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Abstract

O b j e c t i v e

The aim of the study was to assess the clinical performance of 
implant-supported mandibular complete fixed prostheses with cono-
metric retention after 3 years of functional loading. 

M a t e r i a l s  a n d  m e t h o d s

In this retrospective study, patients treated with implant-supported 
mandibular complete fixed prostheses with conometric retention were 
considered. Standardized radiographic examinations were performed to 
assess the marginal bone. Radiographs were acquired at the time of 
prosthesis insertion and at the 3-year follow-up, and marginal bone loss 
was calculated. The occurrence of implant failures, and biological and 
technical complications was registered. 

R e s u l t s

Thirty-nine patients were selected. At the 3-year follow-up, 134 out of 
the 160 placed implants did not show any marginal bone loss and 4 of 
them had been lost. The percentage of restorations free of technical 
complications was 71.8% during the entire follow-up period. Complica-
tions that occurred in restorations were as follows: veneer fracture (n = 4), 
framework fracture (n = 3), loss of retention (n = 2) and need for relining 
(n = 2). Mucositis was recorded in 1 patient and it was successfully 
treated. 

C o n c l u s i o n

The clinical performance of implant-supported mandibular complete 
fixed prostheses with conometric retention after 3 years of functional 
loading showed a low rate of marginal bone loss and technical compli-
cations. Owing to the easy retrievability, all complications were success-
fully treated.
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Introduction

The rehabilitation of edentate patients with the 
use of implant-supported fixed dental pros-
theses (IFDPs) has shown high long-term sur-
vival rates, comparable to those of tooth-borne 
restorations.1 The clinical success, however, 
depends on the extent of biological and technical 
complications occurring throughout the period 
of function.2 According to a systematic review, 
the patient-centered estimated 5-year compli-
cation rate for IFDPs was 33.6%.3 Such issues 
can be better addressed when restorations can 
be easily removed. Thus, a remarkable research 
effort has been dedicated to protocols with 
enhanced retrievability.4

One of the major topics of discussion among 
researchers and clinicians is the type of fixation 
between the implant and the prosthesis. Such 
connection is commonly provided by means of 
screws or cement. None of the fixation methods 
has been found to be clearly advantageous over 
the other.5 Moreover, they typically show some 
drawbacks. Screw-retained prostheses tend to 
experience more technical complications, such as 
screw loosening and fractures, while cemented 
restorations exhibit more biological complications, 
such as implant loss and marginal bone loss.2

Recently, the conometric connection was 
proposed as a fixation system for IFDPs. Such a 
system is composed of a tapered coping fixed to 
the prosthesis and inserted into a tapered abut-
ment. When a suitable insertion force is applied, 
this system is capable of providing a fixed con-
nection.6 Such retention is based on the friction 
between the components, without the use of 
cement. The clinical use of the conometric reten-
tion has been described for implant-supported 
complete7 and partial8 fixed prostheses. 

One of the reported advantages of a cono-
metric connection system is the retrievability of 
the restoration.7 Conometric-retained pros-
theses can be easily removed by the operator in 
order to check the periimplant soft-tissue status 
and for periodic hygiene procedures. Despite the 
promising results in terms of clinical success, 
long-term studies on mandibular full-arch 
conometric- retained restorations with a larger 
study population are lacking in the current liter-
ature. Thus, the aim of the present retrospective 
study was to assess the clinical performance of 
implant-supported mandibular complete fixed 
prostheses with conometric retention after 
3 years of functional loading. Outcomes were 
evaluated in terms of implant and prosthetic 

survival, marginal bone loss and incidence of 
technical complications. 

Materials and methods

In this retrospective study, patients consecu-
tively treated with implant-supported mandib-
ular complete fixed prostheses with conometric 
retention were selected. The IFDPs were sup-
ported by 4 mandibular implants placed in each 
patient. All cases were treated in a single center 
and had 3 years of follow-up from the time of 
prosthesis delivery. This study was conducted 
according to the principles of the Declaration of 
Helsinki on human medical experimentation. All 
patients signed informed consent prior to the 
implant treatment. 

