fm Check for updates

cHetx| 2t 28k%|z| 51(4) : 215-226, 2024

Korean Journal of Dental Materials (Korean J Dent Maten
ISSN:2384-4434 (Print); 2384-3268 (Online)

Available online at http://www.kadm.org
http://dx.doi.org/10.14815/kjdm.2024.51.4.215

A+ =25 "S 0|8st AHIQIZ|A T AXH
Xk &7|te] B4 Mald =4

Original Article

OIS, M, AMY'S, UL

Evaluation of corrosion resistance of stainless steel dental
hand instruments using salt spray testing

Min-Yong Lee', Kwang-Jin Chof, Jae-Sung Kwon"?, Kyoung-Nam Kim*>

'Department and Research Institute of Dental Biomaterials and Bioengineering,
Yonsei University College of Dentistry, Seoul, Republic of Korea
‘Korea Institute of Metallurgical Engineering & Technology, Ansan, Republic of Korea
’BK21 FOUR Project, Yonsei University College of Dentistry, Seoul, Republic of Korea
‘Korean Dental Association, Seoul, Republic of Korea

’Kyungdong University, Munmak-eup, Wonju-si, Republic of Korea

o

oF5e}

1719 A g TRl o 2 Aekst Adted dnt Sl EsAl AlfEE o] HIA AT e
304 LAl 420 ZHQIE 2o 2 FdE]o] glon, o] RS QAHUOE B nl2RIAIE P25 TH £
t}. o] 7|F-E0] A= 1003] L EFYo|HE WHES| = Seko 2 HAYS wf FA1S Hold Q) ANk o]fst
FollA B ARREL Ao Fagk ik Wiolty IR A5 FAkE 713t AR WO R 2HdAelA
Fedl AR B AqtelME 304 28]a 420 ZHIQIEIE ZIEAEE AR 1008 LEZH )R sdgsls
7 AFA YeRke-S B3tk o8 EUE AP f5EL e 1589 deks w AdTIE 738
g3 A} 1452 7197F 0% G AES SIS 0|24 QEZHEO)H 1003] RS IR (0o R
7¥FsdE ARSI

471, LESE R, deAdd, FAAEA

(e}
fi
™ Of
i}
_E
> X
X ox

1>
24 o
ot
oX,
o
f

o 9

oo rfo
oX,
[o
e
o2l
o

y o1
oEi(
g
>
e 2—; u
o rifz 1
™
ul?]
I

N

[0}
4 ok
2
B
R
o

>

T
o

{u

{‘5 0® 4T 4T Y 4T oXx
s
4
30
rlr

1%
re
av)
2
ox
1L
offt
=

Min-Yong Lee (ORCID: 0000-0002-4508-9817) *Correspondence: Kyoung-Nam Kim (ORCID: 0000-0002-1350-406X)
Kwang-Jin Choi (ORCID: 0000-0003-0212-2960) 257, Gwangnaru-ro, Seongdong-gu Seoul 04802, Republic of Korea
Jae-Sung Kwon (ORCID: 0000-0001-9803-7730) Affiliation: Korean Dental Association, Seoul, Republic of Korea
Kyoung-Nam Kim (ORCID: 0000-0002-1350-406X) Tel: +82-2-2024-9100, Fax: +82-2-468-4655

E-mail: kimkndds@daum net

Received: Dec, 02, 2024; Revised: Dec, 13, 2024; Accepted: Dec. 16, 2024

215


https://crossmark.crossref.org/dialog/?doi=10.14815/kjdm.2024.51.4.215&domain=https://ksdm1966.com/&uri_scheme=http:&cm_version=v1.5

Introduction

Sinus lift surgery is a procedure designed to increase
maxillary sinus bone volume by elevating the Schneiderian
membrane and inserting a bone graft (1). This membrane
elevation is facilitated using a sinus membrane elevator
(2). According to 1SO 19490, a sinus membrane elevator
is a dental instrument employed during implant placement
to elevate the sinus floor, thereby increasing vertical bone
thickness (3). The elevator typically consists of three
primary components: the handle, shank, and working
end (4). ISO 21850-1 specifies that sinus membrane
elevators should be manufactured using 420 stainless steel
(SS) (5), a high—carbon martensitic steel containing at
least 12% chromium (6). It is well-established that a
minimum of 11% chromium is necessary to achieve
corrosion resistance through the formation of a protective
oxide layer, However, prior research has demonstrated
that martensitic SS, such as 420 SS, is prone to localized
corrosion in chloride-rich environments, particularly
marine conditions (7). In addition to 420 SS, 304 SS is
often used in the fabrication of the handle portion of
sinus membrane elevators, 304 SS, the most widely utilized
austenitic SS, contains 18-20% chromium and 8-10,5%
nickel (6). Despite its widespread use, 304 SS is also
susceptible to pitting and crevice corrosion in warm
chloride environments and can experience stress corrosion
cracking at temperature above 60 T (8).

