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ABSTRACT

The aim of this study was to evaluate the retentive force reduction of different
OT-Equator caps and removal torque on retentive components in different angulation on
mini dental implant under cyclic dislodgement. Fifty specimens of PW Plus mini implant
and OT-Equator attachment models (n = 50) were divided into 2 groups based on implant
angulations (Group | = 0°angle, Group Il = 15°angle). Each group was divided into 5
subgroups (N = 5) based on weight-color coded of retentive caps (black, yellow, pink,
white, violet). All screws were tightened to 25 Ncm. The cyclic dislodgement for a total
of 2,880 cycles were carried out over the models immersed in deionized water. The retentive
force at the initial and after 360, 720, 1,440 and 2,880 cycles were recorded. Then, after
the final cycle, all screw abutments were un-tightened and measured for the removal torque.
The data were analysed using One-way ANOVA and T-test with significant difference
at p<0.05.

At initial cycle, the violet nylon inserts in 0° angle exhibited the highest retentive
force over time (33.24 £ 1.52 N to 21.95 + 0.86 N), with statistically significant differences
followed by the white, pink, yellow and black nylon (p<0.05).The increase in cyclic
dislodgement significantly reduced the retentive force of OT-Equator retentive caps in
15° than 0° angle excepted for the black cap. The removal torque also decreased at the
final dislodging cycle. However, there were no significantly differences between removal
torques of attachment components in different angulations (p>0.05). Increasing of cyclic
dislodgement and implant angulation significantly affected on retentive force of OT-Equator

attachment. The reduction of removal torque after 2,880 cycles compared to insertion

f



torque was found, however the implant angulation did not have significant influence on
removal torque. OT-Equator with increased implant angulation required regular follow-

up each year and screw re-tightening might be considered.
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CHAPTER 1

Introduction

1.1 Principles/ Theories and Rationales

Severe maxillary and mandibular atrophy is considered a poor health condition
affecting quality of life due to compromising stability, support and retention of a removable
denture, especially at mandible. Therefore, prosthetic management of mandibular edentulous
arch has been challenging (1, 2). Implant-retained overdenture is an alternative treatment
for patients who had undergone moderate to severe ridge resorption, which offers better
esthetics, speaking ability, comfort, retention, and stability of the prosthesis. It also has
some advantages over full arch fixed implant prostheses, such as fewer implants required
and lower cost (3-5). A consensus statement from McGill University and the British
Society for the Study of Prosthetic Dentistry stated that mandibular two-implant-retained
overdenture was the first choice standard care of treatment (6, 7). Placement of the standard
sized implants to retain the full denture provides patient satisfaction. However, in case
of patients with severe alveolar bone resorption, bone augmentation may be required for
implant placement, with the consequence of an increase in costs and treatment time (8).

The use of mini dental implant (MDI) is frequently offered as an alternative treatment
procedure in many cases of limited ridge anatomy. The glossary of oral and maxillofacial
implants defined MDIs as “implant fabricated of the same biocompatible materials as
other implants but of smaller dimensions. Implant can be made as one piece to include
an abutment designed for support and/or retention of a provisional or definitive prosthesis”
(9). MDIs have diameters ranging from 1.8 to 3.3 millimeter and lengths ranging from
10 to 15 millimeter compare to standard-diameter implants which range from about 3.4
to 5.8 millimeter (10). They can be used in narrow atrophic edentulous ridge without bone
augmentation. The advantages compared to standard size implants are that the technique
is simple and involves minimally invasive surgery which preserves blood supply and
bone height around the implants (11, 12). Therefore, it presents less complicated surgical
morbidity, shorter healing duration and cost effectiveness of prostheses (12). The survival



rate of MDI retained mandibular overdenture has been reported in the range of 81-97.4%
after 3 years (12-14). Moreover, two and four MDIs have been reported to be immediately
used successfully after a 1-year follow up for retaining lower complete dentures (15, 16).
The clinical and radiographic peri-implant tissue responses of immediately loaded mini
dental implants retained a mandibular overdenture were also found satisfactory after 3
years (14).

Various attachment systems have been utilized in order to achieve retention and
stability of implant-overdentures. The selection of attachment systems should be considered
regarding to jaw anatomy, mucosal ridge, oral function, long term outcomes of retention
and prosthetic maintenance (17-20). Previous studies reported MDIs clinically used with
bar and ball attachments (21, 22). Bar MDI-attachment systems for mandibular overdenture
had better two-year survival rate (97.8%) when compared to ball attachment (90.0%)
(22). Bar attachment provides more retention than ball attachment. However, bar design
appeared to be technically sensitive in clinical and laboratory process. The prosthodontics
maintenance requires higher cost with screw retightening and retainer adjustment (19).
Ball attachment was considered the simplest design with favorable clinical outcomes.
Nevertheless, gradual loss of retention was found to be the most common complication
due to wear and damage of O-ring leading to replacement after 5 years of service (21).
Stud attachments such as Locator (Zest Dental Solutions, Carlsbad, CA, USA) and OT-
Equator (OT-Equator, Rhein83, Bologna, Italy) have been widely used due to attachment
height reduction, favorable magnitude and stress distribution (18, 23, 24). Locator
attachments are available in different vertical heights. They are resilient, retentive, and
durable, and have some built-in angulation compensation. The repair and replacement
are fast and easy. In addition, Locator attachments provide an adequate retention and
better maintenance compared to ball and bar (19). Recently, OT-Equator attachment has
been introduced for another low profile, small diameter (vertical height of 2.1 mm and
diameter 4.4 mm) implant attachment supported removable denture which allowed implants
divergence up to 30°. Implant assisted overdenture with OT-Equator can be used successfully
without negatively affecting peri-implant tissues health (24). This form of attachment is
affordable, simple use with various retention levels and easy for maintenance.

The success of implant-retained overdentures dominantly depends on the retentive

capacity of its attachment component to maintain its long-term function. The movement



between the retentive surfaces of an attachment during insertion and removal of the overdenture
lead to wear and diminish retentive forces over time (25-29). In addition, the incidence
of attachment loosening was reported in 30% regarding prosthetic implant complications
which seem to be a common problem after insertion. Abutment screw loosening lead to
implant prosthesis movement and unfortunately screw fracture (29). This evidence might
be due to functional load on attachment component. Besides, implant malalignment has
been reported to influence both loss of retention and removal torque on attachment
component after the function (26).

