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ABSTRACT

PURPOSE

The purpose of this in vitro investigation was &efmine the effect of using either gold or
titanium retaining screws on preload in the dembgllant body-abutment complex. This
preload is of vital importance for the long terntsess of the dental implant complex.
Inadequate preload results in either looseningamtdire of the retaining screw, and is the
most commonly occurring mechanical complicatiomaplant supported/retained prostheses.
Similar complications occur when excessive prelgaapplied to the retaining screws. These
complications can result in unscheduled visits withtly and time consuming repairs for the

clinician and patient.

Routine maintenance protocols for implant suppopiestheses range from biannually to
five year visits to the dentist. Maintenance vigitglve removal of the prosthesis facilitating

cleaning of both the implant and prosthesis angaoson of retaining screws .

This study sought to gain insight into changegregload generation after repeated torque
application to gold and titanium screws and to oles&hether gold or titanium generated
better preload. A maintenance protocol would beyeated if any observable pattern was

noted.

MATERIALS AND METHODS
The test setup consisted of an implant body, andgiltal transmucosal abutment and the
retaining screws (gold or titanium). The implantipavas anchored using a load cell.

Transmucosal abutments were attached to the imptaiyt using either a gold or titanium



retaining screw. A torque gauge was used to agpgue of 20Ncm, 32Ncm and 40Ncm to
the retaining screws. This was undertaken to inyat the effect of gold or titanium on
preload generated. The effect of applying torquembd manufacturers recommended
32Ncm was carried out to see if greater preloadfddoe achieved. All components were

from the Southern Implant system.

RESULTS

Gold retaining screws were found to achieve coastbt higher preload values than titanium
retaining screws. Preload values were not sigmflgadifferent from the first to the tenth
torque cycle. Titanium screws showed more condigterioad values, albeit lower than those
of gold retaining screws. However due to possilaléirgy of the internal thread of the implant

body by titanium screws, gold screws remain thaimetg screw of choice.

Maintenance protocols suggest replacing retaintmeves every 20 years. After ten torque
cycles were applied to each screw there was agnifisiant change in preload generated in
both titanium and gold screws. This study was tleeeenconclusive with regards to

maintenance protocols.

CONCLUSION

Within the limitations of this study, gold retaigiscrews generated better preload than
titanium. Torque application beyond manufactureesommendations resulted in a more
stable implant complex. Further investigation irgpeated torque application to retaining

screws is required, to determine ideal maintengnotcols.
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CHAPTER 1. INTRODUCTION AND LITERATURE REVIEW

1.1 Introduction

Osseointegrated implants have revolutionized timc@ns’ approach to restoring edentulous
spaces in the dentition. Single or multiple unagtheses can predictably be used to replace
missing teeth. Just as the degree of implant iategr within surrounding osseous tissue is
paramount to physiologic success, the mechanicaitfiin the implant-abutment-prosthesis
complex is essential for prosthodontic successt{@raAquilino and Stanford 2001).
Whether the prosthesis is screw or cement retaiheglies on the integrity of the screw joint
to ensure predictable long term outcomes. Thisas@mt consists of the implant fixture and
transmucosal abutment clamped together using miredascrew. The tension created in the
retaining screw, especially the fluked threadseiingtd as preload (Glossary of Prosthodontic
Terms-8 2005). The most commonly used retainingvgerare gold and titanium, each
having different and unique properties. Howeverewdoosening continues to be a
commonly occurring mechanical complication encorgdéy clinicians with implant

supported prostheses.

Although previous studies have investigated prelpartkrated by gold and titanium screws,
alloy constituents and manufacture of retainingwasrvary from company to company and
even within different batches from the same comg&ambhia et al 2002, Tan and Nicholls

2002, Cantwell and Hobkirk 2004).



1.2 Literature Review

1.2.1 Advantages of the retaining screw

The retaining screw forms a screw joint betweennimant body and the transmucosal
abutment. It confers the advantages of retriewgbdgillowing individual implant assessment,
soft tissue assessment around the implant, debedieaf calculus, and prosthetic
modification (McGlumphy, Mendel and Holloway 1998yeatment options are rendered
greater flexibility and are achieved more costafiely. The clinician is able to effect
porcelain repair, a change in shading and if necgssdditional access for more effective

oral hygiene.

The retaining screw is designed to loosen or fradbefore damage to the implant fixture or
overlying prosthesis occurs (Rangert, Jemt andelsri989). This fail safe characteristic is
due to their reduced size and metallurgical comjws({Weinberg 1993). The treatment of
screw loosening requires an understanding of theackeristics and biomechanical

parameters of the screw and the screw joint (Youa&e, Ricci et al 2005).

1.2.2 Screw mechanics

The maintenance of an optimum preload in the sgoew is of critical importance to ensure
the long term functioning of the implant complexddan maximize the fatigue life of the
retaining screw (Martin, Woody, Miller et al 200Inadequate preload results in increased
wear on the retaining screw, and accelerates ®aodthe screw. Metal fatigue is the most
common cause of structural failure and occurs affeeated loading at stress levels below
the ultimate tensile strength of the material (Tades, Nagy, Fournelle et al 2002).
Application of torque to the retaining screw causiemgation and subsequent elastic

recovery of the screw results in the generatioa cdmpressive clamping force. Wang, Kang,
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Lang et al (2009), using finite element analysssaklished that for every 1.0 micrometer of

elongation in gold screws there was a 47.9N iner@apreload.

Preload is affected by a number of factors, theskide torque applied to the screw, type of
screw alloy, screw head design, abutment alloytraent surface and the presence of
lubricants (Tan and Nicholls 2002). As torque agablis the primary determinant of preload,
it follows that the greater the torque appliedhe tetaining screw the greater the preload

generated (Burguete, Johns, King et al 1994).

There is however, an indirect correlation betweeiogad and the applied torque because of
frictional forces that act on the interfaces invemly Some energy is expended to overcome
friction (Tan and Nicholls 2002). Friction coeffits depend on the geometry and material
properties of the interfaces involved. Size andieserarea of the contacting threads, pitch,
screw radius and diameter of the head play a majerin the relationship between applied
torque and preload (Tan and Nicholls 2001). Suréaea contact is also dependant on length
of the screw, which determines the number of theeathces engaging. Finite element

analysis studies have shown that the first thresatls engage the most (Gratton et al 2001).

