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ABSTRACT
Aim: is to evaluate the insertion torque and initial stability of solid tapered threaded implants 

versus core- vent implant versus double grooved threaded implants.

Methodology: Blocks of fresh bovine bone samples were collected for the study. The bone 
blocks were stabilized by embedding them in dental plaster. A total of 24 implants were used for 
this study, a) Solid tapered threaded implants; b) double grooved threaded implants, c) Core-vent 
tapered threaded implants. Implant from each group was inserted in each bone block at insertion 
torque pre adjusted manually with a ratchet (cod BM-0292) and the maximum insertion torque 
was 90N/cm, firstly each implant from each group was inserted at torque 30N/cm then calibrate 
the part of implant inserted within bone by calibrating the part of implant outside the bone using 
digital caliber and subtracting the measure from whole implant length 12 mm, the same steps are 
done at torque 40N/cm and at torque 50N/cm. The removal torque of each implant was measured 
after implant insertion at torque 40N/cm by unscrewing the fixture using a ratchet. The  implants  
inserted  until the  head  of the  implant  was  flush with the surrounding  bone  level.  RFA 
measurements were carried out using the Osstell device.

Results:  for the length of part of implant inserted within bone at each insertion torque there 
was no significant difference between different groups (p=0.995). For the primary stability there 
was no sig nificant difference between different groups (p=0.990). For the torque removal of each 
group the highest value was found in group (C) (core vent implant), followed by group (B) (double 
grooved implant), while the lowest value was found in group (A) (solid implant) and there was a 
significant difference by (p=0.008).

Conclusions: Primary stability and insertion torque of the implant not affected by apical design 
of the implant with grooves or hollow chambers (vents). Removal torque is affected by the apical 
design of the implant. Implant designs with apical hollow chambers, from a clinical point of view, 
have more significance value than solid and grooved apical designs mechanically.
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INTRODUCTION 

Oral health and oral health care are very impor-
tant to  maintain proper mastication, digestion, pho-
nation, appearance, and psychological well-being. 
The loss of one or more teeth due to any reason may 
adversely affect the oral health with an affected ap-
pearance being the most serious consequence for 
the patient and prime reason cited by the patient for 
seeking prosthodontics treatment. There are three 
basic approaches to replace a missing tooth or teeth 
including removable dental prosthesis, fixed dental 
prosthesis, and dental implants. Each alternative has 
its own benefits and shortcomings. It is important to 
consider the patient’s financial, medical, and emo-
tional condition for the best treatment.

Dental implants are currently accepted as a pre-
dictable treatment option for the rehabilitation of 
both partial and total edentulous patients. Moreover, 
immediate and early loading protocols have been 
introduced  into  clinical  practice  in  the  attempt  
to  shorten  treatment  time  and  minimize  patient 
discomfort,  with  positive  results.  During  the  
early  phases  of  healing,  dental  implants  should  
be protected from detrimental micro movements 
which should not exceed values ranging between 50 
and 150 nm  to  avoid  risks for the osseointegration 
process.  When exceeding this threshold, there is a 
concrete possibility that the bone-implant interface 
could be colonized by fibroblasts from the overlying 
connective tissue, with consequent implant encap-
sulation in fibrous tissue and clinical failure. In this 
scenario, the role of primary stability has become 
extremely important and, in recent years, many 
studies focused on this crucial topic.

Implant stability is defined as the absence of 
movement at the moment of measurement. This 
factor can be measured at the moment of implant 
placement (primary stability) or once the osseoin-
tegration process is underway (secondary stability). 
Both parameters are interrelated positively. Tra-
ditionally, a high primary stability was associated 
with expectation of good secondary stability, which 
would ensure the likelihood of implant success and 
osseointegration.  Consequently, poor primary sta-

bility was thought to be one of the major causes of 
implant failure. Primary implant stability is influ-
enced by many factors including local bone quality 
and quantity, and implant macro-design.   The treat-
ment modalities of the implant surface may also 
ameliorate the primary stability. Since bone quality 
is a given factor that cannot be altered, adaptation of 
the implant surface and design to the specific quali-
ties of the host bone should be done to promote os-
seointegration.

