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Introduction: The relationship between implant length and prosthetic crown height has traditionally been considered a
critical factor in the biomechanical stability of implant-supported restorations. High crown-to-implant ratios (CIR) have
been associated with increased stress at the bone—implant interface and potential risk of failure. However, recent evidence
suggests that this parameter may have a limited clinical impact when other factors are properly controlled. The aim of this
study was to retrospectively evaluate the clinical performance of extra-short, narrow-diameter implants placed in situations
with crown-to-implant ratios >3. Materials and Methods: A retrospective study was conducted including patients treated
in 2020 with extra-short implants (4.5-6.5 mm) and narrow diameters (3—3.5 mm), supporting single or fixed restorations.
All cases had a minimum follow-up of five years. Treatment planning was performed using CBCT and digital software,
allowing individualized surgical protocols to optimize primary stability. Clinical and radiographic follow-up included
periodic periapical radiographs. Implant survival was assessed using Kaplan-Meier analysis, and marginal bone loss was
measured using calibrated digital images. Results: Six patients with 24 implants were included, with a mean follow-up of
62.6 + 7.8 months. The mean crown-to-implant ratio was 3.27 + 0.26 (range 3-3.9). Implant survival was 100%, with no
failures recorded. Prosthetic survival was also 100%, although seven minor technical complications were observed, mainly
screw loosening. Mean marginal bone loss was 0.42 + 0.59 mm (mesial) and 0.45 + 0.70 mm (distal). Most implants were
immediately loaded and restored with screw-retained prostheses. Conclusions: Extra-short, narrow-diameter implants
placed in situations with crown-to-implant ratios >3 can achieve favorable medium-term clinical outcomes. Implant
survival and marginal bone stability appear to depend more on biomechanical and biological factors than on the magnitude
of the crown-to-implant ratio itself. These findings suggest that high CIR values should not be considered a limiting factor
when appropriate treatment planning and load control are applied.
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behavior in the dental implant environment [5]. A major
INTRODUCTION difference between teeth and implants is that the latter
lack a periodontal ligament, which substantially modifies
load transmission and the biomechanical response of the
system [9,10]. In this regard, experimental analyses and
finite element models have shown that an increase in the
crown-to-implant ratio increases the bending moment,
but this does not necessarily translate into a clinically
significant increase in marginal bone loss when other
factors such as prosthetic design, load distribution, or
bone quality are adequately controlled [11-17].

The relationship between implant length and the
height of the prosthetic restoration has traditionally been
considered a critical factor in the biomechanical stability
of implant-supported rehabilitations [1-5]. In particular,
the crown-to-implant ratio (CIR) has been the subject of
debate for decades, as it has been assumed that high
values could increase stress at the bone—implant interface
and compromise long-term survival [2,5-8]. This
concept, largely inherited from tooth-supported
prosthodontics, has been progressively questioned as
clinical evidence has demonstrated a more complex
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In recent years, the interest in short and ultra-
short implants has revived the debate regarding the
clinical relevance of the CIR. In these situations, high
ratios are frequently found, sometimes exceeding 2 or
even 3, particularly in posterior regions with advanced
bone atrophy. Despite this, multiple clinical studies have
reported high survival rates in short implants with crown-
to-implant ratios greater than 2, without a significant
increase in biological complications [2,4,7,8,18]. In a
retrospective study with up to 10 years of follow-up,
Luca Malchiodi et al.,[19] did not find a significant
association between CIR and implant failure rate, even
in ultra-short implants, suggesting that this parameter
may have a limited clinical impact under certain
conditions. In parallel, the use of narrow-diameter
implants has expanded indications in cases of horizontal
atrophy, avoiding bone augmentation procedures.
However, the combination of ultra-short and narrow
implants creates a particularly demanding biomechanical
scenario, in which the crown-to-implant ratio may reach
high values and where evidence in the international
literature remains limited [7,8].

From a clinical perspective, the relevance of
CIR must be interpreted within a multifactorial system in
which variables such as bone quality, primary stability,
implant-abutment connection type, prosthetic design,
and control of occlusal loads are involved. In this sense,
more recent literature suggests that the influence of CIR
on marginal bone loss may be lower than traditionally
assumed, especially in the presence of progressive
loading protocols and optimized prosthetic designs
[2,4,6-8,14—18]. Despite the growing body of evidence,
available data on extremely high crown-to-implant ratios
(>3), particularly in ultra-short and narrow-diameter
implants, remain limited. Therefore, the aim of the
present study is to retrospectively analyze the clinical
performance of extra-short implants (4.5-6.5 mm) and
narrow diameter (3—3.5 mm) in situations with crown-to-
implant ratios >3, evaluating their survival and bone
stability in the medium term.

