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Abstract: The use of short (<8 mm long) and ultra-short (<6 mm long) implants allows the prosthetic
rehabilitation of the posterior ridges of the jaws avoiding reconstructive procedures. Nevertheless,
this approach requires vast experience to ensure the primary stability of the fixture in a correct
position. Computer-aided implantology (CAI) achieves better results than the free-hand one in terms
of placement accuracy, reducing the surgical risks and the operative timings. Dynamic navigation
(DN) allows the surgeon to track the position and movements of the drill in real-time on the CT
imaging data set. It is more versatile than the computed static system, enabling the operator to change
the guidance coordinates according to the intra-operative feedbacks. A mono-edentulous upper right
first molar site was rehabilitated with a four mm-long implant to avoid reconstructive techniques,
drastically rejected by the patients. The case was managed within a DN protocol considering the
minimal available bone and the prosthetic demands. The phases of this procedure were strictly
documented up to a 3-year follow-up. No intra-operative problems occurred, and adequate primary
stability of the implant was obtained. The prosthetic loading was carried out within only six weeks
without any complications. No variation of the baseline clinical scenario as evidenced clinically and
radiographically at the end of follow-up. No similar cases are reported in the literature.

Keywords: ultra-short implants; computer-aided implantology; dynamic navigation

1. Introduction

In vitro studies indicate that functional loads are primarily concentrated in the crestal
region of dental implants [1–3]. Since then, the rule of a crown-to-implant ratio (C/I) ≤1
was discussed, and the use of short dental implants emerged. This approach has expanded,
with a progressive reduction of the fixtures’ length for managing more and more vertically
impaired alveolar sites. Hence, the definition of “short implant” changed from ≤10 mm
to 6 mm [4,5] up to the “ultra-short” measure of 4 mm in length. Systematic reviews
on ≤6 mm-short implants report a range of 90–98.5% of the mean survival rate values in
posterior maxilla up to 5 years [5–9]. Regarding 4 mm short implants, only two randomized
controlled trials (RCTs), both in the mandible, report good outcomes in atrophic bone,
compared to reconstructed sites with one-year follow-up [10,11].

A recent study reported how the prosthetic superstructure height and the C/I ratio do
not influence the results up to a 3/1 value at least for ≥5 mm long screws, independently
from a single unit or splinted prosthetic solutions [12]. Lombardo et al. recorded a
cumulative success rate of 97.1 % for 6/5 long implants in posterior jaws, loaded with
single crowns after three years of follow-up [13]. Up to a 9-year follow-up, similar clinical

Int. J. Environ. Res. Public Health 2021, 18, 9808. https://doi.org/10.3390/ijerph18189808 https://www.mdpi.com/journal/ijerph

https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0001-8782-8991
https://orcid.org/0000-0002-7552-7523
https://orcid.org/0000-0002-7922-8870
https://doi.org/10.3390/ijerph18189808
https://doi.org/10.3390/ijerph18189808
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph18189808
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph18189808?type=check_update&version=2


