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ABSTRACT

Purpose: This clinical trial aimed to evaluate three-dimensional marginal bone loss around 
implants supporting metal ceramic and metal acrylic screw retained hybrid prosthesis for 
rehabilitation of atrophied mandible using cone beam computerized tomography (CBCT) after one 
year.

Materials and methods: Ten completely edentulous patients with mandibular ridge atrophy 
were randomly assigned into 2 groups; Group I; included 5 patients who received Metal ceramic 
screw retained hybrid prosthesis, Group II; included 5 patients who received Metal acrylic screw 
retained hybrid prosthesis. All patients then received 4 implants in the inter-foraminal area of 
the mandible using the flapless surgical approach. After osteointegration, implants were loaded 
by the prostheses with a distal cantilever not exceeding a 1.5 antro-posterior spread. Vertical and 
horizontal bone resorption was assessed at mesial, distal, buccal and lingual aspect of anterior and 
posterior implants using cone beam computed tomography (CBCT) at time of prosthesis insertion 
(baseline), 6 months and one year later.

Results: After 6 and 12 months, metal ceramic prosthesis showed significant higher vertical 
and horizontal bone resorption than metal acrylic prosthesis for anterior and posterior implants. 
Posterior implants showed significant higher vertical and horizontal bone resorption than anterior 
implants for metal ceramic group only and no difference in bone loss between anterior and posterior 
implants in metal acrylic group was noted. For both groups and implant positions, vertical and 
horizontal bone resorption at 12 months significantly increased compared to 6 months

Conclusion: Within the limitations of this study, metal acrylic cantilevered prosthesis for screw 
retained hybrid restoration of edentulous atrophied mandible may be recommended than metal 
ceramic prosthesis as it was associated with lesser vertical and horizontal bone resorption around 
the implants (especially the posterior ones) after one year follow up period.  
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INTRODUCTION 

Atrophic mandible shows a significant chal-
lenge to successful oral rehabilitation with dental 
implants1. This condition usually results in con-
struction of unsatisfactory ill fitted dentures, and 
consequently reduced oral function, reduce patient 
comfort and satisfaction and causes psychosocial 
problems2, 3. Although bone grafting procedures 
contribute to increase denture-bearing area, thereby 
contributing to improvement of the retention and 
stability, it can significantly increase patient mor-
bidity, costs, and treatment time4, 5. Rehabilitation 
of completely edentulous atrophied mandible can 
be accomplished with various implant prosthesis, 
such as implant assisted overdentures, fixed implant 
supported prostheses with All on four implant con-
cept6, or fixed implant supported hybrid prosthesis7

Fixed-detachable hybrid implant prostheses 
are cantilevered restorations that are screwed to 
inter-foraminal implants. They are indicated in 
case of insufficient bone in the posterior jaw areas 
with reduced mucosal support8.Such prosthesis 
composed of a metallic framework covered with 
heat-polymerized resin and prosthetic teeth or 
pink porcelain and porcelain teeth8. The length of 
cantilever recommended  to be 1.5-2 times of the 
antro-posterior spread (distance between the line 
connecting the two most distal implants and the 
centre of the implant most distant to that line9) to 
allow optimal load distribution to the implants.10 The 
choice between acrylic or ceramic hybrid prosthesis 
depend on several factors as inter-arch space, 
amount of lip support, and esthetic demands of the 
patients11, 12. A metal-acrylic fixed hybrid restoration 
is indicated with moderate-to-severe bone loss, to 
restore the lip and cheek support, with its acrylic 
resin base13 and to provide good esthetics, function, 
and speech14. Despite advantages of such prosthesis 
as reduction of costs and surgical complications, 
biological and technical complications as implant 
loss, marginal bone loss, peri-implant soft-tissue 
complications, mechanical complications (fracture, 

especially at the junctions between distal abutments 
and cantilevered segments) are frequent.15

