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ABSTRACT

Purpose: The aim of this randomized controlled study was to compare three-dimensional 
marginal bone loss around implants supporting fixed metal-ceramic prosthesis and implant 
overdentures in patients with mandibular edentulous ridges. 

Materials and methods: Twelve completely edentulous patients were randomly assigned into 
two groups; 1) Group A (fixed prosthesis); patients received 6 implants (4 in the interforaminal 
area, and 2 posterior to the mental foramina) and fixed full arch screw-retained porcelain fused 
to metal restoration, 2) Group B (overdenture prosthesis); patients received four implants in the 
interforaminal area and the implants were connected to overdentures with locator attachments. For 
each participant, Three-Dimensional bone loss was measured at mesial, distal, buccal and lingual 
surface of each implants using cone beam computerized tomography (CBCT) which was made at 
time of prosthesis insertion, one year, and 3 years after insertion

Results: For all implant surfaces except lingual surface, the overdenture group showed 
significantly higher marginal bone loss than fixed prosthesis after one years and 3 years. For fixed 
prosthesis group, the highest bone resorption after one and 3 years was observed in the lingual site 
and the lowest marginal bone loss was observed at buccal site. For overdenture group, the highest 
bone loss observed at the buccal site, and the lowest one loss was observed at lingual site (after one 
year) and distal site (after 3 years). For both groups, bone loss after 3 years was significantly higher 
than after one year. 

Conclusion: Within the limits of this randomized controlled study, fixed prosthesis was 
associated with reduced Three-Dimensional marginal bone loss compared to overdentures 
prosthesis after one and three years of prosthesis insertion.  
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INTRODUCTION 

Fully edentulous is irreversible problem affect-
ing quality of life. This condition is associated with 
impaired mastication, speech, aesthetics, and psy-
chological problems1. The rehabilitation of edentu-
lous mandibular ridge using dental implants can be 
performed using fixed or removable restorations2, 3. 
If sufficient bone exists above mandibular canal, six 
two eight implants widely distributed along the en-
tire arch is recommended to support fixed ceramo-
metal restoration4. If the available bone only exists 
in the anterior segment of the mandible between the 
mental foramina (in case of ridge atrophy), several 
prosthetic options are available including; 1) the use 
of 4 or 5 implants in the interforaminal area to sup-
port fixed cantilevered prosthesis2, 2) the use of ver-
tical and posterior inclined implants immediately 
loaded with fixed screw retained hybrid “All on 4 
concept” 5, 3) the use of overdentures supported by 
four interforaminal implants4, 6. 

The choice between fixed and removable resto-
rations depends on several factors such as patients 
desire and expectations, cost of the prosthesis, oral 
hygiene and manual dexterity of the patient, the 
relation between maxillary and mandibular ridges, 
interforaminal space, and the anatomy of residual 
ridges7. The fixed full arch ceramometal restoration 
is indicated when there is minimum alveolar bone 
resorption, sufficient bone and sufficient restorative 
and interarch spaces exists8. On the other hand, im-
plant overdentures are indicated when significant 
amount of bone loss occurred to restore facial sup-
port, avoid long crowns of fixed prosthesis, over-
come occlusal problems resulted from classes II and 
III maxillomandibular ridge relationships9, 10. In ad-
dition, the retrievability of overdentures by the pa-
tients can overcome hygienic, cleansing and brux-
ism problems that are usually associated with fix-
ated restoration11. Generally, both hybrid fixed pros-
thesis (that replaces teeth and lost tissues with pink 
porcelain) and implant overdentures can be used 

to improve appearance when significant amount of 
hard and soft tissue loss exists12. There is no sig-
nificant difference in the survival rate of implants 
supporting fixed and removable restorations used to 
rehabilitate the edentulous patient4. 

