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ABSTRACT

Purpose:  Assess the effect of material selection as well as different fabrication 
techniques of metal ceramic (MC) and all ceramic crowns on their clinical outcomes, 
marginal and internal fit. Materials and methods: In vivo study(I); twenty-eight 
patients were provided with twenty-eight crowns restoring mandibular first molar tooth. 
Patients were distributed into 2 groups and 2 subgroups according to different materials 
and fabrication techniques: fourteen patients received MC crowns, group (I); seven 
patients received crowns with conventional casting of Co-Cr copings, subgroup (A) 
and seven patients received crowns with direct milling of Co-Cr copings, subgroup 
(B). Fourteen patients received IPS e.max press crowns, group (II); seven patients 
received crowns with conventional wax pattern, subgroup (A) and seven patients 
received crowns with 3D printing resin pattern, subgroup (B). The survival rate of these 
crowns was evaluated and statistically analyzed. In vitro study(II); one machined die 
was prepared to simulate crown preparation of mandibular first molar tooth. 60 crowns 
were constructed on die and divided into 2 groups (30 samples each) and 2 subgroups 
(15 samples each) according to different materials and fabrication techniques similar 
to in vivo study. Replica technique obtained to measure marginal and internal fit 
using Digital microscope. Results: The survival rate of MC and press crowns was 
98% and 60% respectively. Press crowns and digital technique showed superior 
marginal and internal fit than MC crowns and conventional technique respectively.  
Conclusions: Material type and fabrication technique of MC and all ceramic crowns 
influence their clinical outcome, marginal and internal fit.
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INTRODUCTION

Patients with severe loss of tooth structure due 
to caries or trauma and after endodontic treatment 
usually use full coverage crowns. Metal ceramic 
are still the most widespread used material for 
constructing full coverage crowns and is considered 
as the typical treatment in dentistry(1). 

Many metal alloys have been used as the metal 
framework of metal ceramic restorations. In the old 
ages gold-based restoration were used in casting 
technique; they were substituted by base-metal 
alloys as nickel-chromium (Ni-Cr) and cobalt-
chromium (Co-Cr). Ni-Cr may cause allergic 
reactions, therefore, Co-Cr are used as alternative 
for patients who have sensitivity to nickel (2). 

Traditional casting technique is more broadly 
used to create metal frameworks or copings but it 
has many problems as it is complex and needs great 
technical skill. The introduction of computer aided 
design and computer aided manufacturing (CAD/
CAM) process have revolutionized to improve 
quality of full coverage restorations as well as to 
reduce costs and time (3).

Due to the continued interest in esthetic dentistry, 
studies of restorations with similar dental colors 
have continued along with those of dental materials 
with satisfactory strength. Ceramic restorations 
with high crystalline content were evaluated to 
substitute metal frameworks used for metal ceramic 
restorations (4). 

Lithium disilicate glass ceramic material exists 
in two forms an ingot that can be press-fit (IPS 
e.max press) and block that can be milled (IPS 
e.max CAD). IPS e.max press is typically fabricated 
from conventional wax pattern. Recently CAD-
CAM systems with recent fabricating wax and 
polymers have been evaluated (5). In CAD-CAM, 
two dissimilar systems create physical products 
from 3-dimensional (3D) models: subtractive and 
additive. Additive manufacturing is an innovative 
method that rapidly creates parts and prototype 

models from 3D (CAD) model data which produced 
by 3D digitizing systems (6).

The clinical performance of dental restorations 
and their accuracy of fit are considered an essential 
feature for the long-term success of restorations. 
The latter can be evaluated in vivo and in vitro. 
Investigations in patients’ mouth can directly reflect 
the clinical results, but due to the differences in 
the restorations geometry, ecological factors and 
occlusal forces, it is very hard to be standardized (7). 
In vitro studies have to simulate clinical situation 
as far as possible and the outcome should be easily 
reproduced with the least differences, thus helping 
clinical research.

