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Abstract  

Background. Recently, non-presintered chromium-cobalt (Cr-Co) blocks with the commercial name of Ceramill Sintron 

were introduced to the market. However, comprehensive studies on the dimensional accuracy and fit of multi-unit frameworks 

made of these blocks using the coordinate measuring machine (CMM) are lacking. This study aimed to assess and compare 

the dimensional changes and fit of conventional casting and milled frameworks using Ceramill Sintron. 

Methods. A metal model was designed and scanned and 5-unit frameworks were fabricated using two techniques: (I) the 

conventional casting method (n=20): the wax model was designed, milled in the CAD/CAM machine, flasked and invested; 

(II) the milling method using Ceramill Sintron blocks (n=20): the wax patterns of group 1 were used; Ceramill Sintron blocks 

were milled and sintered. Measurements were made on the original reference model and the fabricated frameworks using the 

CMM in all the three spatial dimensions, and dimensional changes were recorded in a checklist. Data were analyzed with 

descriptive statistics, and the two groups were compared using one-way ANOVA and Tukey test (α=0.05). 

Results. The fabricated frameworks in both groups showed significant dimensional changes in all the three dimensions. 

Comparison of dimensional changes between the two groups revealed no significant differences (P>0.05) except for transverse 

changes (arch) that were significantly greater in Ceramill Sintron frameworks (P<0.05). 

Conclusion. The two manufacturing processes were the same regarding dimensional changes and the magnitude of marginal 

gaps and both processes resulted in significant dimensional changes in frameworks. Ceramill Sintron frameworks showed 

significantly greater transverse changes than the conventional frameworks. 

Key words: CAD/CAM, Ceramill Sintron, discrepancies, fabrication techniques, fit of prostheses, frameworks. 
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Introduction  

ase-metal alloys currently used for the fabrica-

tion of dental prostheses via the conventional 

manufacturing process are divided into two groups of 

nickel-chromium (Ni-Cr) and chromium-cobalt (Cr-

Co) alloys.1 The Ni-Cr alloys can be allergenic due to 

the release of Ni ions.2,3 Thus, Cr-Co alloys are more 

commonly used for the fabrication of restorations.4,5 

Recent advances in technology revolutionized the 

designing and fabrication of dental restorations by the 

computer-aided design/computer-aided manufactur-

ing (CAD/CAM) systems.6-8 Several alloys and mate-

rials are used for the fabrication of restorations using 

the CAD/CAM systems and their quality and variabil-

ity continuously improve with advances in science 

and technology.9  

Due to the hardness of Cr-Co-based alloys, the mill-

ing process of fully-sintered blocks is difficult and re-

sults in excessive wear of the milling machine. For 

this reason, presintered soft Cr-Co blocks were re-

cently introduced to enhance the process of fabrica-

tion and milling of these restorations.4 In the process 

of fabrication of these restorations, the restoration is 

first designed and then the respective blocks are 

milled by the CAD/CAM machine. The restoration 

then undergoes sintering to attain its final density and 

hardness.10 Acceptable clinical results with the use of 

fixed dental prostheses partly depends on the proper 

fit of restoration over the abutment teeth, which di-

rectly affects the long-term prognosis of treatment.11-

16 Restoration misfit and the resultant marginal gap 

bring about several complications, including cement 

washout and subsequent periodontal problems, sec-

ondary caries and pulpitis.14-20 

Several studies have evaluated the distortion of res-

torations and several methods have been proposed and 

employed to quantify the magnitude of distortion.21-23 

Evaluation of cement thickness and photoelasticity, 

simulation with silicon, profilometry and micro-com-

puted tomography are among the methods applied to 

quantify distortion.9-10,17,24-26 Recently, the coordinate 

measuring machine (CMM) was designed for this pur-

pose, which is one of the most accurate tools for this 

task.27,28 It has 10-µm measurement accuracy and can 

be used as the gold standard for dimensional measure-

ments.29  

Previous studies on the dimensional accuracy of res-

torations fabricated of presintered soft Cr-Co (Cera-

mill Sintron) blocks have mainly assessed single-unit 

restorations and have not used the CMM for assess-

ment of the fit of these restorations. Thus, this study 

aimed to precisely assess the fit of frameworks fabri-

cated with the use of conventional casting method and 

milled frameworks using the Ceramill Sintron blocks.  

