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 1. Artigo científico 1  

 

Artigo enviado para publicação na Clinical Implant Dentistry and Related Research. 

 

Radiographic evaluation of bone level changes around tapered injection 

molded two-piece zirconia implants: One-year preliminary results. 

 

Paola Rebelatto Alcântara 
Flávia Noemy Gasparini Kiatake Fontão 

Camila Pereira Vianna 
Roberta Schroder Rocha 

Waleska Caldas 
Rubens Moreno de Freitas 

 
ABSTRACT 
 
Purpose: The aim of this study was to report the 12-month results of a prospective study 
regarding marginal bone level changes and survival rate around tapered injection-molded two-
piece zirconia implants. 
Methods: Patients who referred to Ilapeo College (Curitiba, Brazil) between October and 
November 2020 presenting at least one healed single-tooth site, with natural adjacent and 
antagonist teeth and sufficient bone width to allow insertion of a 4.3-diameter implant were 
selected. All patients received at least one injection molded two-piece zirconia implant. 
Immediate provisionalization was applied when primary stability of 32 N.cm was achieved, 
and provisional acrylic prostheses were inserted. These were replaced after three months for 
final monolithic zirconia crowns. Patients were followed and periapical radiographs were 
obtained at all visits, up to 12 months after provisionalization. 
Results: Thirty patients with a mean age of 46.1±9.5 years were included in the study for the 
rehabilitation of one or more edentulous areas, resulting in a sample of 38 implants. The 
majority of the implants were submitted to immediate provisionalization (n=31 / 81.6%). 
Survival and success rates of 89.5% (34/38) and 84.4% (33/38), respectively, were observed in 
a follow-up period of 12 months. Considering the surviving implants, the prosthesis survival 
rate was 97.1%. Regarding marginal bone loss, it was noticed that greater bone loss happened 
during the first 6 months (mean 0.24±0.20mm), whereas mean marginal bone loss was 
0.30±0.22mm one year after provisionalization. 
Conclusion: The present study suggests that two-piece zirconia implants produced by injection 
molding, provide a successful treatment for the rehabilitation with single-unit prosthesis, 
presenting good survival and success rates and excellent bone level maintenance up to 1 year 
after provisionalization. 
 
Keywords: Dental implants, Zirconia; Marginal bone loss; Survival rate, Injection molded. 
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 INTRODUCTION 

 Titanium is used with great results for the replacement of missing teeth with dental 

implants since its introduction by Branemark 1. By presenting a bioinert nature, high strength, 

high corrosion resistance and ability to osseointegrate, titanium implants are a well-spread and 

well-documented option reporting success and survival rates varying from 91% to 100%  in the 

long-term2,3,4. However, as any other material, titanium presents some drawbacks, such as its 

association with inflammatory reaction in peri-implant tissues and  poor esthetics especially in 

thin mucosa5. Moreover, it has been reported that dental biomaterials release substances that 

may lead to allergic reactions, and therefore, titanium hypersensitivity has been associated to 

implant failure6.  

In order to surpass titanium disadvantages, and to meet a demand of metal-free 

treatments, high strength ceramics have been introduced as an alternative material for dental 

implants7. Besides better esthetics results due to the white color that mimics natural teeth, 

implants made of Yttrium-stabilized tetragonal zirconia polycrystals (Y-TZP) present great 

mechanical properties that include high flexural strength and fracture toughness, and corrosion 

resistance8. Additionally, bone-to-implant contact, and removal torques similar to titanium 

implants have been demonstrated by in vivo studies9. Reduced biofilm adhesion as well as 

plaque formation have also been associated to zirconia surfaces10. 

Initially, only one-piece zirconia implants were available, offering great stability and 

less risks related to technical failures and material limitations. Good survival rates ranging from 

78-98% in a period of 12-56 months of follow up have been reported for these implants11, 

however, their reduced flexibility regarding surgical and prosthetic aspects are considered as 

major drawbacks12. Thereby, two-piece systems with implant body separated from the 

abutment have been developed and only in 2014 the first clinical study using them was 

published12,13.  
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 Regarding manufacturing process, zirconia implants are mainly produced using 

subtractive milling techniques and surface modifications. This, however, leads to the need of 

achieving a balance between surface modifications and its biological performance14. Thus, the 

injection molding process appears as a promising technique for high-quality zirconia implants 

production, by incorporating the desired surface topography directly into the mold15,16. 

Clinical evidence of injection molded two-piece zirconia implants success is still 

limited, and although their ability for stable osseointegration have been reported, little is known 

regarding peri-implant bone level changes around these implants. Therefore, this study aimed 

to radiographic assess marginal bone loss and survival rate of tapered injection molded two-

piece zirconia implants.  

