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Abstract

sized implants.

cantly from the long-term success of standard implants.

Background The size of dental implants is a key success factor for appropriate osseointegration. Using shorter
implants allows the possibility of avoiding complex surgical procedures and reduces the morbidity of treatment.
Shorter implants also enable implant-prosthetic rehabilitation after maxillofacial reconstructions where only limited
bone is available. In this study, the success rates of short implants were examined and compared to those of standard-

Methods Patients who received dental implants between 2007 and 2016 at the Department of Oro-Maxillofacial Sur-
gery and Stomatology Semmelweis University were enrolled in the study. Several clinical parameters were recorded
and supplemented with radiological examinations. The data were statistically analysed.

Results Thirty-four patients with a total of 60 implants were included. The average time after prosthetic load-

ing was 39.33+21.96 months in the group with 8-mm implants and 41.6+ 27.5 months in the group with >8-mm
implants. No significant differences were observed between the two groups in terms of probing depth (short
implants, 2.84+0.09 mm; standard implants, 2.91+0.35 mm) or mean marginal bone loss (short implants, 1.2+1.21-
mm mesially and 1.36+ 1.47-mm distally; standard implants: 0.63 +0.80-mm mesially and 0.78 +0.70-mm distally).

Conclusions In this study, the success rate of short dental implants was comparable to that of standard-sized
implants. Consequently, it can be claimed that the long-term success of short dental implants does not differ signifi-

Keywords Short implants, Standard implants, Success rate

Background

In the 1980s, Albrektsson and Branemark [1] described
the necessary conditions to achieve optimal osseointe-
gration. These factors included the following: implant
material, adequate surgical technique, prosthetic load-
ing, implant surface treatment, and implant size. The
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use of short implants raises questions in several areas.
The primary stability, the bone-implant contact, the
increased crown-implant ratio, and their combined effect
on marginal bone loss, as well as the long-term success
of the implant, are questionable. However, many factors
have changed since the 1980s. Surface-treated implants
appeared, new implant materials and different implant
forms were developed, and new surgical techniques have
been developed. However, the implant length and the
definition of short implants are changing continuously.
In the past, implants shorter than 10 mm placed in the
lower jaw and shorter than 13 mm placed in the upper
jaw were considered to be risk factors for implant success

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0003-4863-6334
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40902-024-00419-8&domain=pdf

Bérczy et al. Maxillofacial Plastic and Reconstructive Surgery

[2]. Furthermore, it was expected that short implants
would have a lower success rate and an unpredictable
survival rate. Even in the early 2000s, numerous publica-
tions described short dental implants as being less suc-
cessful than standard implants of conventional length [3,
4]. Later, in 2016, at the European Association of Den-
tal Implantologists (EDI) consensus meeting, a short
implant was defined as being 8-mm long [5]. At the same
meeting, the recommendation was issued that short
implants should be a minimum of 3.75 mm in diameter.
The term “ultrashort implant” has emerged, describing
implants with a length of 6 mm. For ultrashort implants,
there is insufficient evidence to make recommendations
at this time. These definitions were confirmed in 2023 at
the 18th EDI conference [6]. Publications from the end of
the 2010s reported more favourable data on the success
of short implants [7-9]. According to the current classi-
fication, the 8-mm-long implants included in our study
were considered short, and implants larger than 8 mm
were considered standard. The use of short implants has
many advantages. Bone vertical augmentation, as well
as sinus elevation procedures in the posterior maxilla
directed to increase vertical dimensions, can be avoided.
Furthermore, compared with implant placement com-
bined with bone augmentation, there is a lower risk of
damaging important anatomical structures, a lower mor-
bidity, a shorter treatment time, and an overall lower cost
[10-12]. The use of short implants can have advantages
not only in the case of jaw atrophy but also in jaw recon-
struction surgery involving the fibula or scapula because,
due to limited bone volume, the use of a short implant
better facilitates prosthetic rehabilitation [13, 14]. The
aim of the present study was to clinically and radiograph-
ically assess the success of short and standard implants in
a retrospective comparative clinical trial.

Methods

Study design

Patients who had received at least one dental implant
during 2007-2016 at the Department of Oro-Maxillo-
facial Surgery and Stomatology Semmelweis University,
Budapest, Hungary, were enrolled in the study. The inclu-
sion criteria were as follows: no medical conditions that
would adversely influence the long-term outcomes of
implant therapy (such as diabetes mellitus and immuno-
suppressive status); nonsmoking; good oral hygiene; and
at least 6 months of loading. The exclusion criteria were
as follows: the use of systemic steroids, bisphosphonate
therapy, pathological conditions at the study sites, misfit-
ting of prosthetic components, malocclusions, bruxism,
or no bone augmentation (neither at the same time as the
implantation nor prior to the implantation).

