Folia Medica 65(3):447-452
DOI: 10.3897/folmed.65.e83093

tha medica

Comparative Analysis of Tensile Strength
between Three Types of Retraction Cords

Desislava R. Makakova?!, Svetlin Alexandrov!, Angelina Vlahova!
! Department of Prosthetic Dentistry, Faculty of Dental Medicine, Medical University of Plovdiv, Plovdiv, Bulgaria

Corresponding author: Desislava R. Makakova, Department of Prosthetic Dentistry, Faculty of Dental Medicine, Medical University of Plovdiv,
3 Hristo Botev Blvd., 4000 Plovdiv, Bulgaria; Email: d.makakova@abv.bg; Tel.: +359 893 300 024

Received: 6 Mar 2022 ¢ Accepted: 7 June 2022 ¢ Published: 30 June 2023

Citation: Makakova DR, Alexandrov S, Vlahova A. Comparative analysis of tensile strength between three types of retraction cords.
Folia Med (Plovdiv) 2023;65(3):447-452. doi: 10.3897/folmed.65.83093.

Abstract

Introduction: Gingival retraction is the withdrawal of the marginal gingiva away from the tooth. This procedure creates a space between
the prepared tooth and the gingival tissues to catch more fine details of the impression material. The most common retraction device
used in clinical practice is the retraction cord.

Aim: The study aims to evaluate the tensile strength of retraction cords designed with different braiding technology.

Materials and methods: A total of 150 experimental units were studied. They were divided into 3 groups of 50 each according to
the type of retraction cord (Ultrapak #00, braided cord without core, and braided cord with monofilament core). We tested the tensile
strength in the LMT 100 micro-tensile apparatus. The data were analyzed using SPSS v. 21. A critical significance level of p<0.05 is used.

Results: The comparative analysis of the tensile strength of the retraction cords shows a statistically significant difference between the
braided and the knitted threads (Ultrapak #00) (p<0.001). The results indicated the highest tensile strength of the cord with monofila-
ment 41.95 N/mm?, followed closely by the cord with the same cotton braid without monofilament with average strength of 39.80 N/
mm?, and last came the Ultrapak cord 22.11 N/mm?.

Conclusions: The braided retraction cords show higher tensile strength compared to the Ultrapak #00 cord, which is made using knit-
ting technology.
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INTRODUCTION

tists use the most.”12 The cords are classified according
to their composition (cotton, silk or yarn, and wool), their

The steps of making a fixed prosthesis include retraction
of the gingival tissue, imprinting of the prosthetic field
— prepared tooth, part or all of the row of teeth, together
with the adjacent tissues, and registration of the antago-
nist teeth.!'3 The first step, retraction or displacement of
the gums, often uses a mechanical element placed in the
gingival sulcus, such as a cord or paste.[*"! The aim is to
create a gap in the sulcus of about 0.2 mm."#! Studies show
that the retraction cord is the retraction device that den-

impregnation with an astringent or hemostatic solution,
and their design (twisted, knitted and braided).!3-1¢!

The success of fixed prosthetic restorations depends
largely on the health and stability of the surrounding peri-
odontal structures.!®!3 Due to aesthetic requirements, car-
ious defects, previous old restorations, additional retention
or other reasons, the edges of the fixed restorations are of-
ten located subgingivally, which necessitates correct and
detailed impressions.!!!
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The use of materials with insufficient properties, as well
as inappropriate technique for the retraction of the gin-
gival pocket can lead to irreversible changes in the gingi-
val tissues.['18] Rupture of the retraction cord during its
insertion or removal results in tearing of the tissue in the
gingival sulcus and trauma to the connective tissue.!'! The
reason for this may be the insufficient tensile strength. It is
crucial for the retraction laces and their satisfactory physi-
cochemical properties.20-21]

AIM

The objective of this study was to evaluate the tensile
strength of the two types of retraction cords made with dif-
ferent braiding technology and to compare it with a retrac-
tion cord from the market.

MATERIALS AND METHODS

The retraction cords used in this study were Ultrapak
#00 (U) - Ultradent Products, South Jordan, Utah, USA
(Fig. 1), as well as two braided retraction cords offered by
us (Fig. 2):

1. 100% cotton braided cords without core (BC)

2. 92% cotton and 8% polyamide braided cords with
monofilament core (BCM).

Figure 1. Ultrapak #00 retraction cord.

Figure 2. Braided retraction cord.

The braided cords are produced on a circular braiding
machine by Herzog (Germany) with 8 carriers using braid-
ing system. The even number of braiding carriers shapes a
round braid (Fig. 3).

Figure 3. Diagram of circular braiding machine, Herzog (Ger-
many).

The item is made in raw form and is subjected to addi-
tional physicochemical treatment and sterilization. A total
of 150 experimental units were made, 50 from each group
of retraction cords - U, BC, and BCM, according to the sil-
icone matrix we made (Silibest, BMS Italy). The prepared
prototype units were fixed on a round polypropylene pad.
A cuff of pink plaque wax 20 mm high and 1.5 cm thick was
placed around the pad. The prepared setup was filled with
laboratory silicone for model duplication (Elite Double 22,
Zhermack Italy) (Fig. 4).

