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Abstract
Narrow-diameter dental implants (NDDIs) are suggested to be a reliable alternative to bone augmentation 
techniques, but the evidence regarding the feasibility of NDDIs in the posterior area is limited. This review 
investigated the survival rates of NDDIs, as well as peri-implant clinical and radiographic parameters for 
fixed dental prostheses in the posterior regions in comparison with standard-diameter dental implants 
(SDDIs). One investigator performed an  electronic search of  the English literature until December 2020 
in the Web of Science, PubMed, Scopus, and EMBASE databases. The focused question was: “Do narrow-
diameter dental implants restoring a  fixed dental prosthesis demonstrate more alveolar bone loss as 
compared to standard-diameter dental implants in posterior maxillary and mandibular regions?”
The 9 studies selected for this review assessed a  total of  498 patients (250 males and 206 females; 
42 patients not described in terms of gender) aged 19–81 years, with 725 NDDIs and 260 SDDIs placed. 
The mean follow-up duration was 71 months (range: 12–176 months). A  high survival rate of  NDDIs 
was noticed (97.4%; range: 94.7–100%). The mean probing depth (PD) and bleeding on probing (BOP) 
scores ranged between 3.12 mm and 3.67 mm, and between 10.00% and 33.42%, respectively. However, 
the only study reporting the plaque index (PI) demonstrated a mean PI score of 1.39. The majority of the 
studies reported the mean marginal bone loss (MBL) scores below 1 mm.
In conclusion, NDDIs appear to be a feasible treatment option in patients requiring a fixed dental prosthesis 
in the posterior region, since they exhibit comparable survival rates to SDDIs, as well as a  clinically 
acceptable peri-implant clinical and radiographic tissue response.
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Introduction
Countless clinical reports have revealed the excellent 

predictability and high success rates of dental implant 
therapy.1–3 Additionally, the rehabilitation of  the oral 
cavity by utilizing dental implants may yield an  im-
proved oral health-related quality of life (OHRQoL).4,5 
However, the atrophy of  the alveolar crest with de-
creased bone height and width because of  marginal 
periodontitis, denture wearing, neoplasia, malforma-
tion, and trauma makes the placement of  dental im-
plants challenging. In such scenarios, supplementary 
surgical protocols might be needed to increase an in-
adequate alveolar bone volume and remodel harmful 
sagittal, horizontal or vertical intermaxillary relation-
ships.6 In this aspect, numerous augmentation meth-
ods are suggested in the literature, based on the size 
and site of the defect, including lateral and/or vertical 
alveolar ridge augmentation and maxillary sinus floor 
augmentation.6 However, these augmentation meth-
ods are costly and time-consuming, and require surgi-
cal skills to minimize patient morbidity and to prevent 
several complications, including wound dehiscence, 
hemorrhage, bone fractures, nerve damage, infec-
tions, postoperative pain, and augmentation or dental 
implant failure.7,8 Moreover, augmentation methods 
might carry an increased risk of complications in med-
ically compromised patients (i.e., patients utilizing an-
tiresorptive drugs or having a  history of  radiation to 
the oral and maxillofacial region).8

Implant survival depends on the maintenance of op-
timal conditions of  peri-implant tissues to achieve 
stability. After obtaining osseointegration, the failure 
of  the implant is linked to the gradual loss of  peri-
implant bone tissue, which is due to inflammation in 
the area.9 Therefore, it is essential to monitor the peri-
implant bone levels at regular follow-ups after the im-
plant treatment is completed. If no adequate oral hy-
giene instructions are being followed or the implant 
is overloaded, peri-implantitis and the loss of the im-
plant may occur.10

Narrow-diameter dental implants (NDDIs) are be-
coming a  growing scientific and clinical interest. With 
the use of NDDIs, patient morbidity may be decreased 
by avoiding augmentation or other invasive surgical pro-
cedures.11 Until recently, the application of NDDIs has 
been limited to the replacement of teeth having narrow 
clinical crowns and/or for limited inter-implant or inter-
dental spaces, including mandibular incisors and maxil-
lary lateral regions.12 Several studies have reported the 
survival rates of NDDIs being comparable to standard-
diameter dental implants (SDDIs).13,14 It might be postu-
lated that dental implant survival is not associated with 
implant diameter. However, the utilization of NDDIs is 
avoided in the posterior regions due to biomechanical 
and prosthetic considerations.12

Some studies comparing NDDIs to SDDIs have reported 
comparable dental implant survival rates for both implant 
options.15,16 However, a  few limitations have been sug-
gested with the utilization of NDDIs that should be taken 
into account, including considerably lower fracture resis-
tance in comparison with SDDIs, which increases the risk 
of dental implant failure.17–20 According to Ivanoff et al., 
a decrease in implant diameter results in a decreased im-
plant-to-bone contact region, yielding a  smaller surface 
area; hence, a small diameter may undermine the osseoin-
tegration of NDDIs.21 However, recent studies have dem-
onstrated that NDDIs might be employed for the replace-
ment of  posterior and anterior teeth, with comparable 
clinical and radiographic results.21,22

Till today, the application of  NDDIs has been limited 
to specifically defined indications – for teeth having rela-
tively low occlusal loading, such as incisors, or to retain 
elements for overdentures. Before NDDIs can be recom-
mended in a wider clinical setup, the assessment of  the 
available evidence is essential.23 There is no clinical evi-
dence regarding clinical and radiographic parameters 
around NDDIs for fixed dental prostheses in the poste-
rior regions in comparison with SDDIs. Therefore, this 
systematic review aimed to investigate the survival rates 
of NDDIs, as well as peri-implant clinical and radiograph-
ic parameters for fixed dental prostheses in the posterior 
maxillary and mandibular regions in comparison with 
SDDIs.

