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ABSTRACT

Insufficientbone volume and narrow mesiodistal space often compromise Standard Diameter Implant (SDI) treat-
ment planning. In order to achieve successful results, these compromises may incorporate prior treatmentsuch as
guided bone regeneration (GBR), block bone grafting, or distraction osteogenesisthatrequires extra time and cost
and could result in unpredictable complications. A narrow diameter implant (NDI) is smallerthanastandard diame-
ter implant with a diameter lessthan3.5 mm. This scoping review was performed to assess the use of NDI in pros-
thodontic care. Itis concluded thatNDI reasonably resembles SDI clinical successrate interms of periodontal health,
marginal bone remodeling, restoration, and patientsatisfaction. The NDI offers similar survival rate to SDI, with pro-
mising long-term esthetic outcomes and can be used as the primary treatment alternative in restoring single tooth

or splinted crowns in the anterior and posterior region, especially with narrow mesiodistal space.
Keywords: narrow diameter implant, small diameter, implant, treatment

INTRODUCTION

Missing teeth is a very common occurrence in
dentistry. Nowadays patients' expectations are al-
ready shifted and seetoothloss asavery negative
effect that can affect their daily life.! Patient cons-
ciously seeks treatment when experiencing tooth
lossinthe anteriorregion becauseit’s affectedtheir
aesthetics, butwhenithappensinthe posterior re-
gion, the patienttendstodelay the treatmenthowe-
ver patientshould be educated more aboutthe need
fortoothreplacement.2Clinically, the missing tooth
thatis notreplaced canleadto extrusion of the an-
tagonistteethwhichwillinterfere withocclusionand
complicate further rehabilitation. Thetilting ofthe ad-
jacentteethisalsoone ofthe consequences of not
replacing missingteethand canincrease periodon-
tal abnormalities and caries development.®Thus,
rehabilitation treatment for missing teeth should be
able torestore masticatory function, speech, com-
fort,and aesthetics.2*Several treatment options to
replace lostteethinclude removable dentures, fix-
ed dentures, and alsoimplant-supported dentures.2

Modern dentistry has developed towards resto-
ring the patient's teeth to their original condition in
contour, function,comfort, esthetics, speech, and
restoring to a healthy condition by removing dis-
ease from the tooth or replacing it with a prosthe-
sis. Thetrend of using implant-supported dentures
comparedto conventional removable dentures is
alsoincreasinginvarious countriessuch as South
Korea, countries in Europe, and America. There-
fore, implantsinthefield of dentistry continue to be
developed with research, diagnostic tools, treat-
mentplans, designs, cutting-edge materials, place-
ment techniques, and predictions of success in
various clinical situations.*

Implantrestorations are reported tohave had a
high success rate, both in partial and total tooth
loss.> By 2020, 90% of prosthodontists were rou-
tinely working on implant-supported restorations
forbothfixed and removable restorations. Implants
are chosenby prosthodontists because they have
several advantages over fixed or removable den-
tures, including maintaining bone, increasing occlu-
sion stability andincreasing chewing power,impro-
ving phonetics and restoring oral function, redu-
cingthe size ofthe denture (does not require a pa-
latal base and does not require additional reten-
tion of the buccal and labial flange), improves the
stability and retention of removable dentures, and
can supportbothfixed and removable restorations,
resulting inamore permanent denture. Althoughit
is widely known, the development of implant res-
torationis stillgoing to grow.4 The requirements for
implant placementrequire adequate bone volume
andadequate mesiodistal edentulous space sothat
theimplantcanbe placed properly. Ifthereisalack
of bone volume, it can require a guided bone re-
generation.®

Implants are well known for their qualified na-
tureto be themostideal treatment of choice for mis-
sing tooth cases. Some of the implant properties
are designed to optimize implant placement, can
produce primary stability,and mustbe able to distri-
bute stress on the bone, and the structure on the
implantsurface mustbe able to provide cell adhe-
sionanddifferentiation duringthe bone remodeling
process.* For implants with a standard diameter
or called standard-diameterimplant (SDI) the ave-
rage implantwidthis 3.75-4.1 mm and the required
installation distance betweenimplants or with neigh-
boringteethis 1.5-2 mm so that a total distance is
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required more than 6-6.5 mm in order to obtain a
goodimplantplacementresult.>¢ However,insome
clinical cases, many cases of the missing tooth
were foundwhich conditions alreadyimpossible to
install SDI due to thin buccal lingual bone conditi-
ons or shortmesiodistal edentulous distances. Al-
though in bone conditions that do not meet the
standard of implant placement, horizontal bone
augmentation can be done such as bone splitting,
block bone grafting, and distraction osteogenesis,
these techniques have procedures that are too
complicated, prolonged treatment time, are quite
expensive, and unpredictable complications that
cannot be avoided.’

