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Influence of Different 
Undercut Depths of Clasp 
Fabricated by Selective Laser 
Melting on Retentive Force

ABSTRACT
Introduction: The purpose of this study was to investigate the influence of undercut depths 

on abutment teeth regarding the retentive force of clasps fabricated through selective la-
ser melting (SLM), and to compare them with conventional cast clasps. Methods: Akers 
clasps made of cobalt chromium alloy were fabricated using the SLM method (SLM), and 
the retentive forces were compared with clasps made with the conventional cast method 
(Cast). Three undercut amounts (0.25 mm, 0.15 mm, and 0 mm) were applied on the abut-
ment tooth. The specimens were subjected to 10,000 repetitive insertion/removal cycles. 
Results: SLM-0.15 showed slightly lower initial retentive force than the Cast specimens, it 
remained within an acceptable range. During insertion/removal test, the SLM-0.15 speci-
men showed a significant difference between the initial retentive force and the retentive 
force after 5,000 cycles, indicating that SLM-0.15 was the least likely to change in reten-
tive force within the parameters established in this study. The inner clasp surface on the 
SLM groups had higher surface roughness before testing compared to the Cast specimen. 
Conclusions: Akers clasps fabricated by SLM demonstrated optimal initial retentive forces 
with smaller undercuts than conventional Cast clasps, and the retentive forces changed less 
with repetitive insertion/removal.

INTRODUCTION
Removable partial dentures serve as a prosthetic option that can be ap-

plicable to all partially edentulous dentition from a single missing tooth to 
a single remaining tooth. Globally, approximately 158 million individuals 
experience partial or complete edentulism. In addition, more than 13% of 
the adult population use removable partial dentures in the United States 
and Europe.1

Numerous retainer options are available for removable partial dentures, 
including clasps and attachments. Among these, the circumferential clasp 
holds prevalence in clinical practice.2 The effectiveness of clasp retention 
relies on the metal’s resistance to micro-deformation. Successful clasp re-
tention necessitates placement within an undercut area of the tooth, caus-
ing deformation upon vertical dislodging forces. This elastic deformation 
deformation along a properly chosen insertion path yields retention. Re-
search highlights the relationship between the abutment tooth undercut, 
clasp arm configuration and material, and friction between clasp interior 
and abutment tooth in generating retentive forces via micro-deformation 
of the clasp arm.3-5

Keywords
Removable Partial Denture 
Selective Laser Melting 
Clasp 
Retentive Force 
Insertion/Removal Test

Authors
Keita Tomono * 
(DDS)

Yoshimitsu Kato * 
(DDS, PhD)

Juro Wadachi * 
(DDS, PhD)

Akinori Tasaka * 
(DDS, PhD)

Shinji Takemoto § 
(PhD)

Shuichiro Yamashita * 
(DDS, PhD)

Address for Correspondence 
Shuichiro Yamashita *
Email: syamashita@tdc.ac.jp

* Department of Removable Partial 
Prosthodontics, Tokyo Dental College, Chiyoda-
ku, Tokyo 101-0061, Japan

§ Department of Biomedical Engineering, Iwate 
Medical University, Yahaba-cho, Shiwa-gun, Iwate 
028-3694, Japan

Received: 26.10.2023 
Accepted: 20.02.2024

doi: 10.1922/EJPRD_2648Tomono09



European Journal of Prosthodontics and Restorative Dentistry (2024) 32,  261–269

ejprd.org - Published by Dennis Barber Journals.  Copyright ©2024 by Dennis  Barber Ltd. All rights reserved. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Retentive Force of Different Depths of Clasp...