MATERIALS AND METHODS

Part (I): In vivo study: 

Ethical considerations: 

The present study was reviewed and confirmed 
by Research  Ethical Committee (REC) of the 
Faculty of Dental Medicine for Girls, AL-Azhar 
University, Egypt. The purpose of the investigation 
was informed to patients. These patients signed an 
informed consent prior to start in this research. 

Patient selection:

Twenty- eight patients participated in the pres-
ent study seeking restoration of single crowns for 
endodontically treated  mandibular first molar teeth. 
Inclusion criteria: Patients received either metal-
ceramic or IPS e.max press ceramic crowns on 
abutments with appropriate endodontic treatment 
for mandibular first molar teeth characterized by 
less than 50% of coronal tooth structure missed. 
Patient age (20-50) years old, in good overall gen-
eral health with adequate oral hygiene and adequate 
crown/root ratio. Acceptable tooth reduction length 
was required to guarantee suitable retention and 
resistance form. Exclusion criteria: Patients with 
abnormal occlusion, bad oral hygiene or else with 
highly caries index were omitted from the present 
research (8).
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Patients were distributed into two groups and 
two subgroups in relation to different materials and 
fabrication techniques as illustrated in table 1.

Table (1): Samples’ grouping.

Number 
of

Patients

Subgroups according to 
fabrication technique

Groups 
according 
to material

7

Subgroup (A): Metal-ceramic 
crowns with cobalt chromium 
copings fabricated by conven-
tional casting.

Group (I)
Metal-

ceramic 
crowns.

7

Subgroup (B): Metal-ceramic 
crowns with cobalt chromium 
copings fabricated by direct 
milling of alloy.

7
Subgroup (A): IPS e.max 
press crowns fabricated by 
conventional wax patterns.

Group (II)
IPS e.max 

press 
crowns.

7

Subgroup (B): IPS e.max press 
crowns fabricated by three – 
dimensional printing of resin 
patterns.

28Total number of patients

Pre- operative phase:

A case history was taken from patients. A 
pre-operative clinical examination, periapical 
radiograph for abutment tooth and analytical casts 
for maxillary and mandibular arches were prepared 
from alginate (Tropicalgin, Zhermack SPA,Italy) 
impression material. The maxillary and mandibular 
casts were secured on the articulator(8) (A7 Fix; 
BioArt, Brazil).

Operative phase:

All non-vital teeth included in this study were 
either restored by a direct composite build-up 
material (Charmcore,Dentkist,Korea) or in case of 
destroyed tooth structure, restored by a manufactured 
titanium post (Screw Posts,Nordin Dental, Swiss) or 
glass fiber post (Glassix plus, Nordin Dental, Swiss) 
in combinations with a composite material. Shade 
selection was determined prior to tooth preparation 
in natural sunlight at 11 o’clock. The putty index was 

used to standardize the amount of tooth reduction (8).  
Abutment tooth was prepared with 2.0 mm occlusal 
reduction and supragingival deep chamfer margin 
of 1.2 mm in width. All sharp edges and angles 
were rounded (9). Final impression was taken with 
a polyvinylsiloxane material (Zetaplus ,Zhermack 
SPA, Italy) using a two-stage putty-wash impression 
procedure. The prepared tooth was covered by light-
curable composite provisional crown (PerfecTemp 
II, DenMat,U.S.A.). The final impressions and 
occlusal bite were sent to laboratory for construction 
of copings by standardized techniques. 

Metal and IPS e.max press ceramic copings were 
tried-in intraoral and evaluated initially for seating, 
marginal fit, inter-proximal and occlusal clearance.  
All the evaluated copings were sent to the laboratory 
for building up the veneering layer of both groups. 