AtreatmentplanwithNDI canbe an alternative
treatment in cases with inadequate bone volume
both in the buccolingual and mesial-distal direct-
ions.® The term narrow-diameter implant or com-
monly called NDI has different size classifications
inthe existingliterature, but in general the implant
diameterissaid to be less than 3.5 mm.® NDI be-
gan to be known in 1995, with the development of
existingtechnology the use of NDlI is increasingly
popular.® However, the use of NDI does not have
the same indication as SDI. Therefore, NDI has a
specificindication inthe form of limited mesiodistal
space, for restoring mandibular incisors and maxil-
lary lateralincisors.?® There is still debate over the
use of NDI, especially inthe use of the posterior re-
gion and as a single or splinted crown.”° NDI is
expectedto be applied morewidelyin prosthodon-
tictreatmentfor elderly patients, and patients with
inadequate soft and hard tissue support, so that
can shortenthe treatment sequence also costs in-
curred by patients.®71011

This scoping review assesses the uses of NDI
in prosthodontic care. In addition, to see how the
considerations, indications, and evaluation of the
NDI placement supported various types of fixed
denturerestorations bothforthe anterior and pos-
terior regions. Therefore, it is hoped that this sco-
ping review canimprove the understanding of den-
tists and as a basis for scientific evidence on the
use of NDI in prosthodontics treatment.

METHOD

Thewritingwas made as ascopingreview based
on the definition presented by Arksey & O’'Mailey.
The objective of this scoping review is to summa-
rize and present the result of research that has
been conducted aboutone partof certain topics or
field science. The making of this scoping review
was arranged in several stages, determining the
question study, determining the type of relevant
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research, conducting a selection study, collecting
data on a chart, and composing.*?

Theresearch question used in composing this
scoping review is what prosthodontics treatment
can be done with a NDI?. The defined population
is subject with tooth loss and treated with NDI.

Search literature was carried out with an elect-
ronic searchusing PubMed, EBSCO, and Scopus.
Thesearch strategy usesthese specialised terms:
(((small-diameter) OR (narrow)) AND (implant))
AND (restorations). The search of the literature has
been given several limitations published in 2017-
2021, clinical studies in humans, also publishedin
English. Inclusions and exclusions criteriaused for
selecting literature have been obtained and can
be seen in table 1.

Independently screened all the titles and abs-
tractthathasbeenfoundand excluded studies for
their irrelevance to the review based on the inclu-
sionand exclusion criteria. Several literatureswere
eliminated due to the unavailability of full text and
duplicated fromthethree search engines. Results
of the collected information will be displayed in a
table withrelevantinformation such asthe author’s
name, year published, objective, method, and con-
clusion.

Records indetified through
database searching (n = 89)
Pubmed = 13, EBSCO = 26

Identification

Scopus =50
Duplicates in
~ database
. searching
Selection || Records after duplicates (n = 22)
removed (n = 67)
Records exluded
(n=34)
Full-text articles assesed
Eligibility || for eligibility (n = 33)
Full-text articles excluded
with reasons (n = 25)
Inclusion Studies included in quantitive synthesis
(n=8)

Figure 1 PRISMAFlowdiagram forthe scoping review process

Review of literature
Theelectronicsearchusing keywords on Pub-
med, EBSCO, and Scopus identified 89 articles.
22 articles are excluded because of duplication
from the three search engines. Several articles
were excluded due to irrelevance to the review
based on inclusion and exclusion criteria. A full-
text search of the entire remaining findings was
conducted and read thoroughly. The remaining li-
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Criteria
Period
Language
Subject
Concept
Context
Design

Inclusion
Published January 2017 — December 2021
English
Patients
Clinical evaluation and definitive restoration using NDI
Reporting patient's clinical evaluation.