The retention and removal torque behavior of OT-Equator on divergence implant
angulation of MDI after simulated function are lack of available information. Therefore,
the aim of the present study was to evaluate the retentive force reduction and removal
torque of OT-Equator attachment on mini dental implant in different angulation under
cyclic dislodgement. The null hypothesis of this study was that there were no significance
differences of retentive forces and removal torque among different retentive components of

OT-Equator after insertion-removal cycles.
1.2 Purposes of the study

To evaluate the reduction of retentive force of different OT-Equator and removal

torque of retentive component of a mini dental implant retained overdenture system.
1.3 Hypothesis of the study

Null hypothesis: There is no difference in removal torque value and rate of removal
force when OT-equator attachment received cyclic dislodgement on mini dental implant

retained overdenture.
1.4 Anticipated benefits

To estimate time to replace retentive cap when used stud attachment on mini dental

implant including time to retightened or changed the screw of attachment.



CHAPTER 2

Literature Review

The literature review is divided into four parts as follow:
2.1 Implant retained overdenture

2.2 Mini dental implants

2.3 Attachment system

2.4 Complication associated implant retained overdenture
2.1 Implant retained overdenture

Complete dentures have been the standard treatment for edentulous patients. However
the lower denture poor retention affect to poor quality of life (30). Nowadays, implant-
retained overdentures provide a good opportunity for dentists to improve the oral health
of patients. Patients found the implant overdentures significantly more stable, and they
rate their ability to chewing various foods as significantly easier. In addition, they are
more comfortable and speak more easily with implant overdentures (31). There are many
reasons for selecting an implant retained overdenture such as financial, patient prefers,
oral hygiene, poor bone quality, extreme ridge defects and health status (5). The cost and
performance information for implant mandibular overdenture may also permit practitioners
and their patients to make more valid informed decisions.

A systematic review, Sadowsky et al. (32) represented the conclusion protocol for
maxillary implant overdentures.

2.1.1 A maxillary implant overdentures gives a stabilized removable solution for
the edentulous maxilla that enhanced patient satisfaction and oral health quality of life.

2.1.2 4to 6 implants are generally applied in successful cohort studies.

2.1.3 When 4 or less implants are used for maxillary implant overdentures, an
unsplinted attachment designs have a higher implant failure rate than splinted implants.

2.1.4 Implant-supported in maxillary overdenture that have more than 4 splinted-
implant were found higher survival rates (>95%) when compares with less than 4 non-

splint implants.



2.1.5 In general, both splinted and solitary anchorage systems are encouraged.
Maintenance may be higher for solitary attachments. Increased soft tissue inflammation
has been reported under bars.

For mandible, a consensus statement from McGill University suggests that a 2-implant
overdenture should become the first choice of treatment for the edentulous mandible (6).
Mandibular two-implant overdentures have been shown to be superior to conventional
dentures in many clinical trials. Van Steenberghe et al. (33) proposed the placement of
only 2 implants in the edentulous mandible. Their 98% success rate, with up to 52 months
of observation, was encouraging. Mericske-Stern et al. (34) reported 97% implant survival
with 2 implants (splinted or solitary), irrespective of keratinized tissue or duration of
edentulism. Jemt et al. (35) reported 100% cumulative success rate for overdentures supported
by 2 implants; the mean marginal bone loss was 0.5 mm during a 5-year period. Naert et
al. (36) compared the clinical outcome of different overdenture anchorage systems and
found 100% implant success after 5 years for all groups. Moreover, implant retained
mandibular overdentures can immediately loaded to retained overdenture. Many study
have been published regarding immediate loading of implants supporting an overdenture
edentulous mandibles, reporting 97.6% survival rates of immediately loaded implants
comparable with delayed loading (37-39).

2.2 Mini dental implants

Hjerting-Hansen et al. (40) wrote in glossary of oral and maxillofacial implants to
defined mini dental implants as “implant fabricated of the same biocompatible materials
as other implants but of smaller dimensions. Implant can be made as one piece to include
an abutment designed for support and/or retention of a provisional or definitive prosthesis”
and they reported from their literature reviews that mini dental implant have diameters
from 1.8 mm. to 2.9 mm.

Flanagan and Mascolo (10) described mini dental implants have diameters ranging
from 1.8 to 3.3 millimeter and lengths ranging from 10 to 15 millimeter. Standard-diameter
implants range from about 3.4 to 5.8 millimeter. One advantage of mini dental implants
is that it can be placed without raising a surgical flap, therefore making the procedure
minimally invasive. The surgical procedure is simple and does not rely on any unpredictable
grafting techniques. The technique involves minimal surgery and less complicated prostheses.
Therefore it presents less surgical morbidity and cost when compared to standard implants.

5



Mini dental implants may be appropriate with narrow and atrophic edentulous ridges and
also may be immediately loaded in the appropriate osseous situations (41).

Shatkin et al. (42) studied in mini dental Implants for long-term fixed and removable
prosthetics concluded they are frequently used mini dental implants in many cases of
limited ridge anatomy. Mini dental implants (MDIs) have diameters ranging from 1.8
mm to 2.4 mm. Small diameter implants are generally 2.75 mm to 3.3 mm in diameter.

Mini dental implants can retain maxillary or mandibular removable dentures. When
placing in dense bone, mini dental implants can be immediately loaded to retain removable
complete and partial dentures with more than 90% survival rate (43, 44). Edentulous
people who treated with mini dental implants in nine dental practices revealed that the
advantages of mini dental implants (minimally invasive, cost-effective and short treatment
duration) could inspire elderly patients who suffering from various diseases to choose
implants for the stabilization of their complete dentures (45).

A systematic reviews represented definitive prosthodontic treatment with mini
dental implant.

2.2.1 The evidence for short-term survival of mini dental implants when used for
definitive prosthodontic treatment in a one year interval survival rate of 94.7%. However,
the follow-up period of many implants was reported to be less than 12 months.

2.2.2 Limited evidence for the medium term survival and no evidence for the
long-term survival of mini implants when used for definitive prosthodontic treatment.

2.2.3 Current terminology in the literature does not differentiate between mini
implants and narrow diameter dental implants.

