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ABSTRACT

Aim The  aim of this retrospective cohort study was to 
evaluate the clinical outcome of tilted distal implants 
immediately loaded with metal-resin screw-retained 
cross-arch fixed prostheses 5 years after loading.  
Material and Methods One-hundred-seventy-six consecutive 
patients received four to six implants to be placed with a torque 
superior 35 Ncm. Two-hundred-nineteen metal-resin screw-
retained fixed prostheses (120 mandibular and 98 maxillary) 
were to be delivered within 3 days. Implant failures and biological 
complications were evaluated by the treating clinician. 
Results A total of 922 implants were placed, 407 of which were 
tilted distal implants. Two patients dropped-out (died). Five 
years after loading all patients were wearing fixed prostheses. 
Ten tilted distal implants failed in 9 (5.17%) patients versus six 
non-distal implants in five patients (2.87%). Fifty-one biological 
complications occurred at tilted distal implants in 42 patients 
(24.14%) versus 37 complications occurred at non-distal implants 
in 24 patients (13.79%). 
Conclusions In conclusion, tilted distal implants have a double 
chance of failing or having biological complications when 
compared to mesial implants.
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INTRODUCTION

Four to six implants are often placed to support fixed 
cross-arch prostheses in totally edentulous patients 
(1,2).
While it may be difficult to place more than four 
implants between the mental foramina without 
risking compromising oral hygiene procedures, more 
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implants can be placed distal to the mental foramina 
if there is sufficient bone height above the mandibular 
canal (3).
In maxillae, the number of implants to be inserted may 
be limited by large pneumatised maxillary sinuses and 
by reduced bone volumes (4).
Distal implants can also be placed in a tilted or 
angulated position to position more distally the 
emergence of the implant neck, thus reducing the 
length of the cantilevered portion of the prosthesis 
(5–7).
The choice of a tilted implant often avoids regenerative 
bone augmentation surgery for implant placement 
(8,9).
In cases of maxillary sinus hyper-pneumatization, 
tilted implant insertion must be very precise to avoid 
the sinus, and computer-guided implant placement 
can also be done, ensuring accuracy and predictability 
of outcome, achieved through preoperative planning 
of the procedure (10,11).
However, the more implants are placed, the more costs 
and difficulties to fabricate precise metal frameworks 
to be passively seated on the implants. Implants can 
be loaded immediately after their placement without 
increasing too much the risk for failures, especially in 
fully edentulous mandibles but also in fully edentulous 
maxillae (12–15).
Distal angulated implants are potentially associated 
with some advantages and some risks that have been 
discussed for more than 30 years (16,17).
The potential advantages are that by emerging 
more distally, shorter cantilevers could be used, 
decreasing the risks of mechanical complications for 
the prosthesis (18).
In addition, longer implants could be placed by 
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angulating them. The potential risks are that implants 
subjected to non-axial loads might suffer more 
biomechanical (fractures) and biological (peri-implant 
bone loss) problems (19–21).
In addition, oral hygiene procedures could be more 
complicated, and these could be associated with a 
higher risk of peri-implant mucositis that could evolve 
into peri-implantitis and eventually implant loss.
The current conclusions of the literature so far 
support the view that angulated distal implants 
are not at higher risk for failures and complications, 
though statistically significantly higher failure rates of 
angulated implants were found in maxillae (22–24).
 However, these results come from poorly conducted 
original studies summarized in poor-quality systematic 
reviews. Recently, the first randomized controlled trial 
has been published on this topic, unfortunately yet 
with a too short follow-up (25).
The trial showed no differences between the 
angulated or not angulated distal implants one year 
after loading.
Therefore, it would be interesting to know whether 
angulated distal implants under immediately loaded 
cross-arch prostheses could be at higher risk or not 
for failures and complications when compared to 
non-distal implants. In particular, it would be useful 
to evaluate implants with a follow-up function of at 
least 5 years.
This retrospective cohort study aimed to evaluate 
the clinical outcome of angulated distal implants 
immediately loaded under metal-resin screw-retained 
cross-arch fixed prostheses supported by four to six 
implants. The present article is reported according 
to the Strengthening the Reporting of Observational 
studies in Epidemiology (STROBE) guidelines (www.
strobe-statement.org).

