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Objective: The purpose of this study was to investigate the importance of environments (dry and wet) to dislodge the
clasp. Materials and Methods: Mandibular test models with natural premolar and molar teeth were used to test four
types of clasp (each 12) (Akers, rest plate Akers [RPA], half and half [H-H], and ring clasp) in dry and natural fresh
saliva environments. Each clasp was pulled out 10 times with a crosshead speed of 10 mm/min and the force required
to withdraw each was measured. Statistical Analysis Used: A paired sample #-test and Wilcoxon test were used.
Results: There were significant differences between the dry and wet (natural fresh saliva) environment. However, while
the mean of the environment for RPA and ring clasp type was significantly different, the H-H and Akers clasp type
was not. Conclusion: The environment has an effect on dislodging the clasp but differs according to the type of clasp.
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INTRODUCTION

Although conservative dentistry!" has been cited as a
choice of patients, a removable partial denture (RPD)
represents an acceptable and economical modality
treatment for patients with partial edentulous. RPD
must be esthetic with minimum periodontal tissue
problem and sufficiently retentive to avoid begin
displaced in function.?

It generally consists of four parts as a base plate,
clasp, major, and minor connector of the framework.
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However, clasp is the most practical and popular part of
retention in RPD, especially for distal extension bases.

It should be designed to provide maximal retention
for RPD avoiding direct transmission and rotational
forces with a minimum amount of retention necessary
to resist reasonable dislodging force.’ Many previous
studies indicated that the retentive force provided by
cobalt-chrome (Co-Cr) clasps ranging between 3 and
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7.5 N.**I However, this load capacity of the clasp may
depend on various factors such as type of clasp and
the environments around it (dry such as a patient with
xerostomia or wet [natural saliva]).

Most of the former studies measured the retentive
force in dry condition.*>”1¥ However, the perception
of dry mouth among a group of denture wearers with
oral symptoms and function was significant.' Due to
that, denture retention should be examined under wet
condition, especially for human enamel and porcelain
to be clinically relevant.!*”!

Wet environment could be fresh natural saliva (FNS)
or saliva substitute. FNS is a viscoelastic fluid with
distinct surface activity. Mucins (glycoprotein) in
saliva are responsible for the viscoelastic character
forming a lubricative film, which enables free
movement of oral tissues.!¢?!

These mucins have the properties of low solubility and
high viscosity.* However, saliva is known to undergo
changes in its viscosity (lubricant activity) over time
due to the bacterial and enzymatic processes.*!

The analysis of LaVere on the retention showed that
there were no marked statistical differences between
the wet and dry testing condition.®!

Sato et al. indicated that nonmetal abutment materials
indicated a higher friction coefficient in the present of
saliva than in dry condition."!

Therefore, this study has been carried out to investigate
the importance of environments to dislodge different
types of clasp. The null hypothesis was that the
environment would not affect the retention force of
the clasp.

MATERIALS AND METHODS

Four clasps were selected for this study: Akers, rest
plate Akers (RPA), half and half (H-H), and ring clasp.
A total of 48 Cr-Co clasps (each type 12 clasps) in two
different environments were tested.

Three natural (2"!) premolar and one second molar
teeth were selected. They were cleaned, devoid of any
caries lesion or abnormalities, and sterilized.

Using a maxillary plastic model (Frasaco AG-3
WOK 40), four master casts were prepared. Three
for premolar teeth and one for molar following the
method used by Mourshed ef al.”

The casts were surveyed, undercut depths were
measured (0.50 mm), the path of insertion was
then recorded, and rests were prepared®! and
examinedl® [Figure 1]. To achieve standardized,
parallel guiding plane was prepared approximately
2 mm on proximal surface in occlusogingival
direction” using milling machine (AF 30, Milling
Machine, Switzerland).

The master casts were then duplicated to obtain a cast
made with dental stone. The casts were replaced on
the surveying table and aligned using the previously
marked tripod lines as on the master casts. The master
stone casts were duplicated with agar (Castogel,
52052, Bego, Germany) using a conventional method
and invested (Wirovest, 51048, Bego, Germany) using
a mechanical vacuum mixing machine (Motova
SLA, 255142, Bego, Germany), according to the
manufacture’s direction.

