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Abstract

Objectives: To report the clinical, radiographic, esthetic, and patient-reported out-
comes after placement of a newly developed narrow-diameter implant (NDI) in pa-
tients with congenitally missing lateral incisors (MLIs).

Materials and methods: Patients with MLIs with a mesio-distal distance between the
canine and the central incisor of 5.9-6.3mm received a dental implant with a diam-
eter of 2.9 mm (Test), while a diameter of 3.3mm (Control) was used when the dis-
tance was 6.4-7.1 mm. After healing, a cement-retained bi-layered zirconia crown was
fabricated. At the 1-year follow-up (T2), implant survival rate, marginal crestal bone
level (CBL) changes, biological and technical complications were registered. The es-
thetic outcome was assessed by using the Copenhagen index score, and the patient-
reported outcomes were recorded using the OHIP-49 questionnaire.

Results: One hundred patients rehabilitated with 100 dental implants @0.9 mm
(n=50) or @3.3mm (n =50) were included. One @3.3mm implant was lost, and seven
patients dropped out of the study, yielding an implant survival rate of 99% (p =1.000).
At T2 a. CBL of -0.19 +0.25mm (Test) and -0.25+0.31 mm (Control) was detected,
with no statistically significant difference between the groups (p =.342). Good to
excellent esthetic scores (i.e., 1-2) were recorded in most of cases. Technical compli-
cations (i.e., loss of retention, abutment fracture, and chipping of veneering ceramic)
occurred once in three patients with no statistically significant difference between
the groups (p >.05). OHIP scores did not differ significantly at follow-ups between
groups (p =.110).

Conclusion: The use of @2.9 mm diameter implants represents as reliable a treatment
option as @3.3 mm implants, in terms of CBL changes, biological and technical compli-
cations. Favorable esthetics and patient-reported outcomes were recorded for both

groups.
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1 | INTRODUCTION

Congenitally missing teeth, also known as tooth agenesis, is a fre-
quent developmental dental anomaly, which may cause esthetic and
functional challenges if left untreated (Khalaf et al., 2014; Rakhshan
& Rakhshan, 2016). The prevalence has been estimated to be almost
7%, and the most frequently missing teeth are the mandibular sec-
ond premolars (29.9%) followed by the maxillary lateral incisors (MLI)
(24.3%) and second premolars (13.7%) (Khalaf et al., 2014; Rakhshan
& Rakhshan, 2016). The etiopathogenesis of tooth agenesis has been
correlated with specific genetic syndrome (Matalova et al., 2008;
Vastardis, 2000), even though non-syndromic hypodontia is a more
frequent finding (Nieminen et al., 1995).

Oral rehabilitation of patients with congenitally missing teeth
most often requires an interdisciplinary collaboration and different
well-documented treatment options frequently exist. More spe-
cifically, either space closure by canine substitution or prosthetic
rehabilitation represent the most frequently applied treatment mo-
dalities (Beyer et al., 2007; Kafantaris et al., 2020; Kern et al., 2017,
Kiliaridis et al., 2016; Priest, 2019).

It is widely accepted that implant-supported single unit crowns
represent a reliable treatment option for the replacement of miss-
ing teeth with favorable outcomes in terms of high implant survival
rate and stable peri-implant marginal bone levels (Jung et al., 2012;
Sailer et al., 2012; Wittneben et al., 2014). Nevertheless, in clinical
scenarios with limited mesio-distal space of the edentulous area,
implant placement might be challenging due to root proximity of the
adjacent teeth (Richardson & Russell, 2001). Patients with congen-
itally missing teeth often present with reduced tooth dimensions
and limited space in the jaws compared to patients with all per-
manent teeth formed (McKeown et al., 2002). To overcome these
problems, and to provide patients with an implant-supported res-
toration with a harmonious emergence profile mimicking the con-
tralateral tooth (Roccuzzo et al., 2018), narrow-diameter implants
(NDlIs) have been introduced (Zarone et al., 2006). More specifically,
following the 2018 ITI Consensus Conference, three categories
of NDIs were proposed (i.e., (1): @ <3.0mm [“Mini-implants”]; (2):
@3-3.25mm; (3): @ 3.3-3.5mm) (Schiegnitz & Al-Nawas, 2018). In
areas of full load, concerns regarding risk of fracture of the fixtures
especially after long-term of function have been raised (Galindo-
Moreno et al., 2017; loannidis et al., 2015; Jung et al., 2018; Ma
et al., 2019; Schiegnitz & Al-Nawas, 2018), even though this risk po-
tentially may be reduced by the introduction of new alloys such as
titanium-zirconium alloy (Chiapasco et al., 2012). However, in areas
of limited load, implants with a reduced diameter have shown com-
parable results compared with standard diameter implants. In ad-
dition, a potential advantage of using NDIs may be a reduced need
for bone augmentation procedures due to the reduced diameter of
the required osteotomy (Roccuzzo et al., 2021). So far, however, the
generalizability of the reported clinical, radiographic, and esthetic
outcomes of NDIs might be questionable due to the limited number
of treated patients (Zarone et al., 2006) or without a control group
(Lacarbonara et al., 2021).

Therefore, the aim of this study was to test the reliability of a
newly developed narrow-diameter implant to replace congenitally
missing lateral incisors (MLIs) in terms of implant survival rate, peri-
implant marginal bone level changes, esthetic outcome, and patient-
reported outcome measures (PROMS) compared with the same type
of implant with a diameter of 3.3mm in a large population. The null
hypothesis (HO) was no statistical difference in peri-implant marginal
bone level changes between implants with a diameter of 2.9 and

3.3mm during a 1-year follow-up period, when used to replace MLIs.

