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ABSTRACT
Statement of the problem: Endosseous implants are being increasingly used for the retention 

of mandibular restorations in recent years. It has been suggested that there is a risk of maxillary bone 
resorption under complete dentures in patients wearing mandibular implant-retained overdentures 
as well as mandibular all-on-four hybrid prosthesis. However, there was little evidence-based 
information about the effect of these 2 treatment modalities on the maxillary bone changes.

Patients and methods: This is a prospective parallel randomized controlled clinical study, in 
which forty eight implants were placed in mandibles of 12 completely edentulous male patients. 
Patients were randomly allocated into one of the two groups: group A, where 6 patients received 
4 parallel implants with implant retained overdenture and group B, where 6 patients received 4 
implants in the anterior part of the mandible, 2 axial implants in the center and 2 tilted implants 
at the distal ends with all-on four hybrid prosthesis. All patients received maxillary removable 
complete dentures. Radiographic evaluation was made using the CBCT to asses bone height 
changes that occur in the anterior and posterior maxillary areas 6 months and 12 months following 
denture insertion and functional loading in comparison to time of loading. Collected data were 
tabulated and statistically analyzed.

Results: Comparison of radiographic bone changes under complete maxillary denture at the 
anterior and posterior maxilla, between group A and group B, showed no significant differences 
between the two groups at any time interval. However, pair-wise comparison of bone height 
changes over time for each group showed significant difference between immediate time point and 
12- month post-loading time point in group A, both in anterior and posterior maxilla, where the 
P value was <0.05. On the other hand there was no significant difference between the same time 
points in group B, both in anterior and posterior maxilla.
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INTRODUCTION 

Rehabilitation of edentulous mandible could 
be carried out through several prosthetic treatment 
modalities as complete dentures, removable implant-
retained over dentures, or fixed implant-supported 
prostheses. Endosseous implants are being 
increasingly used for the retention of restorations 
in recent years. Implant-retained over dentures 
proved to improve the retention and stability of the 
prosthesis when compared to complete dentures. 
They also improved the masticatory function, speech 
and patient confidence. The implant retained over 
denture and the fixed implant-supported prostheses 
also provide a higher degree of patient satisfaction 
and better quality of life than complete dentures.1-5

Several clinical studies have shown that two 
implants are sufficient to support mandibular 
overdentures.6,7 However, more implants can make 
more rigid attachment, which would increase 
retention and stability of the prosthesis. Therefore, 
the use of four implants with ball attachment 
to support mandibular overdenture exhibit high 
denture stability and more even distribution of load.8 

Elkerdawy and Radi found that ball attachment 
is more retentive than telescopic attachment in 
four implants retained mandibular overdenture.9 
Ball attachments showed a high success rate with  
implant overdentures. They do not need a great 
prosthetic space and were claimed to be less costly, 
less technique sensitive and easier to clean than 
bars.10,11

Placement of standard implants (10–12 mm 
length, ~3.5 mm diameter) in the posterior severely 
atrophic jaw, require an extensive surgical bone 
augmentation procedure to achieve sufficient 

bone support. The “All-on-4 “treatment concept 
developed by Paulo Malo and coworkers in 2003, 
allows the rehabilitation of edentulous jaws 
without bone graft in one surgical step, through 
the placement of 4 implants. The principle of this 
concept is to use four implants in the anterior part 
of edentulous jaws, with straight and angled multi-
unit abutments, aiming to provide edentulous 
patients with an immediately loaded fixed full arch 
restoration, with only four implants. The two most 
anterior implants are placed axially, whereas the two 
posterior implants are placed tilted, which enables 
the placement of longer implants. Resulting in 
improved prosthetic support with shorter cantilever 
arm, improved inter implant distance and improved 
anchorage in the bone.12-14 The distal implants could 
be placed with an angulation of 30° as reported by 
many authors 14-20