 

METHODOLOGY 

Study design and patient selection 

The present prospective study was approved by the local ethics committee (approval 

number: 3.573.667) and was conducted in accordance with ISO 14155:2020 and the principles 

embodied in the Helsinki Declaration of 1975, as revised in 2013, for biomedical research 

involving human subjects. Sample size was calculated based on an alpha level of 5% and beta 

of 20% to detect a mean periimplant bone level change of 0.91mm, with a standard deviation 

of 1.4mm, 36 months after implant loading17. Sample size calculation showed that a sample of 

30 implants was needed. Estimating a rate of 1 implant per patient and a drop-out rate of 15%, 

a sample size of at least 36 implants was thought to be sufficient to allow for the statistical 

analysis of long-term clinical outcome data. 

 Patients who referred to Ilapeo College (Curitiba, Brazil) between October and 

November of 2020 were selected according to the following criteria: presence of at least one 

single-tooth site that had been edentulous for at least 3 months, with natural adjacent and 
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 antagonist teeth, and sufficient bone width to allow insertion of a 4.3-diameter implant (at least 

1 mm of buccal and lingual bone availability). Exclusion criteria was any contraindication for 

zirconia implant surgery such as allergy or hypersensitivity to the chemical elements of the 

material (zirconia (Y-ZTP), zirconium dioxide (ZrO2), yttrium oxide (Y2O3) hafnium dioxide 

(HfO2), and aluminum oxide (Al2O3)), presence of acute infection, unsuitable bone volume or 

quality, uncontrolled systemic diseases, incomplete jawbone growth, bruxism and pregnancy. 

Written consent was provided by all patients.  

 

Implant information and study procedures 

 Cone beam computed tomography (CBCT), panoramic and periapical radiography 

exams, as well as photographs and laboratory exams were obtained for diagnostic and planning 

purposes. Implants´ heights (10, 11.5 or 13mm) were selected as to be inserted at buccal bone 

level. A minimum distance of 1.5 mm from the implant shoulder to adjacent teeth was 

planned18. Surgeries were performed by different implant surgeons available at the study site.  

 All patients received at least one injection molded two-piece zirconia implant, 

(Zirconia Implant, Neodent, Curitiba, Brazil). The referred implants are manufactured in 

Zirconia Y-TZP (Yttria-stabilized Tetragonal Zirconia Polycrystal), present a sandblasted, 

acid-etched surface, prosthetic interface with internal indexer, and tapered body design (Figure 

1A-B). All implants were placed under local anesthesia and following the drill sequence as 

indicated by the manufacturer, along with profuse irrigation. Immediate provisionalization was 

applied when a minimum insertion torque of 32 N.cm was achieved, by means of insertion of 

Peek temporary abutments (PEEK CR Abutment, Neodent, Curitiba, Brazil) and provisional 

acrylic crowns, with no occlusal contact. For delayed-loaded implants, an osseointegration 

period of 3 months was awaited before provisionalization. Then, three months after 

provisionalization, the Peek abutments were removed and intraoral scanning (Virtuo Vivo, 
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 Dental Wings, Montreal, Canada) was performed using the compatible scanbodies (Neodent, 

Curitiba, Brazil). Zirconia Base Abutments (Neodent, Curitiba, Brazil) were selected to support 

final monolithic zirconia crowns (Ceramill Zolid fx, Amann Girrbach, Koblach, Austria), 

which were designed in Dental System software (3shape, Copenhagen, Denmark) and 

processed in a CAD/CAM milling machine (M series, Aman Girrbach, 

Koblach, Austria)(Figure 2A-C). 

 

Figure 1. Zirconia implant with Zirconia Base (Neodent, Curitiba, Brazil) (A) and implant internal connection 
(B). 

  

 
Figure 2. Representative clinical case - clinical aspects:  Implant final position (A), Immediate provisionalization 
with acrylic provisional crown on PEEK abutment (B), final monolithic zirconia crown inserted after 3 months 

on Zirconia Base (C).  
 

 
Figure 3 Representative clinical case - radiographic aspects: Immediate provisionalization (A) final crown 

placement (B) and 12 months of follow-up (C).  
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 Standardized digital periapical x-rays were obtained (Heliodent Plus, Dentsply 

Sirona, USA) using the parallelism radiography technique, at all patients’ visits: screening, 

immediately after placement (TP), immediately after provisionalization (T0), immediately after 

final prosthesis installation (TF), 6 months after provisionalization (T6), and one year after 

provisionalization (T12) (Figure 3A-C).  