The marginal bone loss around implants plays 
a crucial role in the overall success of any implant 
treatment and can significantly affect the clinical 
outcome13, 14. The amount of marginal bone loss 
that was assumed as normal in the literature is 
1.0–1.5mm during the first year and less than 0.2 
mm per year annually13, 14. If amount of marginal 
bone loss exceeds this limit, it may be an indication 
of increased risk of peri-implantitis which may 
affect the implant survival rate15. The marginal 
bone loss is a multifactorial phenomenon that is 
not fully understood. However, the main theories 
included infection/ surgical trauma and occlusal 
overload15. From the prosthetic point of view, the 
pattern of force transmission to the procedures 
during mastication may differ in implant-supported 
fixed prosthesis form that in implant supported 
overdentures 16-18. Evaluation of peri-implant 
marginal bone resorption usually performed using 
standardized two-dimensional intraoral radiographs 
which can evaluate mesial and distal bone loss only. 
With the introduction of cone beam computerized 
tomography (CBCT), three-dimensional evaluation 
of marginal bone can be performed as buccal and 
lingual marginal bone loss can be assessed in the 
cross-sectional image of the CBCT 19, 20

Reviewing the literature, the evaluation 
of marginal bone resorption around implants 
supporting mandibular fixed ceramometal prosthesis 
and implant overdentures still scarce21, 22. Moreover, 
these studies usually include overdentures 
supported with cantilevered bars and not include 
new attachments such as locator attachments which 
are simpler to use, have different retention values, 
have a low-profile, and can be used with angulated 
implants23-25. In addition, these studies neglected 
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the evaluation of buccal and lingual marginal 
bone resorption around implants. The aim of this 
study was to compare three-dimensional marginal 
bone loss around implants supporting fixed metal-
ceramic prosthesis and implant overdentures in 
patients with mandibular edentulous ridges. The 
null hypothesis was that no significant difference in 
marginal bone resorption will be obtained between 
fixed and removable restorations.

MATERIALS AND METHODS 

Participants

A convenience sample of 12 edentulous patients 
(6 males and 6 females, mean age= 58.5 years) were 
selected for this randomized trial. The participants 
were completely edentulous and were dissatisfied 
with retention and stability of their mandibular 
dentures with obvious need of replacement of 
these by implant-supported prosthesis. Medical and 
dental history were obtained from all participants 
then clinical intraoral examination was performed. 
The eligibility criteria include: 1) patients having 
maxillary and mandibular complete dentures was 
adequate retention and stability of maxillary denture 
but the mandibular denture is lacking retention and 
stability, 2) good amount of bone quantity and 
quality anterior and posterior to the mental foramina 
to receive implants of at least 8 mm in length 
and 3.5 mm in width. This was assessed using 
cone beam computerized tomography (CBCT) 
performed before surgery. 2) sufficient restorative 
space (space between the mucosal and the occlusal 
plane of mandibular denture). Exclusion criteria 
included patients complained from local or general 
contraindication for implant placement such as 
bone metabolic disorders (Diabetes Mellitus, 
hyperparathyroidism), heart disease, liver disease 
and chemotherapy or radiation therapy to the head 
and neck region. All participants were informed 
about the study plan, then informed consents were 
obtained from all patients. The protocol of the study 

was approved by the local ethical committee of the 
faculty of dentistry.

In this parallel randomized controlled trial, 
the participants were randomly assigned into two 
groups of equal patient number; 1) Group A (fixed 
prosthesis, n=6); patients received 6 implants (4 in 
the interforaminal area, and one implant posterior to 
the mental foramen on both sides) and fixed full arch 
screw-retained porcelain fused to metal restoration, 
1) Group B (overdenture prosthesis, n=6); patients 
received four implants in the interforaminal area 
and the implants were connected with overdentures 
with locator attachments. Randomization was 
performed by independent examiner using block 
randomization method and stratification of patient 
by gender to reduce the risk of bias and to achieve 
balancing between groups at baseline. Assignment 
of the patients to treatment groups was performed 
by a blind examiner. To avoid selection bias, 
each patient assignment group was labeled and 
concealed in sealed black envelopes, and the group 
identification was only revealed at the time of the 
implant surgery.

Surgical and prosthetic interventions

Existing maxillary dentures were examined 
for each participant. If the retention and stability 
aesthetics and occlusion of maxillary dentures are 
adequate, new mandibular conventional dentures 
were constructed. The maxillary dentures are in 
adequate, new maxillary and mandibular dentures 
were constructed. The occlusion was constructed 
using semi-anatomic acrylic resin teeth and the 
bilateral balanced occlusal concept. The participants 
were instructed to wear the new dentures for at least 
one month to enhance muscular adaptation. The 
new mandibular dentures were replicated to be used 
as a radiographic stent by attaching gutta perchae 
radiopaque markers at proposed implant sites. 
Subsequently, each participant underwent a cone 
beam computerized tomography (CBCT, i- CAT 
Vision, Hatfield, PA, USA) to evaluate bone quantity 
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and quality at implant positions and to evaluate 
proximity to vital structures. The radiographic stent 
was then converted to surgical stent by attaching 
metal tubes parallel to each other’s at proposed 
implant sites using a dental surveyor.

