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ABSTRACT

Purpose: The aim of this study was to evaluate the flexural strength values of five luting cements that are
commonly used in dental restorations after exposed to hyperbaric pressure.

Material and Methods: Five luting cements (polycarboxylate cement, glass ionomer luting cement,
manual-mixed resin cement, and two auto-mixed resin cement) were prepared. (25 x 2 x 2 mm?) (n=16 for
each) The specimens were divided into two subgroups (n=8) and were exposed to hyperbaric pressure (3
atm) 20 times for 30 minutes. The control groups stored in ambient pressure. Universal testing machine
was used for flexural strength measurement with a crosshead speed of 1 mm/min.

Results: One-way ANOVA test was used for statistical analysis, the differences in flexural strength values
were additionally evaluated by Weibull Analysis. Glass ionomer and polycarboxylate cement were the
most effected resins from hyperbaric pressure changes. Regardless of the pressure changes, the highest
flexural strength values were seen for the self-adhesive resin cements and polycarboxylate cement
showed the lowest strength value.

Conclusion: Resin cements can be used for cementation of the dental restorations in divers and
individuals who are subjected to hyperbaric pressure.
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medicine
INTRODUCTION constant temperature) is inversely proportional to its
Divers, personnel working in submarines and volume. Barodontalgia and barotrauma can mostly be

hyperbaric environments may encounter dental
problems such as toothache, dislocation of
restorations as a result of atmospheric pressure
changes. Dental barotrauma refers to the effect of
pressure changes on teeth, including restorative
failure, tooth fracture, and toothache (1). Due to
barotrauma, external otitis barotrauma, barotitis
media, barosinusitis, and barodontalgia may occur
(2,3). Barodontalgia is defined as toothache caused
by barometric changes. The adverse effect of
hyperbaric pressure is based on Boyle's Law. The
pressure exerted by a gas (a given mass held at a
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seen at an altitude of 3000 m above sea level or over
a depth of 10 m (3).

Atmospheric pressure changes can influence the
adhesion and durability of luting cements (2,4-7).
Kielbassa et al. (2018) assessed the impact of
atmospheric changes on restorations (8). They
suggested auto-mixed resin modified glass ionomer
cements rather than zinc phosphate cements.
Geramipanah et al. (2016) studied retention of fiber
posts, and they reported that auto-mixed resin
cements were the least affected resins from
atmospheric pressure changes (9). Additionally,
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Gulve et al. (2012) suggested resin-modified glass
ionomer cements for cementing the orthodontic
bands (10), and Lyons et al. (1997) advised resin
cements for full-cast crowns (3).

An appropriate cementation technique is necessary
for the long-term success of restorations (11). Zinc
polycarboxylate, an acid-based reaction cement, is
commonly used as dental adhesive and cavity liner.
Besides, glass ionomer cements have been shown to
be rechargeable with fluoride ions (12). This property
makes these cements popular because fluoride can
promote remineralization of dental hard tissue (13).
On the other hand, in comparison to traditional water-
based cements, resin cements offer greater marginal
sealing, physical characteristics, and bonding
(14,15).

To the best of our knowledge, there is not any study
evaluating the flexural strength of conventional glass
ionomer luting cement (GILC), zinc polycarboxylate
cement (ZPC) and adhesive resin cements (NXS,
MXM and ZE)}—commonly used in clinical settings—
after variations in hyperbaric pressure. Therefore, this
study aims to assess the mechanical properties of
luting cements after hyperbaric pressure changes,
using the 3-point flexural strength test. The null
hypothesis was that variations in hyperbaric pressure
would not affect luting cements' flexural strength.

MATERIAL AND METHODS

Preparation of Specimens

The specimens were prepared using a teflon mold (25
X 2 x 2 mm3). The manufacturers’ directions and
manufacturers’ names for the cements are listed in
Table 1. Owing to the nature of the study (effect of
hyperbaric pressure on a dental material), ethical
committee approval was waived.

