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Abstract 

Background This study aimed to analyze the clinical outcome and complications of narrow‑diameter dental 
implants (NDIs) (diameter ≤3.5 mm).

Methods The 274 NDIs that met the selection criteria from 2013 to 2018 were included in the retrospective study, 
and the survival rates (SVR) were compared. Mechanical complications included screw loosening and fractures 
of the implant components, such as the implant fixture, abutment, and prosthesis. In addition, marginal bone loss 
(MBL) was measured immediately after surgery and 1 year after loading.

Results The 3‑year cumulative SVR was 92.4%. Nineteen fixtures failed during the follow‑up. The failure rate was sig‑
nificantly higher (OR=4.573, p<0.05) in smokers and was significantly higher in osteoporosis patients (OR=3.420, 
p<0.05). The vertical and horizontal values of MBL were 0.33±0.32 mm and 0.18±0.17 mm, respectively. Mechanical 
complications included screw loosening (5.5%) and porcelain fracture (2.2%), but no fractures of the fixture or com‑
ponents were observed. The choice of titanium and zirconium (TiZr) alloy implant was significantly more frequent 
in the posterior region. Bone graft was significantly more frequently done in the anterior region.

Conclusions According to the high SVR and stability of NDIs, the findings of the study suggest that NDIs may be 
a replacement for regular diameter dental implants (RDIs) and the use of TiZr alloy could extend the indication 
of NDIs. In the esthetic area, contour augmentation may be a reason for increasing the frequency of bone grafts.
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Background
With the aging population, the demand for implants 
has increased. As a result, the choice of implants was 
expanded according to each patient’s condition, such 
as the patient’s bone quantity, density, and location of 
implant placement [1, 2].

When the use of regular diameter dental implants 
(RDIs) (>3.5 mm) is challenging because of narrow 
alveolar bone width or insufficient bone mass narrow 
diameter dental implants (NDIs) (≤3.5 mm) can be 
alternatively selected [3]. NDIs are classified as follows: 
category 1, diameter <3.0 mm, mini-implants; category 
2, 3.0≤ diameter <3.3 mm; and category 3, 3.3≤ diameter 
≤3.5 mm [4].

Due to their reduced diameter, NDIs can be preferred 
in atrophic ridges to minimize patients’ surgical burden 
and postoperative complications and treatment costs and 
time can also be minimized [5].

In addition, previous studies have shown survival rates 
(SVR) similar to those of RDIs, with the fracture or fail-
ure of the implant itself being extremely rare and with 
stability comparable to that of RDIs [6–8].
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However, compared with RDIs, the surface area 
between the alveolar bone and the implant surface and 
the mechanical strength are decreased because of the 
smaller size; therefore, the osseointegration between the 
implant and the bone can be weakened [9, 10]. This may 
eventually cause mechanical complications, resulting 
in implant failure [11]. In addition, in previous studies 
related to NDIs, the degree of influence on the failure of 
the implant was different depending on various variables 
such as the material and type of the implant and the state 
of bone density [12–14]. However, studies on the diver-
sity related to NDIs are still insufficient. The stability of 
posterior NDIs continues to be discussed [15, 16].

Therefore, this study aimed to analyze the SVR of 
NDIs according to each variable and evaluate the clinical 
use and stability of NDIs according to the type and fre-
quency of complications during the follow-up period. As 
a secondary outcome, clinical outcomes in the posterior 
area and marginal bone loss (MBL) were observed and 
evaluated.

Methods
Study model
This study collected clinical data of patients who 
received dental implants at the Department of Oral and 
Maxillofacial Surgery, Kyung Hee University Dental 
Hospital, from January 2013 to December 2018, based 
on the date of fixture placement. Data on patients with 
NDIs (diameter ≤3.5 mm) included follow-up data up 
to 2020. The data of patients with at least 1 year of fol-
low-up from the time of the final prosthesis were ana-
lyzed. Despite the placement of NDIs, patients with 
insufficient data during the process of reading clini-
cal charts and radiographs or those follow-up periods 
of less than 1 year were excluded from the study. This 

study was conducted as a retrospective study, and vari-
ous clinical data, such as patient demographics, types 
and distinctions of implants, and related complica-
tions, were collected based on the patient’s medical 
records. This study was approved by the Institutional 
Review Board of Kyung Hee University Dental Hospital 
(KH-DT20014).

