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INTRODUCTION 

Loss of teeth leads to resorption of the surrounding 
alveolar bone thus the outcomes of conventional 
prosthetic therapy in completely edentulous patients 
are usually compromised. The drawbacks that occur 
with conventional complete dentures lead to the 
development of implant overdentures. Implant 
overdentures reduce bone resorption, have improved 
retention and stability and possess a better chewing 

function, thus improving patients’ satisfaction and 
quality of life. (1,2)

 Osseointegration is defined as “a direct structur-
al and functional connection between ordered living 
bone and the surface of a load-carrying implant.” (3) 
It is a prerequisite for successful implant treatment. 
It is achieved when the healing process occurs with-
out micromotion at the implant-bone interface. (4)
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ABSTRACT

Objectives: This study was conducted to evaluate the effect of implant diameter and bone 
density on the stability of implants in implant retained overdentures.

Materials and methods: Totally, twenty-one patients with entirely edentulous upper and lower 
arches were randomly assigned into three groups (Group I, II, II). Group (I): patients are exhibiting 
type I (D1) bone density. Group (II): patients are exhibiting type II (D2) bone density. Group (III): 
patients are exhibiting type III (D3) bone density. In each patient, two implants with different 
diameters (3.5mm and 4 mm)were placed in the intra-foraminal region. Each patient received 
maxillary conventional complete denture and mandibular implant retained overdenture.Implant 
stability was measured at implant insertion and after three months.

Results:  No statistically significant differences were detected regarding implant stability 
between groups with different bone densities and different diameters. Although there was an 
increase in implant stability after three months,  differences between groups were statistically non-
significant.

Conclusion: Within the limitations of this study, it was concluded that different implant 
diameters and bone densities don’t have a significant influence on implant stability. 
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Implant stability measures the anchorage of 
implants to the alveolar bone. It has two different 
stages: primary and secondary stability. It affects 
the process of osseointegration, the mode of 
implant loading, and, the success of dental implants. 
Therefore, improved initial stability and stress-free 
healing periods were considered as two prerequisites 
for successful clinical outcomes. (4)

Primary stability is defined as “the capacity of 
the implant to withstand loading in axial, lateral and 
rotational directions.” It is related to the mechanical 
engagement of the implant with the surrounding bone 
at insertion, bone quality, and the drilling protocol. 
Initial implant stability is critical to the success 
of the implants. Micro-motions with a threshold 
higher than 50 to 100 μm may lead to the formation 
of fibrous tissue at the bone-implant interface.  At 
the time of implant insertion, assessment of primary 
stability may act as a guide for selecting the loading 
protocol: immediate, early or delayed. (4)

Secondary stability refers to the increase in 
implant stability due to regeneration and remodeling 
of the bone at the bone-implant interface. Adequate 
primary stability is a prerequisite for achieving 
secondary stability. (5)

Factors affecting implant stability were divided 
into two categories: factors affecting primary 
stability and those affecting secondary stability. 
Factors affecting primary stability include bone 
morphology (bone quality and quantity), implant 
geometry (length and diameter of the implant), the 
surgical technique, and the direction of measurement 
of implant stability. On the other hand, factors 
that affect secondary stability include primary 
stability, bone remodeling, and implant surface 
characteristics. (6-8)

The amount and density of the available 
bone in the edentulous arches are the primary 
determining factors in predicting implant success. 
The osseointegration process is affected by different 
levels of bone cellularity and vascularity at the site 

of implantation. A healthy bone bed, as well as 
minimal surgical trauma, contribute to the bone 
healing response. (9)

Misch (10)  classified the bone according to its 
density, based on macroscopic characteristics, into 
four divisions. They range from the densest D1 
(Dense cortical bone) to the least dense D4 (fine 
trabecular bone). D1is usually found in the anterior 
part of the mandible, D2 (Dense to the thick cortical 
bone and coarse trabecular bone) is usually found in 
the mandible and the anterior part of the maxilla. D3 
(Thinner porous cortical bone and fine trabecular 
bone) is found in the maxilla and the posterior part 
of the mandible while D4 might be found in the 
posterior part of the maxilla. A very soft bone with 
incomplete mineralization could be classified as D5, 
which is usually an immature bone. The bone density 
is usually determined by the location, radiographic 
evaluation or tactile sense during surgery. 

