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ABSTRACT

Purpose: This crossover study evaluated masticatory efficiency and masseter muscle activity 
of conventional dentures, implant-assisted overdentures, and fixed hybrid prostheses in patients 
with atrophied mandibles.

Materials and methods: Twenty edentulous patients with mandibular ridge atrophy received 
mandibular and maxillary conventional dentures (control, CD).  Following three months adaptation 
period, four parallel implants were installed in the interforaminal region. In a random method, bar 
overdentures (BOD) or fixed hybrid prosthesis (FHP) was constructed for each patient. Chewing 
efficiency (in terms of variance of the hue, VOH) was estimated utilizing chewing gum and 
ViewGum software program. EMG of masseter muscles (in terms of amplitude) was completed 
while clenching without food and clenching on soft and hard foods or without food. Measurements 
were performed three months after wearing the following prostheses: CD, BOD, and FHP.

Results: BOD and FHP recorded significantly lower VOH than conventional dentures.  
No difference was found in VOH between BOD and FHP. The BOD and FHP exhibited significantly 
higher amplitude than the CD group. No significant differences amplitude between BOD and FHP 
prostheses were noted for all clenchings. Clenching on the hard food achieved the highest amplitude 
and clenching with no foods achieved the lowest amplitude.

Conclusion: Within the scope of this trial, it could be concluded that both fixed hybrid prosthesis 
(FHP) and long bar overdentures (BOD) supported by 4 parallel interforaminal implants with distal 
cantilevers up to first molar teeth are recommended treatment modalities in patients with atrophied 
mandibular ridges as both improved chewing efficiency and EMG compared conventional denture.

KEYWORDS: electromyographic activity, chewing efficiency, atrophied mandible, hybrid 
prosthesis, implant overdentures. 
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INTRODUCTION 

Conventional dentures (CD) are associated with 
many problems in patients with severely resorbed 
mandibles due to an inadequate amount of reten-
tion and stability. Such problems include pain dur-
ing mastication, low food taste and texture percep-
tion, reduced masticatory ability to chewing healthy 
vegetables and fruits, generalized weakness, and 
reduction in social contact due to embarrassment 
of wearing dentures1. Oral function is improved 
when the mandibular prosthesis was stabilized by 
osseointegrated implants due to increased electri-
cal activity of the masseter muscles. Moreover, a 
regular chewing pattern, better mandibular border 
movements, reduction of pain during mastication 
improve usually improve patient satisfaction with 
implant-supported prosthesis compared with con-
ventional complete dentures 2-5 

Due to the atrophy of the alveolar ridge of the 
mandible, dental implantation without bone grafting 
or nerve lateralization surgery is possible only in the 
interforaminal segment6.  The insertion of the implants 
in the interforaminal region was associated with high 
success rate due to high bone density and location 
away from vital structures.7 One of the treatment op-
tions involves the placement of at least four implants in 
the interforaminal area parallel to each other to support 
fixed cantilevered screw-retained prosthesis or flanged 
implant-supported overdentures8. The concept of full-
arch fixed hybrid prostheses supported by four or five 
implants with bilateral distal cantilevers in the molar 
region has been advocated originally by Brånemark for 
the restoration of the chewing function in patients with 
atrophied mandibles9. The posterior teeth in the hybrid 
prosthesis is lesser than a conventional complete den-
ture and is retained by screws threaded into the implant 
abutments 10. The concept was modified in the last 2 
decades by using inclined posterior implants (to de-
crease the cantilever lengths) and immediate loading  
protocol6, 11.  A common design for implant-sup-
ported overdentures is to splint the interforaminal  

implants by bar attachments with cantilevered bar 
segments to provide adequate support, retention, and 
stability and to minimize mucosal loading during  
mastication 12. These overdentures are totally implant-
supported and have clinical merits of the fixed prosthe-
sis with the advantages of removable dentures8

The choice of implant-supported overdentures 
or fixed prostheses may be made according to 
several factors as; distribution and number of im-
plants, configuration and morphology of residual 
ridge, hygiene protocol, cost, patient expectations, 
and esthetic result.13 Fixed prostheses are preferred 
when alveolar bone and soft tissue are not affect-
ed and the implants have adequate numbers and 
position. However, such restoration may be lim-
ited by increased cost and difficulty of managing 
prosthetic complications compared to removable  
overdentures 14. The implant-supported overden-
tures are preferred in patients with mandibular bone 
atrophy to improve speech, enhance appearance by 
restoring lip support, reducing the length of crowns, 
and managing unfavorable jaw relationship15. 
Moreover, overdentures are cost-effective and can 
be removed at night to avoid bruxism16. Further-
more, prosthetic complications are easy to manage 
by adjusting or replacing retentive components 17. 