The survival rate of mini dental implant has been reported. Aunmeungtong et al. (15)
concluded that two and four mini dental implants can be immediately used successfully
for retaining lower complete dentures, as shown after a 1-year follow up. Elsyad at el. (14)
found clinical and radiographic peri-implants tissue responses of immediately loaded
mini dental implants retained a mandibular overdenture were satisfactory after 3 years
(survival rate and success rates were 96.4% and 92.9%)

A 5-year prospective study evaluated patient satisfaction and prosthetic aspects of
mini dental implants retained overdenture in 112 fixtures concluded that patients have
satisfied with MDI-retained mandibular overdentures in terms of daily life such as eating,

comfort, healing process, socialization, stability/retention of mandibular dentures, oral



hygiene, and ease of handling the dentures increased significantly with time (21). Tomasi
at el. (28) reported the same result from a study of patient satisfaction with mini-implant
stabilized full dentures. The placement of mini-implants as retentive component for full
dentures with poor functional stability has a positive impact on the patients oral function

and comfort as well in social life.
2.3 Attachment system

There are many commercially available attachment system for implant overdentures.
These include Nobel Biocare ball attachments, OT-Equator, Zest Locator® and “O-ring”
attachments, Sterngold ERA® attachments and various magnetic and bar attachments
(46). Implant companies provide technical guideline for their own systems. The choice
of attachment is a matter of personal preference. When multiple implants and bars are
used and the denture is fully or almost fully implant-borne, it is necessary to consider a
metal reinforcement, such as a cast metal framework within the overdenture base (46).
Attachment retention forces from 5 to 7 N have been indicated to be sufficient for implant-
retained overdentures during function (5).

The different types of attachments exhibit unique properties. The bar is useful when
implants are nonparallel to place a common path of placement between the implant
abutments and the denture base. The bar attachments provide a separate, parallel path of
placement of retentive bar clips allocated in the denture base and it allows the bar to connect
to a nonparallel implant angulations. When more than two implants are used, parallel
implant placement becomes more difficult to achieve, making the bar attachment a popular
choice. Unlike the bar attachment, the ball is considered the simplest. The simplicity of
this attachment system on unsplinted implants this made them the preferred choice for
clinicians especially with mandibular implant overdentures (19, 21, 22, 46).

Ball attachment connectors are popular due its simple design, and cost-effectiveness.
The disadvantage of this system is the high-profile of its abutment which may limit its
use especially in patients with narrow jaw anatomy (21). Although cost is an important
factor to consider, ball attachments are less expensive when compared to other attachment
types like Locator®.

The Locator attachment which was introduced in 2001 has become widely applied
has several advantages over other systems. It has a low profile design that advantage for
cases with limited inter-ridge space. This geometry has a role in spreading occlusal loads

7



through the abutment to the implant in a more favorable magnitude and distribution because
of the reduced lever arm length thus optimizing loads around dental implants. Another
characteristic of the locator attachment is the dual retention through both external and
internal mating surfaces that offers high durability and long lasting performance. However,
this leads to limited lateral and hinge movement, which may be responsible for transferring
more moment loads to the implant, thus increases the stress in the bone around the implant
that may be contributed to increased vertical bone loss while decreasing the stress in the
posterior residual ridge with less need for relining (18, 23).

The OT-Equator is a new line of low profile attachment. It is considered the smallest
attachment system available with the least overall dimension (vertical height of 1.7 mm
and 2.5 mm diameter). It combines the simplicity of ball attachments, with the variety of
retention levels and easy replacement options of Locators (24). However, little information is
available about this product and there are no published articles on patients or in vitro
studies to investigate the retention properties of this product.

2.4 Complication associated implant retained overdenture

The success of implant-retained overdentures depends on the retentive capacity of
its attachment component to sustain its long-term function. The movement between the
retentive surfaces of an attachment during mastication and removal of the overdenture
will lead to wear and diminish retentive forces over time (26, 47). Dunnen at el. (48)
studies a three-year retrospective complications of mandibular implant-retained overdentures.
The study found that the loosing of screws and abutments were the most common mechanical
problems.

In clinical complications, Goodacre at el. (29) reported overdenture loss of retention/
adjustment has highest rate of mechanical complications (30%). Many studies evaluated
the ball, bar and Locator attachments regarding the retention force and prosthetic complications.
Ball attachments were documented that O-rings normally loose retention, and must be
replaced at time (19-22). The most frequent complications of bar attachment was retightening
of the bar screw and adjustments of the bar retainers (29, 46). A metal- metal or metal—
plastic/nylon stud attachment show differences wear of retentive component regarding
its surface after removal—insertion usage. Another frequently observed prosthetic complication
is the loosening of overdenture abutments or the fixation screws of bar attachments.
Overloading of the implants usually causes loosening of the implant component (26, 29).
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Numbcr of patients (patients with recurring

adjustments in parentheses)

1st year 2nd year 3rd year
Adjustments n=104 n=103 7=103
Loose screws/abutments 33 12 (10) 7
Decubital ulceration treatments 22 11(3) 8 (2)
Minor occlusal adjustments 6 5 6
Activation of retentive clips 8 9 4 (3)
Replacement resilient 6 9 (1) 1

components

Abutment replacements 6 10 18
Corrections denture borders 10 10 {1) 2 (1)
Replacement of fractured 3 b 3

artificial teeth

Figure 2.1 Distribution of patients with regard to adjustments during the 3

subsequent years of follow-up (48).

Number placed/affected

Mean incidence

Overdenture loss of retention/adjustmenf|
Esthetic veneer fracture (resin)
Overdenture relines

Overdenture clip/attachment fracture
Esthetic veneer fracture (porcelain)
Overdenture fracture

Opposing prosthesis fracture

Acrylic resin base fracture

Prosthesis screw loosening
Abutment screw loosening

Prosthesis screw fractures

Metal framework fractures

Abutment screw fractures

Implant fractures

376/113 prostheses
663/144 prostheses
595/114 prostheses
468/80 prostheses
258/36 prostheses
570/69 prostheses
168/20 prostheses
649/47 prostheses
4501/312 screws
6256/365 screws
7094/282 screws
2358/70 prostheses
13,160/244 screws
12,157/142 implants

30%
22%
19%
17%
14%
12%
12%
7%
7%
6%
4%
3%
2%
1%

Figure 2.2 Most common implant complications (29).