The null hypothesis stated that the frameworks fab-

ricated using the two methods would have no differ-

ence with each other or the original reference model 

in terms of dimensional accuracy.  

Methods  

A model (representing the part of jaw under treat-

ment) with three distanced prepared abutments that 

would be eventually restored with a 5-unit bridge 

(three retainers and two pontics) was designed for this 

study using SolidWorks 2016 software program as 

follows. Each abutment was 6 mm in height and 4 mm 

in diameter at the occlusal area, with a 1-mm shoulder 

and 8° taper. The first and third abutments were posi-

tioned in a horizontal plane and the second abutment 

was positioned 5 mm external to this plane in y axis 

so that the center of the occlusal surface of the second 

abutment was 12 mm away from the center of the oc-

clusal surface of abutments #1 and #3 (Figures 1 and 

2). 

This design was transferred to a CNC machine 

(Maschinen, Wagner, Germany) and the model was 

milled of 316 steel alloy (UNS S31600, AK Steel, 

USA).  

The sample size was calculated to be 20 according 

to a study by Hjalmarsson et al,30 assuming σ1=15, 

σ2=8, d=11.5, type one error of 5% and a power of 

80% using the following sample size calculation for-

mula (1): 

                                                                       

[1] 

Thus, 20 samples were evaluated in group 1 and 20 

samples in group 2. To standardize the frameworks 

fabricated by the conventional casting method and 

B 

 
Figure 1. Designing the model. 
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eliminate the errors related to impression making and 

pouring the casts, the original reference model was 

scanned with a light scanner (Ceramill Map400, 

Amann Girrbach, Germany) and the wax pattern was 

designed using the Ceramill Mind software (Ceramill 

Mind, Amann Girrbach, Germany). The copings had 

1 mm of pattern thickness and 50 µm of cement space 

and were prepared up to 0.5 mm away from the mar-

gin. The three wax copings were connected to two 

pontics with 9-mm connectors to fabricate 5-unit 

bridges. Eventually, the patterns were fabricated us-

ing Ceramill Motion 2 milling machine (Ceramill Mo-

tion 2, Amann Girrbach, Germany) and wax blocks 

(Ceramill Wax, Amann Girrbach, Germany) (Figure 

3). 

Wax patterns were sprued using five sprues with 

2.5-mm diameter and 7-mm length (Dentaurum Wax 

Wire on Roll, Dentaurum, Germany) and connected 

to the sprue bar (Dentaurum Sprue Bar, Dentaurum, 

Germany) and finally to the sprue former. Metal rings 

were then placed and a piece of cardboard with 1-mm 

thickness was used to compensate for metal shrink-

age. The patterns were then coated with surfactant 

(Lubrofilm, Dentaurum, Germany) and dried with 

gentle air flow. The phosphate-bonded investment 

(Z4, Neirynck & Vogt, Belgium) was used for invest-

ing according to the manufacturer’s instructions and 

the patterns were cast (DUCATRON, Ugin Denraire, 

France) after wax burnout in an investment furnace 

(Sunny Therm, Koushafan Pars, Iran). The Ni-Cr al-

loy (New Cast, Yamahachi, Japan) consisting of 56% 

nickel, 20% chromium, 12% cobalt, 5% molyb-

denum, 2% beryllium, 1% titanium and 4% other ele-

ments was used in this study. The residual investment 

material was removed using a sandblaster (Basic mo-

bil, Renfert, Germany) with 3-bar pressure and 125-

µm aluminum oxide particles. The sprues were then 

cut using an abrasive disc and the frameworks were 

finished with abrasive stones (Red Mounted Point, 

Keystone Industries, USA). To fabricate frameworks 

for the second group, presintered soft Cr-Co blocks 

(Ceramill Sintron, Amann Girrbach, Germany) con-

sisting of 66% cobalt, 28% chromium, 5% molyb-

denum, <1% silicium, <1% iron, <1% manganese and 

<1% carbon was used.  