Material and methods
The current systematic review was constructed in 

agreement with the guidelines provided in the Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) statement.24

Focused question and study outcomes 

The focused PICO question was as follows25: “Do nar-
row-diameter dental implants (intervention) restoring 
a fixed dental prosthesis (patient) demonstrate more alve-
olar bone loss (outcome) as compared to standard-diam-
eter dental implants (comparison) in posterior maxillary 
and mandibular regions?”

The survival rates of NDDIs were the primary outcome, 
while peri-implant clinical (i.e., the plaque index (PI), 
probing depth (PD) and bleeding on probing (BOP)) and 
radiographic (marginal bone loss (MBL)) parameters con-
stituted the secondary outcomes.

Patient selection and intervention 

The current review included studies with patients 
scheduled for the placement of a minimum of one NDDI 
into the maxilla and/or mandible with a narrow alveolar 
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ridge (i.e., an inadequate bone volume). Any simultaneous 
bone augmentation techniques were not allowed. Stud-
ies with only healthy participants, without any systemic 
condition that might influence bone metabolism and with 
the absence of local infection signs were included in the 
present review. No restrictions regarding patients’ age or 
gender were imposed.

Only reports referring to dental implants of diameters 
ranging from 3.2 mm to 3.5 mm were included, without 
any restriction as to dental implant length. The indication 
for NDDI included the restoration of a fixed dental pros-
thesis.

Search strategy 

The authors searched the Clarivate Analytics’ Web 
of Science (all databases), MEDLINE/PubMed, Elsevier’s 
Scopus, and EMBASE databases from January 1990 to 
December 2020 for suitable publications in English to 
address the focused question. A  complete search was 
carried out with regard to articles that compared the 
alveolar bone loss levels after restoring a  fixed dental 
prosthesis with NDDIs and SDDIs. The following search 
terms were used in all databases: “small implant*” OR 
“small dental implant*” OR “small diameter implant*” 
OR “small diameter dental implant*” OR “narrow im-
plant*” OR “narrow dental implant*” OR “narrow diam-
eter implant*” OR “narrow diameter dental implant*” OR 
“standard implant*” OR “standard dental implant*” OR 
“standard diameter implant*” OR “standard diameter 
dental implant*” OR “regular implant*” OR “regular den-
tal implant*” OR “regular diameter implant*” OR “regu-
lar diameter dental implant*” OR “diameter implant*” OR 
“diameter dental implant*” OR “mini implant*” OR “mini 
dental implant*”.

The titles and abstracts for the eligible studies were 
screened by two authors. If the abstract did not contain 
relevant data in terms of  eligibility criteria, the article 
was excluded. If the title of  the article was relevant, but 
the abstract was not available, the article was chosen 
for a  thorough reading of  the text. Then, the identifica-
tion of  full-text articles that fulfilled the eligibility crite-
ria was performed. The manual search of  the reference 
lists of  clinical studies was carried out to identify pa-
pers that might have been missed during the electronic 
search. The following journals were selected for manual 
searching: Journal of  Periodontology; Journal of  Clinical 
Periodontology; Journal of  Periodontal Research; Clini-
cal Oral Implants Research; Clinical Implant Dentistry 
Related Research; European Journal of  Oral Implantol-
ogy; International Journal of  Implant Dentistry; Journal 
of Periodontal and Implant Science; International Journal 
of  Periodontics and Restorative Dentistry; Implant Den-
tistry; Journal of  Oral Implantology; and Implantologie. 
Articles that fulfilled the selection criteria were analyzed 
for data extraction.

Data extraction 

The following data from the selected studies were ex-
tracted and tabulated: the author(s), year and journal 
of publication; the methodological design of the study; the 
gender and mean age [years] of the study participants; the 
total number of  dental implants placed into the maxilla 
and/or mandible; implant diameter [mm]; the placement 
depth of dental implants; follow-up duration [months]; the 
survival rate of  the dental implant [%]; and the outcome 
of the study. The information gathered was based on the fo-
cused question proposed for the current systematic review.

Eligibility criteria 

The inclusion criteria were as follows: studies on the 
survival rates of  dental implants under functional load-
ing; studies that analyzed peri-implant clinical and ra-
diographic parameters; studies having at least 12 treated 
patients; studies with a mean follow-up duration with re-
gard to dental implant survival of  a minimum of 1 year 
after implant placement; and studies published in the 
English language. The following methodological designs 
were included:
– prospective: cohort, non-randomized controlled and 

randomized controlled studies;
– retrospective: single-cohort and controlled trials.

The exclusion criteria comprised studies having a mean 
follow-up period <1 year, studies discussing simultaneous 
bone augmentation techniques, the utilization of  mini 
dental implants (MDIs) for orthodontic anchorage, re-
views, expert opinions, case reports, case series, animal 
studies, or in vitro studies, studies with <12 patients, and 
studies published in languages other than English.

Risk of bias/quality assessment 

Two investigators evaluated the quality of the included 
studies.

The quality assessment of randomized controlled trials 
was carried out using the revised recommendations of the 
Consolidated Standards of Reporting Trials (CONSORT) 
statement.26 The estimation of quality for each included 
randomized controlled trial was based on the Cochrane 
Handbook for Systematic Reviews of  Interventions.27 In 
summary, the following sections were taken into account: 
reporting bias (selective reporting); attrition bias (incom-
plete outcome data); detection bias (blinding of outcome 
assessors); performance bias (blinding of  research sub-
jects); selection bias (randomization and allocation con-
cealment); and other bias. For each of the above sections, 
the reports were categorized as having a high, low or un-
clear risk of  bias. Overall, the reports were regarded as 
having a high risk of bias if ≥1 criterion was not fulfilled, 
a low risk of bias if all criteria were fulfilled, and an un-
clear risk of bias if ≥1 criterion was partly fulfilled.
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For assessing the quality of  non-randomized and ob-
servational studies, the grading Newcastle–Ottawa Scale 
(NOS) was used.28 This scale utilizes a star system to as-
sess reports with regard to 3 comprehensive aspects29: the 
identification of either the outcome or exposure of inter-
est (maximum 3 stars); the comparability of study groups 
(maximum 2 stars); and the selection of research groups 
(maximum 4 stars).

