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COMPARISON BETWEEN CYLINDER AND TAPERED IMPLANTS IN
DELAYED IMMEDIATE PLACEMENT
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ABSTRACT

Background: Implant geometry has a major impact on insertion torque values and primary stability, and bone engagement during
implant insertion differs according to implant morphology.

Objective: This study was aimed to compare the implant survival and success as outcome of 2 types of implant morphology either the tapered
or cylinder form in delayed immediate placement of dental implant.

Materials and methods: A total of 20 implants (10 for tapered and 10 for cylinder implants) were inserted after tooth extraction i.e.
delayed immediate implant placement. The primary stability of each implant was measured by using insertion torque value. Then,
implant examined clinically and radiographically for success criteria after placement.

Results: The insertion torque measurement was showed 38.50 + 4.74Ncm as a mean value for the tapered implant and 26.0 = 5.16 Ncm
for cylinder implant while the insertion time for tapered was 0.71 + 0.07 second/mm and for cylinder was 0.95 + 0.14 second/mm.
Conclusion: Tapered implants showed better primary stability than straight-walled implants and had a higher success rate. A higher
insertion torque can lead to the destruction of peri-implant bone, compromising osseointegration and failure of dental implant.
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INTRODUCTION

Implant geometry and design is one of the main features in
implant success, concerning both body and the collar of an
implant. Diverse implant designs are available; each one is
advocated for improving bone to implant contact and
reducing crestal bone resorption by minimizing
biomechanical stresses to the bone (1,2).

There are two major design. concepts: cylindrical and
tapered, they differ in the healing sequence that follows the
implantation (2).

Tapered, root form implants, generates an intimate.contact
between the osteotomy wall and the implant surface.The tight
contact provides excellent primary stability but undergoes
localized bone necrosis near the implant surface before bone
apposition ensures its biomechanical fixation (2,3).

Cylindrical implants, parallel wall, tend to be less stable at
implantation but gain stability rapidly, due to early formation
of woven bone following the blood clotted gap between the
implant and osteotomy wall (3).

One of the reasons that implant geometry keeps evolving
is to obtain primary stability in fresh extraction sockets. This
method known as immediate placement, a' technique meant
for shortening the period from an extraction of a tooth until
final restoration can be provided, sparing both time and
surgical procedures (4).

The anatomic characteristics of the socket after tooth
extraction are different from the socket environment after
proper healing. Implants placed immediately into fresh
extraction sites engage precisely prepared bony walls only in
their apex, due to the funnel shape of the socket, whereas the
coronal space is filled only by the end of the healing phase

).
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From a biomechanical point of view the tapered
geometry diverts forces from the dense cortical bone to the
resilient trabecular bone, leading to higher forces in the apex,
a desirable virtue in respect of immediate placement (2).

Cylindrical implant distributed force load throughout the
implant and because of the parallel walls the coronal part of
the osteotomy will be damaged by the preceding implant
threads, making a cylindrical implant less suited for
immediate placement (6).

The ideal timing of implant placement after dental
extraction has been extensively discussed in the literature, and
advantages and disadvantages have been attributed to the
different protocols (7-9), although there is an increasing
interest for shortening the overall treatment time and
minimizing the number of surgical interventions.(7)

Late implant placement following extraction, with a
healing period of 6—12 months prior to implant placement has
been traditionally considered the standard of care, because a
fully healed ridge will ensure implant insertion in a stable
ridge dimension, but the bone availability for implant
placement may have been hampered by the resorptive
changes occurring in the ridge after tooth extraction.(8)

To overcome these potential drawbacks, different
alternative approaches have been proposed, such as
immediate implant placement at the time of extraction or
early implant placement following a few weeks of soft tissue
healing prior to implant insertion.(9)

At a recent consensus workshop (8,10), three different
protocols were defined:

(i) Typelor immediate when the implants are placed in the
same surgical intervention as the dental extraction;
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(i) Type 2 or early implant placement when implants are
placed in the early stages of healing (from 4 to 8
weeks); and

(iii) Type 3 or delayed implant placement when implants are
placed when the ridge has healed (from 3to 6 months)

The immediate implant placement may be adversely
affected by the presence of infection (11) and lack of soft tissue
closure and flap dehiscence over the extraction site, (12),
particularly when barrier membranes have been used for guided
bone regeneration (13-15). To overcome the problems of
immediate implantation, alternative techniques have been
described, calling for implant placement at various intervals
following initiation of wound healing subsequent to tooth
extraction (13,15).