(2024) 46:6

Page 2 of 10

The study protocol was approved by the National
Institute of Pharmacy and Nutrition (reference number:
Orszagos Gydgyszerészeti és Elelmezés-egészségiigyi
Intézet/29164/2019). The data collection was performed
with the understanding and written informed consent
of every participant. The study was conducted in full
accordance with the Helsinki Declaration of 1975 [15],
as revised in 2013 [16]. The patients were divided into
two groups: (i) patients with 8-mm-long implants (test
group) and (ii) patients with>8-mm-long implants (con-
trol group). Implants with a length of 8 mm were con-
sidered short implants according to the latest guidelines
of the European Association of Dental Implantologists
[6]. Envelope or triangular mucoperiosteal flaps were
prepared, and a two-phase surgical technique was used.
In all cases, the implants had adequate primary stabil-
ity (25-35 Ncm). The implants were exposed and loaded
3 months after the insertion.

Data collection

For the radiographic analysis, long-cone intraoral radio-
graphs were taken to identify mesial and distal marginal
bone loss (MBL) as the primary outcome measure. MBL
was measured either from the implant platform in the
case of bone level (BL) implants or from the border of
treated and polished implant surfaces in the case of tis-
sue level (TL) implants. The following clinical parameters
were assessed as secondary outcome measures: probing
depth at six sites per implant (mesiobuccal, buccal, dis-
tobuccal, disto-oral, oral, mesio-oral), the Silness—Loe
plaque index (SLPI), and bleeding on probing (BOP).
Furthermore, the extent of tooth loss (total, partial,
single); the type of prosthesis (single crown, fixed par-
tial denture, full arch bridge); and the duration of pros-
thetic implant loading were also recorded. The following
implant parameters were recorded: implant size, posi-
tion, diameter, type, material, and surface.

Statistical analysis

We followed a two-step approach of (i) exploratory data
analysis [17] and (ii) a subsequent confirmatory data
analysis. In the exploratory step, the relevant phenomena
in the underlying data were verified at a high level. Pair-
wise correlations amongst the numeric variables were
calculated, and the results were visually investigated.
Additional graphical techniques were applied to gain
insight into the characteristics of the data, such as their
normality. In the confirmatory step, a test of equal val-
ues was carried out between the test and control group
data. Having gained no relevant insight into the correla-
tions between the variables in the prior step, the follow-
ing independent variables were manually selected for the
test:
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+ The type of implant (BL or TL);

« Observable BOP;

» The value of the SLPI;

+ The type of tooth loss (free-end situation, complete
edentulism in one arch, total edentulism in both
arches).

Using these independent variables, Welch’s t tests of
unequal variances were carried out. Welch’s t test is an
adaptation of Student’s t test, with improved reliability
for data samples with unequal variances and unequal
sample sizes. Even though Welch’s test assumes a normal
distribution of the underlying data, it is considered to be
robust against deviations from normality.

The null hypothesis stated that the means of the two
samples would not be significantly different. Upon obser-
vation of a p value that was above the chosen significance
threshold of 0.05, the null hypothesis was accepted; i.e.
the two samples were considered not to be different.
Upon observation of a p value that was less than the cho-
sen significance threshold of 0.05, the null hypothesis was
rejected, and the alternate hypothesis was accepted; i.e.
the two samples were considered significantly different.

Results

Patient demographics

In the present study, 34 patients with 60 Straumann
(Straumann Holding AG, Basel, Switzerland) implants
were enrolled. The test group included 17 patients with
30 short implants, whilst the control group included 17
patients with 30 standard implants. The mean age of the
patients was 56.94+14.74 years in the test group and
60.31+£10.46 years in the control group. Table 1 shows
the study implant characteristics in the test and control
groups. All of the selected patients were classified as
“Group I” according to the American Society of Anesthe-
siology (ASA) [18]. Table 2 shows the ASA classification.

Radiographic outcomes

The mean MBL was 1.2+1.21 mm mesially and
1.36+1.47 mm distally for short implants (Fig. 1a) com-
pared to 0.63 + 0.80 mm mesially and 0.78 £ 0.70 mm dis-
tally for the standard-length implants (Fig. 1b). The MBL
values in the two groups were compared using Welch’s t
test at a significance level of 0.05. The two MBL values
were compared individually on the mesial and distal sides
and using their means. The detailed p values of Welch’s t
tests are shown in Table 3.

In the case of short BL implants, the mean MBL was
1.44+1.41 mm; in the case of short TL implants, the
mean MBL was 1.07+1.16 mm. In the case of stand-
ard BL implants, the mean MBL was 0.87+0.90 mm;
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Table 1 The relevant properties of the short and standard
implants

Short Standard

Position

Front 2

Premolar 17

Molar 1 17
Diameter

3.3 mm 10 4
4.1 mm 18 26
4.8 mm 2 0
Type

Bone-level 17 16
Tissue-level 13 14
Material

Grade4Ti 26 30
TiZr 4 0
Surface

SLA 23 30
SLActive 7 0

in the case of short TL implants, the mean MBL was
0.46 £ 0.50 mm.