The All-on-4 concept has been shown to be 
effective with a prosthesis survival rate of 99.2% 
over 10 years.21 Many clinical studies have focused 
on the prosthesis survival rate, but their effect on the 
opposing arch is still controversy. Bone resorption 
in the anterior maxilla under complete denture 
has been evaluated by many investigators, when 
opposed by a mandibular two-implant-retained 
overdenture (IOD) or complete denture. Several 
studies found higher bone resorption in the anterior 
maxilla opposed by implant overdenture than the 
conventional complete denture.22-24 In contrast; 
other studies have found no difference in the residual 
ridge resorption rate between the two modalities of 
treatment or an even greater residual ridge resorption 
in case of conventional complete denture referred to 
reduced retention and stability.25-27

Conclusion: There is inevitable gradual bone loss in the maxillary arches under complete 
denture when opposed by four implant-retained mandibular over dentures or all-on-four hybrid 
mandibular prosthesis. Although the prosthesis type has no effect on the amount of bone loss, 
slower rate of bone resorption was found in all-on-four group throughout the study period both in 
anterior and posterior maxilla.

KEY WORDS: Bone changes, implant retained over denture, All-on-four hybrid prosthesis.
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Therefore, this study was carried out as a 
controlled paralleled randomized clinical trial to 
evaluate and compare radiographic maxillary bone 
height changes under complete denture opposing 
mandibular four implants’ retained overdentures or 
all-on-four hybrid mandibular prostheses. 

PATIENTS AND METHODS

Forty eight implants were inserted in the 
mandibular arches of twelve completely edentulous 
male patients, with an age range between 51 to 
64 years, who required rehabilitation of their 
edentulous ridges. Patients were selected from the 
out-patient clinic of the Prosthodontic and Oral 
and Maxillofacial Surgery Departments; Faculty of 
Dentistry, Cairo University and Ahram Canadian 
University. Only cases with completely edentulous 
maxillary and mandibular arches, with proper 
lower ridge that can accommodate four implants 
with diameters of at least 3.5 mm and lengths of 
at least 12mm were included in the study.  Patients 
also had to have healthy mucosa, sufficient inter-
arch space, not less than 22 mm, and Angle’s class-I 
maxilla-mandibular relationship. Patients who 
were smokers, under radiotherapy or chemotherapy 
or bisphosphonate medications, or having any 
uncontrolled systemic disease that might affect 
the surgery or the osseointegration were excluded 
from the study. Patients with para-functional habits 
or temporomandibular joint disorders were also 
excluded. The study was explained in details to the 
patients and those who approved to participate were 
asked to sign an informed consent form.

Patients were randomly allocated into one 
of the two groups; the control group (A), where 
patients received four implant retained mandibular 
overdentures and maxillary complete denture, 
and the study group (B) where patients received 
mandibular all-on-four hybrid prosthesis and 
maxillary complete denture. Random allocation 
sequence of the participants was made with the aid 

of computer-generated two column tables of random 
numbers using www.random.org. 

Conventional upper and lower complete 
dentures were constructed for all patients applying 
the balanced lingualized occlusion concept. The 
mandibular denture was used as a scan appliance.  
Patients were submitted to Cone Beam Computer 
Tomography scans (CBCT) for the lower arch, 
where a dual scan protocol was used. CBCT images 
were acquired using a Next Generation I-CAT 
scanner (Imaging Sciences International, Inc., 
Hatfield, USA).  After that the patient’s CBCT 
and his scan appliance data were merged using the 
planning software (NemoScan, Nemotec, Spain). 
Virtual implant planning was made using the CMI 
IS implants (NeoBiotech Co, Seoul, Korea). For 
the control group four axial parallel implants were 
planned for each patient, while in the study group, 
we planned for two axial implants in the center and 
two tilted implants at the distal ends. The distal 
implants placed at 30° angle to the crest of the ridge 
to accept SCRP multi-unit abutment (NeoBiotech 
Co, Seoul, Korea). Finally a mucosa supported 
surgical guide was printed and prepared to be used 
during surgery for each case.