To mitigate the problem of screw loosening, scresighs have been modified for improved
performance, although the optimum design has ndbgen fully established. Current designs
generally consist of a flat head seat (for lesgibnal resistance and higher preload), long
stem length (for optimal elongation and preload) @rthreads to reduce friction because the
first three threads carry most of the load (Tam @ad Nicholls 2004), with the maximal

stress being concentrated between the shank andhiead (Alkan, Sertzog and Ekici 2004).



Screw loosening occurs when the axial and bendioigemts acting on the screw,
collectively called joint separating forces, gemedaby the cyclic forces of mastication are
greater than the clamping force (Jaarda, Razzodgsaatton 1995). Joint separating forces
are amplified by excursive contacts, off-axis centontacts, interproximal contacts,
cantilevers and the lack of a passively engagingtpesis (McGlumphy et al 1998).
Parafunctional habits and functional deformatiobafe have also been implicated
(Rambhia et al 2002). It has also been sugges#tdbtime remodelling to functional stresses
may contribute to the loss of preload (Kallus am$$ng 1994). From an engineering
perspective, screw loosening and/or fracture magttoibbuted to machining tolerances,
component materials, metal fatigue, micro-movendeming function and the settling of
screws. This settling effect or embedment relaxaticcurs when the surface asperites
produced during milling and tapping of retainingeses are burnished with the initial
application of torque (Jabbari, Fournelle, Ziberale2008). It has been reported that 2% to
10% of preload is lost within 10 minutes (WinkIRing, Ring et al 2003, Tzenakis et al

2002) of the initial torque application.

Two stages of screw loosening have been descritbelfirst involves slippage of the joint
surfaces, when joint separating forces are largagmto cause disengagement of mating
male and female threads. This has been termeditioaldoending moment (Tan et al 2004)
which is the bending moment at which slippage ozcline second phase occurs when
preload has reduced to the point that externab®and vibration cause mating threads to

turn, leading to the screw backing out (Cantwetl &dobkirk 2004).

Abutment screws have either slotted, square, staexagonal driver engagement. The

slotted, flat head retaining screw was investigatetiis study because this design is more



commonly used to secure the transmucosal abutrméné implant body. It has been shown
that it is more difficult to apply manual force whightening slotted retaining screws
because clinicians are “anxious” of slippage ofdheer from the slot. A guiding effect can
be achieved with geometric designs resulting inenedfective force transfer and greater

stability of hexed screws (Kallus and Bessing 1994)

1.2.3 Retaining screw loosening statistics

When retaining screws are subjected to functiomedihg, screw loosening has been cited as
the most common mechanical complication, for simglenultiple unit implant supported
prostheses (Duncan, Nazarova, Voiatzi et al 208&)ew loosening appears to be an early
indicator of design inadequacies (Gratton et all2@hd may cause many complications.
These include soft tissue complications, becauseomiovement at the implant interface
results in bacterial colonization and mechania#hition of the surrounding soft tissue,
causing gingival tenderness, inflammation and hylpsia. Subsequent fistulae formation
can occur (Kallus and Bessing 1994). Fracture efotverlying prostheses and implant body
fracture have also been reported (Gratton et al R0hese complications result in
unscheduled visits to the clinician which can bstlgoand time consuming for the patient
and practitioner concerned. A concerted effortthasefore been made by clinicians and

manufacturers to help reduce the recurrence oétpesblems (Martin et al 2001).

The incidence of screw loosening in reports isequériable but remarkably high. One study
showed that screw loosening most commonly occustigle tooth implant replacement with
65% becoming loose over a 3 year period (McGlumgthgl 1998). In a prospective
multicentre investigation, Jemt, Laney, Harrisl€tl@91) treated 92 patients with 107

implants, and within the first year the most fregleencountered complication was screw



loosening for 42% of maxillary and 27% of mandilsypeostheses. Naert, Quirynen,
Steenberghe et al (1992), in a follow up study&8 Bonsecutively placed implants
supporting full fixed prostheses, also suggestatrtaining screw loosening was the most
commonly encountered complication. In a similadgtthat included patients restored with
implant-retained prostheses for at least five ye#0%o of gold slotted retaining screws were

loose at the recall appointment (Kallus and BessBfg).

Goodacre, Bernal, Rungcharassaeng et al (2003wedi dental implant literature spanning
from 1981 to 2001 and found the average loosenfiegudy retaining screws in single
crowns was 25%. They found that the mean of data B recent studies was 6% alluding to

improvement in retaining screw design.

1.2.4 Gold vs titanium retaining screw

The most commonly utilised retaining screws areegigold or titanium. Gold alloy screws
became preferable to titanium alloy screws primdécause of the larger frictional
resistance between mating male and female thrdadaroum screws (Jabbari et al 2008).
Gold screws are designed to be the most “flexipta'tion of the implant assembly and
permit adequate micromovement to distribute foocthé implant body due to their higher
modulus of elasticity than titanium (Weinberg 199R)is design attribute also makes it the
“weak link” in the implant-abutment complex, i.a.¢ases of occlusal overload the gold
screw would loosen or fracture first, thus protegtine implant and underlying bone from
excessive stresses and being the most easilyvedrimomponent (Rangert et al 1989).
Goodacre et al (2003) reported that, in varioudistuthe incidence of gold screw loosening
ranged from 1 to 9%. A gold screw can attain aga@lof more than twice that of a titanium

alloy screw (Tan et al 2004).



