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Abstract

Objectives: To compare clinical and radiological outcomes of narrow-diameter im-
plants (NDI) placed in pristine bone to standard-diameter implants placed in com-
bination with horizontal bone augmentation procedures (SDI+A) for horizontally
deficient alveolar ridges.

Material and Methods: For this retrospective study, the outcome of 597 NDI (@
3.3 mm, 272 patients), inserted in pristine bone, were compared with 180 SDI (@
4.1 mm, 83 patients), inserted in combination with horizontal augmentation proce-
dures. Oral health-related quality of life was assessed in patients available for recall.
Results: After a mean follow-up of 37.6 + 40 months for the NDI and of
42.4 + 49 months for the SDI+A, survival rates were 96.1% for NDI and 95.6% for
SDI+A. Cumulative 5-year and 10-year implant survival rates were 94.3% and 92.2%
for the NDI group and 97.0% and 88.3% for the SDI+A group, indicating no signifi-
cant difference (p = .89). According to the criteria of Buser et al., an implant success
rate of 84.3% was obtained for the NDI and an implant success rate of 81.3% for the
SDI+A (p =.79). Regarding oral health-related quality of life, a similar and high patient
satisfaction could be observed in both groups.

Conclusions: NDI without augmentation procedures showed a similar clinical out-
come as SDI in combination with augmentation procedures after a follow-up of more
than 3 years. Therefore, NDI might be a reasonable alternative in cases of horizontal

bone atrophy (no clinical trial registration as patient inclusion started 2003).
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1 | INTRODUCTION

Narrow-diameter implants are in general defined as implants with
a diameter <3.5 mm (Schiegnitz & Al-Nawas, 2018). However,
this classification does not consider the different clinical indi-
cations of the commercially available NDI. Therefore, the clas-
sification of Schiegnitz et Al-Nawas was introduced during the
Sixth ITI Consensus Conference (Jung et al., 2018; Schiegnitz &
Al-Nawas, 2018). In this classification, NDI are divided into the
following three categories:
Category 1:Implantswithadiameterof <2.5mm(“Mini-implants”).
Category 2: Implants with a diameter of 2.5 mm to <3.3 mm.
Category 3: Implants with a diameter of 3.3 mm to 3.5 mm.
There are several clinical studies that show an increase in
terms of quality of life after treatment with NDI of category 1
(Elsyad, 2016; Enkling et al., 2017; Preoteasa et al., 2014). Several
studies also report acceptable success rates even for immediately
loaded mini implants (Park et al., 2019). Comparing the survival
rates between NDI and standard-diameter implants (SDI), a re-

cent meta-analysis showed that the mean survival rates of NDI of

category 1 (@ <2.5 mm) were significantly lower than the survival
rates of SDI (Schiegnitz & Al-Nawas, 2018). These results are not
surprising, as these mini-implants were generally inserted in highly
atrophic edentulous jaws that represent surgically challenging sit-
uations. For NDI of category 2, a recent clinical study investigated
the 2-year implant survival and success rates of single, narrow,
immediately loaded implants (3.1 mm diameter). The results in-
dicated both implant success and survival rates of 100% due to
stable marginal bone levels and shallow probing pocket depths
after 2 years of follow-up. In a 5-year prospective multicenter
study, the clinical and radiological performance of immediately
provisionalized 3.0-mm-diameter tapered implants was ana-
lyzed. The 1-year interim results showed a survival rate of 96.7%
and marginal bone level changes from insertion to 12 months
of-0.25 + 1.38 mm. Papilla index score and PES improved at the
1-year follow-up. In a recent study no significant differences in
bone loss around NDI (3.3 mm diameter) 2 years after implant
loading were illustrated compared with conventional-diameter
implants (4.1 mm) (Corcuera-Flores et al., 2020). Finite element
analysis showed that with an increase of implant diameter, stress

FIGURE 1 Clinical case of three
3.3 mm NDI, inserted in pristine
bone

FIGURE 2 Clinical case of a4.1 mm SDI in combination with horizontal augmentation
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and strain on the implant-bone interfaces significantly decreased,
especially when the diameter increased from 3.3 to 4.1 mm (Ding
et al., 2009).

