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Abstract: Presented is a prospective cohort study of 72 calcium phosphate coated Bicon Integra-CP implants for 18 patients 
with pronounced class V and VI maxillary atrophy according to the classification of Cawood and Howell (1988) and treated 
with four ultrashort 4.0 x 5.0 mm locking taper implants. The patients were divided into three groups. For the first group, four 
4.0 x 5.0 mm implants were placed. For the second group, two narrow 3.0 x 8.0 mm implants were placed in very thin anterior 
alveolar bone. For the third group, the alveolar bone in the premolar and molar region was too narrow and too shallow; 
therefore, 4.0 x 5.0 mm implants were placed in the maxillary tuberosities. All implants were restored with TRINIA, a metal-
free fiber-reinforced hybrid resin CAD/CAM material. Two patients lost one implant each during the observation period, 
which were subsequently replaced successfully. The cumulative one-year patient-based implant survival rate (CSR) was 
88.8%. The cumulative one-year implant-based survival rate was 97.2%. Since the patients with a failed implant were able 
to wear their prosthesis with only three implants while the replacement implants were being osseointegrated, this resulted 
in 100% prosthetic success. The good result allows the conclusion that the long-term use of four ultrashort and narrow 
locking taper implants reveal a comparable outcome to standard size implants with complex bone augmentations. 

Keywords: Ultrashort Implants, Locking Taper or Conical Implants, Maxillary Atrophy, Maxillary Tuberosity Implants, 
Avoiding Sinus Lift Procedures, Avoiding Augmentation Procedures,  
Metal-Free Fiber-Reinforced Hybrid Resin Prosthesis, CAD/CAM Prostheses Fabrication 

 

1. Introduction 

The premature loss of maxillary molars usually leads to 
the most pronounced atrophy of the maxillary alveolar ridge 
and pronounced pneumatization of the maxillary sinus. [1] 
Since Tatum's presentation on the sinus lift [2], many 
methods for solving this problem have been established with 
excellent long-term success. [3-6] As more experience has 
been gained, the methods used have become more minimally 
invasive. [7-10] To avoid sinus lifts, we have been 
conducting a prospective cohort study in our hospital (since 

2010) with ultrashort 4.0 x 5.0 mm or narrow 3.0 x 8.0 mm 
locking taper calcium phosphate-coated Integra-CP™ 
implants from Bicon (Boston/USA) in the atrophic maxilla. 
This prospective cohort study was approved by the Ethics 
Committee under No. EK 018/2011. This study was a 
bicentric cooperation between the University Hospital for 
Cranio-Maxillofacial and Oral Surgery and the CMF Implant 
Institute in Vienna. The basis of this prospective study was to 
examine whether short and narrow implants could be 
successful in clinical use without complex augmentation 
procedures. Additionally, a novel and revolutionary metal-



36 Rolf Ewers et al.:  Restoration of the Atrophic Maxilla with Four Narrow and Ultrashort Implants  
 

free, fiber-reinforced hybrid resin material 
(TRINIA™/Bicon) was used as the substructure of the 
implant-supported fixed prostheses, which were either 
cemented or retained by screw-detachable abutments. 

2. Method 

18 patients between ages 55 and 80 years old with 
pronounced class V and VI maxillary atrophy according to 
Cawood and Howell [11] were included in the study, taking 
into consideration the usual exclusion criteria and written 
consent. Patients with Biphosphonate therapy, heavy smokers 
(more than 10 cigarettes per day), pregnant women, and 
adolescents were excluded. All patients were treated with 
four 4.0 x 5.0 mm ultrashort locking taper Bicon implants. 
However, for some patients whose anterior alveolar bone was 
very thin, narrow 3.0 x 8.0 mm locking taper Bicon implants 
were used. [12, 13] For other patients, to avoid sinus lift and 
ridge splitting procedures, the implants were placed in the 
area of the maxillary tuberosities. [14] 

3. Case Studies 

The first case to be presented is a 69-year-old patient with 
extreme class VI [11] maxillary atrophy (Figure 1a) who 
previously would have been treated with a complex Le Fort I 
Horseshoe Osteotomy utilizing an iliac crest interpositional 
bone transplantation with intubation anesthesia. [15-17] In 
this case, since there was sufficient bone to place four 4.0 x 
5.0 mm calcium phosphate-coated Bicon Integra-CP™ 
implants (Bicon LLC Boston, MA/USA), they were placed 
with local anesthesia in the area of teeth numbers 4, 7, 10 and 
13 during a relatively short surgical procedure without any 
bone augmentations (Figure 1b). 

