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ABSTRACT

Dimensional reduction of the alveolar ridge after tooth extraction in the posterior mandible may limit available
bone volume and prosthetic space, increasing the risk of improper implant positioning. Digital technologies (CBCT,
intraoral scanning, virtual planning, and guided surgery) have enhanced three-dimensional control of the procedure
and reduced clinical subjectivity. Objective: To report a clinical case in which digital planning and static guided
surgery improved the predictability of a single-tooth rehabilitation in a posterior region with limited bone availability.
Case report: A 51-year-old female patient with a root fracture and mobility of tooth 36 underwent extraction.
After 12 months, a new CBCT scan and intraoral scan were obtained and superimposed for reverse planning and
fabrication of a 3D-printed surgical guide. A 3.75 X 8.5 mm implant was placed using a guided protocol, with an
insertion torque of 60 Ncm and an initial ISQ of 75. After five months, the ISQ increased to 80; an intraoral scan
with a scan body was performed, and a zirconia crown cemented on a TiBase was fabricated and delivered without
the need for occlusal adjustment. Results: Progressive implant stability was observed throughout clinical follow-up,
with a functional definitive restoration and no reported complications. Conclusions: This case suggests that
integrating digital planning with static guided surgery may support accurate three-dimensional implant positioning
and increase the predictability of single-tooth rehabilitations in posterior regions with limited bone availability.
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RESUMO

A reducéo dimensional do rebordo alveolar apos exodontias na mandibula posterior pode limitar o volume ésseo
e 0 espaco protético, aumentando o risco de posicionamento inadequado do implante. Tecnologias digitais como,
TCFC, escaneamento intraoral, planejamento virtual e cirurgia guiada tém trazido maior previsibilidade clinica,
ampliado o controle tridimensional do procedimento, reduzido a subjetividade. Objetivo: Relatar um caso clinico
em que o planejamento digital e a cirurgia guiada estética favoreceram a previsibilidade de uma reabilitacdo
unitaria em regido posterior com disponibilidade dssea limitada. Relato de caso: Paciente feminina, 51 anos,
com fratura radicular e mobilidade no dente 36, foi submetida a exodontia. Apds 12 meses, realizou-se nova
TCFC e escaneamento intraoral, com sobreposicdo de imagens para planejamento reverso e confeccdo de guia
cirdrgico impresso em 3D. Foi instalado um implante de 3,75 X 8,5 mm por protocolo guiado, com torque de
insercdo de 60 Ncm e ISQ inicial de 75. Apds cinco meses, o ISQ foi de 80; realizou-se escaneamento com scan
body e confeccionou-se uma coroa em zirconia cimentada sobre TiBase, instalada sem necessidade de ajuste
oclusal. Resultados: Observou-se estabilidade progressiva do implante ao longo do acompanhamento clinico, com
restauracdo definitiva funcional e sem intercorréncias relatadas. Conclusoes: Este caso sugere que a integracio
do planejamento digital com a cirurgia guiada estdtica pode favorecer o posicionamento tridimensional adequado
e aumentar a previsibilidade de reabilitacdes unitdrias em regides posteriores com limitacéo dssea.
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INTRODUCTION

Implant dentistry has experienced substantial
progress in recent years, primarily due to the
incorporation of digital technologies in the planning
and execution of surgical procedures. With the
assistance of computed tomography, particularly
cone-beam computed tomography, and intraoral
scanning, it is possible to evaluate the patient’s
anatomy in advance, simulate the three-dimensional
positioning of the implant, and anticipate potential
limitations. These resources have improved clinical
decision-making by enabling more predictable and
individualized treatments, even in complex clinical
situations [1-4].

One of the most frequent challenges in
implant placement is the dimensional loss
of the alveolar ridge after tooth extraction.
This reduction can compromise the ideal
three-dimensional implant position and lead to
functional and aesthetic limitations, especially
when associated with limited prosthetic space
or proximity to critical anatomical structures
[5,6]. In such cases, even small millimetric
variations during implant positioning may render
the treatment unfeasible or compromise future
rehabilitation [7].

Digital planning and guided surgery are
predictable tools for managing many of these
limitations. These protocols allow for a detailed
analysis of the case, supporting accurate implant
placement, respect for biological boundaries, and
reduced risk of intraoperative deviations [8,9].
The use of guided surgery is particularly relevant
in situations where the available bone or prosthetic
space is limited, as it assists in maintaining three-
dimensional control of the procedure. Furthermore,
prosthodontically driven implant planning allows
the ideal three-dimensional positioning of the
crown to be defined first, and from this, the optimal
placement of the implant can be determined,
thereby improving prosthetic rehabilitation and the
overall outcome [10].