ISO 4865-1 mandates that non—hinged instruments,
including sinus membrane elevators, must withstand 100
autoclave cycles without visible corrosion when inspected
visually (9). Furthermore, these instruments are required
to maintain their microhardness throughout the repeated
sterilization processes. As a critical invasive instrument
among dental hand instruments, the sinus membrane
elevator plays a significant role in patient safety. Corrosion
of this instrument poses a potential risk to patients,

Therefore, the ISO guidelines stipulate stringent evaluation
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protocols to ensure corrosion resistance and prevent
adverse incidents.

From a manufacturing perspective, adhering to this
protocol can be challenging, as each instrument must
be inspected for corrosion or surface defects and undergo
microhardness testing after every cycle during the 100
cycles evaluation, Additionally, the American Dental
Association recommends that, following sinus lift surgery,
used sinus membrane elevators should be cleaned with
a disinfecting detergent and scrubbed, This disinfecting
detergent often contains sodium hypochlorite (NaOCl)
to remove absorbed proteins from the instrument’s surface
(10), exposing the elevator to chlorides. In contrast, the
autoclave sterilization process involves only distilled
water, leading to a significant discrepancy between clinical
practice and ISO standards.

ISO 9227 outlines guidelines for the salt spray test,
a method designed to compare the corrosion resistance
of metallic materials (11). The salt spray test creates an
accelerated corrosion environment on metal surface and
has been widely used in prior studies to assess the
corrosion resistance of stainless steel (12-14), However,
no research has attempted to correlate the salt spray test
with repetitive autoclave cycles to identify a similar
magnitude of corrosion. This study aims to determine
the optimal salt spray test duration that could serve as
an alternative to 100 autoclave cycles for evaluating the

sinus membrane elevator,

Materials and Methods

1. Preparation of standard 304 and 420 stainless
steel specimen and 15 commercial sinus mem—
brane elevators

Cylinder raw materials (5 mm in diameter) of 304 and

420 SS were obtained from the manufacturer (OSUNG



MND, Gimpo, Gyeonggi—do, Korea). These materials were
divided into two groups: one group was used directly
in the experiments, while the other underwent heat
treatment, The heat treatment conditions were as follows:
For 304 SS, specimens were heated to 1050 C, held for
2 h, and then quenched. For 420 SS, specimens were
heated to 1030 C, held for 2 h, and quenched, and then
tempered at 260 C for 4 h,

Additionally, 15 different commercial sinus membrane
elevators were prepared for analysis. The working ends
and handles of each sinus membrane elevator were
sectioned and embedded in epoxy resin. The specimens
were sequentially ground suing SiC papers (#240, 320,
400, and 600) and polished using a 6 um diamond paste
followed by a 0,05 um alumina (ALOs) suspension, After
each grinding step, the specimens were ultrasonically

cleaned for 3 min to remove debris, Specimens were

etched for 10 s in 2% nital, rinsed with distilled water
and ethanol, and air-dried at room temperature. The
etched surface were examined three times using: a
metallographic microscope (MM-11; Nikon, Minato City,
Tokyo, Japan), a scanning electron microscope (SEM; 1T
500HR, JEOL, Akishima, Tokyo, Japan), and energy
dispersive X—tay spectroscopy (EDS). Table 1 summarizes
the company names, countries of origin, and materials

used for the working ends and handles of the elevators,

2. Microhardness and microstructure analysis
of standard specimens after repeated auto—
clave cycles

Four groups of specimens were prepared: 304 SS_heat
treatment and 304 SS_non—heat treatment, 420 SS_heat—
treatment and 420 SS_non—heat treatment, Vickers

