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Abstract: 

Purpose: This comparative study was conducted to compare between two different design concepts of 

four implant assisted complete mandibular overdenture regarding the residual alveolar bone height 

changes. 

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

For each patient, a conventional complete denture was constructed. 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. The CBCT surgical guide templates were used for 

installing the implants according to flapless surgical technique followed by delayed loading. 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 1st molar short 

implants (short design concept), and group [B]had two vertical canine implants with two distally inclined 

premolar implants (inclined design concept). Radiographic evaluations were performed immediately (T0), 

6 months (T6), and 12 months (T12) respectively after picking up of the ball attachments. 

Results: the residual bone resorption in the two groups after one year of loading was within the accepted 

limits (Group A 0.56±0.4 mm, Group B 0.67±0.03 mm). Also, these results showed a significant decrease 

in bone resorption in both groups during the 2nd 6 month after loading. A statistically significant higher 

ridge resorption was found in group B during the first six months (p= 0.006) whereas in the second six 

months, the difference was insignificant. 

Conclusion: From the results of this study, it could be concluded that: 1- In regard to the accepted limits 

of residual alveolar bone loss, the two design concepts with either 1st molar short implant or premolar 

distally inclined implant can be used for assisting the mandibular complete overdentures. 2- The posterior 

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

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

bone height.   
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Introduction: 

Conventional complete dentures have been the standard option of care for more than a century. Complete 

denture wearers are usually satisfied with the upper denture but the majority of them often struggle to eat 

with the lower denture because of the lack of retention
[1,2]

. 

With the aid of dental implant, alternative treatment options can be used for edentulous patient:  implant 

assisted overdentures, and implant supported fixed dental prostheses (fixed dentures)
[3]

. 

The number and distribution of loaded implants affect the supporting residual alveolar bone. The use of two 

implants to assist the mandibular complete overdentures is commonly accepted as alternative treatment 
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option to complete denture, although it’s problems of poor implant support and stability, mandibular ridge 

resorption distal to the implants due to stresses transmitted to the ridge as a result of rotation of the denture 

around the anterior implants and increase the rate of attachment wearing during function
[4]

. 

 Adding two posterior implants may increase the support of the denture and prevent its rotational 

movements. In the mandible, the inferior alveolar nerve and associated structures may provide minimal bone 

for implant anchorage or prevent the placement of implants distal to the mental foramina
[5]

. 

Four implants have been used for anchoring mandibular overdentures as early as the mid-1980s. Multiple 

implants for mandibular overdenture are indicated when sensitive jaw anatomy, increased occlusal forces, or 

high retention requirement are present or when narrow diameter or short implant are employed. Four 

implants provide more stability during function, and avoid both movement and excessive loading, which 

may compromise osseointegration
[6] 

.  

In mandibular alveolar ridge, placement of standard-length 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. To avoid grafting procedures and to utilize preexisting bone 

in the most effective way, short implants have been proposed also as an alternative to the long ones. In 

addition, they also reduce the morbidity, treatment time, costs and complications rates
[7]

.  

Tilting of the implants may be a viable possible treatment option. This technique includes surgical and 

prosthetic advantages, such as the possibility of placing long implants with enhancement of bone anchorage, 

the decrease of the requirement for bone grafting, avoiding long cantilevers and the possibility of increasing 

the distance between anterior and posterior abutments with enhancement of the load distribution
[8]

. 

Another treatment option is short implant. 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
 .

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 bone graft, osteogenic distraction or mental 

foramen transposition, which increase surgical morbidity and treatment time
 [9]

. 

Therefore, the purpose of this study is to evaluate mandibular residual alveolar 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. 

Material and Methods: 

Ten healthy completely edentulous male patients (aged between 52-64 years with mean age 58 years) were 

selected from the outpatient clinic of Prosthodontics Department according to the following criteria: all 

patients have sufficient mandibular residual alveolar ridges bone of type D3 at least verified by C.B.C.T, one 

year at least after last extraction, covered with even thickness, firm healthy mucosa, with no previous 

denture history, Angle’s class I maxillomandibular relation, adequate restorative space verified by putty 

index method. Exclusive criteria were patients with history of parafuncional habits, smoking, alcohol 

administration, systematic disorders affecting bone as diabetes, history of radiotherapy in the head and neck 

region, TMJ or neuromuscular disorders.  

. For each patient, conventional complete denture was constructed, inserted and the patients were instructed 

to wear the dentures for one month before implantation with weekly follow up visits till no complaint. The 

stereolithographic surgical guide was constructed to determine the exact location, parallelism and inclination 

of the implants. According to   the 4-implant design concept, the patients were randomly classified in to two 

equal groups as follow: 

- Group A: two vertical standard implants (3.7*13 mm) were inserted in canine region and two 

vertical short implants (4.3*6mm) were inserted in the 1
st 

molar areas. 