CHAPTER 3

Materials and Methods

The materials and methods are divided into two parts as followed:
3.1 The materials, instruments and experimental process

3.2 Statistical analyses
3.1 The materials, instruments and experimental process

Fifty PW Plus mini implants (PW Plus Co., Ltd., Nakorn Pathom, Thailand) diameter
3.0 mm and height 12 mm with conical implant-abutment connection were placed into
the resin blocks (Block A) (Chockfast orange resin, Shannon Industrial Estate, Co. Clare,
Ireland) with 0° angulation (Figure 3.1). The platform of the implant was at the same
level of the resin block. Each OT-Equators abutment (Rhein83, Bologna, Italy) was screwed
and tightened to each implant with a digital torque gauge (Tohnichi torque gauge, model
BTGES0CN, Tohnichi Mfg. Co. Ltd., Tokyo Japan) to 25 Ncm following the instruction
from the manufacturer. After ten minutes, all abutments were retightened with the same
torgue to reduce the settling effect.

OT-Equators metal housing with nylon inserts were attached into the abutments. The
customized metal blocks were placed over the metal housings and space relief were
prepared. The metal housings were picked up in the customized metal blocks (Block B)
(Figure 3.2) using auto-polymerizing acrylic resin (TOKUYAMA Rebase 1l, TOKUYAMA
dental, Tokyo, Japan) mixed according to the manufacturer’s instructions. The alignment of
nylon insert-metal housing to the abutment-implant axis was set up at 0° with Universal
Testing Machine (Instron 8872, Canton, MA, USA).

The model specimens were divided into 2 groups according to different implant
angulation. There were group I: 0° angle (N=25) and group IlI: 15°angle (N=25). Each
group consisted of 5 subgroups with different weight-color coded of nylon retentive inserts
(black; control, yellow; 0.6kg, pink; 1.2kg, white; 1.8kg, violet; 2.5kg) (Fig.3). Block A
was attached into the fixed lower part of the testing machine which allowed to angulate

the implant axis while Block B was positioned to the upper part. Each specimens group
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was tested under cyclic dislodgement with the Universal Testing Machine (Instron 8872,
Canton, MA, USA) with a frequency of 1 Hz and crosshead speed of 2 mm per milliseconds.
The assembly was immersed in a plastic container filled with demineralized water at
room temperature during the cyclic test (Figure 3.4).

The retentive force after insertion-removal cycles were recorded at simulated 3 months
(360 cycles), 6 months (720 cycles), 1 year (1,440 cycles) and 2 years (2,880 cycles) of
function with a number of four cycles per days. The retentive force and removal torque
after cyclic dislodgement of each time intervals were investigated. The removal torque
of attachment screw of all specimens after testing were measured with the digital torque
gauge. After 2,880 cyclic dislodgement, all male attachment abutment were undergone
for scanning electron microscopy (SEM) (JSM-5410LV, JEOL Ltd, Tokyo, Japan)

inspection at magnification of x35 for any damage or shape alteration.

Figure 3.1 Schematic sketch of PW Plus  Figure 3.2 The customized metal blocks
mini implant in resin block (Block A) with OT-Equators metal housing and

nylon inserts (Block B)
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Figure 3.3 Schematic diagram for experimental procedure

—
=

Figure 3.4 xperimental models simulation of cyclic dislodgement using
universal testing machine: A, 0° angle. B, 15° angle.

C, model immersed in deionized water.
3.2 Statistical analyses

All data were evaluated for normality test using Kolmogorov-Smirnov test. The
retentive force of the different OT-Equator retentive cap over the different cycles was
performed by One-way ANOVA. The retentive force and removal torque reduction of
different five OT-Equator retentive caps in two groups (0° and 15° angle) were compared
using t-test. The study also compared the torque change between initial torque and removal
torque of each OT-Equator retentive cap using t-test. A significant difference was considered
at p<0.05. The data were analyzed by using SPSS 17.0 software (SPSS Inc., Chicago,
IL, USA).
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CHAPTER 4

Results

The results of this study are presented in two parts as follows:
4.1 Retentive force

4.2 Removal torque
4.1 Retentive force

According to Kolmogorov-Smirnov test, the data are showing normal distribution.
The mean retentive force (N) and standard deviation (SD) of different OT- Equator retention
caps in different angulation under cyclic dislodgement are shown in Table 4.1. At the
beginning of cyclic dislodgement (0 cycle), the different retentive forces of each color-
coded retentive caps in both angulation at 0° and 15° were observed. For each subgroup,
the black nylon exhibited the lowest initial retentive force, followed by the yellow, pink,
white and violet nylon. Furthermore, the retentive force at the baseline of all groups
were found higher than those of the force giving by manufacturer.

After cyclic dislodgment from the beginning to 2880 cycles, both attachment angulation
presented similar pattern of decreasing retentive force overtime (Figure 4.1). In each group
of angulationangulations, there were statistically significant differences of retentive
force reduction overtime among each color-coded retentive capscap (Figure 4.2).When
compared between two angulations in each retentive group, there was no significant
difference in black nylon group. However, there is significant difference in other groups
(p<0.001) (Table 4.2). The percentage of attachment retention loss in each groupsgroup
were calculated and compared to initial retention (0 cycle) (Table 4.3). The negative

values indicated decrease in removal force.
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Table 4.1

Mean retentive force (N) and standard deviation (SD) of different

attachment groups under cyclic dislodgement

Mean retentive force (N) £ SD

Attachment
cycle
group
n=0 n =360 n=720 n = 1440 n = 2880
Angulation 0°
black 6.16+0.44 | 511+035 | 453+£0.34 3.84+0.62 | 3.49+0.67
yellow 9.61+0.21 | 8.74+0.19 | 8.10+0.27 6.58+0.28 | 5.60+0.44
pink 17.71+0.38 | 15651 +£0.64 | 13.32+0.49 | 11.88+0.71 | 10.68 +0.68
white 21.30+£1.08 | 17.88+0.79 | 15.84+1.04 | 12.05+£0.96 | 11.02+0.82
violet 33.24+£152 | 29.54+0.66 | 26.93+0.44 | 24.80+0.71 | 21.95+0.86
Angulation 15°
black 473+030 | 437+0.21 | 4.21+0.24 421+£0.22 | 4.07+0.19
yellow 7.3+0.23 6.47 +£0.78 | 5.44 +0.36 477+038 | 420+0.21
pink 14.18 +0.23 | 1256 £0.38 | 9.87 £0.49 9.03+0.52 | 6.97+0.22
white 16.48+0.59 | 14.02+0.52 | 11.07+0.42 | 858+0.46 | 7.06+£0.36
violet 20.89+£0.68 | 17.12+0.44 | 1425+0.26 | 10.24+£0.49 | 8.68 £0.27
35
30
=25
q_) T
520 %o
g 15 E ‘i ~~~~~~~~~ : i
L 10 ‘! ----------------------- -
0
0 500 1000 1500 2000 2500 3000
cycle
—@— black 0° yellow 0° pink 0° white 0°
—@&— violet 0° --@--Dblack 15° yellow 15° pink 15°