Titanium retaining screws are stronger than goldhiawre a lower modulus of elasticity;

metal fatigue will produce gold screw fracture lyefthe titanium retaining screw is affected
(Weinberg 1993). The major disadvantage of titanrataining screws is their tendency to
cause galling, which is defined as the conditiorereby excessive friction between two
mating surfaces results in localized welding witluidher roughening of the mating surfaces
(Jabbari et al Part 2 2008). Galling occurs inftll®ewing manner: titanium of the retaining
screw slides in contact with the titanium of thelamt body, the coefficient of friction
increases whereby titanium molecules transfer fileermating surfaces (Martin et al 2001).
This has been described as the adhesive wear msch@labbari et al Part 1 2008). In the
case of titanium retaining screws, there can lghstlamage to both the implant body and the
retaining screw threads. Conversely, gold retaisicrgws have a smaller coefficient of
friction, allowing them to be tightened more effeety than titanium without risking galling
between threads. Metallurgical properties of tilamiscrews allow for the generation of a
more consistent albeit lower preload than goldimetg screws. However gold retaining
screws should only be used for the actual seafitigegprostheses and not for any laboratory
procedures because of the soft structure of thenmagtand such use may result in damage of

the threads (Michalakis, Hirayama and Garefis 2003)

1.2.5 Determination of optimum preload

The ultimate aim in tightening a screwed jointdbtain optimum preload that will
maximise the fatigue life of the retaining screwil@loffering a reasonable degree of
protection against loosening (Martin et al 2001).@ptimal preload is important to
maximize the frictional forces between mating tkikeand to ensure the stability of the

implant complex. There is a difference betweenmoptn torque which can be defined as that



torque which actually achieves an optimum prelaadi@esign torque as specified by the
manufacturer to achieve optimum preload based @mdiminal properties of the retaining

screw (Burgette, Johns, King et al 1994).

Optimum preload in the retaining screw is achieatd5% of ultimate torque to failure
values (fracture point). Manufacturer recommendades may not approach this value, as
they have established a safety margin to optimielvad and decrease screw fracture. In a
previous study Tan et al (2004), showed that recentiad torque values were 57.5% of the
yield strength for gold alloy screws and 56% ftartium screws. Another study showed that
this value was below 55% for gold retaining scréilkan et al 2004). It has been
established that a preload of 75% of yield stremgal not established using recommended
tightening torque values (Lang et al 2003). Howetaque cannot be applied arbitrarily
without due consideration being given to the etdstiit of the screw and the biomechanics
of the system, especially at the bone implant fater (Jabbari et al 2008). If too much torque
is applied to the implant complex, debonding atithplant-bone interface can sometimes
occur with forces as small as 30Ncm (Brunski 1998g retaining screw can also fail if
torque is applied beyond its yield strength (Khaigigiashimoto, Nomura et al 2004) and

threads can be stripped (McGlumphy et al 1998).

The manner in which torque is delivered to theayshas also been found to be important in
delivering a constant torque, as variations haenlieund between hand screw drivers,
torque wrenches and electronic torque drivers|atier being the most consistent when

regularly calibrated (Tan and Nicholls 2002).



There are currently no suggestions for the torqaedan safely be applied to the retaining

screw beyond the manufacturers’ recommendations.

1.2.6 Maintenance protocol
Retaining screws are like the hardware parts oregaypment requiring periodic check-ups,
maintenance, and replacement. There is howevatefiitive protocol with many varying

suggestions made.

It is difficult to predict the fatigue life of reitsing screws because of the uncertainty in
establishing the stress state in the componenthenidck of accurate data on the fatigue
behaviour of these materials. Also intraorally esethining screw is presented with variable
loads. To maintain clinical success of the implarhplex, it has been suggested that

patients’ be recalled for regular clinical and cagaphic check-ups.

The fatigue life of an implant screw has been estith at 20 years (Tzenakis et al 2002). One
needs to be careful not to exceed a critical nurobtarque cycles for the retaining screw.
Gold retaining screws can be removed and tightepetd 20 times with no effect on its
ultimate tensile strength (Rafee, Nagy, Fourndlla €002). They also suggested an initial 6
month service to compensate for embedment relaxaditd thereafter an annual
maintenance protocol. However, Tzenakis et al (2808gested retorquing after 3-12
months. Kallus and Bessing (1994) suggested thiarth fixed prostheses be retightened
after 5 years in service. Jabbari et al (2008) nfesksevere thread deterioration in a study of
100 retaining screws after a period of 4 to 10 yéaservice, and suggested replacing

retaining screws every 10 years. Weinberg (1998yssted replacement of gold screws



during the lifetime of the restoration without ayther detail being given. There appears to

be little consensus in the literature regardingntegiance protocols for titanium screws.

The purpose of this study was to examine the clsaimgine screw joint preload occurring as

a result of repeated torque application to goldt#adium retaining screws.

1.3 Aim
The aim of this study was to evaluate and compeeteload generated in gold and titanium

retaining screws and the effect of repeated tooguhis preload.

1.4 Objectives
a) To determine the effect of gold or titanium on peal.
b) To assess the effect of repeated torque on preload.

c) To suggest a protocol for maintaining an optimuelqad.
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CHAPTER 2. MATERIALS AND METHOD

2.1 Study Sample

In an effort to minimize variables in screw desagmd geometry, an unused stack of
components from one manufacturer (Southern Impldmise, South Africa) was used.
Testing was done on components of the same bat¢lmimumber 071A07/1), to reduce the
variations that occur between different lots evéremmanufactured by the same company.
The test sample consisted of two groups of retgisarews, the first being ten Titanium
Slotted Screw 2 (TSS2) and the second ten Goldegl&crew 2 (GSS2). The alloy

constituents of each retaining screw is tabulateBaible 1.

Table 1 Alloy composition of retaining screws.

Retaining screw Alloy composition
TSS2 90% Ti, 6% Al, 4% Vn.
GSS2 61% Au, 16.5% Ag, 13.5% Pt, 9% Cu.

*Alloy composition gathered from certificates ofrformity supplied by manufacturer. Refer to Apperi

2.2 Test setup

The test setup consisted of an implant body, adyikal transmucosal abutment and the
retaining screw. Two self tapping external hexagoplants (Southern Implants) with a 5mm
diameter and a 13mm length were used (BA13 lot rsrf6051801/2). This diameter is
often used in the clinical situation (Steinbrunn@lfart, Ludwig et al 2008). Brunski (1999)
showed that any increase in length beyond 13mm wdloiesonfer improved stability of the
implant body. The initial purpose of the externakagon was to allow surgeons to drive the
implant body into position after the osteotomy il been prepared, it was ironically not
designed as an antirotational device for singldamiprestorations for which it now serves

the primary function (Drago 2003). The height of t#xternal hexagon was 2mm, which is

11



most effective at dispersing lateral and bendingds through to hexagon corr, thereby
securing the preload in thetaining screw (Khraisat et al 200The externahexagon has

also been shown to significantly increasestance to screw loosening (Binon 19

Two titanium cylindricatransmucosal abutmenTCBASNh, lot number 06051801/
Southern Implants) designed for use with singlelamiprestorations were attached to

implant body with theetaining screw (Figure 1).