- Group B: two vertical standard implants (3.7*13mm) were inserted in canine region and two 30º 

distally inclined implants (3.7*13mm) were inserted in the 1
st
premolar areas. 
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- The four implants were inserted according to the flapless surgical technique followed by delayed implant 

loading protocol. After three months of osseointegration period, a second stage surgery was done and 

healing abutments will be secured into implants for two weeks. Then healing abutments were replaced by 

ball attachments. Ball attachments with 2-3 mm gingival height were screwed in the parallel fixtures. For 

group B, 30ºangled ball attachments were used to be parallel with the axial attachments (composed of 

multiunit abutment with 30º angulation screwed firstly in the fixture then screwing the ball over the 

abutment). Relief in the site of the female housing of the ball attachment and Small vents were made lingual 

to the prepared cavities for easy escape of the excess resin. The female housings were picked up using auto-

polymerized acrylic resin while the patient closed in centric occlusion. The denture was removed, finished 

and polished. Intraoral readjustment of occlusion was done. The patient was instructed of oral hygiene 

measures. fig (1,2)  

- Radiographic evaluations were done immediately (T0), six (T6) and 12 (T12) months after insertion of 

definitive overdenture. 

- Statistical Analysis was made. The SPSS statistical package for social science version 22 (SPSS Inc., 

Chicago, IL, USA) 
[10]

.  was used for data analysis. Shapiro-Wilk test was used to test the normality of the 

bone loss values. The data was parametric and normally distributed. Descriptive statistics were performed 

in terms of mean, median, standard deviation, range, minimum, maximum. Repeated measures ANOVA 

was used to test significant difference in bone loss between time intervals followed by Bonferroni post hoc 

test for multiple comparison between each time intervals. Independent samples t-test was used to compare 

bone loss between groups. P is significant if < 0.05 at confidence interval 95%. 

 

Fig 1: Implant fixture with their ball attachments in group A 

 

Fig 2: Implant fixture with their ball attachments in group B 

Results: 

 Comparison of bone loss between different time intervals for group A is presented in table 1.  

 There was a significant difference between time intervals for group A (Repeated measure ANOVA, 

p<.001) 

 Multiple comparison between each 2 time intervals using Bonferroni post hoc test is presented in 

table 3 

 There was a significant difference in bone loss between the first and the second 6 months after 

overdenture insertion (Bonferroni, p=.004) 
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  There was a significant difference in bone loss between the second 6 months after overdenture 

insertion and total bone loss after 12 months from insertion (Bonferroni, p=.001) 

Table 1. Comparison of bone loss between different times intervals for group A 

 

 

 

 

 

 

 

 

 Comparison of bone loss between different time intervals for group B is presented in table 2.  

 There was a significant difference between time intervals for group B (Repeated measure ANOVA, 

p<.001) 

 There was a significant difference in bone loss between the first and the second 6 months after 

overdenture insertion (Bonferroni, p=.001) 

  There was a significant difference in bone loss between the second 6 months after overdenture 

insertion and total bone loss after 12 months from insertion (Bonferroni, p<.001) 

Table 2. Comparison of bone loss between different times intervals for group B 

 

 

 

Comparison of bone loss between groups  

 Comparison of bone loss between groups at different observation times is presented in fig3. 

 In the first 6 months after overdenture insertion, there was a significant difference in bone loss 

between groups (independent samples t-test, p=.006). Group B showed significant higher bone loss 

than group A.  

 (T0-T6) (T6-T12) (T0-T12) 

Mean .3300 .2329 .5629 

Std. Deviation .0405 .0172 .0412 

F value 767.344 

Repeated measures ANOVA (P 

value) 

<.001* 

Bonferroni post-hoc test (p 

value) 

.004* .001* <.001* 

 (T0-T6) (T6-T12) (T0-T12) 

Mean .4300 .2414 .6714 

Std. Deviation .0447 .0205 .0364 

F value 980.781 

Repeated measures 

ANOVA (P value) 

<.001* 

Bonferroni post-hoc 

test  

(p value) 

.001*  

 <.001* 

<.001* 
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 In the second 6 months after overdenture insertion, no significant difference in bone loss between 

groups was noted (independent samples t-test, p=.494)  

 In the total bone loss from insertion to 12 months after insertion, there was a significant difference in 

bone loss between groups (independent samples t-test, p=.002). Group B had significant higher bone 

loss than group A. 