Evaluation of peri-implant marginal bone 
loss as a result of increased functional load and 
surgical trauma, is a crucial clinical aspect for 
determination of implant success and survival16-19. 
However, most of studies evaluated bone loss using 
standardized periapical radiographs which has 
several limitations due to the two-dimensionality 
nature of the radiographs, thus mesial and distal 
proximal bone loss only can be evaluated and 
evaluation of the buccal and lingual bone resorption 
around the implant is not possible. Moreover, the 
majority of such investigations reported vertical 
bone loss (in apico-coronal dimension) only and 
neglected the evaluation of horizontal bone loss (in 
mesio distal direction) of the crater defect around 
the implants20, 21. Cone-beam computed tomography 
(CBCT) provides three-dimensional images 
cross sectional images22 that allow visualization 
of the bucco-lingual bone around the implants23. 
Therefore, the aim of the present investigation was 
to evaluate three-dimensional marginal bone loss 
around implants supporting metal ceramic and 
metal acrylic screw retained hybrid prosthesis for 
rehabilitation of atrophied mandible using cone 
beam computerized tomography (CBCT). The null 
hypothesis was that there would be no significant 
difference in 3-dimensional bone loss between the 2 
types of the prosthesis after one year.   

MATERIALS AND METHODS

Patient enrollment  

Ten completely edentulous patients (6 females 
and 4 males, mean age of 58 year) with maladaptive 
experience of wearing mandibular denture due 
to mandibular ridge atrophy were enrolled in this 
study from the outpatient clinic of the Prosthodontic 
Department. The inclusion criteria of the selected 
patients were: 1) Patients presented clear preference 
for a fixed implant-supported rehabilitation,  
2) Sufficient bone quantity (class IV-V according 
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to Cawood and Howell24 and quality (verified 
cone beam computerized tomography) in the 
interforaminal area of the mandible to receive 
standard implants of at least 11 mm length and 
3.75 mm in diameter (average bone height was 
15.2mm), 3) Sufficient restorative space of at 
least 15 mm to accommodate both types of tested 
prosthesis. And 4) Last extraction not less than 
one year. Exclusion criteria include: 1) General 
contraindications for surgical procedures such as 
patients with head and neck radio therapy, patients 
with bleeding disorders, hepatic patients, 2) Patients 
with metabolic disorders that affect osseointegration 
such as diabetes mellitus, and osteoporosis, 3) Long 
term immunosuppressive and corticosteroid drug 
therapy and 4) smoking patients (even patients 
who smoke one cigarette per day were excluded). 
After the patients were informed about the line of 
treatment and the need for regular and frequent 
recalls, they all signed a written consent. The study 
was conducted according to the ethical principles 
stated and approved by the ethical committee 
of the faculty of dentistry Beni-Suef University 
(Approval No FDBSUREC/11022020/MS). The 
patients were categorized by age, gender, and bone 
height in the mandibular anterior region and were 
randomly assigned into 2 groups using balanced 
randomization, then comparison of baseline criteria 
between groups was made to ensure that there is no 
difference in age, gender, and bone height between 
groups to avoid selection bias. Group I; included 5 
patients who received Metal ceramic screw retained 
hybrid prosthesis, Group II; included 5 patients 
who received Metal acrylic screw retained hybrid 
prosthesis. 

Surgical and prosthetic interventions 

Prior to surgery, optimal location and angulation 
of the implants and the correct implant length were 
assessed using a radiographic stent and cone beam 
CT (CBCT, i- CAT Vision®, Imaging Sciences 
International, Hatfield, PA, USA). Mandibular old 
denture was duplicated to be used as a radiographic 

template. Gutta purcha were fixed to the polished 
(buccal, labial and lingual) surfaces of the denture 25. 
Each case was scanned using double scan protocol. 
The first scan was for the denture alone while the 
second scan was for the patient while wearing his/
her denture. A mucosal supported surgical guide was 
constructed by prototyping technology using 3D 
image-based software (OnDemand3DApp Software; 
CyberMed Inc). A surgical kit including sleeves and 
standardized drills (supplied by the radiologist) 
was used for osteotomy preparation. Each patient 
received 4 implants (Tiologic, Dentarum, Germany, 
diameter=3.7, and length=11 or 13mm), in the inter-
foraminal area of the mandible using the flapless 
surgical approach. All surgeries were carried out with 
infiltration anesthesia (lidocaine with epinephrine). 
The osteotomy sites were prepared following the 
drilling sequence provided by the manufacturer’s 
surgical universal kit. The surgical guide was fixed 
to the mandibular bone using fixation screws of the 
surgical kit (fig 1). Standardized drills supplied with 
the kit was used for osteotomy preparation through 
the sleeves of the guide. Implants were inserted with 
a minimum 35Ncm torque. Healing abutments were 
connected and the mandibular dentures were relined 
with soft liner 2 weeks after implant placement. 