The design of the Akers clasp, known as a circumferential 
clasp, is standardized in the Ney surveyor manual published 
in 1963. This design was originally established under the pre-
sumption that the clasp will be made using gold-platinum al-
loy.6 However, due to the recent rise in the cost of gold alloys, 
cobalt-chromium (Co-Cr) alloys have emerged as a clinical al-
ternative, recognized for their high strength, elastic modulus, 
and exceptional corrosion resistance.7 As for the manufactur-
ing technology, the introduction of computer-aided design 
(CAD) and computer-aided manufacturing (CAD/CAM) tech-
nology has expanded the possibilities of cast production be-
yond the traditional casting method.8 Moreover, the selective 
laser melting method (SLM) where metal powder is laminated 
with laser, has garnered significant attention. Clasps made us-
ing SLM have superior fabrication accuracy and physical prop-
erties such as 1.2 times for 0.2% yield strength, compared 
to clasps made by casting method;9,10 however, clasps made 
through this method have a rough surface texture.11 Studies 
have reported that the initial retentive force of clasps via SLM 
was higher than those produced by casting.10,12-14 Further-
more, following repetitive insertion/removal tests, simulating 
denture placement and removal, the retention force declined 
less in SLM fabricated clasps in comparison to those from the 
casting method.15,16 This suggests that SLM clasps could ex-
hibit superior long-term stability.17

In clinical practice, excessive retentive force of the clasp has 
been reported due to improper design or errors during the fab-
rication process of removable partial dentures.18 This situation 
may lead to the destruction of the periodontal tissues surround-
ing the abutment tooth.19 Hence minimizing the retentive force of 
the clasp is an important requirement to reduce excessive load-
ing and ensure the preservation of the abutment tooth.20 This re-
quirement is necessary regardless of whether the clasp is made 
using the Ney surveyor manual with gold-platinum alloys via the 
casting method or with cobalt-chromium alloy via SLM. Never-
theless, given the distinct physical and surface characteristics of 
SLM-fabricated clasps in comparison to conventional methods, a 
novel design should be proposed based on the appropriate re-
tentive force. The purpose of this study was to investigate the 
influence of undercut depths on abutment teeth regarding the 

retentive force of clasp fabricated through selective laser melting 
(SLM), and to compare them with conventional cast clasps. The 
null hypothesis was that the amounts of undercut on abutment 
teeth would not affect the retention forces, both the initial and 
after repetitive insertion/removal, of clasps produced by SLM. 

MATERIALS AND METHODS

PREPARATION OF METAL ABUTMENT TEETH 
For the measurement of clasp retentive force, thirty-two 

metal abutment teeth were prepared. The abutment tooth 
was for the mandibular right second premolar tooth. The 
crown form of the abutment tooth was waxed-up, and the in-
sertion/removal direction was aligned parallel to the clinical 
abutment axis. The wax pattern was designed with a guide 
plane on the distal surface, an axial plane parallel to the guide 
plane on the lingual surface, and a rest sheet on the distal 
marginal ridge. The prepared wax pattern was 3D scanned 
with a scanner (D2000, 3shape, Copenhagen, Denmark) to ac-
quire STL data. For refining the metal abutment tooth form 
and designing the STL data, the CAD software (exocad version 
3.0, exocad, Darmstadt, Germany) was used. The metal abut-
ment tooth possessed dimensions of 8.7 mm in height and 
6.9 mm in width. Throughout this process, projections were 
added on the occlusal surface to facilitate attachment to the 
repetitive insertion/removal testing device. Additionally, ma-
chining allowances were added on the distal and lingual sur-
faces. Based on the STL data, each metal abutment tooth was 
fabricated using cobalt-chromium powder (EOS CobaltCh-
rome SP2, EOS, Krailling, Germany) via SLM with an additive 
manufacturing machine (EOSINT M270, EOS, Krailling, Ger-
many) (Table 1). The particle size of the powder was about 20 
μm, and the conditions for additive manufacturing were set to 
an irradiation rate of 0.02 mm/s and a layered thickness of 50 
μm. The final preparation of metal abutment tooth involved 
heat-treatment according to the manufacturer’s instructions. 
The distal and lingual surfaces of the abutment tooth were 
finished with a milling machine (DWX-52DCi, Roland DG, Shi-
zuoka, Japan) and polished. 

Table 1. Composition and mechanical properties of the alloys used in this study.