MATERIALS AND METHODS

Any angulated distal implant from edentulous 
patients rehabilitated with immediately loaded cross-
arch implant-supported prostheses up to December 
2017, was eligible for inclusion in this study. A distal 
implant was considered to be angulated if the angle 
formed by the line passing in its middle and the one 
of its mesial implant was more than 15 degrees, as 
visualized on panoramic radiographs (Fig. 1).
Patients needed to have bone volumes allowing the 
placement of four to six implants at least 11 mm long 
and with a diameter of at least 4.5 mm. Immediate 
post-extractive implants were included. Patients were 
not accepted into the study if any of the following 
exclusion criteria were present (Table 1). 

EXCLUSION CRITERIA
• general contraindications to implant surgery at 

the discretion of the surgeon;
• cardio-vascular diseases over the previous 6 

months;
• immunodeficient or immunosuppressed 

patients;
• patients with a glucose level above 150 mg/dl;
• pregnancy or lactation;
• irradiated in the head and/or neck in the 

previous 6 months;
• treated or under treatment with intravenous 

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

the area intended for implant placement;
• lack of opposing occluding dentition/

prosthesis/dentures.

TABLE 1. Exclusion criteria

FIG. 1 Panoramic radiograph 
showing how distal angulated 
implants were defined to be 
eligible in the study. The angle 
formed by the two lines of the 
distal and its mesial implant had 
to from an angle superior to 15 
degrees This patient provided 
four angulated distal implants to 
the study
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Patients were categorized according to what they 
declared into three groups: non-smokers; moderate 
smokers (up to 10 cigarettes per day); and heavy 
smokers (more than 10 cigarettes per day). Patients 
were also classified according to the type of dentition 
in the opposite jaw (natural/fixed or full dentures).
Patients were treated by the same Author (F.G.) 
with extensive experience in immediate loading 
procedures.
Depending on the anatomical conditions, preliminary 
screening was performed on panoramic radiographs 
with patients wearing thermoplastic radiographic 
guides with small gutta-percha balls as reference 
points. When needed Cone-Beam computed 
tomography (CBCT) scans were taken still using 
the thermoplastic radiographic guide. Such guides 
were also used during surgery to facilitate ideal 
implant positioning position. All patients received 
professional oral hygiene prior to the operation 
and received prophylactic antibiotic therapy: 2 g of 
amoxicillin plus clavulanic acid orally one hour prior 
to the intervention. Patients with chronic infections 
at future implant sites, received 1 g of amoxicillin 
plus clavulanic acid three times a day starting 2 days 
before implant surgery. In the latter case or in case of 
complicated surgeries, the same antibiotic treatment 
was continued for 3 days after implantation. 
Patients allergic to penicillin were given 500 mg 
of clarithromycin 1 hour prior to the intervention. 
Patients rinsed with a chlorhexidine mouthwash 0.2% 
for 1 minute just prior to the intervention. All patients 
were sedated intravenously with a cocktail combining 
different drugs Local anesthesia was administered 
using mepivacaine with adrenaline 1:100,000 or 
1:50,000. Crestal incisions were made and, in the 
presence of large bone volumes at implant sites, 
minimal flaps were elevated up to the coronal portion 
of the alveolar process. In the presence of reduced 
bone volumes, larger flaps were elevated exposing 
the mental foramina in mandibles or the prominence 
of the maxillary sinuses.
When present residual teeth/roots were carefully 
extracted to minimize damage to the buccal plate and 
sites were thoroughly cleaned from all granulation 
tissue. SPI-Contact (Thommen Medical; Grenchen, 
Switzerland) conical-cylindrical implants with a 
smooth 1.5 mm Long Collar were used mainly with 
a length of 11 mm and 4.5 mm in diameter. Implants 
were placed following the protocol suggested by the 
manufacturer except for the use of a 4.0 mm profile 
drill in order to underprepare the sites to achieve a 
higher insertion torque. Distal implants were distally 
tilted in premolar areas. 
Implants were placed with the 1.5 mm polished neck 
in the supracrestal position, as well as in the case of 
post-extractive implants. Implants were inserted 
with the motor set with a torque of 70 Newton/cm 