Clinical outcomes

During the study period, the survival rate of the implants
was 100% in the test and control groups. The prob-
ing depth values measured in the test group were as
follows: mesiobuccally, 2.86+1.07 mm; distobuccally,
2.83+1.23 mm; buccally, 2.16+0.98 mm; mesio-orally,
3.16+1.72 mm; disto-orally, 3.06+1.48 mm; and orally,
3.00+£1.33 mm. The probing depth values measured
in the control group were as follows: mesiobuccally,
3.10+1.26 mm; distobuccally, 3.36 +1.29 mm; buccally,
246+1.00 mm; mesio-orally, 2.53+0.93 mm; disto-
orally, 3.46 + 1.04 mm; and orally, 2.6 +1.10 mm. Table 4
and Fig. 2 summarise the probing depth values meas-
ured around the implants at six characteristic points. The
probing depth values in the two groups were evaluated
using Welch’s t test at a significance level of 0.05. The six
probing depth values were compared (i) in an individually
pairwise and (ii) in a mean pairwise fashion. The detailed
p values of Welch’s t tests are shown in Table 5. None
of the above-listed p values were below the significance
threshold. However, there were significant differences
between the probing depth of each tooth group (front,
premolar, molar). For the probing depth values, Welch’s
t tests resulted in p values of 0.027 and 0.016 between
the front and molar implants and between the front and
premolar implants, respectively. The correlation between
the probing depth and the time since prosthetic loading
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Table 2 The ASA classification

ASA PS classification Definition
Group | A normal healthy patient
Group Il A patient with mild systemic disease
Group Il A patient with severe systemic disease
Group IV A patient with severe systemic disease that is a constant threat to life
Group V A moribund patient who is not expected to survive without the operation
Group VI A declared brain-deal patient whose organs are being removed for donor purposes
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Fig. 1 a Mean MBL mesially and distally for short implants. b Mean MBL mesially and distally for standard implants
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Table 3 The p values of the statistical tests for MBL
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p value
Mesial 0.038
Distal 0.071
Mean 0.034

Table 4 Probing depths around short and standard implants

Short implant (mm) Standard
implant
(mm)
Mesiobuccal 2.86 3.10
Distobuccal 2.83 336
Buccal 2.16 246
Mesio-oral 3.16 253
Disto-oral 3.06 346
Oral 3.00 2.60
Average 2.84+0.09 291+0.35
5
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4
E 35
£
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S
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©
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was calculated to be—0.0759. The correlation between
MBL and the time of prosthetic loading was calculated
to be 0.0562. Therefore, we could not correlate between
the probing depth and MBL, nor the time since load-
ing. In the case of short BL implants, the mean PD was
2.7+0.75 mm; in the case of short TL implants, the
mean PD was 2.9+1.18 mm. In the case of standard BL
implants, the mean MBL was 2.93 + 0.80 mm; in the case
of short TL implants, the mean MBL was 2.85 + 1.07 mm.
The Silness—Loe plaque index (SLPI) was 0 in 70% of the
patients and 1 in 30% of the patients in the test group.
The SLPI was 0 in 90% of the patients and 1 in 10% of
the patients in the control group. According to the SLPI
values, the general oral hygiene of the patients was good.
Bleeding on probing was positive in 50% of the patients
in the test group and in 30% of the patients in the con-
trol group. Table 6 shows the summarised SLPI and BOP
values for the test and control groups. The average time
period of prosthetic loading was 39.33+21.96 months
in the test group and 41.6+27.5 months in the control
group. The minimum time since prosthetic loading was

3.17 3.07 3

mesio-oral disto-oral oral

Short implants

Fig. 2 Probing depths around short and standard implants

Table 5 The p values of the statistical tests for probing depth

M Standard implants

Table 6 The SLPIand BOP values in the test and control groups

Test group Control group
SLPIO 70% 90%
SLPI 30% 10%
BOP 50% 30%

p value
Mesiobuccal 0.445
Distobuccal 0.108
Buccal 0.248
Mesio-oral 0.076
Disto-oral 0.232
Oral 0.211
Mean 0.762

9 months in the test group and 20 months in the control
group. The maximum time since prosthetic loading was
95 months in the test group and 134 months in the con-
trol group. In the test group, the loading time was more
than 2 years in 67% of the cases and longer than 5 years
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in 30% of the cases. In the control group, the loading
time was greater than 2 years in 83.33% of the cases and
exceeded 5 years in 13.3% of the cases. Table 7 shows the
distribution in percentage of the cases according to the
prosthetic loading time. In both the test and the control
groups, the patients had fixed prosthetic appliances on
the placed implants (single crowns and bridges). None of
the patient groups required an axis correction abutment
during the fabrication of fixed prosthetic appliances. A
prosthetic abutment fracture was not registered.