Two groupsof retaining screwsconsisting ofén TSS2 and ten GSS2 were tested. [
group of screws wdsaded using a new implant body and cylindricah$raucosa
abutmentThis same implant abutment compmimicsclinical conditions, althoughn
element of bias is introduced due to the possjhilftgold or titanium molecules coating t

internal surface of the impla

A — Transmucosal Abutment

B — Retaining Screw

C — Implant Body

Figure.l The test set-

12



A load cell (Loadtech, model number -400, South Africa), comprising central adjustabl
clamp for fixation of the implant body and a hontal plate housing the cylindric
transmucosal abutmeand retaining screw was usto measur@reload in the scre(Figure
2). Aspace was maintained between implant and abu to try eiminating any

interferencesPreload was measured digitein kilograms.

Figure.2 Loadtech load cell (model L1400, South Africa).

Torque was delivered to tlsgstem using an implant drive-WI-BL, Southern Implants
which was slotted into a torque gauge (Tohnictpadia model BTG 150 CN, serial numi
501935T) (Figure 3)The torque gauge and load cell were calibratatgusiown loads t
give accurate angkproducible recordings prior to testing. All tegtsre performed in an
conditioned environment set at’C. Tests were performed by a single oper(myself) to
ensure consistency in recording data. Retainingveciwvere carefully handled through
testing using plastic tweezers to ensure that moabpr induced damage to the thn
occurred. Screw torque wedslivered in a steady manner by stabilizing andlingl the heas
of the driver vertically with or hand, while the other hand applied theyta forci to the
torque gaugerhis method was practisibefore testing to ensure that torque was appliex

13



steady and repeatable mantAn initial torque of 20Ncm was applied to the ratag screw
After a period of 2 minutesr(easured by a digitatopwatch)to allow for embedmer
relaxation, torque was r@pplied tcthe retaining screw to 20Ncm andeading wa
captured. After 30 secondsrtjue was increaseto 32Ncm andlata was captured. Afta
further 30 seconds 40Ncaf torque was applieand data capture@0Ncm corresponds
the recommended tightening torque for TSS2 and 82dicthe torque recommendation
GSS2 Retaining screws were then torglbelow, at andeyond manufacturer
recommendations to assélse impact of further torque livery to the integrity of the
retaining screw. The ppose of the time intervals betweapplicationf torque was to
permit for some of the settling effect, so thathat next torge applicatiorbetter contact
between mating surfaces would allow fcgreater preload valug@hese three levels of torq
correspond to 62.5%, 100&hd 125% of manufacturers recommended torque |
respectivelyThis process was repeated 10 times per screw latoddlce above mentione

torque values.

Figure.3 Mechanical torque gauge with selected driver tip.

14



CHAPTER 3. RESULTS

3.1 Statistical analysis

The experimental procedures resulted in preloadegaior two groups of screws, gold and
titanium at each of the specified torque value®@, 32Ncm and 40 Ncm. See Appendix A
for tabulated table of results for both TSS2 an@&&S-or preload values during the first
cycle, the mean and the standard deviation for eaathl-torque combination was calculated.
The marginal values, i.e. indicating the averagiefmeans (a mean of 45.580Ncm for
GSS2 and a mean of 30.457Ncm for TSS2) and for gaitthand titanium retaining screws
are presented in Table 2.

The mean preloads achieved for both GSS2 and aE&&plied torque of 20Ncm, 32Ncm
and 40Ncm are depicted in Figure 4.

Table 2 Number of observations (N), means and staadd deviation (SD) of observed
preload, and torque by metal.

TORQUE GSS2 TSS2 TOTAL
20Ncm 10 10 20 (N)
31.240 20.270 25.755 (MEAN)
4.620 1.070 6.506 (SD)
32Ncm 10 10 20 (N)
47.250 31.520 39.385 (MEAN)
7.710 2.078 9.763 (SD)
40Ncm 10 10 20 (N)
58.250 39.580 48.915 (MEAN)
9.458 1.487 11.625 (SD)
TOTAL 30 30 60 (N)
45.580 30.457 38.018 (MEAN)
13.419 8.201 13.406 (SD)

15




The preload data was subjected to an analysisr@nee (ANOVA) for repeated measures in
the first cycle (i.e. for each screw preload wassueed following torque repeated at 20Ncm,
32Ncm and 40Ncm) analyzing preload on the natogadithmic scale. As the original data
was heteroskedastic (Breusch-Pagan/Cook-Weisbsirfoiehomogeneity of variance:
p<0.0001), i.e. the assumption of equal varianedbke groups is violated and the data also
does not follow a normal distribution (Shapiro-WMk-test: p=0.0169), the data was
logarithmically transformed. After transformatidretdata complied with the assumptions of
homogeneity of variance and being normally distelu(p=0.2210 and 0.2279 respectively).
An ANOVA showed that metals do differ significanfly < 0.0001). Geometric means were
calculated as the antilog of the mean of the Idgasand hence the geometric mean of gold
is significantly higher than that of titanium, 4Bl@m as opposed to 29.3Ncm, as illustrated in

Table 3.

Table 3 Geometric means of preload torque by metal.

TORQUE GSS2 TSS2
20 30.959 20.244
32 46.726 31.457
40 57.637 39.554
TOTAL 43.686 29.313

To determine if there was an inherent differencthenqualities of the different screw types, a
final analysis comparing the two screw types wibpect to the change in preload from
20Ncm in the first cycle to 40Ncm in the tenth @melas done using an analysis of
covariance (ANCOVA) with baseline (20Ncm in thesficycle) as covariate. The two metals

did not differ significantly with respect to the arechange in preload, adjusted for baseline,

16



(p=0.5159: 18.7 for GSS2 and 16.9 for TSS2). AidtHer statistical analyses can be found in

Appendix C.

3.2 Titanium(TSS2) results

The mean preload measured for every torque cycse20270Ncm, 31.520Ncm and
39.580Ncm at 20Ncm, 32Ncm and 40Ncm respectivedyth® data was heteroskedastic it
was transformed and the geometric means were Hieunlated. The geometric mean for

TSS2 was 29.313Ncm.