Prior to cementation procedure; the teeth were 
cleaned for any remaining cement with polishing 
brush and all crowns were evaluated once more. All 
crowns were cemented using Supercem (DentKist, 
Korea) self-adhesive resin cement. No surface 
conditioning was done for the intaglio surfaces of 
metal ceramic crowns. While surface conditioning 
of intaglio surfaces of crowns constructed from 
IPS e.max press restoration was performed  
according to the manufacturer’s instructions using 
Ceramic Etching Gel (5% HF acid gel) (Ivoclar 
Vivadent, Liechtenstein, Germany) applied on 
the cementation surfaces for 20 seconds. Then, 
the crowns were washed and air dried. These 
were followed by application of Silane Coupling 
Agent (Bisco,Inc,U.S.A.) which was allowed to 
react for 30 seconds, according to manufacturer’s 
recommendations and then thoroughly dispersed 
with air. After that, crowns constructed from IPS 
e.max press restoration were adhesively cemented 
to their particular abutments by supercem resin 
self-adhesive cement following manufacturer’s 
instructions. Periapical radiographs were taken after 
cementation. 
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Post – operative phase: 

Patients were instructed to follow prescribed 
oral hygiene measures including 45° angle brushing 
twice a day, flossing once a day and using warm 
mouth wash to avoid recurrent caries or gingival 
inflammation around new crowns (8). 

 Clinical evaluation: 

Clinical assessment of all crowns was 
accomplished by Modified United States Public 
Health Service Ryge criteria, at base line (1 week), 
3, 6 and 12 months later to cementation. Fractures, 
sensitivity and recurrent caries at the crown 
margin, marginal adaptation and discoloration 
were assessed (10). In addition, Plaque presence was 
assessed by L¨oe plaque index and recorded as 0, 1, 
or 2. Clinical examinations were accomplished by 
mirror and sharp explorer, photographs as well as 
radiographic examinations. 

Part (II): In vitro study: 

Model construction: 

One stainless steel master die was designed 
and milled using an engineering lathe (CNC 350; 
Arix,Taiwan) to mimic the preparation of complete 
coverage metal ceramic and all- ceramic crowns 
of mandibular first molar tooth with 1.2mm deep 
chamfer margin all around the total boundary. 
Preparation was standardized with an axial wall 
inclination of 6° and 7mm height while the occlusal 
diameter was 6mm (11).

Sixty crowns were constructed on die and divid-
ed into 2 groups (30 samples each) and 2 subgroups 
(15 samples each), according to different materials 
and fabrication techniques similar to groups and 
subgroups of in- vivo study.

Construction of the crowns:  

A: Construction of metal – ceramic crowns, group (I):

Subgroup (A): Construction of metal-ceramic 
crowns with cobalt chromium copings fabricated 
by conventional casting.

To standardize the thickness of the wax copings 
0.5mm; a specially designed split brass internal 
counter die with a highly polished fitting surface 
and an external ring (sleeve) was used. The inner 
ring was splitted longitudinal to aid in wax patterns 
removal.  Five layers of die spacer material (YETI; 
Renfert GmbH, Germany) with approximately 50 
microns thickness was applied to surfaces of die 
leaving 1mm short of finish line. Wax copings were 
made by pouring the molten casting wax (Bego, 
DentalMart, U.S.A.) into the mold space. After 
complete hardening the excess wax was trimmed 
and shaved with sharp carver (11).

 Wax sprue formers (Wachsdraht, Bremen, 
Germany) were attached to the wax patterns at 
occlusoaxial line angle with 45° to the long axis, 
then the sprued wax patterns were assembled in 
the center of a rubber crucible former inside rubber 
casting ring. The sprued wax copings were vacuum 
invested. After setting of the investments, they were 
placed for one hour in a burn-out oven at 970°C, 
the metal copings after that were obtained by 
casting with Co-Cr alloy (Eisenbacher Dentalwaren 
ED GmbH, Germany) using centrifugal casting 
machine (11). 

Subgroup (B): Construction of metal-ceramic 
crowns with cobalt chromium copings fabricated 
by direct milling of alloy.

The Ceramill Motion 2 machine (AmannGirrbach, 
Germany) was used for fabricating soft non-
presintered Co-Cr blanks (Ceramill sintron, 
AmannGirrbach, Germany). To achieve scannable 
surfaces, metal die was sprayed with light reflecting 
powder. The coping thickness was adjusted at 0.5mm 
while the width of cementing gap was adjusted at 
50mm. The Co-Cr blank was cut and milled in green 
state. Subsequently, all samples were sintered under 
an inert gas in a special argon furnace (Ceramill 
Argotherm, AmannGirrbach,Germany) (12).