A standardize prefabricated wax was used to fabricated
four types of clasps (each 12 waxed refractory cast from
each clasp type: Akers, RPA, H-H, and ring). A small
projection of wax that extended from the bottom of
each proximal plate parallel to the edentulous ridge
and away from it was made to act as a saddle to each
clasp. All groups were designed and waxed for ring
on the rest as a pull-out location. All the pull-out
extensions were placed parallel to the path of insertion
with the aid of surveyor.

The clasps then were cast, finished, and
electropolishing. Before the fitting, clasps
were checked from the external defect, inner
surface, proximal surface, and the rest place
for small interference then they were examined
radiographically for internal porosity using
(Siemens, 1448 237 D3195, Germany) X-ray machine.
The clasps then were washed using a steam machine
(Steam Generator SG5, Italy) [Figure 2].

Figure 1: Preparation of auxiliary line and undercut spot on the master
stone cast
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Dry environment test

A movable special jig was constructed to hold the
master cast in a container and to fix it perpendicular to
the pulling out chain. The test model (master model)
was rigidly fixed to the jig then to the lower part of
the machine. The clasp was seated manually on the
abutment, and the dislodging forces were always
directed vertically [Figure 3].

A tensile load was applied to each clasp for dislodging
until the machine automatically stopped. The pulling
out test was repeated 10 times for each clasp with a
crosshead speed of 10 mm/min. The force required
to withdraw each was measured automatically by the
testing machine.

Collection of fresh natural saliva

Fresh human saliva was collected at 10 am from
clinically asymptomatic healthy volunteers using
a 10 ml disposable plastic syringe. All volunteers
(ten volunteers) were examined for any dental and
mucosal abnormalities. The donor had to refrain
from eating or drinking 1 h prior testing. They were
asked to rinse their mouth thoroughly with distilled
water and to keep the mouth opened for 3-5 min.
The saliva was then collected from mouth floor
by keeping the mouth in downward and forward
position.'8!

Wet (Natural fresh saliva) environment test

Before testing, the master model was surrounded
by a sheet of wax (wax container) to hold the saliva
FNS was added to the wax container until it covered
the master model to maintain a wet condition. The
surfaces of the natural abutments were totally covered
in saliva. The saliva used was changed every 30 min
to maintain its lubricant property.

RESULTS

The effect of environment on the retentive force for
all types of clasps

A paired sample t-test was conducted to compare the
effect of the environment on the retention regardless
the type of clasp used. Results are summarized in
Table 1.

The mean of the environment between dry and FNS
was significantly different (P = 0.002). Subsequently,
results showed that saliva effect on the retention by
reducing the force required withdrawing the clasp.

The effect of environment on the retentive force of
individual type of clasps

The effect of the environment on the retention for
each clasp type (RPA, H-H, Akers, and ring) used is
summarized in Table 2 and Graph 1.

Wilcoxon test was conducted to compare the effect of
the environment on the retentive force of each clasp.

The mean of the environment for ring and RPA
clasp type between dry and FNS was significantly
different (P = 0.005 and P = 0.010). The results suggest
that the saliva affects the retention of ring and RPA

Environment n Mean SD t df Significant

(two-tailed)
Mean dry 48 1147 591 323 47 0.002*
FNS 48 10.93 6.02

*The difference is significant between dry and FNS. FNS: Fresh natural saliva,
SD: Standard deviation

Figure 2: The clasps are ready for testing

Figure 3: Testing of the clasp
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Table 2: The mean and standard deviations for each clasp in dry and wet environment

Environment Clasp type
Ring RPA H-H Akers
n Mean SD n Mean SD n Mean SD n Mean SD
Mean dry 12 17.82 1.73 12 4.86 1.93 12 8.04 2.36 12 15.17 4.21
FNS 12 16.89 1.56 12 4.12 1.72 12 7.90 2.69 12 14.82 5.12

FNS: Fresh natural saliva, SD: Standard deviation, H-H: Half and half, RPA: Rest plate Akers
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Graph 1: Average values in Newton of four types of clasps on the
natural abutment in two environments

clasp type by reducing the force required to withdraw
the clasp [Table 3].

