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Long-Term Retrospective Evaluation of Success of  
Narrow-Diameter Implants in Esthetic Areas:  
A Consecutive Case Series with 3 to 14 Years Follow-up

This retrospective study reports on the outcome of 19 narrow-diameter implants 
(NDIs) placed in 14 consecutively treated patients 3 to 14 years postloading. 
Peri-implant bone remodeling, bone loss, esthetic outcomes, and patient 
satisfaction with the final restoration were evaluated. No implant failures or 
prosthetic complications were reported, yielding a 100% survival rate and a 
84.2% success rate. All 14 patients reported that they were very satisfied with the 
esthetic results. The average mesial and distal bone remodeling was 1.99 mm 
and 1.84 mm, respectively. This represents physiologic bone loss post–implant 
placement. Only 5 implants presented with bone loss, producing an average 
mesial and distal bone loss of 0.14 mm and 0.17 mm, respectively. Bone loss 
was measured on the threads of the implant from the time of restoration to 
the time of follow-up. The bone loss did not exceed 0.2 mm per year on 
any implant. These screw-retained NDIs present a cost-effective, esthetically 
acceptable alternative for restoring limited spaces in the anterior esthetic zone. 
Int J Periodontics Restorative Dent 2017;37:629–637. doi: 10.11607/prd.3266

Dental implant restorations have 
been documented to have a high 
degree of success for restoration 
of completely and partially edentu-
lous patients.1,2 A requirement for 
implant placement is the presence 
of adequate bone volume and suf-
ficient interdental space to allow 
standard-diameter implants to be 
inserted. Procedures have been 
used to increase facial-lingual bone 
volume.3,4 However, grafting can-
not solve mesial-distal space prob-
lems. Smaller-diameter implants 
(3.0 to 3.5 mm) require a minimum 
mesiodistal space of 6.0 to 6.5 mm 
to allow adequate implant-tooth dis-
tance.5,6 Narrow-diameter implants 
(NDIs) with diameters of < 3 mm 
were introduced by several implant 
companies as transitional implants 
that would allow patients under-
going implant therapy to avoid 
removable provisional dentures.7 
According to a systematic literature 
review, implants with diameters of 
< 3 mm were classified as NDI cat-
egory 1.8 The implants used in the 
present study (ANEW, Dentatus) fall 
into this category, with diameters 
of 1.8, 2.2, and 2.4 mm and thread 
lengths of 7, 10, and 14 mm. In 2007, 
Froum et al9 reported 100% survival 
of 48 implants in 27 patients who re-
ceived NDIs as permanent implants 
with 1 to 5 years loading. A system-
atic review by Klein et al8 reported a 
90.9% to 100% survival rate for NDIs 
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(category 1) over a 12- to 64-month 
mean range of follow-up. However, 
success rates of these implants as 
determined by clinical success pa-
rameters (implant in function, no 
signs of peri-implantitis, no mobil-
ity, and excellent esthetic outcomes) 
have been reported in only 1 of the 
10 articles reviewed in the < 3 mm 
diameter category. The success rate 
reported was 92.9% in a prospective 
3-year study of implants supporting 
a mandibular over denture.10

In clinical cases with missing 
maxillary lateral incisors or in the 
mandibular incisor area where there 
is limited mesiodistal space for stan-
dard or reduced diameter implants, 
a NDI is often the only implant treat-
ment option. The purpose of this 
case series was to evaluate implant 
survival and long-term esthetic out-
comes including marginal bone lev-
el changes, marginal recession, and 
presence of interproximal papillae 
for NDIs in the maxillary and man-
dibular anterior areas. Prosthetic 
complications and patient satisfac-
tion with the restorations were also 
evaluated.

Materials and Methods

Clinical data in this study extracted 
as deidentified information from 
the routine treatment of patients 
at the Ashman Department of Peri-
odontology and Implant Dentistry 
at New York University College of 
Dentistry (NYUCD). The implant da-
tabase (ID) was certified by the Of-
fice of Quality Assurance at NYUCD. 
This study was in compliance with 
the Health Insurance Portability and 

Accountability Act requirements 
and received Institutional Review 
Board approval (H12209-01-A).