Glass ionomer luting cement (GILC) and zinc
polycarboxylate cement (ZPC) were available in
powder and liquid forms. The cements were prepared
according to the manufacturer’'s recommendation and
put into the mold. The cements were adapted to the
mold with slight pressure. The glass slide was placed
on the mold, excess cements were removed.
Auto-mixed self-adhesive resin cements (MXM, NXS)
were mixed with a tip, manual-mixed self-adhesive
resin (ZE) was mixed manually with one operator.
After mixing the pastes, cements were inserted into
the mold. The glass slide was placed on the mold.
The resins were light-cured for 40 sec (Labolight LV
lll, GC, Japan). Sixteen specimens were prepared for
each cement.
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Hyperbaric Pressure Chamber Testing

Each group was divided into two subgroups of eight
for hyperbaric pressure testing. The samples were
placed in the multi-person custom made hyperbaric
chamber (Hipertech; Hipertech, Istanbul, Turkey).
The device enabled pressure changes electronically.
The pressure cycle was adjusted to a maximum value
of 3 atm at a rate of 0.5 atm/min. So it took
approximately 6 min. to reach 3 atm. After 30 min. at
3 atm the ascending phase began at a rate of 0.5
atm/min and took approximately 6 min. to reach the
surface atmospheric pressure. This process was
repeated once a day for 20 days.

The control group was kept in ambient pressure for
20 days (n= 8 from each group).

Flexural Strength Test

Universal Testing Machine was used for flexural
strength test (Lloyd-LRX, Lloyd Instruments,
Fareham, UK). A load was applied to the center of the
samples at a crosshead speed of 1 mm/min until a
fracture occurred. The maximum force (N) and
flexural strength (mm) values of each sample were
automatically recorded in the processing unit of the
machine.

Statistical Analysis

The statistical analysis was performed using IBM
SPSS 24.0 for Windows. (SPSS Inc., Chicago, IL,
USA; SPSS Version 24.0) With the Shapiro Wilk test,
the normality of the data distribution was assessed,
and a normal distribution was found. One-way
ANOVA and the Post Hoc Tukey test were used to
assess differences between groups. For statistical
significance, P values of less than 0.05 were
accepted. For the reliability of the findings, Weibull
analysis was used. Line graphs were obtained using
the median regression method.

RESULTS

Flexural strength

Table 2 shows the mean flexural strength and min-
max values for each group. The flexural strength
values of all samples exposed to hyperbaric pressure
decreased compared to the control groups. However,
this decrease was not statistically significant. The
MXM-C group had the highest mean flexural strength
(61.54 MPa), while the ZPC-H group had the lowest
mean flexural strength (13.26 MPa). The most
affected resin by hyperbaric pressure changes was
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GILC (28.7%). Figure 1 depicts the boxplot graph for
each group.
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Figure 1. Boxplot graph of flexural stress values of each
group.

Weibull Modulus

The flexural strength values of cements tested with
different environmental pressures were further
analyzed using the Weibull analysis to understand the
statistical behavior of the strength of cements. The
Weibull analysis for cements under different
environmental pressures are shown in Table 2. MXM-
C group’s Weibull modulus was the highest and ZPC-
H group was the lowest. Weibull characteristic
strength for control groups was significantly high in all
resins (Table 2 and Figure 2).

Representative images of fracture areas of cements
are shown in Figure 3.

xural Strength (MPa)

Figure 2. Weibull plot of failure probability against stress
to failure (MPa) for each group.

DISCUSSION

The null hypothesis was rejected, as the conventional
luting cements were significantly affected by
hyperbaric changes in this study. MXM showed the
highest flexural strength values, both in control and
hyperbaric pressure group. The NXS and the ZE
group followed. GILC and ZPC group was the most
affected resin from hyperbaric pressure changes.
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Figure 3. Representative light microscopy (30x) images
of the fractured surfaces. A: ZPC-H; B: GILC-H; C: NXS-
H; D: MXM-H and E: ZE-H. Black arrows represent pores
at the cement’s surface.

In this study, flexural strength values of GILC more
decreased after exposed to hyperbaric pressure
when compared to resin cements. It has been
reported that more volumetric contraction is observed
in brittle cements such as GILC and ZPC when
compared to resin cements (3,16,17). Volumetric
contraction during polymerization can cause
microcracks inside the material. When materials are
exposed to atmospheric pressure changes, existing
microcracks and voids inside the material can
generate internal stresses that exceed the material's
cohesive and adhesive strength, resulting in a
significant reduction in the mechanical strength of the
material (3). For these reasons, brittle cements can
be expected to be more affected by environmental
pressure cycling than resin cements.

