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Ágrip 

Bakgrunnur 

Til að hægt sé að smíða fast tanngervi á eigin tennur, sem passa þarf óaðfinnanlega, er nauðsynlegt 

að ná fullkomnu máti af stoðtönn. Því þarf að ýta tannholdinu umhverfis stoðtönnina tímabundið frá til 

að mátefnið nái að flæða að tannskurðarbrúnum. Áratugum saman hefur helsta aðferðin verið sú að 

leggja bómullarþræði niður í tannholds-súlkus til að skapa pláss fyrir mátefnið. Árið 2000 kom nýtt efni 

á markaðinn, kvoða sem m.a. inniheldur álkóríð (Expasyl
®
) sem á að hafa svipaða virkni og 

bómullarþræðirnir. Fram að þessu hefur notagildi þessarar kvoðu ekki verið rannsakað til hlítar og hún 

hefur aldrei verið borin saman við hina klassísku aðferð.  

Markmið þessarar slembnu, klínísku rannsóknar (RCT) er að gera samanburð á þremur 

mismunandi aðferðum við tímabundna útvíkkun tannholds fyrir máttöku og skoða áhrif þeirra á 

tannholdið. Með hjálp VAS-skalans eru áhrif meðferðanna á þátttakendurna metin, auk þess að 

tannsmiðirnir gefa álit sitt á ástandi mátefnisins og meta hversu auðvelt er að undirbúa vinnumódelið 

fyrir sjálfa smíðina.  

Efni og aðferðir 

Sextíu-og-sjö einstaklingar í þörf fyrir fast tanngervi tóku þátt í rannsókninni og var skipt af handahófi í 

þrjá jafnstóra hópa. Í fyrsta hópnum, sem töldu 22 einstaklinga, var Expasyl
®
 álklóríð-kvoðan eingöngu 

notuð til að ýta tannholdinu frá (T1). Í öðrum hópnum, sem í voru 23 einstaklingar, var grannur þráður 

lagður proximalt og oralt í tannholds-súlkus og kvoðan notuð sem annað lag í súlkusinn til að ýta 

tannholdinu tímabundið frá (T2). Í samanburðarhópnum, sem samanstóð af 22 einstaklingum, voru 

tveir bómullarþræðir notaðir með hinni hefðbundnu aðferð til að ýta tannholdinu frá (C). Rannsóknin 

fór fram við tannlæknadeild Háskóla Íslands og á fjórum einkareknum tannlæknastofum í Reykjavík og 

nágrenni.  

Klínískar mælingar voru framkvæmdar í upphafi rannsóknarinnar sem og 30±10 dögum eftir 

ísetningu tanngervisins. Til að meta staðsetningu tannholdsbrúnarinnar buccalt við stoðtennurnar voru 

gerðar mælingar á fjórum study-módelum sem útbúin voru í ferlinu: #1 rétt fyrir máttökuna, #2 rétt fyrir 

ísetningu tanngervis, #3 strax eftir ísetningu tanngervis og #4 30±10 dögum eftir ísetninguna. 

Staðlaðar ljósmyndir voru teknar af study-módelunum og þær færðar inn í ljósmynda-hugbúnað. 

Myndirnar, sem bornar voru saman, voru lagðar yfir hvor aðra í hugbúnaðinum, þær stækkaðar og 

munurinn mældur milli staðsetningar tannholdsbrúnar á fyrrgreindum tímapunktum meðferðarinnar. 

Þátttakendur í rannsókninni fengu einnig spurningalista til útfyllingar og svöruðu því til hvort þeir fundu 

til óþæginda eftir máttökuna og þá að hvaða marki. Auk þess gaf tannsmiðurinn sitt álit á ástandi 

mátefnisins og hversu vel gekk að undirbúa vinnumódelið fyrir smíðina. 

Niðurstöður 

Upphafsmælingarnar sýndu að hóparnir þrír voru eins m.t.t. mjúkvefs umhverfis stoðtennurnar, 

staðsetningu stoðtanna og hreyfanleika þeirra. Á tímabilinu milli máttökunnar og ísetningu 
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tanngervisins, varð örlítil aukning í hæð tannholdsbrúnarinnar að meðaltali (0.058 mm og 0.013 mm) í 

hópunum T1 og T2. Hins vegar varð minniháttar tannholdsrýrnun (0.049 mm) í hópi C. Niðurstöðurnar 

sýndu >0.1 mm tannholdsaukningu við 21% stoðtannanna, við 58% stoðtannanna reyndist 

tannholdsbrúnin stöðug (0±0.10 mm), 21% stoðtannanna sýndu minniháttar tannholdsrýrnun (0.1-0.5 

mm) en meðal-eða mikil tannholdsrýrnun (>0.5 mm) greindist ekki við neina stoðtönn. Lægsta tíðni 

minniháttar tannholdsrýrnunar varð í T1 (8%). Í T2 og C voru samsvarandi tölur 23% og 32%. Munur 

milli hópanna m.t.t. breytinga í tannholdshæð var marktækur (p=0.015). 

Breytingar í hæð tannholdsbrúna fyrstu 30 dagana eftir ísetningu tanngervis urðu eftirfarandi: við 

19% stoðtanna varð hæðaraukning, við 51% stoðtanna var hæð tannholdsbrúnarinnar stöðug  og við 

29% stoðtanna varð tannholdsrýrnun. Á þessu tímabili var tíðni tannholdsrýrnunar hæst í T2 (40%). Í 

T1 var þessi tala 22% en 26% í C.  

Fimmtán þátttakendur, eða 24% allra, upplifðu óþægindi í kjölfar meðferðarinnar. Meðal-skor á 

VAS var 27 en miðgildið var 22 (á bilinu 3-62). Munurinn milli hópanna var ekki marktækur og aðeins 

8% þurftu að taka verkjalyf. 

Tannsmiðirnir mátu hversu auðvelt var að undirbúa vinnumódelið fyrir smíðina. Niðurstöðurnar 

urðu þær að vinnumódel-undirbúningur var auðveldastur í C (meðal-VAS skor 93). Sambærileg VAS-

skor í T1 og T2 voru 79 og 82. Munurinn milli hópanna var tölfræðilega marktækur (p=0.003). Að 

meðaltali þurfti fæstar tilraunir til að ná nægilega góðu máti í C, (1.1), borið saman við T1 (1.4) og T2 

(1.3). Líkurnar á að ná máti í fyrstu tilraun voru einnig mestar í C (86%). Ekki var hægt að ná nægilega 

góðu máti í tveimur tilfellum í T1 og því var snúið til annarra aðferða við undirbúning tannholdsins fyrir 

máttökuna. Þessar stoðtennur áttu sameiginlegt að tannskurðarbrúnin var staðsett djúpt sub-gingivalt. 

Samantekt 

Niðurstöður á samanburði á notkun álklóríð kvoðu (Expasyl
®
) og hinni hefðbundu tveggja-þráða 

aðferð í þessari RCT benda til að líklegra sé að minniháttar tannholdsrýrnun (<0.5mm) verði ef 

hefðbundir þræðir eru notaðir til tímabundinnar tannholdsútvíkkunar, borið saman við ef kvoðan er 

notuð í sama tilgangi. Tannsmiðirnir dæmdu mátin sem tekin voru með tveggja-þráða aðferðinni betri 

að gæðum, þ.e. auðveldara að undirbúa vinnumódelið samanborin við mát sem tekin voru í kjölfar 

tannholdsútvíkkunar með álklóríð kvoðunni. Að blanda aðferðunum saman, þ.e. þræði og kvoðu, varð 

ekki til þess að bæta árangurinn í máttöku fram yfir það að nota kvoðuna eina og sér. 
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Abstract 

Background 

When making a tooth-supported fixed prosthesis, an impeccable impression is required. Therefore, 

the gingival tissue around an abutment tooth needs to be temporarily retracted to enable the 

impression material to flow around the preparation margin. For years, the method of choice has been 

placing a cotton retraction cord into the gingival sulcus to make space for the impression material. In 

2000, a new material, aluminium chloride paste (Expasyl
®
), was introduced, which was supposed to 

play the same role as the retraction cord. Until now, this paste has not been fully studied and has 

never been compared to the classic method.  

Aim 

The aim of this randomized controlled clinical trial (RCT) is to evaluate the influence of three different 

methods for temporary tissue retraction before impression taking on the gingiva. Additionally, patients' 

perception of the intervention and technicians' evaluation of the impression material and easiness of 

the preparation of the master cast will be evaluated using a Visual Analogue Scale. 

Material and Methods 

Sixty-seven individuals in need of a tooth-supported reconstruction were included in the study and 

randomized into three equally large groups. In the first group (Test group 1 (T1)), with 22 subjects, 

only Expasyl
®
 aluminum chloride paste was used to retract the gingiva. In the second group (Test 

group 2 (T2)), with 23 subjects, a retraction cord was inserted proximally and orally and Expasyl
®
 was 

used as a second layer of retraction. In the third group (Control group (C)), with 22 subjects, two 

retraction cords were used to retract the gingival tissue (the traditional double cord technique). This 

multi-center study took place at the Faculty of Odontology, University of Iceland, and in four private 

practices in Iceland.  

Clinical measurements were made at baseline and 30±10 days after cementation. To evaluate the 

gingival position, four study casts were taken at different stages: #1 just before impression taking, #2 

before cementing the reconstruction, #3 immediately after cementation, and #4 was taken 30±10 days 

after cementation. Standardized photographs of the study casts were taken, the photographs were 

overlapped and magnified using a graphics editing software, and changes in the gingival position were 

measured. In addition, patients' perception of the treatment and the technicians' evaluation of the 

impression material and the easiness of making the master cast were recorded. 

Results 

The baseline evaluation did not reveal any significant difference between the three groups regarding 

soft tissue conditions, tooth position, and tooth mobility. In the period between impression-taking and 

cementation, a minor (0.058 mm and 0.013 mm) gain in gingival height was reported for groups T1 

and T2. However, a minor gingival recession (0.049 mm) was reported for group C. The results 

showed that 21% of abutment teeth gained >0.1 mm gingival height, 58% had stable gingival height (0 

± 0.10 mm), 21% showed minor gingival recessions (0.1-0.5 mm), and no abutment teeth showed 

moderate or substantial gingival recessions (>0.5 mm). The lowest incidence (8%) of minor gingival 
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recession was seen in T1. The respective figures in T2 were 23% and 32% in C. The difference in 

gingival position between the three groups reached statistical significance (p=0.015).  

Evaluating the changes in gingival position during the first 30 days after cementation revealed that 

19% of the abutment teeth gained gingival height, 51% showed stable gingival position and 29% 

experienced gingival recession. During this time period, the highest incidence (40%) of gingival 

recession was reported in T2. The respective figures were 22% for T1 and 26% for C.  

Fifteen subjects, or 24%, experienced some discomfort or pain after the procedure. The mean VAS 

score was 27 and the median was 22 (range 3-62). The difference between the groups was not 

significant and only 8% needed medication to cope with the discomfort.  

Evaluating the easiness of preparing the master cast the technicians reported the easiest 

preparation process (mean VAS 93) for group C. The respective VAS figure for group T1 was 79 and 

82 for group T2. The difference between the groups was statistically significant (p=0.003). The mean 

number of impressions needed to get a sufficient impression was lowest (1.1) for group C, compared 

with 1.4 and 1.3 for groups T1 and T2, respectively. The probability of sufficient first impression was 

also highest (86%) in C. For two subjects with deep sub-gingival preparation margins, it was not 

possible to get a sufficient impression utilizing Expasyl
®
 and a different approach had to be used.  

Conclusion 

Comparing aluminium chloride paste (Expasyl
®
) with the traditional double cord technique in a 

randomized, controlled clinical trial indicated that minor gingival recessions ( 0.5 mm) are more likely 

to occur when conventional cotton cords are used to temporarily retract the gingival tissue before 

impression is taken. Utilizing the double cord technique, the dental technicians graded it easier to 

prepare the master cast, compared with impressions taken using the aluminium chloride paste for 

gingival retraction. Combination of aluminium chloride paste and retraction cords did not give any 

significant benefit over using the paste alone.  
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1 Introduction   

Tooth-supported fixed dental prostheses (FDPs), crowns, veneers and onlays are routinely used in 

prosthetic dentistry to restore missing or decayed teeth and for aesthetic purposes. (Figure 1) 

  

 

Figure 1: Dental aesthetics 

An old crown on tooth 11 is aesthetically unacceptable and needs replacement. 

 

To ensure well-adapted restoration margins, an accurate impression of the abutment teeth is 

required. Even though the entire procedure is done as carefully as possible, a restoration will never fit 

perfectly to the preparation margin. Microscopically, there will always be a gap of a few microns 

between the restoration and the tooth. Moreover, the reconstruction margins are often over-contoured. 

Consequently, when the margin of the reconstruction is located sub-gingivally, a bacterial biofilm 

forms, which can cause gingivitis and even periodontitis. Studies have shown that when the gap 

between the tooth and reconstruction exceeds 150 µm, permanent damage of the periodontium is 

more likely to occur. (1, 2)  There is also evidence that when the preparation of the finishing line 

violates the biological width of the attachment apparatus, the risk of attachment loss is increased. (3) 

(Figure 2 and Figure 3) 
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Figure 2: The Biological Width 

The distance between the gingival margin and the tip of the alveolar bone surrounding the tooth is, on 
average around 3 mm, and is defined as the biological width. 

 

  

 

Figure 3: Violation of the biological width 

The crown margin distally on tooth 35 violates the biological width. Hence, inflammation infiltrates the 
surrounding soft-tissue and the alveolar bone recedes. 

 

Several studies have found that there is significantly more soft-tissue inflammation around crowned 

teeth when the margins of the reconstructions are located sub-gingivally, compared with epi-or supra-

gingivally placed crown margins. (4-6) Increased plaque adjacent to the crown margins causes 

gingivitis. However, it is not only the increased amount of plaque that contributes to the inflammation. 