A total of 14 consecutively treat-
ed patients who had received NDIs 
in anterior maxillary or mandibular 
areas were evaluated to determine 
bone levels, facial marginal mucosal 
levels, and papillary changes 3 to 14 
years following insertion of the final 
restorations. The number of patients 
was set at 14 for feasibility of follow-
up. Previous orthodontic and/or 
bone augmentation procedures of 
the implant site were recorded. All 
measurements were performed by 
two calibrated examiners who were 
not part of the surgical team that 
placed or restored the NDIs. This 
calibration was accomplished by the 
two examiners meeting separately 
and together on four separate oc-
casions until the measurements on 
several sample radiographs were 
identical to the nearest 0.1 mm.

A radiographic evaluation was 
conducted to determine the av-
erage mesial and distal bone re-
modeling and bone loss around 
the NDIs. To evaluate bone loss on 
nonstandardized periapical radio-
graphs, the known length of the 
NDI was used for measurement 
calibration. Measurements on the 
digital radiographs were made to 
the nearest 0.1 mm using the x-
ray software (DEXIS). The NDIs in-
cluded in the present study had a 
3-mm machined collar and 1-mm 
restorative platform. All implants 
were placed with a surgical guide 
made from an ideal wax-up. The 
accuracy of precise placement was 
even more important because the 
NDI prosthesis does not allow an-

gled abutments. All implants were 
placed with the restorative platform 
even with the edentulous crest of 
bone and the machined collar sub-
merged. The distance between the 
bone-to-implant contact (BIC) on 
the machined collar to the restor-
ative platform (RP) was defined as 
peri-implant bone remodeling (BR), 
while the distance between the BIC 
on the threads to the apical border 
of the machined collar (AB-MC) was 
defined as peri-implant bone loss 
(BL) (Figs 1 to 3). Bone remodeling is 
the physiologic bone loss described 
in the animal model that takes place 
when the machined implant collar is 
submerged.11 Bone loss occurs on 
the implant threads. The bone level 
on the most recent radiographs was 
compared to the level at the time of 
implant placement. Based on these 
measurements, the average me-
sial and distal bone remodeling and 
bone loss, to the nearest 0.01 mm, 
were calculated for each implant. 

To evaluate gingival health, 
bleeding on probing (BOP) was 
recorded using light probing 
around six aspects of the implant. 
This was recorded as BOP (+) or 
no BOP (−). An esthetic evaluation 
was also performed by measuring 
the changes in facial mucosal lev-
els and assessing the height of the 
mesial and distal papillae around 
each of the NDIs. Mucosal reces-
sion was determined by measuring 
the distance from the midbuccal 
point of the occlusal surface of the 
final restoration to the level of the 
midbuccal marginal mucosa with 
a millimeter probe and comparing 
this measurement to the same one 
made at the last follow-up visit. It 
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was then recorded as recession (−), 
no change in gingival margin (0), or 
coronal movement of buccal mu-
cosa (+) and rounded to the nearest 
millimeter. The papilla index score 
(PIS) was used to determine the 
status of the interproximal papillae 
with scores of 0 (no papilla present), 
1 (less than half the papilla pres-
ent), 2 (more than half of the pa-
pilla present, but not to the contact 
point), 3 (papillae completely fill-
ing the interproximal space), and 4 

(papilla hypertrophy).12 For the final 
restorations of all 19 NDIs, the con-
tact point was placed to match the 
level of the contact points on the 
adjacent teeth in the anterior area. 
In some cases, the contact point 
was lengthened, but in no case was 
the papillae eliminated (Fig 4).