Several studies revealed a higher survival rate 
for implants placed in the mandible, particularly 
in the anterior region. On the other hand, a lower 
survival rate of the implants placed in the maxilla 
was reported. The lower success rate in low-density 
bone may be due to the reduced biomechanical 
anchorage of the implants in trabecular bone. 
Thus, the survival rates of the implants are related 
to the bone conditions surrounding the implants. 
Therefore, the volume and quality of the bone 
are important factors for the success of dental  
implants. (11,12,13)

Studies were done to determine factors improving 
implant stability. The osteotome technique for bone 
condensation was developed to achieve improved 
primary stability. The objective of this procedure is 
to compress the bone laterally and axially to create 
a precisely formed implant site without any bone 
loss. Moreover, it was reported that an implant of 
increased width might increase primary stability. It 
was found that implant diameter has a better effect 
than implant length in the distribution of loads to the 
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surrounding bone. The use of wider implants allows 
the engagement of a maximal amount of bone. (14,15)  
It was proved that more bone contact provides 
increased initial stability and resistance to  
stresses. (16) Thus this study was conducted to evaluate 
the effect of different implant diameters placed in 
different bone densities on the stability of implants 
in implant retained mandibular overdentures.

MATERIALS AND METHODS

Eighteen patients were selected from the 
outpatient clinic of the Prosthodontic Department, 
Faculty of Dentistry, Ain Shams University 
to participate in this study. Inclusion criteria: 
completely edentulous arches with residual ridges 
of adequate height and width covered by firm, dense 
fibrous mucoperiosteum, free of any pathological 
signs, bony undercuts or neoplastic lesions and 
with normal maxillo-mandibular  Angle’s class I  
skeletal relationship. Exclusion criteria: patients 
with inadequate inter-arch space, neuromuscular 
disorders, parafunctional habits, systemic diseases 
that affect healing and smokers.

All participants were informed in details about 
the nature of the investigation, the purpose of 
the study and signed an informed consent form. 
Computed Tomographic x-ray (CT) was made for 
all patients with the radiographic stent to determine 
the bone density at the proposed implant sites (with 
the aid of the imaged guttapercha). The average 
CT values of the bone surrounding the simulated 
implants were calculated by the software through 
calculating the Hounsfield unit (HU).(Fig.1)

All the selected patients were rehabilitated with 
mucosa supported maxillary complete dentures and 
implant retained mandibular overdentures which 
were constructed following the basic principles. Two 
implants with different diameters were installed at 
the inter-foraminal region. Patients were classified 
into three groups according to the bone density at 
the site of implant placement.

Group I: Six patients exhibiting type I (D1) bone 
density (HU ranged from 1255-1350).

Group II: Six patients exhibiting type II (D2) 
bone density (HU) ranged from (750-900).

Group III: Six patients exhibiting type III (D3) 
bone density (HU) ranged from (568-720).  

The radiographic stent was modified to act as a 
surgical stent. Holes were made in the position of 
the proposed implants to guide their insertion in the 
canine region. Two tapered threaded (two pieces) 
implants (INNO Internal implant, Cowellmedi Co., 
Ltd.) 3.5 and 4 mm in diameter and 10 mm in length 
were used.

The patient was anesthetized, and a mid-crestal 
incision was made using no.15 blade which extended 
(1-1.5cm), beyond the proposed area for the 
implants, mesially and distally. The mucoperiosteal 
flap was elevated, and the bone site was marked, 
using the surgical stent, and prepared following 
the drill sequence recommended by the implant 
manufacturer. The implants were manually threaded 
in the osteotomy site using the implant mount in a 
clockwise direction submerging the apical third; 
then the ratchet wrench was used to complete the 
implant insertion until the cervical part was nearly 
flushed with the crestal bone. (Fig.2)

Fig. (1) C.T. used to calculate Housefield unit at the implant 
site.
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Measurement of the implant stability

After the implants were installed, the initial 
implant stability was measured using the ‘Osstell’ 
ISQ device. This device measures the implant 
stability through a resonance frequency analyzer 
and a transducer (magnetic peg). The smart peg 
(transducer) is a metallic rod with a magnet on top 
that is screwed onto an implant or an abutment by 
a smart peg holder. The magnet is activated by a 
magnetic pulse from the wireless probe. After 
excitation, the peg vibrates freely, and the magnet 
induces an electric voltage in the probe coil. This 
voltage is the measurement signal sampled by the 
resonance frequency analyzer (RFA). The results of 
the resonance frequency analyzer are expressed as 
an implant stability quotient (ISQ) on a scale from 
1 to 100, which represents a standardized unit of 
stability.