2 | MATERIALS AND METHODS

Data reporting has been performed according to the STROBE

guidelines.

2.1 | Study design

This study was designed as a prospective non-randomized controlled
clinical trial with two parallel study groups, a duration period of
5years, and was conducted at the Department of Oral & Maxillofacial
Surgery, Copenhagen University Hospital, Copenhagen, Denmark.
Approval to perform the study was provided by the Danish Data
Protection Agency (approval number: 2012-58-0004). The inves-
tigation was conducted according to the revised principles of the
Helsinki Declaration. Informed consent was obtained from each pa-

tient before beginning of the study.

2.2 | Study population

From August 2016 to December 2018, patients with MLlIs (i.e.,
12 and/or 22) referred to the Department of Oral & Maxillofacial
Surgery, Copenhagen University Hospital, Copenhagen, Denmark
were consecutively enrolled and included in this study according to

the following inclusion criteria:

e age>18years

e patients with systemic health or controlled medical conditions

e arrested skeletal growth as documented by two body height
measurements at least one year apart not indicating continuous
growth (Jensen, 2019)

The following exclusion criteria were applied:

e contraindications to implant therapy (Hwang & Wang, 2006,
2007) including
e heavy smoking: >20 cigarettes/day
e poor oral hygiene
e compromised compliance
e periodontally compromised conditions
e patients with MLI's with the canine situated in the MLI region
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2.3 | Study group allocation

Patients' allocation to one of the two groups of the study was de-
termined based on the mesio-distal distance (MD) between the ca-
nine and the central incisor measured with a calliper. Patients with
a MD of 5.9 to 6.3mm received a dental implant with a diameter
of 2.9 mm [@2.9 mm] (Straumann BLT implant, Roxolid®, SLActive®,
Straumann AG), while patients presenting with MD of 6.4 to 7.1 mm
received a dental implant with a diameter of 3.3mm [@3.3mm]
(Straumann BLT implant, Roxolid®, SLActive®).

2.4 | Surgical procedure

All the surgical procedures were performed according to the manu-
facturers' recommendations under sterile conditions in an outpa-
tient environment by one of the authors (S.S.J.), with more than
20years of experience in implant dentistry.

In cases of fenestration- or dehiscence-type defects, simultane-
ous contour augmentation was performed using guided bone regen-
eration (GBR) by means of locally harvested autogenous bone chips
applied on the exposed implant threads and subsequently covered
with demineralized bovine bone mineral (DBBM) (Bio-Oss® Granules
0.25-1mm, Geistlich Pharma AG). Thereafter, the grafted area was
covered by a double-layer collagen membrane (Bio-Gide®, Geistlich
Pharma AG) as described by (Buser et al., 2009). In cases of facial
bone wall thickness after implant osteotomy of <1.7mm, GBR was
performed using DBBM alone covered with a double-layer collagen
membrane on the buccal aspect to protect against additional resorp-
tion and to support the soft tissue contour. Finally, a conical healing
abutment (Straumann SC Healing Abutment narrow and standard
connections, 2) was mounted, and the flap was repositioned and su-
tured to allow a tension-free healing. Details of the surgical proce-

dures have been previously reported (Roccuzzo et al., 2021).

2.5 | Prosthetic procedure

All the prosthetic procedures followed the manufacturer's instruc-
tions for the type of reconstruction in question and were performed
by one experienced prosthodontist (J.L.) with more than 10years of
experience in implant prosthodontics.

All restorations were fabricated by the same Dental Laboratory
(CC Dent) by the same experienced dental technician, using identical
materials and technical procedure. After a healing period of 3 months
(Type 4-C placement and loading according to [Gallucci et al., 2018]),
impressions were taken at fixture level using a polyether material
(Impregum; 3 M Espe) to fabricate provisional screw-retained, labora-
tory cemented PolyMethylMethAcrylate (PMMA) single-unit crowns
on temporary abutments (Straumann NC and SC, 1-3mm gingival
height), which were mounted and adjusted to slight or no occlusion.

After an additional period of 3 months, a second impression of the
mucosal tissue was taken and a new mucosa model, on the original

master model, was made. The patient was referred to the laboratory
and color measurement was performed. A Straumann CARES Titanium
abutment was CAD/CAM designed and manufactured and a feldspatic-
ceramic-veneered-zirconia crown was fabricated. Final adjustment of
color was performed by the laboratory. The crown was returned to the
prosthodontist. The provisional crown was removed, and abutment
was mounted and torqued according to the manufacturer’s instruc-
tions. The screw channel was blocked with sterilized PTFE-tape and
cemented with zinc-phosphate cement either Hoffmann's Phosphate
cement, Color 03 (Hoffmann Dental Manufactur GMBH) or Detray
zinc-phosphate cement (Dentsply Detrey GmbH). Excess cement was
carefully removed with a periodontal probe and dental floss (Oral B,
Superfloss, Procter & Gamble UK), and complete removal was there-
after checked radiographically. Finally, impression in Alginot (Kerr
Corporation) was made, and a 1.5mm thermoplastic protection night-
guard (Scheu Dental GmbH) was fabricated for the upper jaw. Patients
were finally given careful instructions on proper oral hygiene. This ap-
pointment was considered the baseline examination (T1).

2.6 | Supportive periodontal/peri-implant
program and follow-up examination

At the completion of the rehabilitation phase (T1), patients were re-
ferred to their private dental practioners for individual maintenance
programs. Patients were invited for a follow-up examination 1-year

after crown delivery which was considered the 1-year examination (T2).

