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ABSTRACT 
 
Purpose:  The purpose of this study was to evaluate the effects of polymerization time 

and sectioning on the dimensional changes of auto-polymerizing acrylic resin used in 

splinting impression copings and the resulting fit of the prosthesis.  

 

Materials and Methods:  Open-tray impression copings were connected to a master cast 

containing 5 external-hex implants. Auto-polymerizing acrylic resin was allowed to 

polymerize in a heavy-body polyvinyl siloxane matrix according to 3 different time 

groups (8 minutes (8MN), 1 hour (1HR), and 24 hours (24HR)), with 20 sets of splinted 

impression copings per time group.  Each time group was further divided into non-

sectioned (NS) and sectioned (S) groups (10 samples per group).  A total of 60 gypsum 

bases were fabricated from implant analogs connected to the impression copings.  A 

milled titanium bar fabricated from the master cast was used to verify the fit of the bar to 

the implant analogs.  The casts were viewed using loupes (2.5x magnification) and a 

microscope (12.8x magnification) to visually detect any gap.  The gap sizes were 

evaluated with a measuring gauge with pre-determined thickness in microns (µm). 

 

Results:  Of the 30 casts tested in the sectioned groups (8MN-S, 1HR-S, and 24HR-S), 

all of the casts displayed clinical fit when evaluated with magnification loupes and a 

dental explorer.  From this evaluation, only the 8MN-S group showed statistical 

significant difference (p < 0.05) when compared to its non-sectioned counterpart (8MN-

NS).  When evaluated with a microscope, no significant differences were found between 

the different time groups or sectioned samples.  The microscope was able to detect gaps 

that were not detectable with magnification loupes and a dental explorer. 

 

Conclusion:  Overall, difference in polymerization time and sectioning did not have an 

effect on the accuracy of fit.  Sectioning for the 8-minute time group did show an 

improvement in the fit when compared to the non-sectioned samples.  Although clinical 

fit appeared to be present, it did not always indicate the presence of absolute fit. 
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CHAPTER 1:  INTRODUCTION 

 

Passive fit of an implant-supported complete dental prosthesis framework for the 

edentulous patient is a requirement for any clinically successful implant prosthesis.1 To 

achieve passive fit, accurate impressions are vital to transfer the correct implant position 

and angulation from the patient in the clinical setting to the master cast in the laboratory 

setting.2 Unfortunately, dental materials have distortion or shrinkage to a certain degree, 

which may result in discrepancies in the accuracy of the master cast.2 

 

The use of the open-tray impression technique with splinted impression copings has been 

recommended to ensure an accurate transfer of the three-dimensional relationship of the 

implants.3 From this, there have been multiple techniques described in the literature in 

regards to how and when to splint the impression copings (whether intraorally prior to 

making the impression or indirectly on a treatment cast) and what materials can be used 

for splinting.  Even with careful consideration of material and technique selection, there 

are many possible sources of error that can lead to a compromise in the accuracy of the 

impression.4  

 

The purpose of this study is to determine what effect polymerization time and sectioning 

may have on the accuracy of auto-polymerizing acrylic resin used in splinting open-tray 

impression copings and the resulting accuracy of the master cast.  This study will aid the 

restorative dentist in selecting the most appropriate technique for splinting impression 

copings when using an open tray technique. 
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CHAPTER 2:  LITERATURE REVIEW 

 

1. EDENTULISM 

According to the Glossary of Prosthodontic Terms,5 edentulism is defined as “the state of 

being edentulous or without natural teeth.”  Felton6 described complete edentulism as 

being the consequential outcome of a process involving various factors (biological and 

non-biological) that eventually lead to this chronic oral disease.  This condition is often 

overlooked and when neglected can debilitate a patient as it leads to subsequent ailments 

related to oral function, systemic disorders, and overall quality of life.7 

 

Several studies have been done in regards to the prevalence of edentulism in the United 

States.  Douglass8 reported that the adult population that will need complete dentures will 

increase from 33.6 million to 37.9 million within the period from 1991 to 2020.  This 

trend is expected despite the 10% decline of edentulism per decade over the last 30 years, 

since that drop will be offset by population growth and increased life expectancy. 

 

On the other hand, Slade9 reported over a decade later that the prevalence of edentulism 

has declined over the period of 5 decades.  It was stated that the edentulism prevalence 

had declined from 18.9% at the 1957 to 1958 period to 4.9% at the 2009 to 2012 period 

and that the rate of edentulism will slow down to 2.6% by 2050.  Similar to Douglass’ 

conclusion, the author noted that population growth and aging should be taken into 

consideration when analyzing the rate of decline as it can offset the projection. 
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Although complete denture therapy has been utilized to manage edentulism and 

rehabilitate patients’ oral and social functions, it also introduces a new set of 

complications and clinical manifestations for patients following denture use.  Such 

manifestations can range from denture stomatitis and traumatic ulcers to residual ridge 

resorption and challenges with adaptation to the denture due to the prosthesis not meeting 

the patient’s physiological and/or psychological expectations.10 

 

Responding to the limitations with conventional mandibular dentures, the McGill11 and 

York12 Consensus reported that mandibular two-implant overdentures should be the first-

choice minimum standard of care for the edentulous mandible.  The consensus statements 

were based on studies showing that patients with mandibular two-implant overdentures 

were more satisfied and reported a significantly higher quality of life when compared to 

those with conventional mandibular dentures. 

 

Other treatment methods to restore the edentulous mandible have been recommended, 

including a fixed implant-supported complete denture or a metal-ceramic fixed-dental 

prosthesis.13 These treatment options depend on systemic conditions, local factors, and 

patient-mediated concerns.  Systemic conditions include any systemic risk for implant 

surgery.  Local factors include anatomical limitations, restorative space, and the opposing 

dentition.  Lastly, patient-mediated concerns include cost, esthetics, and hygiene access. 
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2. OSSEOINTEGRATION 

Osseointegration is defined as “the apparent direct attachment or connection of osseous 

tissue to an inert, alloplastic material without intervening connective tissue.”5  

Branemark14 developed the initial concept of osseointegration and observed under a light 

microscope, the inseparable connection between the titanium chambers and surrounding 

bone tissue that had incorporated itself into the thin spaces within the titanium. 

 

This concept was then applied to dentistry and was used to restore a range of cases from 

single tooth sites to fully edentulous arches.15,16 Various studies have reported the 

survival rates of implants to range from 87.89% to 100% during follow-up periods of 5 to 

29 years.16,17 These values along with the average prosthesis survival rate of 86% to 

100% during the same time period, make implants a viable option for replacing the 

missing dentition.16,17 

 

In order to preserve the connection between the implant and surrounding bone, it is 

important to have proper stress distribution as any uncontrolled load transferred to the 

implant fixtures can lead to marginal bone loss.  It is also vital that there is a direct 

connection between the bone and implant, without any intervening fibrotic layer that can 

cause micromotion and disrupt the contact.18 Additionally, shock-absorbing materials 

such as acrylic resin have been recommended to provide shock protection to the 

implants.19 
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Loss of osseointegration is a major concern when planning and restoring implants.  

According to Branemark,20 osseointegrated implants can be lost through three possible 

mechanisms: soft tissue encapsulation of the implant during initial healing, repeated 

overloading of the implant, or a gradual apical migration of the marginal bone level.  To 

avoid these complications, it is important to have an atraumatic surgical technique to 

avoid overheating or traumatizing the hard and soft tissue as well as thorough assessment 

and adjustment of the restoration’s occlusion.21 

 

3. PASSIVE FIT 

In order to have the best chance of long-term osseointegration, it is vital to achieve 

passive fit between the prosthesis framework and the supporting implants.22  Passive fit is 

considered a prerequisite to maintain the bone-implant interface as the prosthesis 

framework should produce no strain on the supporting implant components and the 

surrounding hard tissue when external forces are absent.1  Jemt23 further described 

passive fit as a level of adaptation that will not cause any long-term clinical 

complications. 

 

3.1 LOADING FORCES 

The anchorage unit of an implant-supported prosthesis undergoes two types of loading: 

axial force and bending moments.  Axial forces are deemed more favorable as they allow 

a more even stress distribution to the implants.  In contrast, bending moments can result 

in stress being generated at the supporting implants and surrounding bone making this 

type of loading less favorable.24 
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Rangert24 explained that in order for bending moments to be evenly distributed, a perfect 

fit between all abutments with the implants and a highly rigid framework is required.  If 

the fit is not accurate or passive, most of the load will be put on some anchorage units 

while others will not receive any loading.  Also, framework rigidity is necessary since a 

non-rigid framework can lead to most of the loading force being applied on the anchorage 

unit closest to the loading site resulting in unpredictable load magnification. 