Additional analysis 

Due to deficient high-quality evidence, limited data 
presented in some studies and the discrepancy between 
the methods used, the utilization of  advanced statisti-
cal analyses was felt inappropriate. The data quality also 
precluded any statistical bias evaluations. The secondary 
outcomes of the present review are presented narratively.

Results

Study selection 

The search of  electronic databases (MEDLINE/
PubMed (n  =  1,517), Scopus (n  =  346), Web of  Science 
(n = 252); and EMBASE (n = 158)) yielded 2,273 relevant 
publications for consideration. After screening titles and 
abstracts, 29 studies were chosen for full-text review; af-
ter the removal of duplicates, 1,686 studies did not meet 
the inclusion criteria and were excluded. The screen-
ing of titles and abstracts resulted in the exclusion of 20 
more studies. Overall, 9 studies were finally selected for 

the present systematic review (Fig. 1). All studies were 
conducted at private dental clinics, healthcare centers or 
universities.

General characteristics  
of the included studies 

Table 1 depicts the general characteristics of the included 
studies. In the present review, 4 studies were retrospective 
clinical trials,30–33 2 were prospective clinical trials,34,35 
2 were retrospective cohort studies,36,37 and 1 study was 
a randomized controlled trial.38 The majority of the clini-
cal trials were published during the 2010s. These studies 
were carried out in Turkey, South Korea, Brazil, Portu-
gal, Belgium, Italy, and China, and were published in the 
International Journal of  Implant Dentistry, Maxillofacial 
Plastic and Reconstructive Surgery, Clinical Oral Implants 
Research, Clinical Implant Dentistry Related Research, 
Journal of Oral Implantology, Implant Dentistry, and Jour-
nal of Periodontology. A total of 498 participants were in-
volved in the studies and included in the present review, 
with male participants (n = 250) slightly outnumbering fe-
male patients (n = 206). However, a study involving 42 par-
ticipants did not mention the gender of patients.30 Overall, 
the sample sizes ranged between 12 and 147, and the age 
range was 19–81 years. The total number of NDDIs was 
725, while the total number of SDDIs was only 260, with 
1 study not providing the number of NDDIs and SDDIs.38 
Overall, 380 implants were placed in the maxilla, where-
as 366 implants were placed in the mandible. One study 
did not report the jaw(s) in which implants were placed.37 
The diameter of NDDIs ranged from 3.2 mm to 3.5 mm, 
while the diameter of SDDIs ranged from 3.5 mm to 4.1 
mm. Overall, 8 studies applied bone-level dental implants, 
whereas only 1 study utilized tissue-level dental implants.38

Survival rate of NDDIs 

All the included reports presented the survival rate 
of NDDIs. Overall, the survival rate of the NDDIs ranged 
from 94.7% to 100%. Out of a total of 725 NDDIs used, 
only 19 failed, which corresponds to an  NDDI survival 
rate of  97.4% during the follow-up time, which ranged 
from 12 months to 176 months. A  higher failure rate 
of  NDDIs was observed in the maxillary arch (n  =  11; 
57.9%) as compared to the mandibular arch (n = 8; 42.1%).

Peri-implant clinical  
and radiographic parameters 

Only one study assessed PI, PD and BOP,36 while 2 stud-
ies evaluated only PD and BOP,37,38 and 1 study evaluated 
only BOP.30 Overall, the mean PD and BOP scores ranged 
between 3.12 mm and 3.67 mm, and between 10.00% and 
33.42%, respectively. However, the only study reporting PI 
demonstrated a mean PI score of 1.39.36

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) flow diagram for the literature search
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All the included studies reported MBL around NDDIs. 
The majority of  the studies (n  =  8) reported the mean 
MBL scores below 1 mm, except one report, which dem-
onstrated a mean MBL score of 1.16 mm.36

Patient satisfaction 

Out of the 9 included studies, only one study evaluated 
patient satisfaction, using a  visual analog scale (VAS).36 
Approximately 90% and 85% of  patients were satisfied 
with the esthetics and function of  the NDDI and SDDI 
restorations, respectively. However, around 10% and 15% 
of patients were not satisfied with the esthetics and func-
tion of the restorations, respectively, mainly due to food 

impaction and buccal mucosal recession. The mean satis-
faction score on VAS was 9.21 ±1.53.36

Study outcomes 

The majority of  the included studies (8/9) concluded 
that NDDIs were a  reliable and predictable method to 
successfully treat patients that require immediate dental 
implant treatment for restoring the posterior maxillary 
and mandibular edentulous regions. According to 1 re-
port, fixed partial denture therapy in the posterior region 
with the use of  NDDIs was a  reliable option, although 
a higher risk of prosthetic complications was observed as 
compared to SDDIs.

Table 1. General description and implant-related characteristics of the included studies

Study Study 
design 

Number of 
participants, 
their gender 

(M+F) and 
mean age 

[years]

Number 
of implants 

– total, 
maxillary/

mandibular

Implant 
diameter 

[mm]

Placement 
depth

Follow-
up 

duration 
[months]

Survival 
rate 
[%]

Study outcome

Eskan et al.30 
2020, Turkey

retrospective 
clinical study

n = 42 
– 
– 
–

171 
NDDIs: 37 
SDDIs: 134 

98/73

NDDIs: 3.3 
SDDIs: 4.1

bone level 55 100

NDDIs successfully treated total 
edentulous patients requiring 

immediate implant placement and 
loading

Woo et al.31 
2016, South Korea

retrospective 
clinical study

n = 66 
(37+29) 

51.4 
(19–76)

98 
NDDIs: 98 

42/56
NDDIs: 3.5 bone level 12–48 100

NDDIs must be considered 
an alternative for SDDIs to restore 

a posterior edentulous region

Garcez-Filho et al.32 
2015, Brazil

retrospective 
clinical study

n = 21 
(9+12) 

