
• Vacuum-formed retainers (VFR) and Hawley retainers are the
most commonly used removable retainers.1

• Microbial plaque and specific bacteria found in high
concentrations in the mouths of many patients, particularly
orthodontic patients, are the primary causes of caries, gingivitis,
and periodontitis.

• Inadequate evidence exists to recommend a way of storing
removable retainers. As a result, clinicians give conflicting
advices to their patients about retainer wear and care.
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Aim
To evaluate the effects of storage conditions on the microbial
adhesion, physical and mechanical properties of vacuum-formed
and acrylic retainer materials.

Objectives
1. To compare the adhesion affinity of microorganism to

removable retainer materials in wet and dry storage
conditions.

2. To compare the surface roughness of removable retainer
materials in wet and dry storage conditions.

3. To compare the sorption of removable retainer materials in
wet and dry storage conditions.

4. To compare the flexural strength of removable retainer
materials in wet and dry storage conditions.

Figure 1: Flowchart of experiment protocol

• Although the dimensions of the samples have been
standardised, the properties of the two retainer materials have
always been significantly different. As a result, comparisons
between samples should be interpreted with caution.

• This study finds PETG in dry condition has the least bacterial
adhesion. This is important factor in retainer material
consideration as bacterial growth promotion causes carious
lesions and denture-like stomatitis.3

• It has been hypothesised that surface roughness influences
the quantity of microbial colonisation because surfaces with
greater surface roughness have a larger surface area.
However, no significant difference of surface roughness of the
retainer materials when stored in either wet or dry conditions.

• Polymer materials absorb water from the air or immersion in
water, thus causing morphological changes related to
hydrolytic degradation. Additionally, PETG is known to be high
water absorption polymers with hygroscopic expansion.4,5

In conclusion, dry storage conditions had less microbial adhesion
and water sorption than wet storage conditions for PMMA and
PETG. There were no differences in surface roughness and
flexural strength/modulus between dry and wet storage
conditions.
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RESULTS 

Dependent 
variable

N PMMA
Mean (SD)

PETG
Mean (SD)

p-value

Microbial adhesion 
(CFU/ml)

5 0.528 × 106

(0.058 × 106)
0.042 × 106

(0.013 × 106)
<0.001

Surface roughness 
(Ra)

5 164.18
(60.01)

25.04
(14.21)

0.001

Weight (g) 10 0.350
(0.052)

0.188
(0.0.21)

<0.001

Flexural strength 
and modulus 
(Mpa)

5 80.00
(20.77)

5372.27
(1173.72)

<0.001

Study 
design Experimental in vitro study.

Study 
settings 

Faculty of Dentistry, Universiti Malaya, Kuala
Lumpur, Malaysia

Study 
samples 

Polyethylenterephthalate glycol modified (PETG)
and polymethyl methacrylate (PMMA).

Sample size 
calculation 

20 samples were prepared, alpha error equivalent to
0.05, study power equivalent to 95%, type of test is
two-sided, effect size equivalent to 1.27.2

Sample 
groups 

1) 5 x PMMA stored in wet condition, 2) 5 x PMMA
stored in dry condition, 3) 5 x PETG stored in wet
condition, and 4) 5 x PETG stored in dry condition.

Data 
analysis

• Independent sample t-test.
• Two-way Analysis of Variance (ANOVA)
• Statistical significance set at p ≤ 0.05.

Material preparation 
PMMA, PETG [ISO 20795-1 (2013)]

Artificial saliva (AS) and bacterial suspension preparation
S. mutans (ATCC 25175), S. sanguinis (ATCC BAA1455) and S. 
mitis (ATCC 49456) from American Type Cell Culture (ATCC, 

USA).

Baseline tests
Microbial adhesion (8 hours), surface roughness, sorption and 

flexural strength/modulus tests.

Storage conditions
Samples incubated at 37°C in a mixture of AS and bacteria for 8 
hours, brushed with standardised strokes for 10-15 seconds and 

cleaned with distilled water, wet group samples in distilled 
water, dry group samples in a dry container (desiccator) for 14 

hours. Repeated daily for 14 days.

14th day 
Microbial adhesion, surface roughness, sorption and flexural 

strength/modulus tests.

Microbial 
adhesion 
(CFU/ml)

Material Condition Mean (SD) p-value
p-value

(interaction)

PMMA
Dry

5.040 ×106

(1.053 × 106) <0.001a

<0.001b
Wet

10.580 × 106

(1.681 × 106)

PETG
Dry

0.035 × 106

(0.009 × 106) 0.006a

Wet
0.069 × 106

(0.018 × 106)

Surface 
roughness 

(Ra)

PMMA
Dry 179.24

(53.53) 0.517a

0.659b
Wet 1255.14

(244.71)

PETG
Dry 45.52

(28.61) 0.257a

Wet 70.26
(35.13)

Water 
sorption 

(Wsp)

PMMA
Dry

0.017
(0.006) 0.031a

0.020b
Wet

0.029
(0.008)

PETG
Dry

0.015
(0.006) 0.008a

Wet
0.068

(0.033)

Flexural 
strength/ 
modulus 

(Mpa)

PMMA
Dry

97.35
(20.22) <0.001a

0.593b
Wet

35.55 
(9.23)

PETG
Dry

3375.73
(713.71) 0.538a

Wet 2966.60 
(1231.29) 

Table 1: Baseline characteristics of retainer materials 

a Independent sample t-test, p value = 0.05
b Two-way ANOVA, p value = 0.05

Independent sample t-test, p-value = 0.05

The experiment was conducted over 14 days with a simulated
part-time retainer wear protocol (Figure 1).

The data was assumed to be of a normal distribution based on
Shapiro-Wilk normality test and skewness test. Baseline
characteristics of the two retainer materials were significantly
different for all parameters (Table 1).

Results displayed in Table 2 shows PMMA has a higher microbial
affinity and surface roughness compared to PETG. The microbial
affinity also significantly increases in wet storage condition. Both
PMMA and PETG absorbs water when stored in wet condition
with PETG exhibiting a significant increase. Two-way ANOVA
indicated there is a significant interaction between retainer storage
conditions with microbial adhesion and water sorption.

Table 2: Two-way ANOVA comparison on storage 
conditions and microbial adhesion, surface roughness 

water sorption and flexural strength/modulus.

Figure 2: Atomic force microscope images of PMMA and PETG

PMMA dry PMMA wet PETG wetPETG dry

The surface roughness of PMMA is much higher than PETG but
there is no significant difference between dry and wet storage
conditions in either group. The atomic force microscope images
are displayed in Figure 2.