 

3.2 COMPLICATIONS OF MISFIT 

Misalignment of prosthesis to the implants will result in internal stresses being formed 

within the prosthesis, implants, and surrounding bone.  These stresses, although not 

visually detectable, can lead to loss of osseointegration of the implant.19 Furthermore, if 

mutual congruency of the implant and prosthesis is not possible, a high amount of stress 

concentration can occur at the implants, particularly if the framework is forcibly 

tightened.  The accumulation of stress can lead to microfractures within the bone with a 

possible shift towards marginal bone loss or it can lead to fracture of the implant itself.21 

 

3.2.1 BIOLOGICAL COMPLICATIONS 

Multiple studies have reported the consequences of having framework misfit on the 

biological structures surrounding an implant, particularly bone loss and loss of 

osseointegration.23,25-27 The exact mechanism that results in these biological 

complications has never been fully understood and no clinical correlation was ever 

found.25,28,29  This was further explored by Abduo,30 who published a systematic review 
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investigating the biomechanical sequelae of implant framework misfit.  It was concluded 

in the study that although peri-implant bone stress can occur due to framework misfit, 

peri-implant bone loss as a result of such misfit is not correlated, as it appears that 

biological tolerance may compensate for it. 

 

Studies from Winter31 and Natali32 have shown that the body has a biological tolerance 

that compensates the misfit through bone remodeling and adaptation to the misfit.  

Implant displacement of a few microns (12 µm as reported by Winter) can happen 

resulting in a reduction of the framework misfit.  This, in turn, results in a reduction and 

relaxation of stresses in bone of up to 20%.  Duyck33 further supported these findings as 

it was reported that the earlier the framework is fixated to the implants in the remodeling 

phase, the sooner implant repositioning can happen.  As a result, this phenomenon will 

reduce the stresses transferred to the mechanical components as implant displacement can 

compensate for the original misfit. 

 

3.2.2 MECHANICAL COMPLICATIONS 

Although biological complications and framework misfit have been reported to be 

unrelated, mechanical complications due to framework misfit are still a matter of 

concern.  One of the most common mechanical complications is screw-related incidents 

(screw loosening and/or fracture) which is the weakest link in the implant-framework 

system.29,34-38 The mechanism of tightening a screw is that the preload subjects the screw 

threads to tension. This preload and elastic recovery of the screw creates the clamping 
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force that secures the connection between the prosthesis and the supporting abutment or 

implant.30 

 

In situations where framework misfit is present, tightening the non-passive superstructure 

will result in an uneven distribution of tensile stresses on the shank and threads of the 

screw.38 This will lead to uneven screw elongation and/or bending of the screw, which 

when undergoing additional functional loading, will make the screw more susceptible to 

loosening, thread wear, fatigue fracture, or permanent deformation.30 Abduo30 further 

concluded that screw loosening is a potential complication of misfit; but an increased rate 

of screw loosening is not necessarily correlated with the presence of a misfit. 

 

3.3 ACCEPTABLE LEVEL OF FIT 

Several authors have published on the acceptable level of fit for implant prostheses, with 

a range of values reported including 10 µm, 30 µm, 100 µm, and 150 µm from 

Branemark,14 Klineberg,39 Ma,40 and Jemt23 respectively.  Most of the reported 

acceptable levels of fit have been found to be hypothetical and empirical in origin.22,41 

Sahin1 and Wee2 stated that absolute passive fit is not achievable due to possible errors 

during the prosthesis fabrication. 

 

Wee2 reported on the clinical and laboratory factors that affect the accuracy and 

distortion of implant prostheses.  His “Distortion Equation” includes multiple 

components that may be clinically insignificant on their own but when accumulated, can 
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result in the final distortion of the prosthesis.  Errors can be introduced since the 

impression-making procedure depends on the impression technique or material, 

mandibular flexure, and the machining tolerance between the impression copings and the 

abutment or implant platforms.  Additional errors can be made during master cast 

fabrication and the machining tolerance between the impression copings and the 

abutment or implant replicas.  Conventional metal-ceramic framework fabrication can 

also add discrepancies to the equation. 

 

In order to minimize the effects of distortion, multiple authors have suggested different 

techniques to verify and maintain accuracy.2,42,43 Fabrication of a verification jig to 

confirm the accuracy of the master cast relative to the patient’s mouth has been 

recommended in the literature as a step that should be done prior to fabricating the metal 

framework.44-47  The impression copings should be verified with the analogs and the 

abutments prior to the appointment to ensure a good fit between the components.43  

 

While absolute passive fit is reported to be unachievable, Kan22 concluded that 

“achieving passive fit may be of emotional reasons rather than of evidence-based 

science.”  Although there are no quantitative guidelines for evaluating misfit, it would be 

viable for the clinician to evaluate the implant framework fit using a variety of accepted 

clinical techniques.  
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3.4 METHODS TO EVALUATE FRAMEWORK FIT 

Many publications have described various techniques to evaluate implant framework 

fit.22,41,48 A simple method suggested by Henry44 involves alternate finger pressure on 

each terminal abutment.  The framework is observed for any rocking and/or saliva 

movement between the implant and implant interface, which would indicate a misfit.49  

Despite being a quick method, it is difficult to interpret in those cases with a short span 

prosthesis or subgingival margins.41 

 

Another commonly used method to evaluate framework fit is direct visual and tactile 

sensation.50 This method, when combined with additional lighting and magnification, can 

be very useful.  The main disadvantage of this technique is that visual inspection can be 

subjective between clinicians and unless it is viewed under high magnification, it can 

only detect gross misfits.41  Tactile sensation can be used to detect subgingival margins, 

but this depends on the size and age of the instrument since a new dental explorer tip is 

60 µm, meaning that any gap sizes that are smaller than that will go undetected.51 

 

Periapical radiographs have been used to evaluate framework fit, particularly in cases 

where the margins are located subgingivally.44,52 One concern when using periapical 

radiographs is that perpendicular or proper alignment may not be possible due to 

anatomical limitations which will result in overlapping of the components.  Such an 

overlap will mask the gap and mislead clinicians to think that passive fit was achieved.22  
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Jemt23 has proposed two techniques to evaluate framework fit: a one-screw test (Sheffield 

Test) and a screw resistance test.  The one-screw test involves tightening one screw at 

one terminal abutment and if the framework does not have a gap at the remaining 

interfaces, then a clinically acceptable fit is achieved.53 Conversely, if any discrepancy is 

noted, it would indicate a misfit.  This test is specifically useful for long span frameworks 

and can be used in conjunction with any of the previously described techniques.22 

 

The screw resistance test was based on his findings that the clinically acceptable level of 

misfit was 150 µm.23  That amount corresponds to half the distance between the threads 

of a Nobel Biocare prosthetic gold screw (DCA 074, Nobel Biocare USA; Chicago, IL).  

With this technique, the prosthetic gold screws are tightened one at a time starting with 

the implant closest to the midline until initial resistance is encountered.  From there, a 

maximum of one half-turn is allowed to completely seat the screw, achieving a torque 

value of 10 to 15 Ncm.  If more than a half-turn is needed, it is considered a misfit.  

Although this technique was developed using Nobel Biocare prosthetic gold screws, the 

technique can be adapted to prosthetic screws of other systems.22  

 

Other means described by Kan22 and Abduo41 in their respective reviews include 

disclosing media (such as Fit Checker (GC America; Alsip, IL), pressure indicating paste, 

and disclosing wax) or materials with measurable thickness (such as unwaxed floss (12 

µm), polyester film strips (40 µm), and shim stock (10 to 12 µm)).  The main limitations 

to these techniques would be in subgingival cases and, for the latter group, evaluating 

discrepancies on the lingual aspect. 
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Jemt48 explained several other methods, with the most significant one being a three-

dimensional photogrammetric technique that can measure up to the nearest 10 µm.54 

Three-dimensional data can be obtained for further analysis and verification with this 

technique.  This technique may be impractical for clinical use due to the special 

equipment needed as well as being very technique sensitive.22 

 

4. IMPRESSION TECHNIQUES 

The first step in fabricating a final prosthesis is to make an impression of the oral 

structures.  The impression-making step is a critical procedure as an accurate 

reproduction of implant position and angulation in the mouth is needed to transfer any 

prosthesis from the clinical environment to the laboratory setting.4 This is vital in implant 

dentistry where a precise record of the three-dimensional orientation of the implants is 

needed in contrast with the surface detail reproduction required in conventional fixed 

prosthodontic impressions.55  The closed tray and open tray impression techniques are 

two methods that can be used with each having its own benefits and drawbacks. 