The use of surgical guides supports a more
conservative approach, requiring minimal tissue
reflection and providing greater precision during
the surgical procedure. In addition, this strategy
may reduce the risk of angular deviations and
improper implant positioning, thereby increasing
the predictability of the treatment. In cases where
the margin of error is minimal, digital technology
becomes a decisive factor for the treatment’s
success [3,11,12].

Digital planning and static guided surgery in a limited
prosthetic space: a clinical case report

The present study reports a clinical case of a
patient who underwent extraction of tooth 36 and
subsequent implant placement using static guided
surgery. The case illustrates how digital planning
can be a viable and decisive tool in posterior
regions with limited bone volume, reinforcing
the role of digital technologies in contemporary
implant dentistry.

CASE REPORT

A 51-year-old female patient sought care at
the Institute of Science and Technology of Sao
Paulo State University (ICT Unesp) in Sao José dos
Campos for evaluation of the posterior mandibular
region. Tooth 36 demonstrated signs of a previous
root fracture as well as clinical mobility (Figure 1).
After radiographic and clinical assessment,
extraction of the tooth was indicated.

Following the extraction, a titanium barrier
(Surgitime Seal, Bionnovation) was placed with
the aim of preserving the ridge contour and
promoting tissue healing.

After 12 months, the patient returned to
begin rehabilitation with a single implant in the
region of tooth 36 (Figure 2).

A treatment plan was done using mandibular
cone-beam computed tomography and intraoral
scanning (CS 3600, Carestream). The files were
imported into the Exoplan software (Exocad
GmbH), allowing image superimposition and
prosthodontically driven implant planning to ensure
the ideal prosthetic position prior to determining
the implant placement (Figures 3, 4 and 5).

A 3.75 X 8.5 mm implant (Flash, Conexado
Sistemas de Protese) was selected, and the surgical
guide was designed in the same software (Figure 6).

Figure 1 - Clinical aspect of tooth 36 presenting extensive crown
fracture and indication for extraction, buccal view.
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The guide was printed using the dima® Print
Surgical Guide & Tray polymer (Kulzer GmbH,

Figure 2 - Clinical appearance of the healed alveolar ridge in the
region of tooth 36 twelve months after extraction, occlusal view.

Digital planning and static guided surgery in a limited
prosthetic space: a clinical case report

Hanau) on a 3D printer (Cara Print 4.0 pro, Kulzer)
through the DLP method (Figure 7). For the
implant placement surgery, the EXPERTGUIDE®
drilling kit (Conexao Sistemas de Prétese) was
used.

The drilling sequence used was:

*  Punch Flat Regular - to remove soft tissue
and expose the bone;

*  Plane Regular - to level the bone surface;

*  Center Regular @#2.8 — 5 mm - to penetrate
the cortical bone;

*  Hand Free Regular ¥2.8/3.2 — 8.5 mm drill -
for implant site preparation.

After implant placement, an insertion torque
of 60 Ncm was achieved, and the Implant Stability
Quotient (ISQ) was measured using the Osstell
Beacon device (Osstell AB), yielding an initial
value of 75 (Figure 8).

Five months after implant placement, the
patient went for a follow-up and a second-stage
procedure. A new ISQ measurement was taken,
yielding a value of 80, indicating improved
implant stability. Subsequently, a new intraoral
scan was obtained with a scan body (Conexao
Sistemas de Protese) in position. With the digital
files acquired, the definitive crown was designed
using the Exocad software (Exocad GmbH).

Dente 36

Figure 3 - Sagittal CBCT view of the virtual implant planning in the region of tooth 36 using Exoplan software (Exocad GmbH).
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Dente 36

exocad
N

Implante Axial

Figure 4 - Cross-sectional CBCT view of the virtual implant planning demonstrating the proposed implant position in the region of the tooth
using Exoplan software (Exocad GmbH).

exocad

Figure 5 - Prosthetically driven virtual planning showing the
relationship between implant position and definitive crown Figure 7 - Intraoral view of the surgical guide seated in position
restoration, lateral view, using Exoplan software (Exocad GmbH). before implant osteotomy, occlusal view.

exocad
Figure 6 - Computer-designed surgical guide for implant placement Figure 8 - Measurement of implant stability quotient (ISQ) using
in the region of tooth 36, lateral view, using Exoplan software the Osstell Beacon device immediately after implant placement,
(Exocad GmbH). lateral view (Osstell AB).
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Figure 9 - Prosthetic crown after 6 months of crown installation,
occlusal view.

