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ABSTRACT

Background

Gingival retraction is an essential step in fixed prosthodontics for accurate impression making. Retraction
cord medicaments, used to control bleeding and tissue management, may interfere with the polymerization
of elastomeric impression materials, potentially compromising surface detail reproduction and marginal
accuracy.

Aim

To evaluate the effect of different retraction cord medicaments on polymerization inhibition and surface
detail reproduction of three different elastomeric impression materials.

Materials and Methods

Three elastomeric impression materials (addition silicone, condensation silicone, and polyether) were tested
with four retraction cord medicaments (aluminum chloride, ferric sulfate, epinephrine, and placebo control).
Standardized metal dies were prepared, and impressions were made following manufacturer instructions.
Setting time was recorded, and surface detail reproduction was evaluated using a stereomicroscope according
to ISO 4823 specifications. Statistical analysis was performed using one-way ANOVA and post-hoc Tukey
test (p<0.05).

Results

Results indicated that epinephrine-containing medicaments significantly delayed polymerization of addition
silicone (p<0.05), while aluminum chloride showed minimal interference across all materials. Polyether was
least affected by all medicaments tested. Surface detail reproduction was significantly compromised when
polymerization inhibition occurred, particularly in condensation silicone with ferric sulfate medicaments.
Conclusion

Retraction cord medicaments have variable effects on polymerization and surface detail reproduction of
elastomeric impression materials. Aluminum chloride demonstrated the most compatible profile across all
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materials tested. Clinicians should consider the interaction between retraction medicaments and chosen
impression material to ensure optimal marginal accuracy and prosthesis fit.

Keywords: Gingival retraction, Elastomeric impression materials, Polymerization inhibition, Surface detail
reproduction, Retraction cord medicaments, Addition silicone, Polyether.
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INTRODUCTION:

The accuracy of dental impressions is
fundamental to the success of indirect restorations
and prostheses, as any discrepancy during
impression making may be transferred to the final
restoration, resulting in marginal inaccuracies,
and compromised clinical outcomes. Elastomeric
impression materials are widely used in
contemporary dentistry because of their superior
surface detail reproduction, elastic recovery, and
dimensional stability [1].

Impression making has evolved considerably
from the early use of beeswax, plaster of Paris,
and thermoplastic materials to the development of
advanced impression techniques and materials.
The introduction of elastomeric impression
materials, including polysulfide, condensation
silicone, polyether, and addition silicone,
represented a  major advancement in
prosthodontics. Among these, addition silicone
(polyvinyl siloxane) is considered the material of
choice because of its excellent dimensional
stability, minimal polymerization shrinkage, and
absence of volatile by-products [2-4].

Accurate recording of subgingival finish lines
often requires gingival displacement to provide
adequate access and visibility. Early mechanical
methods using copper bands and plain retraction
cords were associated with limited hemorrhage
control and potential tissue trauma. Consequently,
chemico-mechanical retraction techniques were
introduced, in which retraction cords are
impregnated with medicaments to improve tissue
displacement and hemostasis. Commonly used
agents include epinephrine, aluminum chloride,
and ferric sulfate [5,6].

The performance of elastomeric impression
materials is influenced not only by their inherent
properties but also by clinical variables. Studies
have  demonstrated  that  environmental

contamination,  particularly  moisture  and
chemical residues, can adversely affect surface
detail reproduction and dimensional accuracy
[7,8]. Gingival retraction medicaments may
remain on tooth surfaces and interact with
impression materials during setting, potentially
affecting their physical properties and clinical
performance [9,10].

Several investigations have reported that gingival
retraction medicaments can interfere with the
polymerization of elastomeric impression
materials, particularly polyvinyl siloxanes.
Residual medicament traces may inhibit or delay
polymerization, resulting in compromised surface
detail reproduction and reduced dimensional
accuracy [11]. Surface detail reproduction is a
critical property because it determines the ability
of an impression material to accurately record fine
anatomical structures and preparation margins.
Adverse  interactions  between  retraction
medicaments and impression materials may
therefore negatively influence the quality of
definitive restorations [12].