After elasticizing the silicone mass, the wax prototypes
were removed, and thus the finished shape for making the
future prototypes was obtained. The tested retraction cords
were placed in the vacated nests, and they were fixed with
epoxy resin (Epovit, Vector) (Fig. 5).

The tensile strength test was performed in a LMT 100
micro-tension apparatus (LAM Industry, Italy) (Fig. 6).

The data were analyzed using SPSS v. 21. The statistical
methods used to analyze the information are descriptive
analysis by means of two-dimensional frequency distribu-
tion tables (cross-tabulation) and analysis of variance (one-
way ANOVA). A critical significance level of 0.05 is used.

RESULTS

The comparison of the average strength of the three types of
retraction cords shows that the cord with monofilament had
the highest tensile strength of 41.5+0.47 N/mm?, followed
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Figure 4. Stage of making the final matrix shape.

Figure 5. Making the final shape of the test specimens.

Comparative Analysis of Tensile Strength

Figure 6. Prototype in the retaining elements of the LMT100
micro-tension apparatus.

closely by the cord with the same cotton braid without
monofilament with average strength of 39.80+0.89 N/mm?,
and the Ultrapak cord with strength of 22.11+0.62 N/mm?.

The average tensile strength of the experimental units
was the highest in the monofilament cords compared to the
other two types - 41.95+0.41 N/mm?. With 95% confidence
interval, the average force required to break the connection
of a monofilament-core cord was 41.11 N/mm? as lower
limit and 42.74 N/mm? as upper limit. The minimum re-
ported breaking force was 33.1 N/mm? and the maximum
45.4 N/mm? (Fig. 7).

The average tensile strength of the experimental cord
without a core was 39.80+0.89 N/mm?. With 95% confi-
dence interval, the average force required to break the
connection in the case of cotton thread without core was
38.04 N/mm? as lower limit, and 41.57 N/mm? as upper
limit. The minimum reported breaking force was 23.6 N/
mm? and the maximum 50.8 N/mm?.

The average tensile strength of the experimental Ultra-
pak cords was the lowest (22.11+0.62 N/mm?) compared
to the other two types. With a 95% confidence interval, the

Figure 7. Comparison between the type of retraction cord and
the tensile strength.

Folia Medica | 2023 | Vol. 65| No. 3

449



D. Makakova et al.

average force required to break the connection of the Ul-
trapak cord was 20.86 N/mm? as lower limit and 23.36 N/
mm? as upper limit. The minimum reported breaking force
was 13.0 N/mm? and the maximum 30.5 N/mm?.

The multiple comparisons show a statistical difference
between the compared groups according to numerical
criterion. Distribution of the three groups, by analysis of
variance (one-way ANOVA), confirmed a statistical dif-
ference in the group BCM and BC, where p=0.025. When
comparing BCM and U, a statistically significant difference
was found, where p<0.001, at F=267.92. We can also con-
clude that the distribution, by analysis of variance (one-way
ANOVA), and in the comparison of BC and U, there was
a statistical difference, where p<0.001, at F=267.92. The
analysis revealed a statistically significant difference in the
comparison of the tested test specimens of the three types
of retraction cords (BC, BCM and U) for tensile strength.

DISCUSSION

Retraction cords are useful clinical aids, but there is insuf-
ficient information on the desired physical characteristics
that would preserve their integrity during tension. This
study aims to establish, under experimental conditions, the
extent to which tensile strength is influenced by the braid-
ing technology of the cords.

The obtained results show that the possible reasons for
the higher values of the tensile strength of the two threads
proposed by us (BS and BCM) compared to the Ultrapak
cord can be found in their structure and composition. The
applied effectiveness of the above retraction cords will have
its real evidence after testing the two braided cords in a
clinical environment.

One of the first studies to examine the physicochemi-
cal characteristics of retraction cords in more detail was by
Nietro-Martinez et al. Their study established the effect of
the impregnation substances and their concentrations on
the tensile strength of the retraction cords, as well as the
influence of the different diameters and number of threads
of the cords. They come to the conclusion that the standard
cotton cords are weakened when impregnated with alumi-
num sulfate and that they are even more weakened when
using ferrous sulfate.[!%)

The findings of another study by Madhok et al. are con-
sistent with those of Nietro-Martinez et al.l'! They use
aluminum and iron sulfates as hemostatic agents and con-
clude that they significantly reduce the tensile strength of
the specimens.['*20) The results of the Madhok study sug-
gest that impregnating liquids have a “degrading effect” on
the cords. The dissolution of the cotton fibers and reducing
the tensile strength of the cords may be related to the low
pH of the retraction agents they used.!?! This study exam-
ines only the relationship between the type of braiding of
the retraction cords and their tensile strength. Subsequent
studies must determine the effect of drug solutions on the
stability of the cords.