The designed bridges were used for the fabrication 

of wax patterns and non-sintered blocks were milled 

by the CAD/CAM machine accordingly.  

The samples were sintered in a sintering furnace 

(Ceramill Argotherm 2, Amann Girrbach, Germany) 

at 1300°C using argon gas, and the attachments were 

separated after sintering using an abrasive disc.  

Measurements were made using a bridge-type 

CMM (Zeiss WMM 850, Zeiss, Germany) in an iso-

lated room in terms of temperature, humidity and 

dust. The accuracy of the CMM was 2.9+ L/300 µ 

(L=measurement length) in x and y axes and 3.5+ 

L/300 µ in z axis. 

The smallest probe of CMM with 1-mm diameter 

was moved by the operator using the software (Zeiss 

Calypso, Zeiss, Germany) (Figure 4) and the position 

of each abutment and the respective retainers was rec-

orded three-dimensionally (in x, y and z axes) by con-

tacting different points in the sample.  

The method used for measurements and assessment 

of the fit of frameworks has been previously used in 

 

Figure 3. Wax pattern. 

 

Figure 2. Milled reference model. 

 

Figure 4. Coordinate measuring machine. 
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some studies.27,30-31 First, the retainers and abutments 

were coded as shown in Figure 5 in order for the 

frameworks to have the same position in all the meas-

urements (for the purpose of comparison).  

Next, four points in the shoulder area (finish line) of 

each sample (both frameworks and the original 

model) were selected by a probe and the CMM de-

fined a plane for each sample according to these four 

points (this plane was at the finish line of samples). 

This plane was then positioned parallel to the horizon 

in the software in order for the samples to be compa-

rable. By doing so, the same plane was used for meas-

urements in all the samples.  

In the next step, the probe tip contacted the internal 

surface of framework retainers and external surface of 

abutments of the original model, and a central point 

(in the same defined plane) was determined for each 

of these abutments.  

To assess the changes in frameworks compared to 

the original model, each framework had to be seated 

on the original model and share a point with it (in the 

same plane). This was done to compare the changes 

in position of other points of the framework relative 

to the original model (in other words, a similar seating 

position had to be defined for all the frameworks). For 

this purpose, the central points of the first (#1) abut-

ment in the original model and #1 retainer in each 

framework were positioned at a point with x=0, y=0 

and z=0 coordinates and this point was defined in the 

software for all the samples. At this time, the original 

model and all the frameworks had one shared plane 

(horizontal plane) and one shared point (central point 

of abutment #1). The dimensional changes of frame-

works were then evaluated at this seating position. 

However, it should be noted that the CMM recorded 

the amount of deviation of these points in all the three 

dimensions before changing the position of central 

points of retainers and abutment #1 to the point 0, 0, 

0, in order to allow comparison of retainers and abut-

ment #1. Eventually, the changes in the position of 

central point of each retainer relative to the corre-

sponding retainer in each of the three axes were meas-

ured and recorded. According to a previous study,31 

the three-dimensional changes were determined using 

the following formula (2): 

3D=√𝑥2 + 𝑦2 + 𝑧2)                 [2]              

It should be noted that two experienced operators 

made all the measurements and the mean values were 

recorded. Data were analyzed with descriptive statis-

tics. The independent sample Student’s t-test or its 

non-parametric equivalent, one-way ANOVA and 

Tukey test were used to compare the two groups. Data 

were analyzed using SPSS 16 (SPSS Inc., IL, USA) at 

5% level of significance.  