Int. J. Environ. Res. Public Health 2021, 18, 9808 2 of 11

outcomes were observed in single and splinted porous-surfaced implants shorter than
10 mm in association with a sinus lift [14]. Minimal peri-implant bone resorption was
reported on 5-to-8 mm length fixtures associated with trans-crestal sinus lift after three
years of loading with a single unit prosthesis [15]. After five years of loading, a mean
marginal bone loss of 0.38 and 0.48 was reported in the C/I < 2 and C/I ≥ 2 groups,
respectively. The linear regression model failed to find a correlation between the C/I ratio
and marginal bone loss over time [16]. The survival rate of 4-mm long screws in 18 posterior
mandibles reached 100% at three years, lowering to 91.7% with 6 mm ones in both jaws at
ten years- loading [5]. No single crown prosthetic rehabilitation was reported using 4-mm
long implants. In particular, great importance was attributed to avoid oblique direction
loading on ultra-short screws implants [17]. Since the attainment of primary stability and
prosthetically correct positioning condition the osseointegration and the survival of short
implants, the surgical site preparation and the surface properties and the design of the
fixtures have great importance [7]. In the dynamic navigation (DN) system, one or two
cameras detect in real-time the position of reference tools placed on the patient and the
surgical handle-piece, and software pairs this information with the CT images data. This
technology allows the real-time tracking on a screen of the surgical tool’s position onto
the patient’s 3D radiological imaging, with a superimposition of the instrument’s tip on
the planned position graphics [18,19]. This technology has been simplified with less bulky
instrumentation and has become more and more diffused. The digital-imaging guidance
works, letting the operator maintain the complete intra-operatory sensorial feedback,
modifying the site preparation modality, and even changing the virtual project in case of
problems [18–21]. The reliability in implant positioning accuracy using standard or tilted
implants have been widely demonstrated to be superior with the DN support than without,
with about 1 mm of the discrepancy between planned and actual positions [18,21,22]. The
more complicated the situation, the more useful this approach is, reducing the learning
curve to allow treatment of even complex cases after a limited training period. The posterior
atrophic maxilla rehabilitation with short-implants is complicated by its soft cancellous
bone structure and considerable masticatory forces [23], especially in this reported mono-
edentulism case, with only a 4 mm-long implant to be used supporting a high single-crown
prosthesis. Hence, to limit the risk of pre-and post-loading failure, dynamic navigation
(DN) support to implant placement procedure is adopted to accurately transfer in the clinic
reality the implant position, digitally planned according to the anatomical and prosthetic
requirements. Since no similar cases are documented in the literature so far, it is decided to
reveal it to a broader audience considering the good results after three years of loading.

2. Materials and Methods
2.1. Planning

A female patient, forty-seven years old, required the rehabilitation of an atrophic mono-
edentulous zone corresponding to the upper right first molar. Periapical x-rays and cone
beam computed tomography confirmed severe bone resorption resulting in a residual bone
height of ≤5 mm (Figure 1). The patient expressly required a mini-invasive treatment to be
performed in one surgical setting and rejected any kind of grafting procedure. Furthermore,
she did not accept the fixed bridge solution, not intending to involve the nearby teeth.
The option of ultra-short 4 mm-long and 4.1-mm wide implant-borne rehabilitation was
eventually proposed. The patient was informed about the limited follow-up, five years, of
this type of rehabilitation and the poor survival rate reported in the literature, particularly
in the maxilla. As regards prosthetic finalization, the need for a high crown with poor
esthetic results was also underlined. In order to favor the obtainment of sufficient primary
stability, sparing the residual bone as much as possible, with a prosthetically correct sitting
of the screw, the usefulness of DN technology support was expressed to the patient. She
signed a precisely informed consent summing up what was aforementioned.
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Figure 1. Intra-oral pre-operative x-ray of the edentulous site.

The ImplaNav dynamic navigation system (BresMedical, Sydney, Australia) was
employed. First, a pre-operative CBCT scan was taken with the markers plate (MP)
anchored to the patient’s residual teeth with a tray-like tool filled with a high-density
impression material (Ramitec, 3M ESPE, St Paul, MN, USA). The anchor impression
involved three healthy teeth of the upper jaw. In the case of total edentulism, not reported
in this paper, a narrow-implant, flapless inserted at the maxilla’s median point, works as
anchorage. After taking the CBCT, the reference system was removed and stored to be
positioned in situ during the surgical procedure.

The MP carries the fiducial markers. These serve for the registration process at the
time of the surgery. The Digital Imaging and Communication in Medicine (DICOM) data,
related to the features of the hard tissue, and the 3D standard tessellation (STL) data,
related to the teeth and soft tissues surfaces, from the scanning of the waxed-up models,
were paired by a dedicated software to choose the implant characteristics and positions
according to the anatomical and prosthetic demands. The virtual positioned implant will
be graphically evident during surgery.