 

 Fig (3): Comparison of bone loss between groups at different time intervals  

Discussion:  
The result of this study showed that the residual bone resorption in the two groups after one year of loading 

was within the accepted limits (less than 0.67mm) which was lower than the rate of residual bone resorption 

in patients rehabilitated with complete denture (1.6 ± 0.1 mm/year) as reported by Babu et al (2017)
[11]

. 

In addition to increasing retention and support for prosthesis, another beneficial result of providing 

implant is the preservation of the existing residual bony ridge. Implant overdentures are intended to preserve 

the  residual alveolar bone by maintaining the mechanical stimulation of bone tissue.
[12]

 

 Based on the findings of a clinical study by S.Km et al 2021
[13]

, it can be concluded that ridge 

resorption is lesser in implant mandibular overdenture  compared with conventional complete denture. 

Irrespective of the type of rehabilitation, posterior mandible is most vulnerable to ridge resorption. However, 

the extent of resorption is lesser in implant overdenture than complete denture in posterior mandible, thus 

implying implant has a protective or a shielding effect on posterior mandible from resorption. 

Similarly, Jayaram and shenoy (2017) 
[14]

 recommended early implant placement for implant- 

supported overdentures instead of the conventional complete denture therapy in a young patient as it is 

found that residual ridge resorption (RRR) increases with duration of edentulousness, so , attempts must be 

made to preserve the residual alveolar  bone. 

Kordatzis et al. 
[15]

 investigated bone loss of the mandibles restored with implant overdentures 

(IOD) compared with either fixed prostheses or complete dentures and have reported less ridge resorption in 

posterior mandible rehabilitated with  implant-supported overdenture (0.69 mm) when compared with 

rehabilitation with complete denture(1.63 mm) over a period of 5 years.  

Additionally, in a study conducted by Wright et al
[16]

 , the results showed low rates of posterior 

mandibular residual ridge resorption for patients with advanced mandibular resorption who were 
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rehabilitated with implant stabilized mandibular overdentures. It was suggested that dynamic loading of 

bone can have a profound osteogenic effect. 

The same result was explained by Salleh et al
[17]

 and Bae-JC et al
[18]

where there was lesser 

posterior ridge resorption with implant prostheses compared to conventional complete dentures, even though 

higher chewing forces and improved masticatory function were reported with implant therapy. 

In addition to that , Kremer et al
[19]

 suggested that the distal flange of a mandibular implant 

overdenture may be a local factor that increases bone resorption, whereas implants seem to protect the 

neighboring bone from resorption. 

The decrease of bone loss in both groups concurred with the results of Kordatzis et al.
[15]

 where they 

employed proportional area measurements using panoramic radiographs to determine ridge reduction within 

5 years. They attributed this to the more favorable loading and protection of the residual posterior ridge from 

excessive loading by the mandibular anterior implants. Similarly, a recent systematic review conducted by 

Khalifa et al 2016
[20]

concluded alveolar ridge preservation with implant-assisted restorations.  

Moreover, Emara (2019)
[21]

 stated that implant Mandibular overdentures retained by resilient 

attachment systems provide a low acceptable range of residual ridge resorption after 5years of function 

It has been suggested that functional loading and light irritative stimuli could lead to changes in bone 

architecture, shape, and volume, and that by placing implants in the edentulous mandible and subsequently 

loading them, functional conditions could be created to limit bone resorption in the distal area of the 

mandibular alveolar ridge.
[22]

 

The Mechanostat theory, first proposed by Frost in 1987 describes a regulatory mechanism within 

bone that deals with strain magnitude and invokes bone formation and resorption as the primary “effector 

mechanisms” by which bone alters its structure and properties in response to mechanical usage.
[23]

Frost’s 

theory suggests that bone can act like a mechanostat, in that it brings about a biomechanical adaptation, 

corresponding to the external loading condition. The theory proposed four microstrain zones, which 

correlated to a mechanical adaptation: (a) disuse atrophy; (b) steady state; (c) physiological overload; and 

(d) pathological loading.
[24]

 

 

In contrast to this result , W. Adina et al (2015)
[22]

 studied the bone height changes in the posterior 

area of the mandible after implant placement and loading with an overdenture on two or four implants over a 

mean follow-up period of 10.5 years and no clinically relevant difference was found between the posterior 

mandible height before implant placement and at follow-up after functional loading with an implant-

supported mandibular overdenture although the average mandibular bone height reduction of 0.5 mm was 

measured. 

Also, Tymstra et al.
[25]

 reported almost equal amount of ridge resorption in posterior mandible in 

implant overdenture compared to conventional complete denture over a period of 10 years. 

When comparing between the bone loss during the time intervals, a significant decrease of residual 

alveolar bone loss was found in the second six months after implant overdenture insertion in both groups. 

This may be due to the gradual decrease of rotational movement of the overdenture due to more overdenture 

settlement with time.  