 

Radiographic measurements and Clinical assessment 

 The digital periapical radiographs obtained were evaluated by two trained operators 

using Sidexis XG version 4 software (Sirona, Bensheim, Germany). The known length of the 

implant was used as reference point. Lines were drawn to help the marginal bone level 

measurement. Vertical lines – parallel to long axis of the implant – and a horizontal line – which 

were drawn at the interface implant platform and prosthetic connection – were used as a 

reference for the linear measurement of vertical bone height on both the mesial and distal 

surfaces of each implant. Regarding implants with bone level below the implant platform 

(negative values), the measurement was performed from the most apical point of bone in contact 

with the implant (towards the implant shoulder), to a horizontal line in the implant platform. In 

case of bone level above the implant (positive values), the measurement was performed from 

the highest point of the alveolar crest to the horizontal line in the implant platform. Mesial and 

distal values were used to obtain the mean bone level.  

 Implant survival rate was calculated and defined as no loss of the implant. Moreover, 

implant success was evaluated according to Albrektsson et al.19, regarding absence of persistent 

pain, recurrent infection, mobility and radiolucency, in addition to not presenting marginal bone 

loss (MBL) greater than 0.5mm during the first 6 months after loading, as proposed by 
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 Galindo-Moreno et al20. Prosthetic survival was defined as the prosthesis in place during the 

follow-up period21.  

 

Statistical Analysis 

 To confirm the reliability of the measurements of the bone level, interrater analysis was 

applied between the two operators using the intraclass correlation coefficient (ICC). Excellent 

concordance was considered if ICC > 0.80. Furthermore, the Bland-Altman graphic was plotted to 

observe the behavior of the measurements. Descriptive analyses were performed to obtain mean 

marginal bone level and loss values. 

 

RESULTS 

 Thirty patients (18 women and 12 men) with a mean age of 46.1±9.5 years were 

included in the study for the rehabilitation of one or more edentulous areas. Most of them 

needed only one implant (23/30; 76.7%), 6 patients (20%) had 2 implants inserted and only one 

patient (4.3%) had 3 implants inserted. Therefore, the sample comprised a total of 38 Zirconia 

implants. Patients´ demographic characteristics are describe in table 1.  

 Regarding de variables at implant level, most implants (23/38; 60.5%) were inserted 

in the molar region, whereas the other 15 implants (39.5%) were inserted in premolar region. 

The majority of the implants were submitted to immediate provisionalization (n=31; 81.6%) by 

means of insertion of acrylic resin crowns at the day of surgery. The other 7 implants (18.4%) 

received cover screw or healing abutments and were rehabilitated with the provisional crown 3 

months thereafter. Frequency of variables at implant level are describe in table 2. 

 Among the 38 implants, 4 implants (in 4 patients) were lost, resulting in a survival 

rate of 89.5% in a follow-up period of 12 months after provisionalization. All were lost before 

final prosthesis installation, within 3 months after placement, due to lack of osseointegration 
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 (Figure 4). Implants were replaced by a single operator and none have failed within 1 year after 

placement.  

 

 
Figure 4.  Radiographic aspects of the four failed implant right before their removal. Ten days after placement 
(A). One month after placement (B). Three months and 10 days after placement (C). Two months and 20 days 

after placement (D). 
 
 Prosthesis survival rate was 97.1%. The only loss happened in a patient with 

parafunctional habits. The prosthesis was replaced, and the patient was recommended to use an 

occlusal splint at bedtime.  

 For the bone level measurements, only implants with periapical radiographs obtained 

at all visits were considered, thereby, 28 implants (in 25 patients) were evaluated (table 3). It 

was possible to notice a mild decrease in mean bone level after implant placement (TP), up to 

final prosthesis insertion (TF). Regarding MBL, It was noticed that greater bone loss occurred 

during the first 6 months after provisionalization (mean  0.24±0.20mm), whereas from T6 to 

T12 much less bone loss was verified (mean 0.06±0.13mm). Mean marginal bone loss was 

0.30±0.22mm during the first year after provisionalization (table 4). Considering the four lost 

implants and one implant that presented MBL greater than 0.5mm after 6 months, implant 

success rate was 84.4%. No mobility, pain, recurrent infection, or radiolucency was noticed in 

any implant. 
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DISCUSSION 

 The aim of this prospective study was to evaluate bone level changes around two-

piece zirconia implants supporting single-unit crowns. Although the literature presents several 

outcomes regarding one-piece zirconia implants, to the authors knowledge, the radiographic 

evaluation of two-piece zirconia implants, especially produced by injection-molding, is 

inexistent.  

 It has become a consensus that marginal bone loss (MBL) assessment is crucial for 

defining implant success17, whereas a MBL of  less than 0.5mm in the first 6 months after 

loading20 and of less than 1mm in the first year of placement, in addition to the parameters 

defined by Albrektsson19 outline a successful treatment. In the present study, mean MBL at 12 

months post-provisionalization was 0.30±0.22mm, with the highest values registered at 6 

months after loading, and little change observed between 6 and 12 months.  Other studies with 

two-piece machined zirconia and internal connection implants have shown higher values of 

mean bone loss, ranging from 0.48±0.70mm22 to 1.16±1.01mm23 in the same follow-up period. 