In this study GILC was the most affected resin from
hyperbaric changes. Although GILC' flexural strength
values and weibull modulus values are higher than
ZPC, the reason why it is more affected by hyperbaric
pressure changes can be explained by the
differences in the amount or size of the air voids
formed in the cement during mixing or application.
Specifically, for GILC, it has been reported that
fluoride release affects the amount of porosity (18).
However, the pores occurred in fluoride diffusion are
on the submicron scale (18,19). The expansion or
contraction of micro-voids during the pressure cycle,
due to pores and voids that may form during mixing,
may cause deterioration and weakening of the
cement layer (20). More studies are needed to
evaluate the quantities and dimension of the air-voids
and microcracks inside the cements.

Self-adhesive cements are widely used in dentistry
due to their ease of use. Using a single-step adhesive
cement reduces the hassle of moisture control and
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Table 1. Shows the composition, and manufacturer of materials used in this study.
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Materials-
Abbreviation

Manufacturer

Components

Application Method

Glass lonomer

Riva Self Cure, SDI,

Polyacrylic acid 20%-30%,

One level scoop of powder

Luting Cement Victoria, tartaric acid 10%-15%, was mixed with three drops

(GILC) Australia remainder water, of liquid, the mixing of the
fluoroaluminosilicate glass 90%-  cement was completed in
95%, polyacrylic acid 5%- 10% 90 sec.

Zinc Adhesor Carbofine, Water, Acrylic/ltaconic acid Two level scoops of

Polycarboxylate Pentron, Czech copolymer< 50%, tartaric Acid< powder were

Cement Republic 10%, Zinc oxide<90%, mixed with five drops of

(ZPC) Magnesium oxide<5%, liquid; the powder was
Aluminum hydroxide<5% and incorporated into the liquid
Pigments<1% within 30 sec.

Auto-mixed Self- Nexus Uncured methacrylate ester One turn of pastes from

adhesive resin dual-cure, Kerr, monomers, HEMA, PTU, HPO, the cement dispenser was

(NXS) Scafati, Italy free tertiary amines and benzoyl = mixed for 30 sec. to a
peroxide, inert mineral fillers, uniform consistency,
titanium dioxide, radiopaque inserted to mold with tip
agent, and pigments and light cured.

Auto-mixed Self- Maxcem Bis-GMA, UDMA, GPDM, One turn of pastes from

adhesive resin Elite glyceroldimethacrylate, mono-, the cement dispenser was

(MXM) Chroma, Kerr, di-, and multi-methacrylate co- mixed for 30 seconds to a

Scafati, Italy monomers, CQ,barium alumino uniform consistency and

borosilicate glass, fluoro alumino
silicate glass, stabilizer, others

inserted to molds with tip
and light cured.

Manual-mixed Self-

adhesive resin
(ZE)

Zenitcem, President

Dental, Germany

Barium glass, Bis-GMA,
pigments, additives, catalysts

Pastes were mixed and
inserted to molds manually
and light cured.

Abbreviations: Bis-GMA: 2,2-bis[4-(2-hydroxy-3-methacryloyloxypropoxy) phenyl]propane; CQ: DL-camphorquinone;
GPDM: glyceroldimethacrylate dihydrogen phosphate; HEMA: 2-hydroxyethyl methacrylate; UDMA:

urethanedimethacrylate.

control of primer and/or adhesive application during
cementation (21). In adhesive cements, activator and
initiator are mixed to initiate polymerization.
Campherquinone is used for light activation and
benzoyl peroxide for auto polymerization (22). The
polymerization process is delayed by inhibitors to
gain sufficient time New generation self-adhesive
cements provides two activation systems to
guarantee complete polymerization (23). In this study,
three of self-adhesive cements showed higher
flexural strength values both in control and hyperbaric
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group. This can be explained by the fact that resin
cements complete the polymerization, and their
mechanical properties are superior than conventional
cements.