The consistency of the biofilm alters as well, including more periodontal pathogen bacteria 



  

15 

accumulate, which further induces the gingivitis and periodontal breakdown. This is often the case 

when crown margins are located sub-gingivally or do not fit appropriately. (7) 

In recent years, aesthetics has become increasingly important in dentistry. Certainly, a visible 

reconstruction margin in an aesthetically sensitive area of the mouth can be detrimental. (Figure 4) 

 

     

Figure 4: Visible crown margins 

Aesthetically unacceptable restoration results. 

 

In that context, the location of the margins of reconstructions has been an issue of controversy. 

Evidence shows that supra-gingivally located margins are the best for gingival health. (8-12) There is 

also evidence that sub-gingivally placed restoration finishing line does not prevent secondary caries 

from forming at the margins. (12, 13) Despite this evidence, it seems that the aesthetic demands of 

patients and dentists have overridden that knowledge. Furthermore, it is common to place crown 

margins sub-gingivally, despite the fact that they are not located in the visible aesthetic area of the 

mouth. (12, 14)  

In a study conducted on 733 ethnically diverse subjects, investigating how much the upper lip rises 

when smiling (15), 9% had a high smile line, showing much of the gingiva, 14% showed both papillas 

and the buccal gingival margin, 47% showed only papillas, and 30% showed no gingiva at all while 

smiling. (Figure 5) 
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Figure 5: Different kinds of smile lines 

A very high smile line, a high smile line, a moderately low smile line and a low smile line. 

 

The conclusion of this study is that, in many cases, the crown margin can be located in favor of 

biological parameters rather than according to unnecessary aesthetic demands. However, when tooth 

substance is limited, e.g., as a result of caries, abrasion, erosion, or horizontal root fractures, it may be 

necessary to locate the finishing line sub-gingivally to gain sufficient length of the preparation walls for 

retention of the FDP. (Figure 6) 

 

  

Figure 6: Limited tooth substance 

A horizontally fractured tooth that requires reconstruction with sub-gingivally placed preparation 
margin. 
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If the finishing line of a tooth preparation is located sub-gingivally or epi-gingivally, a temporary 

gingival deflection is needed before impression is made. This is a critical step in order to attain a 

precise duplication of the prepared tooth for the technician to produce the FDP on. Impression 

materials do not contribute to gingival retraction. Neither do they have a haemostatic effect or impact 

on the flow of gingival crevice fluid (GCF). (16) Consequently, a temporary gingival retraction using 

other measures is necessary. The aim of this temporary gingival retraction is to: (17) 

1) Retract the gingiva vertically to get access for the impression material to the epi-gingival or 

sub-gingival preparation margins and a portion of the apical unprepared tooth substance. 

2) Retract the gingiva horizontally to gain enough space between the tooth and the gingiva to 

allow the impression material to flow easily below the preparation margin and to gain enough 

material thickness. Increased material thickness increases the strength of the impression and 

hence, reduces the risk of tearing when it is removed from the mouth.  

3) Keep the surface of the prepared tooth dry while taking the impression. Hydrophobic 

impression materials do not provide precise impressions if GCF or blood remains on the 

prepared tooth while the impression is taken. 

 

1.1 Methods currently used in gingival retraction 

 

Gingival health is an important factor while taking impressions. Taking an impression of abutment 

teeth suffering from gingivitis can be very difficult and demands more aggressive retraction measures 

to keep the area clean and dry. Hence, those methods increase the risk of gingival recession. (18) 

Well-contoured provisional restorations of good quality facilitate oral hygiene measures and are 

fundamental to the gingival health of the tooth undergoing the procedure. This in turn, facilitates taking 

the impression. (19-21) 

Gingival retraction methods known today can be divided into surgical, mechanical, or chemical, 

and combinations of those methods. (17) 

 

1.1.1 Surgical methods 

Electro surgery and rotary gingival curettage have been used and described in the literature. They are 

categorized as surgical methods of gingival retraction. These methods are not considered a temporary 

tissue retraction, as they involve permanent removal of gingival tissue. Because of the heat involved 

used in electro surgery, burn lesions can form on root surfaces during this procedure. This can cause 

permanent damage to the cementum and, consequently, attachment loss can occur. Considerable 

gingival recession can be generated and delayed healing of gingival tissues may be expected 

compared with other gingival retraction methods. (22-24) Because electro surgery can cause 

permanent damage to the teeth and periodontium, it cannot be recommended as a temporary tissue 

retraction before taking impressions.  
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Rotary gingival curettage means using rotary diamond instruments to enlarge the sulcus. It 

involves the preparation of the tooth sub-gingivally while simultaneosly curetting the inner lining of the 

gingival sulcus with a rotary diamond instrument. Gingival retraction using rotary gingival curettage 

has shown to cause even more soft-tissue damage than electro surgery, and may lead to even more 

gingival recession. (25)  

Gingival retraction with a laser has been used but is not well studied. Few case studies can be 

found on the subject (26, 27) but one comparative study from 1995 was conducted on humans and 

compared tissue reaction and gingival healing after the use of laser gingival retraction and cords. The 

results were that the gingival tissues showed faster healing with less hemorrhage and less 

inflammatory reaction in the laser group compared with the cord groups. (28) 

1.1.2 Mechanical methods 

1.1.2.1 Copper band retraction technique 

Copper band retraction has been described to a small extent in the literature. It involves placing a 

round copper band around a prepared abutment tooth and is pressed into the gingival sulcus for a 

certain amount of time to allow for the expansion of the crevice. The method can be described as a 

pure mechanical retraction. 

Ruel et al. (1980) performed a clinical trial on humans which compared electro surgery 

displacement technique with copper band retraction and cord retraction. Histological samples were 

collected and free gingival margin recession was assessed. Results indicated that healing in the 

copper band and cord groups occurred sooner than in the patients undergoing electro surgical 

retraction, who also experienced significantly more gingival recession (0.6 ± 0.2 mm) than the copper 

band group (0.1 ± 0.1 mm) and cord group (0.2 ± 0.1 mm). The cord group showed greater tissue 

damage and more gingival recession than the copper band group but both healed completely within 

eight days. The difference between the two groups was not significant. (24) 

 

1.1.2.2 Cotton retraction cords 

In 1951, Thompson described a purely mechanical method for gingival retraction using moist cotton 

cords without additional medicaments. (29) Later, different authors described a chemical-mechanical 

method that involves placing an impregnated cotton cord into the gingival sulcus for temporary tissue 

retraction. (17, 30) The cotton cords were impregnated with different medicaments, e.g. epinephrine, 

alum, aluminum chloride, zinc chloride, aluminum sulfate, tannin or ferric sulfate. (31) Today, the 

chemical-mechanical method is the one most frequently used for temporary gingival retraction.  

Basically, there are two methods used for temporary gingival retraction with cotton cords; single 

cord and double cord technique: 

1) “Single cord technique” - One cotton cord is placed into the gingival sulcus to make the 

preparation margin accessible for the impression material. It is important that the cord length is 

adequate and fits the circumference of the tooth. The cord is either removed immediately prior 

to taking the impression, or it is left in the gingival sulcus below the preparation margin while 
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the impression is made. Upon removal, it is important that the cord is slightly wet to prevent 

unnecessary bleeding and damage to the junctional epithelium. (18) 

2) “Double cord technique” is a well-known method for gingival retraction. (32, 33) The first cord is 

very fine (#000, #00 or #0) and is placed into the sulcus. It should remain there throughout the 

period of preparation and impression-taking. The purpose of this fine cord is to gain vertical 

retraction for access to the preparation margin. The second cord, which is usually coarser (#1, 

#2, or #3), is placed on top of the first one and then removed shortly before the impression is 

made. The purpose of the second cord is to gain lateral gingival deflection and to make 

enough space for the impression material. This method is recommended when the gingival 

sulcus is deep and when an impression is made of more than one tooth. (32) (Figure 7) 

 

  

Figure 7: Double cord technique 

Clinical image where two cotton cords have been placed in the gingival sulcus around tooth 12. The 
diagram illustrates the method 

 

The importance of a careful placement of the cord into the gingival sulcus to prevent unnecessary 

damage to the junctional epithelium and supracrestal connective tissue threads is evident. (34) 

Studies have shown that the placement of a pure cotton cord into the gingival sulcus can cause 

damage to the gingival epithelium. (35, 36) Cotton cords soaked in alum or epinephrine do cause 

gingival damage, but the lesions usually heal within 8-14 days through formation of a new junctional 

epithelium. (34, 35) Studies, that have evaluated gingival recession after the placement of cotton 

cords, have either concluded that no recession occurred (25, 37), or that a mean recession of 0.2 mm 

was detected. (24)  

The use of cotton cords for gingival retraction is very common among dentists in North America. 

For example, 98% of prosthodontists in the US, who were actively making fixed dental prostheses in 

their practices, reported using cotton cords. Out of that group, 48% used the double cord technique. 

Un-pretreated cotton cords (not pre-medicated by manufacturer) were most commonly used, but the 

majority (81%) of the dentists soaked the cords before use. The most common medicament was 

buffered aluminum chloride solution (Hemodent
® 

(14% aluminum chloride, Premium Dental Products, 

PA, USA)). (38) A study that investigated the use of pure mechanical gingival retraction, i.e. with un-
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pretreated cotton cords that were not impregnated, concluded that it could not be recommended as a 

gingival retraction method. Because the duration of retraction and the haemostatic effect of the 

method are not sufficient, 60% of impression takings had to be repeated. (36)   

Guidelines about the amount of time the cords should stay in the gingival sulcus in order to gain 

sufficient tissue retraction, have ranged from 3 to 15 minutes. Harrison (1961) concluded from an 

animal experiment, that un-pretreated and non impregnated cords could stay in the gingival crevice for 

up to 30 minutes without causing damage to the soft tissues. However, pre-treated cords with 8% 

epinephrine or 100% alum had to be removed within 5-10 minutes to prevent soft-tissue damage. (35) 

Ramadan et al. (1972) concluded that impregnated cords with 5% aluminum-chloride did not cause 

any damage after three minutes in the gingival sulcus. (36) Fischer (1987) reported that if cords, 

soaked in 13.5% ferric-sulfate, stayed in the gingival sulcus for 10 to 20 minutes, it was sufficient to 

gain access to the preparation margin for at least 30 minutes afterwards. The minimum amount of 

time for adequate retraction has not yet been studied. (39) Ramadan (1968) conducted an animal 

study, which compared different cords, un-pretreated and pre-treated, impregnated with 0.1% 

epinephrine, 8% epinephrine, 100% alum and 14% aluminum chloride. The cords were placed in the 

gingival sulcus for exactly 5 minutes and then the width of the sulcus was measured at pre-

determined intervals after cord removal. All the pre-treated and impregnated cords provided adequate 

gingival retraction after ca. 10 minutes. However, the un-pretreated cords did not reach the same 

level. The authors concluded that Hemodent
®
 (14% aluminum chloride, Premium Dental Products, PA, 

USA) provided the best gingival retraction after 20 minutes. (40) 

Baharav et al (1997) performed a clinical trial to see for how long cords impregnated in aluminum 

chloride solution had to stay in the gingival sulcus for adequate gingival retraction. The authors 

concluded that four minutes was the ideal time for gingival retraction. Two minutes were not enough 

for tissue retraction and 6-8 minutes did not give any additional benefit compared to four minutes. (41) 

To minimize the potential for soft-tissue damage, it is important to remove cotton cords from the 

gingival sulcus as soon as possible after the impression is taken. Leaving a cord in the sulcus over a 

long period of time can cause inflammation, which can be compared to experimental ligament induced 

periodontitis. (42) In such a clinical situation, a major gingival recession could occur which would 

make the reconstruction margin visible. Reactions such as infection, abscess formation, or severe 

alveolar bone loss have been described when retraction cord or impression material remnants were 

left in the gingival sulcus. In all studies, that described such complications, the preparation margins 

were located sub-gingivally.  Furthermore, many studies on gingival retraction conclude that careful 

placement of retraction cords does not result in significant changes on the gingival margin of a healthy 

gingiva. (17, 30) 

The literature is sparse on information about the kind of cords that are best for retraction purposes. 

There are many types of gingival retraction cords on the market today, in various shapes and sizes, 

either un-treated or pre-treated with medicaments. There are three basic designs of retraction cords, 

including twined, knitted, and braided. There is little scientific evidence regarding which performs the 

best and thus, cord design is usually determined solely by operator preference. Lack of criteria to 

describe clinical outcomes after use of a gingival retraction cord makes research in this area difficult. 
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Jokstad et al. (1999) did a qualitative study, where they compared cords of similar diameter but of 

different composition (knitted or twined), impregnated with different medicaments (epinephrine and 

aluminum sulfate). Clinical performance was ranked by the clinician. They concluded that the 

consistency of the retraction cord seemed to be more important than the medicament used. Knitted 

cords were ranked more highly than twined cords. (30) 

  

1.1.3 Cordless retraction methods 

Expasyl
®
 (Satelec, Pierre Roland, France) is a gingival retraction paste that came on the market in 

2000. It contains 15% aluminum chloride and kaolin. Kaolin is an aluminum-silicate-hydrate, which is 

chemically stable even against highly concentrated acids. It is commonly used as a base substance in 

the cosmetic industry. Expasyl
®
 comes in capsules and is applied with a syringe into the gingival 

sulcus and left there for 1-2 minutes to give tissue retraction. (Figure 8) 

 

  

Figure 8: Paste application 

Expasyl
®
 is inserted into the gingival crevice with a syringe and is left there for 1-2 minutes to gain 

temporary tissue retraction. 

 

Afterwards, the paste is rinsed away with water and the area is air-dried before the impression is 

taken. Expasyl
®
 has an astringent effect, which leads to a haemostatic effect on the gingival surface. 

The kaolin in the paste absorbs GCF and expands. Thus, the use of Expasyl
® 

results in temporary 

gingival retraction for 1-2 minutes. The paste can be used alone or in combination with cotton 

retraction cords, and is therefore an additional alternative for gingival retraction. Magic Foam
®
 Cord 

(Coltene/Whaledent AG, Switzerland), a polyvinyl siloxane material, is another cordless alternative for 

temporary tissue retraction. The predictability and efficacy of these materials has yet to be 

established. 