 

4.1 CLOSED TRAY TECHNIQUE 

With the closed tray or indirect transfer impression technique, one-piece tapered 

impression copings and a closed tray are used to make an impression.  The coping is 

connected to the implants and when the impression is removed from the mouth, the 

coping remains attached to the implant intraorally.  The coping is then removed and 

connected to an implant analog, which is then carefully re-inserted into the impression 

prior to master cast fabrication.3,4   
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The closed tray technique is reported to be similar to the impression technique utilized in 

conventional crown and bridge cases.  It is also easier to observe the visual fastening of 

the analog to the impression coping.  When used with non-parallel implants and a stiff 

impression material, it can be difficult to recover and may result in deformation of the 

impression material.  Deformation of the impression material upon removal from the 

mouth and the subsequent blind seating of the impression coping back into the 

impression can be sources of errors that will lead to prosthesis misfit.3 In addition, it is 

important that the correct match between the impression copings and respective implant 

location be kept especially when an impression was made with multiple implants that 

have the same size, as the relationship between the guiding surfaces and the hexagonal 

surfaces may vary.56 

 

4.2 OPEN TRAY TECHNIQUE 

The other technique that can be used for implant impressions is the open tray technique, 

which is also known as the direct technique or pick-up technique.  This method utilizes 

two components for the impression coping with a square coping and a separate fastening 

screw that extends beyond the height of the coping.  A tray with a window made above 

the impression coping is used, giving it the open tray name.  After the material has 

completely set, the screw is loosened and the impression is removed with the impression 

coping embedded and retained within the impression itself.  The impression coping is 

then carefully connected to an implant analog with the fastening screw prior to master 

cast fabrication.3,4 



 

 14 

Open tray technique removes the concerns of replacing and fully seating the impression 

coping back into the impression as seen with the closed tray technique. With this 

technique, the implant angulations are less of a factor as it is easier to remove the 

impression from the mouth when the transfer screws are removed; thereby reducing the 

chances of deformation upon recovery from the mouth.  Nonetheless, the open tray 

technique does contain some drawbacks, including more components that need to be 

manipulated during fastening, risks of slight rotational discrepancy during fastening of 

the copings to the implant analogs, as well as blind fastening of the analog to the coping, 

as seen with the closed tray technique.3 

 

Since the open tray technique utilizes additional and often longer components, it may be 

contraindicated in certain clinical situations where space or access is limited.  The closed 

tray technique is recommended in cases where patients have a small aperture, limited 

interarch space, posterior implant sites, or a tendency to gag.56 

 

4.3 COMPARISON OF IMPRESSION TECHNIQUES 

Various authors have published their research on the comparison between the closed and 

open tray techniques, each with results that favor one or the other.4 

 

Daoudi57 compared the closed tray technique taken at the implant level with the open tray 

technique taken at the abutment level for single tooth implant sites.  The study found that 

the open tray impression technique was more accurate and predictable, with the closed 
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tray impression technique showing more variation in the position of the abutment/implant 

analog assembly on the master cast.  This was likely due to the rotation of the impression 

coping-implant analog complex when it is placed into the impression prior to master cast 

fabrication, which will result in a discrepancy with the resulting prosthesis. 

 

Conversely, de la Cruz58 found that the open tray impression technique had more 

inaccuracies and distortion present in the vertical plane when compared to the closed tray 

impression technique.  This was suspected by the authors to be due to the differences in 

the conical shape of the abutment compared to that of the impression coping, which may 

have resulted in an inaccurate connection between the two parts.   

 

In regards to multiple implants, Carr3 compared the open and closed tray impression 

techniques on a mandibular cast with five implants that had divergence angles less than 

15 degrees.  The results showed closed-tray being less accurate due to the non-parallel 

condition of the implants and the apparent deformation of the rigid impression material. 

 

Conrad59 compared different impression techniques with different implant convergent 

and divergent angulations and found that within the tested angulation range (15 degrees 

convergent and divergent), there were no significant differences between the closed and 

open tray impression techniques.  With many publications showing contradicting results, 

de la Cruz58 explained that it could be due to the use of different components and 

different study designs, thus leading to different findings.  Due to the variability in 
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accuracy when making impressions of multiple implants, additional methods, such as 

splinting, have been recommended to improve the integrity of the impression.  

 

5. SPLINTING OF IMPRESSION COPINGS 

As the treatment concepts of metal-acrylic resin implant fixed complete dentures for 

edentulous jaws developed, the splinting technique was introduced.60 The principle of 

this technique was to connect all of the impression copings with a rigid splinting material 

and prevent the individual copings from moving during the impression-making procedure 

to ultimately improve the precision of the prosthesis.61 

 

5.1 MATERIALS FOR SPLINTING  

Many materials have been recommended for splinting impression copings, with the most 

commonly used material being auto-polymerizing acrylic resin.4,61 Other suggested 

materials include dual-cured acrylic resin,61 light-polymerizing acrylic resin,62 composite 

resin,63 plaster,61 bite registration material,64,65 and metallic components.66 

 

Auto-polymerizing acrylic resin has been used in many aspects in dentistry, from 

splinting for soldering procedures to fabrication of resin dies or direct post and core 

pattern fabrication.  Since then, it has been applied to implant dentistry, including for 

splinting impression copings with or without a scaffold of dental floss.65,67 The low 

polymerization shrinkage (range from 0.36% to 7.90%, depending on manufacturer), easy 

handling, short setting time, and high hardness and strength allows the material to be a 
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rigid splint for impression making.68,69 Auto-polymerizing acrylic resins are supplied as 

powder and liquid that need to be mixed in order to initiate the polymerization process.70 

Using this material intraorally to connect the impression copings can be time-consuming 

and uncomfortable for the patient.71 

 

In addition, a time-lapse study by McDonnell72 was done to evaluate the effect of waiting 

time on the fit of implant components after they were removed from the control cast and 

allowed to sit on a bench with different time intervals (15 minutes, 2 hours, and 24 

hours).  It was concluded that an accurate framework fit was present only at the 15-

minute time interval. Visual passive fit was not observed for the 2-hour and 24-hour 

interval groups; therefore, the authors recommended that any implant assemblies 

connected with auto-polymerizing acrylic resin should be invested as soon as possible 

after removal of the splinted impression copings from the mouth. 

 

Assif61 investigated the accuracy of a variety of materials as a medium to splint 

impression copings.  Between auto-polymerizing acrylic resin, dual-cured acrylic resin, 

and plaster, dual-cured acrylic resin was found to be significantly less accurate than the 

other two materials.  This was possibly due to incomplete polymerization of the material, 

shrinkage of the material, or the intensity and direction of the curing light source.  Over 

time, these materials tend to continue to shrink or undergo dimensional changes as a 

result of the polymerization reaction.  To avoid consequences related to polymerization 

shrinkage, the authors recommended to splint the impression copings at least 24 hours 
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beforehand and sectioned into separate pieces, which will be luted intraorally prior to 

making the impression.73 

 

In order to reduce the amount of shrinkage that is associated with auto-polymerizing 

acrylic resins, several authors have recommended using metallic components to splint the 

impression copings along with the aid of auto-polymerizing acrylic resin.  These different 

types of metallic apparatus may include stainless steel orthodontic wire,74 dental 

drills/burs,75 and impression copings with horizontal extensions (metallic impression 

coping system).66 The objective of introducing a metallic component was to reduce the 

amount of spacing between the copings, reduce the amount of acrylic resin for splinting, 

and to provide a more rigid fixation for the impression.66 

 

Although a wide range of materials have been suggested for use in splinting impression 

copings, the decision of what material to use ultimately depends on the clinical situation 

and the clinician’s preference.65   

 

5.2 SPLINTING VERSUS NOT SPLINTING  

While splinting has been reported to be useful in securing a rigid connection for the 

impression copings and improving the fit of the final prosthesis, several publications have 

found that there was no significant difference in splinting.74,76 Similarly, some authors 

have reported that splinting is significantly less accurate than not splinting.77,78 
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Herbst79 found no clinical advantage for splinting and explained that both splinted and 

non-splinted techniques had exceptional dimensional accuracy and clinically negligible 

distortion.  With these results, he considered the splinted technique more time-consuming 

and technically demanding for achieving similar results to the non-splinted technique.  It 

was explained that the type of impression material may have played a critical factor and 

provided sufficient rigidity to prevent rotation of the non-splinted impression copings, 

thus giving a result that had no clinical difference.  

 

There are other studies that support the use of the splinting technique and showed 

significant difference in their findings.73,80-82 Vigolo73 described that unscrewing or 

screwing the guide pins in the open tray impression copings during subsequent 

procedures can result in minor movement of the impression copings within the 

impression material, leading to an inaccurate master cast.  For this reason, splinting 

impression copings will stabilize them during analog fastening and prevent the rotational 

movement that can happen.  Spector83 further explained that another source of error 

during impression making could stem from air trap within the impression material, 

resulting in movement of the impression coping during the following procedures.  

 

Lee4 performed a systematic review in regards to implant impression accuracy and found 

that in cases with internal connection implants, splinting was beneficial and improved the 

accuracy.  Then again, there were an equal number of studies that found no difference 

between splinting and not splinting.  The authors concluded that additional studies are 
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necessary to investigate the relation between the connection method and the effect of the 

splinting technique.  