hardness testing was conducted (MMT=X; Matsuzawa,

Table 1. The list and materials of sinus membrane elevator

Number Company Name / Country The Material of Working End The Material of Handle
1 Dental USA / USA 420 SS 304 SS
2 Medesy / Italy 420 SS 420 SS
3 Hu-Friedy / USA 440A SS 304 SS
4 Helmut Zepf / Germany 420 SS Ti-6AI-4V
5 Dental Studio / Korea Ni-Ti 304 SS
6 Young Dent / Pakistan 420 SS 304 SS
7 MCT BIO / Korea 304 SS Al
8 BERA Dental / Pakistan 420 SS 304 SS
9 Schwert / Germany 420 SS 304 SS
10 Surgident / Korea 420 SS Al
1 Kims / USA 630 SS 304 SS
12 Osung / Korea 420 SS 304 SS
13 [-Dent / Pakistan 420 SS 304 SS
14 Kohler / Germany 420 SS 304 SS
15 Atria / USA 630 SS 304 SS
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Akita, Japan), and microstructural analysis was petformed
at 500 X magnification after 0, 20, 40, 60, 80, and 100

autoclave cycles.

3. Evaluation of corrosion levels of standard
specimen in relation to the autoclave cycles
and salt spray exposure

For corrosion analysis through visual inspection, two
experts participated, Corrosion was confirmed on a
specimen when both experts agreed on its occurrence,

Each specimen was individually sealed in an autoclave
pouch and sterilized in an autoclave set to 121 C for
15 min using distilled water., Repeated autoclave cycles
were conducted for 20, 40, 60, 80, and 100 cycles, For
the salt spray test, NaCl was dissolved in distilled water
to achieve a solution density of 1,023-1,036 g/cm’ with
a pH of 6,57.2. The chamber air pressure was maintained
at 0.07-0.17 MPa, and the temperature was set at 35 C.
Salt spray exposure times were 30, 60, 90, and 120 min,
After testing, specimens were cleaned with distilled water,
dried using N, gas, and examined using SEM to evaluate

corrosion levels,

4, Evaluation of microhardness of 15 commercial
sinus membrane elevators following salt spray
testing

The microhardness of the 15 different sinus membrane
elevators was evaluated before and after salt spray testing,
Measurements were taken after 30, 60, 90, and 120 min

of exposure,

5. Evaluation of corrosion in relation to salt spray
exposure duration

15 different sinus membrane elevators were subjected
to salt spray testing for 30, 60, 90, or 120 min, After each
time point, the samples were removed, washed, dried, and

inspected for corrosion using visual examination and SEM,
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Results

1. Analysis of materials for the working end and
handle of sinus membrane elevators

Analysis of 15 different sinus membrane elevators
revealed that the working ends of 10 out of the 15
instruments were composed of 420 SS, while the handles

of 11 instruments were made from 304 SS.

2. Mechanical characteristics of 304 and 420 SS
standard specimens following repetitive
autoclave treatment cycles

The microhardness results are presented in Figure 1.
Heat treatment led to a decrease in the microhardness
of 304 SS, while the microhardness of 420 SS increased
post-treatment. Microstructural analysis, shown in Figure
2, indicated no significant changes with respect to the
number of autoclave cycles. Before heat treatment, the
grains of 304 SS exhibited slip bands, indicative of plastic
deformation. After heat treatment, no slip bands were
observed, and the grains displayed an austenitic structure,
In 420 SS, numerous unutilized carbides were present,
leading to lower microhardness; however, heat treatment
transformed the microstructure into a martensitic structure,

304 SS_Non-heat treatment
304 5S_Heat treatment
420 SS_Non-heat treatment
420 SS_Heat treatment
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Figure 1. Microhardness comparison of 304 and 420 SS as a
function of autoclave cycles.
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Figure 2, Microstructural comparison of 304 and 420 SS after repetitive autoclave cycles.
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Figure 3, Comparison levels of standard specimens following autoclave cycles and salt spray testing,

3. Corrosion levels of standard specimens in
relation to autoclave cycles and salt spray
duration

SEM based corrosion analysis revealed differences in
corrosion resistance among the specimens, as shown in
Figure 3, The 304 SS_Heat treatment group exhibited no
signs of corrosion after 100 autoclave cycles and 120 min

of salt spray exposure, demonstrating high corrosion
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resistance, In contrast, the 304 SS_Non—heat treatment
group showed corrosion after 100 autoclave cycles and
60 min of salt spray exposure, indicating lower resistance,
The 420 SS specimens demonstrated overall lower
corrosion resistance compared to 304 SS. Corrosion was
observed in the 420 SS_Heat treatment group after 100
autoclave cycles and 60 min of salt spray exposure,