Discussion
The MBL values of the two groups were compared (i)
individually on the mesial and distal sides and (ii) using
their means. Even though the mean MBL demonstrated
a true difference between the means of the two samples,
the inconsistency in the detailed MBL values did not sup-
port this observation. On the one hand, the MBL values
on the mesial side demonstrated a significant difference
between the groups with short implants and standard
implants; on the other hand, the MBL values on the dis-
tal sides were comparable. Additionally, the results above
were very close to the p value threshold of 0.05. These
inconsistent MBL results can be explained on the basis
of a problem originating from the measurement method.
Most notably, deviations in the implant angulation in the
oral or the vestibular direction could result in distorted
radiographic images; thus, marginal bone loss in particu-
lar can appear larger than it is in reality. Together with
the observations of the probing depth and the plausible
explanation of the measurement errors, these findings
indicate that there was no significant difference between
the mean MBLs around the short and standard implants.
In our study, there was not a significant difference
between the BL and TL implants in the test and control
group in terms of mean MBL or PD. This result aligns
with the data available in the literature, indicating no dif-
ference in terms of MBL between the two implant types
[19]; if there is adequate keratinized gingiva around the
implant, the success rate is almost the same [20]. Based
on in vitro tests, higher stress values can be measured
around short BL implants but are not high enough to
cause failure [21].

Table 7 Distribution in percentage of the cases according to the
prosthetic loading time

Prosthetic loading time  Test group Control group
>2 years 67% 83.33%

>5 years 30% 13.3%

0.5-1 year 6% 0%
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In addition, a significantly greater probing depth on the
oral side was recorded, and a correlation with overall oral
hygiene habits was demonstrated. This topic is a subject
of future studies. Furthermore, the value of the probing
depth was expected to be similar to the distance between
the marginal bone level and the marginal gingiva [22]; we
hypothesised that our study would yield similar results.
The probing depth did not differ markedly between the
samples. For the probing depth values, Welch’s t tests
resulted in p values of 0.027 and 0.016 between the front
and the molar and between the front and the premolar
implants, respectively.

Depending on the position of the implant, a significant
difference could be demonstrated between the implants
placed in the front region and those placed in the ante-
rior/posterior regions since proper plaque removal in the
molar region is more difficult to achieve than in the front
region. Moreover, implants may be exposed to different
forces in different regions of the jaws, which could also
have affected our results. In our study, we could not com-
pare the results of different teeth, but we could evaluate
the different tooth groups, thus the front, premolar, and
molar teeth.

The correlations between time after prosthetic loading,
probing depth, and MBL were evaluated by calculating
the respective correlations of the two measured variables
with the prosthetic loading time. No correlation was
found, indicating that neither the probing depth nor the
MBL increased (nor decreased) as a function of time.

The occurrence of bone loss, however, can be explained
by three factors during the loading time, as previously
shown [23-25]. First, biomechanical forces act on the
interfaces between the implant and bone and between
the implant and the abutment. These forces are caused
by prosthetic loading. Second, bacterial accumulation
in microgaps can occur between the implant and the
abutment. Consequent inflammatory reactions may be
caused by bacterial flora and other inflammatory agents,
such as residual cement at the interface. Plaque accu-
mulation and the type of implant—abutment connection
can promote an inflammatory response and osteoclast-
induced bone resorption. A third factor of peri-implant
bone loss may be traumatic surgery. Amongst the most
important aspects, subcrestal implant placement, proper
implant positioning, a two-phase surgical protocol, and
adequate soft-tissue thickness and contouring are rec-
ommended. Although soft tissue management often
increases the number of surgical procedures, currently,
there is increasing effort to reduce surgical loading in
periodontology, e.g. with less invasive flap designs [26,
27]. It has been known since Albrektsson and Brane-
mark [1] published their groundbreaking study in the
1980s that the implant surface plays an important role in
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osseointegration. Subsequently, different surface treat-
ments have been given greater importance in the long-
term success of implants. The interaction of proteins at
the nanometric level is emerging as a crucial factor for
the integration of implants [28, 29]. Nevertheless, recent
studies have shown that with various surface treatments,
different osseointegration periods can be achieved [28,
30]. The vast majority of the implants included in our
study had an SLA surface. There were seven implants
in the test group and zero in the control group with a
SLActive surface. A comparison of the two surfaces was
thus not possible. The SLActive surface has a more pro-
nounced effect on human bone mesenchymal stem cells
[31] and the osseointegration period [32]; however, it has
no effect on MBL and the success of the implant in the
long term [33].

Osseointegration can also be affected by the material
of the implant. Grade 4 Ti and TiZr material implants
were found in both examined groups. However, only four
implants were made of TiZr in the test group, and zero
implants were made of TiZr in the control group. Due to
disproportionality, we could not examine this influenc-
ing factor. However, implants made of TiZr have a higher
modulus of elasticity and greater hardness and thus are
more suitable for higher loading [34]; thus, they can have
an important role in the use of short implants. The TiZr
material also shows better results in terms of MBL than
implants made of Ti material [35].