Automatic mixing method is recommended for
cements to minimize the formation of pores and
bubbles as a result of air inclusion or operator-
induced during mixing. In this study, ZE group
showed lower strength values than MXM and NXS
both in control and hyperbaric group. The MXM and
NXS were mixed with a tip and dispensed into the
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Table 2. The mean flexural strength values, SDs, min- max values, Weibull modulus, Weibull Characteristics of

each group.
Groups Mean + SD Min Max Weibull Weibull
Modulus Characteristics
MXM-C 61.54+2.27 53.67 73.79 10.18 64.43
NXS-C 58.63+2.27 51.29 68.43 9.35 61.63
ZE-C 45.92+1.89 39.87 56.91 8.91 48.38
GILC-C 20.92+1.67 15.32 28.44 4.67 22.84
ZPC-C 13.70+1.20 9.65 19.52 4.35 15.03
MXM-H 58.19+2.23 51.39 65.91 9.29 61.18
NXS-H 56.47+2.71 46.98 68.39 7.77 59.86
ZE-H 42.23+2.22 33.59 51.28 7.11 44.95
GILC-H 14.91+0.95 11.37 19.54 5.95 16.03
ZPC-H 13.2611.24 7.54 18.32 3.73 14.70

MXM-C: Maxcem Auto-mixed self-adhesive resin- Control Group; NXS-C: Nexus Auto-mixed Self-adhesive resin-
Control Group; ZE-C: Zenitcem Manual-mixed self-adhesive resin- Control Group; GILC-C: Glass lonomer Luting
Cement-Control Group; ZPC-C: Zinc Polycarboxylate Cement- Control Group; MXM-H: Maxcem Auto-mixed self-
adhesive resin- Hyperbaric Group; NXS-H: Nexus Auto-mixed Self-adhesive resin-Hyperbaric Group; ZE-H:
Zenitcem Manual-mixed self-adhesive resin- Hyperbaric Group; GILC-H: Glass lonomer Luting Cement-
Hyperbaric Group; ZPC-H: Zinc Polycarboxylate Cement- Hyperbaric Group.

mold using this applicator. ZE was mixed and inserted
into the molds manually. Mixing methods may have
affected our results, as ZE showed minimum flexural
strength values among the resin cements. On the
other hand, it was reported in a previous study that
manual mixing did not affect the porosity or
mechanical properties of glass ionomer cements (24).
In addition, it was emphasized that the porosity of
manual mixing was lower than auto mixing methods
(25). Only hand-mixed conventional glass ionomer
cement was used in this study; the hyperbaric effect
of auto-mixed glass ionomer cement can be
evaluated in future studies. This may be a limitation
of our study.

In this study, GILC showed an average value for
flexural strength of 20.92 MPa for the control group
and 14.91 MPa for the hyperbaric group. The flexural
strength of GILC was determined by Mitra and
Kedrowski (1994) and Xie et al. (2000) and found
between 14.2 and 31.4 MPa values in both studies
(26,27). The variation in flexural strength values
between cements were attributed to differences in
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mixing method, surface structure, and void or particle
dimensions. Additionally, a study evaluating the
flexural strength of MXM showed a mean value of
68.4 MPa, which is similar to our results (61.54 MPa)
achieved for control and hyperbaric group in this
study (28). Besides this, Cassina et al. (2016)
assessed the flexural strength of seven different resin
cements, and they found the mean flexural strength
values of the resins between 78.1-119.0 MPa (23).
They concluded that the type of activator, initiator,
and the low degree of polymerization used in a
cement influences the degree of conversion (28,29).
Diving conditions were simulated with hyperbaric
chamber in this study. During diving the pressure
increases approximately 1 atm every 10 meters (30).
Many of the divers make recreational diving. And
most of these divers have basic level scuba diving
certificates, such as scuba diver and open water
diver. The depth limitation of these certificates are 40
feet and 60 feet. Therefore, in this study, the
hyperbaric pressure was adjusted to 3 atm, once a
day, a total of 20 times.



J Basic Clin Health Sci 2023; 7: 464-470

Dental restorations are subjected to complicated
mastication pressures, which result in significant
flexural stresses (31). The bending stress values of
cements are related to the cement content and
mechanical properties. To estimate the ability of resin
cements to resist masticatory stresses and prevent
prosthesis dislodgement and restorative failure,
flexural strength measurement is required (32).
Flexural strength test was used for evaluating the
mechanical properties of cements in this study.