3.3 Gold (GSS2) Results
The GSS2 screws yielded mean preload values ofiGl@&m, 47.250Ncm and 58.250Ncm at
20Ncm, 32Ncm and 40Ncm respectively. After transiation of the data, owing to

heteroskedasticity, the GSS2 retaining screws sti@geometric mean of 43.686Ncm.

3.4 TSS2 vs GSS2 Retaining screws

The mean preload values for all the torque cyaed £S2 retaining screws was 30.457Ncm
and 45.580Ncm for GSS2 screws. An ANOVA for repéaiteasures in the first cycle (i.e.
for each screw preload measured following torquasueed at 20cm, 32Ncm and 40Ncm)
revealed that there was no significant differenesvieen the metals (p < 0.0001). Geometric
means of gold is significantly higher than thatitgnium, 43.7Ncm as opposed to 29.3Ncm.

(Figure 4).
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Figure.4 Graph showing mean preloads achieved for TSS2 andS%2 at torque of

20Ncm, 32Ncm and 40Ncn

A further analysisvas done to compare TSS2 and GSS2 with respeue tchlange in preloe
from 20Ncm in the firstycle to 40Ncm in the tenth cycle, using an ANCOVAe
ANCOVA revealed thathe metals were not significantly differ (p> 0.5159), showin
mean preloadsf 18.6874Ncm and 16.9226Ncm for GSS2 and TSShietpscrews

respectively.
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CHAPTER 4. DISCUSSION.

4.1 Discussion

Screw loosening has been recognised as a sigrtificablem in dental implant therapy.
Retaining screws have been extensively studiediasmns continue to improve (Goodacre
et al 2003). There was a change from a mean of &5§6ld retaining screws loosening in
earlier studies, to a mean of 6% from six moremestudies. Optimum retaining screw
function is governed by many parameters includiegigh, material used and insertion torque
(Byrne, Jacobs, Connell et al 2006). Retainingwsrare inherently limited by size, material
properties and maximum permissible torque. The gotdw was originally designed as the
“weakest link” in the implant supported complexpaling for loosening or fracture of the

gold screw before damage to the retaining screastpesis or implant body would occur.

There are many strategies to minimise screw loogeind these are mainly focussed on the
position of the implant placement and design ofptfestheses associated with the implant. It
has been suggested that placement of the implamgsime ideally parallel to occlusal forces
(McGlumphy et al 1998). The associated prosthesist fne designed to direct occlusal forces
through the long axis of the implant. Further neitag screw loosening can be limited by
minimising cantilever length, eliminating postenmorking and balancing contacts,
centralising contacts and sharing anterior guidavite the natural dentition. Also
antirotational features must be engaged and pdgdiiteng frameworks for multiple units

are essential (Rangert et al 1989).

There are other contributory factors to screw loosg The cyclic forces of mastication
cause repeated deformation of the retaining sdeembedment relaxation or the settling

effect, also results in the loss of preload adrili@l energy is expended to burnish surface
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asperites of mating surfaces caused during théngndind tapping procedures of retaining
screw manufacture (Jabbari et al Part 3 2008). dlkaerand co-workers (2002) found that
within two minutes up to 10% of the initial preloags lost. Screw loosening is initiated
when the mating threads slip, termed the critieadding moment (Tan and Nicholls 2002)
and subsequently the loss of preload reaches shibicepoint and vibration causes the

retaining screw to back out.

The results of this study indicate that materiahposition of the retaining screw
significantly influences preload developed withne implant abutment complex. During the
experiment the gold alloy screws generated comglgthigher preload values. This is
consistent with previous studies. However, prelagaterated in this study were found to be
slightly below the 2:1 ratio, between gold andriten retaining screws, shown by Tan et al
(2004). This difference may be owing to retainiogesvs being used from other

manufacturers.

Gold retaining screws have a higher modulus oftieisthan titanium. Gold is also “softer”
than titanium resulting in higher preload valuembeenerated by gold screws. With gold
screws greater mating of female and male threadsaacurs. However this “softness”
results in long term deformation of the threads sulgsequent loss of preload occurs when
subjected to the cyclic forces of mastication. Gadk generated by titanium alloy screws
were essentially unchanged during the series btaigng episodes, whilst the gold alloy
screws showed a significant drop in preload afterfirst torque cycle and remained
reasonably consistent thereafter. This consisterasyratified by the ANCOVA which
showed that there was no significant differencpreload generated between GSS2 and

TSS2 when adjusted to a baseline mean of 25.75580hd. retaining screws are preferred to
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titanium due to the possibility of galling in thettler. When titanium slides in contact with
titanium, the coefficient of friction is initiallfairly low. With repetitions of tightening and
loosening, the values gradually increase, causamgage to the internal thread of the implant
body. This is thought to be on account of galling ¢éhe seizing tendency of titanium
whereby molecular transfer occurs between matinigses. Differences in the strength of
screws from different manufacturers and betwederdint lots of screws made by the same
manufacturer can also give rise to inconsistentadteh conflicting clinical observations

(Rambhia et al 2002).

The preload values in retaining screws vary comalillg among studies and may also be
owing to differences in experimental procedure. étkpental studies have calculated preload
from opening torque values (Weiss, Kozak and G28€¥), compression in the implant
complex (Cantwell and Hobkirk 2004), or from rotetal angles (Martin et al 2001). The

load cell employed in this test maintained a gagvben the implant body and transmucosal
abutment resulting in a more direct measure ofiée@ns the retaining screw compared with
other methods. This may account for the slightlydopreloads recorded here. The lower
preloads could also have been owing to small ngsaient between the implant body and

transmucosal abutment.