55.5 
(33–78)

40 
NDDIs: 40 

40/0
NDDIs: 3.3 bone level 120 97.0

NDDIs installed immediately after the 
split-crest procedure may successfully 
support prosthetic rehabilitation after 

long-time intervals

Maló and 
de Araújo Nobre33 
2011, Portugal

retrospective 
clinical study

n = 147 
(115+32) 

47.5 
(26–77)

247 
NDDIs: 247 

144/103
NDDIs: 3.3 bone level

12–132 
(60)

95.1

the use of NDDIs for the prosthetic 
rehabilitation of the posterior regions of 
the jaws is viable, with good outcomes 

in the long term, irrespective of the 
surgical technique implemented

Lambert et al.34 
2015, Belgium

prospective 
clinical study

n = 20 
(5+15) 

– 
(21–70)

39 
NDDIs: 39 

0/39
NDDIs: 3.3 bone level 12 94.7

the use of NDDIs to restore partial 
edentation in sites with a limited 
horizontal thickness seems to be 

an effective treatment option that 
prevented guided bone regeneration 

in the majority of cases

Mangano et al.35 
2013, Italy

prospective 
clinical study

n = 16 
(9+7) 
58.5 

(48–69)

37 
NDDIs: 37 

14/23
NDDIs: 3.2 bone level 24 100

NDDIs can be used in fixed prosthetic 
rehabilitation in the posterior regions 

of both jaws with a predictable 
positive outcome

Shi et al.36 
2018, China

retrospective 
cohort study

n = 67 
(38+29) 

35.6 
(21–56)

114 
NDDIs: 114 

42/72
NDDIs: 3.3 bone level

96–176 
(121)

97.0

NDDIs, being a predictable treatment 
option, have high survival rates, high 
patient satisfaction, and acceptable 

complication rates and MBL

Pieri et al.37 
2017, Italy

retrospective 
cohort study

n = 107 
(33+74) 

61.0 
(44–81)

239 
NDDIs: 113 
SDDIs: 126 

–/–

NDDIs: 3.3 
SDDIs: 3.5–4.0

bone level 60 99.1

fixed partial denture treatment in the 
posterior jaws with NDDIs was as reliable 
as with SDDIs, although NDDIs showed 
a higher risk of prosthetic complications

Tolentino et al.38 
2016, Brazil

randomized 
controlled 

trial

n = 12 
(4+8) 
43.3 

–

– 
NDDIs: – 
SDDIs: – 

0/all

NDDIs: 3.5 
–

tissue 
level

12 100
NDDIs may be equally used to 

support single crowns in the posterior 
area of the mouth

M – male; F – female; NDDIs – narrow-diameter dental implants; SDDIs – standard-diameter dental implants; MBL – marginal bone loss.
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Risk of bias/quality assessment 

Table 2 presents the assessment of  the quality of  the 
studies included in the systematic review. One study was 
of excellent quality,38 3 studies were of good quality34,35,37 
and 5 studies were of moderate quality.30–33,36

Discussion
The present systematic review aimed to investigate the 

clinical and radiographic parameters around NDDIs for 
fixed dental prostheses in the posterior maxillary and 
mandibular regions in comparison with SDDIs. There is 
a dearth of literature on clinical studies, particularly ran-
domized controlled trials, regarding the survival rates 
of  NDDIs for fixed dental prostheses in the posterior 
regions. Hence, the present review also included obser-
vational studies. Due to the scarcity of randomized con-
trolled trials, a  huge variation in the quality assessment 
was observed among the included studies. Moreover, 
an  enormous variety was noticed in survival follow-up 
duration. Most of  the studies did not mention the rea-
sons for implant success and implant failure. Hence, the 
abovementioned factors have to be taken into account 
while interpreting the outcomes of the current review in 
comparison with other reviews that included randomized 
controlled trials only.

In the present systematic review, MDIs were not includ-
ed to perform a more precise search. This explicit differ-
entiation between NDDIs and MDIs was established to 
avoid confusion. The Glossary of Oral and Maxillofacial 
Implants (GOMI) definition of  MDIs and the threshold 
of an implant diameter >3 mm were applied.39 According 
to the authors of the present review, a dental implant hav-
ing a diameter >3 mm is best considered to be an NDDI, 
which is considerably different from a MDI. This adop-
tion of the GOMI definition and a 3-millimeter implant 
diameter threshold is recommended for future studies to 
differentiate between NDDIs and MDIs.

In the present review, the survival rates of NDDIs seem 
to be comparable to those of SDDIs (>3.5 mm in diam-

eter). Most of the included studies demonstrated survival 
rates >97%, and no report presented a survival rate below 
94%. This may indicate a  reliable alternative treatment 
option; yet, the assessment of the success of NDDI appli-
cations should not be performed exclusively based on the 
identification of dental implant survival.40 The measure-
ment of  peri-implant clinical and radiographic parame-
ters, implant success and indications should also be taken 
into consideration.41 Several extrinsic and intrinsic factors 
might affect the stability of peri-implant clinical and ra-
diographic parameters. Vital intrinsic factors include the 
quality and quantity of surrounding soft and hard tissue. 
However, dental implant design, the total number of im-
plants placed, implant angulation, and depth of insertion 
constitute the implant-related extrinsic factors.40

The survival rates of NDDIs for fixed dental prostheses 
could also be influenced by the higher fracture and failure 
risk.20 The former results from their small surface area in 
contact with the alveolar bone tissue in comparison with 
SDDIs. Because of those risks, NDDIs are preferably em-
ployed only in scenarios with a  reduced ridge thickness 
or in cases having limited space.42–44 In the present re-
view, an overall survival rate of around 98% was reported, 
comparable to what is reported in other studies related to 
SDDIs, i.e., 97%45 and 99%.46 The NDDIs survival rates re-
ported in the present study are well above the success cri-
terion proposed by Albrektsson et al. in 1986, which is 85% 
at a 5-year follow-up and 80% at a 10-year follow-up.47 The 
decreased pain linked to NDDIs is an additional advantage. 
However, this decreased pain perception might be more re-
lated to the diminished number of surgical steps, as a bone 
grafting procedure is not necessary for placing NDDIs.48