However, another finite element analysis indicated that Ti and
Ti-Zr alloys can be used successfully as narrow-diameter implants
in the second premolar area (Cinel et al., 2018). Meta-analysis indi-
cated comparable implant survival rates between NDI of category 2
(@ 2.5 mm to <3.3 mm) and category 3 (g 3.3 mm to 3.5 mm) com-
pared to SDI (Schiegnitz & Al-Nawas, 2018).

All of these in meta-analysis included studies that compared
survival rates of NDI and SDI, both inserted in pristine bone. This
comparison is, from a clinical point of view, insufficient. The correct
comparison would contain NDI inserted in pristine bone and SDI
inserted in horizontally augmented bone in the indication of hori-
zontally deficient alveolar ridges. However, to our best knowledge,
studies on this topic are missing so far. Therefore, the aim of this
study was to examine for the first time the clinical longtime survival
and success rates of NDI and SDI in combination with augmenta-
tion procedures. Consequently, the question should be assessed if
NDI support the hypothesis of the necessity of a critical buccal bone
thickness as displayed by several authors (Spray et al., 2000) in the
form of minimization of dehiscences and the prevention of long-term

complications.

2 | MATERIALS AND METHOD
2.1 | Study design

In this clinical study, the clinical and radiological outcome of
NDI (@ 3.3 mm, Straumann), inserted in pristine bone and SDI (@
4.1 mm, Straumann), inserted in horizontally augmented bone,
were evaluated retrospectively (Figures 1,2). Ethical approval was
obtained from the ethical committee of Rhineland-Palatinate,
Germany (Registration number: 2019-14414, Landesarztekammer
Rheinland-Pfalz). The study was conducted in accordance with
the Helsinki declaration of 1975 as revised in 2000 and the study
is in compliance with the STROBE guidelines. All implants were
inserted by experienced surgeons in the Department of Oral and
Maxillofacial Surgery of the University Medical Centre Mainz,
Germany, between January 2003 and December 2018. Patients
presenting with a deficient horizontal ridge (<4.5 mm) were in-
formed in detail about both treatment concepts (NDI without
augmentation versus SDI with lateral augmentation) and their ad-

vantages and disadvantages.

2.2 | Inclusion criteria

1. Patients receiving NDI (@ 3.3 mm, Straumann), inserted in pristine
bone or SDI (@ 4.1 mm, Straumann), inserted in horizontally aug-
mented bone;

2. Patient age 218 years
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2.3 | Exclusion criteria

1. Patients without detailed baseline medical data;
2. Patients with vertical augmentation procedures;
3. Heavy smokers (>10 cigarettes per day);
4. Uncontrolled diabetes mellitus;
5. Complete edentulism.

2.4 | Surgical procedure and outcome assessment

All surgeries were performed under local anesthesia and according
to the protocol of the manufacture. For patients, that were acces-
sible for a clinical follow-up examination, success rates according to
Buser et al. (1990) were examined. These criteria were in accordance
with position of the implant, mobility of the implants, peri-implant
radiographic translucency, infection and/or inflammation and ab-
sence of chronic pain, dysesthesia and/or foreign body feeling.
Furthermore, success rates according to Albrektsson et al. (1986)
were analyzed. These criteria were in accordance with implant's
survival time or time to loss, mobility of the implant, peri-implant
radiographic translucency, bone loss, signs of infection/inflamma-
tion and lesions of the anatomical structures. Plaque index according
to Mombelli et al. (1987) was evaluated. Peri-implant mucositis and
peri-implantitis were analyzed according to Berglundh et al. (2018).
Number and type of technical complications and a comparative anal-
ysis according to prosthesis design could not be evaluated, as most
of the patients got their prosthetical supply alio loco. Radiography
via orthopantomogram or intraoral radiographs was conducted at
the time of examination. The up-to-date and the postoperative ra-
diograph were compared to analyze the distance from the implant-
abutment periphery to the apex of the implant as described before
(Schiegnitzetal.,2016). For evaluation of Oral Health-Related Quality
of Life (OHRQol), the OHIP-G 14 was applied (John et al., 2002).
In addition, a questionnaire with the following questions was used
(score 1 to 10): (a) How do you rate your implant? (b) How do you rate
the operation? (c) How do you rate the implant-supported prosthe-
sis? Higher scores imply a stronger positive influence on OHRQoL, in

contrast lower scores indicate negative OHRQoL.