Randomized Clinical Trial, Retrospective Study, Prospective Study, Observational Study

Exclusion
Published before January 2017

Non-english
Non-patients
Using non-NDI

Not discuss the patient clinical evaluation.

Case report, Consensus Report

Table 2 Basic characteristics, objectives, methods, and conclusion included in the scoping review

No ?3;2?; Objective Method Conclusion
. . . Evaluation on 107 patients after 5 years: 5 years evaluation study indicate that the survival
The aim of this study is to compare 5 years outcome of ) . ) .
Francesco . . . . . 1. Prosthesis Failure rate of NDI was comparable to SDI in supporting
1 Pieri NDI to SDI in supporting fixed partial denture in the . . . ; . -
ieri, et osterior region 2. Implant Failure Fixed Partial Denture in the posterior region, but
al.(2017)%0 E)Pros ectivg) 3. Evaluation and biological complications the prosthetic complications in NDI were
P 4. Major and Minor Prosthetics Complications significantly higher than the SDI.
. . . . e No implant failure or prosthetic complications
Egztlf;g;g%g? 19 implants in 14 patients after 314 years indicating a 100% survival rate and 84,2%
Stuart J Evaluation of peri-implant bone remodeling, healing of 1. Bone Remodelling . illjlccz‘:,iseg?;e.re orted being satisfied with the
> Eroum 'et the soft tissue, aesthetic, also patient satisfaction on 2. Bone Loss resuFI)t P 9
al (20]’_7)5 NDI loading (1.8mm — 2.4 mm) in the incisivus region. 3. Marginal recession R ) tively th 199 d184 .
' (Retrospective) 4. Bleeding on Probing ¢ Respeclively there are 1,99mm and 1,6amm in
5. Papila Index Score (PIS) mesial and distal bone remodeling.
6. Patient Satisfaction e There is bone loss on average of 0.14mm and
' 0.17mm on the mesial and distal bone sides.
g?:}g?ggtfalloz\é?r%at'on on 48 implants in 53 patients after There is no failure on the implant that
) .
. . . . .. 1. Bleeding on Probing (BOP) and plaque index on the concluded a 100% s_urvwal rate.
. Restoration evaluation on the single-tooth implant with . ey . e 3 changed restorations for another reason
Andreé . . o . . : mesial and distal implant and adjacent tooth. ;
. one-piece yttria-stabilized zirconia abutment in narrow - - X . than failure.
Nilsson, et ; . 2. Evaluation of Marginal bone loss (MBL) in 3-phase: . . . .
3 al (3,3 mm) a_nd r_egular dlameter |r_nplant controlled after * Baseline (prosthetic loading) e 5 fracture_ of internal one-piece zirconia
(2021)1 6 after loading in the anterior region. - First control (about 20 months) abutment in 3.3mm NDI

(Prospective)

- Final registration (about 54 months)
3. Questionnaire function evaluation and aesthetic while
final registration using Visual Analog Scale.