Figure 4.1 Mean retentive forces of different attachment groups in

different angulations under cyclic dislodgement
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Figure 4.2 Significant differences of mean retentive force of each color coded

retentive caps under cyclic dislodgement. (*p-values were calculated

at significant < 0.05).
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Figure 4.2 Significant differences of mean retentive force of each color coded
retentive caps under cyclic dislodgement. (*p-values were calculated

at significant < 0.05) (cont.)
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Table 4.2 The angle effect of removal forces between 0° and 15° angulation

of the OT-Equator color-coded retentive caps

OT-Equator retentive cap T-test angle effect
Black cap p =0.086
Yellow cap p <0.001*
Pink cap p <0.001*
White cap p <0.001*
Violet cap p <0.001*

*Statistically significant differences (p<0.05).

Table 4.3 Percentage loss of retention of attachment retention loss compared

to initial retention

Angulation | Cycle () Black Yellow Pink White Violet
(%) (%) (%) (%) (%)
0° 360 -17.01 -9.05 -12.44 -16.07 -11.14
720 -26.48 -15.73 -24.83 -25.65 -18.97
1440 -37.58 -31.56 -32.91 -43.43 -25.40
2880 -43.32 -41.79 -39.69 -48.26 -33.97
15° 360 -7.76 -11.27 -11.47 -14.94 -18.04
720 -11.13 -25.37 -30.41 -32.84 -31.79
1440 -11.14 -34.66 -36.30 -47.97 -50.97
2880 -13.92 -42.37 -50.82 -57.18 -58.47

4.2 Removal torque

All removal torque values in this study were normaly distributed. The comparison
of removal torque of each groups at the final and the initial cycle are shown in Table 4.4.
From initial insertion torque of attachment (25 NCm.), the removal torques after 2,880
cycles were reduced significantly when compared to the initial insertion torque (p < 0.05).
The removal torque of different OT-Equator color-coded retentive caps in 0° and 15° angle
at the end of 2,880 dislodging cycles are shown in Table 4.5. There were no statistically

significant differences between 0° and 15° angle groups (p>0.05). The removal torques
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within each color-coded retentive caps in 15 ° angle groups were lower than those of the
0° angle groups except for the pink cap (Figure 4.3). There was no complete screw loosening
found after 2,880 cycles. From SEM inspection, there were neither damage nor shape
alteration found compared to the new attachment screw (Figure 4.4)

Table 4.4 Removal torque of different OT- Equator color-coded retentive caps in 0°

and 15° angle at 2,880 dislodging cycles compared to initial insertion torque

Removal torque Removal
p-value comparing p-value comparing
OT-Equator (Ncm) a1 €l torque (Ncm) o )
) with initial with initial insertion
retentive cap Mean = SD ) ) Mean = SD
insertion torque torque
0° angle 15° angle
Black 21.63+2.72 0.0123* 20.71£2.00 0.0007*
Yellow 21.7£2.25 0.0056* 20.54+1.79 0.0003*
Pink 19.83+1.46 0.0000* 20.57+1.08 0.0000*
White 20.37£1.53 0.0001* 20.06£1.77 0.0001*
Violet 20.97£1.25 0.0000* 20.02+2.18 0.0005*

*Statistically significant differences (p<0.05).

Table 4.5 The removal torque of different OT-Equator color-coded retentive

caps in 0° and 15° angle at 2,880 dislodging cycles

Removal torque (Ncm)
OT-Equator T-test
) Mean + SD
retentive cap
0% angle 15% angle p-value
Black 21.63+2.72 20.71+£2.00 0.559
Yellow 21.7+£2.25 20.54+1.79 0.393
Pink 19.83+1.46 20.57+1.08 0.390
White 20.37+£1.53 20.06+1.77 0.775
Violet 20.97£1.25 20.02+2.18 0.423

*Statistically significant differences (p<0.05).

19



N N w
o ol o

Removal torque (Ncm.)
[E=Y
(8]

10
5
0
black yellow pink white
OT-Equator

B (0° angle
B ]5%angle

violet

Figure 4.3 The bar chart demonstrated Tthe removal torque of different OT-Equator

color-coded retentive caps in different angulation after 2,880 cyclic dislodgement

Figure 4.4 SEM images of the patrix surface (attachment abutment); abutment
before test (A, B), 0° angle group after test (C, D), 15° angle

group after test (E, F)
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CHAPTER 5

Discussion

This in-vitro study evaluated the change of retentive force and removal torque of
OT-Equator attachment in different angulations under cyclic dislodgement. The results
of this study revealed that increase in cyclic dislodgement significantly reduced the retentive
force of OT- Equator retentive caps in 15° than 0° angle except for the black cap. The
removal force also decreased at final dislodging cycle. However, there were no significantly
differences between removal torques of attachment components on mini implant in different
angulations.

The implant retained/supported overdenture should have adequate retentive capacity
to enhance the retention of the prosthesis (17). Previous studies revealed that implant
angulation and attachment component wear influenced the change in retentive force during
long term wearing period (25-27, 49-53). In vitro studies investigated the change of
retentive capacity after simulated insertion-removal usage with cyclic dislodgement (25-28,
49-53). In this study, the cycles of 360, 720, 1,440 and 2,880 were used to simulate in-
vivo function of OT-Equator in 3 months, 6 months, 1 year and 2 years respectively which
was based on 4 removal-insertions per day. The results of this study demonstrated significant
differences in baseline retention between nylon retentive components of which the violet
cap was the most retentive, followed by the white, the pink, the yellow and finally the
black cap. These weight color-code retentive caps indicated different levels of retention
which varied from 6.16 + 0.44 N to 33.24 + 1.52 N. The relation of different color coded
inserts in the present study were in accordance with the investigations of other different
attachment systems such as Locator (51, 52, 54). However, the retentive force at the baseline
of all groups were found higher than those of the manufacturer. Other previous studies
have evaluated the retention capacity of OT-Equator attachment systems at the baseline.
As for the pink cap at an angulation of 0°, Tomas et al. (28) obtained the initial retention
value of 16.36 £ 2.94 N, which is similar to our study at 17.71 + 0.38 N. However,
Marin et al. (25) demonstrated greater baseline retention of pink female component at
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51.81 £ 2.64 N which was in discordance with our study due to different designs of
experimental models consisting of a pair attachment. In addition, some studies found that
the relation between the initial retention force and color-coded retentive inserts were
independent (27, 53). These discrepancies might be caused by manufacturing process,
different design and position of attachment systems (51).