A few studies have been conducted using a paste for tissue retraction. A recent clinical study 

compared the effect of retraction paste (Expasyl
®
) and polyvinyl siloxane (Magic Foam

®
 cord) with the 

conventional chemical-mechanical technique using retraction cords (Ultrapak
®
) on the periodontium. 

All three techniques caused temporary gingival inflammation. It was the most pronounced in Expasyl
®
 

group, which also showed slower recovery. The cord technique caused bleeding in some cases, 
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compared with no bleeding caused by the retraction paste or the polyvinyl siloxane retraction. (43) In 

an animal study comparing the effect of retraction paste on the gingival tissues to the effect of 

retraction cords, histological analysis showed an association between the use of retraction cords and 

injury of the sulcular epithelium. The retraction paste did not cause any such injury. (44)  

The haemostatic efficacy of Expasyl
® 

in surgical procedures has also been investigated in an 

animal study. The authors concluded that better hemorrhage control was achieved with Expasyl
®
 and 

combination of a 21% ferric sulfate haemostatic media (Stasis
®
) and Expasyl

®
, compared with bone 

wax and 21% ferric sulfate (Stasis
®
) combination. (45) Another animal study concluded that Expasyl

®
 

is an effective haemostatic agent for surgical purposes, but was associated with unfavorable bone 

reaction during the healing process. (46) 

A clinical study with the aim of analyzing the influence of three different retraction techniques on 

the GCF-flow, using pure cotton cord, cord impregnated with epinephrine, and Expasyl
®
 showed that 

the GCF was significantly less with the Expasyl
®
 compared to both pure mechnical retraction (cotton 

cord) and chemical-mechanical retraction (epinephrine impregnated cord). (47) 

       

1.2 Chemicals and drugs used with retraction cords 

A variety of drugs and chemicals have been used to influence gingival retraction. (17, 48) All these 

substances have to fulfill certain requirements of efficacy and safety. The efficacy has to enable both 

vertical and lateral gingival retraction, provide a haemostatic effect, and enable dryness of the field. 

Furthermore, these substances have to be safe and may not cause irreversible soft-tissue damage or 

adverse systemic side effects. 

Epinephrine is a widely used drug in dentistry because of its physiological effect. The human body 

produces epinephrine, which has significant physiological effects on the heart, lungs, vascular system, 

metabolism, cell membranes and wound healing. Epinephrine increases the contraction force of the 

heart as well as the heart rate. It also causes vascular contraction and thereby an increase in systolic 

blood pressure. In dentistry, local anesthetics contain epinephrine to gain a longer anesthetic effect 

through localized vascular contraction.  

Epinephrine is also used in retraction cords, either pre-treated with the substance or soaked before 

use. The objective is to stop bleeding through vascular constriction and thereby causing temporary 

gingival contraction which facilitates the impression taking. (49) The recommended maximum dose of 

epinephrine in dentistry is 0.2 mg for healthy patients and 0.04 mg for patients with cardio-vascular 

problems. (50) For gingival retraction, 8% epinephrine in retraction cords has been considered 

sufficient. However, 0.1%, 2%, 4%, 16% and 32% epinephrine have also been used in dentistry. (16, 

49, 51) A clinical study concluded that more than 4% epinephrine in a retraction cords did not increase 

the haemostatic effect. (52)  

The use of epinephrine in retraction cords has been an issue of some controversy. Some studies 

have reported mild systemic effects from epinephrine retraction threads. (53, 54) However, some 

animal studies using radiolabelled epinephrine in retraction cords, have not shown cardio-vascular 
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changes or elevated levels of epinephrine in the blood. (53, 55) Many authors concluded that elevated 

blood pressure and increased heart rate was the result of endogen epinephrine production caused by 

patient stress. (56, 57) However, these authors still recommend that patients with risk factors such as 

cardio-vascular disease, hyperthyroidism, or diabetes should be treated with caution, and that 

epinephrine-treated retraction cords be avoided. 

In a clinical study on humans (56), a comparison was made between un-pretreated cords and 

cords with 4% and 8% epinephrine. The results indicated correlation between epinephrine strength 

and increase in blood pressure, where the 8% cords had the greatest effect. Hence, the study 

concluded that 4% epinephrine is ideal for gingival retraction, because it has a sufficient haemostatic 

effect with minimal systemic side effects. (56) 

When epinephrine-treated cords are packed into a healthy gingival sulcus where the pH is 6.8, the 

epinephrine ionizes. Consequently, it is not fat soluble and will not be absorbed. However, when the 

sulcus has a low pH, e.g., in the case of an infected sulcus with a deep periodontal pocket, the 

epinephrine ionizes considerably less and thus absorbs more. (58) 

In a clinical study on humans (54), changes in heart rate, blood pressure and plasma 

catecholamines (fight and flight response) was observed for up to 60 minutes after epinephrine cords 

were packed into a healthy gingival sulcus. The results indicated that the plasma epinephrine was 

significantly elevated after 60 minutes but there were no signs of hemodynamic changes. The authors 

concluded that the epinephrine plasma strength was not elevated enough to induce those changes. 

(54) 

There is disagreement between clinically practicing dentists and academic dentists concerning use 

of epinephrine in dentistry. Epinephrine-treated cords do contain a considerable amount of the 

substance. It can be assumed that when used on healthy gingiva, no hemodynamic changes should 

be expected. However, if used on risk patients with gingivitis or lacerated gingiva after tooth 

preparation, the risk of such hemodynamic changes increases. With those patents, dentists should 

use epinephrine-treated cords with caution. Additionally, it is important to consider the cumulative 

amount of circulating epinephrine: number of cords used, duration of use, local anesthetics, number of 

prepared teeth, number of impressions, other drugs, and endogenous epinephrine linked to stress. 

Zinc chloride is a strong astringent. Animal studies have concluded that cords soaked in 8% and 

40% zinc chloride, which was common, do cause necrosis and irreversible soft-tissue damage. (31, 

34, 35, 56) Thus, zinc chloride cannot be recommended for gingival retraction. 

Aluminum chloride is the most commonly used medicament with retraction cords. No 

contraindications or systemic side effects are known. (31, 35, 48) 

The maximum strength of aluminum chloride that can be used without irritating or irreversibly 

damaging the soft-tissue has been the subject of some discussion. Animal studies indicate that >10% 

can cause significant soft-tissue damage. Aluminum chloride has a low pH, ~0.5, and thus can be a 

cofounding factor in sites with deep periodontal pockets causing ideal environment for periodontal 

pathogen bacteria. However, in clinical trials, weaker solutions have not caused tissue damage and 

expected healing was good. (36, 40, 59) 
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The width of the gingival sulcus and duration of gingival retraction was studied in an animal 

experiment using cords with no medicaments, and cords with 0.1% epinephrine, 8% epinephrine, 

100% alum, and 14% aluminum chloride (Hemodent
®
). All cords, except for those not soaked in 

medicaments, provided sufficient gingival retraction. 14% aluminum chloride (Hemodent
®
) gave the 

widest sulcus opening and also lasted for the longest time period. (40) The aluminum chloride solution 

in Hemodent
®
 is buffered and the added chemicals clearly buffer the surface effect of aluminum 

chloride and thus no irreversible soft tissue damage occurs. (40) 

A clinical study in humans on soft tissue reaction, comparing the use of different medicaments, did 

not reveal any difference between alum, epinephrine, or Hemodent
®
. (60) 

Weir and Williams (1984) compared haemostatic reaction between different cords, with and without 

medicaments. Un-pretreated cords, cords pre-treated with epinephrine, and aluminum sulfate were 

included in the study. By soaking the cords in 14% aluminum chloride (Hemodent
®
) the haemostatic 

reaction increased by 50% compared to un-treated cords. Systemic effects of aluminum chloride were 

undetected. (48) 

Alum is a term which refers to two chemicals with similar characteristics: 

1. Potassium-aluminum-sulfate - AlK(SO4)2 

2. Ammonium-aluminum-sulfate – AlNH4(SO4)2 

Both chemicals are used in 100% strength and are very effective haemostatic agents. 

Furthermore, there is evidence that the haemostatic effects of aluminum sulfate and epinephrine are 

similar. (48) An animal study revealed that after 10 to 20 minutes there was only slight soft-tissue 

irritation present. After 10 days, the irritation had disappeared and the gingiva had completely healed. 

(35) However, gingival retraction has been shown to be less than with epinephrine. (61) Alum is 

recommended as an alternate for epinephrine in retraction cords, because it has similar haemostatic 

effectiveness without the risk of systemic side effects. (48, 60) 

Aluminum sulfate is a mild astringent that is often used for disinfecting. A slight vascular 

contraction with protein precipitates provides the haemostatic effect. It prevents plasma protein flow 

and stops bleeding from capillaries. (30, 51) Twenty-five percent aluminum sulfate is primarily used as 

a retraction cord medicament. 

Hatch et al. (1984) compared retraction cords with aluminum sulfate and 8% epinephrine. The 

epinephrine cords caused elevated circulation catecholamine after 60 minutes but the cords with 

aluminum sulfate did not. Neither of them influenced heart rate or blood pressure. (54) Clinical studies 

have shown similar effects using retraction cords with aluminum sulfate on one hand and epinephrine 

on the other. (30, 48) Aluminum sulfate can cause minimal soft-tissue irritation, but there are no 

known systemic side effects. Hence, many researchers recommend it as a safe and suitable method 

for gingival retraction. (31, 34, 35, 48) 

Ferric sulfate has a haemostatic effect. There is evidence that sufficient gingival retraction can be 

accomplished with a cord, soaked in 13.3% ferric sulfate solution placed in the gingival sulcus for one 

minute. (39) 
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Ferric sulfate is comparable to aluminum chloride but not to epinephrine. Coming in contact with 

blood, it clots fast so it has to be applied directly on the tissue. Otherwise, blood clotting will only occur 

on the blood surface, which will be washed away with underlying bleeding. (61) Black or blue staining 

of the soft tissue can occur but is reversible and disappears usually within 1 - 2 days. (61) A 15-20% 

ferric sulfate solution will provide a good haemostatic effect. The application of a ferric sulfate solution 

usually proceeds in two steps. First, the solution is rubbed into the gingival sulcus with a brush, 

followed by the packing of a cord, which has been impregnated in the same solution. To get the 

optimum haemostatic effect the cord should stay in the sulcus for 1 - 3 minutes. This should give at 

least 30 minutes of tissue retraction. (17) However, the lateral opening of the sulcus can be 

compromised because of the short time utilized.  

Tannin is a strong astringent which binds collagen and causes precipitation of proteins. It is used 

in 20% and 100% strength. Tannin retracts soft tissue less than epinephrine and it does not provide 

sufficient haemostatic effect. However, 10 minutes are recommended for tannin to work efficiently (61) 

and soft tissue recovery is fast. (31) 

 

1.3 Gingival retraction and impression materials 

A clinical trial investigating the use of epinephrine, aluminum chloride, aluminum sulfate, alum, and 

ferric sulfate with retraction cords revealed no adverse effects on impression materials. Hence, those 

solutions did not have any effect on impression material polymerization. (62) An in vitro study 

compared the dimensional accuracy of impressions and dies made from a metal model simulating 

prepared abutments and gingival sulci of varying widths. The results were that impression and dies 

made from abutments with narrower sulci showed greater distortions. In groups with sulcular width 

under 0.2 mm, difficulty was demonstrated with consistently obtaining good impressions, where 50-

90% of the impressions had to be repeated. (63)  
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2  Aim of the study 

Gingival tissue recession is certainly a problem in the making of FDPs. It has been speculated from 

results of several studies that retraction methods may increase the incidence of gingival recession or 

even that medicaments used in gingival retraction measures may contribute to the problem. However, 

these conclusions have so far been made primarily from in vitro and animal studies, with only a few 

clinical studies on humans. As far as we know, there have been no randomized controlled clinical 

trials (RCTs) conducted on gingival retraction methods and possible complications thereof.  

In this RCT, three different methods for temporarily retracting the gingiva before impression-taking 

are evaluated and compared. The conventional chemical-mechanical double-cord technique for 

temporary gingival retraction, where two layers of cotton cords are placed into the gingival sulcus and 

before the impression is taken the second cord is removed to provide space for the impression 

material. This method is the one most frequently used for temporary gingival retraction. The second 

method is a cordless technique, where aluminum chloride paste is inserted into the gingival sulcus to 

gain temporary gingival retraction before the impression is taken. The third method is a combination of 

retraction cords and aluminum chloride paste, where one layer of fine retraction cord is inserted 

mesially, orally and distally to open up the sulcus for the aluminum chloride paste. The idea behind 

this technique was trying directing more of the aluminum chloride paste into the sulcus, hoping for 

additional retraction function of the paste. 

The aim of this RCT is to investigate the soft tissue recession clinically post-intervention in patients 

undergoing FDP treatment and the easiness of obtaining sufficient impressions. Patients' perception 

of the intervention will also be evaluated using a Visual Analogue Scale (VAS). Technicians' 

evaluation of the impression-material condition and easiness of the preparation of the master cast will 

be evaluated as well using the Visual Analogue Scale. 

The null-hypothesis is that there is no significant difference between the three groups regarding 

soft-tissue recession, the easiness of obtaining sufficient impressions, patients’ perception, and 

technicians’ evaluations of the impression-material condition and the easiness of preparing the master 

cast.  
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3 Material and Methods 

In the period between 2009 and 2011, 67 patients in need of tooth supported crown or bridgework 

were recruited to participate in a randomized controlled clinical trial to investigate different methods for 

temporary tissue retraction before impression taking. The trial was conducted at the Department of 

Reconstructive Dentistry, Faculty of Odontology, University of Iceland and in four private clinics in 

Reykjavík and surroundings. The operators were general dentists, prosthodontists, and dental 

students at the Department directly supervised by faculty members. 

