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Influence of the Diameter of Dental Implants Replacing 
Single Molars: 3- to 6-Year Follow-Up 
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Purpose: The aim of this study was to evaluate the influence of the implant diameter on marginal bone 

remodeling around dental implants replacing single molars after a follow-up period of 3 to 6 years. Materials 

and Methods: Patients who received dental implants with an external hexagon platform in healed sites to 

support a single metal-ceramic crown in the molar region were recalled to the office. The implantation sites and 

implant length information were recorded, and the implants were divided according to the implant diameter: 

regular (RP) or wide (WP). Each implant was assessed by digital periapical radiography, using a sensor holder 

for the paralleling technique. The marginal bone remodeling was determined as the distance from the implant 

platform to the first bone-to-implant contact, and the known implant length was used to calibrate the images in 

the computer software. The follow-up measurements were compared with those obtained from the radiograph 

taken at the time of prosthetic loading to determine the late bone remodeling. The independent t test was used 

to compare data. Results: A total of 67 implants from 46 patients were evaluated with a mean follow-up period 

of 4.5 ± 1.0 years. The RP group comprised 36 implants from 29 patients (mean age: 58.3 ± 10.6 years), while 

31 implants from 17 patients (mean age: 56.9 ± 11.5 years) were included in the WP group. The RP group 

presented lower survival rates (86.1%) than the WP group (100.0%). Similar marginal bone loss (P < .05) was 

identified for the RP and WP groups (1.35 ± 0.96 mm and 1.06 ± 0.70 mm, respectively). Conclusion: Although 

wide-diameter implants exhibited lower incidence failures, the bone levels were similar after the prosthetic 

loading around regular- and wide-diameter implants supporting single molar crowns. Int J Oral MaxIllOfac 
IMplants 2017;32:1111–1115. doi: 10.11607/jomi.5234
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The use of dental implants to replace single pos-
terior teeth has become a predictable treatment 

that allows the preservation of the adjacent teeth.1 
However, the success rates of these implants are usu-
ally lower than those of implants placed in the anterior 
region.2,3 Some anatomical and biomechanical factors 
of the posterior region of the arches may limit implant 

success, such as limited bone height due to the pres-
ence of maxillary sinus or alveolar nerve associated 
with poor-quality bone and higher occlusal load.4 Thus, 
adequate implant selection may be significant for the 
long-term success of single molar replacement.5

Regular-diameter implants supporting single mo-
lars were associated with a higher incidence of loosen-
ing screws and screw or implant fractures,6 probably 
due to the bending forces and titanium fatigue.5 How-
ever, most implants nowadays are manufactured from 
titanium grade,4 which is a stronger alloy, to minimize 
implant fractures. Indeed, a more recent publication 
using adequate surgical preparation, new implant de-
signs, and surfaces has demonstrated no relationship 
between survival rate and implant diameter.7

The use of single wide-diameter implants can pro-
vide a greater surface area and reduced stresses in the 
crestal cortical than one regular-diameter implant,8,9 
especially for residual ridges with minimal height 
at the posterior region.10 However, it is unknown if 
wide implants are more susceptible to bone loss than 
regular-diameter implants in the posterior region. 
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Although the engagement into buccal and lingual 
cortical walls favors a better primary stability for wider 
implants,5 these require sufficient bone at the bucco-
lingual dimension that can limit their application or 
require bone augmentation procedures.11,12 Thus, the 
aim of this retrospective study was to evaluate the sur-
vival rate and the marginal bone loss of regular- and 
wide-diameter implants supporting single molars af-
ter a follow-up period of 3 to 6 years.

MATERIALS AND METHODS

Patient and Implant Selection
The present retrospective study was reported follow-
ing the STROBE guidelines, and it was conducted in 
accordance with the Helsinki declaration13 after ap-
proval by the São Leopoldo Mandic Dental School 
Ethical Committee (Campinas, SP, Brazil). Patients with 
good general health who received at least one single 
implant at the molar sites without any bone augmen-
tation procedures were selected for this study. Patients 
with known bruxism or clenching habits or presenting 
signs of occlusal parafunction were excluded.14 Smok-
ers and those who did not present natural or fixed op-
posing teeth were also excluded. All selected patients 
signed an informed consent.

The implants selected were from the same manu-
facturer (Nobel Biocare) and same design (Brånemark 
MkIII implant model), presenting the same anodized 
surface treatment and external hexagon implant-abut-
ment connection. The implants were divided into two 
groups according to the implant diameter: regular (RP) 
or wide (WP) implants.