Collection of clinical data
Understanding the SVR for the clinical evaluation of 
dental implants is important. In this study, the implant 
failure criterion included the loss of the implant fixture 
and the conditions contrary to the success criteria [17]. 
The success criteria for dental implants are as follows: 
clinical immobility of implants, no evidence of peri-
implant radiolucency and bone loss (>1.5mm), and no 
persistent pain, paresthesia, discomfort, or infection.

A radiographic examination was performed using 
periapical radiographs imaging with standardized 
digital radiographs during the follow-up period. The 
peri-implant bone level for NDIs was measured using 
software (ZeTTA PACS, TaeYoung Soft Co., Ltd, 
Anyang-si, Korea) at two-time points (immediately 
after implant fixture placement and 1 year after den-
tal implant loading). It was applied using MBL meas-
urement criteria as shown in Fig. 1 [18, 19]. MBL was 
measured twice a month by a participating researcher 
who was professionally trained in the field and recorded 
at four sites (mesial and distal vertical; mesial and dis-
tal horizontal). Cases with unclear radiographic images 
were excluded. Mechanical complications included 
screw loosening and fractures of the implant com-
ponents, such as the implant fixture, abutment, and 
prosthesis.

Fig. 1 a Measurement of vertical and horizontal bone loss of peri‑NDIs. A The point of first contact between the parallel extension line 
of the implant shoulder and the alveolar bone. B The contact point between the implant surface and the alveolar bone. b The postoperative clinical 
radiographs of NDIs. c The clinical radiographs of peri‑implantitis
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Statistical analysis
A demographic was summarized with mean and stand-
ard deviation values to understand the distribution 
of NDIs and their relationship with various variables. 
Kaplan–Meier survival curves with a log-rank test (95% 
confidence interval) were used to compare the cumula-
tive SVR of NDIs. The Cox proportional hazard model 
statistical method was used to identify variables that 
affect implant SVR about certain systemic diseases. Peri-
implant MBL for NDIs was compared using independent 
samples t test, Welch’s t test, and Kruskal-Wallis one-way 
analysis. The reliability of the MBL data was evaluated 
using the intraclass correlation coefficient [1, 2], more 
than 0.9 (p<0.05). Various comparisons according to 
the mechanical complications and variables of the NDIs 
placed in the posterior region were confirmed through 
statistical summaries and the chi-square test. Statistical 
tests were performed using the SPSS software (version 
25.0; IBM Corp., Armonk, NY, USA). Statistical signifi-
cance was set at p<0.05.

Results
Demographics
The data of 274 NDIs that met the study selection criteria 
from 2013 to 2018 are summarized in Tables 1 and 2. The 
patient’s major systemic diseases were summarized, and 
implant-related properties and mechanical complications 
were summarized with descriptive statistics. Among the 
selected patients, females accounted for the majority 
(65.3%), and the average age was 54 years old. The NDIs 
were placed relatively more in the anterior area (60.6%). 
The implant length varied from 8.0 to 13.0 mm, with 
10.0 mm implants being the most used (78.5%). Implant 
diameters consisted of categories 2 and 3. Titanium-
Zirconium (TiZr) alloy-type implants and chemically 

sandblasting with large grits and acid etching (mSLA) 
surface-treated implants were the most common, and 
screw loosening and porcelain fractures were observed as 
mechanical complications.

Survival and failure of NDIs
The total 3-year cumulative SVR of 274 NDIs was 92.4% 
(Fig.  2). Nineteen fixtures failed during the follow-up 
period. Among them, 12 NDIs were initially dislodged 
due to failure of osseointegration. According to the 
implant success criteria, there were a total of 7 cases of 
peri-implantitis (Table 3). The SVR was compared using 
the following variables: systemic condition, titanium 
type, surface treatment, implant position, bone graft, 
and prosthetic splinted type. The SVR of NDIs in non-
smokers was much higher than that of smokers (Fig. 3). 