In this RCT, the participants were randomly divided into three treatment groups—a control group 

and two test groups—in which gingival recession was evaluated following impression-taking using 

three different temporary gingival retraction methods. In Test group one (T1), only an aluminum 

chloride paste (Expasyl
®
, Satelec, Pierre Roland, France) was used for gingival retraction, and in Test 

group two (T2), a combination of the aluminum chloride paste and retraction cord was used. In the 

Control group (C), the double cord technique was utilized.  

Patients included in the study had to be in need of tooth supported fixed reconstruction, be 

systemically healthy, and with no medical history which could affect their periodontal condition.  

Excluded were patients that, due to life-threatening or unstable medical conditions, could not 

undergo dental treatment. Teeth with supra-gingival preparation margins, teeth with probing depth of 

six mm or more and second molars were excluded from the study, and a maximum of two abutment 

teeth in each subject were included.  

The study protocol was accepted by the National Bioethics Committee of Iceland (no. 08-136) and 

a study conduction notification was sent to the Icelandic Data Protection Authority. Patients gave their 

written informed consent before participating in the study. (Appendix I) 

 

3.1 Clinical procedures 

Baseline evaluation (Visit 1) (Appendix II) was performed before the abutment teeth were prepared for 

a tooth-supported reconstruction. A photograph of the preoperative site was taken with standardized 

exposure and magnification. Tooth mobility was assessed using the Miller Index. (64) The position of 

the gingiva was measured in relation to the cemento-enamel junction or in relation to crown margins, if 

the tooth had an old crown. The readings were made in millimeters with a periodontal probe (Hu-

Friedy
®
, Chicago, IL, USA) on six sites per tooth. Readings were made to the nearest millimeter. 

Probing depth was also measured in millimeters on six sites per abutment tooth with a periodontal 

probe (Hu-Friedy
®
, Chicago, IL, USA). These readings were also made to the nearest millimeter. 

Presence or absence of bleeding on probing (BoP) at four sites on the abutment tooth was 

recorded. Thickness of the gingival tissue on the abutment tooth was measured at two mm from the 

gingival margin with an endodontic file #15 (Antæos
®
, VDW GmbH, Munich, Germany) with an 

attached rubber ring which served as a measurement reference. The gingival thickness 

measurements were adjusted to the nearest 0.5 millimeter. The width of the buccal keratinized gingiva 
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at the abutment tooth was measured with a periodontal probe (Hu-Friedy
®
, Chicago, IL, USA). The 

measurement was adjusted to the nearest millimeter.  

The clinical status of abutment teeth before preparation was assessed and the endodontic status 

of the tooth was recorded. Also recorded were the type of reconstruction present in the abutment 

tooth—filling, crown, or post and core—and whether the tooth had undergone surgical crown 

lengthening or periodontal surgery. 

When the abutment tooth was ready for the impression (Visit 2) (Appendix II), the subject was 

randomized into one of the three groups. Every participant was assigned to T1, T2, or C via a note in 

a sealed, non-transparent envelope which was opened when the prepared abutment tooth/teeth were 

ready for the impression. Before the impression was taken and before any retraction cords or 

retraction paste was used, an additional impression was made in alginate (Jeltrate
®
, Dentsply Caulk, 

Milford, DE, USA) in a small plastic tray (SPEIKO
®
, Dr. Speier GmbH, Münster, Germany). The tray 

was lined with an alginate adhesion spray (Fix Adhesive Aerosol, Dentsply DeTrey GmbH, Konstanz, 

Germany) before the alginate impression was made. Afterwards, the alginate impression was sent 

immediately to the dental technician for the fabrication of Study cast #1 (Type 2 gypsum, Hinrizit
®
, 

Ernst Hinrichs GmbH, Goslar, Germany) 

Twenty-two subjects were randomly selected into T1. Temporary tissue retraction before 

impression-taking was made with Expasyl
®
 paste alone, applied with a syringe and left in site for two 

minutes. 

Twenty-three subjects were randomly selected into T2. Temporary tissue retraction before 

impression-taking was made by placing a fine, knitted retraction cord (#00 or #0), with or without 

astringent media, into the gingival sulcus on three sides of the abutment tooth (mesially, orally, and 

distally) (Ultrapak®, Ultradent Products Inc, UT, USA). As a second layer, Expasyl
®
 paste was applied 

into the gingival sulcus all around the abutment tooth using a syringe and left in site for two minutes. 

Type of astringent media was recorded, if applicable. 

Twenty-two subjects were randomly selected into C. Temporary tissue retraction before 

impression-taking was made by placing a fine retraction cord (#00 or #0) with astringent media into 

the sulcus of the abutment tooth. As a second layer, a coarser retraction cord (#1 or #2) was placed. 

Immediately before the impression was taken, the second layer of retraction cord was removed. 

Knitted cotton cords were used (Ultrapak
®
, Ultradent Products Inc, UT, USA) and the type of 

astringent media was recorded. 

Two types of astringent media were used in the trial: 14% aluminum chloride (Hemodent
®
, Premier 

Dental Products, PA, USA) and 20% ferric sulfate (Viscostat
®
, Ultradent Products, UT, USA). There 

were no restrictions how much time or how many attempts could be utilized to obtain a sufficient 

impression. The time period needed for taking impression was not recorded, but number of attempts 

to attain sufficient impression for the final restoration was documented. Provisional restoration was 

made and special caution was taken to get an excellent marginal fit and contour. 

Patients were sent home with a pain questionnaire that they were supposed to fill out in the 

evening of the day the impression was taken. (Appendix II) To evaluate patients' perception of the 
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intervention, the Visual Analogue Scale (VAS) questioning method was utilized. If experiencing 

discomfort, patients were asked to evaluate the degree of pain using the VAS, in which 0 indicated “no 

pain” and 100 “as much pain as imaginable.” If there was some discomfort, patients were also asked 

to record for how long they felt the pain and if they needed analgesics. The type of analgesics and 

dose was recorded.  

Moreover, the technicians’ evaluation of the easiness of making the master cast was recorded 

using the VAS. They were given instructions on how to utilize the VAS scale. They were also asked to 

give their opinion of the condition of the impression material. (Appendix II) 

At the time of cementation of the reconstruction (Visit 3) (Appendix II), two additional alginate 

impressions were made and Study casts #2 and #3 were fabricated. The former, made prior to 

cementation, showed the abutment tooth and surrounding soft tissue, while the latter, made after 

cementation of the final reconstruction, showed the reconstruction and surrounding soft tissue. During 

this visit, the questionnaire about adverse effects or discomfort after the impression-taking was 

collected from the patient. 

Visit 4 took place 30 ± 10 days after cementation of the final reconstruction. (Appendix II) A 

photograph was taken of the operative site with standardized exposure and magnification. An alginate 

impression was made of the reconstruction in a small plastic tray and Study cast #4 was fabricated. 

The baseline measurements of the position of the gingival margin, the PPD, and the BoP were also 

repeated.  

 

3.2 Technical procedures 

A polyvinylsiloxane (President Putty, Coltene/Whaledent, Switzerland) index was made in a plastic 

tray for Study casts #1 and #2. Another index was made for Study casts #3 and #4. A millimeter grid 

paper was fixed to the study casts for reference purposes. 

 

Figure 9: The standardized equipment used for image capturing 
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Figure 10: Study casts 

Study casts from subject #20 mounted in the indices and ready for photo-shoot 

 

The tray with the index was seated in a special designed model holder and a set of standardized 

photographs of Study casts #1 and #2 was taken using a Canon EOS 7D camera with flash (F-stop: 

f/22, exposure time 1/250 sec., ISO-800, focal length 100 mm) at a distance of 30 cm. (Figure 9) 

Another set of standardized photographs was made of Study casts #3 and #4. Images were saved 

with a resolution of 5184 x 3456 pixels. (Figure 10) Photographs were uploaded into Adobe
®
 

Photoshop
®
 CS5 Extended, Version 12.1x32. The location of the gingival margin for each abutment 

tooth was determined and marked with several dots. (Figure 11) To investigate the location of the 

gingival margin before and after impression was taken; the standardized image of Study cast #1 was 

moved to overlap with the standardized image of Study cast #2.  
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Figure 11: Method of measurement 

Overlapping images of Study casts #1 and #2 for subject #20. Black dots were placed on study cast 
20-1 and red dots on study cast 20-2.  

 

To control the exact position of the overlapping image the opacity of image #1 was reduced to 

50%, making parameters that were identical in both images visible. If needed, the position of image #1 

was adjusted to accurately fit to the structures in image #2. Adjacent teeth and the prepared abutment 

tooth served as reference points when adjustments were needed. Using the Photoshop
®
 ruler tool, 

grids and the millimeter paper for reference, the distance between the dots, placed at the gingival 

zenith on images #1 and #2, was measured in millimeters, representing the changes in gingival height 

from before impression taking until the time of cementation. (Figure 11) The procedure was repeated 

to compare the gingival position immediately after cementation to that seen approximately 30 days 

after the cementation of the final reconstruction (Study casts #3 and #4). (Figure 12) 

To investigate the accuracy of the measurement method, 17 cases or 25% were randomly selected 

and the measurements were repeated and formally tested for measurement errors.  
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Figure 12: Method of measurement 

Overlapping images of Study casts #3 and #4 for subject #20. Black dots were placed on study cast 
20-3 and red dots on study cast 20-4. 

 

3.3 Statistical analysis 

Descriptive statistical information on baseline characteristics of patients and abutments teeth was 

provided: the mean, standard deviation, 95% confidence interval and percentage distribution for 

categorical characteristics. One-way ANOVA models were applied to compare the response variables 

among the groups: a) the position of the gingival margin (mm), b) mean probing pocket depth (mm), c) 

gingival thickness, d) the amount of keratinized tissue and e) mean changes in gingival height. 

Unpaired t-tests were also used to compare the mean values between groups.  

For comparisons between different categories: a) number of impressions taken, b) reconstruction 

material, c) tooth position, d) tooth mobility, and e) previous treatment, Pearson Chi square test were 

performed and the overall p-value derived from these models was reported. Furthermore, frequency 

distribution was made for changes in position of the gingival tissue. In situations where observations 

are not nested and correlated within levels, the p-values correspond exactly to those derived from the 

chi-squared test statistic used for testing differences in categorical variables. For some patients two 

teeth were included in the study. Consequently, the observations cannot be considered independent 

and therefore was the general linear regression with variance estimator allowing for intra-group 

correlation utilized. The outcome of the Visual Analog Scale was presented with mean values, 

standard deviations, median and range. For comparisons between the different groups, scores 

between 91 and 100 were considered positive values and all scores below 90 negative values, thus 

chancing the VAS into categorical values.  



  

33 

To test for measurement errors while evaluating the changes in position of the gingival height, 25% 

of the all measurements were repeated and mean differences, 95% confidence interval and range 

were presented. Paired t-test, Spearman rank correlation and Bland Altman plots were used to 

compare the different measurement for errors.     

All analyses were conducted using Stata version 12.2 (Stata Corporation, College Station, Texas, 

USA). 



  

34 

4 Results 

4.1 Baseline evaluation 

Over the two-year period, 67 patients, with a mean age of 49.8 years (SD 12.5 years, range 20-80 

years) at the time of the impression was made, were included in the study. Twenty-two subjects were 

randomized into T1. The mean age in T1 was 48.7 years (SD 13.8 years, range 20-72 years). Twenty-

three subjects were randomized into T2. The mean age in the group was 48.8 years (SD 10.6 years, 

range 24-75 years). Twenty-two subjects were randomized into C. The mean age in the group was 

52.0 years (SD 13.3 years, range 25-80 years) (Table 1). The patients were all medically healthy. Five 

patients failed to return for Visit 4. Four did not show up for their scheduled appointment and one 

patient could not return due to health reasons. Ninety-two abutment teeth were included in the trial; 25 

patients had two abutment teeth that were included in the study and for the remaining 42 patients, one 

abutment tooth was included for each. Maxillary teeth were 76% of the abutments and 24% were 

mandibular abutments. Forty-six percent of the reconstructions were all-ceramic reconstructions and 

the remaining 54% were metal-ceramic. (Table 1) During the baseline examination, 90% of the 

abutment teeth showed normal mobility (Miller Index 0), and 10% were slightly mobile (Miller Index 1). 

Gingival margin was, on average, located at the cemento-enamel junction or the crown margin of the 

existing reconstruction (95% C.I. -0.1 – 0.2). PPD was on average 2.3 mm (95% C.I. 2.2 – 2.4), where 

the prevalence of 4 mm and 5 mm pockets were 7% and 1%, respectively. Ninety-eight percent of the 

probing depths on the buccal aspect of the abutment teeth were 1-3 mm and the remaining 2% were 4 

mm. BoP was evident in 21% of sites evaluated on the abutment teeth and 79% showed absence of 

bleeding on probing. Gingival thickness ranged from 0.5 mm to 3 mm and was, on average, 1.4 mm 

(95% C.I. 1.3 – 1.6). Subjects of thin biotype, defined as thickness of 1 mm or less, constituted 57% of 

the sample, and 43% were of thick biotype. Height of keratinized gingiva ranged from 1 mm to 9 mm 

and was, on average, 3.9 mm (95% C.I. 3.6 – 4.3) (Table 1).  

In T1, 28 abutment teeth were included, two abutment teeth in six patients and one abutment tooth 

in 16 patients. Maxillary abutments were 79% and 21% were in the mandible. All-ceramic crowns and 

bridges constituted 61% of the reconstructions while 39% were metal-ceramic. Ninety-two percent of 

the abutment teeth showed normal mobility (Miller Index 0), and 8% had Miller Index 1 mobility. 

Gingival margin was, on average, located 0.1 mm apically to the cemento-enamel junction or crown 

margin (95% C.I. -0.4 – 0.2). PPD was on average 2.2 mm (95% C.I. 2.1 – 2.4), where the prevalence 

of 4 mm and 5 mm pockets were 4% and 1%, respectively. BoP was evident in 20% of sites evaluated 

on the abutment teeth. The gingival thickness was, on average, 1.4 mm (95% C.I. 1.1 – 1.7). Thin 

gingival biotypes were recorded for 56% of the abutment teeth and the thick biotypes were 44%. The 

height of keratinized gingiva on average was 3.7 mm (95% C.I. 3.2 – 4.3, range 1–5) (Table 1). 