Surgical phase: Before the surgery patients were 
given 4 capsules of 500 mg amoxicillin (Amoxil, 
Medical Union Pharmaceuticals (MUP), Egypt) and 
they were asked to use chlorohexidine mouth rinse 
(Hexitol, The Arab Drug Company ADCO, Egypt). 
Soft tissue discs were removed from the crest of 
the ridge in the proposed implants’ positions using 
tissue punch, the surgical guide was fixed in position 
and implants osteotomy sites were prepared using 
drills of the 3DDX universal kit (3 DDX, Boston, 
USA). After the last drill, the sites were irrigated 
with saline and the four implants (NeoBiotech Co., 
Seoul, Korea) were driven down and tightened in 
to their prepared sites, finally the implants were 
covered with healing caps. After surgery, the denture 
was then relived and lined with tissue conditioning 
material to assure a comfortable and accurate fit. 
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Patients were instructed to eat only soft diet for one 
week without denture removal, rinse their mouth 
with Chlorohexidine mouth wash twice daily for 2 
weeks, and they were asked to take amoxicillin 500 
mg Capsules and Ibuprufen 400 mg tablets (Brufen, 
Kahira Pharm. & Chem. Ind. Co., Egypt) every 8 
hours for 5 days. Panoramic radiograph was taken 
at the end of this visit with the denture in place to 
ensure proper implant placement.

Prosthetic phase: One week after surgery, the 
dentures were removed and prosthetic steps were 
started to construct the permanent prosthesis. For 
Group (A):  healing caps were removed and Ball 
attachments were inserted onto implants with the 
caps on.  Flexible sleeves were slipped over the 
abutment to prevent self-cured resin from running 
into the sulcus and to block the undercuts. The 
previously constructed mandibular denture was 
relived in areas opposite to implants to accommodate 
for ball attachments. Cold-cure resin (Rebaron. 
GC Corporation. Tokyo. Japan)  was injected into 
the relieved areas of the mandibular denture and 
patients were instructed to wear the upper denture. 
The mandibular denture was inserted into the 
patient’s mouth and patients were instructed to close 
in maximum inter-cuspal position until complete 
polymerization of the material occurred. Denture 
was then removed with the caps picked-up in its 
fitting surface, the plastic sleeves were removed and 
the denture was trimmed and polished and delivered 
to the patients (fig. 1).     

For group B: Healing caps were removed 
and multi-unit abutments were screwed into the 
implants. Impression was taken for the lower ridge 
and study model was made to construct a custom-
tray with windows cut over the implants. The 
transfer copings were screwed to the abutments 
using long fixation screws. Acrylic resin rods was 
premade on the study casts to splint the impression 
copings together. They were fixed in place in the 
patient’s mouth using duralay self-cure acrylic resin 
(Reliance, IL, USA). Impression was registered 
in polyether material using an open tray splinted 
technique (fig 2). Master cast was fabricated and 

the implant analogues were fixed in their specific 
position inside the cast. A finished metal framework 
was tried in the patient’s mouth to assure passive fit. 
A wax rim was built over the metal framework and 
the vertical dimension and bite registration were 
taken. Teeth arrangement and try- in was carried out 
then final prosthesis was made and screwed into the 
abutments (fig 3).

Radiographic Evaluation

Radiographic evaluation was made using the 
cone beam computed tomography (CBCT) (I-CAT, 
Imaging Sciences International, Hatfield, USA) 
to asses bone height of the anterior and posterior 
maxillary areas at loading, 6 months, and 12 
months following denture insertion and functional 
loading. Assessment was carried-out with the aid of 
specific radiographic stents in the areas of interest. 

Fig. (1) Group A: Mandibular implant overdenture retained 
with four ball attachments.  

Fig. (2) Group B, all-on-four hybrid prosthesis: Open tray 
splinted impression technique.