Table 1 Demographics of patients, N (%)

Follow-up period
 M (SD)/Min‑Max 37.84(15.48)/12–76 months

Sex
 Male 95 (34.7)

 Female 179 (65.3)

Age
 M (SD)/Min‑Max 54.84 (18.50)/18–90

Systemic condition
 Hypertension 73 (26.6)

 Diabetes mellitus 38 (13.9)

 Osteoporosis 34 (12.4)

 Smoking 43 (15.7)

 Alcohol drinking 42 (15.3)

Table 2 Summary of NDIs, N (%)

* TiZr alloy Titanium zirconium alloy, Cp Ti Commercially pure titanium
* SLA Sandblasting with large grits and acid etching, mSLA Chemically SLA, RBM 
Resorbable blast media, CA SLA with calcium chloride

Titanium type*

 TiZr alloy 148 (54.0)

 Cp Ti 126 (46.0)

Surface treatment*

 SLA 69 (25.2)

 mSLA 128 (46.7)

 RBM 46 (16.8)

 CA 31 (11.3)

NDI category
 Category 1 (<2.5mm) 0 (0.0)

 Category 2 (2.5 to <3.3mm) 17 (6.2)

 Category 3 (3.3 to 3.5mm) 257 (93.8)

Length (mm)
 <10 27 (9.9)

 10 215 (78.5)

 >10 32 (11.6)

Abutment type
 Stock 191 (69.7)

 Custom 83 (30.3)

Implant position
 Incisor 119 (43.4)

 Canine 47 (17.2)

 Premolar 89 (32.5)

 Molar 19 (6.9)

Bone graft
 Yes 122 (44.5)

 No 152 (55.5)

Mechanical complications
 Screw loosening 15 (5.5)

 Porcelain fracture 6 (2.2)
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Osteoporosis patients were more prone to implant fail-
ure (Fig. 4). As for the materials, the TiZr alloy showed 
high values of SVR (94.6%) (Fig. 5). Using the Cox pro-
portional risk model statistical method, the influence 
of certain systemic diseases and implant characteristics 
on the SVR was evaluated. Smoking and osteoporosis 
were associated with implant SVR. Smokers showed a 
significantly higher failure rate (OR=4.758), and osteo-
porotic patients showed a significantly higher failure 
rate (OR=3.420) (p<0.05) (Table  4). There was no sta-
tistically significant difference between other systemic 
diseases and implant characteristics, type of prosthesis, 
and bone graft.

Marginal bone loss
The mean values of vertical and horizontal MBL were 
0.33±0.32 mm and 0.18±0.17 mm, respectively (Fig.  6). 

Comparing the sub-items of each variable, the TiZr alloy 
type implant showed an average of 0.1 mm less bone loss, 
and the mSLA-treated implant showed less bone loss. 
Smokers showed the most bone loss, with an average of 
0.72 mm and 0.38mm (Table 5).

Mechanical complications
The mechanical complications included screw loosening 
(5.5%) and porcelain fracture (2.2%). There were no frac-
tures of the implant fixture or abutment itself. There were 
three main characteristics of implants related to mechan-
ical defects, which were more common in commercially 
pure titanium (CpTi) type implants and stock abutments. 
It was significantly more common in posterior implants, 
and screw loosening was the most common (Table 6).

Implant position
Mechanical complications were relatively common 
in the posterior region. In addition, TiZr alloy-type 
implants were selected more in the posterior region. 
Bone grafting was performed more frequently in the 
anterior region (Table  7). A total of 108 NDIs placed 
posteriorly, including the premolars and molars, were 
reported. The final prosthesis was a single or splinted 
fixed dental prosthesis (FDP). There were 38 splinted 
FDPs, 56 single FDPs, and 14 FDPs with pontics. Most 
of the NDIs were placed in the premolar position. The 
3-year cumulative SVR of posterior NDIs was 91.7%. 
The vertical MBL of the posterior was 0.32±0.29 mm, 
and more bone loss was seen in the molar area than in 
the premolar area (Table 8).