Each coping within both groups was placed on 
the die and checked for complete seating using 
USB Digital microscope (Scope Digital Stereo 
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Microscope, China) (x = 10). The coping was 
discarded if any small nodule or defect was detected. 

Veneering of both subgroups by VITA VMK 
Master (VITA Zahnfabrik, Germany). Building the 
porcelain layers (opaque, dentin and enamel) over 
the metal copings was carried out respectively, 
then they were properly placed on the die. External 
counter die was used to standardize the thickness 
of porcelain 0.7mm over the substructure copings. 
Firing of porcelain layers on metal copings was 
performed at 960°C in 7 minutes. The finished 
crown was seated on the die and checked for 
complete seating using USB Digital microscope (x 
= 10). The crown was discarded if any small nodule 
or defect was detected (11).

B. Construction of IPS – e.max press crowns, 
group (II): 

Construction of IPS – e.max press copings of both 
Subgroups A & B, group (II): 

The difference between subgroup A and 
subgroup B only during construction and spruing of 
patterns either conventional wax for subgroup A or 
3D printing resin for subgroup B. 

  Subgroup (A): Construction of IPS – e.max 
press ceramic crowns fabricated by conventional 
wax pattern.

Same procedures used for the construction and 
spruing of wax patterns of conventional metal 
copings were followed during the construction of 
subgroup (A).

Subgroup (B): Construction of IPS – e.max 
press ceramic crowns fabricated by three 
dimensional printing of resin pattern.  

Metal die was scanned and the crowns were 
designed with the same previous procedures 
described in construction of metal CAD/CAM 
copings (subgroup I-B), then stored as a standard 
tessellation language (STL) file. The STL files for 
the copings were transferred to a resin-based 3D 

printer machine (Dent2 3D printer ,Mogassam, 
Egypt). Resin patterns (NextDent,Vertex -Dental, 
Netherlands)  were produced from a photo-curable 
liquid resin which cured after its exposure to light 
by photo polymerization process. The resin patterns 
building was done layer by layer by moving the 
platform upward and downward until completion 
of resin patterns.  After final setting for ten minutes 
through built-in UV lamp, the resin supports were 
cut. Each 3D printing pattern was seated on the 
die and checked for complete seating using USB 
Digital microscope (x = 10). The 3D printing resin 
pattern was discarded if any small nodule or defect 
was detected (13).  

Axial wax sprues (diameter 3mm, length 5mm) 
were attached to the occlusal surface of the resin 
patterns at 45° to ensure that all sprue attachments 
were flared and smooth, then they were connected 
to the silicon ring base. The ring was then placed 
over the ring base and checked for correct fit (13).

Investing of patterns in both subgroups was 
carried out with the IPS Press Vest investment 
material (IPS e.max Special material, Ivoclar, 
Liechtenstein). Investment ring was preheated 
within conventional preheating furnace (Vulcan 
3-550, Degussa-Ney Dental, NDI Inc) according 
to manufacturer’s instruction. The investment ring 
with the ingot and plunger were placed in center of 
press furnace ( EP600, Ivoclare Vivadent Schaan, 
Liechtenstein Germany) (14).

After that, each coping was placed on the die and 
evaluated for complete seating using USB Digital 
microscope (x = 10). The coping was discarded if 
any small nodule or defect was detected.

Veneering of IPS e.max press copings of both 
subgroups with IPS e.max ceram (Ivoclar Vivadent, 
Liechtenstein ,Germany) nano- fluorapatite glass 
ceramic. Building the glass ceramic layers (wash, 
first /second dentin and glaze /stain) over the 
ceramic copings was carried out respectively while 
the substructure copings were properly seated on 
the master die. Firing of ceramic layers on press 
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copings was performed at 730°C in 7 minutes. The 
finished crown was seated on the die and checked 
for complete seating using USB Digital microscope 
(x = 10). The crown was discarded if any small 
nodule or defect was detected (13).