Implant design refers to the three-dimensional 
structure of the implant.  Dental  implants  are sub-
jected to various force magnitudes and  directions  
during  function,  functional design objectives should 
aim to manage biomechanical loads to optimize the 
implant-supported prosthesis function. An implant 
has a macroscopic body design and a microscopic 
component of implant design. The macroscopic im-
plant body design is most important during implant 
insertion to provide better primary stability required 
for immediate loading while the microscopic fea-
tures are most important for implant during healing 
period to achieve proper osseointegration.

Most root form implants are circular in cross-
section. Round cross-sections, however, do not 
resist torsion/shear forces when abutment screws 
are tightened or when freestanding, single-tooth 
implants receive a rotational (torsional) force. As a 
result, an antirotational feature is incorporated into 
the implant body, usually in the apical region. The 
most common designs are grooves within apical 
portion or hole or vent.

Historically, implant stability and osseointegra-
tion have been assessed using various techniques, 
including insertion torque, percussion testing and 
radiographic analysis. Loading protocols and heal-
ing time for individual patients are often empirically 
calculated based on clinical research studies evalu-
ating implant stability and osseointegration over 
time. Resonance frequency analysis (RFA) provides 
a noninvasive, objective method of assessing im-
plant stability over time.
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Thus, the aim of the current study is to evaluate 
the insertion torque, primary stability and removal 
torque of solid tapered threaded implant versus dou-
ble grooved implant at apical portion versus implant 
with hollow chamber (vent) at apical portion.

AIM OF THE STUDY

The aim of the current study was to evaluate the 
insertion torque and initial stability of solid tapered 
threaded implants versus implant with hollow cham-
ber (vent) versus double grooved threaded implants.

MATERIALS AND METHODS

Materials

Sample size calculation

A power analysis was designed to have adequate 
power to apply a 2-sided statistical test of the 
alternative hypothesis that there will be a significant 
difference between solid tapered threaded implants 
versus core-vent implant versus double grooved 
threaded. According to the results of Nokar, Saied, 
et al.-in which the (Mean±SD) values of insertion 
torque for the tested groups were (14.86±2.8), 
(12.88±2.13) and (19.00±5.67)- by adopting an 
alpha level of (0.05) (5%), beta level of (0.20)
(20%) i.e. power of the study (0.8) (80%) and an 
effect size (f) of (0.72); The predicted sample size 
(n) was a total of (24) samples i.e. (8) samples per 
group. Sample size calculation was performed using 

G*Power version3.1.9.2.

Implants

A total of twenty four (24) threaded implants 
were turned from Grade 23 titanium rods with an 
external diameter of 4.1 mm and a total length of 12 
mm and fabricated using Swiss type lathe star SR-
20JII (Star Micronics GB Ltd© by the manufacturer 
(Dual Implant titan, Egypt).

All implants were identical on the coronal and 
middle third of the implant, the only difference 
between the groups was the design on the apical 
third of the implants. All implants divided into 
three groups depending on apical design, group 
(A), group (B) and group (C). Implants in group (A) 
had a self-tapping solid design without any grooves 
or vents. Implants in group (B) had a self-tapping 
apical design with centric cutting grooves. Implants 
in group (C) had a hollow chamber (vent) apically 
as shown in (figure 1). 

Bone blocks

Blocks of fresh bovine bone samples are 
collected from a cow mandible for the study and 
this is approved by institutional animal care and use 
committee (CU-IACUC) Cairo University. Bovine 
bones used in this study because of the similarities 
between bovine bone and human bone in terms 
of density and relationship between cortical and 
cancellous bone (El-kholey et al., 2017).