Fig. 2 The Kaplan‑Meier survival curves of all NDIs. The total 3‑year cumulative SVR of 274 NDIs was 92.4%

Table 3 Analysis of survival and failure of implants by year

* N total number of NDIs—events and dropout data that occurred in the year

The Failure item represents the number of cases in which implant failure 
occurred out of the total number of N

Years N* Failure (N) Cumulative 
SVR (%)

Detailed event (N)

0–1 274 8 97.0 8: Osseointegration failure

1–2 264 6 95.0 4: Osseointegration failure
2: Peri‑implantitis

2–3 203 4 92.0 4: Peri‑implantitis

3–4 104 1 91.0 1: Peri‑implantitis

4–5 47 0 91.0 ‑

5–6 25 0 91.0 ‑
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Discussion
Herein, the SVR of NDIs according to each variable was 
compared, and the types of mechanical complications 
and stability in the posterior region were evaluated. The 
present study showed a high 3-year cumulative SVR of 
274 NDIs, at 92.4%. In several previous studies related 
to NDIs, when the use of RDIs is challenging, or the 
need for additional surgery burdens patients from vari-
ous perspectives, NDIs have been sufficiently proven to 
be suitable alternatives [20, 21]. Romeo et al. showed an 
SVR of 92%, with only a 5% difference compared with 

RDIs in the 7-year follow-up process [22], and Cordaro 
et al. and Degidi et al. demonstrated a high SVR rate of 
NDIs in long-term use, showing a 100% SVR after load-
ing [23, 24]. Considering the results of this study, it sug-
gests that NDIs may be used stably.

Herein, 12 implant fixtures were lost within the range 
of ≤1 year. This is regarded as a failure of osseointegra-
tion, and it is highly likely to have occurred because of 
decreased healing ability, anatomical condition, and 
premature overload [25]. The present study’s findings 
show that smokers and patients with osteoporosis have 

Fig. 3 The NDI survival comparison curves by smoking status. A Non‑smoker (95.2%). B Smoker (81.4%). There was a statistically significant 
difference (p<0.05)

Fig. 4 The NDI survival comparison curves by osteoporosis. A Non‑osteoporosis (94.6%). B Osteoporosis (82.4%). There was a statistically significant 
difference (p<0.05)
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a 3 times higher NDI failure rate. Previous studies also 
reported that the rate of implant failure from smoking 
is 3 times higher and accounts for most implant failure 
factors [26, 27]. Osteoporosis may interfere with osseoin-
tegration during implant placement due to reduced bone 
density [28, 29].

In addition, some clinical studies have shown that 
hyperglycemia or insufficient blood supply may affect 
bone remodeling in patients with diabetes or cardiovas-
cular disease [30]. This could also affect implant osse-
ointegration. These systemic disease effects predict that 
the postoperative complications and healing period may 
increase when additional bone augmentation is per-
formed. However, diabetes and hypertension did not 
appear to directly affect implant failure, and there was no 
correlation in the results of this study [31].

There have been studies comparing MBL at various 
time points. The marginal bone level increased due to 
bone remodeling for 1 year after implant placement [32], 

and an average of 1 mm of bone loss was reported to 
occur for 1 year after implant function [33].

According to one study, the largest change in MBL 
occurred for 1 year from the time of completion of the 
final prosthesis, and it was observed that it decreased 
gradually over the time [34]. In addition, MBL may be 
affected by some oral microbiomes [35]. This is a biologic 
process and many factors may be related to MBL like 
the patient’s oral habits, accurate match among implant 
components and 3-dimensional position of placement. 
Slightly lower values were observed in the posterior 
region in this study. Just as the SVR of implants in the 
maxilla and mandible with different bone densities can 
vary [36], it is necessary to consider and prepare for dif-
ferent effects depending on the implant position.