Guda and co-workers (2008) cited Bickford(1998)istathat the optimum preload
recommended for the retaining screw is that whiddpces a stress level that is between
60% and 75% of the yield strength of the materiainf which the screw is manufactured.
Preload induced stress equal to the ultimate esgiéngth of the material results in
tightening induced fracture of the retaining scr&wess at or slightly above yield causes the

retaining screw to function in the plastic deforimatzone with resulting sub-optimal
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function and loss of preload. However, a preloatthiwithe elastic range of the material is the
most appropriate in terms of resisting joint sepagaforces generated during occlusal
loading. Furthermore, optimum preload maximisesfétigue life of the retaining screw as
the load is transferred from the abutment to thglamt surface with minimal effect to the
screw (Yousef et al 2005). When the elastic limimot exceeded during application of
torque, the higher modulus of elasticity of thedyataining screws enables the generation of
higher preloads than that of titanium retainingesa. In this study when applied torque was
beyond manufacturers recommendations, corresponalih®5% of the stipulated torque,
consistently higher preload values were achieveskpscted. One is still unsure as to
whether this is within the elastic limits of theews. Clinically, the biomechanics of the
system must be carefully evaluated before excedtimgnanufacturers guidelines as
debonding between the implant and bone interfanecaur with forces as little as 30Ncm
(Brunski 1999). Thus it is not advised to torqué265% of manufacturers recommendation,

corresponding to 40Ncm.

The retaining screw forms the cornerstone of thglamt abutment complex. A relationship
exists between preload, screw design, and mafeogkrty. Friction influences preload
generation quite considerably, especially when ocemponents are used, as was done in this
experiment. The results of this investigation ssggjeat wear as a result of repeated closing
or opening torque cycles, may decrease the caaffiof friction of screw head, threads, and
other mating components and consequently, resistangpening gradually decreases with
resultant lower preload values. Coefficient oftioa is controlled by the manufacturing
process and is affected by the metallurgical prigeof the components, design and quality
of the surface finish. As the study was done uidgiconditions, the results are difficult to

extrapolate to the clinical situation wherein dhaids (saliva, peri-implant fluid, and/or
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blood) between the implant mating components aetlabricant. Lubricants decrease the
coefficient of friction and allow for greater tigdrting. It then follows that the preload values
in this study would be lower than those expectedlimcal conditions (Weiss et al 2000). It

also will be affected by how many times a prosthesscrewed in and taken out clinically.

As there was no significant change in preload \&ahfeer repeated application of torque, this
study was inconclusive with regard to defining antemance protocol. Further investigations
could mimic cyclic loading and the number of toraquyeles can be increased to indicate

when a definitive drop in preload values occurs.

It is of vital importance that the clinician undnsds the forces active during the assembly of
the implant complex, as a sufficient preload iseasial for long term success. The
significance of this study is that higher preloadises can be achieved through the use of
gold retaining screws and the application of higbegue. The sequelae of insufficient or

loss of preload that have clinically significanhsequences, such as screw loosening,

adverse soft tissue reactions and loss of implamttion may be avoided.

4.2 Limitations

There were several potential limitations to thisdgt
-The specimens were tested by the same reseabthes with any study, errors in
data collection and specimen preparation are pes$Sisrews from the same lot
minimized the problem of intra-manufacturer vaoati
-Although general conclusions can be drawn fronréselts of this study, it should
be noted that the recorded preload values correstaotine specific screw type and

lot. These results are not transferrable to anatbsign, even from the same
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manufacturer. These results were obtained usin§dlghern Implant complex/load
cell, and may differ from that of other manufactare

-The number of torque cycles in this study wastkthiand may have been insufficient
to cause screw joint deterioration.

-Only tensile forces were applied to the retairsngews, there was no cyclic loading.
-Reduction in preload values was observed in tidysunder dry and static
conditions. This could be attributed to using thme implant body for each of the
groups of screws, especially the GSS2 which coalehiesulted in coating of the
implant internal threads with particulate matelost from the relatively soft threads
of the gold retaining screws. With the host of &ajes in the oral environment, this

study understates the loss preload that would adoucally.
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CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS.

Under the conditions of this in vitro investigation

» The results indicated that GSS2 screws generatgetihpreload values than TSS2
at the measured torque values.

* The application of 40Ncm of torque to the retainsegew resulted in consistently
higher preload values. In my opinion, dependinghanclinical situation, one
could consider torquing the retaining screws to Imhigher preload values to
ensure a more stable screw joint, however manursfuecommend a maximum
torque of 32Ncm to be applied to the retainingwsrevaluated in this study.

* As there was no significant reduction in preloadegated after the tenth torque

cycle, a definitive maintenance protocol cannotdssulated using this study.

For maintenance protocol guidelines the numbeomjue cycles should be increased.
Further investigation is needed to measure thdsesander cyclic loading as occurs intra-
orally. This however, is both technically challemgiand time consuming. The effects of

lubricants, eg saliva on preload generated alsdsn&ebe investigated.
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APPENDIX A. LIST OF RESULTS