Fig. (1): implant design   a) Solid implant (blue)   b) Implant with apical double grooves (purple)   c) Implant with apical vent 
(bronze)
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The samples are cleaned and removed of all 
soft-tissue residues, and divided into 8 blocks with 
the following dimensions: 50 mm length, 40 mm 
height and 15 mm width. To minimize changes in 
bone thermo-physical and mechanical proprieties, 
the specimens froze till use under 18 ºC then left 
three hours before starting the experiment at room 
temperature (37 ºC) to permit bone blocks to restore 
some of their elasticity. Bone blocks fixed in plaster 
blocks for stabilization. 

Methods

The implants placement and calibrating the 
Lengths of implants inserted within bone at dif-
ferent insertion torques

All implants were individually inserted into the 
bone blocks by a single operator. The drilling was 
performed with a Surgical Electric Motor (wood-
pecker implant-X©) using copious irrigation, ad-
justed to a torque of 50 N and 1300 rpm. The drill-
ing protocol followed the manufacturer’s recom-
mendations for each osteotomy for standardization, 
the sequence of drills in order as following: 2.2mm, 
2.8mm, 3.4mm, and 3.8mm.

Implant from each group is inserted in each bone 
block at insertion torque pre adjusted manually 
with a ratchet (multi-setting torque wrench TWM, 
Implant Direct™), firstly each implant from each 
group inserted at torque 30N/cm then calibrate the 
part of implant inserted within bone by calibrating 
the part of implant outside the bone using a digital 
precise caliper (Ruifeng Foreign, China) and sub-
tracting the measure from whole implant length 12 
mm. for example, if the reading of the part of im-
plant outside the bone measured by caliper was 3.27 
mm, we calibrate the part of implant inserted within 
bone according to equation  (12mm – 3.27mm = 
8.73mm ).

The same steps are done at insertion torque 40N/
cm and insertion torque 50N/cm .

Removal torque

The removal torque of each implant is measured 
after implant insertion at torque 40N/cm by 
unscrewing the fixture using a ratchet (multi-setting 
torque wrench TWM, Implant Direct ™) and notes 
the torque that the implant unscrewed at it. 

Primary stability measurements using Resonance 
Frequency Analysis (RFA)

The primary stability of each implant was as-
sessed via insertion torque and resonance frequency 
analysis. Primary stability was measured at the time 
of implant installation in the block until the implant 
reached the ideal position using the torque wrench. 
Resonance frequency analysis was performed with 
the Osstell™ Mentor (Integration Diagnostics Ltd., 
Göteborg, Sweden). This device uses a piezoelectric 
effect to produce a deflection of the implant on the 
transducer (smart peg), which was adapted directly 
over the implant and was stimulated to vibrate by 
means of sinusoidal waves. The implant stability 
(ISQ) measured by this device was measured on a 
scale from 1 (minimum) to 100 (maximum). 

The torque wrench and the Osstell were 
calibrated before and after the measurements of 
each implant. The measurements were repeated 3 
times in each implant, and the average of this value 
was considered the value of the sample.

Statistical analysis

Data were explored for normality using Kol-
mogorov-Smirnov and Shapiro-Wilk tests and were 
found to be normally distributed. One-way ANOVA 
followed by Tukey’s post hoc test was used for in-
tergroup comparisons while one-way repeated mea-
sures ANOVA followed by Bonferroni post hoc test 
was used for intragroup comparisons. The signifi-
cance level was set at p ≤ 0.05 for all tests. Statis-
tical analysis was performed with IBM® SPSS® 
(SPSS Inc., IBM Corporation, NY, USA) Statistics 
Version 26 for Windows.
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RESULTS

1- Lengths of the implants inserted within bone 
at different insertion torques

A- Intergroup comparisons:

• 30N:

The highest value of the length of part of implant 
inserted within bone was found in groups (A) 
(7.92±0.66) and (B) (7.92±0.56), while the lowest 
value was found in group (C) (7.90±0.65) and there 
was no significant difference between different 
groups (p=0.996).

