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Abstract:  

Purpose: This comparative study was done to evaluate, radiographically, the peri-implant bone height 

changes when using two axial canine implants with either two short first molar implants or two premolar 

inclined implants for assisting mandibular complete overdenture. 

Materials and methods: Ten healthy completely edentulous male patients were selected for this study. For 

each patient, a conventional complete denture was constructed and delivered, then followed up weekly for 

one month for correction of any complaints. According to the two design concepts of the 4-implant 

overdenture used in this study, the patients were randomly classified into two equal groups: group [A] had 

two vertical canine implants with two axial 1
st
 molar short implants (short design concept), and group [B] 

had two vertical canine implants with two premolar inclined implants (inclined design concept). Each 

mandibular denture was duplicated to be used as a radiographic stent, then the CBCT surgical guide 

template was printed according to each design concept of 4-implant overdenture. These CBCT surgical 

guide templates were used for installing the implants following the two stage surgical technique and delayed 

loading protocol. Radiographic vertical and horizontal bone height changes evaluations were performed 

immediately (T0), 6 months (T6), and 12 months (T12) respectively after picking up of the O-ring ball 

attachments. 

Result: The result of this study showed that the marginal bone loss around all implants in the two groups after 

one year of loading was within the accepted limits of implant success (less than 1.5mm). Also, these results 

showed a significant decrease in marginal bone loss (horizontal and vertical) around all implants in both groups 

during the 2
nd

 6 months after loading except the HBL around the inclined implants in group B which was 

insignificantly decreased. When comparing anterior and posterior implants in each group during the year of the 

study, posterior implants showed higher bone loss (VBL and HBL) than anterior implants (significant in group B 

and non-significant in group A). Although the VBL around inclined implants (in B) was significantly higher than 

that around short implants (in A) the HBL around short implants (of group A) was significantly higher than that 

around inclined implants (of group B) after one year of loading. 
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Conclusion:  From the results of this study, it could be concluded that: 1- In regard to the accepted limits of 

peri-implant bone loss, two axial canine implants with either 1
st
 molar short implant or premolar inclined 

implant design concepts can be used for assisting the mandibular complete overdentures. 2- The posterior 

short implant concept can be considered more promising design than inclined implant concept when 

designing the 4-implant assisted mandibular complete overdenture, regarding the preservation of peri-

implant alveolar bone height. 3- Using of bilateral posterior implants preserve the alveolar bone around the 

anterior implants used for assisting mandibular overdenture.  

Keywords: Short implant concept, inclined implant concept, O-ring ball attachment, 4-implant assisted 

overdenture. 

Introduction 

In mandibular alveolar ridge, placement of conventional long implants is hindered by severely resorbed 

alveolar ridges due to anatomical vital structures limitations such as the mental foramen, inferior alveolar 

nerve, mandibular canal and shape of the ridge. 
(1)

 An extensive surgical bone augmentation procedure is 

often necessary to achieve sufficient bone support to place standard implants in the posterior mandible. 

Augmentation surgery carriers a higher risk of patient morbidity and complications as well as higher costs 

and longer time intervals to complete the treatment. To avoid grafting procedures and to utilize preexisting 

bone in the most effective way, angled implants is a well-documented alternative, with no apparent 

clinically significant difference in success rates compared with axially placed implants. One particular 

treatment option is marketed as the All-on-4 treatment concept.
(2) 

If  there is no enough quantity bone 

utilizing to All-on-4 treatment concept, Short implants have been proposed also as an alternative to the long 

ones in an attempt to avoid some surgical procedures such as bone grafting. In addition, they also reduce the 

morbidity, treatment time, costs and complications rates.
(3) 

Short implant is simple, cost effective and highly 

predictable. In particular, practitioners want to rehabilitate most patients without implementing advanced 

surgical techniques, such as alveolar augmentations.
(4)

  

Some studies have shown positive results for short implants, even for those shorter than 7 mm in length. 

Higher implant failure and more complications have been reported for patients undergoing bone graft, to 

receive long implants, when compared to those receiving short implants only. In 20-year follow up study, no 

implant fractures or complications have been found for short implants.
(3) 

Finally, Placement of short implants less than 8mm long may be considered an effective option to 

rehabilitate edentulous patients whenever conventional implants cannot be placed without prior bone 

augmentation procedures, such as autologous bone graft, osteogenic distraction or mental foramen 

transposition, which increase surgical morbidity and treatment time.
(5)

  

 

Material and Method 

For ten Completely edentulous male patients insertion of conventional maxillary and mandibular complete 

dentures (Fig.1a and b) after patient selection according to Inclusion criteria as, all the Patients free from any 

systemic disease or factors that relatively or locally contraindicated for dental implantation, specially the 

diseases that relating to bone resorption, Patients with available inter-arch space not less than (10mm-

12mm) that allows of the mandibular overdenture with ball attachments, and Exclusion criteria as History of 

previous parafunctional habits (bruxism, clenching), TMD, and Patients that absolutely contraindicated for 

surgical implantation (uncontrolled bleeding disorders, hepatitis or cardiac patients) or patients under 

radiotherapy, chemotherapy, immunosuppresses or anticoagulants drugs, and According to the two design 

concepts with 4-implnts, all patients were divided into two equal groups: 

Group A (short design concept): in which Two vertical implants were inserted in the canine areas (13mm 

length × 3.7mm diameter) and two short vertical implants were inserted in the 1st molar area (6mm length × 

4.3mm diameter).  