After cyclic dislodgement, gradually progressive loss of retention was exhibited
with similar pattern in all retentive caps of both 0° and 15 °of angulation. After 2,880
insertion-removal cycles, all groups exhibited loss of retention corresponding with retentive
level of different color coded retentive caps. Within each color-coded retentive cap of
each angulation, there were statistically significant differences of mean retentive force
values overtime (p<0.05). The black cap group exhibited the lowest retention with no
significance differences of retentive force overtime between 0° and 15 ° angle groups
(p>0.05). This finding can be explained by the fact that the black processing insert is
recommended to be removed and replaced by other color-codes retentive caps before
function due to its inadequate retention. Previous studies reported that the increase of
insertion/removal cycle had significant effects on retentive force reduction of various
attachments which the experiments were on parallel implants or at right angle to occlusal
plane. Marin et al. (25) found that pair implants OT-Equator with pink retentive caps
exhibited 14.08% loss retentive force after 3,000 insertion/removal cycle at 0° of angulation.
The present study showed 39% loss of retention at 2,880 final cycles on single attachment
whereas Tomas et al. (28) presented 8.07% loss of retention at 3,000 cycles. The authors
also compared the retentive force of pink retentive cap between Locator and OT-Equator.
They found that both systems showed similar characteristic at the baseline, however,
OT-Equator (30.26%) obtained significant lower retention than those of Locator (49.76%)
after 14,600 cycle. Another study, however, revealed that retentive force reduction of
Locator was considerably up to 78.6% of baseline retention after 15,000 cycles. The
different color coded retentive components of Locator were also reported that they might
not necessarily provide significantly different retention (27). Regardless of different
attachment systems and design of experimental studies, the retentive force reduction has
been reported discrepancies range of retentive values. These results cannot be directly
compared. However, all studies showed similar tendency of decrease in retention after

insertion-removal cycles.
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In clinical situation, it can be complicated to place implants parallel to each other
according to insufficient bone quality or anatomical limitations as well as patient affordability
of prostheses. According to the manufacture, OT-Equator is designed with an abutment
to be placed at angulation of between 0° and 15°. The present study investigated differences
in retentive force values between different angulations. The results revealed that the 15°
angle group had a significant greater loss of retentive force than the 0° angle group except
for the black cap. Many studies have stated that increasing implant angulation under
cyclic dislodgement had negative effect on retention of implant overdentures which support
the finding in the present study (49, 50, 53). Al-Ghafli et al. (49) reported significant
decrease in retention of Locator among 0°, 5°, 10°, 15° and 20° angles which 20° angle
exhibited the lowest values after 15,000 cycles. Another study showed correspondingly
significant decrease of retention at 0°, 10°, 20° angulation at 1,440 cycles, while vigorously
loss of retention was found at 30°, 40° angulation after 720 cycles (50). The 20° angulation
of Clix®, Dalbo-Plus® and Locator also revealed higher loss of retention when compared to
0° angle (53).

The main cause of decrease in retention after frequent loading could be wear induced-
structural changes of attachment (17, 27). The higher angulation of inner part of attachment,
the higher force needs of insertion-removal force. The consequent increase in friction
force caused abrasion and deformity of nylon inserts of patrix attachment which was
significant detected in higher implant angulation (25, 27, 53). OT-Equator nylon components
are made of polyamide which offers light weight, smooth surface, chemical resistance,
dimensional stability and flexibility (25). However, the nylon components have a high
sensitivity to wear during long term function due to several factors which consequently
lead to decrease in retentive force (50). As a result, the change of morphology and wear
of attachment component due to nonparallel implant and recurrent loading overtime
could lead to loss of retention. Different studies revealed retention to stabilize mandibular
overdenture ranging from 5-7 N from Pigozzo (5) and Besimo (55). In contrast, Setz
(56) required 20 N of minimal retention for two-implant mandibular overdenture. As for
loss of retention after long term usage, the proper period of time to replace the attachments
of implant retained/supported overdenture is not well defined (49). According to the results
of this study, it can be assumed that OT-Equator retentive with 0° angle until 2-year

simulating insertion-removal function can still provide adequate retention with a retentive
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force ranging from 5.60 £ 0.44 N to 33.24 + 1.52 N. However, the yellow cap with
angulation of 15° after 1,440 cycles obtained too low retention to retain overdenture
with a retentive value of 4.77 £ 0.38 N. This was lower than that referenced by different
authors (5, 55). Therefore, the nonparallel attachment may require 1 year of maintenance
and be replaced by a new retentive insert.

The removal torque is the amount of rotational force used to loosen the screw which
is used to analyze the remaining torque after mechanical loading compared to preload
(57, 58). Many studies revealed various factors affecting on removal torque reduction of
single implant abutment after mechanical loading (59, 60). Nevertheless, the removal
torque investigations of overdenture attachment are currently lacking in dental research.
There was a study of Kobayashi et al. (26) who evaluated the effect of cyclic dislodgement
on retention and removal torque of Locator on normal implant diameter (Straumann RN
4.1mm) after 14,600 insertion/removal cycles. The study found significant decrease of
both removal torque of Locator with 0° angle (29.5 £ 3.30 Ncm) and those with 12°angle
(29.5 £ 4.17 Ncm) in comparison to initial insertion torque (35 Ncm). The results of both
angulations exhibited similar values after final cyclic dislodgement. These finding is in
accordance with the present study on mini implants (PW Plus 3.0mm) of which the removal
torque of all attachment abutments were statistically significant lower at the final cyclic
dislodgement than those at the initial (25 Ncm). Winkler et al. (61) explained that 2% to
10% of initial preload was lost as a result of settling effect. Accordingly, the removal
torque exhibited less than the torque initially used to place the screw. Moreover, the
external joint separating force such as non-axial load and insertion-removal force might
allow separation of the joint and lead in screw loosening (61). However, from the results of
the present study, no statistically significant differences were found in removal torques
between 0° (ranged from 19.83 + 1.53 to 21.70 + 2.25 Ncm) and 15° of angulation (ranged
from 20.02 + 2.18 to 20.71 + 2.00 Ncm) after 2,880 cycles. Therefore, there was no
significant influence of the implant-angulation on removal torque after 2,880 cycles,
even if the attachment was inserted on mini implant. This finding could be explained by
damage of the attachment due to mechanical loading was limited on retentive components
which is in accordance to previous studies (26, 53, 62). Aroso et al. (53) did not detect
any visible deformation in the surface of Locator metal abutment even in different angulation

but confirmed the wear in the internal part of white, pink and blue retentive components
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after 5,400 cycles. In addition, another in vivo study demonstrated significant wear of
the nylon insert of Locator attachment under micro-computed tomography after 1 year
of clinical wearing. There was no significant wear pattern on the abutments, despite the
minimal scratch on its external surface under SEM evaluation (62). However, three-
dimensional movement around the implant axis during mastication, cleaning agents,
parafunctional habit and water absorption could be other important factors influencing
the wear discrepancies of attachment systems (49, 53).

