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Accuracy of CAD-CAM RPD framework according to
manufacturing method: A literature review
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Purpose. The purpose of this study was to evaluate the currently published liter-

:()RC'D iDi. atures investigating the accuracy of computer-aided design and computer-aided
useun 1 . . .
https://or%idorg/0000-0001»9116-2328 manufacturing removable partial denture (CAD-CAM RPD) framework with

different manufacturing techniques and methods. Materials and methods. A
comprehensive search for literatures was conducted in PubMed database using
specific keywords with the patient, intervention, comparison, and outcome (PICO)
question, “Is there a difference in accuracy of RPD frameworks manufactured
using digital workflow according to the manufacturing process and methods?”
Results. A total of 7 articles were selected. Two studies compared intraoral scan-
ning and laboratory scanning for RPD frameworks and had heterogenous results.
In the studies using different manufacturing process, RPD frameworks had
clinically acceptable accuracy in both subtractive and additive manufacturing.
Polyetheretherketone (PEEK)-milled RPD frameworks showed higher fit accura-
cy than traditionally casted or 3D printed RPDs. Direct milling method showed
a higher accuracy than indirect milling method. However, in rapid prototyping,
indirect method showed higher accuracy than direct method. Conclusion. The
RPD frameworks fabricated using CAD-CAM technology showed a clinically ac-
ceptable level of accuracy regardless of manufacturing process or techniques.
Consistent results have not been reported regarding the digital impression meth-
ods, which were intra oral scanning or laboratory scanning, and further studies
are needed. (J Korean Acad Prosthodont 2021;59:370-8)
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'3}9"5\ o, systematic review= E3Fs}A] 9ttt ZiAlo] o]
Aol o2 2t - Z(
denture)” “0z1€ (digital)” == “/H=7(‘CAD-CAM’

or ‘computer-aided’ or ‘computer-assisted’) =+ “7H

‘749] x| (removable partial

9(virtual)”; “A|Z¥H (‘manufacturing’ or different
technique’)” @& (milling or milled)” E+ “3D Z&g
(‘3D printed’ or ‘printing’ or ‘laser sintered’ or ‘rapid
prototyping’)”; “A &= (accuracy)” E+ “A &= (fitness)”
T ‘YU (precision)”.
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Aot = 7ie] £ (Soltanzadeh et al.''; Tregerman
et al.)ol|A] THFAHOZ A ES AJFYslo] & A
g Y (complete digital process)= #|2rsk RPDF %
&2 VPS gAS & Mil Byg A7Hse] B2 HAE ot
% (partial digital process)2& #|25 RPD2] H| il H7}
£ Al & 4 QI91t} (Table 1, Table 2). Soltanzadeh 5
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Table 1. Summary of each study researched RPD frameworks using intraoral scanning

Evaluated Parameters Measurement
Study Study type arch Kennedy Class evaluated method
Soltanzadeh In vitro Maxillary Class/ll, accuracy and fitof RPD ~ Superimposition of 4 groups / 10 specimens
etal. (2018) modification 1 framework (rests, major STL files using for each group (n=40)

connectors, proximal ~ Geomagic Control
plates, reciprocl plates, 2014 (3D systems)

clasps)
Tregerman  Clinicalstudy Maxillary (3);  Class| quality of fitness of RPD  Surveying with 7 9 patients /3 RPD
etal. (2019) Mandibular (6) (4; all mandibular); framework yes/no questions frameworks using 3
Class|I by 5 clinicians different techniques for
(3; L maxillary, each patient (n=27)
2 mandibular);
Class|il

(2; all maxillary)

STL: standard tessellation language; RPD: removable partial denture

Table 2. Summary of results of each study researched RPD frameworks using intraoral scanning

Study Group control Impression method CAD software Manufacturing Results
Soltanzadeh I: Conventional-LWT Conventional VPS Not applicable Conventional LWT Overall:
etal. (2018) impression 0.027 = 0.04 mm
IIl: CAD-RP Intraoral scan 3DPRD company 3D Printing (Co-Cr) 0.15+0.013mm
(Trios 3, 3Shape) (Commercial lab)
Ill: CAD-RPS VPS impression, model 3DPRD company 3D Printing (Co-Cr) 0.16 = 0.02 mm
scan (3SD900, 3Shape) (Commercial lab)
IV: CAD-LWTR Intraoral scan Not applicable lost-wax technique from  0.005 £ 0.030 mm
(Trios 3, 3Shape) resin model 3D printed
(Form 2, Formlabs Inc)
Tregerman | Completely analog Conventional VPS Not applicable Conventional LWT
etal.(2019) impression
Il. Combined analog- VPS impression, model Dental System 2016 ~ SLM Co-Cr 3D printing
digital scan (D800, 3Shape) premium, 3Shape
l1l. Completely digital Intraoral scan Dental System 2016 ~ SLM Co-Cr 3D printing
(Trios 3, 3Shape) premium, 3Shape

