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Abstract / Introduction: Successful implant rehabilitation relies on previous planning that addresses the 

specific clinical variables of each case. Fixed-prosthesis rehabilitation of severely atrophic maxilla is a 

challenge, given that patients do not present with minimal posterior bone height required for implant 

placement at the site recommended by diagnostic wax-up. Objective: The present study aims at reporting 

a case of implant-supported complete denture oral rehabilitation performed by means of bilateral maxil-

lary sinus lift with 100% alloplastic biomaterial for subsequent implant placement, with a 5-year clinical 

and tomographic follow-up. Methods: The use of synthetic bone substitutes (biphasic calcium phosphate) 

not only eliminates potential risks of contamination, but also reduces the number of surgical sites, given 

that it does not require autogenous bone to be harvested for grafting. Subantral residual bone height was 

less than 1 mm, therefore, bilateral maxillary sinus lift carried out by means of the lateral window ap-

proach was planned to be performed eight months before placement of eight implants. These implants 

would give support to a complete denture installed 60 days after implant placement surgery. Conclusion: 

Both scientific literature and the case reported herein evince that the use of 100% alloplastic biomaterial 

for vertical augmentation of atrophic maxilla by means of maxillary sinus lift is an e�cient alternative to 

replace autograft due to presenting lower morbidity rates. Keywords: Dental prosthesis. Dental implants. 

Maxilla. Atrophy. Maxillary sinus lift.
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INTRODUCTION

Successful implant rehabilitation with 

predictable functional and esthetic out-

comes relies on determining the position 

and number of implants to be placed, 

based on a treatment planning that ad-

dresses the specific prosthetic features 

and difficulties of each case.1,2

Bone height is an aspect of diagnosis ex-

tremely important to treatment planning 

that includes implant placement in atro-

phic posterior maxilla. Maxillary sinus lift, 

whether by means of the lateral window 

approach or the transalveolar technique, 

proves an alternative for cases of pneu-

matization of maxillary sinus associated 

with insufficient subantral bone height 

without discrepancy between the maxilla 

and mandible. This finding has been well 

reported by evidence-based clinical stud-

ies that corroborate the use of a variety of 

graft material.1,2,3

For these cases, autograft has been con-

sidered as the gold standard for many 

years. This is not only due to its osteo-

genic cells, but also because of osteo-

inductive growth factors necessary for 

mesenchymal cell recruitment and differ-

entiation, and because it provides an os-

teoconductive framework that offers im-

mediate mechanical support, in addition 

to guiding bone formation at the desired 

site. Graft bone might be harvested from 

patient’s iliac crest, symphysis, mandibu-

lar ramus, ribs, tibia or calvarium.4,5

Nevertheless, the procedure might be 

associated with patient’s discomfort, 

postoperative morbidity, altered sensa-

tion, scars and infection of the donor 

site. Moreover, additional costs and 

the amount of bone harvested might 

be insufficient to cover the dimensions 

required for future implant placement, 

as planned.6-11

The use of graft material that does not imply 

harvesting autogenous bone is an alterna-

tive to overcome such clinical drawbacks. 

Allograft and xenograft, alloplastic material 

and different combinations between them 

have been investigated in the literature.12 

A few years ago, 100% synthetic and 

bioinert biomaterial made 60% of HA 

(100% crystalline) and 40% of b-TCP, 

synthesized at 1,100 to 1,500 °C (Strau-

mann BoneCeramic), was introduced 

into the market with promises of pro-

moting periodontal and peri-implant re-

generative bone therapy.13

This biomaterial has been investi-

gated by immunohistochemical stud-

ies;14,15 animal studies investigating 

alveolar defects;14,16 and clinical stud-

ies on maxillary sinus lift,12,17 lateral 

alveolar ridge augmentation18 and 

periodontal defects;19,20,21 all of which 

found it to be clinically feasible as an 

osteoconductive material.

The present study aims at reporting 

a case of bilateral maxillary sinus lift 

with 100% alloplastic biomaterial for 

subsequent implant rehabilitation, 

with a 5-year clinical and tomographic 

follow-up.
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Figure 1. Panoramic radiograph revealing severely atrophic maxilla and pneumatization of maxillary sinus.