Vitamin D pleiotropism is of great interest in contempo-
rary dentistry for clinicians who perform dental implant 
procedures, since it contributes to bone metabolic process-
es and modulates the immune system.49–51 It is assumed 
that the appropriate amount of vitamin D is positively as-
sociated with the process of osseointegration. Several re-
ports demonstrate that this prohormone is potentially vital 
for the process of postsurgical tissue repair, as well as the 
integration of  the dental implant with bone and peri-im-
plant bone homeostasis after a dental prosthesis is placed.52 

Table 2. Assessment of the quality of the studies included in the systematic review

Study Selection Comparability Outcome Score Quality

Eskan et al.30 *** * * 5 moderate

Woo et al.31 *** * * 5 moderate

Garcez-Filho et al.32 *** * * 5 moderate

Maló and de Araújo Nobre33 ** * * 4 moderate

Lambert et al.34 *** ** * 6 good

Mangano et al.35 ** ** ** 6 good

Shi et al.36 ** * * 4 moderate

Pieri et al.37 *** ** * 6 good

Tolentino et al.38 *** *** *** 9 excellent
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Moreover, its function of reducing peri-implant inflamma-
tion is of particular importance.53 At the interface between 
the dental prosthesis and the implant, vitamin D causes the 
induction of regional cells of the immune system, i.e., the 
formation of 1-alpha-hydroxylase by monocytes.53 Hence, 
the authors of this study recommend the use of appropriate 
concentrations of vitamin D in such patients, as vitamin D 
treatment remarkably increases bone levels at the implant 
site, which might be a crucial factor in the long-term sur-
vival of dental implants.54

Another crucial factor that influences the predictability 
of NDDIs is MBL over time.20 According to Assaf et al., 
the predictability of NDDIs depends not only on their di-
ameter, but also on MBL, which should be within com-
parable limits as those reported for SDDIs.12 According 
to the findings of the present review, the majority of the 
included studies reported the mean MBL scores below 1 
mm. These findings are in agreement with the published 
literature, which reports an acceptable MBL of 2 mm in 
the 1st year after the placement of the dental implant, fol-
lowed by 0.2 mm per annum.55,56

The implant type, primarily the surface macrostruc-
ture and microstructure, appears to influence the sur-
vival rate of  the dental implant and implant restoration 
designs.12 Maló and de Araújo Nobre highlighted these 
2 factors, and reported more cases of failure while using 
screw-shaped dental implants having smooth surfaces as 
compared to taper-shaped and surface-treated dental im-
plants.33 They also determined a  potential predisposing 
factor for dental implant failure with partial rehabilitation 
in comparison with complete edentulous and single-tooth 
rehabilitation. However, their report had some inherent 
limitations – varying loading techniques, including im-
mediate loading, were utilized, as well as varying dental 
implant lengths (10–15 mm).33

A decrease in diameter means a  decrease in the im-
plant-to-bone contact surface.12 According to reports, 
implants with wider diameters exhibit greater pull-out 
forces and removal torques. This explains the fact why 
clinicians choose an SDDI when sufficient width is avail-
able, since the outcomes are in favor of SDDIs in regard 
to mechanical strength, initial stability and the available 
surface of osseointegration.21,57

Patient-centered results are mostly overlooked, de-
spite the obvious consequences on the success of dental 
implant treatment.58 The majority of  the included stud-
ies (8/9) did not report patient-centered results (i.e., pa-
tient satisfaction). Patient satisfaction, and the restora-
tion of esthetics and function are the primary goals when 
treating the edentulous patient with the use of dental im-
plants, and hence new reports should evaluate these vital 
parameters of  dental implant therapy.59 In this context, 
the establishment of a well-defined success benchmark is 
necessary for reporting and evaluating prosthetic, dental 
implant and patient-centered results along with technical 
and biological complications.

Limitations 

It is imperative to recognize the limitations of the present 
review. Though there has been a significant increase in the 
number of reports examining the behavior of NDDIs in com-
parison with SDDIs for fixed dental prostheses in the poste-
rior regions in recent years, there is a scarcity of randomized 
controlled/clinical trials. Furthermore, the difficulty of blind-
ing study investigators, subjects and outcome assessors may 
be considered a  bias of  this systematic review. Hence, the 
outcomes of  this study should be interpreted with caution 
due to a low number of randomized controlled/clinical tri-
als, and further clinical trials should be conducted to better 
answer the question as to fixed prosthodontics treatment us-
ing NDDIs in the posterior regions. Despite this, the NDDIs 
applied for fixed prosthodontics therapy in the posterior re-
gions demonstrate high survival rates and clinically favorable 
peri-implant clinical and radiographic parameters.

Conclusions
Within the limitations of the present review, NDDIs ap-

pear to be a feasible treatment option in patients requir-
ing a fixed dental prosthesis in the posterior region, since 
they exhibit comparable survival rates to SDDIs, as well 
as a clinically acceptable peri-implant clinical and radio-
graphic tissue response.

Ethics approval and consent to participate 

Not applicable.

Data availability 

All data generated and/or analyzed during this study is 
included in this published article.

Consent for publication 

Not applicable.