Manufacturing 
Method

Composition (mass%)*1 Mechanical properties*1 Brand Name (Manufacture)

Cast Co: 58.3, Cr:32.0, Mo: 6.5,  
W: 1.5, Si: 1.0, other (C, N): <1

PS: 720 MPa, UTS: 960MPa,  
EL: 4%, EM: 230 Gpa, Hv: 370 Demanium GM800+ (Dentaurum)

SLM Co: 61.8-65.8, Cr:23.7-25.7,  
Mo: 4.6-5.6, W: 4.9-5.9, Si: 0.8-1.2, other PS: 850 MPa, UTS: 1,350MPa, EL: 3% EOS Cobalt Chrome SP2 (EOS)

*1: based on the nominal values from manufacture, PS: 0.2% proof strength, UTS: Ultimate tensile strength, EL: Elongation for fracture, 
EM: elastic Modulus, Hv: Vicker’s h.
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PREPARATION OF CLASPS
Each abutment tooth underwent scanning via a 3D scan-

ner (D2000, 3shape) to obtain STL data. A clasp suitable for 
each abutment tooth was designed using the CAD software 
(exocad version 3.0, exocad). The Akers clasps were designed 
with a retentive arm on the buccal side and a bracing arm on 
the lingual side. Different undercuts were incorporated into 
the clasp arm for each abutment tooth. Specifically, reten-
tive arms were positioned at undercuts of 0.25 mm, 0.15 mm, 
and 0 mm. For the 0.25 and 0.15 mm undercuts, the arm was 
designed to enter the undercut area of the abutment tooth 
halfway along length of the clasp arm. The buccal arm with 0 
mm undercut was designed to run along the survey line of the 
abutment teeth. The clasp arm exhibited a width of 1.0 mm 
at the tip and 2.5 mm at the shoulder. Based on the designed 
clasp, each clasp was fabricated using cobalt-chromium pow-
der (EOS CobaltChrome SP2, EOS, Krailling, Germany) via SLM 
with an additive manufacturing machine (EOSINT M270, EOS, 
Krailling, Germany). The fabricated clasps were designated 
as SLM-0.25, SLM-0.15, and SLM-0 to correspond with the re-
spective undercuts. For the SLM group, the surface of the rest 
was positioned parallel to the platform, and the same additive 
manufacturing and heat-treating methods used to prepare 
the metal abutment teeth were used to fabricate the clasps. 

As a reference, a conventional casting clasp for a 0.25-mm 
undercut was prepared (Cast-0.25) and denoted to the Cast 
group. A resin pattern (dima Print Cast Kulzer, Hanau, Germa-
ny) was made from the designed clasp data using an additive 
manufacturing machine for resin (NEXTDENT 5100, 3D sys-
tem, 3D Systems, SC, USA). The pattern was invested in phos-
phate bonded investing material (rema Exakt, DENTAURUM, 
Ispringen, Germany) and fired in a furnace (SFB-2040, SILI-
CONIT, Saitama, Japan). The temperature schedule was as fol-

lows: heat to 250°C at a rate of 5°C/min, hold for 60 minutes, 
heat to 1050°C at a rate of 5°C/min, and hold for 40 minutes. A 
high-frequency centrifugal casting machine (Auto Sensor MD-
201, DENKO, Chiba, Japan) was used to cast cobalt-chromium 
alloy (Demanium GM800+, DENTAURUM, Ispringen, Germa-
ny). After casting, the specimens were minimally modified and 
polished using carborundum and silicone points. At this time, 
the retentive force was not adjusted (Figure 1 and 2).

MEASUREMENT OF RETENTIVE FORCE
The clasp retentive force was measured through a tensile 

test using a universal testing machine (Autograph AG-X/R, Shi-
madzu, Kyoto, Japan). The abutment tooth was placed on the 
testing machine so that the guide plane of the fabricated abut-
ment tooth was parallel to the direction of insertion and re-
moval. A load of 9.8 N was applied for 20 s when inserting the 
clasp onto the abutment tooth, then the clasp was removed 
at a crosshead speed of 50 mm/min. This procedure was re-
peated ten times, and the average of five values was taken as 
the clasp retentive force. The retentive force was measured 
as the initial retentive force before the repetitive insertion/
removal test, and then every 1,000 insertion/removal cycle up 
to 10,000 cycles, for a total of 10 measurements.