Reviewing the literature, some authors found no 
difference in patient satisfaction between implant-
supported overdentures and screw-retained fixed 
prosthesis18,19. Other studies noted that patient satis-
faction was improved with screw-retained fixed pros-
thesis.20,21 Several studies reported improvement of 
EMG activity of muscles of mastication and chew-
ing efficiency with the complete implant-supported 
prosthesis in comparison to conventional complete 
denture22,23. Also, the effect of overdenture anchor 
type on EMG activity and chewing efficiency was 
investigated in other studies24,25. Elsyad et al. 25 found 
that four implants distributed in the canine and first 
molar region and connected with bar attachments 
showed improved EMG activity and masticatory 



IMPLANT-SUPPORTED OVERDENTURES VS  FIXED HYBRID PROSTHESES (709)

efficiency than two-implant overdentures25. Unfor-
tunately, studies comparing conventional dentures, 
and 4-implant supported fixed and removable pros-
thesis using cross-over study design are still scarce. 
Only one study26 compared EMG muscle activity  
between the fixed prosthesis and long bar overden-
tures during chewing different types of food tex-
tures on five inter-foraminal implants26. The authors 
found that long-bar overdentures were efficient as 
the fixed prosthesis. This investigation aimed to 
evaluate, within-patient, the masticatory efficiency 
and masseter muscle EMG activity of conventional 
dentures (CD), implant-assisted bar overdentures 
(BOD), and fixed hybrid prostheses (FHP) in sub-
jects with resorbed mandibles. 

MATERIAL AND METHODS

Participant selection and study design

This prospective cross-over study was conduct-
ed on 20 edentulous patients (10 men /10 women, 
ages ranged between 45 and 65 years) who had 
persistent mandibular denture problems due to 
atrophy of mandibular ridges. All patients were 
recruited from the outpatient clinic of the Prosth-
odontic Department, Faculty of Dentistry, Man-
soura University, Egypt. In this study, the sample 
size was selected according to the clinical findings 
in another crossover studies25, 27 in which reported a 
significant difference in masticatory efficiency and 
masseter EMG activity between several types of 
mandibular prostheses. Sample size calculation was 
not conducted. All included patients had the follow-
ing criteria; 1) Discomfort due to the looseness of 
mandibular dentures, 2) mandibular bone atrophy 
with adequate bone quantity to install implants with 
minimum 3.75 mm in diameter and 11 mm in length 
(class IV-VI according to Cawood, and Howell28 as 
verified by preoperative panoramic and cone-beam 
CT radiographs), 3) good bone quality (classes I-
III according to Lekholm and Zarb 29). The patients 
were rejected if they had; 1) systemic diseases that  

preclude implant surgery, 2) previous head and neck 
radiotherapy, 3) heavy smoking habit (>10 cigarettes 
per day). Each participant received the following 
mandibular prostheses; conventional denture (CD), 
implant-supported overdentures with cantilevered 
bar attachment (BOD), and fixed cantilevered hy-
brid prosthesis (FHP).  The patients signed consents 
that include all the steps of the study and the neces-
sity for periodic recall visits throughout the whole 
research duration. The protocol was approved by 
the ethical committee of the Faculty. 

Surgical and prosthetic procedures

New dentures fabricated with the balanced 
occlusal scheme using semi-anatomic acrylic teeth 
were delivered to all participants. The participants 
were instructed to use the dentures for three months 
before implant placement to promote satisfactory 
neuromuscular control. Then chewing efficiency and 
EMG were estimated for the conventional complete 
denture (CD group). The mandibular denture was 
duplicated using clear heat-cured acrylic resin 
to be used as a radiographic template after the 
addition of radiopaque gutta-percha markers in 
the proposed implant positions (lateral incisor and 
first premolar areas). All participants administrated 
prophylactic antibiotics one day before implant 
placement and continued 7 days after surgery. 
Participants were asked to rinse their mouth with 
chlorhexidine mouthwash just before surgery and 7 
days after surgery. Four parallel implants (TioLogic, 
Dentaurum) were inserted in the inter-foraminal 
area using the conventional submerged surgical 
approach and conventional loading protocol. 
Implants were installed by the same surgeon with 
a minimum torque of 35 Ncm to give high initial 
stability. Relief was done in the  mandibular denture 
over the implants and tissue conditioner (Visco-gel; 
DENTSPLY, Weybridge, UK) was used as a relining 
material. Following osseointegration duration, an 
open tray fixture level impression technique was 
performed using long transfer copings after splinting 
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the copings with wire and auto polymerized resin 
(Duralay, Reliance Dental, Alsip, USA) to avoid 
movement during impression removal. The implant 
analogs were connected to the copings and the 
impression was poured.