For fixed prosthesis group, a crestal incision 
and full-thickness mucoperiosteal flap was elevated 
from first molar area of one side to first molar area 
of the other side. Osseous bone recontouring was 
performed with sharp knife edge ridges if needed 
to provide at least 1mm buccal and lingual to each 
implant to prevent future bone loss.  Six implants 
(Dentium, South Korea) were installed (4 in the 
interforaminal area, and one implant posterior to the 
mental foramen on both sides) using conventional 
submerged (2-stage) surgical approach. At least 
35 Ncm torque was required at implant insertion 
to achieve primary implant stability. Cover screws 
were connected to the implants and the flap was 
closed using multiple interrupted sutures. The 
mandibular dentures were relined with tissue 
conditioner material (COE-Comfort, U.S.A) and 
occlusion was adjusted. Post-operative medications 
include analgesics (Ketolac® 10mg), antibiotics 

(amoxicillin 625 mg + clavulanic acid 125 mg, 
Augmentin® 1gm), mouth rinse for 2 weeks 
and anti-inflammatory medication (ibuprofen®, 
600 mg) for 7 days.  Three months after surgery, 
healing abutments were connected. Two weeks 
later, Open tray impression procedure was started. 
Long impression posts were treated to the implant 
platform and splinted with Duralay resin (Reliance, 
USA) which is minimal shrinkage on setting to 
prevent movement of the impression posts during 
impression removal (fig1a). Light body rubber 
base impression material was injected around the 
impression posts and the overall impression was 
completed using putty material (Zhermack®, Badia 
Polesine, Rovigo, Italy). Implant analogues were 
attached to the impression posts and the impression 
was poured using hard stone. Recorded bases were 
constructed record jaw relations and facial support. 
Ti-base abutments (Dentium, Korea) were threaded 
to the implant analogues and the mother was scanned 
using CAD/CAM device (Ceramill, Austria), then a 
fixed screw-retained hybrid prosthesis was designed 
with 12 teeth (from first molar on one side to first 
molar on the other side) then printed into castable 
resin and tried in patient mouth (fig 1b). The resin 

Fig. (1). The fixed prosthesis group; a) 
splinting of the impression post 
using Duralay resin, b) occlusal 
view of the prosthesis, c) the 
buccal review of the prosthesis, d) 
panoramic view of the prosthesis 
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bridge was invested, cast with Cobalt chromium 
alloy, tried in for passive fit using single screw 
test.  The porcelain powder (VITA, Germany) was 
mixed, applied onto the metal over the opaque 
layer, fired, finished and glazed. Pink porcelain was 
used to replace lost bone and gingival tissues when 
needed (fig 1c).  Fixed prostheses were delivered to 
all patients and panoramic radiographs were made 
to ensure passive seating of the prosthesis (fig1d) 

For overdenture prosthesis group, a crestal 
incision and full-thickness mucoperiosteal flap was 
elevated from premolar area of one side to premolar 
area of the other side. Osseous bone recontouring 
was performed if needed.  Four implants (Dentium, 
South Korea) were installed in the interforaminal 
area using conventional submerged (2-stage) 
surgical approach. The flap was closed using multiple 
interrupted sutures. The mandibular dentures were 
relined with tissue conditioner material. After 
three months, the tissue conditioning material was 
replaced with hard acrylic resin relining. Locator 
abutments (Dentium, South Korea) were threaded 
to the implants at 20 Ncm torque. Panoramic x-ray 
was performed to ensure complete seating of locator 
abutments (fig 2a). Rubber dam sheets were placed 