Furthermore, the 420 SS_Non-heat treatment group



420 SS_Heat treatment
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Figure 4. SEM images of 420 SS_Heat treatment, showing the effects of the number of autoclave cycles and the duration of salt

spray exposure,

Autoclave (Number of cycles) ‘

40 60 80

20

100

1

Salt spray test

30 min 60 min 90 min 120 min

T

pitting

T

Figure 5. photo images of 420 SS_Heat treatment, showing the effects of the number of autoclave cycles and the duration of salt

spray exposure,

exhibited pitting corrosion after 100 autoclave cycles and
90 min of salt spray exposure,

In summary, the corrosion magnitude observed after100
autoclave cycles was equivalent to 60-90 min of salt spray
exposure, as evidenced by the data in Figure 4 and 5.
The 420 SS heat-treatment group showed corrosion after
100 autoclave cycles, and during the salt spray test,
corrosion was detected 60 min via SEM analysis, Visual
inspection results (Figure 5) revealed a similar trend to

the SEM results shown in Figure 4,
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4_ Evaluation of microhardness of 15 different
type of sinus membrane elevator

The microhardness of the sinus membrane elevators
remained unchanged after autoclave and salt spray testing,
as shown in Figure 5. This indicates that the initial
microhardness of the instruments was preserved. The
minimum acceptable microhardness for sinus membrane
elevators, as indicated by red dotted line in Figure 5,
is 480 HV. However, three instruments — Hu-Firedy (440A
SS), Dental Studio (Ni—Ti), MCT Bio (304 SS) did not

meet this requirement,
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Figure 6, Microhardness comparison of 15 sinus membrane
elevators before and after salt spray testing.
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Figure 7. Corrosion detection via visual inspection and SEM as
a function of salt spray test duration,

5. Corrosion detection based on salt spray duration

In Figure 7, visual inspection revealed no corrosion
in any instruments after 30 min of salt spray testing, Since
all instruments met the ISO 19490 corrosion resistance
standard, a 30 min salt spray test is considered equivalent
to under 100 autoclave cycles, At 60 min, corrosion was
visually observed in one instrument (I-dent). The I-dent
elevator, primarily composed of 420 SS, contained
inclusions of aluminum and calcium, which likely
contributed to its corrosion, This anomaly was excluded

when determining the optimal salt spray test duration.
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SEM analysis revealed that only three instruments—Dental
Studio, BERA Dental, and OSUNG-showed no signs of
corrosion even after extended testing. Dental Studio's
working end is composed of Ni~Ti with an electrolytic
polished surface, OSUNG has a TiN coating, and BERA
Denal has a Ti-Cr coating. These surface treatments were
5

instruments — Dental USA, Young Dent, Surgident, I-Dent,

corrosion,

effective Conversely,

in preventing
and Atira — exhibited corrosion after the 30 min salt spray
test. A common characteristic among these instruments
was high surface roughness, which was associated with

increased susceptibility to corrosion,

Discussion

This research represents the first attempt to analyze
the relationship between salt spray test duration and the
number of autoclave cycles. While the salt spray test is
already established for evaluating the corrosion resistance
of metallic materials according to ISO 10271, the evaluation
of dental instruments typically relies on 100 autoclave
cycles to assess their corrosion resistance.

The microhardness and microstructure of 304 and 420
SS standard specimens remained consistent across varying
numbers of autoclave cycles (Figure 1 and 2). Although
corrosion was observed in non—heat treatment groups,
their microhardness values were unaffedcted. These
findings suggest that 100 repetitive autoclave cycles do
not alter the microstructure or microhardness of 304 and
420 SS.

Heat treatment significantly impacts corrosion resistance,
304 SS_ and 420 SS_ Heat treatment groups exhibited
greater corrosion resistance compared to non-heat
treatment specimens due to microstructural change
introduced during heat treatment, Despite this improve-
ment, the 420 SS_heat—treatment group still displayed

corrosion after 100 autoclave cycles (Figure 3), likely



attributable to the high surface roughness of the
specimens. Surface roughness is a critical determinant
of corrosion resistance, with higher roughness levels
increasing susceptibility to corrosion (15), In contrast,
commercial sinus membrane elevators, typically
composed of 304 and 420 SS, are manufactured with
smoother surfaces, which enhances their resistance to
corrosion, Consequently, these instruments maintained
both their microhardness and microstructure after 100
repetitive autoclave cycles.

