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Abstract: This report presents a two-stage approach for crestal sinus elevation using the osseodensification technique in a case of
severe vertical bone deficiency (<3 mm). Traditional approaches to maxillary sinus elevation with less than 3 mm of residual bone
height typically require a lateral window technique. A 55-year-old male patient presented with a missing maxillary right first molar
with residual bone height of 2 mm. The treatment involved: Stage 1: Crestal sinus elevation using osseodensification with Versah burs
and allograft placement. Stage 2: After 6 months of healing, placement of a Straumann Bone Level Tapered implant (4.1 x 10mm)
with 35 Ncm insertion torque and final prosthetic restoration was started 4 months after implant placement. Then, follow-up at 12
months demonstrated stable peri-implant tissues, maintained bone levels, and excellent patient satisfaction. Radiographic evaluation
showed uniform bone formation around the implant and maintained sinus floor elevation. The case demonstrates that osseodensifica-
tion can provide a predictable alternative to lateral window approaches even in cases with severe vertical bone deficiency (<3 mm),
offering reduced invasiveness with enhanced bone density and favorable clinical outcomes.
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Introduction

Dental implants are regarded as the gold standard for replacing missing teeth due to their predictable long-term outcomes
and excellent functional restoration. However, implant placement in the posterior maxilla presents unique challenges
arising from vertical and horizontal bone loss patterns commonly associated with this region.' Vertical bone loss is often
attributed to sinus pneumatization, a natural process that accelerates after tooth loss and aging, and addressing these
anatomical limitations often necessitates pre-implant surgical preparation, such as external or internal sinus elevation
procedures, sometimes supplemented with bone grafting.” The development of the sinus elevation techniques covers
more than five decades, during which two main approaches were developed: external (lateral window) and internal
(crestal) sinus elevation techniques.

Whyte and Boeddinghaus® stated that the maxillary sinus houses critical anatomical structures, such as the septum,
antral artery, and ostium. Vogiatzi et al* identified that numerous pathological and anatomical variations like rhinosinu-
sitis, septae, and variable degrees of pneumatization that significantly influence surgical outcomes. Preoperative com-
puted tomography has thus become indispensable for accurate diagnosis and surgical planning.

The elevation of the maxillary sinus floor was first envisioned by Boyne and James® in 1980, leading to the
development of two surgical approaches: the lateral window technique and the crestal osteotome approach.’® Even
though the osteotome technique is less invasive but presents drawbacks, such as patient discomfort and challenges in
assessing membrane integrity.’

Thus, a major breakthrough came through recent developments in sinus elevation techniques which have included
magnetic mallets, piezoelectric surgery, and most notably, osseodensification. Introducing magnetic mallets has provided
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an alternative to traditional osteotome techniques, offering more precise control and reduced patient discomfort.®
However, the osseodensification technique, introduced in 2013 using Versah burs, has particularly revolutionized crestal
sinus elevation procedures.””'! This technique enhances bone preservation, improves implant primary stability, and
reduces patient discomfort compared to conventional methods. Osseodensification achieves these outcomes by densifying
bone along osteotomy walls while preserving bulk bone through compaction autografting. Thus, Versah burs, operating at
800—1500 rpm, works on compact bone particles by creating a densified layer that enhances implant stability.''

The efficacy of osseodensification was further validated by several recent clinical studies that the technique increased bone
density by 30% over conventional drilling protocols, enhanced implant stability,'* and reduced sinus membrane perforation
rates.”” So, this innovation represents a paradigm shift in crestal sinus elevation, significantly improving outcomes in implant
dentistry.

This case report describes a novel, minimally invasive approach for maxillary sinus elevation using the osseodensi-
fication technique in a case with severe vertical bone deficiency (<3mm residual bone height). This paper presented the
improved accuracy, reduced invasiveness, and promising outcomes compared to traditional lateral window approaches
for posterior maxillary rehabilitation.

Case Report

A 55-year-old male patient who reported smoking 10 cigarettes per day for the past 20 years presented at the Dental
Implant Clinic in September 2022 seeking a replacement for his maxillary right molar, which he lost ten years prior due
to extensive dental caries. The correlation between smoking and implant success was thoroughly discussed with the
patient, and a strict smoking cessation protocol was implemented. Written informed consent was obtained for the surgical
procedures. The patient’s medical history was unremarkable, with no contraindications for dental implant treatment. His
dental history indicated routine dental care and good oral hygiene. Ethical approval to report the case was not required.
Written informed consent was obtained from the patient for publishing the case details and images.