 

Figure 1. Enlarged sections of panoramic images of the 69-year-old patient 

with a resin splint and two small metal balls (a) and with four inserted 4.0 x 

5.0 mm Bicon Integra-CP implants (b). 

To facilitate the positioning of the implants, panoramic and 
tomographic images with small metal balls attached to a resin 
splint were taken (Figure 1a). The implants were uncovered 
after 6 months of healing. The osseointegration of Bicon 
implants occurs by intramembranous bone healing in 
accordance with the callus principle. [18] Impressions were 
made following the uncovering of the implants, and a few days 
later the prosthetic try-in of a wax teeth arrangement stabilized 

by a single impression post was evaluated (Figure 2). 

 

Figure 2. Wax teeth arrangement with a resin base (a). On the ridge side, 

the impression post is visible, which helps to orient and stabilize the 

prosthesis in an implant (b). 

After the laboratory processes had been completed, the 
technician provided the aligned abutments on a plaster model 
for the cement-retained TRINIA prosthesis (Figure 3) 
Alternatively, fixed-detachable, or retentive telescopic 
prostheses could have been fabricated. 

 

Figure 3. Four parallel aligned abutments on the stone model. 

The TRINIA substructure (Figure 4) was fabricated by the 
Perpetuini dental laboratory (Cisterna di Latina/Italy) using a 
CAD/CAM method for the processing of a twelve-unit 
prosthesis (Figure 5). 

 

Figure 4. CAD/CAM metal-free fiber-reinforced TRINIA substructure. 
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Figure 5. Ridge-side view of the TRINIA prosthesis with four bores into 

which the abutments will be cemented. 

Figure 6 shows the completed prosthesis with the four 
abutments prior to their being inserted into the wells of their 
implants. Vaseline was applied to the bores of the TRINIA 
substructure to facilitate the removal of the prosthesis after 
the insertion of the abutments into their implant wells. 

 

Figure 6. Completed TRINIA prosthesis with four abutments, which are to 

be seated and subsequently cemented into the bores of the prosthesis. 

Figure 7. shows the initial try-in of the prosthesis prior to 
its cementation to the four definitively seated abutments 
(Figure 7). 

 

Figure 7. Initial try-in of the prosthesis prior to its cementation to the four 

abutments with temporary cement. 

Figure 8 shows the facial view of the seated twelve-unit 
prosthesis. Figure 9 shows the palatal view of the enjoyable, 
palate-free prosthesis. 

 

Figure 8. Facial view of the seated twelve-unit TRINIA prosthesis. 

 

Figure 9. Palatal view of the seated twelve-unit prosthesis with a free palate. 

Figure 10a shows the four abutments prior to the 
cementing and loading of the prosthesis, and Figure 10b 
shows the abutments after three years in function. 

 

Figure 10. Intraoral view of four abutments to be cemented at the beginning 

of loading (a) and after three years in function (b). 

Despite the availability of only minimal bone in this 
patient’s atrophic maxilla, the use of four short implants 
provided the benefits of a palate-free fixed prosthesis with 
two minor surgical procedures. The panoramic radiograph 
taken at the beginning of the functional loading of the 
prosthesis reveals good osseointegration (Figure 11a), which 
remained unchanged after three years in function, as 
evidenced by no marginal bone loss (Figure 11b). 

 

Figure 11. Enlarged sections of panoramic images with the cemented 

prosthesis at the start of loading (a) and after three years in function (b). 

For the second group of patients, in addition to their 
pronounced class V-VI [11] maxillary atrophy in a vertical 
dimension, they also had a very narrow posterior and anterior 
alveolar ridge. For this reason, two narrow 3.0 x 8.0 mm 
Bicon Integra-CP implants were placed in the anterior region, 
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and alveolar ridge splitting procedures were performed after 
supra-periosteal preparation and prior to the insertion of two 
4.0 x 5.0 mm Bicon Integra-CP implants posteriorly. The 
panoramic tomographic image illustrates the pronounced 
atrophy of the alveolar ridge with extreme pneumatization of 
this 69-year-old patient’s sinuses (Figure 12a). 