The insertion torque is a surgical indicator of rotational
resistance, during implant setting. Excessive insertion torque
results in the undesired heat, surrounding bone ischemia,
delayed bone healing, and even implant failure (16).

The primary stability is a structural indicator to denote
the implant’s immovability, immediately upon implantation
(17).

In a recent in vitro study, Trisi et al (18) examined the
relationships among primary stability, insertion torque, and
bone density in straight-walled implants; they found a
significant correlation between peak insertion torque and
implant micromotion and significant differences in hard and
medium bone compared to soft bone.
Because implant geometry is believed to play a major role in
insertion torque values, (19) clinical protocols that combine
suitable implant morphology with torque value recording are
now commonly accepted.

Therefore, this study was conducted to compare the
success criteria of tapered and eylinder implants clinically and
radiographically as a basis for clinical comparison during
delayed immediate implant placement.

MATERIALS AND METHODS

This study was performed on sixteen patients of both sexes
(10 females and 6 males). The age of the patients ranged from
20 -40 years. The patients were divided intotwo groups:

Group I: included 10 tapered implants and group II:
included 10 cylinder implants.

The patients were selected from the Out Patient Clinic of
the Oral & Maxillofacial Surgery Department, Faculty of
Dentistry, Alexandria University. The patients’ selection
based on certain inclusion and exclusion criteria:

The inclusion criteria included that patients have one or
more missing teeth in either upper or lower posterior region
that were extracted 2 weeks to less than 3 months earlier
(delayed immediate placement), sufficient bone volume, no
evidence of periapical lesions and good oral hygiene. While
exclusion criteria include esthetic reasons, extraction site
healing of more than 3 months or less than 2 weeks, active
periodontitis, residual roots in the implant site, mucosal
diseases, current chemotherapy, indication for bone graft at
the implant site, alcohol or drug abuse, smokers, systemic
disorders, and pregnancy.
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Informed consent

Patients were fully informed about the treatment
procedures and follow up examination.. Appropriate
institutional ethical clearance and written informed consent
were obtained.
Implant system

The Dentium system implants (Superline tapered
implants, Simpleline cylinder implants, Korea) with different
diameters and lengths were used in this study .The surface of
implants is sandblasting with large grit and acid etching.
Surgical procedure
Preoperative phase:

Before the extraction of the tooth to be restored by dental
implant, radiographic examination by using periapical films
or orthopanotomograms to exclude any periapical infection.
(Fig.1a)

Fig.1:  (a) Preoperative periapical radiograph showing remaining
roots of upper left premolars. (b) Preoperative CBCT
radiograph = showing axial section after 2 weeks of
atraumatic extraction. (C) 3D view. (d) Panoramic view.

Then, clinical examination of extracted site after 2 weeks
to start the surgery. Primary impression was taken and study
model was casted.

Then, cone beam computed tomograph (CBCT) was
done before surgery to visualize the available bone and
surrounding anatomical structures. (Fig.1b,c,d

Operative phase:

With the patient under local anesthesia by using Mepecaine

hydrochloride 2% (Mepecaine-L, Alexcopharma), an incision

was made palatal to the crest of the ridge using bard parker

blade #15 on the middle of the gingiva attached to the

edentulous ridge and extended for several millimeters beyond

the osteotomy area.(Fig-2a)

a. Pre-surgical view of implant site after 2 weeks of
extraction.

b. After reflection of flap exposing extraction sites.

Implant motors that used for implant placement and

insertion torque measurement.

Tapered implant preparation by drill.

Tapered implant with hand piece before insertion.