TC?YRC?LléE 20Ncm 32Ncm 40Ncm

TSS2 SCREW 1 1 18.0 28.4 36.7
2 21.1 32.4 39.5

3 20.4 31.6 39.6

4 20.5 33.1 38.8

5 21.6 30.4 39.6

6 20.2 31.0 38.8

7 19.9 28.4 35.8

8 194 26.2 33.3

9 20.1 29.4 41.9

10 20.4 31.7 38.8

TSS2 SCREW?2 1 20.7 30.0 40.2
2 17.9 30.9 41.6

3 21.1 33.1 42.1

4 20.1 32.9 43.7

5 21.3 334 41.9

6 21.0 33.0 41.3

7 20.6 33.6 44.9

8 21.1 31.5 41.1

9 20.9 29.6 38.2

10 20.8 32.9 43.7

TSS2 SCREW 3 1 21.6 32.8 40.1
2 20.1 31.9 39.9

3 20.3 29.7 38.1

4 20.1 31.1 40.0

5 22.7 33.7 42.4

6 19.1 31.3 40.9

7 20.0 31.6 36.3

8 21.0 32.0 39.2

9 21.0 31.1 39.7

10 215 31.2 39.3

TSS2 SCREW 4 1 20.5 31.5 38.6
2 20.0 29.6 38.8

3 21.8 30.6 38.9
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TORQUE

CYCLE 20Ncm 32Ncm 40Ncm
4 22.3 32.6 40.8
5 21.0 29.7 39.7
6 19.3 28.8 35.3
7 20.2 29.3 37.7
8 20.0 29.8 36.3
9 18.7 28.5 35.8
10 18.6 30.9 38.2
TSS2 SCREW 5 1 21.2 32.7 375
2 20.1 29.7 39.8
3 21.1 31.0 41.2
4 17.6 30.1 39.9
5 18.5 30.1 41.4
6 20.6 29.8 38.2
7 17.1 31.1 38.7
8 17.4 27.1 37.1
9 19.5 31.9 40.3
10 20.1 31.9 39.6
TSS2 SCREW 6 1 18.9 334 41.2
2 21.0 32.6 40.2
3 20.7 324 42.8
4 18.7 30.8 38.0
5 20.0 32.7 37.8
6 19.8 31.0 39.0
7 18.8 30.2 36.2
8 17.4 29.0 37.1
9 18.2 28.1 37.4
10 20.0 32.0 40.7
TSS2 SCREW 7 1 20.1 32.0 40.4
2 18.9 31.4 40.2
3 194 31.2 39.8
4 19.3 30.5 40.3
5 17.1 28.9 37.6
6 17.8 28.7 37.1
7 194 30.0 39.8
8 18.7 29.2 38.8
9 18.1 29.6 36.5
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TORQUE

CYCLE 20Ncm 32Ncm 40Ncm
10 19.3 30.0 38.3
TSS2 SCREW 8 1 20.7 34.2 40.9
2 19.6 32.6 38.9
3 19.1 30.6 36.6
4 18.9 31.3 39.1
5 19.3 314 38.6
6 18.6 29.4 39.4
7 18.9 30.5 35.9
8 19.5 28.0 34.4
9 19.8 30.2 40.8
10 20.1 30.9 39.7
TSS2 SCREW 9 1 20.7 28.0 39.9
2 16.3 31.3 37.8
3 19.2 29.6 39.3
4 19.6 30.5 38.6
5 20.3 30.9 38.0
6 15.2 30.4 37.0
7 16.6 29.9 38.3
8 19.1 29.3 40.8
9 17.0 29.6 36.9
10 20.3 31.4 39.1
TSS2 SCREW 10 1 20.3 32.2 40.3
2 19.7 30.9 40.9
3 18.8 30.4 39.6
4 18.8 31.4 39.9
5 19.5 33.0 39.3
6 17.5 31.9 39.9
7 19.1 31.8 37.8
8 19.0 32.2 40.1
9 19.6 32.2 38.6
10 18.5 30.7 38.4
GSS2 SCREW 1 1 28.5 41.7 52.0
2 24.0 37.4 46.9
3 21.8 34.7 40.6
4 21.8 37.4 46.2
5 27.5 41.1 52.3
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TORQUE

CYCLE 20Ncm 32Ncm 40Ncm

6 25.0 40.2 50.6

7 22.4 37.7 47.9

8 24.2 38.0 47.5

9 27.7 40.3 50.8

10 24.2 36.6 47.0

GSS2 SCREW 2 1 27.3 41.0 50.1
2 24.8 42.4 50.4

3 25.6 38.6 49.4

4 25.5 37.4 48.0

5 24.0 37.1 46.3

6 24.7 37.4 47.1

7 27.0 38.6 46.7

8 24.8 38.7 47.3

9 25.9 38.2 47.5

10 23.6 32.8 43.0

GSS2 SCREW 3 1 30.8 47.0 58.8
2 25.0 39.9 51.9

3 24.3 36.4 46.9

4 21.9 34.9 46.1

5 22.9 34.0 43.3

6 23.9 37.7 45.3

7 22.5 35.8 45.2

8 24.0 36.2 455

9 21.7 35.1 43.2

10 22.6 34.1 44.2

GSS2 SCREW 4 1 30.1 46.7 57.0
2 26.6 40.5 50.7

3 25.3 39.1 50.8

4 23.8 38.6 48.3

5 26.5 41.8 52.0

6 26.2 39.9 48.9

7 28.5 44.1 57.3

8 25.7 43.8 51.9

9 26.2 39.0 49.1

10 26.1 43.0 50.2

GSS2 SCREW 5 1 28.7 39.2 49.9

29




TORQUE

CYCLE 20Ncm 32Ncm 40Ncm
2 21.8 335 41.3
3 21.3 33.1 46.1
4 22.2 34.2 45.5
5 21.7 334 42.9
6 19.6 28.1 36.5
7 22.6 34.8 45.3
8 22.2 33.2 43.3
9 22.9 35.1 43.0
10 22.1 32.9 44.0
GSS2 SCREW 6 1 40.4 62.6 80.6
2 36.4 56.1 71.3
3 30.6 51.0 62.6
4 26.2 45.9 58.1
5 26.5 39.9 54.0
6 26.4 41.8 51.0
7 26.8 41.5 51.1
8 29.2 44.4 52.6
9 28.9 47.4 58.5
10 22.6 40.5 50.9
GSS2 SCREW 7 1 32.8 50.1 59.1
2 25.4 38.4 48.6
3 24.5 37.4 44.3
4 20.8 36.2 44.5
5 21.4 32.6 45.7
6 24.1 38.3 45.5
7 24.3 35.3 48.1
8 22.4 35.5 45.5
9 23.6 33.5 44.8
10 24.1 35.8 43.6
GSS2 SCREW 8 1 38.3 57.9 67.4
2 33.3 49.7 60.5
3 32.7 51.3 62.5
4 26.3 44.6 57.3
5 29.8 41.6 57.8
6 27.0 39.2 55.6
7 28.5 42.4 55.4
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TORQUE

CYCLE 20Ncm 32Ncm 40Ncm
8 30.5 46.2 62.1

9 29.6 46.2 58.8
10 28.5 43.1 57.0
GSS2 SCREW 9 1 27.2 41.0 55.3
2 26.5 38.4 47.0

3 27.1 38.6 42.3

4 24.6 37.5 40.1

5 23.8 36.5 45.3

6 24.5 38.5 46.2

7 22.3 39.6 46.5

8 25.5 40.2 50.1

9 25.3 39.7 49.2
10 24.8 39.5 51.2
GSSZS)CREW 1 28.3 45.3 52.3
2 26.2 42.2 51.3

3 25.1 37.5 48.2

4 22.3 38.1 48.0

5 26.2 39.3 47.5

6 25.9 36.2 49.2

7 28.2 37.2 48.6

8 24.3 39.0 46.3

9 24.5 38.5 42.2
10 22.2 34.2 44.3
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APPENDIX B. ALLOY CONSTITUENTS M ATERIAL