• 40N:

The highest value of the length of part of implant 
inserted within bone was found in group (A) 
(8.49±0.66), followed by group (B) (8.48±0.59), 
while the lowest value was found in group (C) 
(8.45±0.64) and there was no significant difference 
between different groups (p=0.988).

• 50N:

The highest value of the length of part of implant 
inserted within bone was found in group (A) 
(8.96±0.67), followed by group (B) (8.95±0.65), 
while the lowest value was found in group (C) 
(8.94±0.67) and there was no significant difference 
between different groups (p=0.999).

• Average:

The highest value of the length of part of implant 
inserted within bone was found in group (A) 
(8.46±0.66), followed by group (B) (8.45±0.60), 
while the lowest value was found in group (C) 
(8.43±0.65) and there was no significant difference 
between different groups (p=0.995).

B- Intragroup comparisons:

Group (A) (solid implants):

The highest value of the length of part of implant 
inserted within bone was measured at (50N) 

(8.96±0.67), followed by (40N) (8.49±0.66), while 
the lowest value was found at (30N) (8.96±0.67) and 
there was a significant  difference between different 
torque values (p<0.001). Pairwise comparisons 
showed values of different torques to be significantly 
different from each other (p<0.001).

Group (B) (grooved implants):

The highest value of the length of part of 
implant inserted within bone was measured at (50N) 
(8.95±0.65), followed by (40N) (8.48±0.59), while 
the lowest value was found at (30N) (7.92±0.56) and 
there was a significant  difference between different 
torque values (p<0.001). Pairwise comparisons 
showed values of different torques to be significantly 
different from each other (p<0.001).

• Group (C) (implants with hollow chambers):

The highest value of the length of part of 
implant inserted within bone was measured at (50N) 
(8.94±0.67), followed by (40N) (8.45±0.64), while 
the lowest value was found at (30N) (7.90±0.65) and 
there was a significant difference between different 
torque values (p<0.001). Pairwise comparisons 
showed values of different torques to be significantly 
different from each other (p<0.001).

Fig. (2): Bar chart showing the average of lengths of the 
implants inserted within bone at different implant 
insertion torques (mm). Group (A) solid implants, 
Group (B) grooved implants, and Group (C) implants 
with hollow chambers
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2- Primary stability

Mean and standard deviation (SD) values for 
primary stability (ISQ readings) were presented in 
figure (3)

The highest value was found in group (C) 
(69.00±8.43), followed by group (B) (68.75±9.42), 
while the lowest value was found in group (A) 
(68.38±9.20) and there was no significant difference 
between different groups (p=0.990)

Fig. (3): Bar chart showing average primary stability (ISQ 
readings) Group (A) solid implants, Group (B) grooved 
implants, and Group (C) implants with hollow chambers

3- Removal torque

Values of removal torque of each implant of each 
group after insertion torque at 40N are shown in 
figure (4) The highest value was found in group (C) 
(55.00±5.35), followed by group (B) (53.13±5.94), 
while the lowest value was found in group (A) 
(46.88±2.59) and there was a significant difference 
between different  groups  (p=0.008).  Pairwise  
comparisons  showed  value  measured  in  group  
(A)  to  be significantly lower than values of other 
groups (p<0.001).

DISCUSSION

Branemark, in 1983 defined Osseointegration 
as the direct structural and functional connection 
between the living bone and surface of a load-
bearing implant. The ability of an implant to 
bond with the surrounding host bone is another 
fundamental requirement for permanent orthopedic 
implants. Insufficient osseointegration can lead 
to the formation of fibrous tissues and ensuing 
loosening of the prostheses. Factors such as the 
design, chemical composition, surface roughness, 
and surface chemistry of the implants and loading 
conditions are important to good osseointegration 
of implants (Mavrogenis et al, 2009). 