e The majority of patients are very satisfied with
the aesthetic and function of the implant
restorations.
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Evaluation on 3 years from 83 implants in 59 patients.
1. Marginal bone analysis based on radiograph on The current study confirms that there is no
Pablo examinations in first examinations, implant influence of distance between the implant and
Galindo- To investigate the distance between NDI and adjacent placement, restoration delivery, 6 months, 12 months, adjacent tooth in NDI.
‘4 Moreno teeth influence the marginal bone level up to 3 years of 36 months output. But this study found less MBL occurred in
et al " placement. 2. Distance between adjacent tooth and implant at the narrower distance to adjacent tootth.
(2017)# (Prospective) time of implant placement In this study, MBL changes in adjacent teeth
- Narrow: 3,2 - 5,54 mm were not significant.
- Reguler: 5,55 -7,14 mm
- Wide: 7,15-10 mm
Evaluation on 98 implants in 67 patients, 8 years follow
up
1. Long-term survival rate calculated with Kaplan-Meier NDI could be a predictable treatment
Jun-Yu Evaluation of the long-term survival, complications, Survival Plots. alternative for the long term.
5  Shi etal peri-implant conditions, MBL, and patient satisfaction of 2. Peri-implant condition while 8 years follow up This study showed high survival rates, high
(20i8)7 " FPD supported NDI in the posterior region 3. Evaluation of MBL between baseline and follow-up in patient satisfaction, acceptable complication
(Retrospective) mesial and distal restorations. rates, and also marginal bone loss could be
4. Complications rate per implant per patient. achieved.
Questionnaire function evaluation and aesthetic while
final registration using Visual Analog Scale.
Saba NDI (3.3mm) Ti-Zr alloy implants with a chemically Egrlodontal evaluations on 47 patients in 1-year follow- e There is no significant difference found in both
Sameeh  modified hydrophilic surface are not inferior inregardto "~ . . periodontal evaluations indicating that NDI TI-
6 Ghazal, et crestal bone level compared to SDI (4.1mm) implants 1. Crestal bone Ieyel change n ND and SDI while implant ZR with a chemically modified hydrophilic
. . . . placement and implant loading (IP dan IL) .
al. with the same material in a single crown on the anterior : o . surface is not comparable to SDI and can be
(2019)>  or posterior region. (RCT) 2. Success rate, survival rate, gingival recession, and used as an alternative treatment plan
P glon. patient satisfaction. pan.
. . . ) ¢ NDI can be used with a provisional restoration
e . . Evaluation after 2 years in 16 patients: - . . ) .
Evaluate within clinical and radiographic parameters, . as a minimally invasive treatment in healed sites
peron implant survival and success rate of single, narrow. 1. Implant success and survival rates. with thin bone crest and for the presence of
Christian, . pant - gie, ! ' 2. Average MBL of healed and fresh socket. . P
7 immediately loaded implant (3.1 mm) placed in fresh - X iy reduced interdental spaces.
et al. . ) . i 3. Average Pink Esthetic Score (PES) within 1 year and . " . .
(2020)° extraction socket or healed socket in the anterior region 2 years follow-up e Soft and hard tissue stability was achieved in a
(Prospective) 4. The probing average on 2 years follow-up. fresh ~ extraction socket with immediate
provisional restorations.
Compared_the peri-implant hegl_th, implant Stab'“.ty’ aqd Clinical evaluation on weeks 1, 2, 4, 8, and 12 months in . .
. concentrations of pro and anti-inflamatory cytokines in : . Probing depth was better in the IL group, but
Bielemann h imol icular flui ; ioul 20 patients after surgery:: here | anifi It h
8 AM. etal. the pe?-lmp an_t crevicular fluid (PI_CF) I|nI mandlbu ar Peri-implant condition there is no signi icant result or others.
(2018)11 edentulous patients under conventional loading (CL) 2. Implant Stability Quotient (ISQ) Implant stability and marker inflammatory are
3

and immediate loading (IL) in using NDI as a retainer of
mandibular overdentures. (RCT)

Marker Inflammatory Peri-implant Crevicular Fluid

more stabilized in the CL group.
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terature was studied thoroughly with the full-text
version and it was obtained 8 articles. The flow
ofliterature search usedinthis scoping reviewcan
be seenin Fig.1, while the results of the literature
used inthis scoping review canbe seen in table 1.

RESULTS

The electronic searchin the database Pubmed,
Ebsco,and Scopus provided atotal of 89 titles that
were considered potentially relevant. There are 8
full-textthatinclude inthis study, such asfour pros-
pective, two retrospective, and two RCT. Partici-
pantsthatwereincludedin the studies were 16-107
participants. The time ofthe study also variated 1-
14 years. All the studies included partial edentu-
lous either in the anterior or posterior region. As-
pects that were used in the studies are the survi-
valrate and success rate, periodontal aspect, also
VAS questionnaire, and patient satisfaction.

DISCUSSION

First introduced by Brandemark, implant has
beenusedfor a long time, along with the develop-
mentoftheimplanttechnologythe uses of implant
haswidely indications. Nowadays, NDI are availa-
ableinalmostallimplantbrands and designed sig-
nificantly for mesiodistal space less than 6 mm or
space betweenthe implant and the adjacenttooth
or buccal lingual bone height is 2 mm.>%° Narrow
interdental space, usually inthe incisor and premo-
lar regions, is one of the main indications for NDI,
but after shorts and long studies, it has been
indi-dicated for the other region also type of work.