REPETITIVE INSERTION/REMOVAL TEST
For this study, a special repetitive insertion/removal testing de-

vice (TDC-Ykp, Japan Mecc Tokyo, Japan) was used.21 The clasp’s 
repetitive insertion/removal action onto the abutment tooth was 
cycled a total of 10,000 cycles under a constant load of 49 N and 
a crosshead speed of 1,800 mm/min. The number of clasps with 
an undercut amount different from that of the abutment was set 
at 5, based on previous study.21 The tests were conducted within 
a controlled environment of 37°C distilled water.

Figure 1: Photographs with clasp on abutment tooth at buccal (upper row) and mesial (lower row) viewers. In SLM-0.25, the clasp 
arm is run from the maximum abutment of the buccal to the undercut, and then the clasp tip is positioned at the undercut. SLM-0 
is that clasp arm and tip were on the maximum abutment.
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MEASUREMENT OF THE SURFACE ROUGHNESS 
The roughness of the inner surface of the clasp tip before 

and after the repetitive insertion/removal test was analyzed. 
After ultrasonically cleaning a specimen in ethanol, an impres-
sion of the inner surface of the clasp was taken using silicone 
rubber impression material (Provil novo Light, Kulzer, Hanau, 
Germany). The impression surface was vapor-deposited with 
carbon (VC-100 CARBON COATER, VACUUM DEVICE, Ibaraki, 
Japan), and the surface roughness was measured using a 
three-dimensional scanning electron microscope (3D-SEM; 
ERA8900FE, ELIONIX, Tokyo, Japan). The measurement was 
conducted at an accelerating voltage of 15 kV. Within the 1.0 × 
1.0 mm area of the clasp tip, five points within a 240 μm × 180 
μm range were randomly selected for assessment. The result-
ing average surface roughness (Sa) was used to characterize 
the surface roughness.

SEM OBSERVATION 
The clasp tip on the abutment tooth before and after the 

repetitive insertion/removal test was observed under the field 
emission scanning electron microscope (SEM; SU6600, Hitachi 
High-Tech Tokyo, Japan). The accelerating voltage was 15 kV.

STATISTICAL ANALYSIS
Statistical analysis was performed to the retentive force and 

roughness via statistical software program (SPSS, ver.25 IBM, 
New York, USA). For the initial retentive force, one-way analy-
sis of variance (ANOVA) was used to compare the four condi-
tions SLM groups (SLM-0.25, SLM-0.15, SLM-0), and Cast-0.25 
followed by Bonferroni’s multiple comparison test. For the 
comparison of retentive force every 1,000-cycle to 10,000 cy-
cles with the initial retentive force, ANOVA was followed by the 
Dunnett’s test. For the surface roughness of the inner surface 

of the clasp tip before and after the repetitive insertion/re-
moval test, ANOVA was used to compare the four conditions, 
followed by Bonferroni’s multiple comparison test. In addi-
tion, Student’s t-test was used for each condition to compare 
the surface roughness before and after the repetitive inser-
tion/removal test. To determine the surface roughness of the 
abutment tooth after the repetitive insertion/removal test, 
ANOVA was used to compare the four conditions, followed by 
Bonferroni’s multiple comparison test. The significance level 
was set at 0.05. 

RESULTS 

INITIAL RETENTIVE FORCE 
The initial retentive force was the highest in SLM-0.25, fol-

lowed by Cast-0.25, SLM-0.15, and SLM-0. The corresponding 
mean and standard error values were 17.4 ± 0.6 N, 13.7 ± 1.1 
N, and 9.2 ± 1.1 N, and 5.6 ± 0.4 N, respectively. A statistically 
significant difference was observed among the four conditions 
(ANOVA; p<0.01). Upon performing multiple comparisons, sig-
nificant differences were observed in all combinations (Bon-
ferroni’s multiple comparison test; p < 0.05) (Figure 3).

CHANGES IN RETENTIVE FORCE AFTER REPETITIVE 
INSERTION/REMOVAL TEST
A statistically significant difference was observed in all four 

conditions when assessing the initial retentive force through-
out cycles from 1,000-cycle to 10,000 cycles (ANOVA; p<0.01). 
As a result of the multiple comparison test, there was a sig-
nificant difference between the initial retentive force and 
retentive force after 2,000 cycles for Cast-0.25 and SLM-0.25 
(p=0.034 and p=0.002, respectively), and the initial reten-
tive force and retentive force after 1,000 cycles for SLM-0 
(p=0.021), and initial retentive force and retentive force after 
5,000 cycles for SLM-0.15 (p=0.032). The retentive force after 
10,000 repetitive insertion/removal cycles was the highest at 
Cast-0.25, followed by SLM-0.25, SLM-0.15, and SLM-0, with 
values of 9.1 ± 1.0, 8.5 ± 0.8, 5.2 ± 0.7, and 2.3 ± 0.4 N, respec-
tively. (Figure 4).