As a result of prosthetic loading, due to biomechanical
effects, tension may develop in the bone tissue around
the implant. The stress transmission in the bone depends
on many factors, such as the length and diameter of the
implant. According to in vitro studies, the diameter of the
implant is more important than the length of the implant
for better stress transmission; however, the length of the
implant itself has an effect on the stress generated in the
bone [36, 37]. The implant diameter as well as implant co-
localization have been identified as further success fac-
tors of short implants by Sang-Yun et al. [38] and Tabrizi
et al. [39], respectively. In some studies, if wide enough
implants were used, then no significant differences were
found in the volume of marginal bone resorption or in
the implant survival rate according to the length of the
implants, surgical type, location of the arch, or prosthetic
type [40, 41]. According to the current recommendation
of the ED], if a short implant is used, it should be at least
3.75 mm in diameter [5].

In our study, the primary stability of the implants was
not covered. However, the length and diameter of the
implant may have an effect on primary stability. Accord-
ing to in vitro studies, in terms of primary stability, the
length of the implant has a greater role than the diameter
of the implant [42]. A lower primary stability may form
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with short implants; this statement is especially true in
the case of lower bone quality [43].

A limitation of our study is that it did not include the
measurement of the implant-to-crown ratio (C/R ratio).
However, based on numerous studies, a high C/R ratio
alone does not cause clinically significant MBL [44—46].

The imprecise definition of implant success is a gen-
eral problem in the literature. Many authors use different
explanations and different measurement values, render-
ing comparisons between their research infeasible, firstly
because the definition of success itself is ambiguous and
secondly because the method for evaluating the suc-
cess rate is also not defined. The scale of implant quality
established by Misch et al. [47] used in our study sum-
marises existing definitions of success and related data.
Based on the mesial and distal MBL data, 21 out of the
30 implants were in the success group, 8 implants were in
the satisfactory survival group, and 1 implant was in the
compromised survival group. Table 8 shows the Implant
Quality Scale groups.

According to the conventions of the scale by Misch, the
success rate of the test group in our study was 70%. The
success and satisfactory survival rates together yielded
96.66%. Our findings are comparable with other results
found in the international literature. In the study of
Malmstrom et al. [48], the success rate of short implants
was 100% after 2 years of follow-up. Lombardo et al.
[49] reported that the success rate of short implants was
97.6% after 3 years of follow-up.

Table 8 The implant quality scale

Implant Quality Scale group Clinical conditions

. Success (optimum health) No pain or tenderness

upon function

0 mobility

<2-mm radiographic bone loss
from initial surgery

No exudate history

II. Satisfactory survival No pain on function
0 mobility
2-4-mm radiographic bone loss

No exudate history

Ill. Compromised survival May have sensitivity on function
No mobility

Radiographic bone loss >4 mm
(less than1/2 of implant body)
Probing depth>7 mm

May have an exudate history

|V. Failure (clinical or absolute failure) Any of the following:

Pain on function

Mobility

Radiographic bone loss:
>1/2 length of XXX implant
Uncontrolled exudate

No longer in the mouth
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The number of selected patients represents the most
significant compromise to the validity of our study.
Even though 60 implants were examined in this study,
only 34 patients received these implants. This relatively
small sample size gives rise to potential success/failure
factors in the statistical analysis that remain hidden and
therefore cannot be properly measured. However, simi-
lar limitations comparable to our research limitations
were also identified in the literature. Only systematic
reviews feature significantly larger amounts of patient
data. Various meta-analyses and systematic reviews
indicate that there is no difference between the use
of short implants in comparison to standard implants
with grafting procedures for the marginal bone level
development or success rates [50-52]. However, these
findings do not represent the original research results.
All the selected patients were classified as “Group 1” by
the American Society of Anesthesiology classification, but
only a small percentage of the overall global population
was classified as Group I. However, according to some
studies, the general condition does not necessarily signifi-
cantly affect the long-term success of implants [53].

The use of short implants can have many advantages;
however, when using them, it is necessary to take into
account what difficulties may arise in the case of a given
patient, which may affect the primary stability, the gen-
erated tension in the bone, and thus the long-term suc-
cess of the implant. These factors include bone quality;
width of the orovestibular bone (implant diameter);
crown-implant ratio; implant location in the jaw; num-
ber of implants; harmful behaviours such as bruxism or
smoking; and a patient’s general condition and diseases.

Conclusions

In this study, we found that the long-term success of
short implants did not differ widely from the long-term
success of standard implants within the limitations
of this study’s protocol. These results imply that the
advantages of short dental implants can be used with
comparable success rates. Our hypothesis was tested
in healthy, nonsmoking patients; extrapolation of these
results to a more general population is a subject for fur-
ther research.