Fig. (3) Group B, all-on-four- hybrid prosthesis: photograph 
and Radiograph.
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Duplicates of maxillary complete dentures in clear 
acrylic resin were used as radiographic stents. 
Size 2 round carbide burs were used to create 8 
depressions or cavities (4 on each side bilaterally) 
in the fitting surface of the radiographic stents at the 
areas of upper central incisors, canines, first molars 
and maxillary tuberosities. These depressions were 
filled with warm condensed Gutta-percha pressed to 
be used as radiopaque markers and reference points 
for measuring the crestal bone height changes in 
the maxillary anterior and posterior regions (fig. 
4). The vertical (linear) distance from the top of 
the radiopaque markers to the crest of the residual 
ridge in those corresponding areas was measured 
digitally on the CBCT. The increase in the length of 
the measurements of the vertical (linear) distance in 
any area means increase in the bone loss (changes) 
in that area. A mean value of both right and left sides 
of each tomogram was calculated. 

Statistical analysis: Data were coded and en-
tered using the statistical package SPSS (Statistical 
Package for the Social Sciences) version 25. Data 
was summarized using mean and standard deviation 
in quantitative data. Comparisons between groups 
were done using unpaired t test. For comparison 
of serial measurements within each group repeated 
measures ANOVA was used. P-values less than 0.05 
were considered as statistically significant

RESULTS

Postoperative healing was uneventful in all 
patients. All patients completed the follow up period 
with no attrition of the sample. All implants in both 
groups were considered successful as they were all, 
immobile when manually examined, there were no 
pain or suppuration around the implants and there 
were no evidence of peri-implant radiolucency in 
the x-rays. 

Comparison of Radiographic bone changes 
under the complete denture at the anterior maxilla, 
between group A and group B, showed no significant 
difference between the 2 groups at any time point, 
Immediate, 6 months, and 12 months after loading, 
values are presented in Table 1 and fig.5. In the 
posterior maxilla, as in the anterior maxilla, there 
was no significant difference between the 2 groups 
at any time point; values are presented in Table 2 
and fig. 6.

The results of the pair-wise comparison of 
bone height changes between each two time points 
within each group, both for anterior and posterior 
maxilla are shown in table 3. Regarding the mean 
differences of bone level over time in group A, there 
were statistical significant differences between time 
points throughout the study period, in both anterior 
and posterior maxilla, where the P value was <0.05, 
except for the time interval from denture insertion 

Fig (4) Radiographic bone height measurements in the maxilla. N.B. the CBCT was taken for the maxillary area only so the 
radiographic assessor was blinded regarding the groups as well as the statistician.
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Fig. (5) Bar chart showing the Bone height changes comparison 
between the 2 groups at the anterior maxilla at each 
time point of the study.  

 Fig. (6) Bar chart showing the Bone height changes comparison 
between the 2 groups at the posterior maxilla at each 
time point of the study.  

TABLE (1) The values of anterior maxilla bone changes in the two groups along the study period. 

Anterior maxilla
Immediate 6 months 12 months

Mean SD Mean SD Mean SD

Bone height 
(mm)

Group A 3.69 0.32 3.77 0.30 3.80 0.30

Group B 3.84 0.30 3.88 0.30 3.89 0.30

t value 0.817 0.625 0.507

P value 0.433 0.546 0.623

*Statistically significant at p ≤ 0.05

TABLE (2) The values of posterior maxilla bone changes in the two groups along the study period: 

posterior maxilla Immediate 6 months 12 months

Mean SD Mean SD Mean SD

Bone height 
(mm)

Group A 3.59 0.36 3.61 0.37 3.63 0.36

Group B 3.81 0.29 3.87 0.28 3.88 0.28

t value 1.201 1.391 1.329

P value 0.257 0.194 0.213

*Statistically significant at p ≤ 0.05
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to six months in the posterior maxilla. On the other 
hand in group B, the all-on-four hybrid prosthesis, 
the pair-wise comparison of bone height changes 
over time showed that there were no significant 
difference throughout the study period in both 
anterior and posterior maxilla (where the P value 
>0.05), except for the time interval from six to 
twelve months in the anterior maxilla. 