Results  

Table 1 presents the changes in frameworks compared 

to the original model in each of the corresponding re-

tainers (in the two groups) in mm.  

One-way ANOVA was applied to compare changes 

among the three retainers, which showed that dimen-

sional changes of each retainer were significantly dif-

ferent from those of other retainers (P<0.001).  

 

Figure 5. Coding of abutments and retainers. 

Table 1. Mean dimensional changes of the three retainers in each framework using one-way ANOVA 

Variable Retainer N* Mean SD  Minimum Maximum F P-value 

Delta x 

1 40 0.02 0.06 0.00 0.30 

71.68 <0.001 
2 40 0.22 0.11 0.00 0.63 

3 40 0.07 0.05 0.01 0.25 

Total 120 0.10 0.11 0.00 0.63 

Delta y 

1 40 0.00 0.01 0.00 0.06 

37.19 <0.001 
2 40 0.00 0.01 0.00 0.03 

3 40 0.06 0.06 0.00 0.26 
Total 120 0.02 0.04 0.00 0.26 

Delta z 

1 40 0.08 0.09 0.00 0.50 

5.69 <0.001 
2 40 0.37 0.47 0.00 2.23 
3 40 0.26 0.46 0.00 2.31 

Total 120 0.24 0.40 0.00 2.31 

Delta 3D 

1 40 0.08 0.10 0.00 0.58 

10.76 <0.001 
2 40 0.47 0.44 0.15 2.25 

3 40 0.31 0.45 0.06 2.31 

Total 120 0.29 0.40 0.00 2.31 

*There were 40 retainers in each group. 
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Tukey HSD test was used for pairwise comparisons 

of changes in framework retainers compared to the 

original model; the results of these comparisons are 

presented in Table 2. The results showed that: 

1. All the three retainers had significant differences 

from each other in terms of dimensional changes 

in the x axis (P<0.001). 

2. Regarding dimensional changes in the y axis, 

changes in retainer #1 were not significantly dif-

ferent from those in retainer #2 (P=1.00) but they 

were significantly different from those in retainer 

#3 (P<0.001). Moreover, changes in retainer #2 

compared to those in retainer #3 were statistically 

significant (P<0.001). 

3. In terms of dimensional changes in the z axis, 

changes in retainer #1 compared to those in re-

tainer #2 were statistically significant (P<0.001), 

but no significant difference was noted between 

retainer #1 and retainer #3 in this respect 

(P=0.09). Changes in retainer #2 compared to re-

tainer #3 were not significant (P=0.46). 

4. In terms of three-dimensional changes, changes in 

retainer #1 were significantly different from those 

in retainers #2 and #3 (P<0.001). Moreover, 

changes in retainer #2 were not significant com-

pared to those in retainer #3 (P=0.13).  

Student’s t-test was used to compare changes in the 

retainers of the two groups; the results are summa-

rized in Table 3. The results showed that the differ-

ence in dimensional changes of the corresponding re-

tainers in the two groups was not statistically signifi-

cant for any of the four measured variables (P>0.05).  

Student’s t-test was used to compare longitudinal 

and transverse changes in the frameworks and the 

amount of marginal gap at the site of retainers #2 and 

#3; the results are summarized in Table 4. As shown, 

the two groups of frameworks were significantly dif-

ferent in terms of transverse changes (P<0.05) but lon-

gitudinal changes and changes in the amount of mar-

ginal gap at the three areas were not significantly dif-

ferent between the two groups (P>0.05). 