ORCID iDs
Ibrahim F. Alshiddi  https://orcid.org/0000-0002-1272-604X

References
1.	 Al‐Nawas B, Kämmerer PW, Morbach T, Ladwein C, Wegener J, 

Wagner W. Ten‐year retrospective follow‐up study of  the TiOblast™ 
dental implant. Clin Implant Dent Relat Res. 2012;14(1):127–134. 
doi:10.1111/j.1708-8208.2009.00237.x

2.	 Moraschini V, Poubel LAdC, Ferreira VF, Barboza EdSP. Evalua-
tion of  survival and success rates of  dental implants reported in 
longitudinal studies with a  follow-up period of  at least 10 years: 
A systematic review. Int J Oral Maxillofac Surg. 2015;44(3):377–388. 
doi:10.1016/j.ijom.2014.10.023

3.	 Schiegnitz E, Al‐Nawas B, Tegner A,  et  al. Clinical and radiolog-
ical long‐term outcome of  a tapered implant system with spe-
cial emphasis on the influence of  augmentation procedures. Clin 
Implant Dent Relat Res. 2016;18(4):810–820. doi:10.1111/cid.12338



I.F. Alshiddi. Narrow-diameter implants in the posterior regions352

4.	 Heydecke G, Locker D, Awad MA, Lund JP, Feine JS. Oral and gen-
eral health‐related quality of  life with conventional and implant 
dentures. Community Dent Oral Epidemiol. 2003;31(3):161–168. 
doi:10.1034/j.1600-0528.2003.00029.x

5.	 Schiegnitz E, Kämmerer PW, Sagheb K,  et  al. Impact of  maxil-
lary sinus augmentation on oral health-related quality of  life. Int 
J Implant Dent. 2017;3(1):10. doi:10.1186/s40729-017-0072-8

6.	 Al-Nawas B, Schiegnitz E. Augmentation procedures using bone 
substitute materials or autogenous bone – a  systematic review 
and meta-analysis. Eur J Oral Implantol. 2014;7(Suppl 2):S219–S234. 
PMID:24977257.

7.	 Schiegnitz E, Al-Nawas B, Kämmerer PW, Grötz KA. Oral reha-
bilitation with dental implants in irradiated patients: A  meta-
analysis on implant survival. Clin Oral Investig. 2014;18(3):687–698. 
doi:10.1007/s00784-013-1134-9

8.	 Walter C, Al-Nawas B, Wolff T, Schiegnitz E, Grötz KA. Den-
tal implants in patients treated with antiresorptive medication 
– a  systematic literature review. Int J Implant Dent. 2016;2(1):9. 
doi:10.1186/s40729-016-0041-7

9.	 Lindhe J, Meyle J; Group D of  the EuropeanWorkshop on Peri-
odontology. Peri-implant diseases: Consensus Report of  the 
Sixth European Workshop on Periodontology. J Clin Periodontol. 
2008;35(Suppl 8):282–285. doi:10.1111/j.1600-051X.2008.01283.x

10.	 Mahato N, Wu X, Wang L. Management of  peri-implantitis: 
A  systematic review, 2010–2015. Springerplus. 2016;5:105. 
doi:10.1186/s40064-016-1735-2

11.	 Schiegnitz E, Al‐Nawas B. Narrow‐diameter implants: A  sys-
tematic review and meta‐analysis. Clin Oral Implants Res. 
2018;29(Suppl 16):21–40. doi:10.1111/clr.13272

12.	 Assaf A, Saad M, Daas M, Abdallah J, Abdallah R. Use of  narrow-
diameter implants in the posterior jaw: A systematic review. Implant 
Dent. 2015;24(3):294–306. doi:10.1097/ID.0000000000000238

13.	 Cruz RS, Lemos CA, de Batista VE, Yogui FC, Oliveira HF, Verri FR. 
Narrow-diameter implants versus regular-diameter implants for 
rehabilitation of  the anterior region: A  systematic review and 
meta-analysis. Int J Oral Maxillofac Surg. 2021;50(5):674–682. 
doi:10.1016/j.ijom.2020.10.001

14.	 Gonzáles-Valls G, Roca-Millan E, Céspedes-Sánchez JM, Gonzáles-
Navarro B, Torrejon-Moya A, López-López J. Narrow diameter 
dental implants as an  alternative treatment for atrophic alveo-
lar ridges. Systematic review and meta-analysis. Materials (Basel). 
2021;14(12):3234. doi:10.3390/ma14123234

15.	 de Souza AB, Sukekava F, Tolentino L, César‐Neto JB, Garcez‐Filho J, 
Araújo MG. Narrow‐ and regular‐diameter implants in the posterior 
region of the jaws to support single crowns: A 3‐year split‐mouth 
randomized clinical trial. Clin Oral Implants Res. 2018;29(1):100–107. 
doi:10.1111/clr.13076

16.	 Al‐Shibani N, Al‐Aali KA, Al‐Hamdan RS, Alrabiah M, Basunbul G, 
Abduljabbar T. Comparison of  clinical peri‐implant indices and 
crestal bone levels around narrow and regular diameter implants 
placed in diabetic and non‐diabetic patients: A 3‐year follow‐up study. 
Clin Implant Dent Relat Res. 2019;21(2):247–252. doi:10.1111/cid.12712

17.	 Corcuera-Flores JR, Pérez-Fierro M, Blanco-Carrión A, Torres-Lagares D, 
Castellanos-Cosano L, Machuca-Portillo G. Bone loss around nar-
row implants versus standard diameter implants: Retrospective 
2-years case–control study. J Clin Exp Dent. 2020;12(1):e79–e84. 
doi:10.4317/medoral.56422

18.	 Buser D, Von Arx T. Surgical procedures in partially edentulous patients 
with ITI implants. Clin Oral Implants Res. 2000;11(Suppl 1):83–100. 
doi:10.1034/j.1600-0501.2000.011s1083.x

19.	 Akça K, Cehreli MC, Iplikçioğlu H. Evaluation of the mechanical 
characteristics of the implant–abutment complex of a reduced‐
diameter morse‐taper implant: A  nonlinear finite element 
stress analysis. Clin Oral Implants Res. 2003;14(4):444–454. 
doi:10.1034/j.1600-0501.2003.00828.x

20.	 Marcello‐Machado RM, Faot F, Schuster AJ, Nascimento GG, Del Bel 
Cury AA. Mini‐implants and narrow diameter implants as mandibular 
overdenture retainers: A systematic review and meta‐analysis of clin-
ical and radiographic outcomes. J Oral Rehabil. 2018;45(2):161–183. 
doi:10.1111/joor.12585