In T2, 35 abutment teeth were included, two abutment teeth in 12 patients and one abutment tooth 

in 11 patients. Maxillary abutments were 86% and 14% were in the mandible. All-ceramic crowns and 

bridges constituted 49% of the reconstructions while 51% were metal-ceramic. Eighty-five percent of 

abutment teeth showed normal mobility (Miller Index 0) and 15% had Miller Index 1 mobility. Gingival 

margin was, on average, located at the cemento-enamel junction or crown margin (95% C.I. -0.2 – 
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0.3). PPD was on average 2.4 mm (95% C.I. 2.1 – 2.6), where the prevalence of 4 mm and 5 mm 

pockets were 9% and 1%, respectively. BoP was evident in 21% of sites evaluated on the abutment 

teeth. The gingival thickness was on average 1.5 mm (95% C.I. 1.3 – 1.7). Thin gingival biotypes were 

recorded for 52% of the abutment teeth and the thick biotypes were 48%. The height of keratinized 

gingiva on average was 4.2 mm (95% C.I. 3.5 – 4.9, range 1–9). (Table 1) 
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Table 1 - Baseline evaluation 

 All Test group 1 Test group 2 
Control 
group 

p-value 

Number of 
patients 

67 22 23 22 n.a. 

Age (mean, SD) 49.8  ± 12.5 48.7 ± 13.8 48.8 ± 10.6 52.0 ± 13.3 n.a. 

Number of teeth 92 28 35 29 n.a. 

Maxillary 
reconstruction 
(%) 

76% 79% 86% 62% 

p=0.082*  
Mandibular 
reconstruction 
(%) 

24% 21% 14% 38% 

All ceramic 
reconstructions 
(%) 

46% 61% 49% 31% 

p=0.188* 
Metal ceramic 
reconstructions 
(%) 

54% 39% 51% 69% 

Mobility (Miller 
Index 1) (%) 

10% 8% 15% 7% p=0.608* 

Gingival margin 
(mm) (mean, 
95% C.I.) 

0.0 

(-0.1 – 0.2) 

-0.1 

(-0.4 – 0.2) 

0.0 

(-0.2 – 0.3) 

0.2 

(-0.1 – 0.5) 

p=0.414** 

 

Probing depth 
(mm) (mean, 
95% C.I.) 

2.3 

(2.2 – 2.4) 

2.2 

(2.1 – 2.4) 

2.4 

(2.1 – 2.6) 

2.4 

(2.1 – 2.6) 

p=0.658** 

 

Bleeding on 
Probing (%) 

21% 20% 21% 22% p=0.931*** 

Gingival 
thickness (mm) 
(mean, 95% 
C.I.) 

1.4 

(1.3 – 1.6) 

1.4 

(1.1 – 1.7) 

1.5 

(1.3 – 1.7) 

1.3 

(1.0 – 1.6) 
p=0.702** 

Height of 
keratinized 
gingival tissue 
(mm) (mean, 
95% C.I.) 

3.9 

(3.6 - 4.3) 

3.7 

(3.2 – 4.3) 

4.2 

(3.5 – 4.9) 

3.7 

(3.2 – 4.3) 
p=0.680** 

Endodontically 
treated (%)  

44% 35% 54% 41% p=0.500* 

Previously 
crowned (%) 

25% 4% 33% 34% p=0.052* 

Post and core 
(%) 

24% 15% 34% 21% p=0.343* 

Surgical crown 
lengthening (%) 

3.3% 3 0 0 p<0.0001* 

 *Pearson Chi square test with variance estimator allowing for intragroup correlation 

 **One way ANOVA model with variance estimator allowing for intragroup correlation  *** Mean scores test 
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In C, 29 abutment teeth were included, two abutment teeth in seven patients and one abutment 

tooth in 15 patients. Maxillary abutments were 62% and 38% were in the mandible. All-ceramic 

crowns and bridges constituted 31% of the reconstructions, 69% were metal-ceramic. Ninety-three 

percent of abutment teeth showed normal mobility (Miller Index 0) while 7% had Miller Index 1 

mobility. Gingival margin was, on average, located 0.2 mm occlusally to the cemento-enamel junction 

and crown margin (95% C.I. -0.1 – 0.5). PPD was on average 2.4 mm (95% C.I. 2.1 – 2.6), where the 

prevalence of 4 mm and 5 mm pockets were 9% and 2%, respectively. BoP was evident in 22% of 

sites evaluated on the abutment teeth. The gingival thickness was on average 1.3 mm (95% C.I. 1.0 – 

1.6). Thin gingival biotypes were recorded for 65% of the abutment teeth and the thick biotypes were 

35%. The height of keratinized gingiva on average was 3.7 mm (95% C.I. 3.2 – 4.3, range 1–7). 

(Table 1) 

Endodontically treated abutment teeth constituted 44% of all the teeth included in the study: 35%, 

54%, and 41% in T1, T2, and C, respectively. Twenty-five percent had a previous fixed restoration: 

4%, 33%, and 34% in T1, T2, and C, respectively. At baseline, fewer teeth in T1 had older fixed 

reconstructions compared with groups T2 and C, but the difference did not reach significance. 

Twenty-four percent of the abutment teeth were treated with post and core: 15%, 34%, and 21% in 

T1, T2, and C, respectively. (Table 1) 

Surgical crown lengthening had been performed on 3.3% of all the abutment teeth. The three 

surgically involved teeth were all assigned to T1 through the randomization process. The minimal time 

period from the surgical intervention until the impression-taking was four months. 

Formally investigating the baseline parameters, the statistical analysis revealed that, with the 

exception of surgical crown lengthening, there were no significant differences between the groups at 

baseline. (Table 1) 

 

4.2 Study results 

The number of impressions needed for the final restoration was, on average, 1.4 (95% C.I. 1.2 – 1.7, 

range 1-3). The mean number of impression needed in T1 was 1.4 (95% C.I. 1.2 – 1.7, range 1-3), 1.3 

in T2 (95% C.I. 1.1 – 1.5, range 1-3) and 1.1 in C (95% C.I. 1.0 – 1.3, range 1-2). In T1, sufficient 

impressions were achieved for 61% of the cases on the first attempt. The respective figures for T2 and 

C were 76% and 86%. This difference, however, did not reach statistical significance (p=0.216). 

(Table 2)  

Astringent media (for cord impregnation) was used in 54% of reported cases in the study. For 

obvious reasons it was never used in T1. In T2 astringent media was used in 61% of cases, 85% used 

aluminum chloride and 15% used ferric sulfate. Astringent media was used in all reported cases in C: 

92% used aluminum chloride and 8% used ferric sulfate. (Table 2) Two subjects from T1 dropped out 

of the study as they could not fulfill the study protocol. After repeated insufficient impressions the 

study protocol was abandoned and impressions were made utilizing the traditional double-cord 

technique.  
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Table 2 - Results 

 All Test group 1 Test group 2 
Control 
group 

p-value 

Number of 
impression 
(mean, 95% 
C.I.) 

1.4 

(1.2 – 1.7) 

1.4 

(1.2 – 1.7) 

1.3 

(1.1 – 1.5) 

1.1 

(1.0 – 1.3) 
p=0.256** 

Prevalence of 
sufficient first 
impression (%) 
n=92 

74% 61% 76% 86% p=0.216* 

Use of 
astringent 
media (%) 
n=92 

54% 0% 61% 100% n.a. 

Gingival margin 
(visit 4) (mm) 
(mean, 95% 
C.I.) n=77 

0.3 

(0.2 – 0.4) 

0.6 

(0.3 – 0.9) 

0.3 

(0.1 – 0.5) 

0.2 

(0.1 – 0.3) 
p=0.034** 

Probing depth 
(visit 4) (mm) 
(mean, 95% 
C.I.) n=77 

2.5 

(2.2 – 2.6) 

2.4 

(2.2 – 2.6) 

2.4 

(2.1 – 2.6) 

2.6 

(2.4 – 2.9) 

p=0.232** 

 

Bleeding on 
Probing      
(visit 4) (%) 
n=77 

29% 40% 23% 26% p=0.109*** 

 

*Pearson Chi square test with variance estimator allowing for intragroup correlation 

**One way ANOVA model with variance estimator allowing for intragroup correlation 

*** Mean scores test 

n.a. stands for not analyzed 

 

Soft-tissue evaluation during the fourth and final visit, for all the abutment teeth measured, showed 

that the crown margin was, on average, located 0.3 mm sub-gingivally (95% C.I. 0.2 – 0.4). PPD was, 

on average, 2.5 mm (95% C.I. 2.2 – 2.6), where the prevalence of 4 mm and 5 mm pockets were 9% 

and 2%, respectively. BoP was present in 29% of sites evaluated. (Table 2) In T1 the crown margin 

was, on average, located 0.6 mm sub-gingivally (95% C.I. 0.3 – 0.9). PPD was, on average, 2.4 mm 

(95% C.I. 2.2 – 2.6), where the prevalence of 4 mm and 5 mm pockets were 5% and 0%, respectively. 

BoP was present in 40% of sites evaluated. In T2 the crown margin was, on average, located 0.3 mm 

sub-gingivally (95% C.I. 0.1 – 0.5). PPD was, on average, 2.4 mm (95% C.I. 2.1 – 2.6), where the 

prevalence of 4 mm and 5 mm pockets were 9% and 4%, respectively. BoP was present in 23% of 

sites evaluated. In C the crown margin was, on average, located 0.2 mm sub-gingivally (95% C.I. 0.1 

– 0.3). PPD was, on average, 2.6 mm (95% C.I. 2.4 – 2.9), where the prevalence of 4 mm and 5 mm 

pockets were 13% and 2%, respectively. BoP was present in 26% of sites evaluated. Statistical 
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analysis of the clinical parameters recorded during the final visit revealed that the crown margins in T1 

were, on average, located significantly (p=0.034) deeper sub-gingivally than in the other groups. This 

might explain why the highest prevalence of BoP was also recorded for T1. 

4.2.1 Change in position of gingival margin 

Measurements were performed on digitized images of the study casts. First, images of study casts #1 

and #2 were compared, i.e., from before impression-taking to the time of reconstruction cementation. 

Evaluating the changes in gingival position, on average, there was a gain in gingival height of 

0.006 mm in the three treatment groups (95% C.I. -0.025 – 0.036). The respective figures for T1, T2, 

and C are: 0.058 mm (95% C.I. 0.006 – 0.110), 0.013 mm (95% C.I. -0.041 – 0.067), and -0.049 (95% 

C.I. -0.098 – 0.001). The difference in mean changes in position of the gingiva between the three 

groups reached statistical significance (p=0.015). (Table 3) Further, comparing the groups using 

marginal linear prediction the difference between T1 and C was significant (p=0.004). The difference 

between T1 and T2, and T2 and C was found to be non-significant, respective p-values were 0.317 

and 0.145. 

A frequency distribution was also presented for the change in position of the gingival margin: those 

that gained >0.1 mm gingival height, those with a stable gingival height (0 ± 0.1 mm), those with minor 

gingival recession (0.1-0.5 mm), those with moderate gingival recessions (0.5-1.0 mm) and those with 

substantial gingival recessions (>1.0 mm) (Table 3)  

Twenty-one percent of all cases showed increased gingival height, 58% showed a stable gingival 

margin, and in 21% of cases there was minor gingival recession. There were no cases exhibiting 

moderate or substantial (>0.50 mm) gingival recession from the time point before impression-taking 

until cementation of the final reconstruction. (Table 3) 

In T1, 35% of the cases showed increased gingival height, 58% showed a stable gingival margin, 

and in 8% of cases there was minor gingival recession. In T2, 23% of the cases showed increased 

gingival height, 54% showed a stable gingival margin, and in 23% of cases there was minor gingival 

recession. In C, 7% of the cases showed increased gingival height, 62% showed a stable gingival 

margin, and in 31% of cases there was minor gingival recession. The highest incidence of gingival 

recession was seen in group C. The difference in frequency distribution, however, did not reach 

statistical significance (p=0.096).  
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Table 3   Changes in position of the gingival margin before and after impression-taking (#1 vs. 
#2) 

 All (n=90) 
Test group 1 

(n=26) 
Test group 2 

(n=35) 
Control group 

(n=29) 
p-value 

Changes in 
gingival 
height (mm) 
(mean, 95% 
C.I.)* 

0.006 

(-0.025 – 0.036) 

0.058 

(0.006 – 0.110) 

0.013 

(-0.041 – 0.067) 

-0.049 

(-0.098 – 0.001) 
P=0.015** 

Gain in 
gingival 
height 
>0.1mm 

21% 35% 23% 7% 

 

p=0.096* 

Stable 
gingival 
margin 
0±0.1 mm 

58% 58% 54% 62% 

Minor 
gingival 
recession    
0.1-0.5 mm 

21% 7% 23% 31% 

Moderate 
gingival 
recession     
0.5–1.0 mm  

0% 0% 0% 0% 

Substantial 
gingival 
recession 
>1.0 mm  

0%   0%   0%    0% 

 

*Pearson Chi square test with variance estimator allowing for intragroup correlation 

**One way ANOVA model with variance estimator allowing for intragroup correlation 

n.a. stands for not analyzed 

 

The location of gingival margin from the time of reconstruction cementation to 30±10 days after 

cementation was also evaluated by comparing images of study casts #3 and #4. In T2 and C the 

mean gingival recession was 0.043 mm (95% C.I. -0.030 – 0.098) and 0.044 mm (95% C.I. -0.080 – 

0.009), respectively. In T1, on average, a gain of 0.034 mm (95% C.I. -0.030 – 0.098) in gingival 

height was detected. The difference between the three groups did not reach statistical significance 

(p=0.163) (Table 4). Of all cases, 19% showed that the gingival margin regained more than 0.1 mm of 

height during that time, 51% remained in a stable position (±0.1 mm), in 29% of cases there was 

minor gingival recession, and in 1% of cases the recession was moderate. There were no cases 

exhibiting substantial (>1.0 mm) gingival recession from the time of the reconstruction cementation 

until 30±10 days later. (Table 4) 

In T1, 30% of cases showed that the gingival margin gained more than 0.1 mm of height, 48% 

remained in a stable position, and 22% of cases showed further minor recession. Moderate or 

substantial recession was not evident in T1. In T2, 27% of cases showed that the position of gingival 
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margin gained height of more than 0.1 mm, 33% remained in a stable position, 37% of cases showed 

further minor recession, and moderate recession was observed for 3%. Cases with substantial 

recession were not observed in T2. In C, no case gained gingival margin height, 74% remained in the 

same position, 26% of cases showed further minor recession, but in no case was moderate or 

substantial recession observed. The difference between the frequency distribution of the groups 

reached significance (p<0.0001). (Table 4) 

 

Table 4   Changes in position of the gingival margin from the time of cementation to 30 ± 10 
days later (#3 vs. #4) 

 All (n=80) 
Test group 1 

(n=23) 
Test group 2 

(n=30) 
Control group 

(n=27) 
p-value 

Changes in 
gingival 
height (mm) 
(mean, 95% 
C.I.) 