The adopted surgical and prosthetic protocol 
has been described in a previous study.7 After 
prosthetic delivery (baseline, T0), patients were 
recalled at 6 months, 1 year, 2 years and 3 years 
(T3) for follow-up visits. At each visit, the pros-
thesis was removed and oral hygiene, implant 
maintenance and patient-centered motivational 
instruction were delivered. Data were extracted 
from patient files at T3. Variables were subdi-
vided between patient-based and implant-based. 
The following patient demographic characteris-
tics were reported: sex, age at the time of 
surgery, smoking habit, bruxism, drug intake, 
systemic disease and time of prosthetic loading. 
Implant information, such as diameter and 
length, were recorded. Moreover, intraforaminal 
(positions .1, .2, .3, .4) or extraforaminal (positions 
.5, .6, .7) implant position was recorded (Fig. 1). 
Implant failure and technical complications, such 
as loss of retention, veneer fracture, need for 
relining and framework fracture, that occurred 
during the period of function were recorded. 
Standardized radiographic examinations with the 
use of a Rinn Universal Collimator (Dentsply 
Sirona, York, Pa., U.S.) were performed to assess 
the marginal bone. Radiographs were acquired 
at T0 and at T3. For marginal bone assessments, 
ImageJ software (Version 1.48, National Insti-
tutes of Health, Bethesda, Md., U.S.) was used. 
The measurements were performed with a 
precision of 0.01 mm at a 7× digital magnification 
level. For each analyzed radiograph, measure-
ment calibration was carried out using the diam-
eter and length of the implant. Then, the distance 
from the implant shoulder to the first apprecia-
ble contact point between the bone and implant 
was measured. In cases where the marginal bone 
level was coronal or at the level of the implant 
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shoulder, the reported value was 0 mm. The 
measurement was performed both medial and 
distal to the implant. The mean mesial and distal 
values were calculated at T0 and T3. The radio-
graphic analysis was performed in a blind manner 
by 1 experienced examiner not involved in the 
study. Marginal bone loss (MBL) was calculated 
as the difference between the 2 time points. 

According to the MBL results, patient-based 
variables were subdivided in 2 categories: 
patients with no MBL and patients who pre-
sented with MBL (Table 1). In the same manner, 
implant-based variables were subdivided into 
the following categories: implants with no MBL, 
implants with an MBL of < 1 mm, implants with 
an MBL of between 1 and 2 mm, implants with 
an MBL of > 2 mm, and implant failure (Table 2). 
Moreover, the incidence of technical complica-
tions was calculated.

Results

Thirty-nine patients (19 men and 20 women) 
were enrolled in the study. Demographic char-
acteristics are shown in Table 1. A total of 160 
implants were placed, 98 intraforaminally and 
62 extraforaminally (Fig. 1). There was no sign of 
MBL around 83.75% of the implants, while 2.5% 
were lost during the 3-year follow-up. Implant-
based variables according to MBL can be found 
in Table 2. Mucositis in 1 patient was encountered 
during periodic follow-up (Fig. 2). Regarding the 
restorations, 71.8% were free of technical com-
plications during the entire follow-up period. 
Complications that occurred in restorations were 

veneer fracture, framework fracture, loss of 
retention and need for relining (Table 3; Fig. 3).

Discussion

In the present retrospective study, 39 patients 
with complete mandibular edentulism were reha-
bilitated with implant-supported conometric- 
retained prostheses. Our aim was to report the 
clinical performance in terms of incidence of 
technical and biological complications in a 3-year 
follow-up period. For this purpose, we included 
data on both immediate and delayed loading. 
The rehabilitation of edentate mandibles with 
implant-supported fixed restoration has been 
reported in long-term studies since the 1990s.9 
Despite the high success rates after 15 years, 
several surgical and prosthetic procedures have 
been introduced over the years in terms of 
number of supporting implants, intra-arch loca-
tions, time of loading, and type of connection 
between the implant and the prosthesis.10

A meta-analysis on mandibular IFDPs11 inves-
tigated the implant survival rate of restorations 
supported by a range of 4–9 implants. In that 
study, 17 trials, including 501 patients and 2,827 
implants, were considered. According to the 
results, intraforaminal implant placement was the 
most common technique (88.5% of all implants). 
In the present study, all restorations were sup-
ported by 4 implants, which were placed either 
intraforaminally or extraforaminally. Implants in 
the distal position were placed posterior to the 
mental foramen whenever the bone amount was 
sufficient in order to reduce the distal cantilever. 