Insertion torque measurement by motor.

g o e

Tapered implant after placement.
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Fig. 2: A photograph showing the tapered implant placement
and implant stability measurement.(Group I)

Full-thickness flaps were reflected exposing the alveolar
ridge by using periosteal elevator with preservation of
interdental papilla; the incision was made slightly lingual to
the crest of the ridge for mandibular incision and palatal-to
ridge for maxillary incision. (Fig-2b)

The initial marking or preparation of the implant'site was
done with a pilot drill to establish the depth and align the
implant in extracted site. A guide pin was.placed in the
osteotomy site to confirm the position and the angulations. of
the osteotomy. The osteotomy was then widened using
intermediate drills and the final drill according to the diameter
of the implant. (Fig-2d, 3a)

The implant was secured in its site by using the hand
piece. (Fig-2e, 2g, 3b)

The cover screw was'then placed. (Fig-3d) The flap was
then sutured around the fixtures using 3/0 black silk suture.

Fig. 3: A photograph showing the cylinder implant placement and
implant stability measurement. (Group II)

a.
b.
c.
d.
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Cylinder implant preparation,

Placement of cylinder implant by hand piece,
Reading of motor during cylinder implant placement,
Tapered and cylinder implants with cover caps.
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Insertion torque measurement

During the implant insertion, the maximum insertion torque
value was recorded by means of surgical motor ( Dentium,
Korea). (Fig-2c)

Starting from 20 Ncm, the placement torque was
increased in steps of 5 Ncm, when the rotation stopped
because of friction before the implant was fully inserted. The
motor was developed to provide a well-controlled insertion
torque to avoid mechanical overload of the equipment or bone
tissue. The final maximum insertion torque value of each
implant was recorded in Nem. Then, the data would be
subsequently processed to determine torque as a function of
time. Before® each implant was placed, the motor was
calibrated and reset to a fixed insertion torque. (Fig.2f,3c)

Analysis were based on the evaluation of 1 mm of
implant insertion, calculated as total implant insertion
time/implant length (in millimeters), and the insertion times
required for different implants were be compared.

Postoperative phase:

Postoperative instructions were given to the patients
including: cold fomentation for the first 24 hours, warm
mouth wash on the next day, oral hygiene recommendation by
using Chlorhexidine mouth wash (Antiseptol 1%, Kahira) that
started after the day of surgery 3 times daily for 7 days.
Antibiotics for three days 3times daily by using Amoxicillian
500mg (E-mox 500mg cap, Eipico) was described. Non-
steroidal anti-inflammatory drugs for three days 3 times daily
by using Diclofenac potassium 50mg (Cataflam 50mg tablets,
Novartis). The sutures were removed after one week post
surgically.

Prosthetic phase:

After nearly 3 months for mandibular implant and 6 months
for maxillary placement, the implant abutment and final
prosthesis were placed (porcelain fused to metal).

Follow up period
Each patient was evaluated clinically and radiographically at
intervals of 1,3,6,9 months.

Each patient was examined clinically for: pain, swelling,
tenderness, gingival condition around the implant using the
Loe and Silness Gingival Index (20), Per-implant probing
depth using Glavind and Loe (21), and implant mobility was
assessed according to McKinney and Koth (22).

Panoramic radiograph was used for comparison between
two different forms of implants by evaluating position of the
implant, bony density, osseointegration around implant and
marginal bone level . (Fig.4)

The image calibrations and measurements were
performed using image analysis software Image J version
1.43u. (Softonic International, S.A.)

The Statistical Analysis

Data were fed to the computer and analyzed using IBM SPSS
software package version 20.0 (Released 2011, Armonk, NY:
IBM Corp). Quantitative data were described using minimum
and maximum, mean and standard deviation and median.
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The distributions of quantitative variables were tested for
normality using Kolmogorov-Smirnov test, Shapiro-Wilk test
and D'Agstino test. If it reveals normal data distribution,
parametric tests was applied. If the data were abnormally
distributed, non-parametric tests were used.

For normally distributed data, comparison between two
groups were done using independent t-test while comparison
between different periods using ANOVA with repeated
measures and Post Hoc test was assessed using LSD. For
abnormally distributed data, comparison between two groups
were done using Mann Whitney test. To compare between the
different periods Friedman test was applied and Wilcoxon
signed ranks test. Significance of the obtained results was
judged at the 5% level.