-0.021 

(-0.056 – 0.013) 

0.034 

(-0.030 – 0.098) 

-0.043 

(-0.115 – 0.029) 

-0.044 

(-0.080 – 0.009) 
p=0.163** 

Gain in 
gingival 
height 
>0.1mm 

19% 30% 27% 0% 

 

p<0.0001* 

Stable 
gingival 
margin 
0±0.1mm 

51% 48% 33% 74% 

Minor 
gingival 
recession    
0.1-0.5mm 

29% 22% 37% 26% 

Moderate 
gingival 
recession     
0.5–1.0mm  

1% 0% 3% 0% 

Substantial 
gingival 
recession 
>1.0mm  

0%   0%   0% 0% 

 

*Pearson Chi square test with variance estimator allowing for intragroup correlation 

**One way ANOVA model with variance estimator allowing for intragroup correlation 
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Finally, the location of gingival margin from before impression-taking until 30±10 days after 

cementation was evaluated by summarizing the changes in gingival height from the measurements of 

the previous two sets of images. Of all cases, 35% showed gain in gingival height of more than 0.1 

mm, 40% remained in a stable position (±0.1 mm), in 20% of cases there was minor gingival 

recession observed, and in 5% of cases the recession was moderate. No cases exhibited substantial 

(>1.0 mm) gingival recession in this time period. (Table 5)  

In T1, 61% of cases showed that the gingival margin gained more than 0.1 mm of height, 22% 

remained in a stable position, and 17% of cases showed further minor recession. Moderate or 

substantial recession was not evident in T1. In T2, 33% of cases showed that the position of gingival 

margin gained height of more than 0.1 mm, 47% remained in a stable position, 13% of cases showed 

further minor recession, and moderate recession was observed for 7%. No case with substantial 

gingival recession was observed in T2. In C, 15% regained gingival margin height, 48% remained in 

the same position, 30% of cases showed further minor recession, and moderate recession was 

observed for 7%. Substantial recession was not observed in C. The difference in frequency 

distribution between the groups reached statistical significance (p=0.036). (Table 5) 

In all three groups there was, on average, a minor gingival recession of 0.001 mm detected (95% 

C.I. -0.054 – 0.051). In T2 and C the mean gingival recession was 0.011 mm (95% C.I. -0.113 – 

0.092) and 0.087 mm (95% C.I. -0.160 – -0.014), respectively. In T1, on average, a gain of 0.111 mm 

(95% C.I. 0.030 – 0.193) in gingival height was detected. The difference between the groups reached 

statistical significance (p=0.009) (Table 5) Further analysis using marginal linear prediction revealed 

significant difference between T1 and C (p=0.002). Respective p-values comparing T1 and T2, and T2 

and C were 0.148 and 0.314, respectively.  
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Table 5 Changes in position of the gingival margin from before impression-taking until 30 ± 10 
days after cementation (#1 vs. #4) 

 

 All (n=80) 
Test group 1 

(n=23) 
Test group 2 

(n=30) 
Control group 

(n=27) 
p-value 

Changes in 
gingival 
height (mm) 
(mean, 95% 
C.I.) 

-0.001 

(-0.054 – 0.051) 

0.111 

(0.030 – 0.193) 

-0.011 

(-0.113 – 0.092) 

-0.087 

(-0.160 – -0.014) 
p=0.009** 

Gain in 
gingival 
height 
>0.1mm 

35% 61% 33% 15% 

 

    

p=0.036* 

Stable 
gingival 
margin 
0±0.1mm 

40% 22% 47% 48% 

Minor 
gingival 
recession    
0.1-0.5mm 

20% 17% 13% 30% 

Moderate 
gingival 
recession     
0.5–1.0mm  

5% 0% 7% 7% 

Substantial 
gingival 
recession 
>1.0mm  

0% 0%   0%    0% 

 

*Pearson Chi square test with variance estimator allowing for intragroup correlation 

**One way ANOVA model with variance estimator allowing for intragroup correlation 
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To investigate the accuracy of the present measurement method, 17 cases were randomly 

selected and 34, or 25% of the measurements were repeated and the method formally tested for 

measurement errors. First, the magnitude of adjustment needed, to achieve an exact overlap of 

pictures of Study casts #1 on the pictures of Study cast #2 and pictures of Study casts #3 on the 

pictures of Study cast #4 was evaluated. The mean picture positioning adjustment needed was 0.2 

mm, SD 0.14 mm minimum 0, and maximum 0.58 mm. Secondly, the difference between the 

outcomes of the original and repeated measurements were investigated. The mean difference was 

0.038 mm, SD 0.042 and the range 0 mm to 0.15 mm. Formally investigating the difference between 

the two measurements with a paired t-test did not reveal significant difference (p=0.069) and 

Spearman rank correlation coefficients was 0.89 indicating a good correlation between the 

measurements. Bland Altman plot showed that the difference was in majority of the cases less than 

0.1 mm (Figure 13). 

 

 

Figure 13 Bland Altman plot 

Measurement difference distribution is shown when testing the error of method. 

4.2.2 Patients' perception outcomes 

After the impression-taking, patients were asked to record any symptoms of discomfort or pain after 

the intervention, using the VAS scale. Three patients failed to return the pain questionnaire. Fifteen 

patients, or 24%, reported experiencing discomfort after the intervention. In T1, four patients, or 20%, 

reported having pain after the impression-taking. In T2, two patients failed to return the pain 

questionnaire. Five of the 21 patients who turned in the questionnaire reported feeling pain after the 
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intervention, or 24%. In C, one patient failed to return the pain questionnaire. Six of the 21 patients 

who turned in the questionnaire reported feeling pain after the intervention, or 29%.  

The mean VAS score for the 15 subjects in the study that experienced pain or discomfort was 27 

(SD 20). The median was 22 (range 3-62). For these 15 subjects 21 teeth were involved and 10 of 

them had been endodontically treated before, but 11 teeth had vital pulp tissue. In T1, four subjects 

reported pain and the mean VAS score was 15 (SD 9). The median was 16 and the range 4-25. One 

patient did not report how long he felt the pain and did not take any analgesics, one patient reported 

having pain for four hours and taking ibuprofen 400 mg x 1, one patient reported feeling pain for four 

hours but did not take any analgesics, and one patient felt pain for more than two days and took 

ibuprofen (dose not specified) x 2-3. In T2, five subjects reported pain and the mean VAS score was 

35 (SD 24). The median was 42 and the range 3-62. One patient did not report how long he felt the 

pain but took acetaminophen (500 mg) x 2, and one patient reported having pain for more than one 

hour and took ibuprofen 600 mg. One patient reported having pain for more than one hour but did not 

take any analgesics. Two patients reported having pain for more than one day; one of them took 

ibuprofen but the other took no analgesics. In C, six patients reported experiencing pain and the mean 

VAS score was 29 (SD 21). The median was 33.5 and the range 4-50. Two patients reported feeling 

pain for more than one hour; one of them did not take analgesics but the other took one Parkodin forte 

(acetaminophen+codein 530 mg). Two patients reported having pain for more than one day but 

neither of them took analgesics. At last, two patients reported feeling pain for more than two days but 

did not take any analgesics. (Figure 14) 

Statistically comparing, using the Pearson's Chi Square test, the three groups regarding the 

prevalence of reported pain or discomfort, the time period of discomfort, and the need for analgesics 

did not reveal any significant difference between them (p=0.935, p=0.414 and p=0.332). 
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Figure 14: VAS score for patients' perception in the study 
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4.2.3 Technicians' evaluation 

The technician making the final restoration was asked to evaluate the easiness of preparing the 

master cast. The technicians failed to return the questionnaire for five cases. The mean score on the 

VAS for the easiness of making the master cast was 84 (SD 23). The median was 95 (range 0-100). 

The technician was also asked to give his or her opinion on the impression material condition and in 

92% of cases the impression material was judged to be in good condition. All the cases where the 

impression material was not in good condition were in C causing a statistically significant difference 

between the groups in that respect (p=0.033). The condition of the impression material was not 

reported in seven cases. 

In T1, the technician failed to return the questionnaire for two cases. The mean score on the VAS 

for the difficulty of making the master cast was 79. The median was 85 (range 0-100). (Figure 15) The 

two subjects in T1, where it was not possible to obtain sufficient impressions even though the 

impressions were repeated three times, the easiness of preparing the master cast was ranked as 0 on 

the VAS scale. The technicians were also asked to give their opinion in the impression material 

condition and in all cases the impression material was in good condition. The condition of the 

impression material was not reported in two cases.  

In T2, the mean score on the VAS for the difficulty of making the master cast was 82 (SD 22). The 

median was 93 (range 24-100). The impression material was in good condition in all cases reported. 

The condition of the impression material was not reported in two cases. 

In C, the technician failed to return the questionnaire for three cases. The mean score on the VAS 

for the difficulty of making the master cast was 93 (SD 15). The median was 98 (range 28-100). The 

technicians were also asked to give their opinion on the impression material condition and in 92% of 

the cases reported, the condition was considered good. In 8% of the cases, the impression material 

was reported as "not in good condition" but no further explanation was given. 

In group T1, in 9 out of 26 or 35% of the cases the dental technicians evaluated it an easy 

procedure to prepare the master cast (VAS 91-100). The respective figures were 18 out of 35 or 51% 

for group T2 and 21 out of 26 or 81% for group C. The difference between the groups reached 

statistical significance (p=0.003) when comparing the easiness of preparing the master cast. 
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Figure 15: VAS score for technicians' evaluation on the fabrication of the master cast 
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In conclusion, comparing the aluminium chloride paste (Expasyl
®
) (T1) with the traditional double-

cord technique (C) the position of the gingival margin gained height or remained stable in 93% of the 

cases in group T1 compared with 69% in group C. Moreover, 7% of the cases in T1 and 31% of the 

cases in C experienced minor gingival recessions. The dental technicians graded it easier to prepare 

the master cast for cases in group C compared with impressions taken using the aluminium chloride 

paste for gingival retraction. 
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5 Discussion 

In the present study, three different methods of intervention when temporarily retracting the gingiva 

before impression-taking were compared at the highest evidenced level in a randomized controlled 

clinical trial (RCT). Clinical parameters such as the gingival health and the position of the gingiva were 

evaluated. Moreover, patients' perception and technicians' evaluation of the impression and the 

easiness of producing the master cast were recorded.  

Evaluating the change in position of the gingival margin from before impression taking until the 

time of cementation, there was, on average, a minor (0.006 mm) gain in gingival height. A frequency 

distribution revealed that in 21% of the cases there was a gain in gingival height, in 58% of the cases 

the gingival margin was stable, and in 21% of the cases there was minor gingival recession. In no 

cases was moderate or substantial gingival recession, defined as more the 0.5 mm, observed.  

In T1, where Expasyl
®
 alone was used for retraction, 93% of cases showed a gain in gingival 

height or stable gingival margin and in only 7% of the cases was minor (0.1 – 0.5 mm) gingival 

recession detected. In T2, where a fine cord was placed only mesially, orally, and distally on the 

abutment teeth and the aluminum chloride paste applied all around it, 77% of cases showed a gain or 

a stable gingival margin and in 23% of cases minor recession was seen. In C, where the double cord 

technique was used, 69% of cases showed a gain in gingival height or a stable gingival margin and in 

only 31% of cases moderate gingival recession was recorded. 

Analyzing the mean changes in gingival height during this time period, an increase was observed 

in T1 and T2 of 0.058 mm and 0.013, respectively. In C, however, a gingival recession occurred of 

0.049 mm. The difference between T1 and C was statistically significant.  

In the present study, 19% of the cases showed increased gingival height during the 30±10 day 

time period after cementation of the reconstruction, 51% showed stable gingival position, 29% showed 

further minor gingival recession, and 1% of the cases experienced moderate gingival recession.  

In T1, 78% of cases showed a gain in gingival height or stable gingival margin and in 22% of the 

cases was minor (0.1 – 0.5 mm) gingival recession detected. In T2, 60% of cases showed a gain or a 

stable gingival margin, in 37% of cases minor recession was seen, and a moderate (0.5 – 1.0 mm) 

recession was observed in 3%. In C, no gain in gingival height was detected but 74% of cases 

showed a stable gingival margin and in only 26% of the cases, a minor gingival recession was 

recorded. Moderate or substantial gingival recession was not observed in T1 and C during the period 

between cementation of the final reconstruction until 30±10 days later. Analyzing the mean changes in 

gingival height during this time period, an increase was observed in T1 of 0.034 mm. In T2 and C, 

however, a gingival recession occurred of 0.043 mm and 0.044, respectively. Again, the difference 

between T1 and C is significant, when groups are analyzed separately.  