Primary stability is considered of paramount 
importance to achieve osseointegration. Implant 
stability is achieved at two different stages: 
primary and secondary. The primary stability of 
an implant comes from mechanical engagement 
with the cortical bone. It is affected by the quality 
and quantity of bone that the implant inserted into, 
surgical procedure, length, diameter, and form of 
implant. There are some essential prerequisites 
for the possibility of immediate loading: selection 
of an implant system with great primary stability, 
high bone-implant surface contact, and reduction of 
micro-motion to <100 nm. (D. Baldi, et al 2011).

Fig. (4): Bar chart showing average removal torque
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Implant design refers to the three-dimensional 
structure of the implant, with all the elements and 
characteristics that compose it. An implant has a 
macroscopic body design and a microscopic com-
ponent of implant design. The macroscopic implant 
body design is most important during implant inser-
tion to provide better primary stability required for 
immediate loading while the microscopic features 
are most important for implant during the healing 
period to achieve proper osseointegration. (Yadav 
et al., 2016).

Today, the most commonly used implant design 
is a tapered screw, with a moderately rough implant 
surface, thus facilitating one-stage surgical proce-
dures and allowing for immediate or early loading 
protocols. Our study was designed to evaluate the 
effect of different dental implant apical designs 
on the insertion torque, primary stability of dental 
implant which is necessary for implant osseointe-
gration and immediate loading in addition to the ef-
fect of dental implant apical design on the removal 
torque as an antirotational feature. For this purpose 
this study used threaded tapered implants have a 
self-tapping solid design without any grooves or 
vents as in group (A), threaded tapered implants 
have a self-tapping apical grooves as in group (B), 
threaded tapered implants have  hollow chambers  
apically as in group (C). 

Most root-form implants are circular in cross-
section that don’t resist torsion and shear forces 
when abutment screws are tightened or under 
mastication forces, especially in single-tooth 
implants. As a result, it was mandatory to incorporate 
an antirotational feature into the implant body. The 
most common antirotational designs are grooves 
and hollow chambers within the apical portion of 
the implant. In our study, all implants were identical 
on the coronal and middle third of the implant and 
the only difference between the groups was the 
design of the apical third of the implants to assess 
the effect of apical design on primary stability and 
removal torque. 

The apical hollow chamber increases the surface 
area of the implant body and has the ability to trans-
mit compressive loads to the bone. Another advan-
tage of the apical vent is that bone can grow through 
the apical hole and resist torsional loads applied to 
the implant. A disadvantage of the apical hollow 
chamber occurs when the implant is placed through 
the sinus floor or becomes exposed through a corti-
cal plate because the apical hole may fill with mucus 
and become a source of retrograde contamination 
or the fibrous tissues may migrate throw the cham-
ber. Short implants can´t be provided with vents as 
they weaken the body of short implants and they 
will not allow machining of a proper internal con-
necting screw. 

Another antirotational feature of an implant 
body may be flat sides or grooves along the body 
or apical region of the implant body. The bone 
grows against the flat or grooved region and helps 
to resist torsional loading. Also, the grooves of the 
apical portion of the implant help to enhance the 
“self-tapping” aspect of an implant design because 
machining of apical grooves subsequently create 
sharp edges that make implant insertion much easier 
and less torque is required to thread the implant 
into the bone. Also, the apical end of each implant 
should be flat rather than pointed. Pointed geometry 
has less surface area, thereby raising the stress level 
in that region of bone.