Dimensional stability may also be affected by
medicament  contamination.  Variations in
medicament composition and concentration have
been associated with surface irregularities and
dimensional changes in elastomeric impressions,
suggesting that chemical interactions during
setting may compromise clinical accuracy [13].
Furthermore, comparative studies have shown
that different elastomeric materials exhibit
varying levels of resistance to these effects,
emphasizing the importance of evaluating
multiple impression materials under standardized
conditions [14].

The effectiveness of gingival retraction is also
influenced by the absorption characteristics of
retraction cords. Differences in cord composition,
medicament concentration, and exposure time can
affect the amount and distribution of medicament
delivered to the gingival sulcus, thereby
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influencing both tissue displacement and potential
interactions with impression materials [15,16].
Clinical studies have further demonstrated that the
choice of gingival displacement system affects
tissue response, hemostasis, handling
characteristics, and overall clinical effectiveness
[17-19].

Recent systematic reviews have emphasized the
importance of gingival retraction systems in
achieving accurate impressions for fixed
prosthodontic procedures. Although chemical
retraction agents provide effective hemorrhage
control and sulcular enlargement, residual
medicaments may adversely influence impression
material performance when not adequately
removed from prepared tooth surfaces [20,21].

Despite continuous advancements in gingival
displacement systems and elastomeric impression
materials, most studies have evaluated these
factors independently. Limited evidence exists
regarding the combined influence of commonly
used gingival retraction cord medicaments on
polymerization behaviour and surface detail
reproduction of different elastomeric impression
materials. Therefore, a systematic evaluation of
these interactions is necessary to improve material
selection and clinical outcomes, forming the basis
of the present in vitro study.

AIM

To test and compare the
influence of gingival retraction cord
medicaments on the polymerization
inhibition and the reproduction of
surface detail of elastomeric impression
materials.

OBJECTIVES
1. To check the influence of the

gingival retraction cord
medicaments on the
polymerization inhibition
addition silicone,
condensation silicone, and
polyether impression
materials.

2. To determine the Surface
reproduction of addition
silicone, condensation
silicone, and polyether
impression materials after
medicament exposure.

3. To make a comparison in the
behaviour of the three
elastomeric impression
materials in the presence of
the gingival retraction
medicaments.

MATERIALS AND METHODS

The study was approved by the Institutional
Ethical Committee, Meenakshi Ammal Dental
College & Hospita, MAHER University,
Chennai, Tamil Nadu (MADC/IEC/11/64/2024).
Study Design

This in vitro experimental study evaluated the
effect of gingival retraction cord medicaments on
polymerization inhibition and surface detail
reproduction of elastomeric impression materials.
The protocol was standardized according to ADA
Specification No. 19. The impression materials
evaluated were addition silicone (polyvinyl
siloxane), condensation silicone, and
polyether(Fig A-C).

Fig (A-C): Impression materials used in the
study (A-Addition silicone, B- Condensation
silicone,C-Polyether)
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Catalyst Gel
C-SILICONE

Preparation of Stainless-Steel Test Die

A stainless-steel test die was fabricated according
to ADA Specification No. 19. The die consisted
of a 38-mm ring-shaped metallic block with a
central 30-mm raised test surface. Three
horizontal and two vertical reference lines (2 pm
width) were engraved using an Nd:YAG laser to
evaluate surface detail reproduction [59]. A
custom metal ring was fabricated to contain the
impression material during testing. (Fig D,E).