When analyzing the changes in position of the gingival margin during the entire observation period: 

from before impression-taking until 30±10 days after cementation of the final reconstruction, 35% of 

the cases showed increased gingival height, 40% showed a stable gingival position, 20% showed 
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minor gingival recession, and 5% moderate gingival recession. No substantial gingival recession of 

more than 1.0 mm was observed.  

In T1, 83% of cases showed a gain in gingival height or stable gingival margin and in 17% of the 

cases was minor gingival recession detected. In T2, 80% showed a gain or a stable gingival margin, in 

13% of cases minor recession was seen, and a moderate recession was observed in 7%. In C, 63% 

of cases showed a gain in gingival height or stable gingival margin, in 30% of cases minor recession 

was seen, and a moderate recession was observed in 7%. 

Analyzing the mean changes in gingival height during this time period an increase was observed in 

T1 of 0.111 mm. In T2 and C, however, a gingival recession occurred of 0.011 mm and 0.087, 

respectively. The difference between T1 and C was significant when groups are analyzed separately.  

In the present study, in approximately one third of the cases a gain in gingival height was recorded. 

Comparing the groups this gain was most prominent in T1 (61%), versus 33% in T2 and 15% in C. 

The reason for this gain could be that the clinical procedure; sub-gingival tooth preparation, 

impression taking, and the provisional restoration causes gingival irritation resulting in increased 

gingival height due to inflammation. Soft-tissue irritation from the Expasyl
®
 might also be causing 

inflammation in the area which again might cause the difference observed between the mean changes 

in gingival height between T1 and C. This is in agreement with two human studies that were found on 

the influence of Expasyl
®
 on soft tissue. Al Hamad et al. (2008) conducted a clinical trial to investigate 

macroscopically the soft-tissue impact of two cordless techniques (Magic Foam
®
 cord and Expasyl

®
) 

as compared with conventional cords during gingival retraction. The authors concluded that the 

Expasyl
®
 group showed greater temporary gingival inflammation and also a slower recovery than the 

Magic Foam
®
 cord. (43) Phatale et al. (2010) compared the effect of Expasyl

®
, Magic Foam

®
 cord, 

and a conventional retraction cord impregnated with aluminum chloride on the gingival sulcular 

epithelium in humans. The test teeth were extracted and a histological analysis conducted. The 

histological specimen of the retraction cord revealed disrupted sulcular and junctional epithelium that 

displayed intracellular degeneration, stripping, and desquamation. The specimens from the retraction 

paste showed less disrupted sulcular and junctional epithelium. However, no severe injuries were 

observed with the use of these retraction methods. (44)  

If the argument that the clinical procedure causes gingival inflammation in some cases is correct, 

one would expect to see gingival inflammation slowly diminishing after a well-fitted final restoration 

has been inserted. Therefore, the gingiva would become healthier and firmer and should lose some 

volume. However, from the results in this study the continuous increase in gingival height in T1 is an 

unforeseen development which is difficult to explain. The increase is more prominent in the first time 

period, i.e. from before impression taking until cementation of the reconstruction. Such changes might 

be explained with possible adverse effects from the Expasyl-paste on the tissues, such as has been 

reported. (43, 46) In the period from reconstruction cementation until 30±10 days later the increase in 

gingival height continues in T1. A possible factor that might influence the outcome at this stage might 

be gingival inflammation following an insertion of FDPs with sub-gingivally placed crown margins, 

which has been reported previously. (4-6) 
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In the dental literature, there are no studies reporting on the influence of Expasyl
®
 on the height of 

the gingival margin. Furthermore, there is only one clinical trial on humans where gingival recession is 

measured after impression-taking. This trial compared electro surgery displacement technique to 

copper band retraction and cord retraction (type of cord technique was not specified). Histological 

samples were collected and free gingival margin recession was investigated. Results indicated that 

healing in copper band and cord groups occurred sooner than in the patients undergoing electro 

surgical retraction. In addition, gingival recession was significantly more (0.6 ± 0.2 mm) in the surgical 

group than in the copper band (0.1 ± 0.1 mm) and cord (0.2 ± 0.1 mm) groups. The cord group 

showed more tissue damage and more gingival recession than the copper band group but both 

healed completely within eight days. The difference between the two groups was not significant. (24) 

The extent of recession measured with the cord technique in that study is comparable to the results of 

the double cord technique in the present study (0.087 (95% C.I. -0.160 - -0.014)). Additionally, two 

animal studies have assessed the amount of gingival recession using the cord technique. Azzi et al. 

(1983) performed an animal study comparing rotary gingival curettage, electro surgery, and cord, and 

tested those methods with respect to the periodontium. They performed both clinical and histological 

evaluation. The cord caused the least damage to the periodontal tissues in terms of recession and 

attachment loss. No recession was observed in the cord group. (25) Stark et al. (1977) also conducted 

an animal study where gingival recession was assessed after different retraction techniques. Cord 

retraction revealed no gingival recession. (37) The results of these studies can give important 

information regarding the efficacy of these methods on humans. The result of the present study 

indicate that minor gingival recession may be expected in about one third of the cases using the 

double-cord method for temporarily retracting the gingival tissue. However, clinical importance of the 

possible minor recessions may be insignificant. Additionally, studies have shown that if a cord is 

carefully placed in the gingival sulcus, there is no irreversible soft-tissue destruction. (34-36) 

During the preparation phase of the study, the decision was made to add a second test group to 

the study (T2) as an alternative to the other two groups. Based on the clinical experience of the 

protocol makers, it could be hard to achieve a perfect impression with Expasyl
®
 alone as a gingival 

deflector in certain cases. However, one might have speculated that clinical gingival recession would 

be less with Expasyl
®
 than with the conventional cords. The buccal region of the gingival margin is, in 

many cases, aesthetically important. For those reasons, the decision was made to add the technique 

used in T2, where a cord was inserted mesially, distally, and orally, but not buccally, into the gingival 

crevice. Expasyl
®
 was then applied into the crevice all around the prepared tooth.  

In the present study, where applicable, a buffered 14% aluminum chloride solution (Hemodent
®
) 

and 20% ferric sulfate solution (Viscostat
®
) were used for soaking retraction cords. Expasyl

®
 contains 

15% aluminum chloride. Aluminum chloride has been proven effective and safe as a gingival 

retraction medicament. The results of an animal study performed by Woycheshin (1964) gave an early 

indication that aluminum chloride is effective in tissue shrinkage. (31) Soaking retraction cords in 

aluminum chloride has since been proven to be effective in both hemorrhage control and gingival 

retraction. (48) A 15-20% ferric sulfate solution will provide a good haemostatic effect without 

irreversible tissue damage. To get the optimum haemostatic effect the cord should stay in the sulcus 
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for 1 to 3 minutes. However, the lateral opening of the sulcus can be compromised because of the 

short time utilized. (17, 61) 

 

5.1 Patients' perception 

The mean VAS score for the 15 subjects that reported pain or discomfort after the clinical procedure 

was 27 and the median was 22 (range 3-62). The incidence of post-operative pain and the amount of 

pain reported was lowest in T1. The mean VAS score was 15 and the median was 16 (range 4-25). 

Four patients reported feeling pain after the treatment but only two patients reported taking pain 

medication because of it. In T2, the mean VAS score was 35 and the median was 42 (range 3-62). 

Five patients reported feeling pain after the treatment and two patients took pain medication. In C, the 

mean VAS score was 29 and the median was 33.5 (range 4-50).  Six patients reported feeling pain 

after the treatment but only one took pain medication. There was no significant difference between the 

groups (p=0.16, 0.27, 0.64). 

There are no studies available in the dental literature on patients' perception of gingival 

displacement procedures. The results of the present study indicate that the patients' discomfort after 

the impression taking is minor, as only 24% of the patients reported some discomfort that did not 

markedly affect his or her daily routine, and only 8% of the patients had to take pain medication. Tooth 

vitality did not influence the amount of discomfort reported by the subjects. 

It is difficult to conclude anything with certainty with respect to pain or discomfort after the clinical 

procedure as there are several other factors that influence the outcome, such as depth of the 

preparation finishing line and patients' pain threshold. 

 

5.2 Technical aspects 

The technician making the final restoration evaluated the quality of the impression material and the 

easiness of making the master cast. The mean score on the VAS for the difficulty of making the 

master cast was 84. The median was 95 (range 0-100). The technicians were also asked to give their 

opinion on the impression material condition and in 97% of cases reported it to be in good condition. 

In T1, the mean score on the VAS for the difficulty of making the master cast was 79. The median 

was 85 (range 0-100). In all cases the impression material was in good condition. In T2, the mean 

score on the VAS for the difficulty of making the master cast was 82. The median was 93 (range 24-

100). The impression material was in good condition in all cases reported. In C, the mean score on 

the VAS for the difficulty of making the master cast was 93. The median was 98 (range 28-100). In 

92% of the cases, the condition of the impression material was good. In 8% of the cases, the 

impression material was reported as "not in good condition" but no further explanation was given.  

The idea behind T2 was to use retraction cord mesially, orally, and distally to get vertical tissue 

retraction and open up the sulcus for the Expasyl
®
 paste in order to achieve increased horizontal 

tissue retraction from the paste. The result from this study does not support this method as the quality 
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of the impressions in T2 were not superior compared with T1, where Expasyl
®
 alone was used for 

tissue retraction.   

Based on the technicians' evaluation, it was easier to prepare the master cast in the control group 

compared with group T1. Furthermore, in two subjects randomized into T1, repeated impressions 

failed because of a lack of marginal integrity. In those cases, the dentist abandoned the procedure 

and tissue retraction was achieved the traditional way, using the double-cord technique. In both cases 

a mandibular first molar was under reconstruction and the two preparations had in common a sub-

gingivally placed finishing line.  

Only one article was found that compared different retraction techniques—namely electro surgery 

and cord technique—and evaluated the quality of the impressions. Overall marginal discrepancies 

ranged between 0 µm and 200 µm but no significant difference was found between the methods used. 

(65) Furthermore, difficulty with obtaining good impressions with sulcular width under 0.2 mm has 

been demonstrated. (63) Sufficient lateral expansion of the gingival sulcus could possibly be 

compromised using only Expasyl
®
 as a retraction method, which could explain the difficulties 

encountered in taking impressions in T1 compared to C. 

In the present study, there were some reports of minor marginal irregularities in the master cast in 

both test groups (T1 and T2). Aluminum chloride was used as a cord soaking medium in the T2 case 

which reported this problem. There are not many studies that address the possible interaction 

between retraction materials or medicaments commonly used for gingival displacement and 

polymerization of the impression material. However, our results concur with the results of an in vitro 

study by O'Mahony et al. (2000). They investigated the effect of medicaments commonly used in 

gingival retraction, including aluminum chloride and ferric sulfate, on the surface detail reproduction of 

polyvinyl siloxane impressions. The results were that the medicaments did not significantly affect the 

dimensional accuracy of the impression, but they had a significant adverse effect on surface detail 

reproduction. (66) Another in vitro study tested medicaments commonly used in gingival retraction, 

including aluminum chloride and ferric sulfate, and the results were that none of them appeared to 

have any inhibitory effect on the polymerization of polyvinyl siloxane impression material used in the 

study. (62)  

 

5.3 Strengths and limitations of the study 

This study was a randomized controlled clinical trial with a relatively high number of participants and 

thus is likely to accurately reflect the true population. Even though more than twenty patients were 

recruited per group, it still remains an unanswered question whether the study has enough statistical 

power to detect small but clinically relevant differences. Because the present study is the first of its 

kind on this particular subject it was difficult perform power calculation in advance. Most of the 

available evidence in this area has been gathered from in vitro and animal studies, although a few 

articles from human studies are available.  

In the present study it was decided to use the tooth as a unit of observations and not the patient. 

However, for practical reasons a maximum of two teeth per subject were included. It can be argued 
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that it is more appropriate to use the patient as a unit of observation to limit the influence of patient 

related systemic factors. This was discussed during the preparation phase of the present study. It was 

decided to use the tooth as the unit of observation, because there are not many obvious patient 

related factors, apart from the included measurable factors like gingival thickness and height of the 

keratinized tissue, which could influence the study outcome.    

The present study was conducted largely in private practices, by several dentists, and under 

traditional private practice time pressure. Therefore it was more difficult to standardize the procedure 

in details, but on the other hand the results should be more easily transferable to real situations in the 

daily practice. For example it was left up to the clinician to decide whether the retraction cords were 

soaked in astringent media before use or not. The two astringent medicaments utilized in this study 

were 14% aluminum chloride and 20% ferric sulfate which are comparable and have not been shown 

to have any irreversible impact on the gingival tissue in previous studies. The methodology used in the 

present study has not been previously employed in evaluation of gingival position after impression-

taking. The images of the study casts were taken using standardized equipment, where compared 

study casts were mounted in the exact same position in 90° anglulation in front of a fixed-position 

camera with a fixed distance of 30 cm. Nevertheless, some minor adjustments of the overlapping 

images were occasionally necessary using the digital imaging software. Several matching structures 

were in the images being compared, which made the minor adjustments easy to perform. This 

methodology made extensive distortion-free enlargement of the images possible, which allowed for 

the measurement of small distances with accuracy. Such technology eliminates the unavoidable 

measurement inaccuracy involved when using a periodontal probe. 

Possible factors that might have distortive effects on the study results must, however, be 

mentioned. First of all, alginate impression material was used (irreversible hydrocolloid impression 

material) for the fabrication of the study casts. Alginate is based on a natural substance extracted from 

seaweed. Benefits of using alginate are that it is easy to manipulate, it is relatively comfortable for the 

patient, and it is inexpensive. Most alginate impression materials, however, are not capable of 

reproducing the finer details that are observed in impressions with other elastomeric impression 

materials. For optimum results, alginate impression material must be handled with care and 

manipulated according to instructions. When exposed to air at room temperature after removal, 

shrinkage occurs. Thus, the impression should be exposed to air for as short a time as possible and 

should be stored in 100% relative humidity to reduce the dimensional change of the impression. 