 

5.3 SECTIONING  

When a large amount of auto-polymerizing acrylic resin is used, distortion can occur as a 

result of polymerization shrinkage.84 This is due to the directly proportional relationship 

between the mass of acrylic resin used with the distortion rate.  When the bulk of acrylic 

resin increases, residual stresses develop within it due to the continuing polymerization 

which occurs after the acrylic resin attains a solid condition.83 By removing the 

impression copings from the implants, it allows the residual stress to be released, 

consequently introducing warpage.85 

 

To avoid this issue, it has been recommended to section the splinted impression copings 

into separate segments after resin polymerization.71 The segments will then be 

reconnected intraorally.  By reconnecting with a small amount of acrylic resin, this will 

relieve the stress that had built up in the original bulk of the material and minimize the 

adverse effects of polymerization shrinkage.86 The timing of the separation is also 

important as dimensional changes can still be taking place since Mojon69 showed that 

80% of shrinkage occurs during the first 17 minutes, while no critical changes in 

dimension happens after 24 hours. 

 

Cerqueira86 performed a study investigating the microstrain present between Duralay II 
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(Reliance Dental Mfg Co; Alsip, IL) and Pattern Resin LS (GC America Inc; Alsip, IL), 

with three groups that were splinted with one of three methods (one-piece with no 

sectioning, sectioning and reconnecting 17 minutes after polymerization, and sectioning 

and reconnecting 24 hours after polymerization).  The study found that non-sectioned 

Duralay II had the highest microstrain value when compared to the other two methods. 

Pattern Resin LS, however, did not show any significant difference between the three 

methods, all of which were lower than the lowest microstrain value found with Duralay 

II.  From this, it was concluded that the resin type (due to difference in composition) and 

splinting method had a significant effect on the amount of microstrain generated.    It was 

also determined that because the microstrain generated with non-sectioned Pattern Resin 

LS did not appear to have any difference from the other two methods, it is possible to use 

this material for a non-sectioned splinting method.  
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SPECIFIC AIM 

 

The purpose of this study was to evaluate the effect of polymerization time and 

sectioning on the dimensional changes of auto-polymerizing acrylic resin used in 

splinting open-tray impression copings and the resulting fit of the prosthesis. 

 

 

 

 

STATEMENT OF THE PROBLEM 

 

Multiple techniques and materials for splinting impression copings have been described 

in the literature; however, there is limited research investigating the effects of 

polymerization time or sectioning on the accuracy of the splinting materials and whether 

they have an effect on the precision fit of the final prosthesis. 
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NULL HYPOTHESIS (H0) 

 

This study will evaluate the following hypotheses: 

1. There is no significant difference between the different polymerization time groups. 

2. There is no significant difference between sectioning and not sectioning. 

 

 

 

 

ALTERNATIVE HYPOTHESIS (H1) 

 

The alternative hypotheses are as follows: 

1. There is a significant difference between the different polymerization time groups. 

2. There is a significant difference between sectioning and not sectioning.
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 CHAPTER 3:  MATERIALS AND METHODS 

 

One master cast was fabricated and used as a control for each of the 6 experimental 

groups.  This master cast simulated the clinical setting (patient) in 2 of the groups and a 

previous treatment cast in 4 of the groups.  The master cast contained 5 regular diameter 

external-hexed implant lab analogs (3i® Implant Innovations, Inc.; Palm Beach Gardens, 

FL) between the mental foramen positions (Figure 1).   

 

Figure 1. Master cast. 

The focus of this research was a comparison of three polymerization time options for an 

auto-polymerizing acrylic resin used for splinting impression copings; therefore, the use 

of implant fixtures instead of analogs in the master cast offered no advantage.  

Impression materials were also not used because this research was done to evaluate the 

effects of the shrinkage and distortion of the splinting material and impression material 

shrinkage or distortion would have added a potential source of error to the results. 
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The following time groups were chosen to simulate different clinical situations: 

• 8 Minutes: Splinting the open-tray impression copings intraorally prior to making 

the impression. 

• 1 Hour: Splinting the open-tray impression copings on a previous treatment cast 

1 hour prior to the appointment. 

• 24 Hours: Splinting the open-tray impression copings on a previous treatment 

cast 24 hours prior to the appointment. 

Table 1. Classification of experimental groups and sample size. 

 

 

 

 

 

 

1. FABRICATION OF MILLED TITANIUM BAR 

A titanium bar with connections at the implant level was milled to act as the reference for 

measuring the accuracy of fit (to compare with the controlled master cast).  To fabricate 

the milled titanium bar, the master cast was scanned with a NobelProcera scanner (Nobel 

Biocare USA, LLC; Yorba Linda, CA) (Figure 2).  The bar was designed using 

NobelProcera software and milled according to the instructed design (Figures 3, 4).  

TIME GROUP SECTIONED SAMPLE SIZE 

8 minutes (8MN) 
Non-sectioned (NS) 10 

Sectioned (S) 10 

1 hour (1HR) 
Non-sectioned (NS) 10 

Sectioned (S) 10 

24 hours (24HR) 
Non-sectioned (NS) 10 

Sectioned (S) 10 
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Figure 2. NobelProcera scanner. 

 

Figure 3. Bar design on NobelProcera software. 

 

Figure 4. Milled titanium bar. 
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After the milled titanium bar was received, it was placed on the master cast to verify that 

complete seating, passive fit, and no rocking was present.  The following techniques were 

utilized in evaluating the titanium bar’s fit: digital pressure on different ends of the bar, 

the one-screw (Sheffield) test, visual inspection (with loupes and a microscope), and 

tactile sensation (with a new dental explorer). 

 

2. MATRIX FABRICATION 

To ensure that the same amount of material was used to splint the impression copings, a 

matrix to hold the material was required.  The matrix material needed to be durable for 

multiple uses and have good dimensional stability.  Heavy-body polyvinyl siloxane 

(PVS) impression material (ImprintTM 3 Heavy Body; 3M ESPE, St. Paul, MN) was used 

as the material to fabricate the matrix.   

Open-tray impression copings (Nobel Biocare USA, LLC; Yorba Linda, CA) were placed 

on the implant analogs in the master cast.  Heavy-body PVS impression material was 

syringed around the impression copings and into the vestibular regions, to provide 

additional stability during the latter procedures (Figure 5).  The impression material was 

allowed to polymerize for 10 minutes (Figure 6).  The impression material was handled 

while wearing nitrile gloves (Nytrile®; Glove Club® HIS Gloves, Inc., Los Angeles, 

CA). 
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Figure 5. Heavy-body PVS syringed around the impression copings. 

 

Figure 6. Heavy-body PVS matrix polymerizing. 

After 10 minutes, the impression coping screws were loosened and the copings and 

screws were removed from the PVS matrix.  The matrix was inspected for accuracy to 

ensure that no air bubbles were trapped.  The matrix was then cut and trimmed with a 25 

blade (Miltex; York, PA) into two parts: the base (the bottom portion of the matrix with 

holes corresponding to the implant analogs below) and the box (the surrounding walls of 

the matrix), to create an internal box outline for the splinting material (Figures 7, 8, 9).  
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Figure 7. The matrix is cut and trimmed with a 25 blade. 

 

Figure 8. Two components of the matrix: The base and the box. 

 

Figure 9. The matrix placed on top of the cast with holes corresponding to the implant 
positions. 
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3. IMPRESSION COPING SPLINTING 

To splint the impression copings, the bottom portion of the matrix (the base) was placed 

over the top of the implants and anterior ridge.  Open-tray impression copings were then 

placed through the holes in the matrix base on to the implant analogs in the master cast.  

Once the impression copings were secured and tightened, the surrounding portion of the 

matrix (the box) was placed to surround the impression copings. 

An auto-polymerizing acrylic resin, Pattern Resin LS (GC America Inc; Alsip, IL), was 

used to splint the impression copings together (Figure 10).  To ensure that the same 

amount of material was used for splinting, a pre-determined set ratio of powder and 

liquid was used (10 grams of powder and 6 ml of liquid).  The powder and liquid were 

mixed with one another for 30 seconds until the mixture was homogenous (Figure 11).  

The mixture was then injected into the matrix and allowed to polymerize undisturbed 

according to the assigned time group (8 minutes, 1 hour, and 24 hours) (Figures 12, 13).  

After the assigned time was reached, the impression copings were removed from the 

master cast along with the matrix. 

 

Figure 10. Pattern Resin LS was used for splinting the impression copings. 
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Figure 11. Mixing the powder and liquid for 30 seconds. 

 

Figure 12. The acrylic mixture is injected into the matrix. 

 

Figure 13. The acrylic mixture was allowed to polymerize undisturbed according to the 
assigned time groups. 
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4. SECTIONING AND RE-LUTING 

For the Sectioned groups (8MN-S, 1HR-S, and 24HR-S), the splinted impression copings 

were sectioned with a diamond disc (Brasseler; Savannah, GA) (Figure 14).  They were 

then re-positioned on the implant analogs in the master cast without the PVS matrix 

(Figure 15).  Re-luting of the splinted sections was done with auto-polymerizing acrylic 

resin (Pattern Resin LS) through the Brush & Dip technique (Figure 16).  The re-luted 

sections were allowed to polymerize for 8 minutes on the master cast before being 

removed. 