 

Figure 12. Enlarged sections of the panoramic images of a 69-year-old 

patient with extreme class V-VI maxillary atrophy [11] (a) and after the 

insertion of two 3.0 x 8.0 mm and two 4.0 x 5.0 mm well-positioned Bicon 

Integra-CP implants (b). 

After a supra-periosteal mucosal preparation and the 
splitting and widening of the alveolar ridge, a 4.0 x 5.0 mm 
Bicon Integra-CP implant was placed into both premolar 
regions (Figures 13 a and b). [19] 

 

Figure 13. After a supra-periosteal mucosal preparation, the alveolar ridge 

was split and widened with a double-edged "beaver knife" initially (a) and 

then with a narrow chisel (b). 

Due to the very thin alveolar ridge in the anterior region, 
two narrow 3.0 x 8.0 mm Bicon Integra-CP implants were 
inserted (Figure 12b). After a healing period of six months, 
the implants were uncovered and an implant-level transfer 
impression was made (Figure 14). 

 

Figure 14. Intraoral view after the uncovering of the implants and insertion 

of two red (2.0 mm) and two blue (2.5 mm) impression posts with their 

corresponding impression sleeves. 

To facilitate the alignment and seating of the abutments in 
their implant wells, a resin orientation and seating jig was 
used (Figure 15). 

 

Figure 15. Palatal view of a resin orientation and seating jig, which was 

used to facilitate the positioning and seating of the abutments in their 

implant wells. 

The panoramic image (Figure 16a) illustrates the very 
well-positioned implants with a cemented TRINIA 
prosthesis. 

 

Figure 16. Enlarged sections of panoramic tomographic images after the 

cementation of the TRINIA prosthesis (a) and after four years in function 

without any radiologically detectable marginal bone loss (b). 

A lateral cephalometric radiograph reveals the challenging 
restorative situation of the patient, who was also successfully 
treated with four mandibular Bicon implants (Figure 17). 

 

Figure 17. Lateral cephalometric X-ray with implant-supported and cement-

retained maxillary and mandibular TRINIA prostheses. 
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With both TRINIA prostheses, a satisfactory occlusion 
(Figure 18) and an excellent functional and esthetic result 
were achieved (Figure 19) along with evidence of long-term 
stability over a four-year period (Figure 16b). 

  

Figure 18. Image of occlusion of the maxillary and mandibular TRINIA 

prostheses, cemented on four implants. 

 

Figure 19. Lateral images before (a) and after (b) implant-supported 

maxillary and mandibular TRINIA prostheses. 

In the third group of patients, atrophy of the alveolar bone 
and the pneumatization of the maxillary sinuses up to the 
canine region negated any implant placement without the 
very complex and risky insertion of zygomatic implants [20]; 
therefore, a 4.0 x 5.0 mm Bicon Integra-CP implant was 
inserted into each maxillary tuberosity. [14] For this 55-year-
old female patient, the reformatted panoramic image of the 
computer tomogram reveals the pronounced maxillary 
atrophy and the missing bone in her premolar region (Figures 
20 and 21a). 

 

Figure 20. Reformatted CT panoramic image of a 55-year-old patient with 

extreme class VI maxillary atrophy [11]. Enlarged sections of panoramic 

radiographs before (a) and after (b) the implant insertion of 4.0 x 5.0 mm 

Bicon Integra-CP implants in the area of each maxillary tuberosity and in 

the anterior region. 

Except for the initial pilot drilling, osteotomy preparation 
in the area of the maxillary tuberosity is usually performed 
manually with hand reamers and followed by a loose implant 
placement due to the very fatty and soft cancellous bone. [21, 
22] (Figure 21a and Figure 21b). 

 

Figure 21. Osteotomy preparation with a 4.0 mm hand reamer (a) and a 

loosely placed 4.0 x 5.0 mm Bicon Integra-CP implant with a cut 

polyethylene healing plug is inserted into the implant well for the duration of 

the osseointegration period (b). 