(D-Stainless steel die-According ADA19; E-
Die assembly for impression material
containment )
Sample Size Calculation
Sample size was calculated using the likelihood-
ratio test with an alpha error of 5% and study
power of 90%. Based on assumed proportions
(p1=0.73, p2=0.27), a total sample size of 96
specimens (24 per group) was obtained.
Grouping of Samples
Ninety-six samples were divided into four groups
(n=24):

o  Group I — Aluminium chloride (5%)

e  Group II — Ferric sulphate (13.3%)

e Group III — Epinephrine (0.1%)

e  Group IV — Control (no medicament)
Each group was further subdivided into:

e  Subgroup A — Addition silicone

e  Subgroup B — Condensation silicone

e  Subgroup C — Polyether
Each subgroup contained eight samples, resulting
in 12 subgroups (4 x 3) (Figure F).
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GROUPL GROUPI e GROUPIV
ALCI-5% FeSO,-133% . Control
(n=24).

(0=24) (0=24)

ADDITION
ADDITION ADDITION SILICONE (8) ADDITION
SILICONE (8) SILICONE (8) SILICONE (8)

CONDENSATION
CONDENSATION CONDENSATION SILICONE (8) CONDENSATION
SILICONE (8) SILICONE (8) SILICONE (8)

POLY ETHER
POLY ETHER (8) POLY ETHER (8) ® POLY ETHER (8)

( F- Grouping of samples)

Application of Medicaments

The die surface was cleaned before each
procedure. Gauze moistened with aluminium
chloride (5%), ferric sulphate (13.3%), or
epinephrine (0.1%) was applied to the die surface
for 30 seconds and subsequently removed (Fig G)
The surface was dried with oil-free compressed
air for 1 minute before impression making. These
concentrations were selected because they
represent commonly used commercial gingival
retraction preparations [22-24].

5% 133 percent |

e FeS04 | | Epinephrine
| 0.1%

( G- Medicaments used in the study)

Impression Making Procedure

Addition silicone (Neopure Hydrophilic A-
Silicone Putty Fast Set), condensation silicone
(Neopure C-Silicone Putty), and polyether
(Impregum Soft, 3M ESPE) were used. Materials
were proportioned and mixed according to
manufacturers’ instructions. The mixed material
was placed within the metal ring over the test die
ensuring complete coverage of the engraved lines.

7 Catalyst
\\ 400gm

Fig (H-J):Dispensing of Impression materials
(H-Addition silicone, I- Condensation silicone,
J-Polyether)

Standardization of Pressure During Setting

A polyethylene sheet and flat metal plate were
placed over the impression material. A constant
load of 500 g was applied throughout
polymerization to standardize specimen thickness
and pressure .

Setting Conditions

The assembly was transferred to a
thermostatically controlled water bath maintained
at 32 £ 2°C. Specimens were allowed to set
according to manufacturers’ recommendations
with an additional 3-minute period, as
recommended by ADA guidelines, to ensure
complete polymerization and dimensional
stability. All samples were processed under
identical environmental conditions.

Removal and Post-processing of Samples
Following polymerization, specimens were
carefully removed, labelled, and dried. The die
surface was cleaned with alcohol for 2 minutes
before reuse. Standardized handling procedures
were followed for all samples.

IJDDT, Volume 16 Issue 60s, 2026

Page430



Evaluation of the Effect of Retraction Cord Medicaments on Polymerization Inhibition & Surface Detail
Reproduction on Three Different Elastomeric Impression Materials

The majority score of the three examiners was
considered the final score for each specimen.
RESULTS

Statistical Analysis

Data were analyzed using SPSS Version 27.0
(IBM Corp., Armonk, NY, USA). Categorical
variables were expressed as frequency and
percentage. Intergroup comparisons  were
performed using Chi-square or Fisher’s exact test
where appropriate. The association between
polymerization inhibition and surface detail
reproduction was assessed using Spearman’s rank
correlation. Examiner reliability was evaluated
using Cohen’s kappa statistics. Statistical
significance was set at p < 0.05.