2.5 | Data analysis

For the statistical analysis, implant-related data were calculated. The
nature of this experiment was descriptive, exploratory without a pri-
mary hypothesis. Therefore, we report descriptive p-values of tests
and no adjustment to multiple testing was done. The Kaplan-Meier
survival function was applied for the description of survival rates. To
examine the statistical difference between treatment groups with
respect to implant survival, a log-rank test was calculated. We fit-
ted a cox model adjusted for age and gender, allowing for clustering
due to multiple implants per patient and we report 95% Wald robust

confidence limits. For comparisons with respect to success rates,



1162
Wl LE Y— CLINICAL ORAL IMPLANTS RESEARCH

SCHIEGNITZ eT AL.

we applied a chi-squared test, and for comparisons with respect to
OHrQol, we applied Student's t-test. The analyses were conducted
using SPSS version 20.0 (IBM).

3 | RESULTS

3.1 | Study data and survival rates

In the investigated period 597 NDI in 272 patients and 180 SDI in
83 patients in combination with horizontal augmentation proce-
dures were inserted. In the NDI group 153 patients were female
and 119 patients were male. The mean age was 64 years (range
18-97). 328 NDI were inserted in the maxilla (159 anterior max-
illa, 169 posterior maxilla) and 269 in the mandible (100 anterior
mandible, 169 posterior mandible). Length of the included NDI
ranged from 8 to 14 mm. Regarding implant design, 145 NDI were
Tissue Level implants and 452 NDI were Bone Level implants. In
the SDI+A group 50 patients were female and 33 male. The mean
age was 60 years (Range 22-90). 102 SDI+A were inserted in the
maxilla (49 anterior maxilla, 53 posterior maxilla) and 78 in the
mandible (12 anterior mandible, 66 posterior mandible). Length
of the included SDI+A ranged from 6 to 16 mm. 49 SDI+A were
Tissue Level implants and 131 SDI+A were Bone Level implants.
For the NDI group mean follow-up was 37.6 + 40 months (range
1-186 months) and during the follow-up 23 NDI failed. Mean
follow-up of the SDI+A group was 42.4 + 49 months (range 1-
194 months) and 8 SDI+A failed. Cumulative 5-year and 10-year
implant survival rates were 94.3% and 92.2% for the NDI group
and 97.0% and 88.3% for the SDI+A group, indicating no signifi-
cant difference (p = .86, hazard ratio adjusted for age and gender:

p = .87, Cl: 0.48 to 2.41, Figure 3). Cox regression showed the
following hazard ratio adjusted for age and gender: HR 0.93, 95%
Cl: 0.32 to 2.69, favoring NDI. Tissue Level implants in the NDI
group showed higher survival rates than Bone Level implants in
the NDI group, however not statistically significantly different
(97.2% versus. 95.8%; log rank test p = .12; Figure 4). Tissue Level
implants in the SDI+A group showed comparable survival rates
to Bone Level implants in the SDI+A group (95.9% versus. 95.4%;
p = .74; Figure 5).