Prosthodontictreatmentis thefinal stage of den-
tal treatment which include rehabilitation after all
the pathological conditions are met. In SDI many
pathological conditions are resulting in bone loss
thatneedsto have another set of surgeries for the
pre-prosthodontics treatment, butwitha NDI, some
surgeries can be avoided. The NDI would be be-
neficial to decrease the rate of bone augmentati-
onforimplantinsertion, this can help elderly pati-
ents or patients with a medical risk factor to have
reduced surgical invasiveness for implant place-
ment. Also, there are concerns and restrictions
againsttime-consuming treatmentsassociated with
complications and pain. For patients with systemic
conditions or elderly patients, NDI can be one of
the main alternatives if patients need an implant
but without any pre-surgery, because NDI needs
less space and bone volume so can be placed di-
rectly and resulting in shorter treatment time and
reducing the risk of complications.®%1°

As one of the alternative treatment plans, NDI

certainly has advantages and disadvantages such
as reported in in-vitro studies and finite-element
analysisthatoverloadingof NDI may result in peri-
implant crestal bone resorption which will compro-
mise thelongevity and success of the treatment.°
Bone thickness around the abutment or implant
screw also increases the risk of fracture both for
the implant fixture or screw.”However,inaretros-
pective study of NDI placement for splinted FPD
in the posterior region, the success rate and mar-
ginal bone loss were comparable with SDI.2°A 10
yearsretrospective study also indicated that single
and splinted FPD both in the anterior and posteri-
orregion showed a reasonable success rate also
a high patient satisfaction rate. This is due to the
improvementinthe material of implant fixture with
Ti-Al-V alloy material used to manufacture NDIto
increase fatigue resistance and biocompatibility.®
Moreover, further research is needed to evaluate
and predictable outcome oftreatmentusing NDlin
the molar region.’

This scoping review assesses the uses of NDI
in prosthodontic care. Our scoping review identi-
fied consideration, indication, restoration, and eva-
luationof NDI. Fromtheeightliteraturesthatmatch
theinclusion criteria, there are differencesin study
design, implant diameter size, restorative materi-
als, and evaluation methods so there are possibi-
bilities that can lead to limited information and in-
consistencies in the summary.

Judgingfromthe research design in the seven
selectedliteratures, there arefour prospective stu-
dies®101314 two retrospective studies®’, and two
RCT studies!'*>, Based on the size of the implant
diameterused, thereisliterature thatuses implants
size 1.8-2.2 mm®, 2.9 mm**®, 3 mm®&'2, 3.1 mm¢,
dan 3.3 mm” 131 For restorative materials, some
literatures do notspecifically mention the restora-
tive materials®, there is literature using PFM"1415)
lithium disilicate®*3, and there is literature that in-
cludes both materials.®In these eight literatures,
someresearchers evaluate only based on objec-
tives 10111415 g|so objective and subjective®>’ 13 from
patients.

Inastudy conducted by Galindoetal on the im-
plantplacement of 83 NDI in 59 patientsand eva-
luation every sixmonthsto 36 monthsin the maxil-
lary and mandibular incisor regions, a 100% suc-
cess rate was obtained with an average marginal
bone loss of 0.0-0.50 mm in 36 months follow-up
bothinthe anterior and posterior region. Distance
from implant to adjacent tooth was counted nar-
row, regular, or wide but marginal bone loss was
found to be less in the narrow distance. Thesere-
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sultsarein line with the study conducted by Peron
and Romanosin 16 patientswith 16 NDI in the an-
teriorregionwith afollow-up period of two years for
both newly formed and healed sockets having a
100% success rate.'*

Figure 2(a) Clinical features of the mandibular anterior region
before and after NDI placement with restoration follow-up for
6 years, (b) radiographic periapical before implant placement,
immediate implant placement,and 6 years follow-up after res-
toration.®

Figure 3(a) Clinical features of the posterior region before,
during, and after insertion of the NDI with restoration follow-
up after 2 years, (b) radiographs periapical before implant
placement, during implant placement, and 2-year follow-up
after restoration.®

Evaluation ofthe patient satisfaction obtained by
Stuartetal, Nilssonetal,and Shi et al showed that
most patients were satisfied with both the aesthe-
ticandfunctional results resulting fromthe installa-
lation of NDI.57.13Study conducted by Stuart, et al of
14 patientsreported boneremodeling withanave-
rageof1.9mmand 1.84 mmin the mesial and dis-
tal parts of the implant, and only 5 implants expe-
rienced bone loss but only 0.14 mm in the mesial
and 0.17 mm distal to the follow-up period of 3-14
years.®