2.7 | Outcomes measures
For the record and analysis of the investigated outcomes, three dif-

ferent time points were defined:

e TO: time of the implant placement. Pre- and intraoperative clinical
measurements, radiographic crestal bone level (CBL)

e T1:delivery of the final reconstruction (i.e., baseline). Radiographic
crestal bone level (CBL), esthetic assessment of the Copenhagen
index score.

e T2:follow-up examination (i.e., 1-year after baseline). Assessment
of implant survival rate, radiographic crestal bone level (CBL), es-
thetic assessment

Oral Health Impact Profile-49 (OHIP-49) questionnaires were
filled in just before initiation of the prosthetic phase at impression
taking for the temporary implant-supported fixed dental prosthesis
(FDP) approximately 3 months after TO and at T2.

2.8 | Implant and reconstruction survival

Implant survival rate was calculated at patient level, which was
identical to implant level since only one implant was included per
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patient, and was defined as the presence of the installed implant
in the oral cavity. Reconstruction survival rate was defined as
the presence of the implant-supported single-unit crown on the

implant.

2.9 | Biological and technical complications

At the 1-year follow-up (T2) clinical examination, performed by an
experienced dental hygienist under supervision of the senior author
(S.S.].), the clinical examination included the assessment at each im-
plant site of the following biological parameters:

e Peri-implant probing depth in mm at six sites per implant

e Plaque Score: the presence or absence at implant site (0/1)
e Exudation or suppuration after probing (0/1)

e Presence of fistula

e Pain

e Necrosis of the neighboring teeth
The following technical complications were recorded:

e Loosening or fracture of the abutment
e Loss of retention of the reconstruction (i.e., decementation of the
reconstruction)

e Fracture or chipping of the veneering ceramic

2.10 | Radiographic assessment

Peri-apical radiographs were taken after implant placement (TO),
after crown delivery (T1) and at the 1-year follow-up examinations
(T2). Digital non-standardized and non-individualized intraoral radi-
ographs were obtained using the paralleling technique. Images were
then imported in a dedicated software (Zen pro, Carl Zeiss AG). The
known implant lengths (i.e., 10 or 12mm) were used to calibrate the
images (Figure 2). Crestal bone levels (CBL) were assessed on both
the mesial and the distal peri-implant surface as the linear distance
between the implant shoulder and the first bone to implant contact.
Changes in CBL were calculated by subtracting the T1 value from
the T2 value. Therefore, all positive values indicated bone gain, while
bone loss was defined by negative values. All radiographic measure-
ments were taken independently and in duplicate by two of the au-
thors (A.R. and J-C.1.) not involved in any part of the treatment and

follow-up examinations.

2.11 | Esthetic assessment (Copenhagen index
score and supplementary implant-related esthetic
parameters)

The esthetic assessment was performed from frontal and semi-axial
clinical photographs of the restorations, including the adjacent teeth

and marginal peri-implant mucosa taken at T1 and T2 (Roccuzzo
et al., 2020). To assess the esthetic outcomes, the Copenhagen
index score (CPHI) was used as described by (Dueled et al., 2009)
and (Hosseini & Gotfredsen, 2012) with all the evaluated parameters
scored from 1 (i.e., optimal) to 4 (i.e., not-sufficient) (Table 4).

More specifically, the following parameters were assessed:

e Symmetry/harmony: assessment according to facial midline,
tooth axis, contralateral tooth and smile line. Score 1: excellent;
score 2: suboptimal but satisfactory; score 3: moderate; and score
4: poor symmetry and harmony

e Crown morphology: assessment in relation to anatomy, surface tex-
ture, contour, prominence, contact points, crown length and crown
width in relation to neighboring teeth. Score 1: excellent; score 2:
satisfactory, but suboptimal in one or two of the sub-parameters;
score 3: moderate with suboptimal for several sub-parameters; and
score 4: was poor concerning most of the sub-parameters

e Crown color: assessment according to the hue value, chroma and
translucency of the implant-supported crown compared with
neighboring teeth. Score 1 excellent color and not easy to dis-
tinguish from the natural, neighboring teeth; score 2 was satis-
factory, almost optimal but the reconstruction differed from the
natural, neighboring teeth; score 3 was moderate, suboptimal
color, and score 4 was poor color match.

e Soft tissue score: Score 1: no discoloration, score 2: light grayish
discoloration, score 3: distinguishable grayish discoloration, and
score 4: metal or abutment visible.

e Papillaindex: Scorel: papilla filling the entire proximal space; score 2:
papilla filling at least half of the entire proximal space; score 3: papilla
filling less than half of the proximal space, and score 4: no papilla.

e Level of the margin: assessment of the apically or incisal posi-
tion of the buccal marginal peri-implant mucosa in the middle of
the implant crown compared with the contralateral tooth or the
neighboring teeth. Score 1: match; score 2: slight mismatch; score
3: moderate mismatch; and score 4: mismatch.

o Softtissue texture: assessmentrelated to the smoother or rougher
surface texture of the buccal peri-implant mucosa compared to
natural gingiva at the contralateral tooth or the neighboring teeth.
Score 1: match; score 2: slight mismatch; score 3: moderate mis-
match; and score 4: distinct mismatch.

e Soft tissue curvature: assessment according to the over-
contoured or under-contoured buccal marginal peri-implant mu-
cosa compared with natural gingiva at the contralateral tooth or
the neighboring teeth. Scorel: match; score 2: slight mismatch;
score 3: moderate mismatch; and score 4: distinct mismatch.