CERTIFICATES

8139
Chemin du Leng-Champ 110 | Case postale 973
CH-2501 Bial/8lenne | Switzerland
TélL v+41 0] 32 341 73 73 | Fax ++41[0) 32 341 97 20
: ; Ie oh

; .

ch |

FINE STEEL AND NETALS

Bi.et;me, the 12.08.2008

Saetra (Fty) Ltd
Importers & Distribuors
PO BOX 20396 Monumentpark
ZA-0105 Pretoria

South Africa

CERTIFICATE OF CONFORMANCE
Transciption of the inspection certificate in accordance with ENW 10204 - 3.1

date of order & 07.08.2008 | order nIL' © @ 11022

net weight : 36.50 kg dimension 0 4.00 mm
article nr : T05130%04000 serie nr 210 608
delivery note nr : 28080201 delivery date : 12.08.2008
quality: Titanium Grade 5

TiAl6V4 (ELI), German no 3.7165

Astm F 136, IS0 5HR32-3

drawn, ground, polished, in bars of 3m
pointed, chamfered, ends

eddy current crack tested

diam. 4.00 mm, tolecance IS0 hé

analyse results ] standard value
4 C ot 0.011 ; L] | Cc = max 0.0 L ]
H = 0. 007 i N = WER UT0Y L —
o - 0.11 % ] = max 0.13 ]
Fe - 0.17; % | Fe = max 0.2% %
AL = 6.12 1 | Al - 9.5-6.5 4
v = 2.05 ] | v = 3.5-0.5
’ H = 0.0028 ¢ L] H = max 0.01% ]
Ti = balance Ti = balan:
péta Transus Ingot top 963 c*
Beta Transus Ingot bottom 968 c*
Tensile strength Rm: 1096-1172 N/ mm2
Yield strength Rp 0,2: 938-1017 | N/mm2
Elongation A20mm: i 13
Elongation Add: 20 i ]
Reduction of aera: 45-47 i i
Grain size: ETTC 2 M

As per IS0 norm 5H3Z-3 199
As per ASTM F 136-94 !

i )
Heat number: 000UWO4E |
Control-No: 020000166777

We confirm herewith that for this shi nt a certificate of conformance from the
supplier/steelmill with the indicated values is in our possession.

L. Klein ip i
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Certificate of Conformity

"mﬂﬂlﬂﬂ’l for : Elasticor (0053) ( Mk(o_% -7

~ /AN DN
Wire @ 2.80 mm +0/-0.025 (400030) SR\ MRl
Lot No. 0000093387 = N U

1. Composition

Au + Pt group metals 745%
Au 61.0 %
Pt 13.5%
Ag 16.5 %
Cu 9.0%

2. Physical Properties -

Melting range 950 - 1050 °C
Density 15.7 gem®
Young's Modulus 96 GPa
Colour pale yellow

3. Mechanical Properties

as drawn
Hardness HVS > 250
Tensile strength (Rm) > 800 MPa
0.2% Proof stress (Rp 0.2%) > 700 MPa *
Elongation AS >6.0%

4. Monitoring

Manufacture, packing and delivery are constantly monitored by the quality management system
standards according to ISO 9001 and 1SO 13485.

CENDRES & METAUX SA
=
P Q - /{ . b 2
U e
Patricia BUrki Patricia Biedermann
Administration Administration
Medical Medical

2800C.00C Wagner Syaters (PTY)LTD Released: 08-01.2007
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APPENDIX C. ADDITIONAL STATISTICAL ANALYSES

Analysis of variance (ANOVA) log_Ncm metal/unigragtal torque metal*torque if cycle =1, repeated
(torque). Number of observations =60, R-square@3®, Root MSE =0.039554 and Adjusted R-squared

=0.9875.
SOURCE PARTIAL df MS F Prob>F
SS
MODEL 7.31874393 23 0.318206258 203.39 0.0000
METAL 2.38799979 1 2.38799979 70.07 0.000p
UNIQ_ID|METAL | 0.613413988 18 0.0340785%5
TORQUE 4.31141042 2 2.15570521 1377.85 0.0000
METAL*TORQUE | 0.005919739 2 0.0029598Y 1.89 0.165p
RESIDUAL 0.056323638 36 0.001564545
TOTAL 7.37506757 59 0.125001145
Breusch-Pagan / Cook-Weisburg test for heteroskiedss
Ho: Constant variance
Variables: fitted values of log_Ncm
Chi2(1) = 1.50
Prob>chi2 = 0.2210 > 0.05
Shapiro-Wilk test for normal data.
VARIABLE Obs W \% Z Prob>z
Log_Ncm 60 0.97400 1.414 0.746 0.2279>0.05
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Means and sstandard deviations (SD) of observewagehia preload from 20Ncm for cycle 1 to 40Ncm for
cycle 10, by metal.

METAL N MEAN SD
GSS2 10 16.3 4.191
TSS2 10 19.3 1.876

Analysis of Co-Variance (ANCOVA) max_ch metal Ncnebntinuous (Ncm1). Number of
observations=20, R-squared =0.3559, Root MSE=2B&## Adj R-squared=0.2801.

PARTIAL
B Df MS F Prob>F
SS

MODEL 83.6497119 2 41.824856 4.70 0.0238
METAL 3.92000599 1 3.92000599 0.44 0.5159
Ncml 38.349228 1 38.349228 4.31 0.0535

RESIDUAL | 151.399789 17 8.90586992

TOTAL 235.049501 19 12.3710263

Means and standard deviations of observed changeioad from 20Ncm for cycle 1 to 40Ncm for cycle
10 adjusted to a baseline preload of 25.755, byaimet

METAL ADJUSTED MEAN
GSS2 18.6874
TSS2 16.9226

Breusch-Pagan / Cook-Weisberg test for heteroskiedgs
Ho: Constant variance.

Variables: fitted values of max_ch

chi2 (1) =3.55

Prob > chi2 = 0.0594 > 0.05
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Shapiro-Wilk W test for normal data.

VARIABLE

Obs

W

Prob>z

max_ch

20

0.94817

1.227

0.412

0.3402>0.

D5
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