Panoramic radiograph of the two implants taken (a). 1

Fig. 4:
month postoperatively (b) 3 months postoperatively (c) 6
month postoperatively and (d) 9 month postoperatively.
RESULTS

A total of 20 implants were placed in a total of 16 patients
participated in this study, ranging in-age from 20 to 40 years
with mean age of (29.20 + 4.98years) and both sexes (10
females and 6 males). Ten tapered implants were allocated in
the group I with different diameters (3.4, 3.8, 4.3, 5 mm) and
different lengths (8,10,12,14mm) in upper and lower posterior
teeth (7 implant in maxillary posterior, 3 in mandibular teeth)
Ten cylinder implants were allocated in the group II with
different diameters (3.4, 3.8, 4.3, 4.8 .mm) and different
lengths (8,10, 12mm) in upper and lower posterior teeth (6
implant in maxillary posterior,4 in mandibular teeth).

All patients had been operated under local anesthesia
using surgical flap technique and implant placement, and no
complications had been recorded during the operation.

The mean and standard deviation of insertion torque value
and bone density were calculated for /each group and
compared to each other.

The insertion  torque  measurement showed
38.50+4.74Ncm as a mean value for the group I and 26.0 =
5.16Ncm for group II while the insertion time for group I was
0.71 = 0.07Second/mm and for group II was 095 =+
0.14Second/mm. Therefore, group I had higher insertion
torque and shorter time for insertion than group II. The
difference was statistically significant. (P<0.0017) (Table 1,
Fig.5)
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Fig. 5: Comparison between two studied groups according to
insertion torque.

Table 1: Comparison between two studied groups according to
insertion torque.

Tapered Cylinder ¢ D
(n=10) (n=10)
Insertion time for
Imm
Min. — Max. 0.63-0.83 0.67-1.13
Mean. + SD 0.71 +0.07 0.95+0.14 4923" | <0.001"
Median 0.71 0.96
Insertion torque
(N cm)
Min. — Max. 30.0-45.0 20.0-35.0
Mean. + SD 38.50+4.74 26.0+5.16 5.637" | <0.001"
Median 40.0 250
t: Student t-test

*: Statistically significant at p <0.05

All patients had been examined periodically during the
follow-up period at 1,3,6,9 months postoperatively. Healing
was uneventful in all cases with no post-operative
complications except one case of group II.

One case of the group II was shown sign of failure that
was severe mobility of implant clinically and radiolucent area
around implant radiographically that was removed at end of
the study.

Other clinical parameters had been recorded such as: Pain
index, gingival index, implant mobility.

1- Pain, tenderness, infection or swelling; there was absence of
pain and tenderness on the first postsurgical days during the
follow up period. Post-operative edema and discomfort were
very minimal and unobserved and no post-operative swelling,
infection or nerve injury.

2- Gingival index (GI); the difference in the mean GI between
these two groups was not significant throughout the study
period. (P=0.660, 0.498, 0.112, 0.317 respectively)

3- Per-implant probing depth ; In the group I, the increase of
the probing depth from the 1st month to the 9th month was
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less than in the group II .The difference was not statistically
significant at 1% and 3™ . (P=0.673, 0.355 respectively) The
difference became statistically significant at 6™and 9™
(P=0.001"0.002" respectively)

4- Implant mobility ; only one case in group II was presented
with visible severe horizontal mobility and visible vertical
movement (Scale 4) .All other cases presented with absence
of mobility in all directions(Scale 0); to Slight detectable
horizontal mobility(Scale 1).