3.2 | Clinical follow-up and success rates

For evaluation of success rates, 53 patients with 102 NDI and 32
patients with 80 SDI remaining in situ attended a clinical follow-up
examination. The Plaque Index according to Mombelli et al. (1987)
showed that 83.3% of NDI implants and 90% of the SDI+A implants
had a satisfactory degree of oral hygiene (grade 0 and 1). According
to Berglundh et al. 17.6% of the NDI implants showed peri-implant
mucositis and 5.9% peri-implantitis. In the SDI+A group, 16.3%
of the implants showed peri-implant mucositis and 6.3% peri-
implantitis. The average probing depth of the SDI group was ves-
tibular 2.16 + 0.55 mm, oral 2.14 + 0.42 mm, mesial 2.34 + 0.78 mm,
and distal 2.35 + 0.70 mm. For the SDI-A group average probing
depth was vestibular 2.04 + 0.54 mm, oral 2.03 + 0.50 mm, me-
sial 2.15 + 0.68 mm, and distal 2.11 + 0.57 mm. The mean bone
loss for the NDI group was -0.33 + 0.8 mm (mesial mean bone
loss: -0.31 + 0.8 mm, distal mean bone loss: -0.35 + 0.9 mm). In
the SDI+A group a mean bone of -0.47 + 1.2 mm was measured
(mesial mean bone loss: -0.49 + 1.20 mm, distal mean bone loss:
-0.46 + 1.20 mm). These results may indicate a lower marginal bone
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loss in patients receiving NDI in pristine bone compared to patients
receiving SDI in augmented bone, however not statistically signifi-
cant (p = .33). After a mean clinical follow-up of 60 + 59 months
the following success rates were seen: Application of the criteria
of Albrektsson et al. (1986) indicated a n85.3% implant success
rate for the NDI group and an 82.5% implant success rate for the
SDI+A group (p =.48; hazard ratio adjusted for age and gender: HR
0.7, 95% Cl: 0.27 to 1.81 favoring NDI. By the definition of Buser
et al. (1990), an implant success rate of 84.3% was obtained for the
NDI and an implant success rate of 81.2% for the SDI+A (p = .79;
hazard ratio adjusted for age and gender: HR 0.78, 95% Cl: 0.32 to
1.90 favoring NDI).

Time (months)

3.3 | Oral health-related quality of life

57 patients of the NDI group and 32 patients of the SDI+A group
completed the OHIP-G-14 and the questionnaire. Mean OHIP-G 14
scores were 4.2 + 8 (range 0-53) for the NDl group and 3.8 + 5 (range
0-19) for the SDI+A group (p = .841). The answered OHRQoL ques-
tionnaire showed the following results: regarding all three questions,
“How do you rate your implant?” (NDI: 8.8 + 1.6; SDI+A: 9.2 + 1.1;
p =.25), “How do you rate the operation?” (NDI: 9.3 + 1.1; SDI+A:
9.4 +1.2; p=.62) and “How do you rate the implant-supported pros-
thesis?” (NDI: 8.8 + 1.8; SDI+A: 9.1 + 1.5; p = .56) no significant

differences were seen.
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4 | DISCUSSION

Implant-based treatment concepts of horizontally deficient al-
veolar ridges include different kinds of augmentation procedures
like alveolar ridge splitting/expansion, onlay bone grafts, and
Guided Bone Regeneration (GBR). These augmentations proce-
dures are well described in the literature with high success rates
(Al-Nawas & Schiegnitz, 2014; Sagheb et al., 2017; Starch-Jensen
& Becktor, 2019). These GBR procedures could compensate for di-
mensional changes and could optimize the aesthetic and functional
outcome. However, these augmentation procedures are associated
with complications such as postoperative pain, infections, nerve
damage, bone fractures, hemorrhage, wound dehiscences, and im-
plant or augmentation failures (Al-Nawas & Schiegnitz, 2014; Klein
et al., 2014; Moy & Aghaloo, 2019). In addition, they are time and
cost-consuming. In medically compromised patients (e.g., patients
with anticoagulant treatment, a history of radiation in the head and
neck region or with antiresorptive medication) augmentation proce-
dures may carry a higher risk of complications (Chappuis et al., 2018;
Schiegnitz et al., 2014; Walter et al., 2016). Therefore, alternative
concepts such as NDI are coming more and more in the clinical and
scientific focus. Regarding this surgical perspective, NDI may have
a lower risk of post-operative complications and are less technically
demanding in terms of surgery. In addition, considering the phrase
“less implant, more bone” NDI may present more buccal bone than
SDI. There is recent evidence that a thin buccal bone wall at implant
insertion will undergo significant resorption during healing, leading
to vertical bone loss and inducing a peri-implant bone defect in the
crestal area prior to functional loading (Monje et al., 2019). In a re-
cent prospective, controlled, clinical study the potential influence of
implant diameter and anatomic factors on the need for bone aug-
mentation procedures when replacing congenitally missing lateral
incisors was examined (Roccuzzo et al., 2021). In this study patients
with congenitally missing lateral incisors with a mesio-distal distance
between the canine and the central incisor of 5.9-6.3 mm received
a 2.9 mm diameter implant while 3.3 mm diameter implants were
inserted when the distance was 6.4-7.1 mm. The results showed that
the thickness of the facial bone after implant osteotomy was statisti-
cally significantly larger in the 2.9 diameter group compared to the
3.3 diameter group supporting the hypothesis that NDI present more
buccal bone. However, from a prosthetic perspective, NDI inserted
in wide tooth gaps need to be placed vertically deeper to allow a
harmonious emergence profile which may be accompanied by a risk
of enhanced peri-implant pocket depth and therefore a higher risk
for peri-implantitis (Monje et al., 2019). In addition, Katafuchi et al.
showed that an emergence angle of >30 degrees is a significant risk
indicator for peri-implantitis (Katafuchi et al., 2018). Future research
will have to clarify if the increased need for augmentation proce-
dures using SDI outweighs the risk of using NDI in wider tooth gaps.