This explanation is concurred with UTZ-KH 
[26]

that the denture settlement decreases gradually by 

time and result in decrease in the overdenture rotational movement which decreases stresses on the implants 

and the residual ridge.  

Furthermore, the decrease of the bone loss during the 2
nd

 6 months after loading may be due to 

increasing the bone density because of an increase in mineral content which led to increasing strength of the 

bone from the beginning of loading after overdenture insertion and up to 1 year after loading according to  

Roberts et al. 
[27]

  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.  

The lesser extent of resorption in group A implant overdentures can be attributed to enhanced 

stability of dentures resulting in more favorable distribution of forces over the ridge. It can also be attributed 

to exertion of less pressure on the soft tissue mucosa and the underlying bone of the ridge and more force 

transmission to the implants This can in turn be attributed to the disturbance in local microcirculation of 

tissues surrounding the bone, thereby altering the mineralization pathway of the bone. 
[28–30]
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Reduced rate of RRR in the present study may be attributed to the routine follow-up visits to check 

the fit and occlusion of the denture. These recall visits monitored the bone remodeling which takes one year 

after prosthesis delivery to follow the shape of the denture-fitting surface, after which the forces may be 

better distributed with less RRR in the next few years.
[31]

 

 

 

This result is in contrast with Ahmad et al (2015) 
[32]

 who investigated the residual ridge resorption 

(RRR) induced by an implant-retained overdenture versus conventional complete denture and concluded that 

implant overdenture resulted in at least twice the RRR as complete denture. This could be caused by the 

higher hydrostatic stress and less effective energy absorption capabilities of the mucosa underneath the 

implant overdenture. While implants associated with the implant overdenture provide stronger bite force, 

they could potentially concentrate hydrostatic stress and cause greater RRR compared to a conventional 

complete denture. 

This contradictory result may be due to the smaller contact area that may cause more localized RRR 

in implant overdenture retained by only two implants placed in the canine regions unlike this study on four 

implant assisted overdenture. 

When comparing between the two groups, a statistically significant higher ridge resorption was 

found in group B during the first six months whereas in the second six months, the difference was 

insignificant. This may be due to the distribution and sharing of load between the implants and the residual 

ridge in group A (quadrilateral distribution of implant). 

This result was consistent with Oh et al (2020)
[33]

 who indicated the significance of additional 

implant placement in the posterior mandible for preservation of the residual alveolar ridge ,as bone loss in 

the posterior edentulous mandible was found to be lower when the mandible was restored with 4 IOD rather 

than with 2 IOD. Although, bone loss in the posterior edentulous mandible was similar when the mandible 

was rehabilitated with either 2 IOD or CD. 

N. Pham et al (2021)
[34]

 conducted a systemic review to clarify the rate of posterior residual ridge 

resorption (PRRR) in different denture treatments and the factors that can affect PRRR.  Meta-analyses 

revealed that the 4-IOD treatment could lower the rate of PRRR compared with the 2-IOD treatment. 

However, there was no significant difference in the rate of treatment effect between the CD and 2-IOD 

treatments.  

The same finding was declared by Jacobs et al 
[35]

 who demonstrated a minimal posterior 

mandibular ridge resorption in patients with four implant-supported prostheses. A more considerable 

posterior ridge resorption was observed in the complete denture wearers. 

The study revealed less values of bone resorption in group A compared to group B; this may be due 

to more stress concentration around tilted implants in group B. This was coping with Hirata et al 
[36]

 who 

declared that the tilted implant was subjected to about twice as much strain as the one perpendicular to the 

occlusal plane. 

In a Finite element analysis study conducted by  Yunus et al 2020
[37]

 to compare between different 

approaches for the rehabilitation of severe atrophy cases, models of the three implant configurations 

(Protocol 1: Four anterior implants, Protocol 2: Four anterior and two short posterior implants, Protocol 3: 

Two anterior and two tilted posterior implants: All-on-4™ concept) were generated for 10 patients and 

analyzed under different loading conditions including chewing, biting, and impact forces. Protocol 2 led to 

the lowest stress concentrations over the mandible among the three protocols. Protocol 2 resulted in 

significantly lower stresses than Protocol 3 and Protocol 1 over prosthetic bars under chewing forces. In 

conclusion, Protocol 2 was biomechanically more ideal than Protocol 1 and Protocol 3 to manage the 

posterior edentulism.  

 

Conclusion: 

From the results of this study, it could be concluded that: 1- In regard to the accepted limits of residual 

alveolar bone loss, the two design concepts with either 1st molar short implant or premolar distally inclined 

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

concept can be considered more favorable design than inclined implant concept when designing the 4-

implant assisted mandibular complete overdenture, regarding the preservation of alveolar bone height  
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