Each patient had been recalled 
at 2- to 4-month intervals for mainte-
nance and monitoring. These were 
described in a previous publication.9 
Measurements and radiographs 

were taken at 6-month intervals. At 
each of these visits, patients were 
asked if they were satisfied with the 
esthetics of the NDI restorations. 
Responses were recorded as unsat-
isfied, satisfied, or very satisfied.

When the PIS was 2 or greater, 
marginal recession was (0) or (+), no 
BOP was observed, bone loss was 
< 0.2 mm per year, and the patient 
was satisfied or very satisfied with 
the esthetics of the restoration, the 
implant was classified as successful.13

Fig 1 Reference points in the radiograph show a distance of 1 mm 
from restored platform (RP) to machined collar (MC). The apical 
border of the machined collar (AB-MC) is where the screw portion 
of the NDI begins. TL = thread length (7, 10, or 14 mm).

Fig 2 Bone remodeling (BR) occurs from the collar to the apical 
border of the machined collar. Radiographs of patient 1, NDI 23 
showing peri-implant bone remodeling of 1.5 mm mesially and 
1.2 mm distally around the machined collar. BIC-c = bone-to-
implant contact on the collar.

Fig 3 Bone loss (BL) occurs apical to the apical border of the 
machined collar along the threaded portion of the implant. 
Radiographs of patient 13, NDI 25 showing peri-implant bone loss 
of 1.3 mm mesially and 1.1 mm distally around the threads with 11 
years follow-up. BIC-t = bone-to-implant contact on the threads.
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Inclusion Criteria

Patients who met the following cri-
teria were selected for the study:

1. Implant placement required 
in the maxillary or mandibular 
anterior area (canine to canine) 
in a site that was dimensionally 
inadequate for placement of a 
standard-diameter implant  
(≥ 3 mm)

2. The area was edentulous for 
at least 3 months following 
extraction

3. Aged at least 17 years and 
facial growth completed; any 
orthodontic therapy and/or 
bone augmentation of the site 
completed at least 6 months 
prior to NDI placement

4. Following computerized axial 
tomographic (CAT) scan evalua-
tion, at least 4.8 mm of distance 
mesiodistally between adjacent 
teeth to allow at least 1.2 mm of 
distance between the NDI resto-
ration (of 1.8, 2.2, or 2.4 mm) and 
the adjacent natural tooth 

5. Dental prophylaxis within 1 
month from the time of surgery

Exclusion Criteria

Patients who met the following cri-
teria were excluded from the study:

1. Smoking more than 10 cigarettes 
per day

2. Untreated periodontitis 
3. Active caries 

4. Severe bruxism and/or clenching
5. Pregnant or intention to become 

pregnant in the next 2 years  
6. Medical conditions or medica-

tions taken that would preclude 
implant placement (eg, uncon-
trolled diabetes, a history of tak-
ing intravenous bisphosphonates 
or any medication that would 
affect osseointegration)

The surgical procedure, postopera-
tive follow-up protocol, and fabrica-
tion of the provisional and definitive 
restorations were described in a pre-
vious study.9 In the present study, all 
but six implants were placed with 
a flapless approach using surgical 
guides fabricated from an ideal wax-
up and made on a vacuum-formed 
tray. The widest diameter of NDI 

Fig 4 Clinical view after final restoration of the maxillary right and 
left lateral incisors. (a) At the 5-year follow-up. (b) Right lateral 
incisor at the 11-year follow-up. (c) Left lateral incisor at the 11-year 
follow-up.

a

b c
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(1.8, 2.2, or 2.4 mm) was selected 
to allow at least 1.2 mm between 
the NDI and adjacent tooth. The 
longest NDI (7, 10, or 14 mm) that 
would fit entirely in bone according 
to the CT scan and would avoid any 
vital anatomy or cause a fenestra-
tion or dehiscence was selected.