Our results showed that NDI, inserted in pristine, horizontally
deficient alveolar ridges and SDI, inserted in horizontally aug-
mented alveolar ridges have comparable survival rates, success

rates, and marginal bone loss. As this is a retrospective study, causal

statements on the results usually should not be made. Therefore,
the results should be interpreted with caution. In the international
literature, to our best knowledge, we found only studies that com-
pare NDI with SDI, both inserted in pristine bone. In a randomized,
controlled, multicenter clinical study, 50 patients in need of a sin-
gle tooth replacement in the anterior or premolar region of the
mandible or maxilla were included, if the site could accommodate
a 4.1-mm-diameter implant (Ghazal et al., 2019). The patients re-
ceived a 3.3 mm (test group) or a 4.1 mm bone-level implant (con-
trol group). Implants were temporarily restored at 3 to 4 weeks after
insertion and definitive restorations were delivered 4 to 6 months
after placement. The success and survival rates at 12 months post-
loading were 100% for both groups. Mean crestal bone loss was sig-
nificantly lower in the NDI group (-0.27 + 0.34 mm) compared to
the SDI group (0.48 + 0.67 mm; p = .02). No significant difference
was seen in gingival recession and patient satisfaction. The author
concluded that NDI could be a valid treatment for narrow spaces
and have the potential to avoid the need for bone augmentation.
Trbakovic et al. examined clinical and radiological follow-up of 4 dif-
ferent NDI (@ 3.0 mm, @ 3.25 mm, @ 3.3 mm) of category 3, replac-
ing maxillary laterals and mandibular incisors (Trbakovic et al., 2018).
After a mean follow-up of 63.3 months implant survival was 97.2%.
In a further clinical study 2-year implant survival and success rates
of single, narrow, immediately loaded implants (@ 3.1 mm) placed in
fresh extraction sockets or healed sites in the anterior region were
reported (Peron & Romanos, 2020). Implant success and survival
rates were both 100% due to stable marginal bone levels and shal-
low probing pocket depths. A 5-year prospective multicenter study
analyzed the clinical and radiological outcome of immediately provi-
sionalized 3.0 mm diameter tapered implants in patients needing im-
plant rehabilitation of maxillary lateral incisors or mandibular lateral
and central incisors (Kolinski et al., 2018). At the 1-year follow-up
implant survival rate was 96.7%. Marginal bone level changes from
insertion to 12 months was -0.25 + 1.38 mm. Papilla index score
and PES improved at the 1-year follow-up. In conclusion, all these
above-mentioned studies indicated promising clinical data for NDI
in the aesthetic area. Yang et al. examined the success rate of NDl in
the maxillary anterior region and that of reimplants at the same site
(Yang et al., 2020). Survival and success rates of 1,095 NDl inserted
in 835 patients were 96.99% and 96.51% with a mean follow-up time
of 17.83 + 7.61 months. NDI with bone augmentation showed lower
failure rates. The success rate of the 23 reimplants was 95.65%. The
authors concluded that bone augmentation simultaneously per-
formed during NDIs implantation was favorable for a single missing
tooth and that the reimplantation of failed NDI was reliable and sta-
ble after successful bone reconstruction.