At surgery time, a registration/calibration process must be accomplished to allow the
software to match the pre-operative CBCT reporting the virtual implant in position with
the surgical tool while operating in the patient’s mouth. MP with the fiducial markers is
replaced at the CBCT time, enabling the system to pair the fiducial markers in the CBCT
data with the ones attached to the patient. Furthermore, the MP has attached the patient
reference tool (pRF), while a second reference tool is attached to the handpiece (HRT).
Both these RFs consisted of support for three reflective spheres with different geometries.
An infrared camera (NDI Polaris Vicra; Northern Digital, Waterloo, ON, Canada) detects
the spatial position of the RFs, contemporarily coupled with each other. This can record
both the patient’s and the surgical handpiece’s position, and the system could display
the drill position on the patient’s CBCT images. To carry out the registration/calibration
process, the operator exposes the hRT attached to the handpiece for at least three seconds
to the camera that can now match it with the pRT. After touching the fiducial markers
on the MP in sequence with a lancet drill (calibration tool) whose length is known to the
software, it is unnecessary to repeat the calibration for the following drills already stored
in the digital library. The software can now superimpose the surgical tool position and
axis to the 3D radiological imaging corresponding to the patient’s surgical site, acquired
pre-operatively [18,21,22].

2.2. Surgical and Prosthetic Procedure

After setting up the Navigation System under local anesthesia (mepivacaine with
adrenaline 1:50,000) (Figure 2), a minimal crestal incision with no release was performed.
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One 4-mm-long and 4.1 mm wide SLActive® soft tissue level implant was placed according
to the site preparation instructions of the implant manufacturer (Institute Straumann
AG, Basel, Switzerland); the implant achieved good primary stability (insertion torque
≥35 NCM). The wound was sutured with silk 4.0. See Figures 3–7.

Figure 2. The registration/calibration just before the surgical procedure.

Figure 3. Clinical view of the implant site preparation (A) and the screen view showing the final
implant digital position, and the green pin representing the working burr superimposed on the 3D
radiologic anatomy (B).
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Figure 4. Clinical view of the implant screw sitting (A) and the screen view showing the final implant
digital position, and the green pin representing the fixture superimposed on the 3D radiologic
anatomy (B).

Figure 5. Clinical (A) and radiological (B) view after implant placement.
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Figure 6. Clinical (A) and radiological (B) view after implant loading.

Figure 7. Radiological view at the end of follow-up.

The patient was instructed to adhere to a soft diet for a few days and maintain
appropriate oral hygiene with daily rinsing using a 0.2% chlorhexidine mouthwash. No
complaints of post-operative discomfort, such as bleeding, edema, or pain, were reported
in the immediate post-operative period, and no complications were recorded. After six
weeks of healing, a straight conical abutment was connected, and impressions were taken
with a customized tray. After one week, a provisional crown was delivered to the patient.
The acrylic resin provisional crown was replaced with a definitive ceramic one after three
months. Occlusal surfaces were modeled to reduce contacts in laterally and protrusion
excursions, maintaining those in the maximum intercuspation position. General oral health
instructions and professional oral hygiene every six months were recommended.

3. Results

The treatment objectives were achieved with a good occlusion, and the patient declared
completely satisfaction. No surgical and prosthetic complications occurred up to three
years follow up. The last endo-oral x-ray control did not evidence any variation in respect
to the prosthetic loading time. No signs of mucositis were detected after a circumferential
probing evaluation, with no bleeding on probing and a good mucosal sleeve around the
implant shoulder.

4. Discussion

The hitherto most prolonged period of the investigation after short implant loading in
posterior jaws is 15 years, with an overall 93.3% survival rate of ≤8.5 mm-long implants
supporting cemented fixed partial dentures [4]. Up to 10-years follow-up, a cumulative
92.3% survival rate of 6/7 mm-long implants in mandibles [24] and a 91.7% survival rate for
6 mm-long implants in the maxilla were reported [5]. In contrast, no significant difference
in terms of marginal bone resorption (MBR) and prosthetic complications between 10 mm