21.	 Ivanoff CJ, Sennerby L, Johansson C, Rangert B, Lekholm U. Influ-
ence of  implant diameters on the integration of  screw implants: 
An  experimental study in rabbits. Int J Oral Maxillofac Surg. 
1997;26(2):141–148. doi:10.1016/s0901-5027(05)80837-9

22.	 Arisan V, Bölükbaşi N, Ersanli S, Özdemir T. Evaluation of  316 nar-
row diameter implants followed for 5–10 years: A clinical and radio-
graphic retrospective study. Clin Oral Implants Res. 2010;21(3):296–307. 
doi:10.1111/j.1600-0501.2009.01840.x

23.	 Barter S, Stone P, Brägger U. A pilot study to evaluate the success and 
survival rate of titanium-zirconium implants in partially edentulous 
patients: Results after 24 months of  follow‐up. Clin Oral Implants 
Res. 2012;23(7):873–881. doi:10.1111/j.1600-0501.2011.02231.x

24.	 Moher D, Schulz KF, Simera I, Altman DG. Guidance for devel-
opers of  health research reporting guidelines. PLoS Med. 
2010;7(2):e1000217. doi:10.1371/journal.pmed.1000217

25.	 Stone PW. Popping the (PICO) question in research and evidence-based 
practice. Appl Nurs Res. 2002;15(3):197–198. doi:10.1053/apnr.2002.34181

26.	 Pandis N, Chung B, Scherer RW, Elbourne D, Altman DG. CONSORT 
2010 statement: Extension checklist for reporting within person 
randomised trials. BMJ. 2017;357:j2835. doi:10.1136/bmj.j2835

27.	 Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. 
Preferred reporting items for systematic reviews and meta-
analyses: The PRISMA statement. Int J Surg. 2010;8(5):336–341. 
doi:10.1016/j.ijsu.2010.02.007

28.	 Wells GA, Shea B, O’Connell D, et al. The Newcastle–Ottawa Scale 
(NOS) for assessing the quality of nonrandomised studies in meta-
analyses. https://www.ohri.ca/programs/clinical_epidemiolo-
gy/oxford.asp. Accessed March 1, 2021.

29.	 Margulis AV, Pladevall M, Riera-Guardia N, et al. Quality assessment 
of observational studies in a drug-safety systematic review, com-
parison of two tools: The Newcastle–Ottawa Scale and the RTI item 
bank. Clin Epidemiol. 2014;6:359–368. doi:10.2147/CLEP.S66677

30.	 Eskan MA, Uzel G, Yilmaz S. A fixed reconstruction of fully edentu-
lous patients with immediate function using an  apically tapered 
implant design: A  retrospective clinical study. Int J Implant Dent. 
2020;6(1):77. doi:10.1186/s40729-020-00271-1

31.	 Woo IH, Kim JW, Kang SY, Kim YH, Yang BE. Narrow-diame-
ter implants with conical connection for restoring the posteri-
or edentulous region. Maxillofac Plast Reconstr Surg. 2016;38(1):31. 
doi:10.1186/s40902-016-0077-x

32.	 Garcez‐Filho J, Tolentino L, Sukekava F, Seabra M, Cesar‐Neto JB, 
Araújo MG. Long‐term outcomes from implants installed by using 
split‐crest technique in posterior maxillae: 10 years of  follow‐up. 
Clin Oral Implants Res. 2015;26(3):326–331. doi:10.1111/clr.12330

33.	 Maló P, de Araújo Nobre M. Implants (3.3 mm diameter) for the 
rehabilitation of edentulous posterior regions: A retrospective clin-
ical study with up to 11 years of follow‐up. Clin Implant Dent Relat 
Res. 2011;13(2):95–103. doi:10.1111/j.1708-8208.2009.00188.x

34.	 Lambert FE, Lecloux G, Grenade C, Bouhy A, Lamy M, Rompen EH. 
Less invasive surgical procedures using narrow-diameter implants: 
A  prospective study in 20 consecutive patients. J Oral Implantol. 
2015;41(6):693–699. doi:10.1563/AAID-JOI-D-13-00201

35.	 Mangano F, Pozzi-Taubert S, Zecca PA, Luongo G, Sammons  RL, 
Mangano C. Immediate restoration of fixed partial prostheses support-
ed by one-piece narrow-diameter selective laser sintering implants: 
A 2-year prospective study in the posterior jaws of 16 patients. Implant 
Dent. 2013;22(4):388–393. doi:10.1097/ID.0b013e31829afa9d

36.	 Shi JY, Xu FY, Zhuang LF, Gu YX, Qiao SC, Lai HC. Long‐term out-
comes of narrow diameter implants in posterior jaws: A retrospec-
tive study with at least 8‐year follow‐up. Clin Oral Implants Res. 
2018;29(1):76–81. doi:10.1111/clr.13046

37.	 Pieri F, Forlivesi C, Caselli E, Corinaldesi G. Narrow‐ (3.0 mm) ver-
sus standard‐diameter (4.0 and 4.5 mm) implants for splinted par-
tial fixed restoration of  posterior mandibular and maxillary jaws: 
A 5‐year retrospective cohort study. J Periodontol. 2017;88(4):338–347. 
doi:10.1902/jop.2016.160510

38.	 Tolentino L, Sukekava F, Garcez‐Filho J, Tormena M, Lima LA, 
Araújo MG. One‐year follow‐up of titanium/zirconium alloy X com-
mercially pure titanium narrow‐diameter implants placed in the 
molar region of the mandible: A randomized controlled trial. Clin 
Oral Implants Res. 2016;27(4):393–398. doi:10.1111/clr.12561

39.	 Laney WR. Glossary of  Oral and Maxillofacial Implants. Int J Oral 
Maxillofac Implants. 2017;32(4):Gi-G200. doi:10.11607/jomi.2017.4.gomi