Group B (inclined design concept):Two vertical implants were inserted in the canine areas (13mm length × 

3.7mm diameter) and two 300 distally inclined implants were inserted in the second premolar area (13mm 

length × 3.7mm diameter). 
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(Fig.1a and b) Finishing and polishing dentures 

  

(Fig.1b) Complete denture insertion. 

Stereolithographic surgical guide template fixation (Fig.3): the Stereolithographic mandibular surgical guide 

stent was fabricated according to De Kok et al. 
(6)

 by mandibular denture duplication using clear heat cure 

clear acrylic material. Double CBCT scan was done to the duplicated denture. One of them performed inside 

the patient’s mouth during wearing it in centric occlusion position, whereas the other scan was performed 

outside the patient’s mouth then Superimposition of the dual scan were done guided by radiopaque markers 

using the computer software to create 3D image for prospective implant locations and angulations planning. 

Rapid prototyping machine was used for construction of stereolithographic stent fix in patient mouth during 

surgery. 

 

(Fig.3) Stereolithographic Fixation.  

Surgical procedures (Fig.4): after local anesthesia surgical template was fixed on the mandibular ridge by 

fixation pins, tissue punch was used to cut down the gingival tissue on the crest of the ridge in the prospective 

sites of the 4 implants, osteotomy was prepared with Initial drill then, Serial drilling by the larger size drills, and 

followed by successive drills to reach the final drill, and Preparation of the areas to receive the implants. 
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(Fig.4): Osteotomy was done. 

With the manual adaptor, two short implants were inserted axially in both first molar areas, and two 

implants were also axially inserted the canine areas of both side (for short design) and, two implants were 

inserted with 30
o
 distal inclination in both first premolar areas, and two implants were also axially inserted 

the canine areas of both side (for inclined design) (Fig.5) 

 

(Fig.5) screwing the implant 

Panoramic x-ray was made for each patient to verify the predetermined parallelism and location of implants 

for both group, short design group (group A) (Fig.6) and inclined design group (group B) (Fig.7). 

 

 (Fig.6) group A 
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(Fig.7) group B 

Pick up procedures: Direct pick up technique was carried out according to Taddei et al. 
(7)

 after healing 

abutments were unscrewed from the implant fixture and ball attachments were screwed in their implant 

fixtures and the female housing were placed over the ball attachments (Fig.8), and in the dough stage the 

auto polymerizing acrylic resin was placed inside a rubber syringe, while the patient occluded in centric 

position, an appropriate quantity of the material in the labial vent was injected. After curing of the acrylic 

resin, the denture was removed, finished and polished. (Fig. 9) 

 

(Fig.8) Female housing with O.T ring. 

 

(Fig.9) Intaglio of overdenture. 

The evaluation of the study accomplished by standardized the film positioning image distances, digital 

periapical intraoral film with film positioning system (Fig. 10) were used. The evaluation was conducted 

with occlusal acrylic index immediately on the day of the pick up and overdenture loading (T0), six months 

later (T6) and after 12 months (T12) respectively according to Abdel-Khalek 
(8)

  

 

(Fig.10) standardized the film positioning 
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Evaluation of the periapical VBL from the digital computer software program, and for all the implant 

fixtures, mesial and distal bone height level were measured by a length calibration tool that applied to create 

the most coronal margin point of the implant collar, (reference point A) and the most coronal bone margin 

point to implant contact (point B). Digitally the software draws the vertical mesial line (AB) on alveolar 

bone (Fig.11). The vertical distance between point (A) and point (B) mesially and distally was recorded to 

the nearest mm (0.0l mm) as a digital reading to the mesial and distal levels or changes of bone high to the 

implants. subtracting AB line length (mesially and distally) at (T12) from AB line length at (T0). Also, 

subtracting AB line length (mesially and distally) at (T6) from AB line length at (T0). All calculation were 

performed to create the alveolar bone height changes mesially and distally for each implant fixture as in 

study of Emera et al. 
(9)

  

 

(Fig.11) VBL measurements. 

Evaluation of the periapical HBL was from the digital computer software program, and for all the implant 

fixtures, mesial and distal bone height level were measured by a length calibration tool that applied to the 

distance from implant long axis (line which bisecting the implant) and (point C) which is the intersecting 

point of the tangent to the crater-shaped defect (CB line) and the tangent to the horizontal bony crest (CD 

line) was estimated and denoted as the horizontal bone level. To measure HBL the horizontal bone level at 

T0 was subtracted from that at T6 and T12.The peri-implant alveolar HBL was measured in mm. (Fig.12) as 

in study of Emera et al. 
(9)

  

 

(Fig.12) HBL measurements. 