The NDIs have structural limitations. Due to the 
reduced diameter of NDIs, NDIs can be more lingually 
placed than RDIs and the restoration can cause buccal 
cantilever and this may lead to mechanical complications 
like screw loosening (Fig. 7) although, in this study, less 
than 10% of mechanical complications occurred. As for 
the application of custom abutments, the use of custom 
abutments did not increase the frequency of mechanical 
complications and our result can be supported by other 
researchers and this may tell us modern CAD/CAM 
technology is accurate enough [37, 38].

The TiZr alloy-type implants showed relatively lit-
tle bone loss and fewer mechanical complications. Also, 
TiZr alloy was more frequently selected in the posterior 
region compared to other groups. Because of the excel-
lent mechanical strength of TiZr alloy, it is widely selected 
in the posterior region where the masticatory force is 

Fig. 5 The NDI survival comparison curves by titanium type. A Ti‑Zr alloy (94.6%). B cp Ti (91.3%)

Table 4 Cox proportional risk model table about implant 
survival

This table represents only the variables that showed statistically significant 
results

SVR OR 95% CI P value

Osteoporosis

 No 94.6% 1 (reference)

 Yes 82.4% 3.420 1.286 ‑ 9.098 0.014

Smoking

 No 95.2% 1 (reference)

 Yes 81.4% 4.573 1.820–11.489 0.001
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Fig. 6 Overall vertical and horizontal MBL distribution of NDIs. MBL, immediately after implant fixture placement—1 year after dental implant 
loading. The mean values of vertical and horizontal MBL were 0.33±0.32 mm and 0.18±0.17 mm, respectively

Table 5 Comparison of MBL averages of NDIs according to conditions

The mean comparison of MBL was performed using an independent sample t test

Kruskal-Wallis one-way  test†, Welch’s t  test† (not equal variance, heteroscedasticity)

The post hoc analysis was conducted with the Dunn test, and there was a significant difference between groups b and c

N Vertical MBL(mm) Horizontal MBL(mm)

M±SD t/F(p) M±SD t/F(p)

NDIs 174 0.33±0.32 ‑ 0.18±0.17 ‑

Implant

 Titanium type

  TiZr 148 0.29±0.26 –2.548 (0.012)† 0.16±0.16 –1.971 (0.050)

  Cp Ti 126 0.38±0.36 0.21±0.19

 Surface treatment

  SLA 69 0.39±0.37a 12.696 (0.005)† 0.19±0.19 6.406 (0.093)†

  mSLA 128 0.28±0.26b 0.16±0.16

  RBM 46 0.39±0.39c 0.20±0.17

  CA 31 0.35±0.22d 0.21±0.19

 Implant position

  Anterior 166 0.34±0.33 0.336 (0.737) 0.18±0.18 –0.126 (0.900)

  Posterior 108 0.32±0.29 0.18±0.17

 Smoking

  Yes 43 0.72±0.35 8.253 (0.000)† 0.38±0.25 6.098 (0.000)†

  No 231 0.26±0.25 0.15±0.13
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relatively strong. In addition to the results of previous 
studies that showed a higher SVR in TiZr alloy than pure 
titanium [39], it was found that bone augmentation can be 
avoided if NDIs can be applicable. Owing to the mechani-
cal benefit of TiZr alloy, NDIs may be the first choice 
even in the posterior region. However, given that the 
TiZr NDIs in this study were preferentially placed in the 
premolar area, the routine use of an NDI for single molar 

replacement would be still premature and our result may 
corroborate the results of other researchers [40]; therefore, 
well-designed prospective studies should be performed.

Since NDIs are unavoidably selected in  situations of 
narrow alveolar bone width or insufficient bone mass, 
they are often accompanied by bone grafting. Given that 
the utility of NDIs is to avoid bone grafts, it may be inter-
esting to see that our data showed a higher frequency of 
bone grafts in the anterior region. To achieve esthetic 
gingival esthetics, a bone graft is usually recommended 
to reproduce the buccal contour. Since the depth of 
placement should be deep enough in the anterior region 
for aesthetic reasons and the surrounding soft tissue is 
abundant and thick, screw-retained restoration is usually 