CASE REPORT

A female Caucasian 51-year-old pa-

tient, who could not adapt to a maxillary 

removable complete denture, sought 

restorative treatment at a private dental 

clinic. Her major complaint was about in-

stability of the removable complete den-

ture. After a thorough first interview and 

clinical examination, the patient did not 

report history of systemic disease or any 

risk factor that could hinder treatment with 

implants. Complementary examination, 

including digital panoramic radiograph 

and cone-beam computed tomography, 

were requested for the upper arch for full 

evaluation of the surgical site. Examina-

tions revealed severe atrophy of the pre-

maxilla, pneumatization of maxillary sinus 

and alveolar ridge resorption, which 

resulted in subantral bone height less 

than 1 mm, insufficient for dental implant 

placement (Figs 1 and 2). Diagnostic 

wax-up suggested acceptable relation-

ship between the maxilla and mandible 

and acceptable alveolar ridge width. 

Thus, treatment option was to perform 

maxillary sinus lift alone, with no need 

for block graft to achieve tridimensional 

reconstruction of the jaws. Thus, the first 

phase of treatment included bilateral 

maxillary sinus grafting with alloplastic 

biomaterial, whereas the second surgical 

phase, carried out eight months after 

the grafting procedure, included placing 

eight implants that provided support to 

an implant-retained complete denture.
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Figure 2. Transverse slices #26, 28 and 30 of right posterior maxilla. Transverse slices # 100, 102 and 104 of 

left posterior maxilla. Bone remnant not greater than 1 mm.

Preoperative radiographic examination 

was carefully assessed to evaluate the 

edges of maxillary sinus, in addition 

to sidewall thickness, the presence 

of blood vessels on the sidewall, the 

conditions of the mucosa (presence of 

cysts, sinusitis, etc.) and the presence 

of bone septa.

The first surgery was performed in 

a policlinic, with the patient under lo-

cal anesthesia with 2% mepivacaine 

associated with epinephrine (norepi-

nephrine 1:100.000) initially aspirat-

ed, followed by intravenous sedation 

monitored by an anesthesiologist. Ini-

tially, a linear incision was made on the 
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bone crest of the left posterior maxilla, 

supplemented by a distal releasing in-

cision. The mucoperiosteal flap was 

then detached to give access to the 

site where the lateral window was cre-

ated. Lateral window circumference 

was established by a round diamond 

bur used under copious irrigation with 

sterile saline solution; while its height 

was determined based on implant 

length added to 2 mm of gap. Schnei-

derian membrane was teared and ele-

vated along with the bone wall into the 

sinus cavity. The grafting procedure 

was carried out with biphasic calcium 

phosphate (BoneCeramic, Straumann). 

The flap was then repositioned over a 

membrane barrier and stabilized with 

interrupted suture. Subsequently, all 

the aforementioned procedures were 

also carried out in the right posterior 

maxilla. Postoperative examination was 

performed and sutures were removed 

two weeks after the procedure.

Dental implant placement surgery was 

planned to be carried out eight months 

after bilateral maxillary sinus lift. A cone-

beam computed tomography for full 

evaluation of the maxilla was requested, 

particularly to assess the stage of graft 

bone repair (Figs 3 and 4). Surgery 

was performed in a policlinic, with the 

patient under local anesthesia with 2% 

mepivacaine associated with epineph-

rine (norepinephrine 1:100.000) initially 

aspirated, followed by intravenous seda-

tion monitored by an anesthesiologist. 

An incision was made on the bone crest 

of the maxilla, from the distal surface of 

second molar to the distal surface of 

second molar on the contralateral side, 

followed by releasing incisions made 

to facilitate full-thickness flap elevation. 

The elevated flap was stabilized with 

two simple sutures using 4-0 nylon. 

Subsequently, the bone sites that would 

later receive the eight implants (SLAc-

tive, Straumann AG, Basel, Switzerland) 

Figure 3. Panoramic radiograph eight months after maxillary sinus lift surgery.
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were prepared following the sequence 

of milling procedures recommended 

by the manufacturer. Two RN SP SLAc-

tive 4.1 x 6 mm implants were installed 

in the anterior region, whereas six 

RN SP SLActive 4.1 x 8 mm implants 

were installed in the posterior region. 

Implants were placed in prosthetic po-

sition, as previously planned, and the 

flap was ultimately repositioned and sta-

bilized with interrupted suture, so as to 

allow submerged healing of implants. 

A removable complete denture was re-

lined with resilient acrylic material (Tru-

soft, Bosworth) and temporarily used 

during implant osseointegration. The pa-

tient was advised to avoid excess load at 

the surgical site, so as to prevent early 

load during repair and osseointegration.