In the pilot study, a 120 min salt spray test induced
corrosion in most dental instruments, such as explorers,
To identify the initial corrosion point, we selected 30,
60, 90, and 120 min as the duration for the salt spray
test. The 304 and 420 SS standard specimens serve as
suitable models for sinus membrane elevators and provide
a foundation for correlating autoclave cycles with salt
spray test duration (Figure 3), Austenitic steel, such as
304 SS_heat-treatment, is known for their superior
corrosion resistance compared to martensitic steels (16),
In this study, the 304 SS_heat-treatment group exhibited
no corrosion under either autoclave or salt spray
conditions, Conversely, non-heat treated 304 SS and 420
SS specimens demonstrated surface corrosion in both tests,
SEM analysis revealed comparable corrosion levels
between 100 autoclave cycles and 60 min of salt spray
exposure, This finding suggests that the salt spray test
can replicate the effects of repeated autoclave cycles.
ISO 19490 specifies that no corrosion should be visually
detectable after 100 autoclave cycles, However, ISO 10271
extends the evaluation criteria by incorporating SEM
analysis, which can detect early—stage corrosion not visible
to the naked eye (17). SEM analysis also provide detailed
insights into corrosion types, such as pitting, and reveals
microstructural changes in specimens. The combination
of the salt spray test with SEM inspection addresses the
limitation of ISO 19490, particularly regarding the reliance

on visual inspection and its time-intensive nature,
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The relationship between corrosion resistance and
microhardness in martensitic materials has been debated.
While some studies suggest a correlation (18-20), others
present counterexamples (21), Our findings align with
the latter perspective, indicating that microhardness alone
does not predict corrosion resistance. For instance, the
highest microhardness values were observed in the
Surgident and I-dent sinus membrane elevators, yet these
instruments exhibited poor corrosion resistance (Figure
7). Notably, the I=dent elevator showed visible corrosion
after just 30 min of salt spray exposure, Thus, initial
microhardness cannot be considered a reliable predictor
of corrosion resistance.

Despite its advantages, the salt spry test has limitations
when evaluating the corrosion resistance of sinus
membrane elevators, First, the position and orientation
of the instruments in the salt spray chamber can affect
results, as the distribution of the spray may not be uniform,
Future studies should address this limitation by ensuring
homogeneous salt spray distribution. Second, the
unpredictable nature of corrosion introduces variability,
with factors such as surface defects potentially leading
to inconsistent results, Secondly, corrosion is difficult to
predict, and numerous factors can influence the outcome
of corrosion tests, For example, surface defects on the
instruments can lead to unexpected corrosion. Despite
these limitations, the salt spray test offers a significantly
shorter testing time compared to autoclave cycles,
potentially reducing the instruments’ exposure to harmful

factors. Therefore, 100 autoclave cycles could be replaced

by 60 min of salt spray testing,

Conclusion

The traditional method of assessing corrosion resistance
in sinus membrane elevator through repetitive autoclave

cycles can be replaced with the more time and energy



efficient salt spray test. This study demonstrated that 100
autoclave cycles and a 60 min salt spray test produce
comparable levels of corrosion on standard specimens,
such as 304 and 420 SS. Therefore, a sinus membrane
elevator that successfully withstands a 60 min salt spray
test without showing corrosion is expected to meet the

visual inspection criteria for corrosion resistance,
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hand instruments using salt spray testing
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With advancements in the materials and design of sinus membrane elevators, sinus lift surgery has become a commonly
performed procedure even in general outpatient clinics. Sinus membrane elevators currently available on the markets are
made of 304 and 420 stainless steel (SS), which exhibit high corrosion resistance due to their austenitic or martensitic structures,
For these instruments to be commercially viable, they must not show any visible signs of corrosion after 100 autoclave cycles.
However, from a manufacturer’s perspective, this verification method is time-consuming and resource-intensive, The salt spray
test is an industry method used to accelerate corrosion in materials and assess their corrosion resistance. In this study, we
fabricated standard specimens of 304 and 420 SS and demonstrated that the level of corrosion equivalent to 100 autoclave
cycles was observed after 60 min of salt spray testing., Based on these findings, we collected 15 types of sinus membrane
elevators available on the market and subjected them to salt spray testing. As a result, 14 out of 15 instruments passed the

60 min salt spray test. These results suggest the possibility of replacing 100 autoclave cycles with 60 min of salt spray testing.

Keywords : Stainless steel, Sinus membrane elevator, Autoclave, Salt spray test, Corrosion resistance
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