Thermocycling procedure:

Samples were placed for 24 hours in distilled 
water at 37°C, after that exposed to routine 
thermocycling in automatic thermal-cycling device 
(Thermo-cycler, SD Mechatronik GMBH,Germany)  
for 5000 cycles in two water bath at 5 and 55°C. 
The settle time at each temperature was 30 seconds 
and the move time from one bath to the other was 2 
seconds (14).

Testing procedure:

Marginal and internal gap measurements:

The current study used an impression replica 
technique to evaluate the marginal and internal gaps 
in all crown. This technique reproduces the distance 
between inner surface of the crowns and master 
model surface with light silicone and the gap is then 
checked based on silicone thickness (12). 

A light blue - colored addition silicone material 
(ExpressTM, 3M ESPE, Germany) was injected 
into the fitting surface of each crown then placed on 
the metal die with constant load about (50 N) for 2 
minutes applied along the major axis of the crown 
using holding device until it set. Then each crown 
was gently disconnected from die leaving a thin 
layer of light body attached to the fitting surface of 
it. After that, the fitting surface of each crown was 
filled by a medium violet - colored addition silicone 
material (Hydroise , Zermack, Italy).Once it set, the 
replicated die was disconnected from the crown (12).

  A plastic cylinder was selected for construction of 
the silicone replica block. A heavy orange – colored 
body addition silicone material (ExpressTM , 3M 
ESPE, Germany)  was mixed with the appropriate 
amount of catalyst according to manufacturer 

instructions. Then was packed immediately inside 
the plastic cylinder. The replicated die was embedded 
into un-polymerized heavy body addition silicone 
material till it completely polymerized. After that, 
the silicone replica block was separated into four 
equal cross sections by cutting out through the half 
of buccolingual and mesiodistal directions (12).

 Gap measurement: 

The gap between the master model and the 
inner surface of the crown represented by blue 
colored silicone layer was photographed at 32X 
magnification using a digital microscope with 
a corresponding digital camera and software. 
Thickness of the blue colored silicone layer was 
determined in microns. In order to measure the gap 
spaces, 48 points for each crown were considered; 
12 points at each wall (buccal, lingual, mesial and 
distal) (6 points at right and 6 points at left) for 
each section. These points labelled into marginal 
gap, chamfer area, axial wall gap, axial- occlusal 
angle and occlusal wall gap (12,15). To standardize 
the points of gap measurements; ruler was used to 
measure distance between them as shown in (Fig.1). 

Figure (1): Points of gap measurement; (MG: marginal gap, 
CA: chamfer area, AW: axial wall, AO: axial – occlusal 
angle, OW: occlusal wall).

Statistical analysis

Data were analyzed by SPSS 18 (Statistical 
Package for Scientific Studies) for Windows. 
Kaplan-Meier statistics were used to resolve 
the survival rates obtained for all crowns.  For 
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parametric data, independent t test was used to 
compare between both groups. P-value less than 
0.05 were reflected significant.

RESULTS

Part (I): Statistical analysis of in vivo study: 

Twenty – six patients with twenty –six crowns 
were examined clinically at the specific recall 
periods. Two patients with two crowns at group (I) 
(one of each subgroup) didn’t show up at the recall 
time. Their data were excluded from statistical 
evaluation. 

 Clinical evaluation: 

During the observational period of base line, 3 
months, 6 months and one- year: (table 2)

-	 No crown fractured at group (I), but five crowns 
fractured at group (II) [three in s-g (A) and two 
in s-g (B)]. Although it did not need repair; the 

crowns were assessed as a failure.

-	 No patient reported post-operative sensitivity af-
ter cementation of crown in group (I), but one pa-
tient reported post-operative sensitivity after ce-
mentation of crown in [group (II), subgroup(A)]. 

-	 None of 26 crowns exhibited secondary caries 
or marginal discrepancies or discoloration 
during the complete observation period. 