The smart pegs (transducers) were selected 
according to the reference guide available from 
OSSTELL, as each implant system has its 
compatible smart peg. The magnetic pegs were 
fully screwed to the implants using the peg holder, 
and the ‘electric probe’ was approximated on top of 
the magnetic peg, till a reading was obtained, which 
indicates implant stability quotient (ISQ). After all, 
readings were recorded for all implants, the pegs 
were removed using the peg holder. Then the cover 
screws of the implants were screwed in position. 
After that, the flap was replaced and carefully 
adapted over the cover screw and sutured.

The patients were recalled after three months 
for measuring the implant stability before loading. 

The surgical stent was used to mark the implant site, 
and a lancet was used to expose the implants, then 
the cover screws were removed from the patient’s 
mouth. The smart pegs were screwed again to the 
implants and recordings were made. (Fig. 3)

Ball abutments with suitable heights were 
selected and seated with the ball wrench. The 
metal housings with the O-rings were placed and 
accurately fitted to the metal balls of the abutments. 
Relief of the fitting surface of the lower denture was 
done opposite to the ball abutments of the implants. 
An elastomeric shim (spacer) was placed at the 
cervical half of the balls to block out undercuts, and 
the self-cured acrylic resin was used for denture 
pick up. The denture was then returned to patient’s 
mouth to ensure complete seating, and any necessary 
adjustments were carried out to eliminate occlusal 
interferences.

Statistical analysis

Data were explored for normality by checking 
the data distribution, calculating the mean and 
median values and using Kolmogorov-Smirnov 
and Shapiro-Wilk tests. Data showed normal 
distribution. 

Data were presented by mean and standard 
deviation (SD) values. Mixed ANOVA was used 
to assess the effect of implant diameter and bone 
density  over implant stability.The significance level 
was set at P ≤ 0.05. 

Fig. (2) Insertion of the implants in the canine region.

Fig. (3) Measurement of implant stability at loading. 
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Statistical analysis was performed with IBM® 
SPSS® Statistics Version 20 for Windows.

RESULTS

Comparison between the three groups at  
insertion:

TABLE (1): The mean, standard deviation (SD) 
values and p values of stability of narrow 
and wide implants in D1, D2, and D3 bone 
at implant insertion.

Insertion
Narrow Wide

P 
valueMean

Std. 
Deviation

Mean
Std. 

Deviation
D1 67.67 5.96 68.83 4.92 0.67
D2 64.83 3.06 68.5 2.95 0.186
D3 67.5 3.95 68.83 6.24 0.626

P value 0.25 0.925

At implant insertion, wide diameter implants 
showed higher implant stability (ISQ value) 
compared to narrow diameter implants, however, 
ANOVA test showed no statistically significant 
difference between the studied groups. 

Regarding narrow implant diameter, D2 bone 
density showed the lowest value compared to D1 

and D3, however, differences were statistically 
non-significant. Moreoever, different bone densities  
showed statistically non-significant difference with 
wide diameter implants. 

TABLE (2): The mean, standard deviation (SD) 
values and p values of stability of narrow 
and wide implants in D1, D2, and D3 bone 
at implant loading.

Loading  Narrow Wide P value
Mean Std. 

Deviation
Mean Std. 

Deviation
D1 74.17 6.91 74.17 5.03 1
D2 69.33 3.1 75.33 3.08 0.51
D3 72.83 4.62 73.5 4.64 0.809

P value 0.662 0.178

At implant loading, there were similar results 
as there was no significant difference between 
narrow and wide diameter implants and there was 
no significant difference between different bone 
densities. 

Although implant stability increased at the time 
of loading compared to stability at all subgroups 
however difference was statistically nonsignificant. 
Fig(4)

TABLE (3): The mean, standard deviation (SD) values and p values of stability of narrow and wide implants 
in D1, D2, and D3 bone at implant insertion and at loading.