 

Figure 14. The splinted impression copings are sectioned with a diamond disc. 

 

Figure 15. The impression copings are placed back on the master cast. 
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Figure 16. Re-luting of the splinted sections with auto-polymerizing acrylic resin through 
the Brush & Dip technique. 

 

5. CAST FABRICATION 

After the splinted impression copings were retrieved from the matrix, they were attached 

to implant lab analogs (Figure 17).  A silicone model base former (US Dental Depot; Fort 

Lauderdale, FL) was used to form the experimental casts.  Type IV dental stone 

(Whipmix Combination Unit; Louisville, KY) was mixed with distilled water (Kandiyohi 

Bottled Water Co.; Willmar, MN) at the manufacturer recommended water/powder ratio 

and vacuum spatulated using a mechanical spatulator (Whipmix Combination Unit; 

Louisville, KY).  The mixed stone was poured into the model base former and the 

combined splinted coping-analog unit was inserted into the stone mixture by pushing it 

firmly to full depth (Figure 18).   
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Figure 17. The splinted impression copings are attached to implant analogs. 

 

Figure 18. The combined splinted coping-analog unit is inserted into the stone mixture in 
the model base former. 

 

The stone casts were allowed to set for one hour and then removed from the model base 

former.  The splinted impression copings were removed from the implant analogs and 

were reused throughout the experiment.  The procedures were continued until 20 casts 

were made for each time group (8MN, 1HR, and 24HR), with 10 casts for the Sectioned 

group (S) and another 10 for the Non-Sectioned group (NS), for a total 60 casts.  The 

casts were labeled with the Time Group, Sectioned / Non-Sectioned, and sample number 

to prepare for measurements. 
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6.  MEASUREMENTS  

All 60 experimental casts were evaluated independently with the milled titanium bar.  

The milled titanium bar was placed on the implant analogs on an experimental cast 

(Figure 19).  The one-screw test was performed where one screw was placed in the area 

of the furthest left implant (labeled “Implant 0”) to secure the milled titanium bar in 

place.  The remaining implants were labeled from 1 to 4, with 4 being the most distal 

implant on the right side. 

 

Figure 19. Milled titanium bar placed on the implant analogs on an experimental cast. 

 
Visual inspection under 2.5x magnification loupes (Q-Optics; Duncanville, TX) along 

with tactile sensation with a new 50 µm tip dental explorer (Hu Friedy USA; Chicago, 

IL) was done to detect a gap or misfit on the remaining four implants.  To be considered a 

clinical fit, a smooth transition has to be present when the dental explorer is passing the 

prosthesis-implant analog junction.  A “catch” noticed with the dental explorer is 

considered as a misfit.  Because the tip of a new dental explorer is 50 µm in size, any gap 
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that is smaller than 50 µm will not be detected with the dental explorer.  If all of the four 

tested implant sites had a smooth transition, it is considered a clinical fit.  On the 

contrary, if one or more of the implant sites had a detectable gap present, it will be 

considered as a clinical misfit. 

Visual inspection under 12.8x magnification microscope (Global G3 Series; Global 

Surgical Corporation, Saint Louis, MO) was done to get a better visualization of the gaps 

present as well as to detect any gaps smaller than 50 µm that were undetected in the 

previous step (Figures 20ab, 21abc).   

  

Figure 20a. Visual inspection device: 2.5x magnification loupes. 
Figure 20b. Visual inspection device: 12.8x magnification microscope. 

 

Figure 21a. View under microscope: No gap present. 
Figure 21b. View under microscope: 20 µm gap present. 
Figure 21c. View under microscope: 80 µm gap present. 
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A measuring gauge (Jinghua; China) with pre-determined thickness in microns (µm) was 

used to measure the gap size at each implant’s position (Figures 22, 23).  The visible gap 

and corresponding gap size for each site were recorded on a spreadsheet in an XLS 

(Excel) file. 

 

Figure 22. Measuring gauge in microns. 

 

Figure 23. Measuring gauge being used to measure an 80 µm gap. 
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7. STATISTICAL ANALYSIS 

For the statistical analysis, a spreadsheet in an XLS file was created with the gap 

positions and gap sizes recorded, as well as the fit evaluation.  Because the small sample 

size present in this study, Fisher’s exact test was used to analyze the fit frequency 

between each group.  In addition, univariate exact logistic regression was used to 

estimate the odds ratio of the qualitative results (fit and not-fit samples) between the 

groups.  Furthermore, Wilcoxon rank test was used to analyze the number of gaps present 

between each group.  A p-value of <0.05 was considered significant. 
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CHAPTER 4:  RESULTS 

 

The null hypothesis stated that the different polymerization time groups and sectioning 

would have no effect on the accuracy of the resultant casts compared to the control 

master cast.  The primary analysis involved a sample size of 60 casts from which 240 

measurements of gap size were collected.  Combinations of the various polymerization 

times and sectioning made up the 240 gap size measurements.   

 

The following tables (Tables 2 and 3) represent data gathered from evaluating the fit, 

which was determined by evaluating whether a gap was present between the implant-bar 

connections.  If any implant site had a gap present, it was considered a misfit.  Table 2 

demonstrates the number of samples that had total fit after being evaluated with 

magnification loupes and a dental explorer.  All of the samples in the Sectioned groups 

displayed total fit, when viewed with magnification loupes.  Conversely, when viewed 

with a microscope, there were fewer samples that showed absolute fit. (Table 3)  

 

Table 2. Accuracy of fit of the implant prosthesis analyzed with magnification loupes. 

Sample 
Group 1 2 3 4 5 6 7 8 9 10 Total Fit Total Not Fit 

8MN-NS + - + + - + - + - - 5 5 

1HR-NS + + - + - + - + + + 7 3 

24HR-NS + + - - + + - + + + 7 3 

8MN-S + + + + + + + + + + 10 0 

1HR-S + + + + + + + + + + 10 0 

24HR-S + + + + + + + + + + 10 0 

“+”, Fit; “-”, Not Fit 
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Table 3. Accuracy of fit of the implant prosthesis analyzed with a microscope. 

Sample 
Group 1 2 3 4 5 6 7 8 9 10 Total Fit Total Not Fit 

8MN-NS + - + + - + - + - - 5 5 

1HR-NS + - - - - + - + + + 5 5 

24HR-NS + + - - - + - - + + 5 5 

8MN-S - - + - + + - + - + 5 5 

1HR-S + + + + + - - + - + 7 3 

24HR-S - + + + - + - + + + 7 3 

“+”, Fit; “-”, Not Fit 
 

The data regarding total fit from Tables 2 and 3 can be combined and displayed in Figure 

24.  Fewer samples with absolute fit seen with the microscope are due to the 

magnification loupes and dental explorer being unable to detect gaps that are smaller than 

50 µm.  Although the clinical evaluation methods utilized in this study (visual and tactile 

sensation) showed a higher number of samples with clinical fit, it can be concluded that 

an absolute fit could not be achieved on all samples. 

 

 

 

Figure 24. Total Fit evaluation between magnification loupes and a microscope. 
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The data from Table 2 underwent statistical analysis.  Fisher’s exact test was used to 

perform statistical comparison between the different groups in regards to clinical fit as 

detected with magnification loupes and a dental explorer. (Table 4)  When comparing the 

different polymerization times on the accuracy of clinical fit, the differences between 

each time group were not statistically significant.   

 

Likewise, when comparing the section and non-sectioned samples for each specific time 

group, no statistical significance was found between the section and non-sectioned 

samples of the 1-hour and 24-hour time groups.  However, a statistically significant 

difference is seen within the 8-minute time groups (p-value = 0.0325).  This shows that 

there is a difference in the clinical fit frequency when sectioning is involved for 

impression copings that are splinted for 8 minutes, sectioned, and re-luted. 

 

Table 4. Statistical comparison of fit frequency between different groups (loupes). 

Section Time Fit Frequency, n (%) p-value Odds Ratio (95% CI) 

Yes 

8 min vs. 1 hr 10 (100) vs. 10 (100) >.99 NA 

8 min vs. 24 hr 10 (100) vs. 10 (100) >.99 NA 

1 hr vs. 24 hr 10 (100) vs. 10 (100) >.99 NA 

No 

8 min vs. 1 hr 5 (50) vs. 7 (70) 0.6499 0.43 (0.07, 2.68) 
8 min vs. 24 hr 5 (50) vs. 7 (70) 0.6499 0.43 (0.07, 2.68) 

1 hr vs. 24 hr 7 (70) vs. 7 (70) >.99 1.00 (0.15, 6.77) 

Yes vs. No 8 min 10 (100) vs. 5 (50) 0.0325 NA 

Yes vs. No 1 hr 10 (100) vs. 7 (70) 0.2105 NA 

Yes vs. No 24 hr 10 (100) vs. 7 (70) 0.2105 NA 
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Similarly, the data from Table 3 underwent statistical analysis.  Fisher’s exact test was 

also used to perform statistical comparison between the different groups in regards to fit 

as detected with the microscope. (Table 5)  When comparing the different polymerization 

times on the accuracy of fit, the differences between each group were not of statistical 

significance.  Unlike the data gathered by evaluating with magnification loupes, there 

were no statistical differences between any of the section and non-sectioned samples for 

each time group when evaluating with a microscope.  