To eliminate the effect of the order of implant-
supported restoration on measurements, the patients 
were divided into 2 sets using randomly generated 
numbers created in an Excel spreadsheet. The first 
set included 10 patients (5 males and 5 females) 
who received BOD first, then after 3 months of 
adaptation, chewing efficiency and EMG activity 
were measured. One month washout period to 
eliminate carryover effects was planned during 
which BOD was removed, healing abutments were 
connected and CD was relined. FHP was delivered 
to the patients and after 3 months of adaptation, 
the measurements were repeated. The second set 
included 10 patients (5 males and 5 females) who 

received FHP first, then after 3 months of adaptation, 
masticatory efficiency and muscle activity were 
measured. After the washout period, BOD was 
delivered to the patients and after 3 months of 
adaptation, the measurements were repeated. 

For BOD prosthesis, plastic caps were screwed 
to bar abutments. Dolder bar joint plastic pattern 
(Dolder bar joint, Dentaurum) was lute to the caps 
with about 12mm distal cantilevers to reach the 
area of mandibular first molars30,31. A 1-1.5 mm 
clearance space was kept between the ridge and the 
bar for cleaning. The plastic bar was cast into cobalt-
chromium and and tried intraorally using Sheffield 
single screw test to check passivity (fig 1,a). 
Titanium Dolder bar clips were fastened over the 
bar before processing of acrylic resin (fig 1 b& c). 
For fixed hybrid prosthesis (FHP), the participants 
received screw-retained PFM (Porcelain Fused to 
Metal) cantilevered prosthesis that replaces both 

Fig. (1). Bar overdenture group (BOD); a) Intraoral 
view of the cantileverd bar, b) fitting 
surface of the overdentures with titanium 
clips; c) The overdenture seated on the bar 
in patient mouth.
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Fig. (2). Fixed hybrid group (FHP), a) try in of the metal framework in patient mouth, b) occlusal view of the fixed prostheis

gingival tissues with pink porcelain and missing 
teeth up to the first molar areas with 12mm 
distal cantilevers30,31. Four multiunit abutments 
(Dentaurum) were screwed to the implant analogs. 
A digital model was made by scanning the master 
cast using a 3D scanner (Amann Girrbach AG. 
Koblach). The final prosthesis framework was 
planned virtually utilizing its software, printed using 
prototyping technology, and tried in intraorally 
for passivity using the single screw test. The resin 
framework was cast using cobalt-chromium alloy 
(BEGO Bremer) (fig 2,a). Opaque layer was added 
over the metal framework then the porcelain powder 
with different shades including the gingival tissues 
(IVOCLAR CLASSIC, Vivadent AG, FL-9494 
Schaan, Liechtenstein) were mixed with modeling 
liquid and added layer by layer to contour the teeth 
and gingiva then finally fired, and glazed (fig 2,b). 
The screw channels were closed using composite 
resin to prevent food ingress.

Assessment of chewing efficiency

The chewing efficiency was evaluated by a two-
color mixing ability test following the technique 
illustrated by Schimmel et al.32 utilizing Vivident 
Fruitswing chewing gum. Five gums samples 
prepared from two colored gums “Karpuz/Asai 
Üzümü” (gum3, Perfetti van Melle, Turkey): one 
with green color and the other with violet color 

were used in the chewing efficiency test. Patients 
were instructed to chew each sample (the violet 
side facing the palate) on their favored chewing 
side for 20 cycles. After chewing, the samples 
were prepared and labeled with random numbers 
(fig. 3). Both sides of the samples were scanned. 
The compound images were then evaluated with 
ViewGum software (dHAL Software, Greece). The 
software semiautomatically calibrate the hue value 
for each pixel after segmenting the image. Chewing 
efficiency was calculated using the variance of the 
hue (VOH) for each sample and the mean VOH for 
the 5 samples was subjected to statistical analysis.  
Good chewing efficiency produces more color 
mixing and less (VOH) which is considered as the 
scale of mixing 33. 