Despite the very fatty and soft spongiosa, [21, 22] the 
osseointegration of the implants, and the TRINIA prostheses 
with screw-retained fixed-detachable abutments [23] (Figures 
22a to 23a) have been stable and without any need for any 
adjustments for over three years in function (Figures 23b and 
24). 

 

Figure 22. Screw-retained TRINIA prosthesis on fixed-detachable 

abutments. Four fixed-detachable abutments seated in implant analogs in a 

stone model (a). Fourteen-unit screw-retained TRINIA prosthesis on a stone 

model (b). Ridge-side view of TRINIA prosthesis with four titanium sleeves 

for screw fixation (c). Intraoral palatal view with four screw-retained fixed-

detachable abutments after one year in function (d). 

 

Figure 23. Enlarged sections of panoramic radiographs after screw fixation 

of the TRINIA prosthesis (a) and after three years in function without any 

radiologically detectable marginal bone loss (b). 
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Figure 24. Intraoral view of the screw-retained TRINIA prosthesis after 

three years in function. 

4. Results 

For this study, 18 patients with 72 implants—12 women 
between ages 54.0 and 79.7 (66.9±9.0) years old and 6 men 
between ages 61.4 and 76.5 (67.6±5) years old—were treated 
and continuously monitored. The average observation period 
was 2.1±0.9 years. Of the 72 implants, 56 were treated with 
4.0 x 5.0 mm implants, 14 with 3.0 x 8.0 mm implants, and 2 
with 5.0 x 8.0 mm implants. Twelve patients received four 
4.0 x 5.0 mm implants, five patients received two 3.0 x 8.0 
mm implants in the anterior region, and one patient received 
four 3.0 x 8.0 mm implants. In their mandibles, six patients 
had partial dentures, six had natural teeth, and six had full-
arch fixed implant restorations. Two patients lost one implant 
each during the observation period (one 71-year-old and one 
72-year-old patient before the start of loading). Both lost 
implants were replaced. The cumulative one-year patient-
based implant survival rate (CSR) was 88.8%. [13] The 
cumulative one-year implant-based survival rate was 97.2%. 
[13] Since both patients with a failed implant were able to 
wear their prosthesis on only three implants during the 
osseointegration time of the replacement implants, this 
resulted in 100% prosthetic success. 

5. Discussion 

The aim of this study was to investigate the efficacy of 
treating patients with extreme maxillary atrophy without 
costly and time-consuming augmentation procedures by 
using ultrashort 4.0 x 5.0 mm and narrow 3.0 x 8.0 mm 
implants, which were restored with prostheses of metal-free 
CAD/CAM-produced fiber-reinforced hybrid resin material. 
The cumulative patient-based survival rate (CSR) was 88.8% 
after one year. The cumulative one-year implant-based 
survival rate was 97.2%. The survival rates are comparable to 
those of conventional long implants. This demonstrates that it 
is possible to treat highly atrophic maxillae with ultrashort 
and narrow implants using only four implants [23-25]. The 
results are comparable to studies by other authors. [26, 27] 
Furthermore, this study shows that restorations with a metal-
free CAD/CAM-produced fiber-reinforced hybrid resin 
material do not lead to any complications. [23] Since both 
patients with a failed implant were able to wear their 
prostheses with only three implants during the 
osseointegration time of the replacement implants, prosthetic 
success was concluded to be 100%. These results are very 
encouraging, since the extreme maxillary atrophy only 
required the use of narrow implants with an alveolar ridge 

splitting procedure ore the placement of ultrashort implants 
with minor surgical procedures. Furthermore, the placement 
of implants in the tuberosities had excellent statistical results. 

6. Conclusions 

In consideration of the very difficult clinical situation of 
restoring highly atrophic maxillae in both the vertical and 
transverse dimensions, and the capability of avoiding 
extensive augmentation procedures, the long-term use of 
four ultrashort and narrow locking taper implants reveals 
good results comparable to standard size implants with 
complex bone augmentations. However, long-term results 
with this type of atrophy are still very limited. Prospective 
long-term studies with a larger number of patients and 
implants observed over a longer period of time are 
necessary to make a valid recommendation. 
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