Fig. (1) Implant osteotomy preparation using the mucosal 
supported printed surgical guide 
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Three months after implant insertion (after 
osseointegration), straight multiunit abutments 
for screw retained prosthesis were threaded to the 
implant fixtures (fig 2). Preliminary mandibular 
impressions were made using irreversible 
hydrocolloid impression material (CA 37, Cavex 
Holland BV, Haarlem, Netherlands). A special 
tray was constructed over the cast with openings 
opposing to implant areas to be used for open tray 
impression technique26. Long transfer impression 
copings were threaded to the multiunit abutments 
and splinted with resin pattern (Pattern Resin LS; 
GC America) to avoid movement of the transfer 
copying during the impression. The light consistency 
rubber base was injected around the copings and 
the impression was completed with heavy body 
material. The abutment analogues were attached to 
the impression post and the impression was poured 
to obtain the master cast.  Plastic caps were screwed 
to the abutment analogues on the master cast.

Fig. (2) Connection of multiunit abutments in patient mouth

For Group I (metal ceramic prosthesis), the cast 
was scanned using a CAD/CAM device (Ceramill 
Map400, Amann Girrbach AG. Koblach, Austria), 
then a cast metal–ceramic fixed prostheses that 
replace lost gingival tissues with pink porcelain 
was planned using the software of the device. 
The fixed Prosthesis denture was milled using 
polymerized resin discs (Duralay, Reliance Dental 
MFG Co, Worth, IL, USA) and tried in patient 
mouth for passive fit. The resin pattern was cast in 

a nonprecious cobalt-chromium alloy (Heraenium 
Pw, Heraeus-Kulzer GmbH, Hanau, Germany). The 
cast substructure was tried intraorally for passivity 
using the single screw Sheffield test. The porcelain 
powder was mixed with the modeling liquid, applied 
onto the cobalt- chromium metal substructure over 
the opaque layer, fired, finished and glazed (fig 3).

Fig. (3) Group I: Metal ceramic screw retained hybrid prosthesis 

For group II (metal acrylic prosthesis), the 
prosthesis composed of CAD/CAM-fabricated 
cobalt chromium (Co-Cr) framework (bar) covered 
by acrylic resin teeth and pink acrylic resin that 
replace lost bone and gingival tissues. After scanning 
the cast, the metal framework was designed using 
the CAD/CAM device software to give proper 
thickness for rigidity, and access for oral hygiene (1 
mm space under the frame for cleaning purposes), 
reduced metal show, and adequate roughening of 
frameworks to permit good attachment of acrylic 
teeth and denture bases. Similarly, the framework 
was milled using polymerized resin discs (Duralay, 
Reliance Dental MFG Co, Worth, IL, USA) and 
tried in patient mouth for passive fit, then invested, 
and casted with a nonprecious cobalt-chromium 
alloy (Heraenium Pw, Heraeus-Kulzer GmbH, 
Hanau, Germany). The cast substructure was tried 
intraorally for passivity using the single screw 
Sheffield test.  Artificial teeth of the same size and 
shade of the provisional denture were arranged 
over the framework and waxing up was completed. 
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Intraoral try-in of cobalt-chromium framework 
with wax and denture teeth was made to evaluate 
occlusion and esthetics. After flasking, the prosthesis 
was processed into heat cure acrylic resin, finished 
and polished (fig 4).   