and once the motor stopped implant stability was 
confirmed manually using the SPI-MONO torque 
ratchet (Thommen). If one of the four placed implants 
could not be placed with a torque superior to 35 
Ncm a fifth or a sixth implant was added near to the 
implant that did not achieve the required torque. 
If two or more implants could not achieve a torque 
above 35 Ncm, implants were submerged and loaded 
conventionally after 3 months. 
To decrease possible interference with the peri-
implant bone, a manual bone profiler was used, and 
healing abutments were placed. In the presence 
of buccal bone dehiscence/fenestrations, a layer of 
granular autogenous bone harvested using a bone-
scraper (14620.10 Stoma; Emmingen-Liptingen, 
Germany) was laid to cover the exposed portion of 
the implant. The graft was covered with a second 
layer of an organic bovine bone (Bio-Oss, Geistlich, 
Wolhusen, Switzerland) and a double layer of a 
collagen resorbable barrier (Bio-Gide, Geistlich) 
was positioned on top of the graft and fixated with 
titanium pins (initially with Kalos, Orbetello, Italy and 
later with Smartact, Meta, Reggio Emilia, Italy). Healing 
abutments were positioned and single resorbable 
sutures (Vicryl 4-0 SH1 plus 22 mm 1/2c; Ethicon, New 
Brunswick, NJ, US) were placed.
After surgery, analgesics (ibuprofen 600 mg) were 
suggested to be taken twice a day during meals on 
patient demand. A soft diet was recommended for 
45 days. Oral hygiene procedures were professionally 
implemented during the 3 following days necessary 
to prepare the prosthesis. Patients were instructed 
to avoid brushing at the surgical site and rinsing until 
suture removal, about 10 days after surgery. They 
were instructed to clean the prostheses with a gauze 
moistened with 0.2% chlorhexidine, then to use a soft 
and then medium toothbrush and finally the waterjet.
Prosthetic procedures were initiated immediately 
after implant placement. Individual trays were used 
to take impressions and were perforated to allow 
their seating over the transfers. Impregum F (Espe 
Dental AG, Seefeld, Germany) was used as impression 
material. Definitive screw-retained prostheses were 
made by placing titanium abutments (VARIOtemp 
for fixed prostheses, Thommen) on the model which 
were connected using titanium rods of 2 mm diameter 
soldered with an argon syncrystallization device 
(WELDER INTRAORAL MIDI, Implamed, Cremona, Italy), 
an intraoral welder, to create a rigid framework. It was 
not necessary to use angulated abutments for tilted 
implants since the abutments tolerated substantial 
disparallelism between implants. The framework was 
covered by wax and 12 preformed resin teeth were 
added. On the second day, the framework was tried 
in the patient’s mouth to check aesthetic, function 
and phonetic. It was then finalized with a lining in 
acrylic resin. Cantilevers including a maximum of one 
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premolar and one molar in extension per side were 
allowed. The cantilever length did not exceed 1.5 cm. 
On the third day after surgery, prostheses were screwed 
onto the implants using a standard torque of 25 Ncm 
and the screw households were sealed with gutta-
percha. A panoramic radiograph was taken to check 
proper abutment seating on the implants. Prostheses 
were designed to have a group function occlusal 
scheme and were adjusted to have homogeneous 
occlusal contacts also on cantilevers, when present. 
Sutures were removed after approximately 10 days by 
cutting the knot and leaving the remaining portion 
of the absorbable suture inside the soft tissues to be 
spontaneously resorbed. Oral hygiene instructions 
were delivered. Patients were seen again after 1 and 
3 months. At 3 months follow-up the prostheses were 
rebased. Patients were recalled for maintenance and 
occlusion was checked every six months when screw-
retained prostheses were removed to check implant 
stability and to be cleaned. 
In case of framework fracture or to prevent them, 
the original metal-resin prostheses were gradually 
replaced by newly made screw-retained monobloc 
white resin (top.lign professional, Bredent, Senden 
Germany) prostheses using a reinforced titanium 
framework, characterized externally by layers of 
enamel resin of various shades of pink and white 
colours (monolithic resin metal reinforced prostheses).
The outcome measures evaluated for the present study 
were:
• Implant failure: the presence of any mobility of the 

individual implant and/or any infection dictating 
implant removal, and/or biomechanical complications 
(implant fracture or deformations of the connections) 
rendering the implant unusable. Individual implant 
stability was measured 1 month, 3 months after 
implant placement and thereafter every 6 months by 
removing the screw-retained prosthesis and rocking 
the implant with the handles of two instruments.