Digital planning and static guided surgery in a limited
prosthetic space: a clinical case report

The crown was then milled in zirconia (IPS e.max
ZirCAD Prime Esthetic, Ivoclar) and cemented
onto a TiBase (Small NP, Conexio Sistemas
de Protese). It was installed at the following
appointment, and no occlusal adjustments
were required.

After 6 months of crown installation, the patient
returned for a follow-up appointment (Figure 9).
Radiographic evaluation revealed no evidence of
marginal bone loss (Figures 10A, 10B and 10C).
The peri-implant tissues showed no signs of
inflammation. Additionally, the patient reported
satisfaction with both the esthetic and functional
outcomes of the prosthetic rehabilitation.

DISCUSSION

Advances in digital technologies and
surgical protocols have directly influenced
the accuracy and clinical reliability
of implant-supported rehabilitations [13].

Figure 10 - Periapical radiographs of the implant site at different treatment stages. (A) Preoperative radiograph; (B) Immediate postoperative
radiograph after implant placement; (C) Periapical radiograph obtained at the 6-month follow-up.
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Historically, implant placement in posterior
mandibular regions has represented a clinical
challenge, especially in situations where the ridge
exhibits significant dimensional reduction following
tooth extraction. Under these circumstances, the
risk of improper positioning increases substantially
and may compromise the functional and aesthetic
outcomes of the treatment [14].

The incorporation of software planning and
guided surgery techniques allows both anatomical
and prosthetic parameters to be anticipated,
reducing clinical subjectivity and enabling proper
three-dimensional implant positioning [15,16].

Prosthetically driven implant planning has
been proven as a key factor contributing to the
clinical success of implant treatments, as it allows
the ideal crown position to be defined first and
subsequently transferred to the surgical phase. This
concept eliminates the need to adapt the prosthesis
to the implant position and instead determines the
implant position based on functional, structural,
and prosthetic requirements [17,18]. In areas
where prosthetic or bone space is limited, as
observed in this clinical case, the digital approach
provides greater control, assisting in the distribution
of masticatory loads and in the preservation of peri-
implant tissues. Prosthetic planning is performed
before surgery according to the principles of
prosthetically driven implant planning. This
process involves the evaluation of interocclusal
space, occlusal relationships, load distribution,
esthetic demands, available bone volume, soft
tissue characteristics, emergence profile, implant
angulation, and restorative material selection to
define the optimal prosthetic position and guide
three-dimensional implant placement [19].

In addition, recent quantitative studies have
demonstrated that computer-guided surgery
provides greater accuracy when compared
to the conventional freehand technique for
dental implant placement [20]. Systematic
reviews and meta-analyses have reported that
freehand surgery presents average deviations
of approximately 7.46° in the insertion angle,
1.56 mm in the coronal entry point, and 2.22 mm
in the implant apex, while fully guided surgical
protocols reduce these values to approximately
2.57°,0.72 mm, and 0.88 mm, respectively [21].
Furthermore, comparative analyses have shown
that computer-assisted implant protocols increase
the accuracy of implant positioning, reducing
angular and linear deviations, especially when
fully guided static surgical guides are used [22].

Digital planning and static guided surgery in a limited
prosthetic space: a clinical case report

Another relevant aspect, regarding the
surgical phase, concerns the primary stability of
the implant, which is considered an indicator of
early success. This stability can be assessed using
two methods: a torque wrench, which measures
mechanical resistance during implant insertion,
and resonance frequency analysis (RFA), which
provides the Implant Stability Quotient (ISQ)
value, measuring the bone-implant contact
immediately after implant insertion and after the
osseointegration period [23,24].

Torque primarily reflects local bone quality
and the macrogeometry of the implant, whereas
the ISQ provides a noninvasive assessment of the
stiffness of the implant-bone complex throughout
the healing period. Current literature indicates
that torque values above 35-45 Ncm and ISQ
values greater than 65-70 are generally associated
with successful osseointegration [25-27]. In the
present case, a progressive increase in ISQ values
was achieved throughout the follow-up period,
indicating maintenance and improvement of
biological stability and contributing to a favorable
prognosis after crown placement.

The literature also extensively discusses the
use of short implants in posterior regions. Although
limitations exist and long-term studies are still
relatively scarce, it is well established that greater
implant length and diameter result in a larger
bone—-implant contact area and, consequently, more
effective dissipation of masticatory forces [28,29].

However, in cases where anatomical conditions
impose restrictions and bone reconstruction
procedures would entail greater biological and
surgical costs, short implants—when combined
with digital planning and guided surgery—
represent a viable clinical alternative. Moreover,
the design and macrogeometry of modern implants
have enabled improved bone anchorage even in
reduced vertical dimensions [30,31].