over the locator abutments to avoid contact of 
acrylic resin to the abutments and prevent excess 
resin to enter in peri-implant sulcus. Metal housing 
with processing inserts were snapped on the locator 
abutments (fig 2b). The mandibular dentures were 
relieved over the metal housings and lingual events 
were made and the lingual surface of the denture 
to allow escapement of excess acrylic resin during 
pick up procedure. The metal housings were picked 
to the tissue surface of the mandibular denture using 
autopolymerized acrylic resin while the participants 
close in centric relation (fig 2c). Excess acrylic resin 
was removed to avoid unnecessary loading of the 
implants and the denture was finished and polished. 
Processing inserts were replaced with nylon insert 
(medium retention) and dentures delivered to the 
participants. Participants were instructed for oral 
hygiene procedures and informed to attend regular 
follow-up visits.  

Measurement of Three-Dimensional bone loss    
For each participant, Three-Dimensional bone 
loss was measured using cone beam computerized 
tomography (CBCT, i- CAT Vision, Hatfield, 
PA, USA) which was made at time of prosthesis 

Fig. (2). The overdenture prosthesis group; 
a) panoramic x-ray of the locator 
abutments, b) rubber dam sheets 
around locator abutments and 
metal housings snapped on locator 
abutments, c) nylon inserts picked 
up to the fitting surface of the 
overdentures
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insertion, one year, and 3 years after insertion. For 
standardization purposes, CBCT was acquired for 
all participants with the same acquisition time (14.7 
second), voxel size and slice thickness. The data of 
the CBCT was saved using DICOMs files format 
on separate CD. The Three-Dimensional marginal 
bone loss was evaluated in the mesiodistal and 
buccolingual directions around each implant. The 
changes in bone height were calculated at mesial, 
distal, buccal and lingual surface of each implant. 
In the axial window of the software of the CBCT 
machine (OnDemand3DApp), a panoramic curve 
was made to bisect each implant mesiodistally from 
the occlusal view. The images were reconstructed 
by the software in the cross-surface sectional image 
view for each implant. Vertical bone height was 
evaluated at the panoramic window of the software 
to measure bone height changes at mesial and distal 
surface of each implant (fig3). Vertical bone height 
was evaluated at cross surface sectional image to 
measure bone height changes at buccal and lingual 
surface of each implant (fig3). To estimate marginal 
bone loss at all surfaces, the distance from implant 
abutment junction (point A) to the bone contact 
with implant (point B) was measured using the ruler 
measure tool of the software to give bone level26. 

Bone loss was calculated by evaluation of bone 
height changes from base line to one year and 3 
years. The bone loss measurement for mesial and 
distal buccal and lingual surfaces were averaged for 
all implants and the mean was subjected to statistical 
analysis. To evaluate the reliability of obtained 
data, three independent examiners performed the 
measurements.     

Statistical analysis

A computer program was used for analyzing the 
data of marginal bone loss (statistical package for 
social science, SPSS v25.0). The values of marginal 
bone loss were tested for normal distribution using 
Shapiro Wilk test and Kolmogorov Smirnov test. 
The values met normal distribution and the data 
was parametric. The inter-examiner reliability was 
tested using Alpha Cronbach test. Two-way repeated 
measures analysis of variance (AVOVA) was used to 
compare marginal bone loss between groups (fixed 
prosthesis and overdenture prosthesis), implant 
surfaces (mesial, distal, buccal, and lingual), and 
observation times (baseline, one year, and three 
years). When a significant difference was detected, 
multiple pairwise comparisons were performed 
using Tukey test. P value is significant at .05. 

Fig. (3): Three-Dimensional Measurements of marginal bone loss, a) panoramic curve that bisected the implant mesiodistally, b) 
measurement of bone loss at mesial and distal aspects of implants at panoramic images, c) measurement of bone loss at 
buccal and lingual aspects of implants at cross sectional images
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RESULTS

All participants attended the follow-up visits 
without dropouts. No implant failures occurred in 
both groups and the survival rate was 100% in each 
group. The data of marginal bone loss values for all 
examiners were compared using alpha Cronbach 
test and the resultant correlation coefficient of the 
test was more than 0.80 which means that the data 
of marginal bone loss values were reliable. The 
mean values of the total marginal bone resorption 
after one year were .36±.14mm for fixed prosthesis 
group and .73±.28mm for the overdenture prosthesis 
group. 