A total of 96 specimens were evaluated and
allocated into four groups (n = 24): Group I
(aluminium chloride), Group II (ferric sulphate),
Group III (epinephrine), and Group IV (control).
Figures N-S illustrate stereomicroscopic
evaluation of surface detail reproduction in the
control and medicament-exposed specimens.
Stereomicroscopic evaluation of
Addition silicone -control(N) &
Test(O)

N

Fig (K-M):Gross iage of processed sample
(K-Addition silicone, L- Condensation silicone,
M-Polyether)

Evaluation of Surface Detail Reproduction
Surface detail reproduction was evaluated under a
stereomicroscope at 10x magnification.
Acceptable: Continuous reproduction of at least
two of the three horizontal lines over a minimum
length of 25 mm between the vertical reference
lines.
Unacceptable: Blurred, discontinuous, flattened ro
lines or surface irregularities affecting line
reproduction.
Evaluation of Polymerization Inhibition
Polymerization inhibition was assessed by three
blinded calibrated examiners through visual
inspection  of  specimen  surfaces  for
unpolymerized residues.
Scoring criteria:

e Score 0: Completely polymerized

e Score +: Oily uncoloured residue

removable with cotton swab
e Score ++: Oily coloured residue readily

=

S
Stereomicroscopic evaluation of

collected by cotton swab . o
Condensation silicone -control(P) &

e Score +++: Unpolymerized material Test
adherent to the specimen surface and est(Q)
collected on swab
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Stereomicroscopic evaluation of
Polyether -control(R) & Test(S)

Q

URFACE DETAIL REPRODUCTION
urface detail reproduction was assessed as
acceptable or unacceptable (Tablel,Graph 1).

Table 1: Effect of Retraction Medicaments on
Surface Detail Reproduction
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Graph 1: Surface Detail Reproduction Across ation | AIC1 ifica
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Ferric sulphate produced the highest degree of
polymerization  inhibition, followed by
aluminium  chloride, = while  epinephrine
demonstrated the least effect. Polyether showed
the greatest susceptibility to inhibition, whereas
condensation silicone was relatively more
resistant. Statistical analysis revealed significant
differences among medicament and material
groups, particularly with ferric sulphate exposure

(p < 0.05) (Graph 2).

Number of Samples

B 0t ine o
e eSS N L Cont
GrouP oup WP oue™
<, o o

Gingival Retraction Medicament

Graph 2: Distribution of Polymerization
Inhibition Scores Among Different Gingival
Retraction Medicaments

RELATIONSHIP BETWEEN
POLYMERIZATION INHIBITION AND
SURFACE DETAIL REPRODUCTION
Spearman’s rank correlation analysis
demonstrated a strong negative correlation
between polymerization inhibition and surface
detail reproduction (rs = —0.759, p < 0.001)
(Table 3; Graph 3). Increased polymerization
inhibition was associated with reduced surface
detail reproduction.

The heatmap (Graph 3) further showed that
acceptable surface detail reproduction was
predominantly  associated ~ with  complete
polymerization (Score 0), whereas higher
inhibition scores (++ and +++) were associated
with unacceptable surface detail reproduction.

Table 3: Spearman’s Rank Correlation
Between Polymerization Inhibition and
Surface Detail Reproduction

Variabl | Spear | p- Signifi | Interpr
es man's | val | cance | etation
Correla | rho ue Level

ted (rs)

Polymer | -0.759 | <0. | Signifi | Strong
ization 001 | cant (p | Negativ
Inhibitio <0.05) | e

n VS. Correlat
Surface ion
Detail

Reprodu

ction

Score 0
I
@

g &

Score +
Count of Samples

Polymerization Inhibition Score
Score

o 9 =

Score +++

Acceptable Unacceptable
Surface Detal

Graph 3: Correlation Between Polymerization
Inhibition and Surface Detail Reproduction
DISCUSSION

The present in vitro study evaluated the influence
of gingival retraction cord medicaments on
polymerization inhibition and surface detail
reproduction of addition silicone, condensation
silicone, and polyether impression materials. The
findings demonstrated that gingival retraction
medicaments adversely affected both
polymerization and surface detail reproduction
when compared with the control group. Among
the medicaments evaluated, ferric sulphate
produced the greatest adverse effect, whereas
epinephrine showed the least interference.
Addition silicone exhibited the highest resistance
to medicament-induced changes, while polyether
was the most susceptible.