• Any biological complications such as hemorrhage, 
numbness of the lower lip and chin, peri-implant 
mucositis (inflammation of the peri-implant soft 
tissues without appreciable bone loss), peri-implantitis 
(inflammation of the peri-implant soft tissues with 
peri-implant bone loss), fistulas, etc.

This study was designed as a retrospective single cohort 
study aimed to include any patient having angulated 
distal implants treated with a fixed cross-arch prosthesis 
which were planned to be loaded immediately. No 
sample size calculation was performed. The patient was 
the statistical unit of the analyses. Descriptive statistics 
was used.

RESULTS

One-hundred-seventy-six patients were consecutively 
recruited and treated from January 2014 to December 

2017. Two-hundred-nineteen metal-resin screw-retained 
fixed prostheses (120 mandibular and 98 maxillary) were 
delivered on 922 implants (291 were post-extractive 
implants). There were 407 angulated distal implants (219 
in mandibles and 188 in maxillae). The follow-up focused 
on the time between implant placement and 5 years after 
implant loading. Two patients dropped out because of 
death at 4 years after loading. The main baseline patient, 
site, and treatment characteristics are presented in Table 2. 
A total of 27 patients with various medical conditions and 
pathologies were included.
At the placement, 65 implants in 42 patients did not achieve 

Patients’ and interventions characteristics Numbers
Females 106 (60.23%)

Mean age at implant insertion 
(range)

63.06 years (37-
87)

Non-smokers 118 (67.05%)
Smoking up to 10 cigarettes/day 40 (22.73%)

Smoking more than 10 cigarettes/
day

18 (10.23%)

Patients with a positive general 
anamnesis

27 (15.34%)

Patients wearing dentures in the 
opposite jaw at implant loading

23 (13.07%)

Total number of inserted implants 922
Implants inserted in mandibles 

(98 jaws)
396 (42.95%)

Implants inserted in maxillae (120 
jaws)

526 (57.05%)

Angulated distal implants in 
mandibles

188 (46.19%)

Angulated distal implants in 
maxillae

219 (53.81%)

Angulated distal implants in 
extraction sockets

93 (31.96%)

Other implants in extraction 
sockets

198 (69.04%)

Angulated distal implants placed 
with a torque inferior or equal to 

35 Ncm

19 (29.23%)

Other implants placed with a 
torque inferior or equal to 35 Ncm

46 (70.77%)

Angulated distal implants that 
caused fenestration/dehiscence of 

buccal bone

14 (50.00 %)

Other implants that caused 
fenestration/dehiscence of buccal 

bone

14 (50.00%)

Total number of mandibles 
prostheses

98 (44.95%)

Total number of maxillary 
prostheses

120 (55.05%)

TABLE 2. Patients’ and interventions characteristics (179 patients)
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the minimal insertion torque required (above 35 Ncm). 
Twenty-three maxillary prostheses were conventionally 
loaded, because at least two implants could not be placed 
with a torque superior to 35 Ncm. 

• Implant failures (Table 3): In total 16 implants failed 
in 11 patients and more specifically, 10 angulated 
distal implants failed in nine (5.17%) patients versus 
six non-distal implants in five patients (2.87%). Ten 
of the failed implants were placed in fresh extraction 
sockets, eight were placed in maxillae and 10 failed 
within 3 months after their placement.

• Biological complications (Table 4) were accounted for 
only in those implants that did not fail. Eighty-eight 
biological complications occurred in 52 patients and 
more specifically, 51 angulated distal implants in 42 
patients (24.14%) had complications versus 37 non-
distal implants in 24 patients (13.79%).

When focusing on the most severe biological 
complications, i.e. peri-implantitis, defined as progressive 
marginal bone at implants with inflamed peri-implant 
tissues, it affected 10 angulated distal implants in seven 
patients (4.12%) and 8 non-angulated distal implants 
in seven patients (4.12%). Implants affected by peri-
implantitis were treated either with surgical or non-
surgical debridement or implant removal. 