5- The bone level changes were measured by using the Image
J program. The mean value of the change in the marginal
bone level was calculated and recorded on the 1%, 31, 6™ and
9™ months. The data collected was tabulated and the statistical
analysis of marginal bone level scores was done for all
patients. In group I, the marginal bone level decreased
steadily from (1.42+0.13 mm) at 1* month to (1.27+0.17
mm) at 3™ month, and on the 6™ month it was (1.01+0.31
mm) and on the 9™ month it was (0.93 + 0.37 mm). The
decrease in the marginal bone level was statistically
significant throughout the follow up period and the
baseline.(p=0.001",0.001",0.003" respectively)

In group II, the marginal bone level increased steadily
from 1 month (0.20£0.09 mm) to the 3™ month (0:23+0.12
mm), and on the 6™ month it was (0.7140.30 mm) and on the
9™ month it was (1.18+0.53 mm). The increase in the
marginal bone level from 1% with 6™was’ statistically not
significant (p=0.167), while when compared between the
3" 6™ and 9" month was statistically significant (p<0.001",
<0.001" respectively).

Comparing the marginal bone levels between the two
groups, there was significant difference on the 1%,3 and 6™
months.(p<0.001%*,<0.001%,0.040* respectively). There was
statistically insignificant difference on the 9" month
(p=0.219), while on the 6" month the difference was
significant (p=0.033%*). (Table 2, Fig.6)

Table 2: Comparison between two studied groups.-according to
marginal bone level.

Comparison Between Cylinder and Tapered Implants

16

14

12

10

08

Mean of Bone level

06

04

02

00 7

1 month 3 month 6month 9 month

1 month 3 month 6 month 9 month F
Bone level
Tapered
Min. - Max. 1.27-1.65 1.01-1.54 | 056161 0.53-1.72
Mean. = SD 143£0.13 1.27£0.17 1.01 031 093+037 [ 13250 | <0.001"
Median 1.44 1.27 1.05 0.80
p 0.001" 0.001° 0.003"
Cylinder
Min. - Max. 0.12-0.35 0.13-0.44 0.21-1.25 028 -2.37
Mean. = SD 020£0.09 | 023£0.12 | 0.71£030 1.18+£0.53 | 37.261° | <0.001°
Median 0.16 0.18 0.64 111
p 0.167 <0.001" <0.001"
t 25.084° 15.509" 2213 1.273
P <0.001" <0.001" 0.040° 0.219

t: Student t-test for comparing tapered and cylinder group

F: F test (ANOVA) with repeated measures for comparing the four periods in each group

p: for Post Hoc Test (LSD) for comparison between 1 month and each other period in each group
*: Statistically significant at p < 0.05
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Fig. 6: < Comparison between two studied groups according to
marginal bone level

6- The bone density was measured on panoramic radiograph
using also Image J program. The mean was calculated
postoperatively, 1%, 3% 6™ and 9" months post
operatively and the increase in the bone density was
significant throughout the follow up period except one
patient in group II was presented with severe bone
resorption around implant.

In group I, the marginal bone density increased steadily
from  1%(72.7149.69 mm) to the 3™ month
(91.18+18.62mm), and on the 6™ month it was
(127.13+20.80 mm) and on the 9™ month it was
(164.88+32.39 mm). The increase in the marginal bone
density from 1%with 3", 6™ and 9" month was statistically
significant (p<0.001",<0.001", <0.001" respectively).

In group II, the marginal bone density increased from 1%
(70.49+16.67 mm) to the 3™ month (86.68+19.58mm), and
on the 6™ month it was (110.19+£22.09 mm) and on the 9™
month it was (144.27+38.53 mm) except one case shown
severe bone resorption. The increase in the bone density was
statically significant throughout the follow up period and the
baseline. (p=0.004",<0.001",<0.001" respectively)

Comparing the bone density between the two groups, there
was insignificant difference. (p=0.721, 0.605, 0.094, 0.165
respectively). (Table 3)

Table 3: Comparison between two studied groups according to bone
density.