Int. J. Environ. Res. Public Health 2021, 18, 9808 7 of 11

and 6 mm-long implants was found [25]. Split mouth design RCTs comparing 5/6 mm-
short implants with conventional ones after a sinus lift and mandibular inlay techniques
recorded no statistically different results in terms of implant survival rate between the
two groups after one [26,27], three [28], five years [29] and, only for posterior mandibles,
eight years [30] and five years with the onlay technique [31]. Focusing on the posterior
maxilla, Thoma et al. in a multicenter RCT on 137 implants observed a mean MBL of
0.54 mm ± 0.87 on short implants and 0.46 mm ± 1.00 on standard implants after sinus
lift group, without differences in terms of prosthetic/biological complications, at five
years post-loading, with a 98.5% survival rate in both groups [32]. Similar outcomes
were reported by Nielsen et al. [33] and Gulijè et al. [34] up to three and five years post-
loading, respectively.

In the last three years, almost ten systematic reviews were published on this topic, in
addition of those with ≤1 years’ follow-up. On ≤6 mm short implants after a 1−5 years
follow-up, survival rates ranging from 86.7% to 100%, with 94.1% weighted mean survival
rate, 90% in the maxilla, and 96% in the mandible were reported [6,8]. In 2020, Rameh et al.,
limiting the inclusion criteria to a minimum of five-year follow-up, reported for 5/6 mm-
long implants, an average of 95.54%, ranging between 86.7 and 98.5%, survival rate in the
maxilla, and a 94.39%, ranging between 86.7 and 100%, in mandible [7]. Vazouras et al.,
including the studies on ≥4 and ≤6 mm ultra-short implants with a minimum follow-up
of three years, calculated a 4% overall failure increasing to 10% after that [9]. The first
reports on 4 mm ultra-short implants in posterior mandibles found a survival rate of 95.7%
and 92.3%, after one and two years, respectively [35]. Two RCTs on 4 mm-long versus
≥10 mm-long implants in sinus lifts and inlay grafted mandibular sites, at four months [36]
and one year follow up [10] confirmed similar results between the two groups, as did the
study comparing 4 mm-short implants versus longer ones in GBR augmented posterior
mandibles [11]. Terrassa et al. [37] and Leighton et al. [38] recorded a 100% survival rate
both for 4 mm-long implants splinted to 8 mm-long implants in posterior maxilla after two
years and for single crown supporting 4 mm-long implants in posterior mandible after
three years of loading. The longest follow-up reported is five years, with 92.2% of survival
in mandible [17].

All the studies convey that short implants could be a better choice considering the
morbidity, the costs, and the duration of the reconstructive approaches. Nevertheless, a
time-dependent higher risk of failure of ≤6 mm-long implants emerged, with a wide range
of the survival rates, from 86.7% to 100%, and a calculated 24% higher risk for 1–5 years
follow-up than with longer implants [9]. Regarding ≥5 years of loading of ≤5 mm-long
screws, the literature is so far insufficient to recommend this approach [39].

Most of the studies did not find a positive correlation between the C/I ratio and the
marginal bone resorption, without relevance of a single unit or a fixed splinting partial
bridge as a prosthetic superstructure. Otherwise, the type of prosthesis seems to condition
the integrity of the connection screws and the matching surfaces between the endo and
extra-osseous structures [37]. In vitro studies have evidenced how occlusal loads were
evenly distributed between the implants, leading to decreased stress concentration at the
implant-abutment interface, implant neck, and surrounding bone [7,9,39,40]. A 9% failure
rate of short implants restored with a single crown versus a 3% of splinted ones with bridges
up to five years is associated with prosthetic more components’ damage [8,9]. Another
critical factor conditioning the post-loading follow-up and the pre-loading period is the
implant bed site preparation [7]. An early implant failure range of 1.49% [8], –7% [35], was
reported, representing 42.9% of the total rate. The short implant placement in posterior jaws
is not simple and requires some experience. A bone compressing procedure and, differently,
a passive implant insertion is indicated for maxilla and mandible, respectively [41], since
the bone quality, too cancellous or too cortical, can compromise the primary stability of
the fixtures losing residual bone and mistaking the correct position. Slotte et al. stated
that the bed preparation procedure must be done with great care to avoid over-drilling,
according to careful planning and prosthetic construction design [35]. Specific correlations
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were found in vitro between 6 mm and 4 mm-short implants’ primary stability and implant
bed preparation techniques [42,43].