Fig. (4) Metal acrylic screw retained hybrid prosthesis

For both groups, the screw retained prosthesis 
has 12-unit artificial teeth in both groups27 and the 
cantilever length did not exceed 1.5 times the antro-
posterior spread. The occlusal scheme was bilateral 
balanced occlusion to maintain the stability of the 
conventional maxillary denture. The screws access 
holes were sealed with composite resin28. Dentures 
were delivered to the patients with emphasis on 
oral hygiene instructions and follow up visits were 
scheduled for data collection. 

Evaluation of three-dimensional marginal bone loss 

Radiographic evaluation was performed using 
cone beam computed tomography (CBCT) at time 
of prosthesis insertion (baseline,), 6 months and one 
year later. A CBCT was made (i-CAT®, Hatfield, 
PA, USA). The exposure parameters were standard-
ized and slice thickness of 0 mm were used and the 
images were saved as DICOM-files. The implants 
were bisected mesiodistally and buccolingually in 
the axial images of the reconstructed CT. The re-
sultant images give a panoramic view of each im-
plant (that allow evaluation of mesial and distal 
bone loss) and cross-sectional images (that allow 
evaluation of buccal and lingual bone loss)22, 20 . Us-
ing the accompanied software of the CT machine 
(OnDemand3DApp Software, South Korea), con-
trast and brightness of the images were standard-
ized and images were saved on compatible discs. 
Three examiners (1, 2 and 3) with adequate training 
and experience in using the software performed the 
image analysis and measurements.  On each image, 
vertical and horizontal alveolar bone loss was deter-
mined in the panoramic (Fig. 5) and cross-sectional 
images (Fig. 6). The vertical distance from implant 
abutment connection (A) and implant bone contact 
(B) was considered as the vertical bone height.  The 
horizontal distance between most coronal point of 
the crater defect (C) and the implant perpendicu-
larly represented the horizontal bone height. Ver-
tical and horizontal bone loss were detected by  

Fig. (5) The measurement of mesial and distal vertical and horizontal bone loss in the panoramic images of the CT
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subtracting bone height at 6 months and 1 years 
from base line 20, 29, 30.   Values of mesial, distal, buc-
cal and lingual bone losses were averaged for each 
implant. There were no statistically significant dif-
ferences in bone loss between the right and left im-
plants. Therefore, calculations of bone loss of right 
and left implants were averaged for anterior and 
posterior implants and the mean was subjected to 
statistical analysis. 

Fig. (6) The measurement of buccal and lingual vertical and 
horizontal bone loss in the cross-sectional images of 
the CT

Statistical analysis 

The recorded data were normally distributed as 
detected by Shapiro Wilk test. Therefore, parametric 
tests were used. To test the inter-examiner reliability 
of the bone loss measurements, alpha Cronbach test 
was used. Independent samples t-test was used to 
test Vertical and horizontal bone loss between groups 
(metal ceramic and metal acrylic), and implant 
positions (anterior and posterior implants) and 
paired samples t-test was used to compare between 
6 months and 12 months. Statistical package for 
social science (SPSS, Version 22, IBM, USA) was 
used in statistical analysis and the threshold of 
significance was set at 5%.

RESULTS

No implant failures occurred in both groups and 
the survival rate was 100% in both groups. The 
coefficient of variation for inter-examiner reliability 

test was .80 which indicate that all measured values 
of bone resorption were reliable. 

Comparisons of vertical bone resorption for 
anterior and posterior implants in both groups after 
6 months and one year of prosthesis delivery are 
presented in table 1. After 6 months, metal ceramic 
prosthesis showed significant higher bone resorption 
than metal acrylic prosthesis for anterior (p=.002) 
and posterior (p=.007) implants. After 12 months, 
metal ceramic prosthesis showed significant higher 
bone resorption than metal acrylic prosthesis for 
anterior (p=.045) and posterior (p=.006) implants.  
Comparison of anterior and posterior implants is 
presented in the same table. Posterior implants 
showed significant higher bone resorption than 
anterior implants for metal ceramic group only after 
6 months (p= .002) and 12 months (p=.001). On the 
other hand, for metal acrylic group, no difference 
between anterior and posterior implants was noted 
after 6 and 12 months.    