One-piece zirconia implants with internal connection have been reported to present even higher 

values of bone loss, ranging from 0.88 ±0.86mm24 to 1.31±1.49mm25 during the first year.  

 It is important to notice that in the present study provisional crowns were inserted 

without occlusal contacts as recommended by the manufacturer, also known as nonfunctional 

loading. This protocol is applied in order to prevent the exposure of implants to any excessive 

forces that might lead to early implant failure and excessive bone loss26. However, some authors 

have shown that there is no significant difference between the outcomes of functional and non-

functional loaded implants27. Therefore, it is not possible to affirm that the results of the present 

study are associated with the loading protocol applied.  
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  Discussions regarding the best position to place an implant, at bone level or 

subcrestal and its relationship to peri implant bone loss have been made to attempt to define the 

best option. Whereas some authors defend that bone level placement, as performed in this study 

(mean bone level 0.67mm) by manufacturer recommendation, is associated with more bone 

loss, others have found greater loss when implants are placed subcrestal28. Thus, it is still not 

clear if implant position is determinant for bone level maintenance. 

 On the other hand, it has been previously demonstrated that implants with internal 

connections present enhanced biomechanical outcomes, as they are associated with a more 

adequate distribution of masticatory forces in the longitudinal axis of the bone-implant-

abutment complex as well as greater separation between the implant-abutment microgap and 

the crestal bone, thus respecting the requirements for biological space maintenance and leading 

to lower peri-implant bone loss29. It can be estimated that the characteristics of a straight 

internal connection with indexation, of the Zirconia implant used in the present study (Figure 

1), contributed to the excellent results found in terms of bone maintenance in the first year after 

provisionalization. 

 Four implants were lost before final prosthesis installation visit, within 4 months of 

follow-up, resulting in an implant survival rate of 89.5% at 12 months after provisionalization. 

Two-piece zirconia implants have presented survival rates ranging from 87%13 to 100%30 for 

the same time period. It is important to highlight that the surgeries of this study were performed 

by different operators who were in the learning curve for the system, which might have 

contributed to implant losses, as also observed in another zirconia implant study31. Also, the 

obtained survival rate might be explained by the relatively small sample size (4 losses in a 

sample of 38 implants).   

 The present study surgeons have reported bone overheating during implant bed 

preparation as the probable cause for implant loss. Heat generated at the time of drilling and 
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 excessive pressure at the crestal region during implant placement may contribute to implant 

bone loss during the healing period. Surgeons then ensured following a careful surgical 

protocol, with abundant irrigation during bone drilling, for the subsequent surgeries. All four 

lost implants were replaced by a single operator and no new losses were observed in 12 months 

after placement32. 

 Although several studies with zirconia implants have reported implant fracture and 

peri-implantitis as the main causes for failure9,33,, the losses reported here were only related to 

lack of osseointegration. Despite of that, a study compared the osseointegration potential of the 

same zirconia implant system presented here and titanium implants in minipigs. 

Hystomorphometric analyses showed that values of bone-implant contact, first bone-implant-

contact and ratio of bone area to total area are comparable between then, thus, zirconia implants 

seemed not to be inferior to titanium implants regarding osseointegration16.  

 Since the literature regarding injection-molded two-piece zirconia implants is 

limited, it is not possible to compare the results found in this study with other similar systems, 

and so, further studies should be performed to assess its reproducibility.  

 

CONCLUSION 

 Within its limits, the present study suggests that two-piece tapered zirconia implants 

produced by injection molding, may provide a successful treatment for the rehabilitation with 

single-unit prosthesis, presenting good survival and success rates, and excellent bone level 

maintenance up to 1 year after provisionalization. Further randomized studies, with larger 

samples and longer follow-up period should be considered to confirm these results. Learning 

curve of the operators as to follow careful surgical protocols, with abundant irrigation during 

bone bed preparation should also be considered.  
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TABLES 

Table 1. Descriptive analysis of demographic characteristics at patient level (n=30) 

 

 Characteristic Mean (years) 
Age (years) 46.1±9.5 

Characteristic Frequency 
n(%) 

Female  18(60%) 

Male  12(40%) 

Diabetes  0(0%) 

Hypertension  No 25(83.3%) 

Controlled 4(13.3%) 

Uncontrolled 1(3.4%) 

Smoking habits  
  

Current smoker 1 (3.3%) 

Nonsmoker 27 (90.0%) 

Former smoker 2(6.7%) 

 