For the first surgery (bone graft), the fol-

lowing medications were prescribed: 

4 mg dexamethasone one hour be-

fore surgery; 100 mg nimesulide every 

Figure 4. Transverse tomographic slices of right and left posterior maxilla.
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12 hours for four days; amoxicillin asso-

ciated with 875 mg clavulanic acid ev-

ery 12 hours for ten days. For analgesia, 

750 mg paracetamol was prescribed  

to be taken every six hours (in case of 

pain), while 0.12% chlorhexidine diglu-

conate mouthwash was prescribed to 

be used twice a day for local antisepsis 

until suture removal.

For the second surgery (implant place-

ment), the following medications were 

prescribed: 4 mg dexamethasone one 

hour before surgery and 100 mg nime-

sulide every 12 hours for four days. For 

analgesia, 750 mg paracetamol was 

prescribed  to be taken every six hours 

(in case of pain), while 0.12% chlorhexi-

dine digluconate mouthwash was pre-

scribed to be used twice a day until 

suture removal. A prophylactic dose 

of 500 mg amoxicillin was prescribed: 

four capsules one hour before surgery.

Implants remained submerged for 

60 days, after which transmucosal abut-

ments were placed for subsequent pros-

thetic procedures. For the case reported 

herein, straight abutments (Synocta 1.5 

mm, Straumann AG) screwed to cop-

ings for bridges (smooth) were used. 

After 20 days, a period dedicated to the 

adjustment of prosthetic and laboratory 

phases of treatment, the implant-sup-

ported complete denture was installed, 

followed by minor occlusal adjustments.

During the first year, the patient returned 

to the office for follow-up appointments 

every three months. In the next four 

years, appointments were spread out 

to six months.

During the 5-year follow-up, suppuration, 

mobility, radiolucency around implants 

or prosthetic complications were ab-

sent (Figs 5 to 10).

Figure 5. Panoramic radiograph. Five-year radiographic follow-up.
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Figure 6. Transverse slices comparing right posterior maxilla. On the top: before implant placement. On the 

bottom: five years after implant placement. Note preservation of vertical bone gain.
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Figure 7. Transverse slices comparing left posterior maxilla. On the top: before implant placement. On the 

bottom: five years after implant placement.
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Figure 8. Implants placed in the anterior maxilla. Five-year tomographic follow-up.
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Figure 9. Hygiene of maxillary fixed complete denture. Anterior and occlusal view.

Figure 10. Five-year clinical follow-up.
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DISCUSSION

There are two different maxillary sinus 

lift approaches, each one with their 

own advantages and disadvantages. 

It is up to the dentist to make the cor-

rect decision, that is, he will choose the 

technique to be employed based on 

bone height and maxillary sinus ana-

tomical traits.1

The lateral window approach allows sig-

nificant bone volume augmentation, re-

gardless of maxillary sinus anatomical 

traits; whereas the transalveolar tech-

nique allows bone gain limited to 2 to 

3 mm.23 A systematic literature review 

concluded that implant survival rates 

after transalveolar sinus lift technique 

are drastically lower when initial bone 

height is less than or equal to 5 mm.24 

Moreover, this technique should be re-

stricted to cases of nearly horizontal 

maxillary sinus floor.1,24

Whenever implant primary stability can 

be achieved, immediate implant place-

ment is preferable, as it reduces the 

number of surgical interventions and, 

as a result, morbidity associated with 

the procedure.1 However, in the case 

reported herein, subantral bone height 

was less than 1 mm, which made it im-

possible to achieve primary stability. For 

this reason, the two-stage lateral window 

approach was the technique of choice.

The biomaterial (biphasic calcium 

phosphate) used in the case reported 

herein is made of hydroxyapatite (HA) 

and beta-tricalcium phosphate (b-TCP). 

It is a bioinert, 100% synthetic material 

that eliminates potential risks of con-

tamination. It has been suggested that 

both substances (HA and b-TCP) yield 

better bone repair results when used 

together rather than when they are 

used alone, especially when a greater 

amount of HA is added to the mixture.25

This hypothesis is due to the fact that 

b-TCP has high resorption rates, while 

HA has low degradation rates. Thus, 

the ceramic is gradually resorbed, and 

the graft material is replaced by vital 

bone without losing osteoconductive 

and space preservation properties, 

thereby avoiding soft tissue collapse 

and invagination.25,26 

The ratios of HA and b-TCP in BoneCe-

ramic (Straumann) are 60% and 40%, 

respectively. In addition, the com-

pound presents 90% porosity, with in-

terconnected pores 100 to 500 µm in 

diameter. Such level of porosity pro-

vides adequate space for vascular neo-

formation, which is indispensable to 

supply the ideal amount of oxygen nec-

essary for mesenchymal cells differen-

tiation, osteoblasts activity and ultimate 

bone neoformation inside the graft.13

An observational clinical trial,17 con-

ducted based on descriptive statistical 

data, assessed the quality and quan-

tity of bone formation after a sinus lift 

procedure was carried out with bipha-

sic calcium phosphate (Straumann 

BoneCeramic). The unilateral proce-

dure was performed in six patients 
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using 100% synthetic material, as in the 