Within the limit of the study, it was concluded that greater cyclic dislodgement
and increasing of implant angulation significantly affected retentive force of OT-Equator
attachments. The value of retentive force of OT-Equator in simulating 2 year of denture
insertion/removal is acceptable to retain mini implant overdenture. The reduction of
removal torque after 2,880 cycles compared to insertion torque was found, however the
implant angulation did not seem to have significant influence on removal torque. The
low-profile OT-Equator can be used on mini implant to retain overdenture. Nevertheless, it
should be noted that Nylon inserts with increased implant angulation required regularly
follow up to replace them each year and screw re-tightening might be considered. Further
in vivo studies are necessary to investigate the retentive behavior and its long term clinical

relevance.
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CHAPTER 6

Conclusions

Within the limitations of this in vitro study, it can be concluded that:

1.  Greater cyclic dislodgement and increasing of implant angulation significantly
affected on retentive force of OT-Equator attachment.

2. The reduction of removal torque after 2,880 cycles was found, however the
implant angulation did not seem to have significant influence on removal torque.

3. The value of retentive force of OT-Equator in simulating 2 year of denture
insertion/removal is acceptable to retain mini implant overdenture.

4. Nylon inserts with increase implant angulation required regularly follow up

to replace them each year and screw re-tightening on attachment might be consider.
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Summary Black

Cycle effect of each insert by straight method

Df Sum Sq Mean Sq F value Pr(>F)

Cycle 4 22.474 5.618 22.52 3.6e-07 ***
Residuals 20 4.989 0.249

TukeyHSD

Tukey multiple comparisons of means

95% family-wise confidence level

Cycle Df Lower Upper p-adjusted

360-0 -1.0473333 -1.992588 -0.10207847 0.0254057
720-0 -1.6306667 -2.575922 -0.68541180 0.0004096
1440-0 -2.3146667 -3.259922 -1.36941180 0.0000040
2880-0 -2.6680000 -3.613255 -1.72274513 0.0000005
720-360 -0.5833333 -1.528588 0.36192154 0.3762263
1440-360 -1.2673333 -2.212588 -0.32207846 0.0054853
2880-360 -1.6206667 -2.565922 -0.67541180 0.0004397
1440-720 -0.6840000 -1.629255 0.26125487 0.2328465
2880-720 -1.0373333 -1.982588 -0.09207847 0.0271823
2880-1440 -0.3533333 -1.298588 0.59192153 0.7950108
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Summary Yellow

Df Sum Sq Mean Sq F value Pr(>F)

Cycle 4 52.96 13.241 156.3 8.75e-15 ***
Residuals 20 1.69 0.085

TukeyHSD

Tukey multiple comparisons of means

95% family-wise confidence level

Cycle Df Lower Upper p-adjusted

360-0 -0.870 -1.420817 -0.3191834 0.0010928
720-0 -1.512 -2.062817 -0.9611834 0.0000007
1440-0 -3.034 -3.584817 -2.4831834 0.0000000
2880-0 -4.018 -4.568817 -3.4671834 0.0000000
720-360 -0.642 -1.192817 -0.0911834 0.0175195
1440-360 -2.164 -2.714817 -1.6131834 0.0000000
2880-360 -3.148 -3.698817 -2.5971834 0.0000000
1440-720 -1.522 -2.072817 -0.9711834 0.0000006
2880-720 -2.506 -3.056817 -1.9551834 0.0000000
2880-1440 -0.984 -1.534817 -0.4331834 0.0002718
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Summary Pink

Df Sum Sq Mean Sq | F value Pr(>F)

Cycle 4 159.28 39.82 113.1 1.96e-13 ***
Residuals 20 7.04 0.35

TukeyHSD

Tukey multiple comparisons of means

95% family-wise confidence level

Cycle Df Lower Upper p-adjusted

360-0 -2.203333 -3.326387 -1.08028011 0.0000854
720-0 -4.398000 -5.521053 -3.27494677 0.0000000
1440-0 -5.829333 -6.952387 -4.70628011 0.0000000
2880-0 -7.030000 -8.153053 -5.90694677 0.0000000
720-360 -2.194667 -3.317720 -1.07161344 0.0000898
1440-360 -3.626000 -4.749053 -2.50294678 0.0000001
2880-360 -4.826667 -5.949720 -3.70361344 0.0000000
1440-720 -1.431333 -2.554387 -0.30828011 0.0085431
2880-720 -2.632000 -3.755053 -1.50894678 0.0000076
2880-1440 -1.200667 -2.323720 -0.07761344 0.0325294

37




Summary White

Df Sum Sq Mean Sq | F value Pr(>F)

Cycle 4 356.7 89.18 99.49 6.62e-13 ***
Residuals 20 17.9

TukeyHSD

Tukey multiple comparisons of means

95% family-wise confidence level

Cycle Df Lower Upper p-adjusted

360-0 -3.422667 -5.214440 -1.6308935 0.0001198
720-0 -5.463333 -7.255107 -3.6715601 0.0000001
1440-0 -9.252000 -11.043773 -7.4602268 0.0000000
2880-0 -10.282000 -12.073773 -8.4902268 0.0000000
720-360 -2.040667 -3.832440 -0.2488935 0.0208237
1440-360 -5.829333 -7.621107 -4.0375601 0.0000000
2880-360 -6.859333 -8.651107 -5.0675601 0.0000000
1440-720 -3.788667 -5.580440 -1.9968935 0.0000319
2880-720 -4.818667 -6.610440 -3.0268935 0.0000010
2880-1440 -1.030000 -2.821773 0.7617732 0.4447046
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Summary Violet

Df Sum Sq Mean Sq F value Pr(>F)