e Alveolar process deficiency: assessment related to the concav-
ity or convexity of the buccal peri-implant mucosa compared
with the natural contour of the buccal gingiva at the contra-
lateral tooth or the neighboring teeth. Score 1: match; score 2:
slight mismatch; score 3: moderate mismatch; and score 4: dis-
tinct mismatch.

e Marginal adaptation score: radiological assessment of fit or any
gap between the implant crown and the abutment mesially and/or
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distally. Score 1: excellent fit; score 2: distinguishable misfit; score
3: distinct misfit; and score 4: unacceptable misfit.
e Cement excess: radiographic presence (score 1) or the absence

(score 0) of cement in relation to the implant crowns

A periodontist (A.R.) and a prosthodontist (M.H.) not involved
in any part of the treatments assessed the esthetic parameters. In
cases of disagreement, the senior author (S.S.).) was asked to pro-
vide his assessment and consensus was reached following discus-
sion. All assessments were blinded regarding the implant diameters
and were recorded as frequencies.

2.12 | Patient-reported outcomes assessment

The impact on oral health-related quality of life was evaluated using a
validated Danish version of the OHIP-49 questionnaire before pros-
thetic treatment (i.e., before impression taking for the temporary crown)
and at the 1-year follow-up examination. Each patient was asked to
score each question with a Likert response scale from O (never expe-
rienced problem) to 4 (problem experienced very often). The summary
of questions 3, 4, 20, 22, 31, and 38 was used to describe the patient-
reported “esthetic outcome” (Dueled et al., 2009), while the “mastica-
tory function” was expressed by the summary scores of questions 1, 28,
29, and 32 (Goshima et al., 2010). The overall oral health-related impact
on quality of life was described by the sum of scores from all 49 OHIP

questions before prosthetic treatment, and one year after loading.

2.13 | Statistical analysis
In cases with bilateral MLIs, where implants with identical diameters
were placed, only one implant was randomly selected for the statis-

tical analysis (www.randomization.com).

2.13.1 | Sample size calculation

Sample size calculation was performed on the secondary out-
come parameter: peri-implant crestal bone resorption according
to Hosseini et al., 2013. More in detail, a mean crestal bone loss
of 0.6mm in the test group and 0.2mm in the control group were
considered significant. Therefore, to detect a difference of 0.4mm
and a standard deviation of 0.6, 49 patients per group were needed
with an alpha (type | error) = 0.05 and a pf power = 0.9. Using an
independent sample t-test, a group size of N = 49 was calculated.
Patients number per group was rounded to 50.

2.13.2 | Data analysis

Each patient contributed with one dental implant only and was,
therefore, considered as the statistical unit. Descriptive analysis was

performed providing absolute and relative frequencies for categori-
cal variables and mean, standard deviation, for continuous variables.
Normal distribution of the quantitative measures was checked by
Kolmogorov-Smirnov test. Two-sample t-test was used to com-
pare mean CBL between both implant groups. The calculated
inter-examiner agreement with Dahlberg's d test was in the range
0.09-0.14 mm and the intra-class correlation coefficient (ICC) was in
the range 0.95-0.98 providing a very high level of reproducibility of
the performed measurements.

Chi? independence, Kendall's Tau-b, and Fisher's exact test
were used to assess the association between categorical/ordinal
esthetic variables and group. Similar tests were used to compare
collected parameters (i.e., width of the alveolar process (WAP),
width of the alveolar ridge (WAR), and thickness of the facial
bone (TFB) after osteotomy) and need of bone regeneration be-
tween groups. Paired t-test was used for intra-group comparisons
of the OHIP scores over time. All the tests were two-tailed and
the level of significance was set at 5%. The statistical analysis was
performed with a commercially available dedicated software (spss
15.0).

3 | RESULTS

3.1 | Study sample characteristics

The investigated population included 100 patients rehabilitated with
100 dental implants @2.9mm (n = 50) or @3.3mm (n = 50). All 100
patients underwent preoperative orthodontic treatment to allow im-
plant placement. At the time of implant placement, the mean age was
21.5 +2.6years (range: 18-31) and did not statistically significant dif-
fer between groups (p =.258). The gender distribution (male: female)
inthe whole sample was 1:1.44 and in the two groups @2.9 mm: 1:1.94
vs. @3.3mm: 1:1.08 (p =.155). During the implant placement proce-
dure, 34 implants with @3.3mm and 22 with a @2.9mm needed a
bone augmentation procedure (p =.017). No soft tissue augmentation

procedures were performed simultaneous with implant placement.

TABLE 1 Patients and implants characteristics within the two
groups (2.9 diameter; 3.3 diameter). Mean (SD)/number

290 3.390 p
Number of patients/ 50 50
implants
Age § 21.2+2.5 21.8+2.8 .258
Sex (M/F) 17M, 33F 24 M, 26F 155
Congenital missing 29(1.2) 23(1.2) .230
lateral incisor 21(2.2) 27 (2.2)
(12; 22)
Length of the implants 16 (10mm) 17 (10mm) .832
placed 34 (12mm) 33(12mm)
(10; 12mm)

Abbreviations: F: female, M: male.
Note: Two sample t-test for age and Chi? independence test.
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TABLE 2 Reasons for dropout
@2.9 mm @3.3mm Total P
Deceased 0 1 1
Moved abroad 2 1 3
Withdraw acceptance to participate 1 2 3
Total 3 4 7
. OHIP-49
Temporary reconstruction
delivery

® ®
N~

To
3-4 months

N

3-4 months

Implant placement

@
T1 \—/ T2

Final reconstruction delivery

v

12 months

1-year follow-up examination

« Intra-operative clinical measurements Baseline . Clinical assessment

. CBL radiographic assessment . . . CBL radiographic assessment
. CBL radiographic assessment . Aesthetic assessment (CPHI)
. Aesthetic assessment (CPHI) N OHIP-49

FIGURE 1 Study flow chart

Additional data on the population have been reported in Roccuzzo
etal., 2021. At the 1-year follow-up examination, a total of seven drop-
out patients ((22.9 mm (n = 3); @3.3mm (n = 4)) were recorded.