Smoking Management

A formal smoking management protocol was established prior to and during surgery to avoid the well-documented
detrimental effects of smoking on implant success. Complete cessation from smoking for a minimum of two weeks prior
to surgery was enforced and sustained throughout the healing phase. Monitoring for compliance was routine at follow-up
visits. Additionally, the patient was educated about the negative impact of smoking on healing and long-term implant
success and that cessation should be maintained.

Radiographic Assessment

Initial CBCT imaging revealed severe maxillary sinus pneumatization with significant vertical bone loss at the implant
site. The residual bone height was 2 mm from the alveolar crest to the sinus floor. However, the buccolingual bone width
was adequate reaching 10 mm at crestal bone level (Figure 1). Pre-operative CBCT imaging revealed notable radiopacity
in the maxillary sinus, suggesting potential sinus mucosal membrane thickening. Also, an ENT consult was obtained,
where the patient was on nasal corticosteroids for one month prior to the sinus elevation.

Treatment Planning and Timeline
Given the severe vertical bone deficiency, a two-stage treatment approach was planned, beginning with crestal sinus
elevation using osseodensification technique, followed by implant placement after healing. This approach was selected
over traditional lateral window techniques for its minimally invasive nature and reduced post-operative complications.
The treatment process was initiated with the first surgery in December 2022, which was followed by a healing time of
six months, and this was extended considering the history of smoking in the patient as well as the bone density. The
implants were inserted in July 2023, following adequate healing. Osseointegration lasted four months, considering the
posterior maxillary position and the bone density aspect. The restoration was completed in November 2023, and this was
the end of the treatment process.
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Figure | Pre-operative CBCT of area #16.

Surgical Procedure

The surgical procedure started with extensive pre-operative preparation of the surgical field. The patient was asked to
rinse with 0.12% chlorhexidine gluconate solution for two minutes. Local anesthesia was obtained by cautious infiltration
of 2% Lidocaine with 1:100,000 epinephrine in the buccal and palatal aspects of the surgical site.

A horizontal mid-crestal incision was made, and a full-thickness flap was elevated. Using Versah burs in densifying
mode at 1200 rpm, the initial osteotomy was created, maintaining a 1 mm safety margin from the sinus membrane. The
drill was used in a bouncing motion with copious sterile saline irrigation. The osteotomy was sequentially enlarged up to
3.3 mm while preserving bone density. The sinus floor was carefully fractured with controlled pressure, and membrane
integrity was verified via the Valsalva maneuver. Grafting material (Puros® Cancellous Particulate Allograft, ZimVie
Dental, Florida, USA) was incrementally introduced using a Versah bur at reduced speed 150 rpm in densifying mode
with no irrigation. This created a 13 mm elevated space to accommodate a 10 mm implant. A resorbable collagen
membrane was placed over the osteotomy site, and the site was closed with 4/0 ePTFE sutures.

Post-Operative Care and Instructions
Post-Operative Care Included
1. Antibiotics (Augmentin 875/125 mg BID for 7 days).
2. Analgesics (Ibuprofen 600mg PRN).
3. Chlorhexidine mouthwash (0.12% twice daily).
4. Strict smoking cessation instructions:
a. Complete abstinence from smoking for at least 4 weeks post-surgery.
b. Education about the risks of smoking on implant success and healing.
c. Regular follow-up to monitor compliance.
5. Oral hygiene instructions.
6. Avoidance of actions that could displace the elevated membrane.

Radiographic Evaluation

Six months post-surgery, CBCT revealed uniform graft integration and 11 mm vertical augmentation, aligning with pre-
surgical objectives. The sinus membrane remained elevated without collapse, though slight shrinkage was noted, as is
expected in sinus elevation procedures Figure 2.
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Figure 2 Post-Operative CBCT shows sinus augmentation of area #16 at 6 months.

Figure 3 Post-Operative PA radiograph shows implant placement of area #16.

Figure 4 Post-Operative PA radiograph shows implant crown placement of area #16.
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Figure 5 Post-Operative CBCT shows sinus augmentation and dental implant of area #16 at 12 months.

Implant Placement

The second stage was performed six months post-elevation. Under local anaesthesia, a mid-crestal incision was made,
and a (9 4.1 x 10 mm, SLActive bone level tapered, Straumann, Switzerland) was placed with a torque of 35 Ncm.
Postoperative radiographs confirmed optimal implant positioning Figure 3. The implant was submerged for four months
to ensure osseointegration. After osseointegration, a healing abutment was placed, and the soft tissue was allowed to
mature for two weeks. At the same time, the upper right second premolar was extracted due to restorability reason. The
final restoration was a screw-retained zirconia crown, ensuring functional and aesthetic success Figure 4.