In this study, load distribution is particularly
important due to the use of short implants, whose
reduced length limits the area available for
stress dissipation, necessitating better occlusal
adjustment. Therefore, biomechanical control
through proper prosthetic design and occlusal
adjustment is essential to maintain peri-implant
bone stability and ensure long-term rehabilitation
success. Studies have shown that oblique loads
and excessive occlusal contacts can increase stress
concentration in the crestal bone around short
implants [32,33].

Braz. Dent. Sci. 2026, 29 : e5086
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In addition, digital planning can incorporate
biomechanical considerations to optimize treatment
performance and long-term stability. The prosthetic
design should be developed to achieve an optimal
emergence profile, favorable crown contours, and
an appropriate occlusal scheme, promoting efficient
load distribution along the implant axis while
minimizing lateral stresses on the peri-implant
tissues and prosthetic components [34]. Occlusal
adjustment prioritized axial contacts in maximum
intercuspation and a mutually protected occlusal
scheme, with reduced excursive interferences.
Furthermore, a simplified occlusal anatomy,
characterized by a narrower occlusal table, flatter
cusp inclinations, and reduced occlusal contacts,
was adopted to decrease bending moments and
enhance the biomechanical performance and
longevity of the implant-supported restoration [35].

Another relevant aspect concerns the crown-
to-implant ratio, which is often increased in
rehabilitations involving short implants. Although
this relationship has historically been associated
with a higher risk of biomechanical complications,
more recent evidence suggests that the crown-to-
implant ratio alone should not be considered a
determining factor for clinical failure, provided
that adequate osseointegration, prosthetic stability,
and favorable distribution of occlusal loads are
achieved [36,37]. In this context, digital planning
plays a fundamental role by allowing these factors
to be comprehensively evaluated prior to treatment,
thereby facilitating optimal implant positioning and
occlusal scheme design to promote improved load
distribution and long-term prosthetic stability [19].

Static guided surgery helps minimize the risk
of intraoperative deviations, reduce surgical time,
and promote a minimally invasive approach.
These factors are directly associated with lower
morbidity rates and greater postoperative comfort
for the patient. Likewise, intraoral scanning and
the integration of three-dimensional imaging
contribute to procedural accuracy, allowing
the planned positioning to be more accurately
transferred during the surgical phase [38,39].

Regarding the design and extension of the
surgical guide, the present case employed a half-
jaw surgical guide rather than a conventional full-
arch guide. Previous studies have demonstrated
that shortened tooth-supported surgical guides
can achieve accuracy comparable to conventional
full-arch guides when adequate dental support
and guide stability are present. Furthermore,
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reduced guide extension may improve surgical
access, visibility, and irrigation during osteotomy
preparation. However, full-arch guides provide a
larger support area and may offer greater resistance
to displacement during surgery [40,41]. Therefore,
the choice between a half-jaw and a full-arch guide
should be based on the clinical situation, available
support, and surgical requirements.

Guided surgery is not free from limitations,
the technique requires additional costs related to
imaging exams, planning software, surgical guide
fabrication, and specific surgical kits. Moreover,
its clinical success depends on an adequate
learning curve, careful digital planning, proper
guide adaptation, and stable intraoperative
positioning [42]. Even when fully guided protocols
are used, deviations may still occur due to
errors in image acquisition, segmentation, guide
manufacturing, or guide seating during surgery.
Therefore, guided surgery should be considered
a tool to improve surgical control rather than a
method capable of completely eliminating clinical
deviations [31].

Finally, the absence of complications during
follow-up and the clinical stability observed after
crown placement confirm the effectiveness and
predictability of the protocol used in this clinical
case. The adoption of an approach based on
digital planning, guided surgery, and objective
assessment of implant stability demonstrates that,
even under conditions of limited bone availability,
favorable clinical outcomes can be achieved, and
masticatory function can be safely restored.

CONCLUSION

This case demonstrates that the integration of
digital planning and guided surgery can enhance
the predictability of single-tooth rehabilitations,
even in posterior regions with limited bone
availability. The approach adopted enabled proper
three-dimensional positioning, maintenance of
stability throughout follow-up, and satisfactory
functional restoration after placement of the
definitive crown. These findings reinforce the
importance of digital resources as allies in clinical
decision-making and in the execution of minimally
invasive treatments. Although the results observed
in this case cannot be generalized, this report
contributes to a better understanding of the
potential of these technologies and highlights the
need for further studies to assess their benefits in
diverse clinical scenarios.
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