LWT: lost wax technique; VPS: vinyl Polysiloxane Impression; SLM: selective laser melting; CAD: computer-aided design; RP: rapid prototyping; CAD-RP:
CAD printing; CAD-RPS: CAD printing from stone model; LWTR, lost-wax technique from resin models.

278 glo]E] Aol CAD T4 5 #|Zst CAD-ZHE RPD n2g) Atolof|l A= ARt o] §o|u|gt Xpo| 7} =] 2] kgt
(P> .05). Tregerman 5 <= 992 &xol|A| A| 7}2] v

(Co-Cr)¢t A5% VPS QS & gy T 14470 ot

S AAR R EYY 2ol M F2YA 0= A4 RPD Al(1. 2 ofdE: VPS QR4S 2. ofdE -1
framework?] 22 v]watdch A2l Agr g: VPSQU+EFAZM+3D printing; 3. &4 dAE: 1%
ZHA 0 2 A2t RPD7} 3D printing 22 #|2Het T x| © 270+3D printing) 2.2 Co-Cr RPD frameworkS #|2}5
RPDEC} gap distance?} §oulotA] A2, £ APd=s of AN AF=E Hrlsloitt. HAIE WA (F4A743D
Bt (P < .05). FZHA 02 A 25 RPD Ato]of Ayt (A printing) 22 A|Z5t RPD frameworke] %524 analog
EZ VPS AMAE & Mungy £ 10A0 T o method& |25+ Z B}, 721 analog-digital method

23), CAD-Z2E] RPD (4AN T 2FPA7H £ 3D (VPSQUAH+EFAZM+3D printing) 2ot U2 A2 2
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Helom (P<.001), analog method® A2kt Z10] ana-
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o] A|2}3t PEEK RPDE #1524 #2422 225 Co-Cr
RPDE} )25} C} (Table 3). PEEK-milled RPD frame-
worke] 524 Co-Cr RPDEL} & FH29] gap distance
7t A7 £4=%lem, PEEK RPDO] A wrt oS 943t
o2 HrlElgich (Table 4). Lee 528 10 29] A& o
dog gt Aol gAH S 3DEHFS & 219
Alo g tjAd RPDE A|&sto] A= g Hrtstdct. St
9] Kennedy 7ol @& YA RPDO] A= o] Aol 3
7] ?53&031 g AE HRojM= FABHA] Hip= 4
A%2) BolEtte G2 A3tert HEE o (P
<.05). =gt AHAES FHE (periphery)olA] FAF
(center) Bt} =2 &g w7} B2 Qict (P < .05). Arnold
52 4l 7kA]2] CAD-CAM "4 2.2 A|&+et RPD clasp 2
11575] l:l]-/\l oz xﬂz‘é_ RPD Clasp9—] ;G%LEE H]_"j!_ ﬁﬂy]-

stlct. Indirect milling =+ direct millingS. 2 |2kt
PEEK digital RPD clasp7} &4 Fx WAl 02 A2kt
Co-Cr RPD clasptt RP ®F41& |23t Co-Cr RPD clasp
Hrt 248 A s He o, E3] direct milled PEEK
RPD claspollA 7H8 9425t A&7t B it Indirect
3D printing A o2 AZE FolA 7MY H2 A=
7} #EE itk Negm 572 FAlo & Azt di-
rect-milled PEEK RPD frameworkd} %8 mj&12 3D
g st & thermopressingste] indirect B4 02 |2t
3t indirect RP-thermopressed PEEK RPD framework
o] A&} truenessE H7FskITh Direct milled PEEK
RPD framework®] RP-thermopressing 4] 92 A2t
o AHTH A=t trueness ZF fFoR|5HA| 2 Ao
2 B0 (P<.001), F 7HA] WAoo 2 A &= RPD
framework 2% YA o2 §8&7Hsot HYY=Z H7HE A
C} (Table 4). 9J9] A7AIE 53) milling YA o2 |2}
gt PEEK RPD7} M54 22402 AJ2kst7{ut RP {4
02 A2t Co-Cr &=+ PEEK RPD framework®2c} At
LE7F S4oiA|nh 2R Ao 51875 HelE Bk
% 9l