Comparison of peri-implant bone loss between 
different implant surfaces (distal, lingual, mesial, 
and buccal) and between groups (fixed and 
removable prosthesis) after one year of prosthesis 
insertion is presented in table 1. For all implant 
surfaces except lingual surface, there was a 
significant difference in marginal bone resorption 
between fixed and overdenture groups. The 
overdenture group showed significantly higher 
marginal bone loss than fixed prosthesis at distal, 
mesial, and buccal implant surfaces. However, at 
lingual surface, there was no significant difference 
in marginal bone loss between groups. For both 
groups, there was a significant difference in bone 

loss between implant surfaces. For fixed prosthesis 
group, the highest bone resorption was observed in 
the lingual site followed by mesial site, then distal 
site and the lowest marginal bone loss was observed 
at buccal site. Multiple comparison between each 
two implant surfaces is presented in the same table. 
There was no significant difference between distal 
and mesial sites. For overdenture group, the highest 
bone loss observed at the buccal site, followed by 
mesial site, then distal site, and the lowest one loss 
was observed at lingual site. Multiple comparison 
between each two implant surfaces is presented 
in the same table. No significant difference was 
observed between distal and lingual site

Comparison of peri-implant bone loss between 
different implant surfaces (distal, lingual, mesial, 
and buccal) and between groups (fixed and 
removable prosthesis) after 3 years of prosthesis 
insertion is presented in table 2. For all implant 
surfaces except lingual surface, there was a 
significant difference in marginal bone resorption 
between fixed and overdenture groups. The 
overdenture group showed significantly higher 
marginal bone loss than fixed prosthesis at distal, 
mesial, and buccal implant surfaces. However, at 
lingual surface, there was no significant difference 
in marginal bone loss between groups. For both 

TABLE (1). Marginal bone loss at different implant surfaces for fixed and removable prosthesis after one 
year of prosthesis insertion

Fixed prosthesis Overdenture prosthesis Repeated ANOVA
P valueMean St deviation Mean St deviation

Distal .32a .13 .62a .31 .003*

Lingual .61b .26 .55a .16 .50

Mesial .47a .12 .81b .26 .001*

Buccal .15c .03 .97c .24 <.001*

Repeated ANOVA (P value) <.001* <.001*

*; P is significant at 5% level of significance, different letters in the same column indicate a significant difference between 
each two implant surfaces (Bonferroni test, P<.05). While the same letters showed no significant difference between each 
two implant surfaces (Bonferroni test, P>.05)
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groups, there was a significant difference in bone 
loss between implant surfaces. For fixed prosthesis 
group, the highest bone resorption was observed in 
the lingual site followed by mesial site, then distal 
site and the lowest marginal bone loss was observed 
at buccal site. Multiple comparison between each 
two implant surfaces is presented in the same table. 
There was no significant difference between distal 
and mesial sites. For overdenture group, the highest 
bone loss observed at the buccal site, followed by 
mesial site, then lingual site, and the lowest one loss 
was observed at distal site. Multiple comparison 

between each two implant surfaces is presented 
in the same table. No significant difference was 
observed between distal, mesial and lingual site.

Comparison of marginal bone loss at different 
peri-implant surfaces between one and 3 years is 
presented in fig 4 for fixed prosthesis and in fig 
5 for overdenture prostheses. For both groups at 
different the implants the surfaces, marginal bone 
loss occurred after three years recorded significant 
higher values compared to marginal bone loss 
occurred after one year (p<.05)

TABLE (2) Marginal bone loss at different implant surfaces for fixed and removable prosthesis after one 
year of prosthesis insertion

Fixed prosthesis Overdenture prosthesis Repeated ANOVA
P valueMean St deviation Mean St deviation

Distal .84a .22 1.08a .23 .015*

Lingual 1.23b .45 1.14a .14 .34

Mesial .90a .16 1.21a .14 .002*

Buccal .52c .28 1.36b .42 <.001*

Repeated ANOVA (P value) .002* .022*

*; P is significant at 5% level of significance, different letters in the same column indicate a significant difference between 
each two implant surfaces (Bonferroni test, P<.05). While the same letters showed no significant difference between each 
two implant surfaces (Bonferroni test, P>.05)