Table 6 Frequency analysis of mechanical complications based on the materials, abutment type, and position

p* < .1, p*** < .01

Mechanical complication

Titanium type Implant position Abutment type

TiZr alloy Cp Ti Anterior Posterior Stock Custom

Yes 9 (42.9) 12 (57.1) 4 (19.0) 17 (81.0) 11 (52.4) 10 (47.6)

No 139 (54.9) 114 (45.1) 162 (64.0) 91 (36.0) 180 (71.1) 73 (28.9)

χ2/p 1.140* 0.000*** 3.234*

Table 7 Mechanical complication, alloy type, and presence of 
bone graft according to implant position

p** < .05, p*** < .01/Fisher’s exact  testa was performed (expected frequency less 
than 5 = 25%)

Anterior Posterior χ2, p

Mechanical  complicationa

 Yes 4 (2.4) 17 (15.7) 0.000***

 No 161 (97.6) 91 (84.3)

Titanium type

 TiZr alloy 81 (49.1) 67 (62.0) 4.407**

 Cp Ti 84 (50.9) 41 (38.0)

Bone graft

 Yes 86 (52.1) 35 (32.4) 10.280***

 No 79 (47.9) 73 (67.6)

Table 8 SVR and MBL of the NDIs placed in the posterior region 
according to the restoration types

* The posterior region includes premolars and molars/p* < .1, p** < .05*

Posterior Premolar Molar χ2, t, p

NDIs (N) 108 89 (82.4) 19 (17.6)

Splinted type in posterior

 Single type 56 (51.9) 43 (76.8) 13 (23.2) 4.246

 Splinted type 38 (35.1) 32 (84.2) 6 (15.8)

 Splinted with pontics 14 (13.0) 14 (100.0) 0 (0.0)

Marginal bone loss: M±SD(Max.‑Min.)

 Vertical site 0.32±0.29
(0.03–1.69)

0.31±0.28 0.41±0.32 −1.368

 Horizontal site 0.18±0.17
(0.01–0.76)

0.17±0.16 0.24±0.18 −1.694*

 Survival rates(%) 91.7 92.1 89.5 0.036**

Fig. 7 Association between NDIs and screw loosening. Due 
to the reduced diameter of NDIs, the force of masticatory 
is not evenly distributed. As a result, NDIs may be vulnerable 
to mechanical complications
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preferred. The fixtures should be more lingually/palatally 
inclined. Therefore, a bone graft is often necessary to 
compensate for the labial side fenestration [41].

The safety of NDIs in posterior teeth with high 
masticatory load continues to be discussed. If RDIs 
are used along with bone grafting in areas where 
the amount of the bone is insufficient, the adhesion 
between the bone and the implant increases, which 
can have a positive effect on the maintenance of the 
implant from a physical point of view. However, as 
the number of patients with various systemic diseases 
increases, the postoperative complications and healing 
period become longer, which lowers the patient’s qual-
ity of life (QoL), making it difficult to use RDIs.

The posterior region showed a good MBL with a low 
bone grafting rate and a survival rate of over 90%, and 
there was no fracture of the fixture itself. Therefore, 
studies have shown that NDIs can function successfully 
without major biological and mechanical complica-
tions, and these functions may benefit elderly patients 
who need to avoid the burden of surgery.

Within the limitations of the retrospective study 
design, we could not include all interpretations of 
long-term follow-up patients due to the large number 
of dropouts. Therefore, it is judged that additional pro-
spective studies are needed to evaluate the safety of 
post-mortem NDIs use. In addition, due to the limita-
tions of non-randomized studies, it is necessary to con-
sider and interpret the research environment in which 
bias cannot be controlled.

Conclusion
In this retrospective study of NDIs, high SVR was 
observed. The MBL of NDIs showed a stable value, and 
there was no fracture of the implant structure itself. 
However, SVR was affected by systemic conditions such 
as osteoporosis and smoking, which resulted in the loss 
of NDIs due to the failure of initial implant fixation. 
These results may suggest that NDI can replace RDI and 
can be used stably if it is combined with patient-specific 
diagnosis considering the patient’s systematic condition.
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