40.	 Klein MO, Schiegnitz E, Al-Nawas B. Systematic review on success 
of narrow-diameter dental implants. Int J Oral Maxillofac Implants. 
2014;29(Suppl):43–54. doi:10.11607/jomi.2014suppl.g1.3

https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp


Dent Med Probl. 2023;60(2):345–353 353

41.	 Sohrabi K, Mushantat A, Esfandiari S, Feine J. How successful are 
small‐diameter implants? A literature review. Clin Oral Implants Res. 
2012;23(5):515–525. doi:10.1111/j.1600-0501.2011.02410.x

42.	 El-Sheikh AM, Shihabuddin OF, Ghoraba SM. Two versus three nar-
row-diameter implants with locator attachments supporting man-
dibular overdentures: A  two-year prospective study. Int J Dent. 
2012;2012:285684. doi:10.1155/2012/285684

43.	 Allum SR, Tomlinson RA, Joshi R. The impact of  loads on stan-
dard diameter, small diameter and mini implants: A  compara-
tive laboratory study. Clin Oral Implants Res. 2008;19(6):553–559. 
doi:10.1111/j.1600-0501.2007.01395.x

44.	 Zinsli B, Sägesser T, Mericske E, Mericske-Stern R. Clinical evalua-
tion of small-diameter ITI implants: A prospective study. Int J Oral 
Maxillofac Implants. 2004;19(1):92–99. PMID:14982361.

45.	 Buser D, Mericske‐Stern R, Bernard JP,  et  al. Long‐term evalua-
tion of  non‐submerged ITI implants. Part 1: 8‐year life table analy-
sis of a prospective multi‐center study with 2359 implants. Clin Oral 
Implants Res. 1997;8(3):161–172. doi:10.1034/j.1600-0501.1997.080302.x

46.	 De Souza RF, Ribeiro AB, Della Vecchia MP, et al. Mini vs. standard 
implants for mandibular overdentures: A randomized trial. J Dent 
Res. 2015;94(10):1376–1384. doi:10.1177/0022034515601959

47.	 Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term 
efficacy of currently used dental implants: A review and proposed 
criteria of  success. Int J Oral Maxillofac Implants. 1986;1(1):11–25. 
PMID:3527955.

48.	 Mundt T, Schwahn C, Stark T, Biffar R. Clinical response of edentu-
lous people treated with mini dental implants in nine dental prac-
tices. Gerodontology. 2015;32(3):179–187. doi:10.1111/ger.12066

49.	 Javed F, Malmstrom H, Kellesarian SV, Al-Kheraif AA, Vohra  F, 
Romanos  GE. Efficacy of  vitamin D3 supplementation on 
osseointegration of implants. Implant Dent. 2016;25(2):281–287. 
doi:10.1097/ID.0000000000000390

50.	 Eisman JA, Bouillon R. Vitamin D: Direct effects of vitamin D metab-
olites on bone: Lessons from genetically modified mice. Bonekey 
Rep. 2014;3:499. doi:10.1038/bonekey.2013.233

51.	 Moreira ML, Neto LV, Madeira M, Lopes RF, Fleiuss Farias ML. Vita-
min D deficiency and its influence on bone metabolism and den-
sity in a  Brazilian population of  healthy men. J Clin Densitom. 
2018;21(1):91–97. doi:10.1016/j.jocd.2017.01.008

52.	 Mangano FG, Oskouei SG, Paz A, Mangano N, Mangano C. Low 
serum vitamin D and early dental implant failure: Is there a  con-
nection? A retrospective clinical study on 1740 implants placed in 
885 patients. J Dent Res Dent Clin Dent Prospects. 2018;12(3):174–182. 
doi:10.15171/joddd.2018.027

53.	 Trybek G, Aniko Wlodarczyk M, Kwiatek J, et al. The effect of vita-
min D3 on the osteointegration of  dental implants. Balt J Health 
Phys Act. 2018;10(4):25–33. doi:10.29359/BJHPA.10.4.02

54.	 Kwiatek J, Jaroń A, Trybek G. Impact of the 25-hydroxycholecalcif-
erol concentration and vitamin D deficiency treatment on changes 
in the bone level at the implant site during the process of osseoin-
tegration: A prospective, randomized, controlled clinical trial. J Clin 
Med. 2021;10(3):526. doi:10.3390/jcm10030526

55.	 Papaspyridakos P, Chen CJ, Singh M, Weber HP, Gallucci GO. Suc-
cess criteria in implant dentistry: A  systematic review. J Dent Res. 
2012;91(3):242–248. doi:10.1177/0022034511431252

56.	 Roos J, Sennerby L, Lekholm U, Jemt T, Gröndahl K, Albrektsson T. 
A qualitative and quantitative method for evaluating implant suc-
cess: A 5-year retrospective analysis of the Brånemark implant. Int J 
Oral Maxillofac Implants. 1997;12(4):504–514. PMID:9274079.

57.	 Kido H, Schulz EE, Kumar A, Lozada J, Saha S. Implant diameter and 
bone density: Effect on initial stability and pull-out resistance. J 
Oral Implantol. 1997;23(4):163–169. PMID:9477851.

58.	 Dierens M, Collaert B, Deschepper E, Browaeys H, Klinge B, De Bruyn 
H. Patient‐centered outcome of  immediately loaded implants in 
the rehabilitation of  fully edentulous jaws. Clin Oral Implants Res. 
2009;20(10):1070–1077. doi:10.1111/j.1600-0501.2009.01741.x

59.	 Papaspyridakos P, Mokti M, Chen CJ, Benic GI, Gallucci GO, Chro-
nopoulos V. Implant and prosthodontic survival rates with implant 
fixed complete dental prostheses in the edentulous mandible after 
at least 5 years: A  systematic review. Clin Implant Dent Relat Res. 
2014;16(5):705–717. doi:10.1111/cid.12036