Fig. (4). Comparison of marginal bone loss between one year 
and three years after prosthesis insertion for fixed 
prosthesis group

Fig. (5). Comparison of marginal bone loss between one year 
and three years after prosthesis insertion for overdenture 
group
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DISCUSSION 

In this study, CBCT was utilized for evaluation 
of bone loss around the implant as it enables Three-
Dimensional marginal bone height evaluation 
in mesiodistal and buccolingual directions. In 
panoramic view of CBCT, mesial and distal 
marginal bone height changes can be evaluated, 
while in the cross-sectional view of the CBCT, 
buccal and lingual marginal bone height changes 
can be assessed. Conversely, the two-dimensional 
nature of the periapical radiography allows only 
measurement of mesial and distal bone heights and 
overlook the importance of measuring buccal and 
lingual bone resorption. Another benefit of using 
CBCT is avoidance of patient discomfort and trauma 
of the floor of the mouth caused by orientation of the 
film holder of the periapical radiography especially 
in patients with high floor of the mouth with 
atrophied mandibular ridges. Moreover, CBCT can 
provide direct and actual measurements using the 
accompanying software without magnification19, 20. 
The use of CBCT in measuring the implant alveolar 
bone changes was recommended by several authors 
with acceptable accuracy 26-34 when implants used to 
support fixed and removable restorations. However, 
it should be noted that CBCT are associated 
with increased dose of radiation compared to 
conventional periapical radiograph. Therefore, the 
evaluation period was extended to be after one year 
and three years of prosthesis insertion to reduce the 
harmful effect of increased radiation dose. Another 
limitation of the CBCT is the increased image noise 
caused by metal artefacts. However, this noise was 
founded to have minimal effect on marginal bone 
height measurements.35 

The implant survival rate was 100% for fixed 
and removable prosthesis. This observational was 
on line with a recent systematic review in which 
the authors reported high survival rates for implants 
used to support fixed and removable implant full-
arch prostheses in the mandible36. The mean values 

of the total marginal bone resorption after one year 
were .36±.14mm for fixed prosthesis group and 
.73±.28mm for the overdenture prosthesis group. 
The overall marginal bone loss for both groups did 
not exceed 1 mm after one and three years. Similarly, 
Makkonen et al. reported that mean bone loss after 
3 years was .25±.16 and .53±.38 for fixed prosthesis 
and overdentures respectively. This amount of 
marginal bone loss is located in the normal range 
that was reported in earlier investigations (not more 
than 1 mm in the first year and less than .2mm 
annually)13. The values of marginal bone loss in 
both groups were in line with recent systematic 
review37 in which the authors reported that marginal 
bone loss ranged from 0.17 ± 0.07mm to 2.1 ± 
1.6mm for fixed prosthesis and from 0.22 ± 0.55mm 
to 2.5 ± 2.7mm for overdentures. The high survival 
rate and the reduced level of total marginal bone 
loss may be attributed to the increased bone quality 
and density of mandibular bone which provide 
good primary stability of the implants. Moreover, 
the delayed loading approach used in both groups 
may be contributed to the high survival rate and the 
reduced bone loss as it reduces micromotions to the 
implants in the critical healing period.