case reported herein. After six months 

of repair, biopsies were carried out for 

histological and histomorphometric 

analyses. Samples were collected with 

the aid of a trephine bur (3.5 mm of 

outer diameter) at bone sites previously 

intended for implant placement. After 

this period, it could be seen that bipha-

sic calcium phosphate had completely 

attached to maxillary sinus floor bone 

and was relatively stable, thereby en-

suring successful implant placement. 

Implants 4.1 mm in diameter and 10 or 

12 mm in length were placed. Radio-

graphic examination revealed that ver-

tical height achieved immediately after 

graft surgery remained unchanged af-

ter six months of follow-up. 

Most patients presented a slight de-

crease in height of grafted areas 

one year after implant placement. 

Histological analysis revealed that all 

samples had bone neoformation that 

respected the framework provided by 

the bone substitute. Remnant trabecular 

bone gradually occupied the area taken 

up by the graft in cranial direction, which 

allowed bone substitute particles to 

strongly connect to the neoformed tra-

becular bone network. Bone maturation 

was made obvious with the presence of 

lamellar bone. Bone formation occurred 

simultaneously to partial degradation of 

graft. Nevertheless, histological analysis 

revealed that, after six months, bone 

cells had not ceased to actively replace 

bone substitute by new vital bone. Clini-

cally, tissues were stable enough so as 

to allow implant placement, whereas, at 

the cellular level, the whole process re-

mained active.17 Unlike the study cited, 

in which bone height varied between 4 

and 8 mm, the case reported herein pre-

sented with severe atrophic maxilla in 

the posterior region, with bone remnant 

not greater than 1 mm. For this reason, 

a longer period of bone maturation was 

necessary (eight months) before implant 

placement was carried out, so as to en-

sure greater stability and safety.

Lyophilized bovine bone (Bio-Oss, 

Geistlich Pharma, Germany) is anoth-

er biomaterial widely used in sinus lift 

procedures. It has been compared to 

biphasic calcium phosphate by previ-

ous studies which concluded that both 

types of biomaterial are adequate to be 

used in sinus lift procedures.27,28

The 60-day waiting period before 

transmucosal abutments were placed 

was necessary because the implants 

used for the case reported herein were 

launched into the market with prom-

ises of speeding up bone repair and 

reducing the waiting period for load to 

be applied. This fact is justified by the 

hydrophilic features of implants respon-

sible for providing greater wettability 

and, as a result, stronger interaction be-

tween implant surface and the biologi-

cal environment.29-32

In order achieve hydrophilic features, 

surfaces undergo blasting and acid 

etching with hydrochloric and sulfu-

ric acids (HCl/H
2
SO

4
). After the initial 
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procedures, the hydrophilization tech-

nique is employed by preparing im-

plants protected by nitrogen gas (N
2
) 

and stored in sodium chloride (NaCl)

isotonic solution.29 This technique is 

associated with the high amount of 

free energy kept on the surface of ti-

tanium dioxide (TiO
2
), which prevents 

contaminants, such as hydrocarbons 

and carbonates present in the air, from 

being absorbed.30

Experimental trials report significant bone 

apposition and anchorage to implant sur-

faces at the initial stages of bone repair 

in animal models.29 These experimental 

outcomes were confirmed not only by 

prospective clinical studies in which im-

plants were loaded after 21 days of bone 

repair,33,34 but also by studies measuring 

implant stability with the aid of resonance 

frequency analysis (RFA),35 genetic 

expression profile and histological analy-

sis of human models.36,37

As regards the use of antibiotics, a recent 

systematic review concluded that scien-

tific evidence suggests that, in general, 

this type of drug is advantageous, as it 

aids reducing failure rates of implants 

placed under normal conditions.38

CONCLUSION

Based on histological and radiographic 

evidence found in the literature as well 

as in the case reported herein, it is 

reasonable to conclude that biphasic 

calcium phosphate, used as bone 

substitute for vertical augmentation of 

atrophic posterior maxilla by means 

of sinus lift, followed by implant place-

ment, is a safe and predictable alterna-

tive, whether used in association or not 

with autogenous bone.
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