Surgical and Restorative Procedure
All surgeries were performed by the same surgeon 
(J.A.M.). A unique 2 g dose of amoxicillin (or 600 mg 
clindamycin for patients with penicillin allergy) was 
administrated orally 1 hour prior to surgery to prevent 
postoperative infections.15 To control swelling and 
postoperative pain, 600 mg ibuprofen was used for 3 
days since it does not affect the marginal bone around 
dental implants in the early healing period.16

The alveolar ridge was exposed by a full-thickness 
flap under local anesthesia, osteotomy was performed 
following the manufacturer’s instructions, and the im-
plants were placed at the crestal level. The implants 
were loaded after 12 to 18 weeks of submersed heal-
ing. Single metal-ceramic crowns were provided for 
each implant, preferably with screw retention; how-
ever, cemented crowns were used when the occlusal 
hole for screw access would compromise the integrity 
of the functional canines. Routine follow-up appoint-
ments were performed every 6 months.

Recall Appointment
The recall appointment represented 3 to 6 years of a 
radiographic follow-up examination. Digital periapi-
cal radiographs taken using the long-cone parallel-
ing technique were used to assess the marginal bone 
levels, and the implant length was used as reference 
to measure the linear distance from the implant plat-
form to the first bone-to-implant contact.17 The mea-
surements were performed by an expert investigator 
(J.A.M.) using image-processing software (UTHSCSA 
Image Tool for Windows, University of Texas Health 
Science Center), and the mean from the mesial and 
distal sides was recorded for each implant. The ra-
diograph taken at the day of prosthetic loading was 
used as baseline. The difference between the bone 
level at the baseline and at the recall examination 
was defined as late bone remodeling. In addition, im-
plantation sites and implant lengths were recorded. 

Statistical Analysis
Failure rates were compared using the chi-square 
test. After checking whether bone loss data were 
distributed normally with the Shapiro-Wilk test, the 
data were submitted to square root transformation, 
and the independent t test was used to compare the 
implant groups at a significance level of 5% (SPSS 
Version 20, IBM).

RESULTS

Forty-six patients (30 women, 16 men) with ages rang-
ing from 32 to 79 years (mean: 57.8 ± 11.0 years) at-
tended the recall. A total of 67 single implants placed 
between 2007 and 2010 with a mean follow-up period 
of 4.5 ± 1.0 years (3 to 6 years) were evaluated. No sen-
sory disturbance was reported following surgeries, 
and good health around teeth and implants was seen 
at the recall.

The RP group comprised 36 implants from 29 pa-
tients, while the WP group had 31 implants from 17 pa-
tients. The sex and age distribution were similar among 
the patients in both groups (Table 1). The implantation 
sites are described in Fig 1; 49 implants were placed in 
the maxilla and 18 in the mandible.

Five (13.9%) failures were recorded in the RP group 
(P < .05; 95% CI: 0.390 to 0.641), distributed into three 
early failures (8.3%) before loading and two late fail-
ures (5.6%) after loading, as shown in Table 2. All RP 
failures were recorded in the mandible, and no failures 
were recorded for WP implants.

Late bone remodeling was evaluated in the 62 suc-
cessful implants (Table 3). Similar values (P > .05) were 
identified around the RP (1.35 ± 0.96 mm) and WP 
(1.06 ± 0.70 mm) implants. 
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DISCUSSION

All implants evaluated in the present study were from 
the same manufacturer to exclude the influence of the 
implant surface on bone remodeling. In addition, ex-
ternal hexagon platforms and no platform-switching 
abutments were used to remove the influence of dif-
ferent implant-abutment connections in this outcome. 

Although screw-retained restorations are related to 
fewer technical and biologic complications,18 the re-
tention system is usually not related to bone stress, 
and consequently, to bone remodeling.19 However, it 
was not possible to control the crown-to-implant ra-
tio, and the present study focused on the influence of 
implant diameter on bone remodeling around dental 
implants supporting single molar crowns.

Table 1  Age and Sex Distribution of Patients Presenting Regular- (RP) and Wide-Diameter (WP) 
Implants

RP WP Total

Patients
Age (y)  

(mean ± SD) Patients
Age (y)  

(mean ± SD) Patients
Age (y)  

(mean ± SD)

Men 10 56.1 ± 5.9 6 63.8 ± 8.8 16 59.0 ± 8.1

Women 19 59.5 ± 12.2 11 53.2 ± 11.1 30 57.2 ± 12.2

Total 29 58.3 ± 10.6 17 56.9 ± 11.5 46 57.8 ± 11.0

16 17 26 27 36 37 46 47
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Fig 1  Implant distribution according to the tooth position (FDI 
tooth-numbering system) in the regular- (RP) and wide-diameter 
(WP) implant groups.