The mean of the environment for H-H and Akers
clasp type between dry and FNS was not significantly
different (P = 0.533 and P = 0.388). The results showed
that saliva does not affect the retention of H-H and
Akers clasp type [Table 3].

Overall, these tests concluded that the effect of
the environment differs according to the type of
clasp [Table 3].

DISCUSSION

The null hypothesis was rejected. The result of the
study showed that the environment affected the
retention force of the clasp.

Although many studies measured the retentive force
in dry condition,*>”3! in the present study, the test
was performed in two environments; dry and wet.
FNS was used as wet environment because it has been
recommended that viscosity should be determined
from fresh saliva samples.*”!

Unstimulated FNS was used because its lubricant
qualities are significantly better than stimulated

Table 3: Comparison between dry and wet (natural
fresh saliva) environment for each clasp

Clasp type Mean D and S

Ring RPA H-H Akers
z -2.824  -2.589 -0.623 -0.863
Asymptotic significant 0.005* 0.010* 0.533** 0.388**
(two-tailed)

*The difference is significant between dry and FNS for Ring and RPA clasps,
**The difference is not significant between dry and FNS for H-H and Akers
clasps. H-H: Half and half, RPA: Rest plate Akers, FNS: Fresh natural saliva

saliva.l®®®! In addition, saliva changes every 30 min
to cope with change in viscosity and consequently the
effect of lubricant that may change in about 30 min
and this may affect the result of the test.

FNS reduced the retentive force of clasps (Akers, RPA,
H-H, and Ring). Apparently, this may be due to the
lubricant effect of the saliva. Lubrication is defined as
the ability of a substance to reduce friction between
two moving surfaces.® This lubricant property
probably reduces the friction coefficient between the
clasp and tooth, therefore reduces the retention of the
clasp. However, changing FNS used in the test every
30 min is another explanation for this result. Saliva
contains mucins which known as the best lubricating
components of saliva.l'’®! The lubricant activity of
the saliva is reduced over time due to the bacterial
and enzymatic processes.* This lubricant property
probably reduces the friction coefficient between the
clasp and tooth, therefore reduces the retention of
the clasp.

On the other hand, Sato et al. measured the friction
coefficient between human enamel and hard metal
in wet condition using natural saliva.'™ The results
showed that the human enamel material indicated
higher friction coefficient in the wet condition than
in dry condition. This difference might be due to
the method used or the way of obtaining and storing
natural saliva.

In addition, determining the effect of the environment
for each clasp separately showed that there was
significant decreasing in the retention force of ring
clasp and RPA clasp under FNS environment than
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dry environment. This result might be due to the
large surface area covered the abutment tooth by
ring and RPA clasp compared to other clasps. Large
surface covering may enhance the effect of lubricant
propriety and reduce the friction between the clasp
and abutment tooth. However, no previous study was
available to be compared to our findings regarding
the effect of FNS on the retentive force.

CONCLUSION

The environment (Natural fresh saliva) showed an
effect on the retention by reducing the force required
to withdraw the clasp. However, the effect of the
environment differs according to the type of clasp.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Mourshed B, Samran A, Alfagih A, Samran A, Abdulrab S, Kern, M.
Anterior Cantilever Resin-Bonded Fixed Dental Prostheses: A Review of
the Literature. Journal of Prosthodontics. 2016. Doi: 10.1111/jopr.12555.

2. Mourshed B, Al-Sabri FA, Qaed NA, Alaizari N, Al-Shamiri HM,
Alfaqih A. Effect of clasp type and pullout location on clasp retention
in different environment: In vitro study. Eur ] Dent 2017;11:1216-20.

3. Phoenix RD, Cagna DR, DeFreest CF. Stewart’s Clinical Removable
Partial Prosthodontics. 4™ ed. Chicago: Quintessence Publishing Co.,
Inc.; 2008.

4. Ahmad I, Sherriff M, Waters NE. The effect of reducing the number
of clasps on removable partial denture retention. J Prosthet Dent
1992;68:928-33.

5. Frank RP, Nicholls JI. A study of the flexibility of wrought wire clasps.
J Prosthet Dent 1981;45:259-67.

6.  Sato Y. Clinical methods for adjusting retention force of cast clasps.
J Prosthet Dent 1999;82:557-61.

7. Marei MK. Measurement (in vitro) of the amount of force required to
dislodge specific clasps from different depths of undercut. J Prosthet
Dent 1995;74:258-63.