Comparisons of horizontal bone resorption 
for anterior and posterior implants in both groups 
after 6 months and one year of prosthesis delivery 
are presented in table 2. After 6 months, metal 
ceramic prosthesis showed significant higher bone 
resorption than metal acrylic prosthesis for anterior 
(p=.047) and posterior (p=.006) implants. After 
12 months, no difference in bone loss between 
prostheses was noted for anterior and posterior 
implants.  Comparison of anterior and posterior 
implants is presented in the same table. Posterior 
implants showed significant higher bone resorption 
than anterior implants for metal ceramic group only 
after 6 months (p= .018) and 12 months (p=.047). 
On the other hand, for metal acrylic group, no 
difference between anterior and posterior implants 
was noted after 6 and 12 months.    

For both groups and implant positions, vertical 
(fig 7) and horizontal (fig 8) bone resorption at 
12 months significantly increased compared to  
6 months (p<.05). 
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TABLE (1) Vertical bone resorption (in mm) for anterior and posterior implants in both groups after 6 
months and one year of prosthesis delivery 

6 months after prosthesis insertion

Anterior implants Posterior implants Independent t-test P value

Metal ceramic Mean±SD .34±.09 .54±.25 .002*

Metal acrylic Mean±SD .28±.08 .35.18 .12

Independent t-test P value .022* .007*

One year after prosthesis insertion

Anterior implants Posterior implants Independent t-test P value

Metal ceramic Mean±SD .57±.09 .78±.26 .001*

Metal acrylic Mean±SD .51±.08 .58±.18 .13

Independent t-test P value .045* .006*

SD; standard deviation, * P is significant at 5%

TABLE (2) Horizontal bone resorption (in mm) for anterior and posterior implants in both groups after  
6 months and one year of prosthesis delivery 

6 months after prosthesis insertion

Anterior implants Posterior implants Independent t-test     (P value)

Metal ceramic Mean±SD .34±.12 .55±.37 .018*

Metal acrylic Mean±SD .26±.12 .27±.09 .64

Independent t-test P value .047* .006*

One year after prosthesis insertion

Anterior implants Posterior implants Independent t-test    (P value)

Metal ceramic Mean±SD .41±.13 .59±.38 .047*

Metal acrylic Mean±SD .53±.36 .55±.33 .86

Independent t-test P value .15 .75

SD; standard deviation, * P is significant at 5%

Fig. (7): Comparison of horizontal bone resorption between time intervals 
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DISCUSSION 

Cone beam computerized tomography (CBCT) 
was used for evaluation of marginal bone resorption 
as it provides information about bone loss on buccal 
and lingual aspects of the implants as well as mesial 
and distal aspects due to its three-dimensional nature. 
In contrast, Periapical radiograph are 2 dimensional 
only. Moreover, CBCT, can be used easily especially 
in cases with elevated floor of the mouth without 
causing patient discomfort as periapical radiographs 
do. CBCT also has no magnification or distortion 
as panoramic radiographs22, 23. The use of CBCT 
in measuring bone resorption around implants 
was recommended by other investigators21, 31 . The 
survival rate was 100% in both groups and no implant 
failures occurred. This was not surprising since the 
interforaminal area of the mandible usually had 
adequate bone quality and density and are considerd 
one of the most successful areas for implant 
placement in the edentulous jaws. Also the delayed 
laoding protocol used in this study caused adequate 
bone maturation and adequate osseointegration 
around the implants and contributed to the high 
survival rate. In addition the computer guided 
surgery used for implant installation ensure optimal 
implant position in relation to anatomical structures 
and occlusion.

For both groups, the vertical and horizontal 
bone resorption values ranged from .26mm to 

.78mm. These values showed minimal bone loss 
and are located within the normal range reported 
in the literature (1-1.2mm after one year)17. The 
reduced crestal bone resorption could be attributed 
to the flapless placement technique of the implants 
that causes minimal disruption to the periosteum, 
preserves peri- and endosteal blood supply, and 
preserves the bone height around the implants after 
surgery 32-34. Moreover, the splinting effect of the cast 
substructure in both groups may have distributed 
the load on the implants. Furthermore, the increased 
bone density of the basal bone in the interforaminal 
area may have played a role in increasing implant 
stability and anchor in bone. 