Fig. 1 Table 1

Table 2

Table 3

Fig. 1
Number of implants based  
on diameter and length.  
The intra-arch position is 
distinguished.
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Fig. 1 Table 1

Table 2

Table 3

 Patients without MBL Patients with MBL Total

Number  26 (66.6%) 13 (33.3%) 39

Average age  67.88 64.33 66.1

Smoker 
YES 5 7 12

NO 21 6 27

Bruxism
YES 2 7 9

NO 24 6 30

Drugs

NO 8 5 13

Oral bisphosphonates 4 0 4

Antihypertensive 13 7 20

Antiplatelet 4 5 9

Diabetes control drugs 1 3

Anti-arrhythmic 1 0 1

Disease

NO 8 3 11

Hypertension 14 7 21

Hypercholesterolemia 1 3 4

Diabetes 8 2 10

Cardiovascular disease 14 3 17

Loading
Immediate 17 (77.3%) 5 (22.7%) 22

Delayed 9 (53%) 8 (47%) 17

Implants  
without MBL (mm)

Implants with MBL (mm)
Implant 
failures

Total

 0 < MBL < 1 1 < MBL < 2 MBL > 2  

Number 134 (83.75%) 13 (8.12%) 7 (4.37%) 2 (1.25%) 4 (2.50%) 160

Position
Intraforaminal 82 8 5 1 2 98

Extraforaminal 52 5 2 1 2 62

Loading
Immediate 80 6 2 88

Delayed 54 7 7 2 2 72

MBL = marginal bone loss.

Free of complications 28 (71.8%)

Technical complications Veneer fracture 4 (10.24%)

Framework fracture 3 (7.68%)

Loss of retention 2 (5.12%)

Need for relining 2 (5.12%)

The majority of implants were placed in the intra-
foraminal area; however, 62 implants were placed 
distal to the foramen. A total of 33 restorations 
were supported by at least 2 extraforaminal 
implants. This means that in the majority of cases 
(65%) the placement of implants of at least 8 mm 
in length was possible in the distal sites. This is in 
accordance with a recent study that evaluated the 
dimensions of the alveolar ridge in the edentulous 
posterior mandible12 based on CBCT data. A mean 
bone height of 11.20 mm and 10.28 mm in the sites 

of the second premolar and mesial root of the first 
molar, respectively, was measured. 

During the present 3-year follow-up study, 
4 out of 160 implants failed. Therefore, the over-
all implant survival rate was 97.5%. In all cases, 
implants were lost during the first year after 
placement. This result is in accordance with 
recent studies with similar groups of patients 
and follow-up.13, 14 In addition, a systematic 
review showed similar results.11 In the study, the 
cumulative implant survival rate estimates were 

Table 1 
Patient demographic 
characteristics and patient-
based variables. Data are 
shown as frequency 
(percentage of the total). 

Table 2 
Implant-based variables 
according to marginal  
bone loss (MBL) and implant 
failure.

Table 3 
Occurrence of technical 
complications in the 
restorations. Data are shown 
as frequency (percentage  
of the total).
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calculated based on the number of supporting 
implants for mandibular full-arch restorations. 
At the 5-year endpoint for restorations sup-
ported on 4 implants, the implant survival rate 
was 97.65% (95% CI: 94.48–100). Regarding 
biological complications, a good performance in 
terms of incidence of MBL was observed in the 
present study, since 134 out of the 156 surviving 
implants (85.9%) did not show any MBL after 
the 3-year follow-up. However, as previous 
studies observed, the stability of marginal bone 
is related to patient-related factors.15 

From our results, a relevant difference in the 
incidence of MBL was observed based on smok-
ing habit, since it occurred in 58.30% of the smok-
ing patients, while it occurred only in 28.57% of 
the nonsmoking patients. It is well known that 
placing implants in smoking patients has always 
been a challenging situation, as many clinical 
studies have shown a lower implant success rate 
in this regard. In a systematic review on the effect 
of smoking habit,16 15 observational studies with 
a follow-up period ranging from 8 to 240 months 
were included. A total of 5,840 implants placed 
in smoking patients were compared with 14, 683 
placed in nonsmoking patients. The authors con-
cluded that the risk of MBL is higher in smokers, 
especially in the maxillary bone.16