Table 2  Failure Distribution According to Time of Loading and Implant Length of Regular- (RP) and 
Wide-Diameter (WP) Implants

Implant length (mm) Total
Successful 
implants

Early failure  
(before loading)

Late failure

0 to 6 mo after 
loading

6 to 12 mo after 
loading

RP 36 31 (86.1%) 3 (8.3%) 1 (2.8%) 1 (2.8%)

 8.5 6 3 (50.2%) 1 (16.6%) 1 (16.6%) 1 (16.6%)

 10 12 11 (91.6%) 1 (8.4%) 0 0

 11.5 6 5 (83.4%) 1 (16.6%) 0 0

 13 12 12 (100%) 0 0 0

WP 31 31 (100%) 0 0 0

 8.5 5 5 (100%) 0 0 0

 10 12 12 (100%) 0 0 0

 11.5 4 4 (100%) 0 0 0

 13 10 10 (100%) 0 0 0

RP

WP
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Selecting optimal implant sizes, diameter, and 
length on the basis of bone quality is important for 
dental implants,20 especially for load-bearing areas in 
the posterior region of the arches. When the diameter 
is increased, the bone-to-implant contact area increas-
es, which provides better implant stability; at the same 
time, it increases implant strength and fracture resis-
tance.21 Crestal bone loss around implants is attributed 
to occlusal load, and it is believed that wider-diameter 
implants reduce the stress around the crestal bone and 
potential bone loss. Thus, the optimal diameter would 
be the largest implant diameter, within morphologic 
limits, causing minimal stress in the surrounding corti-
cal and trabecular bone.22 However, the larger-diame-
ter implant is not always the best choice for minimizing 
cortical bone–implant interface stress.20

The success rate in the present study was com-
patible with others reported previously in the lit-
erature.23–27 However, the regular-diameter group 
exhibited a lower success rate than the wide-diameter 
implant group. The absence of early failures in WP can 
be attributed to the bicortical engagement in the buc-
cal and lingual cortical walls and better stability.5 Thus, 
the surgical procedure would be critical for the success 
of dental implants supporting single molar crowns.

However, the late bone remodeling was similar in 
both groups after the follow-up period, which indicates 
that the influence of implant diameter on stress distri-
bution to the surrounding bone may not be clinically 
relevant. The bone remodeling values were lower in the 
present study when compared with a previous study28 

since they considered the early bone remodeling us-
ing the radiograph taken before implant placement as 
baseline. Thus, any bone loss after implant placement 
and before prosthetic loading was not computed in the 
present study and can be considered a limitation.

In the present study, a higher failure rate was identi-
fied in the mandible. This is in accordance with previ-
ous studies.11,14 However, this information is in contrast 
to a previous study that reported similar short-term 
implant survival for maxillary and mandibular first mo-
lar sites29 and to another study that reported slightly 
more failures in the maxilla for wide-diameter implants 
replacing molars.30

Considering the implant length, early failures hap-
pened in the shorter implants of the RP group, high-
lighting the importance of length on implant stability. 
However, no significant difference was identified be-
tween the different diameters when evaluating 8.5- to 
13-mm-long implants, which corroborates mathemati-
cal results that the length has little influence on bone 
stress distribution.20 Future studies should investigate 
the influence of diameter on other implant-abutment 
connections or in short and ultrashort implants.

CONCLUSIONS

Although wide-diameter implants exhibited lower 
incidence failures, the bone levels were similar after 
prosthetic loading around regular- and wide-diameter 
implants supporting single molar crowns.

Table 3  Late Bone Remodeling of Regular- (RP) and Wide-Diameter (WP) Implants According to 
Implant Length and Implantation Site

Implant length (mm)

Mandible Maxilla Total

n 
Bone loss (mm) 

(mean ± SD) n
Bone loss (mm) 

(mean ± SD)  n
Bone loss (mm) 

(mean ± SD)

RP 24 1.50 ± 0.96 7 0.82 ± 0.74 31 1.35 ± 0.96

 8.5 3 0.92 ± 0.31 0 – 3 0.92 ± 0.31

 10 9 1.61 ± 1.06 2 0.25 ± 0.00 11 1.36 ± 1.09

 11.5 5 1.25 ± 0.69 0 – 5 1.25 ± 0.69

 13 7 1.79 ± 1.01 5 1.05 ± 0.76 12 1.48 ± 0.99

WP 20 1.14 ± 0.79 11 0.93 ± 0.44 31 1.06 ± 0.70

 8.5 4 1.44 ± 0.94 1 1.50 ± 0.00 5 1.45 ± 0.84

 10 6 0.75 ± 0.56 6 0.83 ± 0.37 12 0.79 ± 0.48

 11.5 4 1.19 ± 0.92 0 – 4 1.19 ± 0.92

 13 6 1.29 ± 0.62 4 0.94 ± 0.48 10 1.15 ± 0.59

Total 44 1.34 ± 0.90 18 0.89 ± 0.58 62 1.21 ± 0.85
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