The detrimental effect of ferric sulphate may be
attributed to its acidic and protein-coagulating
properties, which can leave residual deposits on
the recording surface and interfere with
impression material setting. Aluminium chloride
demonstrated a moderate effect, whereas
epinephrine showed minimal interaction with the
impression materials owing to its primarily
vasoconstrictive action and limited chemical
reactivity [23,24]. Similar observations have been
reported by Chiaraputt et al. [14], Abduljabbar et
al. [25], and Nowakowska et al. [23], who
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reported reduced surface accuracy and material
compatibility following exposure to gingival
retraction agents.

Polymerization inhibition followed a similar
pattern, with ferric sulphate producing the highest
inhibition scores and polyether showing the
greatest susceptibility. These findings are
consistent ~ with  previous  investigations
demonstrating the inhibitory effect of haemostatic
agents on elastomeric impression materials,
particularly polyvinyl siloxane systems [24,27—
31]. Residual medicaments may interfere with
catalyst activity and cross-linking reactions,
thereby affecting complete material setting.
Among the impression materials tested, addition
silicone demonstrated superior performance with
respect to both surface detail reproduction and
polymerization behaviour. Its dimensional
stability, low polymerization shrinkage, and
stable setting reaction may explain its greater
resistance to chemical contamination [32,33]. In
contrast, the hydrophilic nature of polyether may
increase its susceptibility to residual medicaments
and surface contamination, resulting in greater
polymerization inhibition and loss of surface
detail [23,34]. Condensation silicone
demonstrated intermediate performance,
consistent with previous reports [35,36].

A significant finding of the present study was the
strong negative correlation between
polymerization inhibition and surface detail
reproduction (rs = —0.759, p < 0.001). This
indicates that increased polymerization inhibition
is associated with reduced surface detail accuracy.
Adequate polymerization is essential for
achieving optimal elastic recovery, dimensional
stability, and accurate reproduction of fine surface
details. Any interference with the setting reaction
may result in surface irregularities, distortion, and
compromised impression accuracy [33,36,38].
Clinically, these findings emphasize the
importance of complete removal of gingival
retraction medicaments before impression
making. Thorough rinsing, air drying, and proper
field isolation are necessary to minimize residual
contamination and ensure optimal impression
accuracy. Careful selection of both gingival
retraction medicaments and impression materials
is essential for predictable prosthodontic
outcomes.  Although  digital  impression
techniques continue to evolve, conventional
elastomeric impressions remain indispensable in
many clinical situations, particularly where
subgingival margins are involved [39-45].

Overall, ferric sulphate demonstrated the greatest
adverse effect on polymerization and surface
detail  reproduction, whereas epinephrine
exhibited the least interference. Addition silicone
was the most resistant impression material, while
polyether was the most vulnerable. The strong
association between polymerization inhibition
and surface detail reproduction highlights the
importance of achieving complete material
polymerization to obtain accurate and clinically
reliable impressions.

CONCLUSION

Within the limitations of this in vitro study,
gingival retraction medicaments significantly
influenced the polymerization behaviour and
surface detail reproduction of elastomeric
impression materials.

Ferric  sulphate  produced the  greatest
polymerization inhibition and surface detail
deterioration, whereas epinephrine showed the
least effect. Addition silicone demonstrated
superior resistance to medicament-induced
changes compared with condensation silicone and
polyether.

A strong association was observed between
polymerization inhibition and reduced surface
detail reproduction, emphasizing the importance
of complete material polymerization for accurate
impressions. Careful selection of both gingival
retraction medicaments and impression materials
is essential to achieve predictable clinical
outcomes.
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