In experimental, in vitro studies, several methods 
and materials are used to simulate human bone such 
as animal bone or synthetic materials. Animal bones 
originate usually from pig or bovine including ribs, 
mandible, femur, iliac crest, rarely from sheep. Syn-
thetic materials include polyurethane (PU), poly-
methyl-methacrylate (PMMA), or hydroxyl-apatite 
and in other studies resin and hardwood were used. 
In our study, the bovine bone was used because of 
the similarities between bovine bone and human 
bone in terms of density. Bone blocks were taken 
from the mandible as it resembles the human man-
dible in the outer cortical layer and inner cancellous 
bone. 
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There are many differences between bone models 
used in in vitro studies and vital bone such as bone 
elasticity, bone dryness because there is no blood 
circulation in the bone models, the environmental 
temperature is not the oral but room temperature 
and no physiological reactions occur such as oste-
olysis and osteogenesis. In our study, we preferred 
to use bovine bone blocks because of availability, 
repeatability, easy manipulation and to decrease 
time-consuming and decrease the cost. We tried to 
decrease the drawbacks of invital bone blocks usage 
by preserving the specimens under 18 ºC then left 
three hours before starting the experiment at room 
temperature (37 ºC) to permit bone blocks to restore 
some of their elasticity.

Fernandes M. G et al in 2017 made a study about 
the heat generation during bone preparation and 
drilling time in different bone simulating materials 
such as bovine rib, pig rib, polyurethane blocks and 
poly-methyl-methacrylate (PMMA) and compared 
them to fresh human cadaver rib. They reported 
that the bovine rib shows significantly higher 
temperature elevations and slower preparation times 
than human bone so in our study, copious irrigation 
with precooled saline was used to overcome the 
heat generation during bone preparation and we 
followed the manufacturer’s recommendations in 
drilling protocol for each osteotomy with slight 
modification by drilling to implant exacting size. 
Torque and ISQ values obtained with a bone model 
from our study can be relatively compared with the 
corresponding values obtained from other studies 
under the same conditions.

Several assessment methods such as histologic 
assessments and mechanical testing like pull-out, 
push-out, and torque measurement are used for 
measuring implant stability.  Histologic assessments 
are only used for osseointegrated implants. In our 
study, we used threaded tapered implants and tried 
to assess primary stability and removal torque 
after implant insertion before osseointegration. 
Therefore, this study used the insertion torque and 
reverse-torque test as a proper method for primary 

stability evaluation as Push-out and pull-out tests 
are indicated with cylindrical or press-fit implants.

Insertion torque is the measure of the frictional 
resistance produced by the implant while moving 
forward apically through a rotatory movement on 
its axis and it is indirectly a value of the primary 
implant stability. The insertion torque value is a 
result of the host jaw bone texture, drilling protocol, 
and implant design. Some experienced implant 
surgeons modify in drilling protocol to increase and 
manipulate the insertion torque value. (Johansson 
P, 1994) In our study, drilling protocol according 
to manufacturer’s recommendations was fixed to 
correlate the insertion torque values to different 
apical designs.

Shokri et al in 2013 reported that Resonance 
Frequency Analysis (RFA) provides a non-invasive, 
objective method of assessing implant stability over 
time. However, other studies reported about Osstell 
ISQ’s reliability upon measurement. Reliability 
is measured using concepts such as repeatability 
(several attempts with the same transducer lead 
to similar results), and reproducibility (different 
transducers on the same implant provide similar 
data). The differences in readings of Osstell ISQ’s 
values may be due to the transducer (smart peg) not 
compatible with the internal threads of the implant, 
fastening torque to the smart peg may differ from 
operator to another and the distance between the 
hand piece and the transducer (smart peg) that 
may also differ from operator to another. The lack 
of data on Osstell´s reliability had to be overcome 
by completing several registers and calculating the 
mean value as made in our study. Meredith in 1996 
studied the first generation of the Osstell system, and 
found high repeatability, but referring that though 
the transducer’s tightening torque was the only 
torque variable that can distort readings. Mariano 
Herrero-Climent in 2013 made a study on the last 
generation of the Osstell system (Osstell ISQ) and 
reported higher repeatability and reproducibility 
than Meredith’s study. 
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The correlation between insertion torque and 
ISQ has been investigated in numerous studies. 
Some authors proved that two parameters are in a 
direct relationship and other studies demonstrated 
no statistically significant correlations between 
them. Domenico Baldi et al in 2018 evaluate the 
correlation between insertion torques (IT) and 
implant stability quotient (ISQ) in tapered implants 
with knife-edge threads by inserting Seventy-five 
identical implants using the same drilling protocol. 
They reported that ISQ and IT showed a positive 
correlation up to values around 50 N/cm