Table 2. Descriptive analysis of evaluated variables at implant level (n=38) 

Characteristic Frequency 
n (%) 

Implant site  
Molar 23(60.5%) 

Premolar 15(39.5%) 

Bone type  

I 0(0.0%) 

II 16(42.1%) 

III 22(57.9%) 

IV 0(0.0%) 

Bone graft  
yes 3(7.9%) 

no 35(92.1%) 

Implant length  

10 mm 14(36.9%) 

11.5 mm 21(55.2%) 

13 mm 3(7.9%) 

Final torque  

<32 N.cm 12(31.6%) 

32-60 N.cm 24(63.1%) 

>60 N.cm 2(5.8%) 

Loading protocol 
Immediate 31(81.6%) 

Delayed 7(18.4%) 
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 Table 3. Bone level measurements at all follow-up visits (n=28).  

 TP  
(Mean±SD) 

T0  
(Mean±SD) 

TF  
(Mean±SD) 

T6 
(Mean±SD) 

T12  
(Mean±SD) 

Mesial (mm) 0.831±0.837 0.514±0.574 0.150±0.536 0.294±0.532 0.211±0.462 

Distal (mm) 0.513±0.595 0.243±0.444 -0.128±0.526 -0.017 ±0.419 -0.057±0.366 

Mean (mm) 0.67±0.63 0.378±0.434 0.011±0.486 0.138±0.413 0.077±0.351 

Mean bone level and standard deviation (SD) at implant placement (TP), implant provisionalization (T0), 
final crown placement (TF), 6 (T6) and 12 months (T12) after provisionalization. 
 
 

Table 4. Bone loss from implant provisionalization (T0) up to 6-month (T6) and 12-month 
follow-up (T12) (n=28). 

 Mean (SD) Median Minimum Maximum 

T0-T6 -0.2418 ±0.201 -0.1950 -0.730 0.0100 

T0-T12 -0.3039 ±0.221 -0.2950 -0.730 0.0000 

T6-T12 -0.0625 ±0.135 -0.0100 -0.580 0.1000 
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ABSTRACT 
 
Objective: The present clinical case describes the 24-month clinical and radiographic outcomes of 
immediately loaded two-piece injection-molded zirconia implants, as well as the esthetic and functional 
work performed in the anterior maxilla. 
Clinical considerations: A 36-year-old female patient was referred to a Dental College due to the 
absence of upper left lateral incisor and first premolar, and dissatisfaction with the esthetics of her smile. 
A prosthetic rehabilitation of the anterior maxilla, including implant-supported prosthesis with zirconia 
implants and ceramic veneers was performed using a digital workflow. The patient was followed for 24 
months presenting good clinical and radiographic outcomes. 
Conclusions: The esthetic and functional rehabilitation, carried out in patient´s maxilla, with ceramic 
veneers and crowns, was successful and contributed to the patient's psychological and emotional well-
being, in addition to restoring occlusal stability, through canine guidance and adequate protrusion of the 
anterior teeth. 
Clinical Significance 
 The present case report describes the clinical and radiographic outcomes of a patient in need of anterior 
maxilla rehabilitation. Combing two-piece zirconia implants and ceramic veneers it was possible to 
successfully restore maxilla´s function and esthetics, leading to complete patient satisfaction. 
 
Keywords: Zirconia implants; Veneers; Implant-supported prosthesis; Digital workflow; patient 
satisfaction. 
 

INTRODUCTION 

The installation of dental implants has become routine in the oral rehabilitation of 

partially or completely edentulous patients. In recent years, implants made of titanium and 
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 zirconia alloy with a micro-rough surface have been studied in detail as alternative materials to 

replace lost dental elements and have shown to be biologically well tolerated and exhibit 

adequate osseointegration1–6. 

As the search for metal-free esthetics has been growing, Implant Dentistry has had to 

challenge new horizons and one of the themes of frequent debate today is the choice between 

zirconia or titanium as dental implants. Comparing zirconia to titanium is equivalent to 

comparing ceramics to metals. The advantages of ceramics are high temperature resistance, 

wear resistance, chemical stability, and mainly white color, while disadvantages include low 

fracture toughness7. 

The most stable phase of zirconia at room temperature is the monoclinic, which, upon 

heating, transforms into tetragonal and cubic phases8. However, when cooled to room 

temperature, cracks are formed due to the increase in volume from the tetragonal phase to the 

monoclinic phase, which decreases the mechanical strength of zirconia9 In order to prevent that, 

small amounts of calcium (CaO), magnesia (MgO), ceria (CeO2) and yttria (Y2O3) in a solid 

solution of ZrO2 can be used to stabilize the tetragonal or cubic phase of ZrO2 at room 

temperature, depending on the amount of oxide added10. 