Abbreviations

EDI European Association of Dental Implantologists
MBL Marginal bone loss

BL Bone level

TL Tissue level

SLPI Silness—Loe Plaque Index

BOP Bleeding on probing

C/Rratio  Implant-to-crown ratio

ASA American Society of Anesthesiology

(2024) 46:6

Page 8 of 10

Acknowledgements
The authors would like to thank Zsuzsa Lészl6, Bence Galambos, Zsolt Kajan,
and Csilla Erdei for their valuable insights.

Authors’ contributions

KB, GyG, GyK, TS, GySz, and ZsN contributed to this clinical trial, i.e,, study
design, study conduct, and data collection. All authors have reviewed the
manuscript and approved the manuscript prior to submission.

Funding

Open access funding provided by Semmelweis University. The authors declare
there was no funding in the design of the study, collections, analysis, interpre-
tation of data, and in writing the manuscript.

Availability of data and materials

The datasets used and/or analysed during the current study are available from
the corresponding author (Kinga Bérczy, berczy.kinga@semmelweis.hu) on
reasonable request.

Declarations

Ethics approval and consent to participate

The necessary ethical approval to our study was consented by the National
Institute of Pharmacy and Nutrition (reference number: Orszagos Gydgysz-
erészeti és Elelmezés-egészséqlyi Intézet/29164/2019). Address: 1051,
Budapest, Zrinyi utca 3. Hungary. E-mail: amd@ogyei.gov.hu. All the methods
were carried out in according to the relevant guidelines and regulations. All
the patients were informed in written form about the study protocol and
explained orally that the results of clinical and radiological examinations
would be used for research purposes. The patients filled out a personal health
record and they also approved with a signature to participate in the study.
Patients consent with their signature that their data could be used anony-
mously in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 22 December 2023 Accepted: 13 February 2024
Published online: 28 February 2024

References

1. AlbrektssonT, Branemark PI, Hansson HA, Lindstréom J (1981) Osseointe-
grated titanium implants: requirements for ensuring a long-lasting, direct
bone-to-implant anchorage in man. Acta Orthop Scand 52(2):155-170

2. vanSteenberghe D, Lekholm U, Bolender C, Folmer T, Henry P, Hermann |
(1990) Applicability of osseointegrated oral implants in the rehabilitation
of partial edentulism: a prospective multicenter study on 558 fixtures. Int
J Oral Maxillofac Implants 5(3):272-281

3. Naert |, Koutsikakis G, Duyck J, Quirynen M, Jacobs R, vanSteenberghe D
(2002) Biologic outcome of implant-supported restorations in the treat-
ment of partial edentulism. Clin Oral Implants Res 13(4):381-389

4. Weng D, Jacobson Z, Tarnow D, Hureler M, Faehen O, Sanavi F (2003) Mul-
ticenter prospective clinical trial of 3i machined surface implants: result
after 6 year of follow-up. Int J Oral Maxillofac Implants 18(3):417-423

5. Neugebauer J, Nickenig HJ, Zoller JE, Bolz W, Bowen A, Deporter D et al
(2016) Guidelines of the 11th European Consensus Conference. Short,
angulated and diameter-reduced implants. EDI J 12(1):16-19

6. Neugebauer J, Nickenig HJ, Zéller JE (2023) Guideline 2023: 2nd Update
on short, angulated and diameter-reduced implants 18th European
Consensus Conference (EuCC). EDI Journal 19(1):2-10

7. Benlidayi ME, Ucar Y, Tatli U, Ekren O, Evlice B, Kisa Hl et al (2018) Short
implants versus standard implants. Implant Dent 27(1):95-100



Bérczy et al. Maxillofacial Plastic and Reconstructive Surgery

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Lemos CAA, Ferro-Alves ML, Okamoto R, Mendonga MR, Pellizzer EP
(2016) Short dental implants versus standard dental implants placed

in the posterior jaws: a systematic review and meta-analysis. J Dent
47(1):8-17

Hong DGK, Oh JH (2017) Recent advances in dental implants. Maxillofac
Plast Reconstr Surg 39(1):33

Thoma DS, Zeltner M, Husler J, Himmerle CHF, Jung RE (2015) EAO
supplement working group 4-EAO CC 2015 short implants versus sinus
lifting with longer implants to restore the posterior maxilla: a systematic
review. Clin Oral Implants Res 26(11):154-169

. Cruz RS, Lemos CA de A, Batista VE de S, Oliveira HFF, Gomes JM de L,

Pellizzer EP et al (2018) Short implants versus longer implants with
maxillary sinus lift. A systematic review and meta-analysis. Braz Oral Res
32:e86

Nielsen HB, Schou S, Isidor F, Christensen AE, Starch-Jensen T (2019) Short
implants (€8 mm) compared to standard-length implants (=8 mm) in
conjunction with maxillary sinus floor augmentation: a systematic review
and meta-analysis. Int J Oral Maxillofac Surg 48(2):239-249