-	 Three crowns scored (1) for plaque index at 
group (I) [one in s-g (A) and two in s-g (B)]. 
But, all crowns scored (0) at group (II). 

Survival and success analysis:

The survival and success rate of metal ceramic 
restorations (group I) was 98% and 75% respectively 
which consistent with the Kaplan-Meier analysis. 
While the survival and success rate for IPS e.max 
press restorations (group II) was 60% and 57.1% 
respectively.

Table (2): Clinical scores for all crowns in both groups.

1-year recall6-month recall3-month recallBaseline
Group 

(II)Group (I)Group 
(II)Group (I)Group 

(II)Group (I)Group 
(II)Group (I)

S-g 
(B)

S-g 
(A)

S-g 
(B)

S-g 
(A)

S-g 
(B)

S-g 
(A)

S-g
(B)

S-g
(A)

S-g 
(B)

S-g 
(A)

S-g 
(B)

S-g 
(A)

S-g
 (B)

S-g 
(A)

S-g 
(B)

S-g 
(A)

77667766   77777777
No. of patients 

Score   Category
5466556655777777Alpha (A)
23--22--22------Bravo (B)
77    66776677777677Alpha (A)Post-

operative 
sensitivity

-------------1--Bravo (B)
----------------Charlie (C)
7766776677777777Alpha (A)Secondary 

caries ----------------Bravo (B)
7766776677777777Alpha (A)

Marginal 
adaptation ----------------Bravo (B)

----------------Charlie (C)
7766776677777777Alpha (A)

Marginal 
discoloration ----------------Bravo (B)

----------------Charlie (C)
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Part (II): Statistical analysis of in vitro study: 

IPS e.max press ceramic crowns (group II) 
registered better marginal and internal fit than 
metal ceramic crowns (group I). However both 
restorations are within clinical accepted range.

Digital technique namely; direct milling of alloy 
of metal ceramic (subgroup I-B) and 3D printing 
of resin pattern of IPS e.max press (subgroup II-
B) registered better marginal and internal fit than 
conventional technique namely; conventional metal 
ceramic (subgroup I-A) and conventional IPS e.max 
press (subgroup II-A) respectively. (Table 3).

3D printing resin pattern of IPS e.max press 
(subgroup II-B) registered the best marginal and 
internal fit. Despite all different subgroups are 
within clinical accepted range. (Table 3).

Table (3): Mean marginal and internal gaps (± SD) and 
comparison of fabrication techniques  (ANOVA   test).

Subgroups Mean ±SD
(µm)

Marginal gap

Metal ceramic
(I-A) 60.20±2.85

Metal ceramic
(I-B) 53.32±3.54

t value 3.199
P value 0.0034*

Internal gap

Metal ceramic
(I-A) 60.6±20.2

Metal ceramic
(I-B) 56.9±18.7

t value 1.21
P value 0.236 ns

Marginal gap

IPS e.max press
(II-A) 51.09±4.02

IPS e.max press
(II-B) 41.68±2.95

t value 7.31
P value <0.0001*

Internal gap

IPS e.max press
(II-A) 50.9±11.6

IPS e.max press
(II-B) 43±11

t value 1.211
P value 0.235 ns

Significance level p≤0.05,  
*significant, ns= non-significant

DISCUSSION

Complete coverage dental restorations are 
considered the most important part of fixed 
prosthodontics as it is the most studied restoration 
over the years with regard to longevity, causes of 
failures as well as materials and techniques (16).

The most used material over the years is metal 
ceramic because it combines physical properties of 
metal i.e. rigidity and impact strength, with esthetic 
qualities, excellent biocompatibility of dental 
porcelain (17).

As the highly cost of noble metals, base metal 
alloys as nickel-chromium and cobalt-chromium 
are used as the framework material. But due to 
presence of nickel ,it can cause allergic reactions. 
The frequent use of it has been questioned (18). So 
that, a substructure material without nickel and with 
better biocompatibility is desirable as alternative. 
Cobalt-chromium ceramic restorations are such 
alternative (19).