Over the last 25 years, special attention has been given to the effect of modified zirconia 

surfaces on osseointegration in experimental animal studies. These preclinical studies revealed 

bone apposition on zirconia implants with various surface modifications, including 

sandblasting11, etching12–14 sintering and plating1,15. In the zirconia implant, after 4 weeks, the 

mineralized bone matrix is in direct contact with the implant surface. The presence of osteoids 

and osteoblasts indicate ongoing bone formation, while the presence of osteoclasts and 

Howship's lacuna in old bone indicates resorption of pre-existing bone. At 8 weeks, bone 

formation ceases due to the absence of both osteoids and osteoblasts and the presence of bone 

marrow indicates bone maturation. Although pre-clinical data point to an excellent acceptance 
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 of zirconia implants in relation to titanium, the literature lacks of clinical data with medium and 

long-term follow-up of rehabilitation using these materials, especially considering 

manufacturing by injection, in two pieces and predicting primary stability for immediate 

loading16.  

The following clinical case describes the treatment of a patient with great esthetic 

expectations, upper midline deviation, presence of anterior tooth with discoloration, with 

endodontic treatment and absence of the upper left lateral incisor and first premolar. The 

objective was to describe the 24-month follow-up clinical and radiographic results of two two-

piece injection-molded zirconia implants and immediate single crowns, installed in edentulous 

sites in the maxillary lateral incisor and premolar region. Additionally, it describes the planning 

and the esthetic and functional work performed in the anterior maxilla. 

 

CLINICAL CONSIDERATIONS 

A 36-year-old female patient, in good general health, was referred to Ilapeo College due 

to absence of upper left lateral incisor and first premolar.  She reported dissatisfaction with her 

smile, not only due to the absence of these elements, but also due to the presence of an anterior 

dental element with color alteration by endodontic treatment, deviated upper midline, 

projection of anterior teeth, and stained anterior restorations (Figure 1A-C). After clinical and 

radiographic evaluation, and considering that the esthetics were the main complain, it was 
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 decided to perform a prosthetic rehabilitation of the maxilla, including implant-supported 

prosthesis with zirconia implants. Written consent was given by the patient. 

Figure 5. Panoramic radiographic of patient´s initial condition (A). Extraoral frontal view of patient´s initial 
aspect (B). Intraoral lateral view evidencing the absence of elements upper left lateral incisor and first 

premolar(C). 
 

 
Surgical and prosthetic procedures 

The same surgical and prosthetic protocol was applied for both implants, in regions of 

upper left lateral incisor and first premolar. After local anesthesia and incision, a small flap was 

raised. The site preparation sequence was performed as recommended by the manufacturer and 

with adequate irrigation. Two-piece injection-molded yttria-stabilized zirconia implants 

(Zirconia Implant, Neodent, Brazil) were placed in regions of upper left lateral incisor 

(3.75x13mm) and first premolar (4.3x13mm) (Figure 2A-B) reaching final installation torque 

of 45N.cm, which allowed immediate provisionalization. Peek Abutments (Neodent) (Figure 

3A) were then selected and installed to support the provisional acrylic resin prostheses (Figure 

3B). Sutures were placed to close the surgical wound and removed 10 days later. Periapical 

radiographs were obtained to verify the correct positioning of the implants (Figure 3C). 
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Figure 6. Occlusal view of bone bed preparation (A) and two-piece zirconia implant bone level final position in 
the upper left first premolar (B). 

 

Figure 7. Lateral view of Peek abutments (A). Clinical (B) and radiographic (C) aspects of immediate 
provisionalization. 

 

After 3 months, the Peek abutment of the implant of upper left first premolar was 

removed and intraoral scanning was performed using a compatible scanbody. A 

3.75x4.0x1.5mm Zirconia Base (Neodent) was selected and the monolithic zirconia crown was 

designed in Dental System software (3shape, Denmark), processed on a CAD/CAM milling 

machine (M series, Aman Girrbach AG, Deutschland) and crystallized in a ceramic oven 

(Therm, Aman Girrbach AG). The crown was cemented onto the Zi Base in the printed model 

and then it was installed with a torque of 32N.cm (Figure 4A-B). 

Figure 8. Clinical (A) and radiographic (B) aspects of upper left first premolar monolithic crown. 

 



41 
 In order to provide to the patient a complete rehabilitation of the maxilla, 3.75x13mm 

Helix GM implants (Neodent) were inserted in regions of upper right first and second 

premolars, under abundant irrigation and following the manufacturer drilling sequence. GM 

Mini Conical Abutments (Neodent) were inserted and one month thereafter provisional acrylic 

crowns were installed. 