Jelovac D, Micic M, Hajdarevic S, Kuzmanovic C, Cukic B, Stefanovic B et al
(2023) Immediate placement of extra-short implants in refined scapula
tip microvascular free flaps: in house virtual planning and surgical tech-
nique-Proof of concept. Heliyon 9(1):218021

Wang F, Huang W, Zhang C, Sun J, Kaigler D, Wu Y (2015) Comparative
analysis of dental implant treatment outcomes following mandibular
reconstruction with double-barrel fibula bone grafting or vertical distrac-
tion osteogenesis fibula: a retrospective study. Clin Oral Implants Res
26(2):157-165

Shephard DA (1976) The 1975 Declaration of Helsinki and consent. Can
Med Assoc J 115(12):1191-1192

World Medical Association Declaration of Helsinki (2023) JAMA.
310(20):2191-94.

https://www.r-project.org/. Accessed 19.01.2024

ASA Physical Status Classification System. https://www.asahq.org/stand
ards-and-guidelines/asa-physical-status-classification-system. Accessed
19.01.2024

Cosola S, Marconcini S, Boccuzzi M, Menchini FGB, Covani U, Penarrocha-
Diago M et al (2020) Radiological outcomes of bone-level and tissue-
level dental implants: systematic review. Int J Environ Res Public Health
17(18):6920

Betthduser M, Schilter R, Enkling N, Suter VGA, Abou-Ayash S, Schimmel
M (2022) Clinical outcomes of different implant types in mandibular
bar-retained overdentures: a retrospective analysis with up to 20 years
follow-up. Int J Implant Dent 8(1):38

Avag C, Akkocaoglu M (2023) The evaluation of stress on bone level and
tissue level short implants: a finite element analysis (FEA) study. J Stoma-
tol Oral Maxillofac Surg 124(1):101298

Mombelli A (2000) Lang NP (1994) Clinical parameters for the evaluation
of dental implants. Periodontol 4(1):81-86

Kozlovsky A, Tal H, Laufer BZ, Leshem R, Rohrer MD, Weinreb M et al
(2007) Impact of implant overloading on the peri-implant bone in
inflamed and non-inflamed peri-implant mucosa. Clin Oral Implants Res
18(5):601-610

Klinberg 1J, Trulsson M, Murray GM (2012) Occlusion on implants-is there
a problem? J Oral Rehabil 39(7):522-537

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

Windisch P Martin A, Shahbazi A, Molnar B (2017) Reconstruction of hori-
zontovertical alveolar defects. Presentation of a novel split-thickness flap
design for guided bone regeneration: a case report with 5-year follow-up.
Quintessence Int 48(7):535-547

Shahbazi A, Feigl G, Sculean A, Grimm A, Palkovics D, Molnar B et al (2021)
Vascular survey of the maxillary vestibule and gingiva—clinical impact on
incision and flap design in periodontal and implant surgeries. Clin Oral
Investig 25(2):539-546

Jodb FA, Divinyi T, Fazekas A, Peté G, Karacs A (2000) A fogészati implan-
tadtumok fellletkezelése nagyteljesitményi Iézersugdrral. Fogorv Sz
93:169-180

Jodb FA, Karacs A, Pet6 G, Kormdczi K, Bogdan S, Huszar T (2016) Effects
of a nano-structured surface layer on titanium implants for osteoblast
proliferation activity. Acta Polytechnica Hungarica 13(7):7-25

(2024) 46:6

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 9 of 10

Kérmoczi K, Komlés G, Papdcsi P, Horvath F, Jodb-Fancsaly A (2021) The
early loading of different surface-modified implants: a randomized clini-
cal trial. BMC Oral Health 21(1):207

Yin L, Chang Y, You 'Y, Liu C, Li J, Lai HC (2019) Biological responses of
human bone mesenchymal stem cells to Ti and TiZr implant materials.
Clin Implant Dent Relat Res 21(4):550-564

Lang NP, Salvi GE, Huynh-Ba G, Ivanovski S, Donos N, Bosshardt DD (2011)
Early osseointegration to hydrophilic and hydrophobic implant surfaces
in humans. Clin Oral Implants Res 22(4):349-356

Sener-Yamaner ID, Yamaner G, Sertgdz A, Canakci CF, Ozcan M (2017)
Marginal bone loss around early-loaded SLA and SLActive implants.
Implant Dent 26(4):592-599

Sharma A, Waddell JN, Li KC, Sharma A, L, Prior DJ, Duncan WJ, (2021) Is
titanium-zirconium alloy a better alternative to pure titanium for oral
implant? Composition, mechanical properties, and microstructure analy-
sis. Saudi Dent J 33(7):546-553

Haimov E, Sarikov R, Haimov H, Juozdbalys G (2023) Differences in
titanium, titanium-zirconium, zirconia implants treatment outcomes:

a systematic literature review and meta-analysis. J Oral Maxillofac Res
14(3):1-13