0

S direct |

2) &Y A e A 254 (direct manufacturing) ¥t t A €-
opd2 1 A Z2%A] (indirect manufacturing)e] B] il

oA AF3H Arnold 5’ Negm 579 AFLoA

CAD-CAM Ao 2 A4 3D printing E+= milling< ©]
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ZA0X| LZE(framework)e| CAD-CAM R ZHAlof| 2 o|Rs
Mgtz 23 0%
Table 3. Summary of each study researched RPD frameworks using different manufacturing methods
Study L7 RENTE Kennedy Class Parameters Measurement method Sample
Type arch evaluated
Yeetal. Invitro Mandibular  Class Il modification 1 Fitaccuracy (occlusal 1. Visual inspection 2 groups / 15 RPDs
(2018) rest, major connector, 2. pressing test for each group
denture base) 3. gap distance measurements (n=20)
1) Thickness of silicone
impression material
(Variotime, Heraeus)
2) Superimposition of STL
files using Geomagic
Qualify 2012
Leeetal. Clinical Maxillary (3); ClassI:4 (allmandibular); Fitaccuracy (rest, clasp, Replica technique using 10 patients /1 RPD
(2017) study Mandibular (6) ClassIl:3 (1 maxillary, minor connector, silicone registration material ~ for each patient
2 mandibular); Class Il major connector, (Fit Chekcer, GC) (n=10)
(all maxillary) edentulous area)
Arnold etal. Invitro Maxillary Class Il modification 3 Fitaccuracyofclasp  Gap distance measuring with 5 groups /3 RPDs
(2018) light microscopy for each group
(n=15)
Negm Invitro Maxillary Class| fit accuracy (rest, Superimposition of STL files 2 groups / 10
(2019) guide plane, anterior  using Geomagic Control-X (3D specimens for
strap, AP strap, posteriorsystems) each group
strap) and truness (n=20)

STL: standard tessellation language; RPD: removable partial denture

Table 4. Summary of results of each study researched RPD frameworks using different manufacturing methods

Study Group control
Yeetal I. PEEK RPD
(2018)

II. Traditional RPD
Leeetal.
(2017)
Arnold etal. 1. Indirect RP
(2018)
II. Direct RP
I1I. Indirect milling
IV. Direct milling
V. Control
Negm . Direct milling
(2019)
II. Indirect RP

Impression method CAD software Manufacturing

Geomatic Studio PEEK milling

2012 (Geomagic)

Model scan
(D800, 3Shape)

Traditional impression Not applicable Conventional LWT

VPS impression,
model scan (Activity
101, Smartoptics)

FreeForm,
(Sensable)

Framework: 3D printing
of castable wax pattern,
Co-Cr LWT

Denture base: Heat cure
resin

VPS impression,
model scan (D900,
3Shape)

Dental Designer
2013v2.8.8,3Shape

wax inject printing with
LWT

SLM Co-Cr 3D printing

wax millling with LWT

PEEK milling
Conventional VPS Not applicable Conventional LWT
impression
VPS impression, Dental System PEEK milling
model scan (S600, (3Shape)
Zirkonzahn)
VPS impression, Dental System DLP 3D printing of castable

model scan (S600,
Zirkonzahn)

(3Shape) resin pattern, PEEK ther-

mopressing using LWT

ENT
Entirety 42.8 + 29.4 um

Entirety 130.9 &= 50.5 pm

Rest: 249.27 £ 134.84 um
Clasp: 162.33 = 131.2 um
Minor connector:

125.11 +83.89 um
Major connector:

380.00 + 111.75um
Edentulous area

328.30 = 264.73 um
Total 227.67 & 172.55 um

H: 323 + 188;V: 112 & 60 (um)

H: 365 % 205;V: 363 = 133 (um)
H:117 = 34;V:45 + 21 (um)
H:43 + 23;V:38 & 21 (um)