Cycle 4 376.6 94.14 112.3 2.09e-13 ***
Residuals 20 16.8 0.84

TukeyHSD

Tukey multiple comparisons of means

95% family-wise confidence level

Cycle Df Lower Upper p-adjusted

360-0 -3.702000 -5.434479 -1.969521 0.0000277
720-0 -6.304667 -8.037145 -4.572188 0.0000000
1440-0 -8.441333 -10.173812 -6.708855 0.0000000
2880-0 -11.290667 -13.023145 -9.558188 0.0000000
720-360 -2.602667 -4.335145 -0.870188 0.0018427
1440-360 -4.739333 -6.471812 -3.006855 0.0000008
2880-360 -7.588667 -9.321145 -5.856188 0.0000000
1440-720 -2.136667 -3.869145 -0.404188 0.0112296
2880-720 -4.986000 -6.718479 -3.253521 0.0000003
2880-1440 -2.849333 -4.581812 -1.116855 0.0007036
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Cycle effect of each insert by angulation method

Summary Black angle

Df Sum Sq Mean Sq | F value Pr(>F)

Cycle 1 0.8188 0.8188 11.77 0.00228 **
Residuals 23 1.6002 0.0696

TukeyHSD

Tukey multiple comparisons of means

95% family-wise confidence level

Cycle Df Lower Upper p-adjusted

360-0 -0.3673333336 -0.8160405 0.08137387 0.1428679
720-0 -0.5266666666 -0.9753739 -0.07795946 0.0166077
1440-0 -0.5273333334 -0.9760405 -0.07862613 0.0164474
2880-0 -0.6586666666 -1.1073739 -0.20995946 0.0023253
720-360 -0.1593333330 -0.6080405 0.28937387 0.8230701
1440-360 -0.1599999998 -0.6087072 0.28870721 0.8209054
2880-360 -0.2913333330 -0.7400405 0.15737387 0.3282406
1440-720 -0.0006666668 -0.4493739 0.44804054 1.0000000
2880-720 -0.1320000000 -0.5807072 0.31670721 0.9008144
2880-1440 -0.1313333332 -0.5800405 0.31737387 0.9024203
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Summary Yellow angle

Df Sum Sq Mean Sq F value Pr(>F)

Cycle 1 26.243 26.243 66 3.29e-08 ***
Residuals 23 9.145 0.398

TukeyHSD

Tukey multiple comparisons of means

95% family-wise confidence level

Cycle Df Lower Upper p-adjusted

360-0 -0.8226667 -1.658263 0.01292948 0.0549475
720-0 -1.8513333 -2.686929 -1.01573718 0.0000168
1440-0 -2.5293333 -3.364929 -1.69373718 0.0000002
2880-0 -3.0913333 -3.926929 -2.25573718 0.0000000
720-360 -1.0286667 -1.864263 -0.19307052 0.0113973
1440-360 -1.7066667 -2.542263 -0.87107052 0.0000506
2880-360 -2.2686667 -3.104263 -1.43307052 0.0000008
1440-720 -0.6780000 -1.513596 0.15759615 0.1485506
2880-720 -1.2400000 -2.075596 -0.40440385 0.0020859
2880-1440 -0.5620000 -1.397596 0.27359615 0.2959437
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Summary Pink angle

Df Sum Sq Mean Sq F value Pr(>F)

Cycle 1 141.30 141.30 127.3 7.49e-11 ***
Residuals 23 25.53 1.11

TukeyHSD

Tukey multiple comparisons of means

95% family-wise confidence level

Cycle Df Lower Upper p-adjusted

360-0 -1.6266667 -2.363951 -0.88938271 0.0000178
720-0 -4.3133333 -5.050617 -3.57604938 0.0000000
1440-0 -5.1480000 -5.885284 -4.41071604 0.0000000
2880-0 -7.2080000 -7.945284 -6.47071604 0.0000000
720-360 -2.6866667 -3.423951 -1.94938271 0.0000000
1440-360 -3.5213333 -4.258617 -2.78404938 0.0000000
2880-360 -5.5813333 -6.318617 -4.84404938 0.0000000
1440-720 -0.8346667 -1.571951 -0.09738271 0.0217620
2880-720 -2.8946667 -3.631951 -2.15738271 0.0000000
2880-1440 -2.0600000 -2.797284 -1.32271604 0.0000005
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Summary White angle

Df Sum Sq Mean Sq F value Pr(>F)

Cycle 1 249.66 249.7 108.4 3.57e-10 ***
Residuals 23 52.99 2.3

TukeyHSD

Tukey multiple comparisons of means

95% family-wise confidence level

Cycle Df Lower Upper p-adjusted

360-0 -2.462667 -3.366159 -1.5591739 0.0000008
720-0 -5.412667 -6.316159 -4.5091739 0.0000000
1440-0 -7.905333 -8.808826 -7.0018406 0.0000000
2880-0 -9.424667 -10.328159 -8.5211739 0.0000000
720-360 -2.950000 -3.853493 -2.0465072 0.0000000
1440-360 -5.442667 -6.346159 -4.5391739 0.0000000
2880-360 -6.962000 -7.865493 -6.0585072 0.0000000
1440-720 -2.492667 -3.396159 -1.5891739 0.0000007
2880-720 -4.012000 -4.915493 -3.1085072 0.0000000
2880-1440 -1.519333 -2.422826 -0.6158406 0.0005485
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Summary Violet angle

Df Sum Sq Mean Sq F value Pr(>F)

Cycle 1 414.0 414.0 108.7 3.46e-10 ***
Residuals 23 87.6 3.8

TukeyHSD

Tukey multiple comparisons of means

95% family-wise confidence level

Cycle Df Lower Upper p-adjusted

360-0 -3.768000 -4.631553 -2.9044468 0.0000000
720-0 -6.640667 -7.504220 -5.7771135 0.0000000
1440-0 -10.648000 -11.511553 -9.7844468 0.0000000
2880-0 -12.216000 -13.079553 -11.3524468 0.0000000
720-360 -2.872667 -3.736220 -2.0091135 0.0000000
1440-360 -6.880000 -7.743553 -6.0164468 0.0000000
2880-360 -8.448000 -9.311553 -7.5844468 0.0000000
1440-720 -4.007333 -4.870887 -3.1437801 0.0000000
2880-720 -5.575333 -6.438887 -4.7117801 0.0000000
2880-1440 -1.568000 -2.431553 -0.7044468 0.0002236
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