Details of the patients' characteristic and reasons for dropouts
are listed in Tables 1 and 2. The overall study flow is presented in
Figure 1.

3.2 | Biological outcome parameters

Of the 93 patients available for follow-up, one patient with a @3.3mm
experienced implant loss before loading (i.e., early implant failure)
leading to an implant survival rate of 100% in the @2.9 mm group and
98% in the @3.3 mm group with no statistically significant difference
between the two groups (p = 1.000; 95% Cl: 94.6%-99.9%).

With respect to mean CBL changes, no statistically signif-
icant differences were detected at any time points (T1-TO; T2-
TO; T2-T1) within the 2 groups: more specifically, in the first year
after loading (i.e., T2-T1) a CBL of -0.19+0.25mm in the @2.9 mm
and- 0.25+0.31mm @3.3mm was detected, with no statistically
significant difference between the groups (p =.342). Details of CBL
changes over time are provided in Figure 3.

Mean peri-implant probing depth (PPD) value was 2.55+0.41 mm
in the @2.9 mm group and 2.50+0.45mm in @3.3 mm group, with no
statistically significant difference between groups (p =.576).

Plaque scores did not statistically significant differ between the
2 groups: 15% in the @2.9mm group and 12% in the in @3.3mm
group (p =.631).

The presence of a buccal fistula was recorded in four cases at the
1-year follow-up visit (two per group) (Figure 4a), while suppuration

FIGURE 2 Crestal bone levels were determined by measuring
linear distance between the implant shoulder and the first bone to
implant contact. The distance is calibrated to the known implant length

after probing was detected around two implants (1x per group).
None of the neighboring teeth displayed radiographic nor clinical
signs of endodontic complications.
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Mesial, Distal and Total MB Level (mm) over time by Group

FIGURE 3 Crestal bone level changes
over time within the two groups

2.9
=@=3.3
0.98
0.82
0.93
0.7
T T-oas T
T T 0.25 T T T T 1
-0.42 -0.34
-0.24 0.2
-0.45 -0.45
-1 1
T0|T1|T2‘ T0|T1|T2| ‘TIITZ
Mesial Distal Total

33 |

Technical outcome parameters

One event of a loosening abutment screw was detected in the
@3.3mm group, while loss of retention of the reconstruction oc-
curred twice in the @2.9mm and once in the @3.3mm group. None
of the restorations had to be remade due to unacceptable marginal
adaptation (i.e., Score 4). Finally, radiographic evidence of cement ex-
cesses was observed twice at the 1-year examination (1x @2.9 mm; 1x
@3.3mm group).

FIGURE 4 Clinical and radiographic
presentation of biological and prosthetic
complications recorded at the 1-year
follow-up: Presence of a buccal fistula
at the border between keratinized and
non-keratinized mucosa (a) and ceramic
chipping of the distal incisal edge (b)

The biological and technical complications are reported in
Table 3a-b.

3.4 | Esthetic outcome parameters

The assessment of the esthetic presentation of the implant-
supported single-crowns showed good to optimal results (i.e.,
scores 1 and 2) at T2, irrespective of the implant diameter, in
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FIGURE 5 Clinical and radiographic
presentation of a test (a) and control
(b) implant at the 1-year follow-up

the majority of the cases (i.e., variables: Symmetry; Soft tissue
color; Soft tissue curvature; Alveolar process deficiency) (p >.05).
Nevertheless, peri-implant soft tissue scor 3 (i.e., presence of
discoloration) was detected in 13% of the @2.9 mm and 2.4% in
the @3.3mm (p =.747). With respect to papilla fill, no statistically
significant differences were identified between the groups at
T2 in terms of mesial (p =.420) and distal (p =.073) papilla index
score.
Details of the esthetic outcomes are listed in Table 4.

3.5 | Patient-reported outcome parameters

Table 5 summarizes the patient-reported esthetic outcome, mas-
ticatory function and overall oral health-related impact on quality
of life in all patients from before delivery of the final reconstruc-
tion until the 1-year control. During the observation period, a de-
crease in all the scores with respect to the both the esthetic and
the masticatory functions analysis were detected indicating sub-
jective improvement without a statistically significant difference
between the groups (p >.05). Moreover, the summary scores of
the 49 OHIP questions decreased through the study period indicat-
ing an overall improvement in oral health-related impact on quality
of life with no statistically significant difference between the two
groups (p >.05).

4 | DISCUSSION

The present study could not demonstrate any statistical differences
in terms of implant survival, crestal bone loss, esthetic outcome,
or patient-reported outcome measures between narrow-diameter
implants with a diameter of 2.9 or 3.3mm for replacement of MLIs
after one year of loading. The null hypothesis of no difference in peri-
implant marginal bone level changes after one year of loading could
therefore not be rejected.