MATERIALS AND METHODS

Clinical records of patients who received
implants with lengths between 4.5 and 6.5 mm,
supporting single restorations and with diameters
between 3 and 3.5 mm, placed in 2020, were
retrospectively reviewed so that the study group would
have a minimum of five years of loading. Before implant
insertion, antibiotic premedication was administered
consisting of 2 g of amoxicillin orally one hour before
the intervention and 1 g of paracetamol orally (as
analgesic). Each case was evaluated using a diagnostic
wax-up and a three-dimensional study of the bone bed
using cone beam computed tomography (CBCT),
complemented with digital planning software (BTI-Scan
IIT). This information allowed individualized adaptation
of the drilling sequence [20], optimizing primary
stability without generating excessive bone compression
and ensuring a conservative surgical protocol respectful

of peri-implant bone tissue. Preoperatively, antibiotic
prophylaxis with 2 g of amoxicillin orally one hour
before the intervention was administered, along with 1 g
of paracetamol as analgesic. The antibiotic regimen
continued after surgery with amoxicillin (500-750 mg
every 8 hours, adjusted to body weight) for five days. All
procedures were performed under local anesthesia, using
nerve block or infiltration. Implant insertion was carried
out by the same surgeon using a biological drilling
technique at low speed without irrigation [21]. Once the
definitive crown was placed, the patient attended follow-
up visits at one month, three months, and subsequently
every six months. During these visits, periapical
radiographs were taken and clinical evolution was
assessed.

Periapical radiographs were taken using
positioning devices to ensure reproducible images, while
panoramic radiographs were obtained using a
standardized positioning protocol: fixed support of
glabella and chin, bite block in the interincisal area,
alignment with the bipupillary plane and Frankfurt plane
guided by laser, and foot positioning on floor markers.
All images were obtained in digital format and calibrated
using ImageJ software (NIH, Bethesda, MD, USA),
using the real implant length as a reference to correct
magnification and allow precise linear measurements.
Measurements focused on evaluating crestal bone loss,
calculated by measuring from the implant shoulder to the
first point where bone—implant contact was evident. The
reference for comparing radiographic records and thus
estimating bone loss in each patient was the radiograph
taken at the time of loading.

Statistical Analysis

A Shapiro—Wilk test was performed on the data
obtained to verify normal distribution of the sample. The
main variable evaluated was implant survival, followed
by crestal bone loss. Survival analysis was carried out
using the Kaplan—-Meier method, and statistical
processing was performed with SPSS v15.0 software
(SPSS Inc., Chicago, IL, USA). Qualitative variables
were described through frequency analysis. Quantitative
variables were described using mean and standard
deviation.

RESULTS

Six patients were included in whom 24 implants
meeting the inclusion criteria were placed. The mean age
of the patients was 68.82 years (£ 4.70), with 4 of the 6
being women. Regarding implant position, 16.7% of
implants were placed in positions 35 and 36. The
remaining positions are shown in Figure 1.

Implant diameters ranged between 3 and 3.5
mm, with 3.5 mm being the most frequent. Implant
lengths ranged between 4.5 and 6.5 mm, with 5.5 mm
being the most common. All diameters and lengths are
shown in Figure 2. The mean bone density of implant
insertion sites was 791.66 (+ 292.91), and the mean
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insertion torque was 38.54 Ncm (+ 18.62). The mean
bone height at implant placement sites was 8.56 mm (+
2.86).

During implant placement, 8 implants were
placed with adjunctive techniques, with overcorrection
being the most frequent in 7 of the 8 implants and vertical
augmentation in the remaining one. In all cases, PRGF-
Endoret combined with autologous bone obtained from
drilling was used as graft material. In 4 of the 6 patients,
full-arch prostheses were fabricated, while the remaining
two received fixed bridges. The mean prosthesis length
was 18.93 mm (£ 2.10), with a mean ratio of 3.27 (+
0.26), ranging between 3 and 3.9. When analyzing data
according to implant length, the following results were
observed: 4.5 mm implants: mean CIR of 3.35 + 0.21 (n
=2); 5.5 mm implants: mean CIR 0f3.33 £0.30 (n=13);
6.5 mm implants: mean CIR of 3.15 £ 0.17 (n = 9)

(Figure 3).

Immediate loading was performed in 20
implants, while a delayed loading protocol was used in
the remaining 4. In both immediate and delayed loading
cases, a provisional screw-retained prosthesis on
transepithelial abutments with a bar structure covered in
resin was fabricated. Definitive prostheses were made in
metal-ceramic, also screw-retained on transepithelial
abutments.

The mean follow-up time was 62.6 + 7.8
months. During this period, no implant failures were
recorded, resulting in a 100% survival rate. Regarding
prostheses, a total of 7 adverse events were documented,
6 corresponding to screw loosening episodes and 1 to a
minor ceramic fracture. All events were resolved
satisfactorily =~ without compromising restoration
function, resulting in a 100% prosthetic survival rate.
Mean crestal bone loss at the end of follow-up was 0.42
mm (£ 0.59) mesially and 0.45 mm (+ 0.70) distally.
Figures 4—14 show one of the cases included in the study.
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Figure 1: Positions of the implants included in the study
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Figure 2: Diameters and lengths of the implants included in the study
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Scatter plot: Implant length vs Crown-Implant Ratio
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Figure 3: Crown-to-implant ratio according to implant length
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Figure 6: The radiograph confirms this, as well as the poor condition of the implants in the fourth quadrant,
which must also be explanted. Sinusitis in the second quadrant can also be observed
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Figures 7 and 8: Cone-beam sectional views showing the bone defect in the first quadrant and the severe
horizontal and vertical atrophy present in the area, as well as the implants planned for insertion, which are short
and narrow