A recent meta-analysis compared the longevity and marginal bone
loss of NDI (@ < 3.3-mm) and SDI supporting single crowns (Telles
et al., 2019). In the 4 included studies, implant success rate ranged
from 93.8% to 100% over a maximum follow-up of 3 years, with no
difference between NDI and SDI. Meta-analysis indicated higher bone
loss in NDI compared to SDI. When analysis was restricted to RCT, no

such difference was present. A 3-year split-mouth randomized clinical



SCHIEGNITZ eT AL.

trial compared NDI (@ 3.3 mm) to SDI (z 4.1 mm) in the posterior
region of the jaws in regard to the marginal bone level and implant
and prosthesis survival and success rates (de Souza et al., 2018). At
the 3-year follow-up, implant survival rates of 100% were shown for
both groups. The implant success rate for SDI was 100%, whereas for
NDI was 95%. The prosthesis success rates at 3-year follow-up were
90% for NDI and 95% for SDI. The reasons of prosthesis failures were
minor veneer chipping and screws loosening. The authors concluded
that NDl inserted to support single crowns in the posterior region did
not differ from RDIs in regard to MBL, implant survival, and success
rates. Shi et al. investigated in a retrospective cohort study the long-
term survival, complications, peri-implant conditions, marginal bone
loss, and patient satisfaction of fixed dental prostheses supported by
NDI (@ 3.3 mm) in the posterior jaw (Shi et al., 2018). The overall im-
plant survival rates were 96.9% at implant level and 97.0% at patient
level with a mean follow-up time of 10.1 years. 8.5% of the implants
showed signs of peri-implantitis. 89.2% of the patients were satisfied
with the esthetics of the restorations, while 84.6% of the patients
were satisfied with the function of the restorations.

In our study, Tissue Level implants in the NDI group showed
higher survival rates than Bone Level implants in the NDI group. This
could be explained on the one hand by the transmucosal location of
the microgap in tissue-level implants as it is positioned at a certain
distance from the bone crest. On the other hand, Tissue Level im-
plants show mechanical benefits as the critical biomechanical crestal
area is located more crestaly to a position, where the tulip-shaped
implant has a wider diameter. Therefore, a more stable crestal part
of the implant and a shorter technical implant-crown ratio is existing.

In our study, the up-to-date and the postoperative radiograph
were compared to analyze the distance from the implant-abutment
periphery to the apex of the implant as described before (Schiegnitz
et al., 2016). As panoramic and intraoral radiographs were used to de-
termine the bony situation, a bias is possible and has to be kept in
mind, when evaluating these results. However, this method seems to
be reliable for this purpose (Kullman et al., 2007; Zechner et al., 2003).

The results of our study showed comparable oral health-related
quality of life in both groups after the treatment. These results in-
clude a high risk of bias as they were raised retrospectively and there
has been some concern that the short-form OHIP-14 may not detect
improvements following clinical intervention due to floor effects
(Stewart et al., 1988). The OHIP was applied as a tool because it
showed high test-retest reliability and was confirmed in numerous
cross-sectional population studies (Schiegnitz et al., 2017; Yuen &
Nelson, 2014). In the international literature, a retrospective cohort
study with a mean follow-up time of 120 months confirmed high
long-term survival rates and high patient satisfaction for 3.3 mm NDI
(Shietal., 2017).

5 | CONCLUSION

Within the limitations of this retrospective study, the results dem-

onstrated high survival, success, and patient satisfaction rates after
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38 and 42 months for both NDI, inserted in pristine bone and SDI,
inserted in horizontally augmented bone. Therefore, both treatment
concepts are a safe and predictable procedure for horizontally defi-

cient alveolar ridges.
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