Results

In this case series, study subjects 
included 14 patients, of whom 6 

were men and 8 were women, aged 
23 to 87 years (average 48.6 years). 
Of the 19 implants placed, 10 were 
in the mandibular incisor area and 
7 were in the maxillary right and/
or left lateral incisor area. Of the 
14 patients, 4 had received orth-
odontic therapy and 2 had received 
bone augmentation procedures to 
increase buccal-lingual dimension. 
When performed, these procedures 
were completed at a minimum of 6 
months prior to implant placement. 
Of the 14 patients, 3 were smokers 

(< 10 cigarettes per day) and 3 had 
history of periodontitis, while 2 had 
a history of hypertension and one of 
these also had a history of diabetes 
(Type II). These conditions were well 
controlled, and medical clearance 
was obtained prior to treatment. 
These 14 consecutively treated pa-
tients received 19 screw-retained 
NDIs, which were loaded for peri-
ods of 3 to 14 years postinsertion 
(Figs 4 to 11). No implants or pros-
theses were lost or replaced during 
the follow-up period.

Fig 5 Clinical preoperative view showing missing bilateral 
maxillary incisors of patient 8.

Fig 7 Clinical preoperative view showing limited space in the 
maxillary right and left lateral incisor areas of patient 5.

Fig 6 Radiographs of the maxillary right lateral incisor showing the 
presurgical site (left), immediate post NDI placement (center), and 5-year 
follow-up (right) with peri-implant mesial and distal bone remodeling of 
1.3 and 1.4 mm, respectively, without bone loss.

Fig 8 Radiographs at 11 years following NDI restorations showing 
peri-implant bone remodeling around the right lateral incisor of 1.6 mm 
mesially and 1.4 mm distally (left), and around the left lateral incisor 
(right) of 0.90 mm mesially and 0.50 mm distally, without bone loss on 
either implant. 
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No surgical or prosthetic com-
plications were reported with any 
of the 19 NDIs. In the present 
study, the average mesial remod-
eling around the submerged ma-
chined collar was 1.99 mm (range: 
0.20–4.00 mm), while the aver-
age distal bone remodeling was 
1.84 mm (range: 0.10–4.00 mm). 
Of the 19 implants, only 5 (8 sites) 
presented with bone loss around 
the threads, equating to an aver-
age mesial and distal bone loss of 
0.14 mm and 0.17 mm, respective-
ly. Of the 5 implants that showed 
bone loss, none exceeded 0.2 mm 
per year based on the length of 
follow-up.

The average mesial PIS was 
2.47, and the average distal PIS 
was 2.58. Of 19 implants evalu-
ated for buccal marginal mucosal 
recession, 3 showed 1 mm reces-
sion, 14 showed no recession, and 
2 showed 1 mm coronal movement 
of the buccal mucosa. Bleeding on 
probing was reported on 3 of the 
19 NDIs.

All 14 patients reported that 
they were very satisfied with the 
esthetic outcome of their treatment 
(Table 1).

Of the 19 implants, 3 showed 1 
mm of marginal recession and had a 
PIS < 2 and BOP (+). Therefore, 16 of 
the 19 implants evaluated satisfied 

the study implant success criteria, 
producing a success rate of 84.2%.

Discussion

The implant and implant/restoration 
survival rates in this case series were 
100% (19/19). These results are com-
parable to implant survival rates re-
ported in other studies with NDIs.9,14 
Froum et al9 had a 100% survival 
rate with 48 NDIs over a period of 
1 to 5 years. Mazor et al14 placed 
32 implants with only one case of 
failure due to mechanical overload. 
Bulard and Vance15 found a 8.83% 
failure rate for a period of 6 months 

Fig 9 Clinical preoperative view of missing mandibular 
right central incisor of patient 10.

Fig 10 Presurgical site (left), immediate post NDI placement (center), and 
6-year follow-up (right) radiographs showing peri-implant bone loss of 
0.4 mm mesially and 0.6 mm distally.