SURFACE ROUGHNESS OF THE INNER CLASP 
SURFACE 
The surface roughness of the inner clasp surface before the 

repetitive insertion/removal test followed the order of SLM-
0.25, SLM-0.15, SLM-0, and Cast-0.25, with respective values 
of 3.2 ± 0.3 μm, 2.5 ± 0.4 μm, 2.4 ± 0.3 μm, and 1.1 ± 0.1 μm. 
A statistically significant difference was observed among the 
four conditions (ANOVA; p<0.01). The multiple comparison 
test showed a significant difference between Cast-0.25 and all 
three SLM conditions, SLM-0.25 and SLM-0.15, and SLM-0.25 
and SLM-0 (Bonferroni’s multiple comparison test; p<0.01).

Figure 2: Photographic images of Cast and SLM-0.15 clasps 
and of high magnification at inner surface of clasp tip. 
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Regarding the surface roughness of the inner clasp surface 
after the repetitive insertion/removal test, a statistically signifi-
cant difference was observed among the four conditions (ANO-
VA; p<0.01). Further analysis through the multiple comparison 

test demonstrated a significant difference between Cast-0.25 
and SLM-0.25, Cast-0.25 and SLM-0, SLM-0.25 and SLM-0.15 
(Bonferroni’s multiple comparison test; p<0.01).

Figure 3: Initial retention force of clasp for Cast-0.25, SLM-0.25, SLM-0.15, and SLM-0. There are statistically significant differences 
among all groups (Bonferroni’s multiple comparison test; *: P<0.05, **: P<0.01).

Figure 4: Change in the retention forces for Cast-0.25, SLM-0.25, SLM-0.15, and SLM-0 during the repetitive insertion/removal test. 
The “*” and “**” showed the significant differences between the initial retention force and the retention force after the number of 
repetitive insertion/removal cycles. Dunnett’s test; *: P<0.05, **: P<0.01
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The surface roughness of the inner clasp after repetitive 
insertion/removal test displayed a reduction across all four 
conditions. A significant difference was observed between the 
roughness before and after testing (Student’s t-test; p<0.01) 
(Figures 5 and 6).

SEM OBSERVATION OF THE CLASP TIP
SEM images prior to the repetitive insertion/removal test re-

vealed a notably improved fit of clasps across all three SLM 
conditions when compared to clasps from the Cast group. 
Following repetitive insertion/removal testing, the Cast group 
displayed increased gaps at the clasp tip compared to the pre-
test state. However, there were no noticeable changes before 
and after repetitive insertion/removal test for SLM clasps 
across all three conditions (Figure 7).

DISCUSSION

RETENTION FORCE
The mechanical properties of clasps fabricated with SLM dif-

fered from those produced by the casting method. Existing 
literatures have noted that clasps fabricated by SLM exhibited 
greater 0.2% yield strength and bending strength.22-24 Moreo-
ver, the initial retentive force for SLM fabricated clasps sur-
passed that of cast clasps with the same undercut.12 In this 
study, SLM-0.25 had the largest initial retentive force, and 
there was a significant difference between SLM-0.25 and Cast-
0.25. These results align with prior research, suggesting that 
SLM was an appropriate fabrication method for clasps requir-
ing large retention.

Figure 5: Surface roughness of the inner clasp before and after repetitive insertion/removal test. The “*” indicated a significant 
difference of surface roughness between before and after repetitive insertion/removal test (Student’s t-test;*:P<0.01), and the 
lowercase and uppercase indicated the significant difference among the specimens before repetitive test and among the specimens 
after repetitive test, respectively (Bonferroni’s multiple comparison test; P<0.01).