CONCLUSION

Within the limitation of the present study, auto-mixed
resin cements showed higher flexural strength values
than manual mixed resin cement. Brittle cements
(GILC, ZPC) were the most affected cements from
hyperbaric pressure changes. For a dental material to
be least affected by hyperbaric pressure changes, the
air voids and microcracks inside the resin should be
minimum. To reduce the formation of air voids inside
the resin, automatically mixing methods can be
preferred rather than manually mixing during
preparing the cements.

Acknowledgement: None.

Author contribution: Data Collection: S. Ozkan Ata, N. Ata, R.
Ugurlutan; Statistical Analyses: S. Ozkan Ata, N. Ata, R. Ugurlutan;
Data Interpretation: S. Ozkan Ata, N. Ata, R. Ugurlutan; Manuscript
Preparation: S. Ozkan Ata, N. Ata, R. Ugurlutan; Literature Search:
S. Ozkan Ata, N. Ata, R. Ugurlutan.

Conflict of interests: None.

Ethical approval: This is a in-vitro mechanical study with dental
materials. There is no need any ethical committee approval.
Funding None

Peer-review: Externally peer-reviewed.

REFERENCES

1. Zadik Y, Drucker S. Diving dentistry: a review of
the dental implications of scuba diving. Aust Dent
J 2011;56(3):265-271.

2. Sadighpour L, Geramipanah F, Fazel A,
Allahdadi M, Kharazifard MJ. Effect of Selected
Luting Agents on the Retention of CAD/CAM
Zirconia Crowns Under Cyclic Environmental
Pressure. J Dent (Tehran) 2018;15(2):97-105.

3. Lyons KM, Rodda JC, Hood JA. The effect of
environmental pressure changes during diving on
the retentive strength of different luting agents for
full cast crowns. J Prosthet Dent 1997;78(5):522-
527.

4. Ata SO, Akay C, Mumcu E, Ata N. Influence of
atmospheric pressure changes on dentin bond
strength of conventional, bulk-fill and single-

469

10.

11.

12.

13.

14.

15.

Ozkan-Ata S et al. Hyperbaric Pressure Effect on Cements

shade resin composites. Diving Hyperb Med
2022;52(3):175-182.

Ozkan Ata, S., Akay, C., Mumcu, E. and Ata, N.
(2022), "Adhesion of auto-mixed and manual-
mixed self-adhesive resin cements to dentin on
exposure to long-term high-altitude pressure",
Aircraft Engineering and Aerospace Technology,
Vol. ahead-of-print No. ahead-of-print.
https://doi.org/10.1108/AEAT-03-2022-0069.
Ozkan Ata S, Akay C, Ata N. Evaluation of bond
strength of polyether ether ketone (PEEK) to
composite resin on hypobaric and hyperbaric
conditions. International Journal of Polymeric
Materials and Polymeric Biomaterials, 2022;
71:7, 540-547.

Shafigh E, Fekrazad R, Beglou AR. Impact of
various pressures on fracture resistance and
microleakage of amalgam and composite
restorations. Diving Hyperb Med 2018;48(3):168-
172.

Kielbassa AM, Miiller JAG. Hypobaric Conditions
and Retention of Dental Crowns Luted with
Manually or Automixed Dental Cements. Aerosp
Med Hum Perform 2018;89(5):446-452.
Geramipanah F, Sadighpour L, Assadollahi R.
The effect of environmental pressure and resin
cements on the push-out bond strength of a
quartz fiber post to teeth root canals. Undersea
Hyperb Med 2016;43(2):143-150.

Gulve MN, Gulve ND, Shinde R, Kolhe SJ. The
effect of environmental pressure changes on the
retentive strength of cements for orthodontic
bands. Diving Hyperb Med 2012;42(2):78-81.
Vargas MA, Bergeron C, Diaz-Armold A.
Cementing all-ceramic restorations:
recommendations for success. J Am Dent Assoc
2011;142 Suppl 2:20S-4S.