Evaluation of EMG activity of masseter muscle  

During EMG evaluation of the masseter 
muscles, the patients were instructed to set in an 
office-type chair with their head unsupported, arms 
beside the body, and hands on top of the thighs and 
maintain a naturally erect position. Two surface 
electrodes (away from each other by15 mm) were 
fixed to parallel to the fibers of the superficial belly 
of the masseter muscle with adhesive tape (fig 4 
a&b).The electrodes were connected to an EMG 
device (Nihon Kohden Corp, auto MUP detection, 
auto turns/amp analysis, and 2/4 channel compact  
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low-noise amplifier). The assessment was made 
while maximum voluntary clenching (MVC) 
without food, clenching on hard food (carrot), 
and clenching on soft food (cake) to determine 
the effect of the existence of food and food type 
on EMG of masseter muscles. For each situation, 

the amplitude (EMG in µVolt) of the left and right 
masseter muscles (EMG) were measured. EMG 
signals were recorded during clenching (with or 
without food) for 5 sec (fig 4, c). Testing for each 
type of food was separated by a 2-minutes resting 
period to avoid muscle fatigue. For each food type, 
the measurements of the right and left sides were 
averaged as no significant difference between both 
sides was noted. Each test was repeated five times 
and the mean was used in statistical analysis.  

Chewing efficiency and EMG activity were 
evaluated for each prosthesis by one calibrated 
examiner who could not be blinded to treatment 
groups. To assess the repeatability of measurements, 
the participants were recalled on a different day to 
repeat the masticatory efficiency and EMG activity 
tests25

Fig 3. Chewed gum sample

Fig. (4): Evaluation of EMG activity of masseter muscle  

a) The illustration demonstrates the position of surface 
electrodes. (A) Active electrodes, (R) Reference 
electrode.

b)  Two surface electrodes were fixed to parallel to the 
fibers of the superficial belly of the masseter muscle 
with adhesive tape. The electrodes were connected 
to an EMG device. 

c)  An example of an EMG signal for left masseter.
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Statistical analysis 

The data were analyzed using SPSS software 
version 22 (SPSS Inc., Chicago, IL, USA). Intra-
examiner reliability was tested using the α-Cronbach 
test. The Kruskal–Wallis test was used to compare 
VOH and amplitude (µVolt)  values between 
different prostheses, Afterwards Dunn post hoc 
tests were used for comparisons between every 2 
prostheses. To compare clenching situations for each 
prosthesis, the Freidman test was used, followed by 
Wilcoxon’s test for pairwise comparisons. The level 
of significance was adjusted at p<.05.

RESULTS

Chewing efficiency

The VOH data was reliable between 
measurements of the same examiner (correlation 
coefficient >.80). The mean VOH of CD, BOD, 
and FHP with 20 chewing strokes are presented in 
Table 1. A difference was observed in VOH among 
the three restorations (p= 0.001). The CD exhibited 
the highest mean VOH value, then BOD, and the 
FHP revealed the lowest mean VOH value. Implant-
supported prosthesis (BOD and FHP) recorded 
significantly lower VOH than conventional complete 

denture (CD). VOH did not differ significantly 
between BOD and FHP. 

Electromyographic activity

The masseter muscle EMG for all tested 
restorations while clenching with and without foods 
are presented in Table 2. The FHP demonestrated 
the highest amplitude, then BOD, and the CD 
displayed the lowest amplitude. There was a 
significant difference between the three prostheses 
during clenching without food (p= .001), clenching 
soft food (p= .008), and clenching hard food (p= 
.007). The BOD and FHP exhibited significantly 
higher amplitude than the CD group. No significant 
differences in EMG (amplitude) were noted 
between BOD and FHP prostheses for all clenching 
situations. 

For all restorations, a significant difference 
between clenching situations (without food, with 
hard food, and with soft food) was found (P =.001 
for CD, P = .036 for BOD, P = .009 for FHP). 
Clenching hard food displayed the highest EMG 
(amplitude) and clenching with no food showed the 
lowest. Pairwise comparisons exhibited a significant 
difference in EMG between each 2 clenching 
situations (p<.05).