In another study by Jokstad among dentists and dental
students comparing braided and knitted cords, the knitted
retraction cord was better ranked than the braided, as one
of the evaluation criteria in this study was whether the cord
frays during placement.!'! Zhan'’s study shows good results
for braided retraction cords when placed in the gingival
sulcus and good ability to imbibate fluids.??!

Gingival retraction is a routine procedure. However, it
can cause gum injury due to improper application of the
retraction techniques.!?!! The few published studies on this
subject comment that the likelihood of tearing and wear of
the retraction cords is mainly due to their insufficient ten-
sile strength.[1>20] The present study supports the findings
of previous studies that insufficient tensile strength may be
due to the cord’s mechanical structure (twisted, knitted, or
braided), its chemical composition (cotton, silk, etc.), or
the action of a chemical impregnating agent.!1>1%:20]

The retraction cord must be strong enough to withstand
the force of manipulating the gingival tissue, inserting and
removing it from the gingival sulcus, in order to withdraw
the gums before taking an impression.

CONCLUSIONS

Based on the results of the study, we come to the conclusion
that the braided retraction cord with a monofilament core
shows the highest tensile strength, followed by the braided
thread without monofilament, while the knitted Ultrapak
#00 has the lowest tensile strength. The difference is due
to the structure and composition of the cords, which affect
the durability of the retraction cords. Our results should
be further tested in other non-clinical and clinical studies.
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Pe3tome

BBefieHne: PeTpakims iecHBI — 3TO OTBefieH)e MapPIMHAIBHOM [eCHBI OT 3y6a. DTa IMpolefypa cO3faéT MPOCTPAHCTBO MEX/Y OTIIpe-
IIapUPOBAHHBIM 3yOOM ¥ TKaHAMM ECHBI, YTOOBI YIOBUTD 60JIee MeIKIIe ieTalu OTTICKHOTo MaTepyana. Hambomnee pacnpocTpaHéH-
HBIM PeTPaKIMOHHBIM YCTPOMCTBOM, MCIIONb3yeMbIM B KIMHIYIECKOI ITPAKTIKe, ABIAETCSA PeTPaKIVIOHHAA HUTD.

Llensb: VccnenoBaHye HallpaB/ieHO Ha OLIEHKY IIPOYHOCTY Ha pacTsKeHMe PeTPaKIMOHHbBIX HUTEN, M3TOTOB/IEHHbIX C MCIO/Ib30BaHM-

€M Pa3/INYHbIX TEXHOJIOT M TIJIETEHUA.

Matepuanbl u MeTogabl: Beero 6pimo mccnenoBano 150 akcrnepuMeHTanbHbIX egyuul. OHM 6pUIM pasfeneHbl Ha 3 rpymist mo 50
JeJIoBeK B 3aBUCHMOCTH OT TUIIA PeTPaKLUMOHHOI HUTK (YbpTpamak # 00, IeTéHas HUTD 0e3 cephevHMKa U IUIeTEéHask HUTD C MO-
HOBOJIOKOHHBIM CEePIEYHIKOM). Mbl IIpoBepMIM MPOYHOCTb Ha PACTsDKEHMe B alllapare i MUKpoHaTshxkeHust LMT 100. JanHble
aHa/IM3MpoBasy ¢ ucnonb3oBanueM SPSS v. 21. Vicnonb3oBanyu KpuTnyecknit ypoBeHb 3HaunMocTu p<0.05.

Pesynbratbl: CpaBHUTENbHbIN aHAMM3 IPOYHOCTY HA PACTAXKEHNE PEeTPAKIMOHHbBIX HUTEl ITOKA3bIBaeT CTATHCTUYECKU 3HAYMMYIO
PasHUIY MeXJY IUVIETEHBIMM U TPUKOTKHBIMU HUTAMY (YnbTpanak # 00) (p<0.001). Pe3ynbpraThl IOKa3amu caMylo BBICOKYIO IIPOY-
HOCTb Ha PacTsDKeHIe HUTH ¢ MOHOBOTIOKHOM 41.95 N/mm?, 3a Heit C/lellyeT HUTb C TaKOIl 5Ke XJI0IYaTo6yYMasKHOI TeChbMOit 63 MOHO-
BOJIOKHA CO CpefHell IpoYHOCThI0 39.80 N/mm?, a nocnenHeit npét Hurb Ultrapak 22.11 N/mm?.

3akntoueHune: IlneTénsle peTPaKIIOHHbIe HUTH 00/Iafa0T 60jIee BBICOKOI IIPOYHOCTHIO0 Ha PACTSDKEHME [0 CPABHEHNUIO C HUTIMU

VYnbrpanak # 00, U3TOTOB/IEHHBIMYU 10 TEXHOIOTUM BA3AHUA.

KnwoueBble cnoBa

peTpakuuna fECHbI, (bmsl/mecxme CBOJICTBA, PETPAKIMOHHbIE aT€HTbI
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