Nicholson JW. Adhesion of glass-ionomer
cements to teeth: a review. Int J Adhes Adhes
2016;69:33-8.

Klai S, Altenburger M, Spitzmdller B, Anderson A,
Hellwig E, Al-Ahmad A. Antimicrobial effects of
dental Iluting glass ionomer cements on
Streptococcus mutans. ScientificWorldJournal
2014; 2014:807086.

Ernst CP, Cohnen U, Stender E, Willershausen
B. In vitro retentive strength of zirconium oxide
ceramic crowns using different luting agents. J
Prosthet Dent 2005;93:551-558.

Faria-E-Silva AL, Pfeifer SC. Effectiveness of
high-power LEDs to polymerize resin cements



J Basic Clin Health Sci 2023; 7: 464-470

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

through ceramics: an in vitro study. J Prosthet
Dent 2017;118:631-636.

Van Zeghbroeck L, Davidson CL, De Clercq M.
Cohesive failure due to contraction stress in glass
ionomer luting cements. J Dent Res
1989;68:1014.

Davidson CL, Van Zeghbroeck L, Feilzer AJ.
Destructive stresses in adhesive luting cements J
Dent Res 1991;70:880-882.

Neves AB, Lopes LIG, Bergstrom TG, da Silva
ASS, Lopes RT, Neves AA. Porosity and pore
size  distribution in  high-viscosity and
conventional glass ionomer cements: a micro-
computed tomography study. Restor Dent Endod
2021;46(4):e57.

Benetti AR, Jacobsen J, Lehnhoff B, et al. How
mobile are protons in the structure of dental glass
ionomer cements? Sci Rep 2015;5:8972.

Ozkan Ata S, Akay C, Ata N. Evaluation of bond
strength of polyether ether ketone (PEEK) to
composite resin on hypobaric and hyperbaric
conditions, International Journal of Polymeric
Materials and Polymeric Biomaterials
2022;71(7):540-547.

Ferracan JL, Stansbury JW, Burke FJT. Self-
adhesive resin cements-chemistry, properties
and clinical considerations. J Oral Rehabil 2011;
38: 295-314.

Sunico-Segarra M, Segarra A. A Practical Clinical
Guide to Resin Cements. Berlin Heidelberg:
Springer 2015:17.

Cassina G, Fischer J, Rohr N. Correlation
between flexural and indirect tensile strength of
resin composite cements. Head Face Med
2016;12(1):29.

Nomoto R, Komoriyama M, McCabe JF, Hirano
S. Effect of mixing method on the porosity of
encapsulated glass ionomer cement. Dent Mater
2004;20:972-978.

Mitchell CA, Douglas WH. Comparison of the
porosity of hand-mixed and capsulated glass-
ionomer luting cements. Biomaterials
1997;18:1127-1131.

Mitra SB, Kedrowski BL: Long-term mechanical
properties of glass ionomers. Dent Mater 1994;
10: 78-82.

Xie D, Brantley WA, Culbertson BM, Wang G.
Mechanical properties and microstructures of
glass-ionomer cements. Dent Mater
2000;16(2):129-138.

470

28.

29.

30.

31.

32.

Ozkan-Ata S et al. Hyperbaric Pressure Effect on Cements

Furuichi T, Takamizawa T, Tsujimoto A, Miyazaki
M, Barkmeier WW, Latta MA. Mechanical
Properties and Sliding-impact Wear Resistance
of Self-adhesive Resin Cements. Oper Dent
2016;41(3):E83-E92.

Oguri M, Yoshida Y, Yoshihara K et al. Effects of
functional monomers and photo-initiators on the
degree of conversion of a dental adhesive. Acta
Biomater 2012;8:1928-34.

Robichaud R, McNally ME. Barodontalgia as a
differential diagnosis symptoms and findings. J
Can Dent Assoc 2005;71: 39-42.

Chung SM, Yap AU, Chandra SP, Lim CT.
Flexural strength of dental composite
restoratives: comparison of biaxial and three-
point bending test. J Biomed Mater Res B
2004;71:278-283.

Duymus ZY, Yanikoglu ND, Alkurt M. Evaluation
of the flexural strength of dual-cure composite
resin cements. J Biomed Mater Res B
2013;101:878-881.