TABLE (1) Comparison of chewing efficiency (VOH) between different prostheses after 20 chewing strokes

CD n=10 BOD  n=10 FHP  n=10
Dunn tests

P1 P2 P3

X ±SD 0.5322 ±0.0021 0.3746 ±0.0040 0.3685 ±0.0026

0.001* 0.001* 0.079Median 0.5320 0.3750 0.3699

Min-Max 0.5299- 5351 0.3699-  0.3790 0.3646-  0.3711

Kruskal–Wallis test .001*

X: mean, SD; standard deviation,  P; is significant at 5%  
P1: significance between CD & BOD
P2: significance between CD & FHP
P3: significance between BOD & FHP
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DISCUSSION

A self-controlled crossover study design was 
used as it allows within-patient comparison on a 
small sample of participants25. This design decreases 
the individual variation between patients (ie age, 
gender, muscle power, anatomical conditions 
of the jaws, and occlusion) than parallel-group 
studies when different treatment modalities are 
evaluated. Consequently, chewing efficiency and 
EMG measurements becomes more accurate and 
reliable.25,27 Optoelectronic colorimetric assessment 
was used for evaluation of chewing efficiency as 
it is considered as an accurate, discriminatory, and 
easy using tool especially after the introduction of 
ViewGum® software that facilitates semi-automatic 

visualization and calibration of the degree of color 
mixing between two different colored chewing 
gum specimens. Twenty chewing cycles were 
standardized for all groups as this number was 
considered enough for testing the mixing ability 
as recommended in other studies32,34 in which 
the authors found that 20 cycles are the most 
representative number of object mixing ability.  
Surface electromyography was used for masseter 
muscle activity as it is a widely accepted, safe, easy, 
non-invasive method in objective evaluation and 
quantification of the muscle energy in relation to 
various implant-supported prostheses 4, 35, 36. In order 
to obtain accurate and consistent results during 
EMG measurements, the surface electrodes were 
positioned parallel to fibers of masseter muscle to 

TABLE (2) Comparison of average EMG activity (lVolt) of masseter muscles between different prostheses 
with different types of food.

Clenching without food Clenching on soft food Clenching on hard food Freidman test

C
D

X±SD 81.8 ± 3.5a 101.5±7.1b 121.7 ± 7.8c

0.001*Median 82 101.3 123

Min–Max 77–88 90–111 112–135

BO
D

X±SD 125 ±8.3a 152.0 ±11.3b 181.0 ±11.2c

0.036*Median 126 141 181

Min–Max 120–149 135–163 161–201

FH
P

X±SD 132.6±10.3a 164.0 ±12.8b 190.0± 13.4c

0.009*Median 132 155 190

Min–Max 119–148 149–176 170–211

Kruskal–Wallis test P = 0.001* P = 0.008* P = 0.007*

Dunn test
P1= .002*
P2= .001*
P3= .083

P1 =.004*
P2=.002*
P3= .12

P1= .005
P2=.001*
P3=.14

X: mean SD: standard deviation P:Probability*:significance <0.05 

Different letters in the same raw showed a significant difference between each 2 clenching conditions 

P1: significance between CD & BOD.

P2: significance between CD & FHP.

P3: significance between BOD & FHP.



IMPLANT-SUPPORTED OVERDENTURES VS  FIXED HYBRID PROSTHESES (715)

allow receiving high and pure referenced electric 
activity. 36

The chewing efficiency of implant-supported 
prostheses (BOD and FHP) was significantly higher 
than CD. This may be related to the increased 
retention, stability, and support gained from implants 
which improved chewing efficiency and ability to 
mix the two colors of testing gums for each patient. 
The same observation was also noted in other  
studies 25, 27,37. The increased chewing efficiency with 
FHP and BOD compared to CD was in line with 
Muller et al.38 who found that chewing efficiency 
with both implant-supported fixed prosthesis and 
implant overdentures was better than complete 
dentures but not as good as the dentate group