In the present study, at periodic follow-up 
visits, the prostheses were removed in order to 
check the periimplant soft-tissue status. Muco-
sitis affecting two implants was successfully 
treated with interceptive supportive therapy. 
The protocol adopted consisted of professional 
oral hygiene followed by the use of a 0.2% chlor-
hexidine mouthrinse 3 times per day for 2 weeks. 
Therefore, the easy retrievability of the resto-
ration facilitated primary and secondary preven-
tion of periimplant diseases.

It is well known that occurrence of compli-
cations for full-arch restoration is relevant.2, 17 In 
a systematic review by Papaspyridakos et al., the 
cumulative rate of prostheses free of compli- 

cations was 29.3% at the 5-year follow-up.11 
Interestingly, the estimated cumulative rates of 
screw fracture and screw loosening complica-
tions were 10.4% and 9.3%, respectively. In con-
trast, in the present study, the percentage of 
restorations free of technical complications was 
71.8% at 3 years. A reason for this result could 
be the prosthetic design adopted: The avoidance 
of screws might have had a major role in decreas-
ing the incidence of technical complications. 

The most severe technical complication 
encountered in this study was framework frac-
ture. Cracks were located in the distal cantilever 
in all 3 cases. This result is not surprising, since 
it is generally accepted that the incidence rate 
of prosthetic complications is increased dramat-
ically when distal extensions are applied.18 In 
cases of framework fracture, the prosthesis was 
removed and then repaired. In order to reduce 
this occurrence, a distal cantilever is to be 
avoided whenever anatomical structures allow 
it. Thus, the positioning of distal implants pos-
terior to the mental foramen is advocated. 
Interestingly, all patients in which framework 
fractures occurred were bruxers. These results 
are in accordance with previous studies found 
in the literature in which many prosthodontic 
failures were associated with bruxism.19, 20 Other 
minor technical complications were veneer frac-
ture (n = 4), loss of retention (n = 2) and need for 
relining (n = 2). In all cases, the problem was 
addressed after easy removal. Direct veneer 
repair, coping replacement and indirect relining 
were provided respectively. 

One major limitation of the study was that 
immediate and delayed loading restorations 
were included in the same study. However, since 
the aim of this study was to record the perfor-
mance of a specific prosthetic protocol, it is 
believed that different clinical procedures could 
give a wider picture. Moreover, the substantially 
similar behavior of immediate and delayed load-
ing implants justifies a direct comparison.

Fig. 3Fig. 2
Fig. 2
One patient presented with 
periimplant mucositis 
affecting 2 implants  
(in positions #32 and 35).  
This biological complication 
was successfully treated  
with interceptive supportive 
therapy.

Fig. 3
The most severe technical 
complication encountered in 
this study was framework 
fracture. Two cases in which  
a crack occurred in the distal 
cantilever are shown.
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With the present retrospective study, a good 
clinical performance after 3 years of follow-up 
in terms of survival rate, marginal bone resorp-
tion, and incidence of biological and technical 
complications was observed. One of the major 
advantages was the effortless retrievability of 
the restoration, which facilitated primary and 
secondary prevention. As a matter of fact, with 
the periodic prosthesis removal for routine 
hygiene procedures, periimplant disease at early 
stages could be intercepted and technical com-
plications could be easily solved. 

Conclusion

Within the limitations of the study, the clinical 
performance of implant-supported mandibular 

complete fixed prostheses with conometric 
retention after 3 years of functional loading 
showed a low rate of MBL and technical compli-
cations. Owing to the easy retrievability of the 
system, all complications were successfully 
addressed. A careful patient selection must be 
undertaken, since bruxism and distal cantilever 
may represent risk factors for major technical 
complications such as framework fracture. The 
efficacy of this treatment option in terms of cost 
and maintenance has to be confirmed by multi-
center, longer-term studies.
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