With respect to the outcome implant survival, high percentages
within both groups were recorded: Our results are in accordance
with those reported by (Schiegnitz & Al-Nawas, 2018) who have
calculated an implant survival rate of 94.7 +5% for implants with a
diameter <3.0mm and 97.7 + 2.3% with a diameter of 3.3-3.5mm for
single unit-gap tooth replacement, respectively.

Historically, reduced peri-implant crestal bone resorption has
been reported around standard diameter implants (SDIs) compared
with NDIs, which has mainly been ascribed to a better distribu-
tion of occlusal forces around a wider implant (Qian et al., 2009).
During recent years, several clinical studies have reported good
clinical outcomes and limited radiographic CBL changes (<1 mm) for
NDlIs short-term (Degidi et al., 2009; Maiorana et al., 2015; Reddy
et al., 2008) as well as long-term (Branzén et al., 2015; Galindo-
Moreno et al., 2017). In accordance with previous studies, the pres-
ent study identified the major part of crestal remodeling to take
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TABLE 3 Biologic (a) and technical (b) complications within the
@2.9mm and @3.3mm groups at baseline (T1) and 1-year follow-up
examination (T2)

T1 T2
@29mm @3.3mm @2.9mm @3.3mm
a n =47 n =45 n =47 n =45
Fistula 0 (0%) 0 (0%) 2 (4%) 2 (8%)
Exudation/ suppuration 0 (0%) 0 (0%) 1(2%) 1(2%)
on probing
Pain 0 (0%) 0 (0%) 0 (0%) 0(0%)
Necrosis of neighboring 0 (0%) 0 (0%) 0 (0%) 0 (0%)
teeth
b T1 T2
@29mm @3.3mm @29mm @3.3mm
n=47 n=45 n=47 n=45
Loosening or fracture 0 (0%) 0 (0%) 0 (0%) 1(2%)
of abutment screw
Loss of retention 0 (0%) 0 (0%) 2 (4%) 1(2%)
Fracture or chipping of 0 (0%) 0 (0%) 1(0%) 1(2%)

veneering ceramic

place between implant placement and prosthetic loading. This
process might be explained as the physiologic bone remodeling fol-
lowing sub-crestal implant placement with the concomitant estab-
lishment of the peri-implant soft tissue seal (Berglundh et al., 2007;
Cardaropoli et al., 2006). After prosthetic loading, only minimal cr-
estal bone loss was observed which is compatible with generalized
healthy peri-implant conditions as expected in a young healthy pop-
ulation (Santing et al., 2013).

With respect to the recorded biological complications, two im-
plants per group developed a buccal fistula without suppuration
not associated with an increasing peri-implant probing depth nor in
the CBL changes (Figure 4a). Similar findings have previously been
correlated with the presence of subgingival remnants of cement
(Bonde et al., 2010) or suboptimal marginal adaptation of the crowns
(Gotfredsen, 2004). However, no such problems could be identified
around the four implants, and it was decided to observe the conditions
at the following control visits.

The use of NDIs has been correlated with an increased risk
of technical complications due to their weaker structure (Shi
et al., 2018). Nevertheless, in the present study, only minor compli-
cations (i.e., 1x loosing of the abutment screw and chipping of ve-
neering ceramic [Figure 4b]) were recorded and could be handled
without negatively affecting the survival of the restoration. More
specifically, it should be underlined that at the time of crown deliv-
ery, a careful check of the occlusal contacts and lateral guidance has
been performed to minimize the risks of premature contacts which
could have had a detrimental effect of the implant-supported resto-
ration. One of the most frequently reported technical complications
is decementation of the reconstruction (Woelber et al., 2016). In the
investigated cohort, two events in the @2.9mm group and one in

the @3.3mm group were recorded. These results are consistent with
those reported in the literature (King et al., 2016; Lee et al., 2013).

Esthetics is considered as one of the most important aspect of oral
rehabilitation in the maxillary anterior region. In the present study, es-
pecially due to the young age of the included patients, every effort was
made to maximize the esthetic outcomes (Figure 5a-b) as demonstrated
by the high percentage of good to optimal crown morphology and col-
ors. Nevertheless, it must be underlined that differences at the time
of the crown delivery between the groups with respect to the crown
morphology and crown color were detected (<0.001). These differences
might be speculated to be related primary to the prosthetic manufactur-
ing phase than to the implant diameter. In addition, due to the high num-
ber of included patients, slight differences in the esthetic assessment
(i.e., Score 1 vs. 2) can be easier detected, as within the present cohort.

When focusing on the peri-implant soft tissue conditions, it has
to be underlined that at the 1-year follow-up, a consistent number of
patients exhibited a soft tissue color mismatch (i.e., grayness or red-
ness). One possible explanation of this color mismatch might be the use
of a titanium abutments. Zirconia abutments may be preferable over
metal abutments to reduce the risk of peri-implant mucosal discolor-
ation (Bidra & Rungruanganunt, 2013; Linkevicius & Vaitelis, 2015;
Totou et al., 2021). However, other studies indicated no differences in
the peri-implant mucosa discoloration between the zirconia and metal
abutments (Hosseini et al., 2011, 2013). Moreover, as zirconia abut-
ments are not available for the @2.9 mm implants, titanium-fabricated
abutments had to be used to have only one type of abutment with no
difference between test and control groups.