8. Rodrigues RC, Ribeiro RF, de Mattos Mda G, Bezzon OL. Comparative
study of circumferential clasp retention force for titanium and
cobalt-chromium removable partial dentures. ] Prosthet Dent

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

2002;88:290-6.

Ahmad I, Waters NE. Value of guide planes in partial denture
retention. ] Dent 1992;20:59-64.

Bridgeman JT, Marker VA, Hummel SK, Benson BW, Pace LL.
Comparison of titanium and cobalt-chromium removable partial
denture clasps. ] Prosthet Dent 1997;78:187-93.

Kim D, Park C, Yi Y, Cho L. Comparison of cast Ti-Ni alloy clasp
retention with conventional removable partial denture clasps.
J Prosthet Dent 2004;91:374-82.

Arda T, Arikan A. An in vitro comparison of retentive force and
deformation of acetal resin and cobalt-chromium clasps. ] Prosthet
Dent 2005;94:267-74.

Firtell DN. Effect of clasp design upon retention of removable partial
dentures. ] Prosthet Dent 1968;20:43-52.

Ikebe K, Morii K, Kashiwagi ], Nokubi T, Ettinger RL. Impact of
dry mouth on oral symptoms and function in removable denture
wearers in Japan. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2005;99:704-10.

Sato Y, Abe Y, Yuasa Y, Akagawa Y. Effect of friction coefficient on
Akers clasp retention. ] Prosthet Dent 1997;78:22-7.

Preetha A, Banerjee R. Comparison of artificial saliva substitutes.
Trends Biomater Artif Organs 2005;18:178-86.

Humphrey SP, Williamson RT. A review of saliva: Normal
composition, flow, and function. ] Prosthet Dent 2001;85:162-9.
Slomiany BL, Murty VL, Piotrowski J, Slomiany A. Salivary mucins
in oral mucosal defense. Gen Pharmacol 1996;27:761-71.

Tabak LA. Structure and function of human salivary mucins. Crit Rev
Oral Biol Med 1990;1:229-34.

Khurshid Z, Najeeb S, Mali M, Moin SF, Raza SQ, Zohaib S, et al.
Histatin peptides: Pharmacological functions and their applications
in dentistry. Saudi Pharm J 2017;25:25-31.

Khurshid Z, Zohaib S, Najeeb S, Zafar MS, Slowey PD, Almas K.
Human saliva collection devices for proteomics: An update. Int ] Mol
Sci 2016;17. pii: E846.

Khurshid Z, Naseem M, Sheikh Z, Najeeb S, Shahab S, Zafar MS. Oral
antimicrobial peptides: Types and role in the oral cavity. Saudi Pharm
] 2016;24:515-24.

Edgar WM. Saliva and dental health. Clinical implications of saliva:
Report of a consensus meeting. Br Dent ] 1990;169:96-8.

Bongaerts JH, Rossetti D, Stokes JR. The lubricating properties of
human whole saliva. Tribol Lett 2007;27:277-87.

LaVere AM. Clasp retention: The effects of five variables. ] Prosthodont
1993;2:126-3.

Carr AB, Brown DT. McCracken’s Removable Partial Prosthodontics.
12* ed. St. Louis: Elsevier Mosby; 2011.

Rantonen PJ, Meurman JH. Viscosity of whole saliva. Acta Odontol
Scand 1998;56:210-4.

Hatton MN, Levine MJ, Margarone JE, Aguirre A. Lubrication and
viscosity features of human saliva and commercially available saliva
substitutes. ] Oral Maxillofac Surg 1987;45:496-9.

Prinza JF, Wijka RA, Huntjensb L. Load dependency of the coefficient
of friction of oral mucosa. Food Hydrocoll 2007;21:402-8.

Schipper RG, Silletti E, Vingerhoeds MH. Saliva as research material:
Biochemical, physicochemical and practical aspects. Arch Oral Biol
2007;52:1114-35.

356 European Journal of Dentistry, Volume 11 / Issue 3 / July-September 2017