Results 

A-Comparison of VBL between groups for all implants: VBL decrease significantly with advance of time in 

both groups, inclined implant group (B) showed significant higher total VBL than short implant group (A) at 

the intervals T0-T6 and T0-12.  

Table 1: Comparison of VBL of all implants between groups and observation times  

  T0_T6 T6_T12 T0_T12 

Repeated 

Measures 

ANOVA 

P value 

X±SD 

(group A) 

 0.64±25 0.45±21 1.09±21 
<0.001* 

Paired t-test <0.014*  
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P value  <.001* 

<.001* 

X±SD 

(group B) 

 0.90±.13 0.36±.12 1.28±.12 

<0.001* Paired t-test 

P value 

<0.001*  

 <0.001* 

<0.001* 

Independent samples t-

test 

P value 

 <0.001* 0.132 0.001*  

X=mean, SD=standard deviation, * p is significant at 5% level 

 

(Fig.13) Comparison of mean VBL of all implants between groups at different observation times  

B-Comparison of HBL between groups for all implants: HBL decreased significantly with advance of time 

in both groups, Short implant group showed significant higher total HBL than inclined group at the interval 

T0-T6 and T0-T12. No significant difference between groups was noted at T6-T12. 

 

Table 2: Comparison of total HBL of all implants between groups and observation times  

  T0_T6 T6_T12 T0_T12 

Repeated 

Measures 

ANOVA 

P value 

X±SD 

(Group A) 

 0.58±.12 0.31±.12 0.90±.19 

<0.001* Paired t-test 

P value 

<0.001*  

 <0.001* 

<0.001* 

X±SD 

(group B) 

 0.43±.16 0.32±.09 0.68±.17 

<0.001* Paired t-test 

P value 

0.049*  

 <0.001* 

<0.001* 
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Independent samples 

t-test 

P value 

 0.013* 0.80 <0.001*  

X=mean, SD=standard deviation, * p is significant at 5% level 

 

(Fig.14) Comparison of total HBL between groups at different observation times 

Discussion 

Placing four implants has provided the clinician with the ability to restore non-ideal ridges. Moreover, 

mucosal bearing areas and anteriorposterior rocking of the appliance have been reduced. 
(10) 

The best location of anterior placed implant installation at inter foramina distance is the canine area, while 

the posterior implant placed in the first molar area. 

 If there was not available bone quantity, the use of short implants allows treatment of patients who are 

unable to undergo complex surgical bone augmentation for anatomic or medical reasons. Moreover, the use 

of short‐length implants reduces the, cost and treatment time
.(12)

 

The result of this study showed that the VBL around all implants in the two groups after one year of loading 

was within the accepted limits of implant success, (less than 1.5mm). This was concurred with the success 

criteria of dental implants that reported by Albrektsson et al. 
(13)

 who stated that marginal VBL in the first 

year after implant insertion should be less than 1.5 mm followed by annual bone loss not more than 0.2 mm. 

The comparison of VBL between groups for all implants found decreased bone loss during the 2nd 6 months 

after loading, this may duo to maturation of bone that withstand functional forces as strength of the bone 

increased from the beginning of loading after surgical exposure up to 1 year after loading, where the bone 

became denser because of increasing the mineral content. This explanation was in agreement with the study 

performed by Albrektsson et al. 
(13)

  who described this phenomenon as a “steady state” and correlated the 

decrease of bone loss around dental implants at the end of first year to maturation of bone after implant 

placement and adaptation of bone to resist functional force. 

Also when comparing VBL around anterior and posterior implants between groups, group B posterior 

implants after one year of loading was found that significant higher VBL than posterior implants in group A. 

This was in agreement with Chrcanovic et al. 
(14)

, they explain this observation could be due to the 

continued resorption of the residual ridge under the prosthesis, thus may exacerbate the unfavorable loading 

direction and induces greater bone loss around non axial implants.  
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From the other hand, when comparing between HBL around anterior and posterior implants, HBL decreased 

significantly with advance of time in both groups. The reduced HBL in this study agreement with Elsyad et 

al. 
(15)

 They attributed this loss to the amount of posterior ridge resorption that occurred after 5 years which 

may mask the HBL.  

The same result of this study in regarding to less significant difference was found in Jazza et al. 
(16)

 study. 

They explain this less significant as under functional loading, the stress transmitted to solitary posterior 

implants of both groups will be damped by female housing of posterior healing abutments leading to close 

approximation of alveolar bone resorption.  

 

Conclusions:   

1-  With regard to the accepted limits of peri-implant bone loss, two axial canine implants with either 

1st molar short implant or premolar inclined implant design concepts can be used for assisting the 

mandibular complete overdentures.  

2-  The posterior short implant concept can be considered more promising design than inclined implant 

concept when designing the 4-implant assisted mandibular complete overdenture, regarding the 

preservation of peri-implant alveolar bone height.  

3- Using of bilateral posterior short implants preserve the alveolar bone around the anterior implants 

used for assisting mandibular overdentures.  

Recommendation 

Other studies with longer follow up time and addition to other methods of evaluation are 

recommended to differentiate between the two studied design concepts. 
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