Co-Cr alloys are progressively used because of 
their low cost compared to noble alloys. It has high 
strength, heat resistance, excellent biocompatibility 
as well as demonstrated favorable resistance to 
tarnish and corrosion in vivo due to the formation 
of passive surface film (19).

Fabrication processes as the computer‑aided 
design/computer‑aided manufacturing and the 
traditionally fabricated by lost wax casting 
technique can be used to produce high-strength 
structural materials including Co-Cr containing 
alloys for restoration frameworks.

In the last years, the patients need for highly 
esthetic restorations that led to evolution of new 
metal free ceramic materials with better mechanical 
properties to confirm adequate longevity and 
reducing procedural drawback that replace metal-
ceramic restorations. Lithium disilicate glass 
ceramic restoration is considered as the one of 
all-ceramic materials that provides favorable 
mechanical and esthetic properties to be suitable for 
mainly restorative situations (20).
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The purpose of the present investigation was  to 
evaluate the effect of material selection as well as  
different fabrication techniques of metal ceramic 
and IPS e.max press ceramic crowns on: plaque, 
fracture, postoperative sensitivity, secondary caries, 
marginal adaptation and discoloration at different 
time periods for in vivo study and marginal, internal 
fit of crowns for in vitro study.

To conduct the present study, mandibular first 
molar teeth were used as abutments for in vivo part of 
the study as it is considered the most common tooth 
to involve in the endodontic procedure and almost 
need crown (21). On the other hand, as the result of 
difficulties in obtaining standardized abutments in 
clinical practice owing to the natural teeth obtain 
more variation due to their different in age, their 
individual structure, the standardized stainless steel 
die of a prepared mandibular first molar tooth was 
used as an abutment for in vitro part of the study to 
calculate the marginal and internal fit (22).

In the present clinical investigation 3, 6 and 
12 months observational period of both groups, 
(table 2); no fractures were observed at metal 
ceramic crown, group (I). This is in agreement with 
short- term previous studies in which no fractures 
were reported (8,23). On the contrary, IPS e.max 
press ceramic crown, group (II), exhibited higher 
fracture rates than metal ceramic crown when 
applied as single crown on first mandibular molar 
tooth, where fracture of five ceramic crowns was 
observed which are in disagreement with previous 
study (24). This may be attributed to many factors 
including inadequate thickness of ceramic material, 
the difference in fabrication techniques and the 
presence of stress concentration area as well as 
improper manipulation of cement.

In the present investigation, slight soft tissues 
inflammation (i.e. PI score 1) was obtained in 
three metal ceramic crown with no soft tissues 
inflammation was obtained in IPS e.max press 
ceramic crown. Gingival inflammation is more in 
metal ceramic restoration than ceramic restoration 

because deformation of the metal framework which 
happen owing to leakage of metal ions which make 
contact with marginal gingival (25). While all ceramic 
restorations are considered the most biocompatible 
material (26).

In the current investigation, survival rate of 
metal ceramic crowns, group (I) was 98% which is 
consistent with previous data published in scientific 
literature (8,23). While the overall success rate was 
75% which is in disagreement with previous studies 
that reported higher success rate than present study 
(8,26). This may be attributed to the increased number 
of patients, the difference in tooth position, material 
composition and fabrication techniques.

On the contrary, the overall survival and success 
rates of IPS e.max press crowns, group (II) was 60% 
and 54.5% respectively which is in disagreement 
with previous studies that reported higher survival 
and success rates than the present study (24,27). 

Accuracy of the fit of restorations is considered 
an essential feature that determining the long-
standing safety of dental restorations.  Good fitting 
restoration required to be perfect along its margins 
as well as with regard to its internal surface (28). 
Perfect marginal and internal fit of restoration is an 
essential feature to perform biological, mechanical 
as well as esthetic requirements of the restorations.

An impression replica technique was selected in 
the present investigation because it has advantage of 
being non – invasive and non-destructive technique 
without touching the restoration that can be measure 
at different time intervals (15).