DISCUSSION

All patients of this study were satisfied with their 
implant prostheses in both groups. All implants 
were osseointegrated . Patients were pleased with 
the excellent retention, stability, the higher biting 
force & the improved masticatory efficiency of 
their four implant mandibular overdentures or all 
on four implant hybrid prostheses. Patients were 
rehabilitated  with maxillary complete dentures; 
optimal maxillary denture fit and better stress 

distribution of the denture was achieved by giving 
special attention with regard to the prosthetic 
after care.28 This study was conducted to compare 
the effect of two designs of mandibular implant 
prostheses on the bone height changes in the 
opposing maxillary arch.

The results of the present study revealed that 
an ongoing bone resorption of the anterior maxilla 
had occurred during study period which was 
significant for the two studied groups at the period 
from 6- 12 months interval. These results agree 
with the findings of previous studies that reported 
gradual maxillary  bone resorption in patients 
wearing complete dentures opposing implant-
retained overdentures.29,30 Those authors attributed 
these findings to the instability of the complete 
dentures, which contributed to an un-favorable 
stress distribution among the denture-bearing areas. 
On the contrary, authors such as Närhi et al. 200027 

TABLE (3) The effect of time on bone height changes in the anterior and posterior maxilla for the two 
studied groups

Mean difference SD P value

G
ro

up
 A

Bone height of anterior maxilla (MM)

Immediate - 6 months .03833 .01835 0.011*

Immediate - 12months .11000 .02000 <0.001*

6 Months - 12months .07167 .03061 0.007*

Bone height of posterior maxilla (MM)

Immediate - 6 months .02667 .03670 0.060

Immediate - 12months .04667 .03615 <0.001*

6 Months - 12months .02000 .00632 <0.001*

G
ro

up
 B

Bone height of anterior maxilla (MM)

Immediate - 6 months .01667 .01211 0.406

Immediate - 12months .05333 .01033 0.075

6 Months - 12months .03667 .00816 0.002*

Bone height of posterior maxilla (MM) Immediate - 6 months .01333 .01506 .082

Immediate - 12months .07333 .07367 .059

6 Months - 12months .06000 .07849 .120

*Statistically significant at p ≤ 0.05
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and Jacobs et al. 199331 did not find statistically 
significant differences in premaxillary bone loss for 
conventional denture or implant overdentures.

Bone resorption was more pronounced in the 
anterior maxillary region than posterior area; this 
finding was in accordance with Kreisler et al. 2003,32 

who observed greater resorption in the anterior 
part of the maxilla than in the posterior part, with 
a premaxilla loss percentage of between 5% and 
12%. This may be attributed to the increase in the 
biting forces exerted by the mandibular prostheses.  
However; the amount of bone resorption reported 
in this study much less than those recorded in two 
implant retained overdentures. 32 

Several factors could contribute to these 
findings. First, all patients in the present study 
were rehabilitated with a lingualized occlusion 
concept to avoid too much anterior pressure. This 
concept with no anterior teeth contact has also been 
recommended for implant-retained mandibular 
overdentures to preserve anterior maxillary bone. 
The maxillary complete dentures were evaluated 
periodically to ensure optimal maxillary denture fit 
and better stress distribution. Furthermore, better 
load distribution and denture stability were reported 
in implant overdentures retained with four implants 
and in fixed hybrid prosthesis.8

The differences between the two groups were 
statically  insignificant in this study which supported 
by the finding of  Eliasson et al. who observed a 
total of 119 patients had been treated with a fixed 
restoration on 4 implants. They reported its effect 
on the opposing jaw and found that there was no 
significant difference in bone loss with regard to the 
opposing jaw restoration 33

CONCLUSIONS:

There is inevitable gradual bone loss in the 
maxillary arches under complete denture when 
opposed by four implant-retained mandibular over 
dentures or all-on-four hybrid mandibular prosthesis. 
Although the prosthesis type has no effect on the 
amount of bone loss, slower rate of bone resorption 

was found in all-on-four group throughout the study 
period both in anterior and posterior maxilla. 
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