DISCUSSION

The present 5-year retrospective cohort study was 

designed to evaluate whether angulated distal implants 
supporting fixed cross-arch prostheses could be at higher 
risk for failures and complications when compared to 
non-distal implants under the same prostheses. The 
findings of the present study are quite straightforward: 
angulated distal implants have a double chance of failing 
or having biological complications when compared to 
all other implants that are not angulated distal ones. Our 
findings are in contradictions with the conclusions of 
several systematic reviews, cohort studies, and the only 
RCT, however, our follow-up is longer and the sample 
size much more robust, and in some systematic reviews 
significantly higher failure rates were observed at 
angulated distal implants but only in maxillae and more 
peri-implant bone loss (19–22,25).
The differences in failure rates and complications 
observed in the present study between the distal 
angulated implant and the other implants could 
be explained by multiple factors, including higher 
masticatory forces exerted on posterior regions 
associated with more complex oral hygiene procedures 
for patients as demonstrated by the higher number 
of peri-implant mucositis affecting angulated distal 
implants (26). Most of the early implant failures (10 
implants) affected immediate post-extractive implants 
(eight implants). This observation is in line with other 
studies, that showed trends for post-extractive implants 
to fail more often than delayed-placed implants (12,27–
30). The number of implants affected by peri-implantitis 
was similar in both groups. Treatment of peri-implantitis 
consisted of close or open flap-debridement (31).

Patient number Patient's characteristics Implant position characteristics & failure timing Symptoms
12 66 y.o. male, non-smoker 16 angulated                        

12          post-ex                 
23          post-ex                 

1*
1*
3*

severe spontaneous pain
severe spontaneous pain

none
15 63 y.o. male, non-smoker 15 angulated                        3* moderate pain on chewing
19 59 y.o. male, non-smoker 16 angulated post-ex                24* moderate pain on chewing, peri-

implantitis
42 66 y.o. female, moderate 

smoker
22 post-ex, torque < 35 Ncm

25 angulated                       
3*

36*
moderate pain on chewing

none, peri-implantitis
47 59 y.o. male, non-smoker 42 post-ex                 

35 angulated post-ex                 
45 angulated post-ex                 

1*
1*
1*

severe spontaneous pain
severe spontaneous pain
severe spontaneous pain

77 65 y.o. female, non-smoker 31 post-ex                 3* none
86 48 y.o. female, moderate 

smoker
22 post-ex                 3* moderate pain on chewing

104 65 y.o. female, non-smoker 45 angulated                       12* none
122 77 y.o. female, moderate 

smoker
35 angulated post-ex                48* none

145 47 y.o. male, moderate smoker 45 angulated                       36* moderate pain on chewing
146 66 y.o. female, non-smoker 16 angulated                       12* none

*Months post-loading. All patient had negative anamnesis.  
TABLE 3. Description of the implant failures occurred up to 5-years post-loading
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Patient number Type of complication Type of implant

1 Peri-implantitis at 32 Non-angulated distal
4 Peri-implant mucositis at 34 Angulated distal

5 Peri-implant mucositis at 34
Peri-implant mucositis at 44

Angulated distal
Non-angulated distal

17 Peri-implant mucositis at 14 and 24 Angulated distal
22 Peri-implant mucositis at 32 Non-angulated distal
26 Peri-implantitis at 44 Angulated distal
33 Peri-implant mucositis at 45 Angulated distal
36 Peri-implantitis at 13 and 22 Non-angulated distal
41 Peri-implant mucositis at 44 Angulated distal

44 Peri-implant mucositis at 34 and 44
Peri-implant mucositis at 32 and 42

Angulated distal
Non-angulated distal

46 Peri-implantitis at 35 and 45 Angulated distal
51 Peri-implant mucositis at 45 Angulated distal

53 Peri-implant mucositis at 34
Peri-implantitis at 42

Angulated distal
Non-angulated distal

56 Peri-implant mucositis at 42 Non-angulated distal
58 Peri-implant mucositis at 15 and 25 Angulated distal
60 Peri-implant mucositis 32 and 42 Non-angulated distal
61 Peri-implant mucositis at 16 Angulated distal