Placing a mini fixture in a limited bone quantity in a specific location to avoid anatom-
ical damage and a precise spatial orientation to respect the prosthetic demands can benefit
from the DN technology. Thanks to DN support, the operator can follow in real-time
the progression of surgical drills on the 3D radiological imaging while maintaining the
sensory perception in the hands and can reduce or augment the pressure on the surgical
instruments, deciding to underprepared or tapping the site; furthermore, in case of intra-
operative errors, the digital system can be reprogrammed for an alternative plan. As the
DN technology is adaptable to piezo-surgical tools different surgical instrumentations, the
operator can further vary the implant bed preparation according to the specific clinical
situation [19].

The implant positioning accuracy’s reliability using standard or tilted implants has
been widely demonstrated as superior with than without the DN support [21,44,45].
Block et al. [46], using a second-generation navigation system, compared deviations using
this system vs. the free-hand one. Three surgeons were involved and treated 100 partially
edentulous patients. The results with navigation were [mean (SD)] 0.87 (0.42) mm at
entry point, 1.56 (0.69) mm at the apex and 3.62◦ (2.73◦) angular versus 1.15 (0.59) mm,
2.51 (0.86) mm and 7.69◦ (4.92◦). No statistically significant differences were observed in
navigated implant placement between individual clinicians. Stefanelli et al. [20], using DN
technology, reported 136 implants inserted in 59 patients with the following deviations:
0.67 mm at coronal, 0.99 at apical, 0.55 at depth, and 2.5 as an angular error. Pellegrino
et al., comparing the planned implant position with the real one with the DN support in
the pre and post-operative CBCT, recorded a mean deviation of 1.19 ± 0.54 mm between
the post-operative navigated implant position and the planned one. The mean error at the
insertion point was 1.04 ± 0.47 mm, the mean error at the apical point was 1.35 ± 0.56 mm,
the depth deviation was 0.43 ± 0.34 mm, and the axis deviation from the planned value was
6.46 ± 3.95 [22]. From these data, useful for short-implants seating appears the minimal
deviation of the insertion depth, enabling the anatomic structures’ respect. Since the longer
the implant, the more the error deviation from what pre-operatively planned, the applica-
tion of this technology to short and ultra-short implants could take advantage of a major
implant placement precision. Particularly relevant for the short-implants approach can be
the parameter of the angular deviation. In this regard, it seems that a 4 mm-long implant
can bear axial loads like a 10 mm-long one, no matter the prosthetic crown height, while an
oblique load induces stresses up to three times stronger than the axial to the bone around
and the abutment [23]. Regarding implant outcomes in terms of survival, the authors have
reported a rate of 100% versus 93% in the navigated implantology versus a free-hand one,
with a substantial reduction of the operative times [28,34]. In the reported case, only a
4 mm-ultra- short implant could be used. Primary stability and maintaining bone height on
time appeared challenging to address, emphasizing the necessity of a precise implant bed
preparation respecting the available bone height and considering the prosthetic loading.
The surface properties of the fixtures used augmented the bone-to-implant contact surface
and helped in obtaining primary stability immediately; the precision in implant positioning
addressed the necessity not to confer any inclination to the implant to prevent it from any
lateral force in consideration of the length on the prosthetic crown with a crown-implant
ratio ≥2.5. The clinician who managed this case, who was not familiar with DN technology,
needed minimal training to visualize the screen and the surgical field and was supported
by an experienced operator. The digital static system option was not constrained by a
drill-guiding template limiting the operator’s clinical skills and requiring more extended
drills passing through the directional sleeves. This report may encourage one to verify
the actual improvement of the digital navigation technology in support of ultra-short
implant placement.
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5. Conclusions

No clinical and radiographic variation was noted at three years follow-up after-loading
with a single crown of a 4 mm-long implant placed in the maxilla with DN technology
support. The accuracy of implant insertion could improve this mini-invasive approach’s
reliability over time in these anatomic and prosthetic challenging situations.
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