Fig 11 Clinical view of the NDI restoration 6 years 
postrestoration. 
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to 5 years for 1,029 NDIs. Finally, 
Vigolo and Givani16 placed 52 NDIs 
and had 3 implants fail, for a survival 
rate of 94.2%. The implant survival 
rate of the NDIs in present study is 
also comparable with the implant 
survival rates (92.6% to 100%) of 
standard-diameter implants (SDI).17–

19 The success rate (84.2%) of the 
NDIs in the present study, although 
lower than those published for SDIs, 
were based on stricter criteria than 
were studies reporting the same pa-
rameter. The 3-mm machined collar 
was designed to make plaque re-

moval easier and reduce the risk of 
peri-implantitis. 

Bone remodeling on the sub-
merged machined collar averaged 
1.99 mm on the mesial and 1.84 
mm on the distal side. This is in ac-
cordance with but less than that 
reported in a histologic study in 
dogs by Herman et al.11 Of the 19 
implants, only 5 (8 sites) presented 
with bone loss around the threads, 
which correlated to an average 
bone loss of 0.02 mm per year on 
the mesial side and 0.02 mm on the 
distal. This is considerably less than 

the bone loss (0.22 to 0.80 mm) 
reported for immediately provi-
sionalized narrow- and standard-
diameter implants.16,20,21 However, 
with the small sample size in the 
present study any comparison or 
conclusions should await further 
case evaluations and randomized 
controlled comparison studies. The 
average mesial PIS of 2.47 and the 
average distal PIS of 2.58 mm indi-
cated that the NDIs regenerated at 
least 92.1% of the papilla in all cases 
(35/38 papillae). Other studies us-
ing the PIS to assess implants12,22 

Table 1 Peri-implant Bone Remodeling, Bone Loss, Esthetic Outcomes, and Patient Satisfaction 

Patient

Implant 
site 
(FDI)

Implant 
size  

(mm)

Follow-
up  
(y)

Mesial bone 
remodeling 

(mm)

Distal bone 
remodeling 

(mm)

Mesial 
bone loss 

(mm)

Distal  
bone loss  

(mm)