The reverse torque test proposed by Roberts et 
al. in 1984 represents a definitive clinical verification 
of the initial integration of the dental implant with 
the bone surface. The torque level required is 
commonly expressed in Newton centimeters (Ncm). 
The clinical evaluation is made of the perception of 
any movement of the dental implant after a specific 
counterclockwise force. The reverse torque test 
is measured with the torque controller device or 
torque meter or manual ratchet. In the present study, 
the ratchet was used as a main device for recording 
values of insertion torque and removal torque 
because of availability and simplicity in addition to 
the cost. 

The present study concentrated on the effect of 
the apical design of implants on insertion torque, 
primary stability, and removal torque after implant 
insertion before osseointegration. From the results, 
mechanically we found that apical design with 
grooves and hollow chamber don’t affect the 
implant insertion or primary stability of the implant 
while removal torque was affected by apical design 
as the highest values of removal torque were found 
in apical design with a hollow chamber (group C) 
followed by apical design with grooves (group B) 
which mean that grooves and hollow chambers act 
as antirotational features. Our readings coincide 
with the readings of the study of Luiz Meirelles et 
al in 2013 that compared grooved implant design 
and hollow chamber apical design during the period 
of healing and osseointegration histologically. They 

made a histological evaluation of bone formation 
adjacent to dental implants with apical chamber 
design and grooved implant design and reported 
that the presence of an apical hollow chamber 
minimize the effect of trauma from surgery resulting 
in improved wound healing as they observed after 
1 week of healing, initial solitary woven bone 
formation (early mineralization) inside the threads 
of implants with vents while there weren’t any signs 
of early mineralization in grooved. After 4 weeks, 
the presence of osteons surrounded by lamellar 
structures with centric osteocytes indicates a faster 
organization of bone tissue at the implants with the 
hollow chamber. Grooved implants showed the 
similar bone area with less organized tissue and 
reduced bone-implant contact values.  From the 
readings of our study and Luiz Meirelles study, 
implant designs with apical hollow chambers, from 
a clinical point of view, have more significance value 
than solid and grooved apical designs mechanically 
and histologically. 

The present study found that implant insertion 
torque and primary stability of the implant not 
affected by apical design with grooves and hollow 
chamber while removal torque was affected by 
apical design with a hollow chamber followed 
by apical design with grooves followed by solid 
implants without grooves or vents. Our readings 
are unlike the results of Saied Nokar et al, in 2018 
which made a comparison of primary stability of 
four different implant designs, Zimmer Tapered 
Screw-Vent implant which has an apical hollow 
chamber, Noble Replace Tapered implant which 
has no grooves or vents, Replace Select Tapered 
Nobel implant which has also no grooves or vents 
and Dentium Super Line implant which has apical 
grooves. They found that the primary stability 
of different implant systems was not equal as 
the Zimmer Tapered Screw-Vent implant had a 
significantly lower amount of insertion torque in 
comparison to other systems. ISQ value in Noble 
Replace Tapered implant with solid body design was 
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significantly higher than other systems. The reverse 
torque value was significantly lower in Zimmer 
Tapered Screw-Vent implant in comparison to other 
systems. In Nokar’s study they compared different 
four implant designs including thread design 
and tapering of implants. In our study, there was 
optimum standardization in all features of implants 
including thread design, implant diameter, tapering 
degree and the only difference was in apical design 
which means that our results are more reliable.

CONCLUSION

Primary stability and insertion torque of the 
implant not affected by apical design of the implant 
with grooves or hollow chambers (vents).

Removal torque is affected by the apical design 
of the implant. Implant designs with apical hollow 
chambers, from a clinical point of view, have more 
significance value than solid and grooved apical 
designs mechanically.
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