), total incidence of patients showed 
at least one Prosthetic complication were 12 (100%) 
patients, while 4 (33.3%) patients showed at least 
one Prosthetic complications in (Group II).

Fig. (3): a) abutments splinted with titanium wire. b) the wire augmented with flowable composite. c) the assembly intraorally.
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A table showing the incidence of prosthetic complications in the two test groups

Measurement  Prosthetic complications n % p-value

Loosening of the prosthetic 
screw

Group I
No 10 83.3%

0.148ns
Yes 2 16.7%

Group II
No 12 100%

Yes 0 0%

Fracture of the prosthetic 
screw

Group I
No 12 100%

1ns
Yes 0 0%

Group II
No 12 100%

Yes 0 0%

Aesthetic

Group I
No 9 75%

0.623ns
Yes 3 25%

Group II
No 10 83.3%

Yes 2 16.7%

Prosthesis mobility

Group I
No 10 83.3%

0.148ns
Yes 2 16.7%

Group II
No 12 100%

Yes 0 0%

Prosthesis fracture

Group I
No 10 83.3%

0.148ns
Yes 2 16.7%

Group II
No 12 100%

Yes 0 0%

Phonetic alteration

Group I
No 9 75%

0.623ns
Yes 3 25%

Group II
No 10 83.3%

Yes 2 16.7%

Total Prosthetic 
complications

Group I
No 0 0%

0.001*
Yes 12 100%

Group II
No 8 66.7%

Yes 4 33.3%
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DISCUSSION

Nowadays, implantologists are looking for more 
conservative alternatives to treat completely eden-
tulous patients who show anatomical constraints 
that requires extra surgical procedures like sinus 
lifting and bone augmentation before implant place-
ment which may result in higher complications, ex-
tra surgical time and higher costs (10,15,16).

The alternative and more conservative treatment 
for these cases is the All-on-Four® technique. In 
this technique two vertical implants are placed 
in the anterior region and two distally inclined 
implants in the posterior region. This technique 
also allows immediate loading of the implants, 
avoiding procedures that increase treatment costs as 
well as the complications inherent to the classical 
procedures (3,5).

In this study the overall prosthetic complications 
for those patients treated with splinted or un-splinted 
all on four technique was as follows:  for Group I 
(un-splinted implants), total incidence of patients 
showed at least one Prosthetic complication were 12 
(100%) patients, while 4 (33.3%) patients showed 
at least one Prosthetic complications in (Group II).

The previously mentioned results of this study 
showed that the use of titanium wires in fabrication 
of immediately loaded implant supported prosthesis 
used in edentulous patients caused much lower 
overall prosthetic complications when compared to 

un-splinted one. This was in accordance to Collaert 
et al. 2008, who concluded that the use of glass fiber 
reinforced denture base caused higher prosthetic 
survival rate than the non-reinforced one(17).

The results of this study might be due to the 
propagation of the stresses rapidly in a harmful 
manner in the non-reinforced group when forces 
during chewing is applied to the prosthesis caus-
ing fracture of the cantilever part or loosening of 
the prosthetic screw which was more evident in the 
un-splinted group of our study although was not sta-
tistically significant(18).

Also the fracture of the distal cantilever in the 
non-reinforced group might be due to the emergence 
of the titanium abutment from the occlusal surface 
of the prosthesis causing inevitable thinning of the 
prosthesis at these areas and hens its weakening 
so fracture can occur easily at these areas which 
represent weak points of the prosthesis. This 
problem was not evident in the titanium reinforced 
group as the presence of the wire helped in keeping 
these areas rigid enough to resist fracture.

The phonetic complications in this study was 
evident after about 1 to 2 months from implant 
instalation and immediate loading procedure. This 
might be due to the space that occucred between the 
tissues and the prosthesis after healling  and tisssue 
shrinkage. This change is inevitable but could be 
managed in the final prosthesis.. 

Fig. (4): Bar charts representing Prosthetic complications in different groups.
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CONCLUSIONS

From this study it can be concluded that the All-
on-four concept with immediate loading is a pro-
cedure that is viable and could be helpful in com-
pletely edentulous patients. However, it can predis-
pose the patient to some prosthetic complications 
specially when the implants are un-splinted with 
titanium wires. 
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