On the other hand, the reduced chewing 
efficiency with CD may be attributed to the pain 
that might occur during chewing and biting as a 
result of shifting and movement of the denture base. 
This movement caused increased pressure on the 
mucosa, especially with increased residual alveolar 
ridge resorption.27 The increased chewing efficiency 
with FHP than BOD, although not significant, may 
reflect the increased stability and retention obtained 
from screw-retained fixed prosthesis compared to 
bar attachments which in turn improves the muscle 
activity4,24, increase bite forces39,40 and raise the 
capability of food comminution during mastication. 
This explanation concurs with the finding of Castillo-
Oyague et al20 who found that fixed prostheses were 
associated with improved Oral Health-Related 
Quality of Life regarding pain and chewing ability 
compared with implant overdentures.  The lack 
of significant difference in chewing efficiency 
between FHP and BOD was in agreement with 
the findings of Fein et al. 26 who compared the 
masticatory function of fixed complete dentures and 
long bar implant overdentures on 5 or 6 implants 
by tracing mandibular movements during chewing 
of standardized test foods. They concluded that 
long-bar overdentures appear to be no less efficient 
than the fixed prosthesis in contrary to what was 
expected. 

In this study, implant-supported FHP and BOD 
showed a significant EMG masseter muscle activity 
over CD. This was in agreement with the findings 
reported Jacobs & van Steenberghe (1993)41 found 
that muscle activity of two implants-bar overdentures 
and the implant-supported fixed prosthesis was 
higher than with CD group. They attributed the 
increased muscle activity to the increased support 
and stability of the implant-supported prosthesis 
that reestablished the muscle function. Similarly, 
de Rossi et al.42 found that All-on-Four maxillary 
and mandibular fixed prostheses and fully dentate 
patients had a similar EMG activity of masseter 
than temporalis muscles, which was significantly 
higher than patients wearing conventional dentures. 

The increased muscle activity FHP and BOD 
compared to CD may be attributed to the presence 
of osseoperception in patients with implant pros-
thesis43 which improves tactile and stereognosis 
ability, and enhances masticatory function 44. Also, 
the implants had a significant positive effect of im-
plant treatment on maximum bite force, masticatory 
activity, and individual satisfaction compared to  
CD 45. The improvement of muscle activity of im-
plant-supported prosthesis may be due to enhance-
ment of support, retention, and stability of the 
prostheses, creation of stable occlusal plane, im-
provement of oral perception, and increased patient 
comfort during chewing compared to conventional 
denture 46,47. The reduced muscle activity with the 
conventional denture may be due to weakening of 
masticatory muscles results from chronic under-use 
of such muscles due to dentures instability 48.

In our study, no significant difference in masseter 
muscle activity between  FHP or BOD was found. 
This observation was in agreement with the study of 
Jacobs & van Steenberghe49  who found no significant 
difference in muscle activity of patients rehabilitated 
by means of overdenture (on two or four implants 
connected by a bar) or patients rehabilitated with 
an implant-supported fixed prosthesis on four to 
six implants in either the maxilla or the mandible. 
Similarly, several studies42,50-52 compared 2-implant 
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overdentures or 4-implant supported fixed prosthesis 
to dentate control subjects. The results revealed 
a general increase in the EMG-parameters that 
approached the values for normal dentate subjects 
and maintained this level over a long period.

The EMG activity of the masseter muscle was 
increased during clenching on food (either soft or 
hard) compared to clenching without food. This 
may be attributed to the need for more muscle 
energy to cut and grind foods. The increased muscle 
activity when clenching hard food compared to 
soft food was in line with several studies26, 53, 54 
who showed a significant increase of EMG activity 
with an increase in food hardness. This may be 
attributed to the modulation of the contraction 
mechanisms through information from intra-oral 
receptors. The reduction of tactile sensation or 
proprioception feedback due to loss of periodontal 
ligament related to teeth extraction in total implant-
supported prostheses may play a role in sensing 
and controlling the maximum biting force exerted 
on hard food objects and in turn increased muscle 
activity measured by EMG. 2, 25 

We should acknowledge the small sample size 
and short-term follow-up as a limitation in this 
study. Therefore, a platform for future clinical re-
search with larger cohorts and long-term follow-up 
is recommended to assess the EMG and masticatory 
function of various implant-supported prostheses 
particularly in patients with highly resorbed man-
dibular ridges.

CONCLUSION

Within the limitations of this study, it could be 
concluded that both fixed hybrid prosthesis (FHP) 
and long bar overdentures (BOD) supported by 4 
parallel interforaminal implants with distal cantile-
vers up to first molar teeth are recommended treat-
ment modalities in patients with atrophied mandib-
ular ridges as both improved chewing efficiency and 
EMG compared conventional denture.
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