For all implant surfaces except lingual surface, 
the overdenture group showed significantly higher 
marginal bone loss than fixed prosthesis after one 
years and 3 years. Similarly in a recent systematic 
review37 the authors reported that marginal bone loss 
was initially higher in removable implant-supported 
prosthesis (overdentures) than fixed prosthesis after 
one year but bone loss does not differ between 
the groups after 4 years. The increased bone loss 
the overdenture group may be attributed to the 
slight implant disparallelism in mesiodistal and 
buccolingual directions. Although an attempt was 
made to make the implant parallel to each other’s, 
slight implant disparallelism may exists due to 
values of conventional stent. Moreover, buccal or 
lingual undercuts may demand implant placement 
with the slight buccal or lingual inclination. The 
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locator nylon inserts have dual retention comes from 
internal and external frictional flanges so it may act 
as guiding planes during insertions and removals 
of the overdenture. The slight disparallelism may 
create undercuts between nylon inserts and locator 
abutments which may transmit increased forces 
to the implants during insertion and removal. 
Moreover, the double frictional flanges provide 
limited hinge movement of the attachment while 
overdenture rotates during mastication 38 which 
may be responsible for transferring more loads 
to the implant, thus increasing bone loss. In line 
with this explanation, Elsyad et al.39-42 reported 
increased peri-implants stresses with locator 
retained mandibular overdentures supported by 
two implants when implant inclination increased. 
These stresses may be aggravated by use of four 
implants as multiple guiding implants are created. 
Therefore, it may be adventurous in terms of peri-
implant bone preservation to use computer guided 
surgery with prefabricated stereolithographic stent 
to ensure implant parallism when 4-implant are used 
to support overdentures with locator attachments. 
On the other hand, the reduced marginal bone loss 
and the fixed group may be attributed to several 
factors. Firstly, the fixed prosthesis has more 
support by the effect of increased implant number 
posterior to the mental foramina (six implants Vs 
four implants the overdenture group) which may 
provide more load distribution as fixed prosthesis 
not rotated during function such as overdentures. 
Secondly, the passive fit of the framework of the 
prosthesis was tested before insertion, thus ensuring 
minimal load transmission to the implants. Firstly, 
the implant disparallelism is compensated by 
the use of ti-base abutments. Finally, with fixed 
prosthesis, the implants are splinted together by 
the rigid metal framework of the prosthesis which 
may provide provide greater surface area, more 
load sharing between implants and prevent implant 
micromotions43. In line with this observation, a 3-D 
finite element study18 found that fixed prosthesis 

showed significantly lower stresses in the implant 
cortical bone tissues than overdentures supported 
by four connected implants with cantilevered bar 
attachments.  

It was interesting to find that, in fixed prosthesis 
group, the highest bone resorption after one and 
3 years was observed in the lingual site and for 
the overdenture group, the highest bone loss was 
observed at the buccal site. Reviewing the literature, 
no study evaluated the marginal bone loss on 
different peri-implant sites especially the buccal 
and lingual sites was fixated implant-supported 
versus. Therefore, comparison of the results of 
this study was finding of other studies was not 
possible. The increased marginal bone loss on the 
lingual site the fixed group may be attributed to 
increased occlusal forces from functional palatal 
cusps of maxillary dentures on the mandibular 
fixed prostheses in which the crowns are directly to 
the lingual. Owing to mandibular bone atrophy, a 
crossbite relation may exists between maxillary and 
mandibular bone. In an attempt to establish good 
occlusal relation in centric occlusion, the crowns 
of fixed procedures are usually tilted lingually. This 
may cause increased occlusal load transmitted to 
the lingual cortex around the implants and maybe 
responsible for increased bone loss in the lingual 
sites. On the other hand, the increased bone loss 
on the buccal site and overdenture group may be 
due to the presence of buccal flange of mandibular 
overdenture which may cause mucosal stripping, 
inflammation around implants during insertions and 
removals of the prosthesis with subsequent bone 
loss. In line with this observation, Elsyad et al.26 
found that the buccal site were associated with the 
highest bone resorption when 2 implant are used to 
retain overdentures with ball and bar attachments. 
The increased marginal bone loss on lingual and 
buccal sites of fixed and removable prosthesis is in 
line with finding of an in vitro study44 in which the 
authors found an increase of buccal and lingual peri 
implant stresses near the implant neck as the upper 
edges of the cortical bone plate had the potential 
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tendency to be displaced inward and outward 
in the horizontal plane. The presence of the rigid 
implant hindered these displacements and led to the 
occurrence of compressive and tensile stresses on 
the buccal and lingual sides

For both groups, bone loss after 3 years was 
significantly higher than after one year.  This could 
be attributed to the increased occlusal load with 
time and maturation of bone after installation of 
the implants 13. The limitations of this study include 
small patient cohort, and the lack for evaluation 
of other clinical parameters such as periodontal 
indices, implant stability, probing depth, and patient 
satisfaction. Therefore, future randomized clinical 
trials with sufficient sample size are still needed  

CONCLUSION 

Within the limits of this randomized controlled 
study, Fixed prosthesis was associated with reduced 
Three-Dimensional marginal bone loss compared to 
overdentures prosthesis after one and three years of 
prosthesis insertion. The highest bone loss observed 
at lingual site for fixed prosthesis group, and buccal 
site for overdenture group
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