Marginal 
recession 

(mm) BOP
Mesial 

PIS
Distal 

PIS 

Patient 
satisfac-

tion

 1 32 2.2 × 14 9 1.50 1.20 0.00 0.00 −1 + 1.00 2.00 VS

 2 12 2.2 × 10 9 1.50 1.70 0.00 0.00 +1 − 3.00 3.00 VS

 3 31 1.8 × 14 9 4.00 4.00 0.30 0.80 0 − 2.00 2.00 VS

41 1.8 × 14 9 1.80 1.50 0.00 0.00 0 − 2.00 3.00 VS

 4 31 2.2 × 10 11 0.20 0.10 0.00 0.00 0 − 3.00 3.00 VS

 5 12 1.8 × 10 11 1.60 1.40 0.00 0.00 0 − 3.00 3.00 VS

22 1.8 × 10 11 0.9 0.50 0.00 0.00 0 − 3.00 3.00 VS

 6 22 1.8 × 10 14 1.30 1.40 0.00 0.00 0 − 3.00 3.00 VS

 7 42 2.2 × 14 9 0.20 0.90 0.00 0.00 0 − 2.00 3.00 VS

 8 12 2.2 × 14 5 1.30 1.40 0.00 0.00 +1 − 3.00 3.00 VS

 9 22 2.2 × 14 8 4.00 1.70 0.60 0.00 0 − 3.00 3.00 VS

10 41 2.2 × 10 6 4.00 4.00 0.40 0.60 0 − 2.00 2.00 VS

11 12 2.2 × 10 3 1.90 1.70 0.00 0.00 0 − 3.00 3.00 VS

12 12 1.8 × 14 5 2.10 1.60 0.00 0.00 0 − 3.00 3.00 VS

22 1.8 × 14 5 1.40 0.70 0.00 0.00 0 − 3.00 3.00 VS

13 31 1.8 × 14 11 2.40 4.00 0.00 0.80 −1 + 2.00 1.00 VS

41 1.8 × 14 11 4.00 4.00 1.30 1.10 −1 + 1.00 2.00 VS

14 31 2.2 × 10 7 2.10 2.00 0.00 0.00 0 − 3.00 2.00 VS

41 2.2 × 10 7 1.70 1.20 0.00 0.00 0 − 2.00 2.00 VS

Average 1.99 1.84 0.14 0.17 2.47 2.58
BOP = bleeding on probing; PIS = Papilla Index score; VS = very satisfied.
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whose diameters ranged from 3.0 to 
3.75 mm, have reported scores from 
1.50 to 2.78 with an increase in PIS 
around the implants at the mesial 
and distal aspects. Several authors 
have stated that the papilla level 
around an implant depends on the 
underlying supporting peak of in-
terproximal bone, which requires a 
minimum implant-tooth distance of 
1.5 mm.6,23,24 In cases where a max-
illary lateral incisor or a mandibular 
incisor is replaced with an implant, 
the mesial-distal space is often lim-
ited to < 6 mm. Therefore, ideal 
placement of a NDI (with a diameter 
< 3 mm) is essential to allow main-
tenance of the underlying peak of 
bone and consequently the papilla. 
This is especially critical in cases 
of patients displaying a high smile 
line.25 Based on the criteria used to 
determine success, 16 of the 19 im-
plants (84.2%) were classified as suc-
cessful. This is similar to but slightly 
lower than the one study that re-
ported on NDI success.9 However, 
the current study included a longer-
term follow-up (3–14 years) com-
pared to the earlier study (1–5 years). 
No surgical or prosthetic complica-

tions were noted during the pres-
ent study. In contrast, Vigolo and 
Givani16 reported several prosthetic 
complications. One patient report-
ed the loosening of his custom-
screwed post twice. This may be 
explained by the fact that the screw 
used in that study was made of plas-
tic (3i Implant Innovation), whereas 
the screws used in the present 
case series were made of titanium 
(Dentatus). In addition, five patients 
reported fracture or loosening of 
the provisional resin crowns, and 
seven patients reported recurrent 
loosening of provisionally cemented 
final crowns all with porcelain occlu-
sal surfaces. These problems were 
avoided in the present study, which 
used screw-retained restorations 
and in which the occlusion was ad-
justed to avoid contact in lateral and 
protrusive movements.

The NDI system employed in 
the present study had the advan-
tage of delivering a screw-retained 
definitive restoration. This provides 
an option for retrievability, which is 
extremely useful if the restoration 
requires replacement because of 
porcelain fracture or chipping, or if 

there is a desire to change the por-
celain shade to match the color of 
the aging adjacent teeth. Based on 
the survival rate and results of the 
present and other studies with the 
same brand of NDIs, specific indica-
tions and contraindications can be 
recommended (Table 2).7,9,26,27 

Conclusions 

Within the limitations of this case se-
ries and with the limited number of 
subjects, several conclusions can be 
made. NDIs had a survival rate com-
parable to standard-diameter im-
plants and demonstrated a reduced 
annual bone loss. All NDIs achieved 
favorable esthetic results as report-
ed by all patients in this study, and in 
cases of limited space, NDIs offer an 
implant option with the advantages 
common to standard-implant resto-
rations. The results of the present 
case series regarding NDI survival 
and long-term esthetic outcomes 
are promising, but additional stud-
ies with a larger sample of subjects 
will be required to verify the results 
reported.

Table 2 Indications and Contraindications of Use of NDIs

Indications

Narrow ridge with limited buccal-lingual width

Narrow restorative space with limited mesial-distal width

Medically compromised patient who is not a candidate for ridge augmentation

Economically compromised patient 

Immediate loading and provisionalization in esthetic area 

Temporary implant for fixed provisional during ridge augmentation procedure 

Contraindications

Strong occlusal force (implant may be fractured)

Definitive prosthesis in case of multiple implants requires parallelism (one-piece design limits use of angled abutment)
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