Figure 6: Color mapping images of surface roughness in each specimen before (upper row) and after (lower row) repetitive insertion/
removal test. (a) and (e) Cast-0.25, (b) and (f) SLM-0.25, (c) and (g) SLM-0.15, (d) and (h) SLM-0.
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Sato et al. reported that the appropriate retentive force 
exerted by the clasp was in the range of 5-10 N.5 The initial 
retentive force exhibited by SLM-0.15 and SLM-0 effectively 
aligns within this range, suggesting an undercut within 0 to 0.1 
mm yields an initial retentive force within the desired range. 
In contrast, both Cast-0.25 and SLM-0.25 yielded retentive 
forces greater than 10 N, thus deviating from the appropriate 
range. Therefore, when dealing with a 0.25 mm undercut, it is 
necessary to adjust the clasp tip for both Cast and SLM clasps. 

The 1,000 cycles could correspond to a year on three times 
repetitive of denture per day.21 A significant difference was ob-
served between the initial retentive force and retentive force 
after 2,000 repetitive insertion/removal cycles in the Cast-0.25 
group. In our previous report, a decrease of retention force of 
clasp after the test was similar to the obtained result using same 
testing device.21 Patterns in the retentive force changes followed 
a similar were comparable in both Cast-0.25 and SLM-0.25. Pre-
vious studies reported that the retentive force of SLM clasps re-
mains more stable than cast clasps.15,16 Typically, clasp designs 
feature retentive arms on both buccal and lingual sides,4,21,25,26 
facilitating easy adjustment of retention forces. However, in this 
study, clasps were exclusively designed with the retentive arm on 
the buccal side without adjustments after fabrication; therefore, 
the retentive force showed different values in reports.27,28

The experimental condition of SLM-0 was designed based 
on the hypothesis that a well-fitted SLM clasp could yield 
sufficient retentive force even without position the clasp tip 
within the undercut area. However, SLM-0 displayed an ear-
lier reduction in retentive force, with a significant reduction 
in retentive force after 1,000 repetitions, in comparison to the 
initial retentive force. When the clasp tip was not within the 
undercut area, retention primarily relies on friction between 
the clasp tip and abutment tooth during insertion/removal cy-
clic test. Consequently, early wear of the inner clasp surface 
may affect the retentive force. These results indicated that 
although SLM-0 had an appropriate initial retentive force, its 
practical applicability in clinical settings is challenging. 

In contrast, SLM-0.15 had an initial retentive force in the 
range of 5-10N, similar to SLM-0, and showed a significant dif-
ference in retentive force after 5,000 cycles. These findings 
suggest that SLM-0.15 maintains stability in retentive force 
across repetitive insertion/removal cycles, with the least likeli-
hood of experiencing changes within the parameters set in 
this study. After 10,000 cycles, the retentive force of SLM-0.15 
was about 5 N, retaining satisfactory retention during re-
petitive insertion/removal cycles. The decline in the retentive 
force of SLM clasps varied depending on the amount of un-
dercut. Consequently, the null hypothesis that the amount of 
undercut on the abutment tooth did not affect the retention 
forces of clasps fabricated by SLM, was rejected.

EFFECTS OF CLASP AND ABUTMENT TOOTH
The surface roughness of clasps fabricated via SLM has been 

reported to be affected by factors such as the unmelted metal 
powders and stacking conditions.25 Furthermore, the SLM-fab-
ricated clasp had demonstrated larger roughness compared 
to cast-fabricated clasps.10,29 The molding angle during laser-
melting fabrication has been reported to affect the internal 
defects and the surface roughness of products fabricated by 
SLM.11,30 Within this study, among the three conditions manu-
factured by SLM, SLM-0.25 had the largest surface roughness, 
and a significant difference was observed between SLM-0.15 
and SLM-0. 

While the position of the rest concerning the platform re-
mained constant across all conditions, the angle of the clasp 
tip varied according to the undercut.