Treatment Outcomes

At the 12-month follow-up, clinical examination showed no inflammation, stable keratinized tissue, and excellent pink
aesthetics. Radiographs confirmed stable crestal bone levels and well-maintained sinus augmentation with complete graft
integration. Minimal shrinkage of the sinus elevation was observed but did not affect the implant’s stability or the
treatment outcome Figure 5.

Discussion

The successful rehabilitation of the posterior maxilla with dental implants poses unique challenges due to anatomical
limitations and physiological bone resorption patterns. The present case report describes the effective use of the
osseodensification technique for crestal sinus elevation in a case with severe vertical bone deficiency (<3 mm residual
bone height), which was traditionally considered a contraindication for the crestal approach procedures.'*

The management of a smoking patient presented additional challenges in this case. Recent literature has demonstrated
significantly higher implant failure rates in smokers, with studies reporting up to 2.1 times increased risk.'> The patient
was thoroughly informed about these risks and their impact on treatment success rates. A comprehensive smoking
cessation protocol was implemented, beginning two weeks before surgery and maintained throughout the healing period.
This approach aligns with current evidence suggesting that even temporary smoking cessation can improve wound
healing and implant success rates.'®

Maxillary atrophy and low bone density presented significant challenges for achieving optimal implant stability. The
osseodensification technique proved particularly valuable in this context, allowing for improved bone density and
stability in the compromised bone site. The achievement of 35 Ncm insertion torque in the grafted site is in line with
Vaddamanu et al'” work which suggested that osseodensification considerably enhances implant stability in low-density
bone and grafted sites. In a systematic review by Gaspar et al,'® it was found that implants placed with osseodensification
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have consistently shown higher insertion torque values and improved ISQ measurements than those of conventional
drilling protocols.

The reason an osseodensification technique was performed instead of the classic lateral window approach is for some
important considerations.'®' Although the traditional lateral window techniques are effective, this type of surgery
presents higher morbidity and longer healing time, with more complications occurring over 20—60% with an average of
30% membrane perforation cases.”’ This osseodensification approach in the presented case showed strong benefits as
being minimally invasive with preserved bone volume and control in membrane elevation.

Bone densification, as performed by the Versah bur system, represents a paradigm shift in osteotomy preparation. In
contrast to subtractive drilling in the traditional sense, this method preserves bone by means of controlled plastic
deformation and autografting of bone particles along the osteotomy walls.?’ Recent studies have shown that this
technique can enhance bone mineral density by up to 30% compared to conventional drilling protocols, which might
also lead to improved primary stability and, presumably, shorter healing times.'"

The success of this membrane elevation without perforation, in this case, with such minimal residual bone height,
gives credence to the previous findings, which concluded that the hydraulic pressure generated during osseodensification
results in more controlled and predictable membrane elevation when compared to traditional osteotome techniques.”***
The gradual elevation achieved through this approach, combined with the preservation of bone architecture, likely
contributed to the very stable long-term outcomes observed.

The radiographic evidence of uniform bone formation and integration of the graft at three months post-surgery is in
accordance with recent histomorphometric studies that osseodensification creates an optimized regenerative environment
through preserved bone volume and enhanced blood supply, which might also accelerate the healing process.>* The
maintained bone levels and lack of major resorption at 12 months follow-up further support the biological benefits of this
technique.

However, a few considerations deserve to be discussed, considering the applicability of this technique in a broader
sense. Success, in this case, is promising but likely better understood within the realm of proper case selection and
operator experience. Parameters like sinus anatomy, membrane thickness, and presence of septae could strongly influence
the predictability of a crestal approach procedure.”” In this case, the radiographic finding significantly influenced our
surgical approach. Special consideration was given to mucosal membrane thickness and elasticity during the elevation
procedure, requiring more meticulous surgical management. This condition is not a contraindication for sinus elevation,
but it only needs careful membrane elevation and an adapted healing protocol to ensure optimal sinus health. Mucosal
membrane thickening had no effect on the implant success; this goes along with a recent systematic review on this
matter.”® Additionally, the technique’s learning curve and need for specialized instrumentation must be considered when
implementing this approach in clinical practice.

Our case demonstrates successful results at 12 months. Still, longer follow-up periods and a larger sample size would
be of interest in creating definitive clinical guidelines pertaining to case selection and possible technique modifications
based on site-specific conditions. Like that, combining digital planning and guided surgical approaches with osseodensi-
fication techniques is an exciting direction for future research. Advanced imaging and surgical guide fabrication will

further improve the predictability of this technique in cases of minimal residual bone height.

Conclusion

This case report describes the successful application of the osseodensification technique for crestal sinus elevation in
a severe vertical bone deficiency situation. The procedure’s minimally invasive nature preserved bone and reduced
patient morbidity, allowing enhanced primary stability with predictable bone formation.

Disclosure
The author discloses no conflicts of interest for this work.
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