One of the interesting findings from the present study is that
more than 60% of cases scored as “optimal” (i.e., Score 1) with re-
spect to the alveolar process deficiency evaluation have received
a bone augmentation procedure either with DBBM alone or with
DBBM in combination with autogenous bone, providing an indirect
evidence of the need for grafting procedure at the time of implant
placement to allow an optimal peri-implant soft tissue architecture
(Table 6). On the contrary, it has to be underlined that a minimum of
1.7 mm of facial bone wall was not able to avoid the development of
alveolar process deficiency as demonstrated by the 40% of cases at
T2 that scored 2 (i.e., slight deficiency). One possible explanation is
that, at the time of implant placement, no soft tissue grafting proce-
dures were performed to limit the intraoperative morbidity as most
of the implants already required a bone regenerative procedure.
Nevertheless, during recent years, soft tissue grafting procedures in
the esthetic zone have shown promising results and gained increased
popularity and have become standard of care (Thoma et al., 2021).

Since their introduction in 2008 (Lang et al., 2012), PROMs have
received increasing focus for the evaluation of implant-supported re-
habilitations (Duong et al., 2022). The results from the present study
have shown a general improvement in patient-reported outcomes irre-
spective of the implant diameter, which may be explained by the overall
high quality of the provided treatments. Indeed, it is well known that
most of the patients undergoing implant placement for the replacement
MLIs have reported lower baseline-scores as consequence of dissatis-
faction with the temporary removable restorations and the long-term
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TABLE 4 Frequency of esthetic scores within the @2.9 mm and @3.3 mm groups at baseline (T1) and 1-year follow-up examination (T2)

T1 T2 T2-T1
@2.9mm @23.3mm @2.9mm @3.3mm @2.9mm @3.3mm
n=47 n=45 p-value n=47 n=45 p-value
Symmetry/harmony 1 39.1% 31.8% 769 39.1% 33.3% .698 1.000 1.000
2 41.3% 63.6% 41.3% 61.9%
3 19.6% 4.5% 19.6% 4.8%
Crown morphology 1 69.6% 97.7% <.001 69.6% 97.6% <.001 1.000 1.000
2 30.4% 2.3% 30.4% 2.4%
Crown color 1 50.0% 25.0% .006 47.8% 26.2% .023 1.000 1.000
2 50.0% 70.5% 52.2% 71.4%
3 0.0% 4.5% 0.0% 2.4%
Soft tissue color 1 47.8% 43.2% 978 39.1% 35.7% 747 .097 125
2 43.5% 56.8% 47.8% 61.9%
3 8.7% 0.0% 13.0% 2.4%
Papilla index (mesial) 1 63.0% 55.8% 438 65.2% 73.2% 420 1.000 146
2 37.0% 41.9% 34.8% 26.8%
3 0.0% 2.3% 0.0% 0.0%
Papilla index (distal) 1 82.2% 97.6% .013 93.3% 100% .073 .063 .882
2 17.8% 2.4% 6.7% 0.0%
Level of the margin 1 69.6% 86.4% .049 69.6% 83.3% 112 .882 1.000
2 30.4% 13.6% 28.3% 16.7%
3 0.0% 0.0% 2.2% 0.0%
Soft tissue texture 1 65.2% 84.1% .035 84.8% 92.9% .223 .022 125
2 34.8% 15.9% 15.2% 7.1%
Soft tissue curvature 1 84.8% 95.5% .083 93.5% 95.2% .720 219 1.000
2 15.2% 4.5% 6.5% 4.8%
Alveolar process deficiency 1 71.7% 59.1% .182 58.7% 50.0% .240 .031 .030
2 28.3% 38.6% 41.3% 40.5%
3 0.0% 2.3% 0.0% 9.5%
Marginal adaptation score 1 89.1% 93.2% 492 87.0% 95.2% 153 .280 .870
2 6.5% 4.5% 8.7% 4.8%
3 4.3% 2.3% 4.3% 0%
Cement excess (0/1) No 91.3% 95.5% 677 97.8% 97.6% 1.000 .250 1.000
Yes 8.7% 4.5% 2.2% 2.4%

Note: Symmetry/harmony: assessment according to facial midline, tooth axis, contralateral tooth and smile line. Score 1: excellent; score 2:
suboptimal but satisfactory; score 3: moderate; score 4: poor symmetry and harmony.

Crown morphology: assessment in relation to anatomy, surface texture, contour, prominence, contact points, crown length and crown width in
relation to neighboring teeth. Score 1: excellent; score 2: satisfactory, but suboptimal in one or two of the subparameters; score 3: moderate with
suboptimal for several subpara-meters; score 4: was poor concerning most of the subparameters.

Crown color: assessment according to the hue value, chroma and translucency of the implant-supported crown compared with neighboring

teeth. Score 1 excellent color and not easy to distinguish from the natural, neighboring teeth; score 2 was satisfactory, almost optimal but the
reconstruction differed from the natural, neighboring teeth; score 3 was moderate, suboptimal color, and score 4 was poor color match.

Soft tissue score: Score 1: no discoloration, score 2: light grayish discoloration, score 3: distinguishable grayish discoloration, score 4: metal or abutment visible.
Papilla index: Scorel: papilla filling the entire proximal space; score 2: papilla filling at least half of the entire proximal space; score 3: papilla filling less
than half of the proximal space, score 4: no papilla.

Level of the margin: assessment of the apically or incisally position of the buccal marginal peri-implant mucosa in the middle of the implant crown
compared to the contralateral tooth or the neighboring teeth. Score 1: match; score 2: slight mismatch; score 3: moderate mismatch; score 4: mismatch.