 

Table 5. Statistical comparison of fit frequency between different groups (microscope). 

Section Time Fit Frequency, n (%) p-value Odds Ratio (95% CI) 

Yes 

8 min vs. 1 hr 5 (50) vs. 7 (70) 0.65 0.43 (0.07, 2.68) 

8 min vs. 24 hr 5 (50) vs. 7 (70) 0.65 0.43 (0.07, 2.68) 

1 hr vs. 24 hr 7 (70) vs. 7 (70) >.99 1.00 (0.15, 6.77) 

No 

8 min vs. 1 hr 5 (50) vs. 5 (50) >.99 1.00 (0.17, 5.77) 
8 min vs. 24 hr 5 (50) vs. 5 (50) >.99 1.00 (0.17, 5.77) 

1 hr vs. 24 hr 5 (50) vs. 5 (50) >.99 1.00 (0.17, 5.77) 

Yes vs. No 8 min 5 (50) vs. 5 (50) >.99 1.00 (0.17, 5.77) 

Yes vs. No 1 hr 7 (70) vs. 5 (50) 0.65 2.33 (0.37, 14.61) 

Yes vs. No 24 hr 7 (70) vs. 5 (50) 0.65 2.33 (0.37, 14.61) 

 

Table 5 represents data gathered from evaluating the presence of gaps using 

magnification loupes and a microscope.  The data reveals that the microscope is capable 

of detecting gaps that were undetectable with just the magnification loupes and a dental 

explorer, particularly with the sectioned groups.  



 

 43 

Table 6. Presence of gap at each implant position detected with loupes and a microscope. 

Time Section Sample 
Presence of Gap at Implant Position	  

Loupes Microscope 
1 2 3 4 1 2 3 4 

8MN No 

1 N N N N N N N N 
2 N N N Y N N Y Y 
3 N N N N N N N N 
4 N N N N N N N N 
5 N N N Y N N N Y 
6 N N N N N N N N 
7 N Y Y Y Y Y Y Y 
8 N N N N N N N N 
9 N Y N Y Y Y Y Y 

10 N N Y Y N Y Y Y 

1HR No 

1 N N N N N N N N 
2 N N N N N N Y Y 
3 N N Y Y N N Y Y 
4 N N N N Y Y Y Y 
5 N Y Y Y N Y Y Y 
6 N N N N N N N N 
7 N N Y Y N Y Y Y 
8 N N N N N N N N 
9 N N N N N N N N 

10 N N N N N N N N 

24HR No 

1 N N N N N N N N 
2 N N N N N N N N 
3 N N N Y N Y Y Y 
4 N N N Y N N Y Y 
5 N N N N N N Y Y 
6 N N N N N N N N 
7 N N Y Y Y Y Y Y 
8 N N N N N Y Y Y 
9 N N N N N N N N 

10 N N N N N N N N 

8MN Yes 

1 N N N N N Y N N 
2 N N N N N N N Y 
3 N N N N N N N N 
4 N N N N N N Y Y 
5 N N N N N N N N 
6 N N N N N N N N 
7 N N N N N N Y Y 
8 N N N N N N N N 
9 N N N N N Y Y Y 

10 N N N N N N N N 
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Time Section Sample 
Presence of Gap at Implant Position	  

Loupes Microscope 
1 2 3 4 1 2 3 4 

1HR Yes 

1 N N N N N N N N 
2 N N N N N N N N 
3 N N N N N N N N 
4 N N N N N N N N 
5 N N N N N N N N 
6 N N N N N N N Y 
7 N N N N N N N Y 
8 N N N N N N N N 
9 N N N N N Y Y Y 

10 N N N N N N N N 

24HR Yes 

1 N N N N N Y Y Y 
2 N N N N N N N N 
3 N N N N N N N N 
4 N N N N N N N N 
5 N N N N N N N Y 
6 N N N N N N N N 
7 N N N N N N N Y 
8 N N N N N N N N 
9 N N N N N N N N 

10 N N N N N N	   N	   N	  
“N”, No gap present (No); “Y”, Gap present (Yes) 
 

The data from Table 6 underwent statistical analysis and Wilcoxon rank test was used to 

perform statistical comparison between the different groups in regards to the number of 

gaps detected with magnification loupes and a dental explorer. (Table 7)  When 

comparing the number of gaps between the different polymerization time groups, no 

statistically significant differences were detected between the time groups.  On the 

contrary, when comparing the effects of sectioning on the number of gaps in their 

respective polymerization time groups, a statistical significance was seen within the 8-

minute time group.  (p-value = 0.02)  This means that sectioning the splinted impression 

copings after 8 minutes can reduce the amount of gaps at the prosthesis-bar interface. 
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Table 7. Statistical comparison of number of gaps between different groups (loupes). 

Section Time p-value 
Yes 8 min vs. 1 hr vs. 24 hr NA 
No 8 min vs. 1 hr vs. 24 hr 0.57 

Yes vs. No 8 min 0.02 
Yes vs. No 1 hr 0.09 
Yes vs. No 24 hr 0.09 

 

The data gathered from the microscope in Table 6 was also analyzed with Wilcoxon rank 

test.  Statistical comparison between the different groups in regards to the number of gaps 

detected in the microscope evaluation method was performed. (Table 8) When comparing 

the number of gaps between the different polymerization time groups, no statistically 

significant differences were noted.  This was also the case when comparing the number 

of gaps between each respective time group’s sectioned and non-sectioned samples, 

where no statistical significance was seen.  These results are the same as when fit was 

evaluated, where none of the sample groups had significant differences after being 

examined under a microscope.  It is likely due to the microscope being able to detect gaps 

smaller than 50 µm, which were undetectable when evaluating with magnification loupes 

and a dental explorer.  

 

Table 8. Statistical comparison of number of gaps between different groups 

(microscope). 

Section Time p-value 
Yes 8 min vs. 1 hr vs. 24 hr 0.53 
No 8 min vs. 1 hr vs. 24 hr >.99 

Yes vs. No 8 min 0.66 
Yes vs. No 1 hr 0.25 
Yes vs. No 24 hr 0.25 
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Table 9 shows the measured gap sizes for the implants in each experimental group’s 

samples that were detected using a microscope and measuring gauge. 

 

Table 9. Gap size present at each implant position as measured with a measuring gauge. 

Group Sample Gap Size (µm) 	  
Group Sample Gap Size (µm) 

1 2 3 4 	   1 2 3 4 

8MN-NS 

1 X X X X 	  

8MN-S 

1 X 20 X X 
2 X X 20 60 	   2 X X X 30 
3 X X X X 	   3 X X X X 
4 X X X X 	   4 X X 20 30 
5 X X X 70 	   5 X X X X 
6 X X X X 	   6 X X X X 
7 20 60 60 80 	   7 X X 30 40 
8 X X X X 	   8 X X X X 
9 40 50 40 50 	   9 X 30 30 40 
10 X 40 70 70 	   10 X X X X 

1HR-NS 

1 X X X X 	  

1HR-S 

1 X X X X 
2 X X 20 40 	   2 X X X X 
3 X X 80 100 	   3 X X X X 
4 20 20 20 30 	   4 X X X X 
5 X 50 50 70 	   5 X X X X 
6 X X X X 	   6 X X X 30 
7 X 30 70 80 	   7 X X X 20 
8 X X X X 	   8 X X X X 
9 X X X X 	   9 X 30 30 30 
10 X X X X 	   10 X X X X 

24HR-NS 

1 X X X X 	  

24HR-S 

1 X 20 30 30 
2 X X X X 	   2 X X X X 
3 X 30 40 50 	   3 X X X X 
4 X X 40 50 	   4 X X X X 
5 X X 30 40 	   5 X X X 20 
6 X X X X 	   6 X X X X 
7 30 40 50 60 	   7 X X X 20 
8 X 40 40 40 	   8 X X X X 
9 X X X X 	   9 X X X X 
10 X X X X 	   10 X X X X 

“X”, No gap present  “X”, No gap present 
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The data from Table 9 were calculated to find the mean gap size for each of the 

corresponding implant position in their respective time group.  The overall mean values 

of gap size are shown in Table 10 and Figure 25.  The majority of the mean gap sizes 

were within the range of clinical fit of being less than 50 µm.  Moreover, the most distal 

implant (Implant 4) had a tendency to have a higher mean gap size while Implant 1 

always had the smallest gap size for the respective time group. 

 

Table 10. Mean gap size for each implant position. 