Nillson, etalalso reported that 14 patients with
16 NDI had a 100% success rate despite 5 frac-
tured restorations with one-piece zirconia abut-
ments. Based on a study conducted by Shi, et al
with afollow-up period of 8 yearsin 67 patients with
98 NDI it was found that both single and splinted
restorations in the posterior region had a success
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rate of 96.9% at implant level and 97% at patient
level. Themean MBL obtainedwas 1.19 mmatthe
implantleveland 1.15mm at the patient level, and
only 8.5% ofimplants and 9.2% of patients had peri-
implantitis; 89.2% of patients were satisfied with the
aesthetics produced, thiswasinline with 84.6% of
patients satisfied with the function obtained.*3
Inthe study of the use of NDI in the restoration
of the posterior region reported by Shi etal, alsoa
similarstudy was carried outby Pieri et al reported
113NDlin 49 patients compared to 126 SDI in 58
patients, there were 12 cases of prosthesis com-
plications butonly 2 cases of prosthesis complica-
tionsin SDI. However, thisisinversely proportional
tomarginalbone loss in NDI patients, only 36.7%
experienced a bone loss of more than 1 mm, and
8.2%experienced morethan 2 mm, this was quite
far adrift in the SDI group who experienced more
than 1 mm bone loss (43.1%) and losses above 2
mm (13.7%). Implant success rates at the 5-year
follow-up period for the NDI were 99.1% and SDI
96.8%.%°
Inastudy usingtitanium-zirconiumalloyimplant
material by Ghazal, etal, similar results were also
found. Atoneyearfollow-up, the successrate was
100%, crestal bone loss was only 0.27-0.34 mm
and this figure was lower than the use of SDI with
the same implantmaterial, aswellasingingival re-
cession andalso satisfaction levels of patients did
not differ significantly between SDI and NDI.*®
ARCT conducted by Bielemannet al on 20 pa-
tientswith edentulous mandibular. It was reported
that2 NDIswere installed in the anterior mandibu-
lar region asretention of the mandibular overden-
ture, 10 patientswere carried out with the conven-
tional loading protocol, namely MO installation 12
weeks after implant placement, and 10 patients
underwentimmediate loadingwithMO installation
directly after implant placement. Obtained on the
immediate loading protocol (IML) probing depthre-
sultsare betterthanthe conventionalloading (CL).
However,inthe CLgroup, theimplant stabilitywas
betterandthe number ofinflammatory markerswas
lower. The other periodontal parameters were not
statistically significant. In clinical results, both CL
and IML showed good osseointegrationin the use
of NDI as a retainer formandibular overdenture.!
Inline with the scoping review question and ob-
jectives, there were limitationstothe searchto stu-
diesNDI in prosthodontics treatment. Most of the
literature had afollow-up oflessthan 5 years, even
for the mandibular overdenture supported by NDI,
thefollow-up was conducted only after 1 year. Fur-
ther studies with longer follow-ups are needed to
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determine the long-term result of NDI as a pros-
thodontics treatment.

The other limitation is the lack of reports on
using NDI as the supported FPD in the posterior
regionbothinsingle and splinted crowns especial-
lyinthe molarsregion.Inastudy conducted by Shi,
et al even though there was the use of NDI in the
molar region but the population was still less than
in the premolar region. So that more research is
neededtouse NDlas an alternative option for sup-
ported single or splinted FPD in the molar region.
For the last addition, the diameter of the NDI used
in the scoping review is all in different sizes, so it
is necessaryto conductfurtherresearchonthe use
of the right diameter for each treatment plan.

Inconclusion, our scoping reviewidentified that
aNDlhasareasonableclinicalsuccessrateinterms
of periodontal health, marginal bone remodeling,
restoration,and patient satisfaction, alsoitresem-
bles a Standard-diameter implant's success rate
in follow up 1-14 years. The NDI can be the main
choice in supporting single FPD both in the ante-
riorand posterior region with short mesial and dis-
tal distance because the distance betweenthe im-
plantandthe adjacenttooth did not affect the mar-
ginalbonelevelresorptionbothinthe implantorthe
adjacent tooth, and also NDI has the potential to
be used as a retainer in mandibular overdenture
both in the conventional loading and immediate
loading.
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