Esthetic and functional reverse planning of the anterior maxilla  

For the final rehabilitation of the patient, including definitive crown for the upper left 

lateral incisor, a reverse planning was carried out, with the concern of restoring esthetics and 

function. Photos were taken to evaluate the smile and the midline and final length were marked 

with a blue pen for the diagnostic wax-up. Impressions were taken and the models were 

mounted onto a semi-adjustable articulator, using a Lucia´s Jig, for the evaluation of possible 

premature contacts that required occlusal adjustment before treatment. 

Then, already with Maximum Habitual Intercuspation (MHI) coinciding with Centric 

Relation (CR), the patient underwent intraoral scanning (Virtuo vivo, Dental Wings, Montreal, 

Canada) (Figure 5) to make a diagnostic wax-up and mock-up (Figure 6) with bisacrylic resin 

(Protemp, 3M, USA). 

 

Figure 9. Intraoral scanning image (Virtuo Vivo, Dental Wings, Montreal, Canada). 
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Figure 10. Clinical aspect with mock-up. 

 
After approval of the mock-up by the patient, a provisional crown for upper left central 

incisor was initially made to make a filling core with a fiberglass pin (Whitepost, FGM, Brazil), 

then the restorations of upper right central and lateral incisors were removed, the amount of 

remaining dental tissue was evaluated and the restorations were redone, before the prosthetic 

preparations. 

Next, preparations were made using the silicone guides obtained after the diagnostic 

wax-up (Figure 7A). The patient was then submitted to a new intraoral scan with the appropriate 

scanbody in position (Figure 7B) and provisional crowns were made in bisacrylic resin Protemp 

(3M) over all the elements being treated. 

 
Figure 11. Frontal view of prepared anterior elements and Peek CR in upper left lateral incisor (A). Intraoral 

scanning image for restorations confection (B). 
 

The ceramic veneers and crowns (E-MAX) were tried-in and installed. The veneers were 

cemented with Variolink Neutral resin cement (Ivoclar-Vivadent, Liechtenstein) as 

recommended by the manufacturer. The prostheses on GM Mini Conical Abutments (GM, 
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 Neodent) of the right premolars were screwed down with a torque of 10N.cm, the prosthesis on 

left central incisor was cemented with U-200 (3M) and the prosthesis on upper left lateral 

incisor was cemented on the Zirconia Base with U-200 (3M), outside the mouth and 

subsequently screwed into the mouth with a torque of 32N.cm. A ceramic veneer was cemented 

onto it with Variolink Neutral (Ivoclar-Vivadent) following the sequence determined by the 

manufacturer (Figure 8A-C). 

Figure 12. Lateral view of region upper left lateral incisor prosthesis (A-B) and frontal view of the complete 
maxillary rehabilitation (C). 

 

The Portuguese version of OHIP–14 (Oral Health Impact Profile) questionnaire17,18 was 

used to evaluate the Quality of Life related to Oral Health, as a measure of patient satisfaction 

during the treatment. The patient was asked before treatment, and after 6, 12, and 24 months 

post-surgery, how often, in the prior 6 months, she presented the problems related to her mouth 

and teeth evaluated by the questionnaire 

 

Clinical and radiographic follow-up 

Both Zirconia implants were followed clinically and radiographically every 3 months, 

and no complications were observed or reported during the follow-up period. At the 24-month 

follow-up, both implants, as well as the esthetic and functional rehabilitation of the anterior 

maxilla, showed clinical and radiographic success. Implants presented complete 

osseointegration and stability, absence of signs of peri-implantitis and good maintenance of the 

marginal bone level (Figure 9A-B). Also, excellent soft tissue esthetics was observed, 
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 presenting harmonious shape of the interdental papillae, inserted gingival appearance and 

precise shape of its margin (Figure 9 C). 

 

Figure 13. Radiographic (A-B) and clinical (C) aspects at 24-month follow-up. Bone level maintenance great 
soft tissue esthetics were observed. 

 

Regarding patient´s satisfaction, at the screening, the subject reported to have had 

occasionally, often and very often experienced several problems related to her mouth and teeth 

which resulted in an OHIP-14 score of 18.85. However, 6 months after implants placement, 

OHIP-14 score decreased to 0, revealing patient´s great satisfaction even before the whole 

rehabilitation was completed, which remained at the 2 years follow-up visit.  