Group 
Mean Gap Size at Implant Position (µm) 

1 2 3 4 
8MN-NS 30 50 47.5 66 
1HR-NS 20 33.33 48 64 
24HR-NS 30 36.67 40 48 

8MN-S 0 25 26.67 35 
1HR-S 0 30 30 26.67 
24HR-S 0 20 30 23.33 

 

 

Figure 25. Mean gap size for each implant position. 
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Furthermore, the percentage of gaps occurring for each implant position in the respective 

time group was calculated and reflected in Table 11 and Figure 26.  Similar to the mean 

gap size trend earlier, the most distal implant (Implant 4) had the highest percentage of 

gaps occurring in all time groups, while the lowest percentage of gap occurrence was at 

Implant 1. 

 

Table 11. Percentage of gap occurrence for each implant position. 

Group 
Percentage of Gap Occurrence at  

Implant Position (%) 
1 2 3 4 

8MN-NS 20% 30% 40% 50% 
1HR-NS 10% 30% 50% 50% 
24HR-NS 10% 30% 50% 50% 

8MN-S 0% 20% 30% 40% 
1HR-S 0% 10% 10% 30% 
24HR-S 0% 10% 10% 30% 

 

 

Figure 26. Percentage of gap occurrence for each implant position..
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CHAPTER 5:  DISCUSSION 

 

The data from this study supports the acceptance of the first null hypothesis; that there is 

no difference between different polymerization times.  The data also partially rejects the 

acceptance of the second null hypothesis; that there is no difference between sectioning 

and not sectioning.  As the results show, the differences between each polymerization 

time group are not significantly different, while the only statistically significant 

difference between the sectioned and not sectioned samples was seen between the 8-

minute time groups (p-value = 0.0325).   

 

Passive fit, or ideal fit, has been reported to be a significant prerequisite in maintaining 

the bone-implant interface and not producing any strain on the supporting implants and 

surrounding hard tissue.1 Without this passivity, the prosthesis and supporting structures 

will be exposed and prone to potential long-term clinical complications, both 

mechanically and biologically.23 Mechanical complications involve the prosthetic or 

implant components becoming loose, bent, or fractured.37 Biological complications 

include peri-implant bone loss, which can lead to loss of osseointegration.25 

 

Although absolute passive fit has been reported to not be obtainable, it is still desirable 

that there is a certain degree of passivity to reduce the potentially harmful effects it can 

have on the prognosis of the definitive prosthesis.1   It is imperative that an accurate 

transfer from the oral environment to the laboratory setting is achieved in order to lower 

the probable distortion that may happen.2 
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Various materials and methods have been proposed in order to achieve an accurate 

transfer during impression-making, including open or closed impression trays, square or 

tapered impression copings, splinting or not splinting impression copings, and a variety 

of impression, splinting, and investment materials. 

 

For the purpose of this investigation, which is to evaluate the effects of different 

polymerization times and sectioning of splinting material, impression material was not 

used to rule out the possibility of dimensional changes within the impression that may 

introduce additional distortion from another source.  Moreover, the same splinting and 

investment materials were used for all sample groups. 

 

Auto-polymerizing acrylic resin was chosen because it is a widely used material for 

splinting impression copings with good accuracy and low shrinkage.  It can also be 

shaped and manipulated easily to control the consistency and flow of the material.  In 

order to standardize the amount of material used, a pre-determined amount of powder and 

liquid was mixed and a matrix made from heavy-body PVS was utilized to act as a 

reservoir for the acrylic resin during polymerization. 

 

When evaluating clinical fit of the titanium bar on the experimental casts with 

magnification loupes and a dental explorer, all of the samples that were sectioned 

exhibited clinical fit, meaning that none of the implants had detectable gaps.  Although 

the effect of polymerization time on fit was not significant, sectioning did show to have a 
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substantial impact for the 8-minute time group (p = 0.0325). These findings demonstrate 

that the first null hypothesis regarding polymerization time is not rejected, while the 

second null hypothesis regarding sectioning is partially rejected as the 8-minute time 

group showed significant difference between the sectioned and non-sectioned samples. 

 

Yet, when a microscope was used to evaluate the connections, absolute fit was not seen 

in all of the sectioned samples as it was with the magnification loupes.  This demonstrates 

that although “clinical” fit appears to be present, there is still a degree of misfit that could 

not be detected with methods used clinically, e.g. visual and tactile method.  Whether this 

degree of misfit has an effect on the forces created around the implants is a subject for 

further investigation. 

 

The results are corroborated when comparing the number of gaps between the different 

experimental groups.  There is significant statistical correlation (p = 0.02) between 

sectioning and not sectioning for the 8-minute time group when viewed under 

magnification loupes while no other statistical differences are seen in the remaining 

groups.  Despite the lack of a statistical association, there appears to be a trend where 

fewer gaps are detected in the sectioned samples when compared with their respective 

non-sectioned counterparts under a microscope.   

 

Further evaluation with a measuring gauge under a microscope was done to measure the 

gap size at each implant position.  An overall pattern can be appreciated where the most 
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distal implant (Implant 4) mostly had the highest mean gap size and always had the 

highest percentage of gap occurrence for each respective group.  Meanwhile, Implant 1 

(the closest implant to the implant with the prosthetic screw) always had the lowest, if 

any, mean gap size and percentage of gap occurrence.   

 

A pattern can also be seen between the sectioned and non-sectioned groups, where the 

overall mean gap sizes were smaller in the sectioned group when compared with the 

latter.  In a study by Papaspyridakos,81 it was concluded that a maximum range of 

discrepancy or misfit between 59 to 72 µm still resulted in a clinical fit with one-piece 

implant-supported prostheses.  The mean gap sizes calculated in the current study were 

all within this range while only 3 samples had a measured gap size larger than this value, 

all of which were at the most distal implant. 

 

The results from this research partially supports a study performed by Cerqueira,86 where 

no differences were seen between splinted impression copings using Pattern Resin LS 

that were not sectioned, sectioned and reconnected after 17 minutes, and sectioned and 

reconnected after 24 hours.  Cerqueira also reported that the amount of microstrain values 

from the Pattern Resin LS groups were all below the lowest value from the other tested 

material, Duralay II.  It appears that as long as a low-shrinking material is used, 

sectioning and polymerization time does not have an effect on reducing the amount of 

distortion. 
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Cerqueira’s study is only partially supported because in the present study, a significant 

difference was observed between the different techniques for the 8-minute time group.  

This time group was not a part of the former’s experimental groups, so it could not be 

fully compared.  Mojon69 reported that acrylic resin undergoes 80% of shrinkage within 

the first 17 minutes while no critical dimensional changes are evident after 24 hours.  It 

can be concluded that if impression copings are to be initially splinted with acrylic resin 

for only 8 minutes, it should be sectioned and reconnected. 

 

The results from this study also supports statements made by Sahin1 and Wee2 that 

absolute fit cannot always be achieved as there will always be some source of error.  It is 

in the dentist’s best interest to eliminate as much of the prospective error as possible and 

fabricate a prosthesis that does not induce any stress when seated on the implants. 

 

Limitations to the current study include small sample size and impression copings that 

may not be fully seated when connecting to an implant analog or when connecting to the 

master cast due to the matrix being in place.  It is possible that the matrix could interfere 

with proper seating of the impression copings, but when it was reconnected after 

sectioning, that they could be fully seated since the matrix was not used at that point.  

This could be a reason as to why there were fewer detectable gaps in the sectioned 

groups.  In the clinical setting, this could be avoided since no matrix will be used 

intraorally and radiographs are often taken to verify the complete seating of the 

impression copings. 
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Another source of error could be introduced from the mixing ratio of the auto-

polymerizing acrylic resin.  Most practitioners tend to utilize the brush and dip technique 

where portions of acrylic are added along a scaffold of dental floss.62,70  For the purpose 

of this study, a pre-determined powder to liquid ratio of acrylic resin mixed together was 

used to keep the amount of acrylic resin standardized.  In order for the mixed acrylic to 

flow and fill the space provided by the matrix, an excess amount of liquid monomer was 

needed to give the fluid properties.  Also, the bulk of the splinted acrylic resin created 

with the matrix was larger than if a scaffold is used for the brush & dip technique.  These 

modifications to the procedure could result in more shrinkage and distortion due to the 

higher amount of liquid and the larger bulk of material. 

  

This study demonstrated that absolute fit is not always achievable.  Future research is 

needed to determine the effects of prosthesis misfit on the surrounding structures.  

Additionally, 3-dimensional technology, such as scanning and overlapping the scanned 

data, and a strain gauge can be utilized to aid in evaluating the potential clinical 

consequences of such deviation.  This information would be highly beneficial in 

determining how much of a misfit may be considered clinically acceptable without 

causing any harm to the implants or bone. 
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CHAPTER 6:  SUMMARY AND CONCLUSION 

 

This study was done to determine whether different polymerization times and sectioning 

affected the dimensional changes and resulting fit of full-arch implant-supported 

prostheses.  The first null hypothesis was accepted while the second was partially 

rejected.  Based on the limitations of this study, the following conclusions may be drawn: 

 

1.   There were no statistically significant differences between experimental casts 

generated with different splint polymerization times. 