Bone density 1 month 3 month 6 month 9 month F p
Tapered
Min. — Max. 60.82 ~ 87.47 | 68.84 -120.48 | 89.70 - 157.10 | 105.83 - 183.5
Mean. = SD 72.71+9.69 91,18+ 18.62 | 127.13+20.80 | 164.88+2339 | 93.670" | <0.001"
Median 72.04 87.96 135.11 173.77
p <0.001° <0.001° <0.001°
Cylinder
Min. -~ Max. 55.38-99.58 | 60.11-112.88 | 58.46-128.14 | 50.35-192.06
Mean. = SD 70.49 £ 16.67 86.68 + 19.58 110.19 +22.09 144.27+38.53 30.793" | <0.001°
Median 62.54 88.20 118.19 147.39
p 0.004" <0.001° <0.001°
t 0.364 | 0.526 1.766 1.446
P 0.721 0.605 0.094 0.165
: Student t-test for comparing tapered and cylinder group
F: F test (ANOVA) with repeated measures for comparing the four periods in cach group
p: for Post Hoc Test (LSD) for comparison between 1 month and cach other period in each group
*: Statistically significant at p < 0.05
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DISCUSSION

The primary stability is important factor for achievement
of osseointegration (23-25) by preventing the formation of
connective tissue in the implant / bone interface and allow
the bone formation which allows appropriate distribution of
masticatory functional loads (24,25).

Important strategies, such as increasing the quantity and
quality of bone and appropriate implant designs have been
investigated in order to provide the initial stability (25).

The present study was designed to compare implant success
of two shapes of dental implants in delayed immediate
placement by using insertion torque value to determine the
difference between the primary stability of tapered and
cylinder form of dental implant.

The primary implant stability was measured using
insertion torque that was provided fast and objective
information about the quality of local bone (25,26) and the
primary stability at surgery (25).The widely used method
described by Friberg et al.(27) to measure primary stability is
insertion torque.

Our study used this method as standard analysis of primary
stability, that it can be used to assess more accurately bone
quality and support, which was measured at the time of final
seating of the implant in the receptor bed (28,29).

Determining insertion torque is one of the most reliable
(30) methods to obtain information about<bone quality.
Although insertion torque is proposed by many scholars,
comparability among different implant systems is still
unclear, and the minimum level of primary stability needed
for immediate loading has not been defined (29,31).

The mean insertion torque value was 38.50+4.74 for the
group I while in the group II the mean was 26.0 + 5.16 that
values indicated a higher insertion torque in the tapered than
that of cylinder implants. The mean time for insertion of Imm
of implants was 0.71 ' 0.07S/mm for group 1 and
0.9540.14S/mm for group II that meaning the tapered implant
need less time for insertion than cylinder implant.

Javed and Romanos (32) found that the insertion torque of
tapered implants is higher than that of straight implants. , the
differences in insertion torque reflect different implant
geometries, where cylindrical implants’ have a smaller
primary stability than tapered ones.
This behavior can be attributed to different thread shapes,
implant geometries, and surface areas shows the implant
thread geometries. The screw threads are different in
cylindrical and tapered implants. The thread geometry of
tapered implants leads to a larger surface area in contact with
the host tissue (32).

In our study, the bone density in the group I increased
steadily from 1%to the 9™ month ,while in the group II, the
bone density increased from 1%to the 3™ month and then
decreased on the 6™ month and 9" and one case presented
with severe bone resorption because low insertion torque at
time of insertion and poor primary stability . The mean of
bone density was increased in the group I than in the group
I1, so that more successful rate for tapered implants.

The insertion torque of tapered implant was higher than
cylinder implant with less time for insertion so primary
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stability of tapered implant was better than cylinder implant.
The rate of success is higher in tapered implants.

This is in line with the finding of previous studies. The
results of Degidi and Piattelli,(33) 2005, yielded 100%
success with implants inserted with a torque higher than 40 N
cm and loaded with provisional prostheses installed within 72
h following placement.

Rokn et al., (34) found that tapered implants exert more
lateral compressive force on the bony walls surrounding the
implant during implant placement. Therefore, in areas with
inadequate bone height, where a short implant should be
applied, the use.of tapered implants is recommended.

On the other hand, some studies have reported results
contrary to the results of the our study. In a study by Bilhan et
al.,(35)<cylindrical implants exhibited a higher resonance
frequency analysis (RFA) compared to tapered implants, and
so the success rate was 86% for tapered and 100% for
straight-walled implants.(36)

CONCLUSIONS

The primary stability of tapered implant was higher than
cylinder implant as tapered had higher insertion torque during
placement and the insertion torque measurement was helpful
for determine the primary stability of dental implants at time
of placement.
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