Vertical bone resorption has been usually 
evaluated in clinical studies to represent bone 
response to increased occlusal load. On the other 
hand, horizontal bone loss is used to represent 
bone response to peri-implant soft tissue inflamm-
ation20, 21. The metal ceramic prosthesis showed 
significantly higher vertical and horizontal bone 
resorption than metal acrylic prosthesis for anterior 
and posterior implants. The increased vertical bone 
loss with metal ceramic group may be attributed to 
the increased impact strength values of porcelain 
teeth compared to acrylic teeth which transfer more 
load to the implant during mastication. On the other 
hand the acrylic artificial teeth have a higher shock 
absorbability than porcelain teeth which reduce 
force transmission to the implants 35 and could be 

Fig. (8) Comparison of vertical bone resorption between time intervals 
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responsible for reduced vertical marginal bone loss 
in this group. In agreement with this explanation, 
other authors found that acrylic hybrid prosthesis 
reduced the impact force and dynamic occlusal 
loads, in addition to be highly esthetic restorations 
and less expensive to fabricate 11, 12. The increased 
horizontal bone loss with metal porcelain group 
may be due to difficulty of cleaning and performing 
adequate oral hygiene in this group. It should be 
noted that, in this study the acrylic resin was finished 
to the metal at the buccal and lingual surface of the 
prothesis and the tissue surface of the prosthesis was 
left as a polished metal with 1mm space for cleaning 
purposes. This may have helped the patients wearing 
metal acrylic prostheses to adequately clean them 
and perform good oral hygiene compared to metal 
porcelain prothesis which need total removal to 
clean the prothesis. Although not measured in this 
study, the lack of cleaning may lead to increased 
plaque accumulation, and increased mucosal 
inflammation 36, 37 which may have been responsible 
for the increased horizontal bone loss in the metal 
porcelain group. 

Posterior implants showed significantly higher 
bone resorption than anterior implants for metal 
ceramic group only and no differnece in anterior and 
posterior implants were noted for acrylic group. In 
line with this finding, Sadowsky & Caputo38 noted 
that cantilevered anchorage systems generated 
the highest stress to the ipsilateral distal implant 
when the denture is not adequately supported38. 
Excessive loads occur at the cantilever area when 
occlusal force is applied to the cantilevers 39. Also 
Padhye et al.40 showed that greatest amount of 
stress was seen around the distal-most region of 
the distal-most implant when implants were used to 
support cantilevered fixed restorations in mandible. 
They added that when extension of the cantilever 
extended beyond 15 mm, this led to a greater stress 
in the lingual cortical plate, which could eventually 
compromise the integrity of the implants. This is 
especially evident when porcelain teeth are used due 
to increased biting forces compared to acrylic teeth 

and increased impact forces of porcelain teeth as 
stated previously. On the other hand the dampening 
and shock absorption effect of acrylic teeth together 
with their reduced masticatory and biting force 
could be responsible for the lack of difference in 
bone loss between anterior and posterior implants 
in this group.       

Bone resorption progressed significantly with 
time in both groups. This may be due to bone 
remodeling which occurs after implant placement 
and bone response to healing combined with 
function stresses41. Over all the null hypothesis 
was denied as metal porcelain hybrid prosthesis 
was associated with significantly higher marginal 
bone resorption than metal acrylic prosthesis and 
especially the posterior implants may be at risk of 
increased bone loss by time. Therefore, long term 
randomized trials with sufficient sample size are still 
needed to verify bone resorption around implants 
in both types of prosthesis over a longer period of 
time. The limitations of this study included small 
sample size, the short evaluation period, and lack of 
evaluation of peri-implant soft tissues.   

CONCLUSION 

Within the limitations of this study, metal acrylic 
cantilevered prosthesis for screw retained hybrid 
restoration of edentulous atrophied mandible may 
be recommended than metal ceramic prosthesis as it 
was associated with reduced vertical and horizontal 
bone resorption around the implants (especially the 
posterior ones) after one year follow up period. 
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