H: 133 + 59;V: 74 % 25 (um)

overall
0.11 £ 0.03 mm

-0.09 = 0.05mm
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85}0] A 25t digital RPD framework (direct manufac- 3+ 790l = indirect RP WHAlo 2 A|&kst AR Agter}
turing)Zt CAD-CAM 4|02 4% siglg 3D Z7ig © S22 os 2S£ o 2y 2F dH ez 5187t
£ millingsto] A2et & A& F2-48 P02 A21e 5’9 Yol &oh= ez BaE
RPD framework (indirect manufacturing)2] H]u. ZAx}

£ H7KE 4 Ak Arnold 572] 9A-tollA direct-milled 3) Hybrid technique: simultaneous subtractive and
PEEK RPD clasp7} indirect milling @ = #|2F5h ZA X} additive technique
S4%F gty EE o, 3D =AY o2 A|2+s RPD Torii 5/ repeated laser sintering (RLS)¥} high-
frameworkollA4l= direct B4 0= A Zlst 7420l indirect speed milling= FAloll X8Y5= ‘hybrid manufactur-

HA oz AlAg AHT W2 Aetert B E it Negm ing (HM)' 7]&2 o]8sto] Al2% HM RPD claspE A&
579 AFojAE direct milled PEEK RPD framework 2 24192 #|2H5t Co-Cr RPD clasp?t RLSTHO.2 A
o] RP-thermopressing ¥4/ 2= A2t PEEK RPD 215t clasp@} vl 7Rt (Table 5). Hybrid-manufac-
framework 2t AL e} trueness B5F F-2olu]stA = tured (HM) clasp= & £+ RLS W4 22 A2kt clasp

Aoz PHE oY (P<.001), & 7HA WAloz A2 Hot Ui A-A717L fofnlshA] 22, viiel e FHS Ble
RPD framework 2% A0 2 58 7153t Q|2 g7} L, A&z (gap distance)olX+& f-Jo]§h 2fo]7}F T E| A
=91t} (Table 4). & A+ A= 55| direct milling §4] ookth. 221 10,000 cycled] A3 715t Fo] 4413 H7t
o] PEEK RPD framework®] Z3%=7} indirect milling Al 2 claspoll Hlsl §-A18 0] DoAY 4 Tastqint.
WAl o2 AAsh AR 45k, direct RP WAl &2 A&}

Table 5. Summary of the study evaluated RPD framework fabricated with hybrid manufacturing

Study Study Parameters Measurement Group Impression CAD Manufacturing Results
Type evaluated method control method software
I. Conventional Not presented Not presented Not presented 1. The surface of the
-cast clasp HM clasp was
. . smoother than RLS
Il. HM Modelscan ~ DWOS Partial ~ Simultaneous clasps.
(7 Series, Frameworks repeated laser

2. Digital relief of the
HM clasp lowered
the gap distances on
the rest regions.

Dental Wings) (Dental Wings) sintering and
high-speed milling,
LUMEX Advance-25,
Matsuura Machinery 3

Surface c . The retentive forces
roughness, orp- of the HM clasps
fitness Thickness of IIl.RLS Modelscan ~ DWOS Partial ~ Repeated laser with relief and after
, accuracy silicone (7 Series, Frameworks sintering without heat treatment were
Torii . X . - . . L
(2018) Invitro and impression Dental Wings) (Dental Wings) milling significantly greater
retentive  material (Fit |\ i relief  Modelscan  DWOS Partial 50 um digital relief ~than castclasps.
force. 9f Checker, GC) (7 Series, Frameworks  on the occlusal 4. Whgreas there
modified Dental Wings) (Dental Wings) surface of the tentive forces of cast
Aker’s clasp tooth die clasps were
remarkably
V. HM heat Modelscan ~ DWOSPartial  HM clasps heated decreased, HM
treatment (7 Series, Frameworks  from room clasps demonstrated
Dental Wings) (Dental Wings) temperature Fo a constant or slight
45°C for 45 min, decrease with up to

andto 75°C for1 h. 10,000 cycles.
Quenched after
30 min

https://doi.org/10.4047/jkap.2021.59.3.370 375
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A 9olli= direct ®¥Alo] indirect
‘%“lloﬂ*i Hoh &2 1—1"2 L& Holu, AHF 7Ha(rapid
prototyping)9] 7-¢-oll= & & WA AH&sto] 3=
Z I} S 53l ¥Ad5h= indirect W40 direct ¥4 ol
A Bop @451 A9t & Helr,
4, 273290 & &3l A|2Fs RPD frameworke] 2k
Lol Tato] AA7IA = e AaEo] Bk A ekek
on, % A7t st
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