Insertion Loading P value

Mean Std. Deviation Mean Std. Deviation

Narrow D1 67.67 5.96 74.17 6.91 0.084

D2 64.83 3.06 69.33 3.1 0.976

D3 67.5 3.95 72.83 4.62 0.772

Wide D1 68.83 4.92 74.17 5.03 0.893

D2 68.5 2.95 75.33 3.08 0.555

D3 68.83 6.24 73.5 4.64 0.92
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DISCUSSION

This study was conducted to evaluate the effect 
of using implants of different diameters in different 
bone densities on implant stability. Primary stability 
of implants mainly depends on bone-to-implant 
contact area. The bone quality and implant length 
and diameter have been assumed to be influential 
on the bone-to-implant contact and consequently on 
implant primary stability. (17)

It has been reported that implants with better 
initial stability have higher secondary stability 
and require reduced healing periods than those 
with lower initial stability. The measurement of 
secondary stability will indicate the success of 
healing. (18)

Studies revealed that CT is an objective and 
reliable tool for the assessment of the bone density 
of patients requiring implant therapy. Bone density 
at the implant sites is determined by computer 
tomographic data using implant planning software 
which can calculate Hounsfield units (HU). The 
Hounsfield unit (HU) is a quantitative assessment 
of bone density measured by its ability to attenuate 
an x-ray beam. (19,20,21)

The resonance frequency analysis provides an 
objective measurement of implant stability which 

is measured by an implant stability quotient (ISQ) 
given by the Osstell. The implant stability quotient 
(ISQ) ranges from 1 to100, where values less than 
45 indicate failure of the implant, whereas values of 
about 60 to 70 indicate implant success. (22)

 According to Misch, the capacity of bone to 
withstand physiologic loads differs according to the 
bone quality, with the highest strength for D1 bone 
and the lowest strength with D4 bone quality. (10) This 
coincides with the results of this study where there 
was a relation between primary stability and bone 
density. Although the primary stability was higher 
in high bone quality (D1) compared to lower bone 
quality (D2, D3) yet this difference was statistically 
insignificant. This difference may be attributed to 
the functional surface area between the implant 
and the bone, in addition to the higher mechanical 
tolerance of D1 bone to functional load.  

A study stated that the presence of cortical bone, 
which is 10 to 200 times more rigid than cancel-
lous bone, can be the cause of high primary stabil-
ity in high bone quality. (23) Furthermore, another 
study found that implant stability values increase 
predominantly in loose trabecular bone during os-
seointegration, while in compact bone, the implants 
had higher stability values due to better primary me-

Fig. (4) Stability values of narrow and wide implants in D1, D2, and D3 bone at insertion and loading.
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chanical stability. Thus cortical thickness is impor-
tant for primary implant stability. (24)

Implants seem be more stable in cortical bone 
compared to trabecular bone. (25) However, a study 
suggested that following a 4-6 months healing 
period, implants placed in different bone densities 
approach towards a similar level of secondary 
stability. (26) It seems that implants inserted in low-
density bone ‘’catch up’’ over time with those placed 
in bone of medium and high density. (27) These 
findings support the results of this study where there 
was no significant difference between narrow and 
wide diameter implants in different bone densities 
at the time of loading.

A study suggested using wider diameter 
implants in low-density bone to gain higher primary 
stability. (28) It has been revealed that incorporating 
wider diameter implants increases the bone-implant 
contact not only to the crestal cortical layer but also 
at the lateral cortical walls. (27) It has been reported 
that surface-modified implants maintain implant 
stability during the first three months of healing in 
contrast to the machined surface implants. Although 
surface texturing of implants does not directly 
contribute to initial implant stability, it may reduce 
the risk of loss of stability and consequently facilitate 
wound healing (secondary osseointegration). (29)

A direct relationship was observed between 
implant stability and implant diameter, however not 
between implant stability and implant length. (30) 
Although wider diameter implants showed higher 
ISQ values both at insertion and loading, however, 
these differences were statistically insignificant.

CONCLUSION

Within the limitations of this study, it was con-
cluded that different implant diameters and bone 
densities don’t have a significant influence on im-
plant stability.  
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