2.   There were statistically significant differences between the sectioned and non-

sectioned samples of the 8-minute time group when evaluated with the visual and 

tactile method (magnification loupes and a dental explorer).  When viewed under 

the microscope, however, there were no statistically significant differences. 

3.   There were no statistically significant differences between the sectioned and non-

sectioned samples of the 1-hour and 24-hour time groups. 

4.   Although clinical fit was present after evaluating with the visual and tactile 

method, it did not automatically mean that absolute fit was present when viewed 

under a microscope. 

5.   The most distal implant had the highest mean gap size and percentage of gap 

occurrence. 

6.   Sectioning resulted in smaller mean gap sizes.  
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APPENDIX 

 

Table 12. Data recording tables. 

8 MINUTES – Non-Section (8MN-NS) 
I 

S 
Gap: Loupes (Y/N)	   Gap: Microscope (Y/N)	   Gap Size (Microns) 

1 2 3 4 Fit 1 2 3 4 Fit 1 2 3 4 
1     	       	       
2     	       	       
3     	       	       
4     	       	       
5     	       	       
6               
7               
8               
9               

10               
“N”, No gap present (No); “Y”, Gap present (Yes); “+”, Fit; “-”, Not Fit; “X”, No gap present 
               

1 HOUR – Non-Section (1HR-NS) 
I 

S 
Gap: Loupes (Y/N) Gap: Microscope (Y/N) Gap Size (Microns) 

1 2 3 4 Fit 1 2 3 4 Fit 1 2 3 4 
1               
2               
3               
4               
5               
6               
7               
8               
9               

10               
“N”, No gap present (No); “Y”, Gap present (Yes); “+”, Fit; “-”, Not Fit; “X”, No gap present 
               

24 HOURS – Non-Section (24HR-NS) 
I 

S 
Gap: Loupes (Y/N) Gap: Microscope (Y/N) Gap Size (Microns) 

1 2 3 4 Fit 1 2 3 4 Fit 1 2 3 4 
1               
2               
3               
4               
5               
6               
7               
8               
9               

10               
“N”, No gap present (No); “Y”, Gap present (Yes); “+”, Fit; “-”, Not Fit; “X”, No gap present 
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8 MINUTES – Section (8MN-S) 

I 
S 

Gap: Loupes (Y/N) Gap: Microscope (Y/N) Gap Size (Microns) 
1 2 3 4 Fit 1 2 3 4 Fit 1 2 3 4 

1               
2               
3               
4               
5               
6               
7               
8               
9               

10               
“N”, No gap present (No); “Y”, Gap present (Yes); “+”, Fit; “-”, Not Fit; “X”, No gap present 
               

1 HOUR – Section (1HR-S) 
I 

S 
Gap: Loupes (Y/N) Gap: Microscope (Y/N) Gap Size (Microns) 

1 2 3 4 Fit 1 2 3 4 Fit 1 2 3 4 
1               
2               
3               
4               
5               
6               
7               
8               
9               

10               
“N”, No gap present (No); “Y”, Gap present (Yes); “+”, Fit; “-”, Not Fit; “X”, No gap present 
               

24 HOURS – Section (24HR-S) 
I 

S 
Gap: Loupes (Y/N) Gap: Microscope (Y/N) Gap Size (Microns) 

1 2 3 4 Fit 1 2 3 4 Fit 1 2 3 4 
1               
2               
3               
4               
5               
6               
7               
8               
9               

10               
“N”, No gap present (No); “Y”, Gap present (Yes); “+”, Fit; “-”, Not Fit; “X”, No gap present 
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Table 13. Raw Data. 

8 MINUTES – Non-Section (8MN-NS) 
I 

S 
Gap: Loupes (Y/N) Gap: Microscope (Y/N) Gap Size (Microns) 

1 2 3 4 Fit 1 2 3 4 Fit 1 2 3 4 
1 N N N N + N N N N + X X X X 
2 N N N Y - N N Y Y - X X 20 60 
3 N N N N + N N N N + X X X X 
4 N N N N + N N N N + X X X X 
5 N N N Y - N N N Y - X X X 70 
6 N N N N + N N N N + X X X X 
7 N Y Y Y - Y Y Y Y - 20 60 60 80 
8 N N N N + N N N N + X X X X 
9 N Y N Y - Y Y Y Y - 40 50 40 50 

10 N N Y Y - N Y Y Y - X 40 70 70 
“N”, No gap present (No); “Y”, Gap present (Yes); “+”, Fit; “-”, Not Fit; “X”, No gap present 
               

1 HOUR – Non-Section (1HR-NS) 
I 

S 
Gap: Loupes (Y/N) Gap: Microscope (Y/N) Gap Size (Microns) 

1 2 3 4 Fit 1 2 3 4 Fit 1 2 3 4 
1 N N N N + N N N N + X X X X 
2 N N N N + N N Y Y - X X 20 40 
3 N N Y Y - N N Y Y - X X 80 100 
4 N N N N + Y Y Y Y - 20 20 20 30 
5 N Y Y Y - N Y Y Y - X 50 50 70 
6 N N N N + N N N N + X X X X 
7 N N Y Y - N Y Y Y - X 30 70 80 
8 N N N N + N N N N + X X X X 
9 N N N N + N N N N + X X X X 

10 N N N N + N N N N + X X X X 
“N”, No gap present (No); “Y”, Gap present (Yes); “+”, Fit; “-”, Not Fit; “X”, No gap present 
               

24 HOURS – Non-Section (24HR-NS) 
I 

S 
Gap: Loupes (Y/N) Gap: Microscope (Y/N) Gap Size (Microns) 

1 2 3 4 Fit 1 2 3 4 Fit 1 2 3 4 
1 N N N N + N N N N + X X X X 
2 N N N N + N N N N + X X X X 
3 N N N Y - N Y Y Y - X 30 40 50 
4 N N N Y - N N Y Y - X X 40 50 
5 N N N N + N N Y Y - X X 30 40 
6 N N N N + N N N N + X X X X 
7 N N Y Y - Y Y Y Y - 30 40 50 60 
8 N N N N + N Y Y Y - X 40 40 40 
9 N N N N + N N N N + X X X X 

10 N N N N + N N N N + X X X X 
“N”, No gap present (No); “Y”, Gap present (Yes); “+”, Fit; “-”, Not Fit; “X”, No gap present 
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8 MINUTES – Section (8MN-S) 
I 

S 
Gap: Loupes (Y/N) Gap: Microscope (Y/N) Gap Size (Microns) 

1 2 3 4 Fit 1 2 3 4 Fit 1 2 3 4 
1 N N N N + N Y N N - X 20 X X 
2 N N N N + N N N Y - X X X 30 
3 N N N N + N N N N + X X X X 
4 N N N N + N N Y Y - X X 20 30 
5 N N N N + N N N N + X X X X 
6 N N N N + N N N N + X X X X 
7 N N N N + N N Y Y - X X 30 40 
8 N N N N + N N N N + X X X X 
9 N N N N + N Y Y Y - X 30 30 40 

10 N N N N + N N N N + X X X X 
“N”, No gap present (No); “Y”, Gap present (Yes); “+”, Fit; “-”, Not Fit; “X”, No gap present 
               

1 HOUR – Section (1HR-S) 
I 

S 
Gap: Loupes (Y/N) Gap: Microscope (Y/N) Gap Size (Microns) 

1 2 3 4 Fit 1 2 3 4 Fit 1 2 3 4 
1 N N N N + N N N N + X X X X 
2 N N N N + N N N N + X X X X 
3 N N N N + N N N N + X X X X 
4 N N N N + N N N N + X X X X 
5 N N N N + N N N N + X X X X 
6 N N N N + N N N Y - X X X 30 
7 N N N N + N N N Y - X X X 20 
8 N N N N + N N N N + X X X X 
9 N N N N + N Y Y Y - X 30 30 30 

10 N N N N + N N N N + X X X X 
“N”, No gap present (No); “Y”, Gap present (Yes); “+”, Fit; “-”, Not Fit; “X”, No gap present 
               

24 HOURS – Section (24HR-S) 
I 

S 
Gap: Loupes (Y/N) Gap: Microscope (Y/N) Gap Size (Microns) 

1 2 3 4 Fit 1 2 3 4 Fit 1 2 3 4 
1 N N N N + N Y Y Y - X 20 30 30 
2 N N N N + N N N N + X X X X 
3 N N N N + N N N N + X X X X 
4 N N N N + N N N N + X X X X 
5 N N N N + N N N Y - X X X 20 
6 N N N N + N N N N + X X X X 
7 N N N N + N N N Y - X X X 20 
8 N N N N + N N N N + X X X X 
9 N N N N + N N N N + X X X X 

10 N N N N + N N N N + X X X X 
“N”, No gap present (No); “Y”, Gap present (Yes); “+”, Fit; “-”, Not Fit; “X”, No gap present 
 
 
 