Additionally, it must be poured within a short amount of time after removal. Several other factors could 

affect the accuracy the alginate impression, such as the method of storage, the W/P mixture, the 

mixing method and time, contaminants during mixture, and an improper amount of time in which the 

alginate remains in contact with the gypsum. (67) 

The type of stone used for pouring impressions in the study is dental stone of type II. However, 

regardless of the type of gypsum, a setting expansion is detected due to the crystallization 

mechanism, where the crystals impinge and result in a production of micropores, which increases 

volume. Miscellaneous factors can affect setting expansion. For example, lower W/P ratio and longer 

mixing time increase the setting expansion. However, the expansion is effectively minimized by 
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manufacturers through the addition of chemicals. The compression strength of stone is inversely 

proportional to the W/P ratio. Thus, it is important to keep the amount of water as low as possible, 

without preventing it from flowing into every detail of the impression. Furthermore, if the cast surface is 

not hard and smooth when it is removed from the impression, its accuracy is unknown. Once the 

setting reaction is completed, its dimensions will be relatively constant under ordinary conditions of 

room temperature and humidity. Gypsum products are sensitive to changes in humidity in the 

environment. Thus, care must be taken to remove the alginate impression soon after the setting of the 

gypsum is completed; otherwise it absorbs the fluid from the impression material. (67) 

Temporary crowns are another factor that might distort the results. It is difficult to standardize the 

making of provisional crowns. Marginal discrepancy can cause soft tissue inflammation and 

consequently affect the height of the gingival margin during and shortly after the provisional stage of 

the restoration process. This might happen with crowns where sub-gingival placement of the finishing 

line is necessary, which is normally for aesthetic reasons. Donaldson (1974) found a direct 

relationship between the pressure applied to the gingival margin, caused by an overextension of the 

provisional crown, and recession of the gingival margin. (20) Therefore, to ensure gingival health and 

avoid unwanted changes in the free gingival margin, the provisional crown must fit perfectly to the 

preparation margin. A natural anatomic contour of the provisional crown is also important for the 

purpose of shedding food away from the gingival sulcus and thus minimizing possible soft-tissue 

trauma and recession. (20) 
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6 Conclusion 

The results of this prospective, randomized, controlled clinical trial indicate that minor gingival 

recession (0.5 mm) is more likely to occur when conventional cotton cords are used to temporarily 

retract the gingival tissue before impression is taken, compared with newer paste technique utilized 

for temporary gingival retraction. However, when impressions are made, utilizing the double-cord 

technique, the dental technician judged the fabrication of the master cast easier compared to when 

the newer paste technique is used. 
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Undirbúningur tannholds fyrir máttöku “multi-center” rannsókn 
(RCT), þar sem notkun bómullarþráðs einn og sér, álklóríð-kvoðu eina 

og sér og blanda af álklóríð-pasta og bómullarþræði er borin saman 
 

Upplýsingar til þátttakenda  

 

 

Kæri viðtakandi, 

 

Fyrirhugað er að hefja ofangreinda rannsókn á vegum Háskóla Íslands og nokkurra 
tannlæknastofa. 

 

Rannsakendur eru Bjarni Elvar Pjetursson, fagstjóri í munn-og tanngervalækningum og 
dósent við tannlæknadeild Háskóla Íslands  hann er jafnframt ábyrgðarmaður 
rannsóknarinnar og leiðbeinandi, vinnustaður Háskóli Íslands,  sími 525-4871 og tölvufang 
bep@hi.is og nemandi hans, Erna Rún Einarsdóttir, tannlæknir og meistaranemi við Háskóla 
Íslands, en rannsóknin er námsverkefni hennar. 

 

Markmið og tilgangur rannsóknarinnar: 

Til að hægt sé að smíða tanngervi sem passa þarf óaðfinnanlega er nauðsynlegt að 

máttakan heppnist vel. Til að ná fullkomnu máti þarf að ýta tannholdinu tímabundið til 

hliðar (retraction) til að mátefnið nái að flæða að tannskurðarbrúnum. Áratugum saman 

hefur helsta aðferðin verið sú að pakka bómullarþræði (retraction cord) niður í tannholds-

súlkus til að skapa pláss fyrir mátefnið. Fyrir 7 árum kom fram ný aðferð, þ.e. að nota kvoðu 

(Expasyl®) sem á að hafa svipaða virkni og bómullarþræðirnir. Fram að þessu hefur 

notagildi þessa retractions – kvoðu ekki verið rannsakað til hlítar og hún hefur aldrei verið 

borin saman við hina klassísku aðferð.  

 

Markmið meistaranámsverkefnisins er að gera samanburð á þremur mismunandi 

aðferðum við að undirbúa máttöku við gerð tanngerva í rannsókn á hæsta evidence level 

(randomized controlled clinical trial). 

 

Fyrirhugað er að 90 einstaklingar allir yfir 18 ára í þörf fyrir tanngervi verða valdir og 

skipt í þrjá jafnstóra hópa af handahófi (randomized).   

mailto:bep@hi.is
http://leit.hi.is/search?access=p&output=xml_no_dtd&ie=UTF-8&client=default_frontend&proxystylesheet=default_frontend&proxycustom=<HOME/>
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 Í fyrsta hópnum verða bómullarþræðir notaðir til að ýta tannholdinu frá (The Golden 
Standard). 

 

 Í öðrum hópnum verður bæði grannur þráður og retractions-kvoðan notuð.  
 

 Í þriðja hópnum verður eingöngu retractions-kvoða notuð til að ýta tannholdi frá.   
 

 

Þetta verður „multi-center“ rannsókn sem mun fara fram við tannlæknadeild Háskóla 

Íslands og á fimm einkareknum tannlæknastofum í Sviss og á Íslandi en þar eru 

þátttakendur fundnir. Til að meta áhrif þess að ýta tannholdinu frá fyrir máttöku verða 

gerðar mælingar fyrir máttöku, við ísetningu tanngervis (ca. tveimur vikum eftir máttöku) 

og svo einum mánuði eftir endanlega ísetningu tanngervis. 

 

 

Hvað felst í þátttöku, hvar fer rannsóknin fram: 

 

Val á þátttakendum í rannsóknina verður háttað þannig að þeir sem eru að fá sér fast 
tanngervi á eigin tennur á viðkomandi tannlæknastofum verða beðnir um að taka þátt.  
Síðan verður ákvarðað af handahófi í hvaða flokk viðkomandi verður settur.  Ekki verður 
um verulegan aukatíma fyrir viðkomandi að ræða með þátttöku, aðeins fer fram auka-
máttaka sem tekur venjulega 2-3 mínútur.   

 

Upplýsingar sem þátttakandi gefur í rannsókninni – trúnaður rannsakenda: 

Taka skal fram að þátttakendum er frjálst að hafna þátttöku eða hætta í rannsókninni á 
hvaða stigi sem er, án útskýringa og án afleiðinga á aðra meðferð. 

 

Ef þú hefur spurningar um rétt þinn sem þátttakandi í vísindarannsókn eða vilt hætta þátttöku í 

rannsókninni getur þú snúið þér til Vísindasiðanefndar, Vegmúla 3, 108 Reykjavík. Sími: 551-7100, 

fax: 551-1444. 

 

Allar upplýsingar sem þátttakendur veita í rannsókninni, verða meðhöndaðar samkvæmt reglum um trúnað og nafnleynd 

og farið að íslenskum lögum varðandi persónuvernd, vinnslu og eyðingu gagna.  Öllum rannsóknargögnum verður eytt að 

rannsókn lokinni.   

 

 

Ávinningur og áhætta/óþægindi fyrir þátttakendur: 

Ekki er talin vera áhætta eða möguleg óþægindi  samfara þessari rannsókn.  
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Ekki verður um neinar greiðslur að ræða til þátttakenda í rannsókninni. 

 

Fyrirhugað er að birta niðurstöður rannsóknarinnar í fagtímaritum en öll umfjöllun og 
niðurstöður verða ópersónugreinanlegar með öllu og ekki hægt að rekja til einstaklinga á 
nokkurn hátt.  

 

Rannsóknin er unnin með samþykki Vísindasiðanefndar og tilkynning hefur verið send 

til Persónuverndar.  

 

 

Kær kveðja, 

með von um góðar undirtektir, 

 

 

 

_______________________________             _________________________________ 

Bjarni Elvar Pjetursson, tannlæknir                                  Erna Rún Einarsdóttir, tannlæknir 

Fagstjóri í munn-og tanngervalækningum við THÍ     Meistaranemi  
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Undirbúningur tannholds fyrir máttöku - „multi-center” rannsókn (RCT), þar sem notkun 
bómullarþráðs einn og sér, álklóríð-kvoðu eina og sér og blanda af álklóríð-pasta og 

bómullarþræði er borin saman 

 

Samþykkisyfirlýsing 

 
Markmið meistaranámsverkefnisins er að gera samanburð á þremur mismunandi aðferðum við að 

undirbúa máttöku við gerð tanngerva í rannsókn á hæsta evidence level (randomized controlled 

clinical trial). 

Fyrirhugað er að 90 einstaklingar allir yfir 18 ára í þörf fyrir tanngervi verða valdir og skipt í þrjá 

jafnstóra hópa af handahófi (randomized).   

 

 Í fyrsta hópnum verða bómullarþræðir notaðir til að ýta tannholdinu frá tannskurðarbrúninni 
 

 Í öðrum hópnum verður bæði grannur þráður og retractions-kvoðan notuð 
 

 Í þriðja hópnum verður eingöngu retractions-kvoða notuð til að ýta tannholdi frá 
tannskurðarbrúninni 

 

Með undirskrift minni staðfesti ég hér með að ég hef lesið upplýsingarnar um rannsóknina sem 

mér voru afhentar, ég hef fengið tækifæri til að spyrja spurning um rannsóknina og fengið 

fullnægjandi svör og útskýringar á atriðum sem mér voru óljós.  Ég hef af fúsum og frjálsum vilja 

ákveðið að taka þátt í rannsókninni.  Mér er ljóst, að þó ég hafi skrifað undir þessa 

samstarfsyfirlýsingu, get ég stöðvar þátttöku mína hvenær sem er án útskýringa og án áhrifa á þá 

læknisþjónustu í framtíðinni. 

 

Mér er ljóst að rannsóknargögnum verður eytt að rannsókn lokinni.  

 

________________________________________ 

Dagsetning 

 

________________________________________ 

http://leit.hi.is/search?access=p&output=xml_no_dtd&ie=UTF-8&client=default_frontend&proxystylesheet=default_frontend&proxycustom=<HOME/>
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Nafn þátttakanda 

 

Undirritaður, starfsmaður rannsóknarinnar, staðfestir hér með að hafa veitt upplýsingar um eðli og 

tilgang rannsóknarinnar, í samræmi við lög og reglur um vísindarannsóknir. 

 

________________________________________ 

Nafn þess sem leggur samþykkisyfirlýsinguna fyrir 
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Temporary tissue retraction before impression taking 

 

 

Visit # 1 - Baseline examination 

 

 

Patient name:____________________________      Date of birth:_____________ 

 

Planned reconstruction:_______________________________________________ 

 

Date:_______________         Dentist:____________________________________ 

 

 

Tooth:________        Mobility:________ (Miller Index: 0 - 3) 

  

 mb b db mo o do 

Margo gingivae       

Probing depth       

BOP       

Gingival thickness       

Keratinized gingivae       

 

 

Status of abutment tooth: 

 

 Yes No  

Endodontically treated    

    

Crown    

Fillings    

Post and core    

    

Surgical crown lengthening   Date: 
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Periodontal surgery   Date: 

 

 

Reminder: 

 

 Yes No  

Photograph taken     

Visit # 2 scheduled    

 

 

 

 

 

 

Expasyl vs. Retraction cord 

 

Visit # 2 - before impression taken 

 

 

Patient name:____________________________      Date of birth:_____________ 

 

Planned reconstruction:_______________________________________________ 

 

Date:_______________         Dentist:____________________________________ 

 

 

Randomization:________       A: Expasyl 

                                                B: Tread and Expasyl 

                                                C: Double tread technique 

 

 

 

Number of impressions taken:_______ 

 



  

71 

Comments: 

 

 

 

 Yes No  

Astringent media used   Type: 

 

Reminder: 

 

 Yes No  

Photograph taken     

Study cast #1 made    

Questionnaire for the technician    

Pain questionnaire for the patient   For the following day 

Visit # 3 scheduled    

 

 

Visit # 3 - time of cementation 

 

 

Date:_______________    

 

Reminder: 

 

 Yes No  

Photograf taken     

Study cast # 2 made    

Study cast # 3 made    

Pain questionnaire collected    

Visit # 4 scheduled    
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Expasyl vs. Retraction cord 

 

Visit # 4 - 30±10  days after cementation 

 

 

Patient name:____________________________      Date of birth:_____________ 

 

Planned reconstruction:_______________________________________________ 

 

Date:_______________         Dentist:____________________________________ 

 

 

Tooth:________        Mobility:________ 

  

 mb b db mo o do 

Margo gingivae       

Probing depth       

BOP       

 

 

 

Reminder: 

 

 Yes No  

Photograph taken     

Study cast # 4 made    
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Temporary tissue retraction before impression taking 

Spurningalisti þátttakenda 

 

Nafn sjúklings:      Fæðingadagur: 

 

Plönuð tanngervi: 

 

Dagsetning:     Tannlæknir: 

 

 

 

Hafðir þú tannverk eftir máttökuna: 

 

Já            Nei   

 

 

 

Ef þú hafðir tannverk, gerið svo vel að merkja styrkleika verksins inn á línuna: 

 

 

Enginn           Óbærilegur 

verkur            verkur 

            

 

 

Hve lengi stóð verkurinn yfir? 

 

< 1 klukkustund: 

> 1 klukkustund: 

> 1 dag: 

> 2 daga: 

 

Athugasemd: 
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Þurftir þú að taka verkjalyf vegna tannverksins?  

 

Já            Nei   

 

Ef svarið var já, hversu oft og hvaða verkjalyf? 

 

1 töflu á dag:          Nafn verkjalyfsins: 

2-3 töflur á dag:  

> 3 töflur á dag:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

75 

 