Naguib GH, Hashem ABH, Natto ZS, Abougazia AO, Mously HA, Hamed
MT (2023) The effect of implant length and diameter on stress distribu-
tion of tooth-implant and implant supported fixed prostheses: an in vitro
finite element analysis study. J Oral Implantol 49(1):46-54

Arosio P, Arosio F, Di Stefano DA (2020) Implant diameter, length, and the
insertion torque/depth integral: a study using polyurethane foam blocks.
Dent J (Basel) 8(2):56

Kim S-Y, Ku J-K, Kim H-S, Yun P-Y, Kim Y-K (2018) A retrospective clinical
study of single short implants (less than 8 mm) in posterior edentulous
areas. J Adv Prosthodont 10(3):191

Tabrizi R, Arabion H, Aliabadi E, Hasanzadeh F (2016) Does increas-

ing the number of short implants reduce marginal bone loss in the
posterior mandible? A prospective study. Br J Oral Maxillofac Surg
54(7):731-735

Vargas-Moreno VF, Ribeiro MCO, Gomes RS, Faot F, Del Bel CAA, Marcello-
Machado RM (2023) Clinical performance of short and extra short dental
implants with wide diameter: a systematic review with meta-analysis. J
Prosthet Dent. https://doi.org/10.1016/j.prosdent.2023.01.004

Ku J, YiYJ, Yun PY, Kim YK (2016) Retrospective clinical study of ultrawide
implants more than 6 mm in diameter. Maxillofac Plast Reconstr Surg
38(1):30

Gottlow J, Sennerby L (2023) Influence of diameter and length on
primary stability in various implant site densities—an in vitro study in
polyurethane blocks. Clin Implant Dent Relat Res. https://doi.org/10.
1111/cid.13290

Wu HC, Huang HL, Fuh LJ, Tsai MT, Hsu JT (2023) Effect of implant length
and insertion depth on primary stability of short dental implant. Int J Oral
Maxillofac Implants 38(1):62-70

Di Fiore A, Vigolo P, Sivolella S, Cavallin F, Katsoulis J, Monaco C et al (2019)
Influence of crown-to-implant ratio on long-term marginal bone loss
around short implants. Int J Oral Maxillofac Implants 34(4):992-998
Nunes M, Almeida R, Felino A, Malo P, de Aradjo NM (2016) The influence
of crown-to-implant ratio on short implant marginal bone loss. Int J Oral
Maxillofac Implants 31(5):1156-1163

Malchiodi L, Ricciardi G, Salandini A, Caricasulo R, Cucchi A, Ghensi P
(2020) Influence of crown-implant ratio on implant success rate of ultra-
short dental implants: results of a 8- to 10-year retrospective study. Clin
Oral Investig 24(9):3213-3222

Misch CE, Perel ML, Wang H-L, Sammartino G, Galindo-Moreno P, Trisi P
et al (2008) Implant success, survival, and failure: the International Con-
gress of Oral Implantologists (ICOI) Pisa Consensus Conference. Implant
Dent 17(1):5-15

Malmstrom H, Gupta B, Ghanem A, Cacciato R, Ren Y, Romanos GE (2016)
Success rate of short dental implants supporting single crowns and fixed
bridges. Clin Oral Implants Res 27(9):1093-1098

Lombardo G, Pighi J, Marincola M, Corrocher G, Simancas-Pallares M,
Nocini PF (2017) Cumulative success rate of short and ultrashort implants
supporting single crowns in the posterior maxilla: a 3-year retrospective
study. Int J Dent 27:1-10


https://www.r-project.org/
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://doi.org/10.1016/j.prosdent.2023.01.004
https://doi.org/10.1111/cid.13290
https://doi.org/10.1111/cid.13290

Bérczy et al. Maxillofacial Plastic and Reconstructive Surgery (2024) 46:6

50.

51

52.

53.

Vetromilla BM, Mazzetti T, Pereira-Cenci T (2021) Short versus standard
implants associated with sinus floor elevation: an umbrella review of
meta-analyses of multiple outcomes. J Prosthet Dent 126(4):503-511
Badaré M, Marin D, Pauletto P, Gongalves T, Porporatti A, De Luca CG
(2021) Failures in single extra-short implants (< 6 mm): a systematic
review and meta-analysis. Int J Oral Maxillofac Implants 36(4):669-689
Nisand D, Picard N, Rocchietta | (2015) Short implants compared to
implants in vertically augmented bone: a systematic review. Clin Oral
Implants Res 26(11):170-179

Sodnom-Ish B, Eo MY, Kim MJ, Kim SM (2023) A 10-year survival rate of
tapered self-tapping bone-level implants from medically compromised
Korean patients at a maxillofacial surgical unit. Maxillofac Plast Reconstr
Surg 45(1):35

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10



	Outcomes of treatment with short dental implants compared with standard-length implants: a retrospective clinical study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design
	Data collection
	Statistical analysis

	Results
	Patient demographics
	Radiographic outcomes
	Clinical outcomes

	Discussion
	Conclusions
	Acknowledgements
	References