Regarding the material type, table (1), IPS e.max 
press crowns (group II) registered lower mean 
marginal and internal gap values in comparison 
to metal ceramic crowns (group I) which are in 
agreement with previous studies (29, 30). This is 
attributed to the higher dimensional stability of 
e.max press as the presence of crystalline phase 
(leucite reinforcement) imparts more strength to 
the  ceramic core  and thus increasing the marginal 
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accuracy of the restorations than metal ceramic 
restoration (29).

Regarding the effect of different fabrication 
techniques of metal ceramic crowns used on the 
recorded marginal and internal gap mean values, 
(table 2), the direct milling of Co-Cr alloy using 
CAD/CAM system (subgroup I-B) registered 
significant lower marginal and internal gap mean 
values than the conventional casting of Co-Cr alloy 
(subgroup I-A). These results are similar to previous 
studies (31,32). The low marginal and internal gap 
values for CAD/CAM system might be attributed 
to many factors including fewer production steps in 
CAD/CAM technique than the conventional casting 
technique and due to the precision of the scanner 
and CAM milling machine(32). 

However, the outcomes of the current 
investigation are in disagreements with preceding 
investigations that reported that Co-Cr CAD/CAM 
milling is less accurate in margin and internal terms 
compared to casting method (22,33). The authors 
explained their outcome to be due to the CAD/ 
CAM process has some restrictions as the accurate 
fit inside contour of the restoration depends on size 
of the minimum tool used for each material, if the 
cutting tool was bigger in diameter than parts of the 
model preparation, the CAM system countenance 
a problem of cutting or no cutting parts which led 
to decrease of internal fit accuracy or marginal 
properties, correspondingly (34).

Regarding the effect of different fabrication 
techniques of IPS e.max press ceramic crowns 
used on recorded marginal and internal gap mean 
values, (table 2), patterns fabricated by 3D printing 
technique (subgroup II-B) showed less marginal 
and internal gap mean values than those fabricated 
by conventional one (subgroup II-A) which are in 
accordance with previous researches( 13,35). Lower 
marginal and internal discrepancy values for crowns 
fabricated by 3D printing resin pattern in the present 
study could be due to the accuracy of the scanner 
that digitize the working model, accuracy of the 

design via computer software as well as accuracy of 
the machine that produce the 3D design(35).

However, the results of the current research 
are in disagreements with preceding researches 
reported that restorations fabricated by 3D printing 
resin pattern technique had higher marginal and 
internal gap mean values than those fabricated by 
conventional wax pattern technique (22,36,37). The 
explanation of this result was based on that the 
restoration manufactured by digital system (i.e. 
3D printing) usually require another adjustment 
by technician which affect the accuracy of 
restoration(22).

Regarding the effect of both variables comparing 
all subgroups together, 3D printing resin pattern 
of IPS e.max press (subgroup II-B) registered 
the significant least mean marginal gap and non-
significant least mean internal gap. These outcome 
are in harmony with prior studies said that the 
accuracy of dental restorations fabricated using the 
additive manufacturing methods and conventional 
e.max press is elevated than subtractive methods 
and conventional metal ceramic respectively (31,38).

The current study was not free of limitations; in 
vivo part; short follow-up time and small number of 
patients. In vitro part; no mechanical loading was 
added as fraction of artificial aging procedure, which 
may cause harmful effects on studied properties. 
Therefore, further studies that better simulate the 
oral environment, including mechanical loading are 
recommended. 

CONCLUSIONS

1.	 Type of material as well as fabrication process 
of metal ceramic and all ceramic restorations are 
considered important factors which influences 
their clinical performance, marginal and internal 
fit.

2.	 Metal-ceramic has higher survival and success 
rate than glass ceramic mandibular first molar 
restorations.
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3.	 Ceramic restorations have superior marginal 
and internal fit than metal ceramic restorations.

4.	 Digital technique provides restorations with 
superior marginal and internal fit. 

5.	 3D printing resin pattern of restoration has 
advantages for dental applications because of 
higher marginal and internal adaptation.
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