 

DISCUSSION 

Patients´ physical and mental health are strongly affected by missing or defected 

anterior teeth. Besides the function, the success of implant treatment should also consider 

esthetics and patient satisfaction, including their quality of life19. In cases of implant 

rehabilitation in the esthetic zone, the combination of visually pleasing prosthesis and harmonic 

healthy peri-implant soft tissue is mandatory20. Also, when besides edentulous areas the patient 

presents defected teeth in the anterior region, careful treatment planning is fundamental in order 

to meet the esthetic challenges of the rehabilitation21.  
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 In the present clinical case, two injection molded two-piece zirconia implants were 

installed in the anterior maxilla. The use of zirconia as an alternative and more esthetic material 

for dental implants, has already shown favorably outcomes regarding bone and soft tissue 

responses in both pre-clinical22 and clinical studies23,24,25.  A study with minipigs, showed that 

the zirconia implant, when compared to the titanium implant, presented equivalent and non-

inferior bone integration, bone formation and maintenance of alveolar bone level22. Also, in 

vitro studies have shown comparable or even better soft tissue behavior around zirconia 

discs, with better healing response, which might positively affect peri-implant soft 

tissues health23.  

Another clinical case report described the treatment of two patients, who did not have 

one of the upper premolars and were rehabilitated with the installation of the same two-piece 

injected zirconia implant model and immediate individual crowns. Both patients were followed 

up for 12 months, during which clinical and radiographic success was observed, absence of 

signs of peri-implantitis, complete osseointegration, maintenance of marginal bone level and 

satisfactory soft tissue esthetics. Therefore the clinical report suggested that treatment with a 

two-piece zirconia implant and zirconia prosthetic components are a reliable and successful 

alternative to single elements and immediate rehabilitation, with predictable short-term results 

with regard to peri-implant health and esthetics26. 

A clinical study that evaluated the behavior of soft tissues around two-piece zirconia 

implants, showed healthy peri-implant conditions, with no signs of peri-implantitis within 15 

months of observation. Furthermore, in cases of buccal bone defects, guided bone regeneration 

was applied, and no mucosal recession was observed. Additionally, an increase in marginal 

mucosal level could be detected27. Another study has shown a healthy status of the peri-implant 

soft tissues, with most patients presenting very low plaque index and bleeding index, which 

might reflect the low affinity with plaque and reduced inflammatory infiltrate28. In the present 



46 
 case, peri-implant soft tissues also remained healthy and with great esthetic outcomes within 

the observation period. 

In the present case, digital workflow was applied which provides important information 

regarding adequate position and contouring of crowns and ceramic veneers. CAD-CAM 

manufacturing enables the use of monolithic zirconia restorations, which have shown good 

clinical performance with low rate of complications reported. Moreover, they seemed to be a 

well-accepted option and present esthetically satisfactory outcomes for dentists and 

patients29,30. Additionally, the monolithic crowns used in this case were fabricated as hybrid 

cement-screw-retained, since they were cemented extra orally on the Zirconia bases, preventing 

the issue of cement extrusion that could lead to biological complications29.  Regarding the 

ceramic veneers, lithium disilicate was the chosen material for this case, which has reported to 

present greater fracture toughness and biaxial strength when compared to other materials, 

besides its similarity to the enamel. Therefore, they are indicated in cases of teeth discoloration 

and teeth with extensive restorations with great survival rates31.  

It has been shown that Oral Health-Related Quality of Life is negatively affected in 

patients with anterior missing teeth, and therefore, its rehabilitation is critical for physical and 

mental health32. Moreover, any small defect in the esthetic zone is projected in the patient´s 

smile, becoming an issue in the daily life. In the present case, the patient reported to have had 

trouble regarding her mouth and teeth resulting in a high OHIP-14 score that reveals a great 

impact in her quality of life, as discussed before33. However, after the rehabilitation with 

immediately loaded zirconia implants and ceramic veneers, the patient reported to be 

completely satisfied and the OHIP-14 score was decreased to zero. Patient satisfaction has also 

been reported by other authors related to single tooth restorations in the esthetic zone34 and 

zirconia implants submitted to immediate loading35. 
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  Accordingly, the present clinical case corroborates with the literature. It is worth 

highlighting, within this context, the importance of esthetic and functional rehabilitation, 

carried out in the premaxilla region, with ceramic veneers and crowns, which, in addition to 

contributing to the patient's psychological and emotional well-being, returned occlusal stability, 

through of canine guidance and adequate protrusion of the anterior teeth, indispensable factors 

for the success of the rehabilitation. 

 

CONCLUSIONS 

The two-piece injection molded zirconia implant showed clinical and radiographic 

success over 24 months, through implant stability, absence of signs of peri-implantitis, 

complete osseointegration of the implant, good maintenance of marginal bone level (<2 mm in 

the first year) and excellent soft tissue esthetics, without any prosthetic complications. The 

esthetic and functional rehabilitation, carried out in patient´s anterior region of maxilla, with 

ceramic veneers and crowns contributed to the patient's psychological and emotional well-

being, in addition to restoring occlusal stability, through canine guidance and adequate 

protrusion of the anterior teeth. Despite the satisfactory results, more clinical studies are needed 

to confirm these outcomes in the long-term and with a representative sample size. 
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