62 Peri-implant mucositis at 25
Peri-implant mucositis at 13

Angulated distal
Non-angulated distal

64 Peri-implantitis at 22 Non-angulated distal

66 Peri-implant mucositis at 15
Peri-implant mucositis at 11

Angulated distal
Non-angulated distal

74 Peri-implant mucositis at 45 Angulated distal

77 Peri-implant mucositis at 44
Peri-implant mucositis at 31

Angulated distal
Non-angulated distal

78 Peri-implantitis at 16 and 26 Angulated distal
79 Peri-implant mucositis 14 and 23 Non-angulated distal

82 Peri-implant mucositis at 34
Peri-implant mucositis at 32 and 42

Angulated distal
Non-angulated distal

83 Peri-implant mucositis at 15 Angulated distal

84 Peri-implant mucositis at 15 and 25
Peri-implant mucositis at 12, 22, 24 and 32

Angulated distal
Non-angulated distal

86 Peri-implantitis at 23 Non-angulated distal
87 Peri-implant mucositis at 15 Angulated distal
90 Peri-implant mucositis at 44 Angulated distal
91 Peri-implantitis at 34 and 44 Angulated distal

92 Peri-implant mucositis at 44
Peri-implant mucositis at 32 and 42

Angulated distal
Non-angulated distal

94 Peri-implant mucositis at 15 and 23 Non-angulated distal

95 Peri-implant mucositis at 26
Peri-implant mucositis at 12 and 22

Angulated distal
Non-angulated distal

97 Peri-implant mucositis at 16 Angulated distal

98 Peri-implant mucositis at 16 and 26
Peri-implant mucositis at 22

Angulated distal
Non-angulated distal

TABLE 4. Description of biological 
complications occurred up to fifth 
year in function



A retrospective cohort study

37© ARIESDUE March 2024; 16 (1)

Systemic antibiotics were not used due to the lack of 
clear evidence of their efficacy (32,33).
It is also important to stress that at the end of the 5-year 
follow-up period, all patients had their fixed prostheses 
in function.  The major limitation of the present study 
is its retrospective design. If the goal of the study is to 
evaluate the outcome of distally angulated implants 
to reduce the length of prosthetic cantilevers, the 
comparison should be made with shorter axially placed 
implants, either positioned more distally or supporting 
longer cantilevers using a randomized controlled trial 
study design as done by Mohamed et al. (25).
In addition, these trials should present follow-ups 
of at least 5 to 10 years to provide clinically reliable 
information. On the other hand, in this study, treatments 
were delivered under normal clinical conditions, using 
broad patient inclusion criteria, therefore the results of 
this could be extrapolated to wider patient populations 
with similar characteristics.

CONCLUSIONS

Angulated distal implants have a double chance 
of failing or having biological complications when 
compared to mesial implants. 
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99 Peri-implant mucositis at 26
Peri-implant mucositis at 22

Angulated distal
Non-angulated distal

101 Peri-implant mucositis at 35 Angulated distal
103 Peri-implant mucositis at 14 Angulated distal
104 Peri-implantitis at 35 Angulated distal
106 Peri-implantitis at 45 Angulated distal
108 Peri-implant mucositis at 26 Angulated distal
109 Peri-implant mucositis at 25 Angulated distal
110 Peri-implant mucositis at 35 Angulated distal
114 Peri-implantitis at 12 Non-angulated distal
116 Peri-implant mucositis at 25 Angulated distal
120 Peri-implant mucositis at 26 Angulated distal
121 Peri-implant mucositis at 25 Angulated distal

144 Peri-implant mucositis at 16 and 26
Peri-implant mucositis at 13 and 21

Angulated distal
Non-angulated distal

150 Peri-implant mucositis at 45
Peri-implant mucositis at 32 and 42

Angulated distal
Non-angulated distal

153 Peri-implantitis at 15 Angulated distal
176 Peri-implant mucositis at 16 Angulated distal

Totals Totals
52 patients 88 implants affected by complications

Angulated distal only
42 patients 51 implants affected by complications

Non Angulated distal only
24 patients 37 implants affected by complications

TABLE 4 Description of biological 
complications occurred up to fifth 
year in function
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