Figure 9: First phase of provisionalization with the implants inserted and some remaining implants preserved
from the patient’s previous rehabilitation. As observed, an immediate screw-retained loading was performed on
transepithelial abutments with an articulated bar structure

Figure 10: Clinical image of the immediate loading

e

Figures 11 and 12: Definitive prosthesis newly placed
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Figure 13: Radiographﬂ of the placement of the definitive prosthesis, where the crown-to-implant ratio of the short
implants located anteriorly in the first quadrant is evident, with a ratio greater than 3

Figure 14: Radiographic image at 5-year follow-up, where the severe bone atrophy can be observed in greater
detail, which has been resolved with short and narrow implants, as well as their stability over time despite the the
high crown-to-implant ratio

DISCUSSION

The results of the present study show that the
use of extra-short, narrow-diameter implants in
situations with crown-to-implant ratios >3 can achieve
favorable clinical outcomes in the medium term, both in
terms of survival and bone stability. The absence of
failures after a follow-up period of more than five years
and the limited values of crestal bone loss suggest that,
even under theoretically unfavorable biomechanical
conditions, clinical behavior can be predictable when
factors related to planning and functional loading are
adequately controlled [12,14,16].

One of the most relevant findings is the stability
of the crestal bone observed in the series, with mean bone
loss values below 0.5 mm after more than five years in
function. These results are comparable, and even lower,
than those described in the literature for short and ultra-
short implants. In a multicentre randomized study, Zadeh
et al.,[22] reported a mean marginal bone loss of 0.57 +
0.83 mm at 3 years in short and conventional implants,
without significant differences between groups.
Similarly, Rossi et al., [23,24] observed bone losses of
0.2 £ 0.4 mm in short implants after follow-ups of 5 to
10 years, even in situations with high crown-to-implant
ratios. These data reinforce the idea that the magnitude

of CIR does not, by itself, constitute a direct determinant
of peri-implant bone remodelling.

A particularly relevant aspect is the analysis of
CIR at extreme values (=3), which remains scarcely
represented in the literature. Most available studies
analyze ratios between 1 and 2.5, with limited data on
values greater than 3. In this regard, Malchiodi et
al.,[19], in a retrospective study with follow-up of up to
10 years, did not find a significant association between
CIR and implant failure [13,14,16] nor with marginal
bone loss, even in ultra-short implants. The authors
reported survival rates above 95% and mean bone losses
below 1 mm, regardless of the crown-to-implant ratio.
These data are consistent with the findings of the present
study and reinforce the hypothesis that CIR should be
interpreted within a multifactorial system.

From a biomechanical perspective, the increase
in bending moment associated with high ratios does not
necessarily translate into clinical deterioration when
strategies that promote load distribution are used
[3,14,16]. In this series, the systematic use of screw-
retained prostheses on transepithelial abutments and
progressive loading protocols may have contributed to
mitigating the lever effect generated by high crowns
[25]. Experimental studies have shown that load
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distribution can be significantly modified by prosthetic
design, reducing stress concentration at the crestal bone
even in the presence of unfavorable relationships
between prosthetic height and implant length [25-27].

The incidence of prosthetic complications
observed in the study, mainly screw loosening, is
consistent with what has been reported in the literature
for restorations with a greater lever arm. Systematic
reviews have indicated that technical complications,
especially screw loosening, can reach rates of 10-20% in
follow-ups longer than 5 years in implant-supported
rehabilitations, without necessarily implying treatment
failure [28-35]. In this regard, the simple resolution of
the observed events and the absence of relevant
biological complications reinforce the clinical viability
of the approach used.

Another aspect to consider is the role of reduced
diameter in this type of rehabilitation. Although a higher
biomechanical risk could theoretically be expected,
clinical studies have shown that implants with diameters
<3.5 mm can achieve survival rates above 95% in
posterior regions, even under demanding functional
loading conditions. Pommer et al,[36], in a meta-
analysis, reported survival rates of 96.7% for narrow
implants, while Malo ef al.,[37] described values of 94—
96% in rehabilitations of atrophic arches. These data
suggest that diameter, like length, does not act in
isolation but rather in interaction with other factors
within the system.

CONCLUSIONS

The limitations of the present study include its
retrospective design, the small sample size, and the
absence of a control group. Likewise, two-dimensional
radiographic analysis may underestimate bone changes
in certain situations. However, the prolonged follow-up
and the homogeneity of the clinical protocol provide
consistency to the results.

Overall, the findings obtained suggest that the
presence of crown-to-implant ratios >3 in extra-short,
narrow-diameter implants does not necessarily imply
worse clinical performance in the medium term. The
observed stability appears to depend more on the correct
integration of biomechanical and biological factors than
on the isolated magnitude of the ratio, which raises the
need to reconsider the role of this parameter in clinical
decision-making.

Conflict of Interest: E.A. is the scientific director of
BTI Biotechnology Institute, a dental implant company
that conducts research in the fields of oral implantology
and PRGF-Endoret technology.
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