The SEM images, as shown in Figure 7, confirmed that the 
outer surface on the clasp fabricated by SLM conformed to 
the abutment tooth but exhibited some non-conforming 
areas due to residual metal powder and manufacturing in-
consistencies. For Cast-0.25, a gap was evident between the 
abutment tooth and the lower edge of the clasp tip. These 
findings indicated that claps made by the conventional casting 

Figure 7: SEM images of clasp tip on the abutment tooth before (upper row) and after (lower row) repetitive insertion/removal test. 
(a) and (e) Cast-0.25, (b) and (f) SLM-0.25, (c) and (g) SLM-0.15, (d) and (h) SLM-0.
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technique may require adjustment after casting due to poor 
fit accuracy and unstable retention. The study investigated 
changes in retentive force during repetitive insertion/removal 
and subsequently observed micro-deformation of clasp tip. 
Clasp deformation was observed on the clasp tip far from 
the contact point on the abutment tooth when the clasp was 
passed through maximum abutment ridge into the undercut 
zone after repetitive insertion/removal. In clinical situations, 
enhancing clasp adaptation to achieve suitable retentive force 
is typically achieved by adjusting the clasp arm and polishing 
the inner surface.18,31 However, if SLM clasps are adjusted in 
the same manner as cast clasps to enhance retentive force, it 
could compromise the excellent fit attributes inherent to SLM 
fabrication. In this study, SLM-0.15 and SLM-0 demonstrated 
sufficient retentive force even with small undercuts, suggest-
ing that these clasps can be clinically applied with good fit 
without any adjustments.

Following repetitive insertion/removal tests, the surface 
roughness on inner surface of the SLM clasps decreased, and 
a significant difference was indicated under all conditions be-
tween the roughness before and after testing. An examination 
of the clasp tip showed a gap for Cast-0.25 after repetitive in-
sertion/removal test, but no significant change was observed 
on the SLM clasps under all conditions. The initial stage of 
roughness on the inner side of the clasp, due to unmelted 
powder, encompasses small contact points, followed by a de-
crease in surface roughness due to wear from the repetitive 
insertion/removal test. This results in increased friction be-
tween the abutment tooth and the clasp.

Although the SLM specimen made of cobalt-chromium al-
loy have been reported to possess similar elastic moduli as 
Cast specimens, they exhibit larger proof strength and ten-
sile strength.24 Clasps made with alloys of large elastic moduli 
yield greater retentive force due to the large amount of elas-
tic deformation within the undercut towards the maximum 
abutment range. In addition, the friction between the clasp 
and the abutment tooth plays a role in the retentive force. 
The retentive force during early stages was enhanced by the 
slight decrease in surface roughness and improved contact 
area with the abutment during early repetitive insertion/re-
moval tests. Clasps fabricated by SLM could achieve a suit-
able retentive force due to superior contact area fit and large 
elastic moduli, even with small elastic deformation through 
the undercut towards the maximum abutment. Therefore, the 
change in retentive force during repetitive insertion/removal 
test could be influenced not by the difference in elastic moduli 
between SLM and Cast, but by the difference in wear on the 
inner surface of clasp and the difference in contact fit due to 
manufacturing. However, Akers clasp designs with different 
undercuts entail clasp arms of varying lengths. This may affect 
the retentive force due to clasp deflections and a larger con-
tact area between the clasp and the abutment tooth. Also, in 
the limitation of this study, large rigidity in cobalt-chromium 
alloy was used for the abutment tooth and clasp. As a result, 

future investigations should investigate the interaction be-
tween the clasp arm length and the fitting area between the 
clasp arm and the abutment tooth, and materials, zirconia 
and resin composite, or abutment tooth.

CONCLUSION 
This study investigated the effects of undercut depths on 

metal abutment teeth on the retention force of Akers clasp 
fabricated by SLM. The results can be summarized as follows.

1. The initial retention force of Akers clasps fabricated by 
SLM was greater on abutments with larger undercuts. 

2. The initial retentive force of SLM-0.15 fell within the ap-
propriate range of 5 N to 10 N, and this optimal range 
was also maintained after subjecting the clasps to 
10,000 cycles of repetitive insertion/removal tests.

3. The surface roughness of the inner clasp surface was 
greater for SLM fabricated clasps compared to those 
made through casting. 

In conclusion, Akers clasps for removal partial dentures 
could be successfully fabricated through SLM to control the 
retentive force by adjusting the amount of undercut. Moreo-
ver, these SLM-fabricated clasps offer a superior fit compared 
to cast claps. 
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