Soft tissue texture: assessment related to the smoother or rougher surface texture of the buccal peri-implant mucosa compared to natural gingiva at
the contralateral tooth or the neighboring teeth. Scorel: match; score 2: slight mismatch; score 3: moderate mismatch; score 4: distinct mismatch.

Soft tissue curvature: assessment according to the over-contoured or under- contoured buccal marginal peri-implant mucosa compared to natural gingiva
at the contralateral tooth or the neighboring teeth. Scorel: match; score 2: slight mismatch; score 3: moderate mismatch; score 4: distinct mismatch.

Alveolar process deficiency: assessment related to the concavity or convexity of the buccal peri-implant mucosa compared to the natural contour of the buccal
gingiva at the contralateral tooth or the neighboring teeth. Scorel: match; score 2: slight mismatch; score 3: moderate mismatch; score 4: distinct mismatch.

Marginal adaptation score: radiological assessment of fit or any gap between the implant crown and the abutment mesially and/or distally. Score 1:
excellent fit; score 2: distinguishable misfit; score 3: distinct misfit; score 4: unacceptable misfit.

Cement excess: radiographic presence (score 1) or absence (score 0) of cement in relation to the implant crowns.
Kendall's Tau-b was used for comparisons between groups.

McNemar's test was used for comparisons intra-groups.

Bold values indicate statistical significance of p-value.
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TABLE 5 Patient-reported outcome means of sum scores of questions related to esthetic outcome, masticatory function, and overall oral
health impact on quality of prosthetic treatment, before prosthetic treatment and at 1-year follow-up (T2)

Before prosthetic treatment

©2.9mm ?3.3mm
Esthetic outcome? 10.4 +6.00 9.24 +6.38
Masticatory function® 3.02+2.76 4.10 +£3.04
Overall health impact of OHQoL 36.6 £+25.0 379 +22.3

Note: Two sample t-test.
2Esthetic outcome: summary scores of OHIP questions 3, 4, 20, 22, 31, 38.
bFunctional outcome: summary scores of OHIP questions 1, 28, 29, 32.

TABLE 6 Clinical preoperative and intraoperative parameters
and alveolar process deficiency at T2 in the entire cohort

Mean +(SD)/number (%). Some of the number are mm +/-SD
others are n and the parenthesis % please specify

Alveolar process deficiency

Score 1 Score 2 Score 3 p-value
Number of 48 36 4
implants
Width of the 8.02+0.94 8.35+1.19 7.23+1.56 .161
alveolar
process
Width of the 5.51+1.02 5.63+0.87 5.15+0.74 .555

alveolar ridge

Thickness facial 1.58+0.64 1.76+0.60 1.50+0.22 .195
bone after
osteotomy§

Bone 30 (62.5) 14 (38.9) 3(75.0) .032
augmentation
procedure
(ves)

Note: Score 3 subgroup was excluded from the statistical analysis due

to small sample size.

Two sample t-test for quantitative variables.

Chi? independence test for bone augmentation procedure.

Bold value indicates statistical significance of p-value.

orthodontic pretreatment (Gotfredsen, 2012). With respect to the es-
thetic and masticatory function scores, our results are consistent with
previous publications (Feine et al., 2018; Gotfredsen, 2012; Pjetursson
etal., 2005).

This study presents some limitations: First, despite the large
sample size, it has to be pointed out that the selection of implant
diameter should be based on the accurate analysis of several ana-
tomical (i.e., available amount of bone) and prosthetic factors (i.e.,
expected functional load and on the emergence profile) and not only
depending on mesio-distal gap dimension. On this point, it has to
be mentioned that the functional load in the region of the MLI is
in considered low. However, for esthetic reasons, it was not con-
sidered ethical to place a @2.9mm implant when the mesio-distal
space allowed placement of a @3.3mm implant. Indeed, narrow-
diameter implants placed in wide tooth gaps need to be placed ver-
tically deeper to allow a harmonious emergence profile which may

T2
p-value @2.9mm @3.3mm p-value
.382 3.51 +5.33 1.76 £3.74 .079
.093 1.04 £1.94 0.86 +1.49 617
798 16.9 +23.1 10.3 +14.2 110

be accompanied by a risk of increased peri-implant pocket depth.
Consequently, the present study could not be planned as a ran-
domized controlled study and direct comparison between the two
groups should therefore be made with caution. Moreover, even
though it is widely accepted that implant-supported single-crowns in
the esthetic area should be screw-retained (Wittneben et al., 2017),
all the reconstructions of the present studies were cemented. The
reason for this was that at the time of the study initiation (i.e., 2016),
original components to support a screw-retained implant-supported
single-crowns were not available for the @2.9 mm implants. To have
only one type of crown retention without differences between test
and control, all the definitive crowns were cemented. Furthermore,
it has to be mentioned that this study has been designed with the
focus on the hard-tissue conditions and that of a precise assessment
of the peri-implant soft tissue dehiscence is lacking. Finally, due to
the limited follow-up period (i.e., 12 months), the presented clinical
and radiographic outcomes should be interpreted with caution and
additional long-term studies (i.e., 3- and 5-years) including the as-
sessment of mechanical stability, infraposition, the presence of miss-
ing contact points, and peri-implant soft tissue margin changes will
provide relevant information.

In conclusion, within the limitations of the present short-term
study, the use of an implant with a diameter of 2.9 and 3.3mm
showed equivalent performance in terms of survival rate, CBL
changes, esthetic, and patients-reported outcomes. Consequently,
clinicians should consider the use of such NDIs in case of replace-
ment of maxillary lateral incisors especially when limited mesio-distal

space otherwise would challenge the possibility implant treatment.
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