Discussion  

According to the current results, the null hypothesis 

of this study was refuted since all the three retainers 

in the two groups showed significant dimensional 

changes in all the three dimensions compared to the 

original model. In terms of dimensional changes in the 

three axes, the highest mean dimensional changes 

were noted in the vertical axis (z). Dimensional 

changes in the z axis are equal to the amount of gap at 

the framework margin and are more important clini-

cally and with regard to long-term prognosis of treat-

ment.11-16 Thus, dimensional changes in the z axis 

should always be minimal to prevent complications 

such as cement washout and subsequent periodontal 

problems, secondary caries and pulpitis.14-19  

In our study, all the frameworks showed marginal 

gaps (dimensional changes in the z axis) in all the cor-

responding retainers and the highest mean amount of 

gap was noted in retainer #2 (the last retainer) while 

the lowest amount of gap was noted in retainer #1 

(first retainer); this difference was statistically signif-

icant.  

Gradual increase in marginal gap from the first to 

the last retainer indicates a vertical rotational pattern 

in frameworks, which is referred to as rocking in the 

clinical setting. This rotation might be eliminated fol-

lowing seating of framework and its adjustment in the 

clinical setting or may necessitate repeating of the 

fabrication of framework. Moreover, this finding 

might indicate that by elongation of framework, the 

vertical gap created in the posterior region is maxim-

ized, which increases the degree of rotation or rocking 

and vice versa.  

Comparison of frameworks fabricated by the two 

methods revealed that the marginal gap (dimensional 

changes in z axis) was not significantly different in all 

Table 2. Pairwise comparison of changes in framework retainers compared to the original model using Tukey HSD 

test 

Variable Changes in Retainer Compared to retainer Mean Difference Std. Error P-value 

Delta x 
1 

2 -0.20 0.02 <.001 

3 -0.05 0.02 <.001 

2 3 0.14 0.02 <.001 

Delta y 
1 

2 0.00 0.01 1.00 

3 -0.06 0.01 <.001 

2 3 -0.06 0.01 <.001 

Delta z 
1 

2 -0.29 0.09 <.001 

3 -0.18 0.09 0.09 

2 3 0.10 0.09 0.46 

Delta 3D 
1 

2 -0.38 0.08 <.001 

3 -0.22 0.08 0.02 

2 3 0.16 0.08 0.13 
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the measured areas, and both groups had evident rock-

ing. This finding is in agreement with the results of 

previous studies that compared the marginal fit and 

marginal gap of restorations fabricated by the conven-

tional casting method and those fabricated by milling 

of Ceramill Sintron blocks.10,32 The results of previous 

investigations as well as the current study showed that 

the new method of restoration fabrication has no sig-

nificant effect on marginal gap, and the marginal gap 

of restorations fabricated by this method is similar to 

that of conventionally fabricated restorations.  

Assessment of dimensional changes in the vertical 

axis (z) revealed the presence of rocking in all the 

frameworks in the two groups. Thus, it might be con-

cluded that the new technique is incapable of elimi-

nating the rocking problem (which is a common prob-

lem in the fabrication of frameworks, especially long 

frameworks).  

Assessment of dimensional changes of frameworks 

in the x axis, which indicates the longitudinal changes 

of frameworks, revealed that dimensional changes in 

all the three retainers and all the frameworks were sta-

tistically significant such that the maximum and min-

imum longitudinal changes were noted in retainers #2 

(the farthest retainer) and #1 (the closest retainer), re-

spectively.  

These observations highlight the fact that by elon-

gation of framework, longitudinal changes of frame-

work increase and vice versa. Moreover, longitudinal 

changes of frameworks were not significantly differ-

ent between the two groups; which means that the new 

method of framework fabrication has no advantage 

over the conventional method with regard to longitu-

dinal changes of frameworks. This finding was in ac-

cordance with that of Kocaagaoglu et al in 2016;33 

they reported no significant difference between the 

two groups regarding dimensional changes in the ax-

ial dimension.  

Assessment of dimensional changes in the y axis, 

which indicate changes in framework arch, revealed 

the least dimensional changes in this axis (compared 

to other coordinates). Moreover, dimensional changes 

in all the three retainers and frameworks were statisti-

cally significant; in this context, the greatest trans-

verse changes were noted in retainer #3 (retainers at 

the center of framework and out of the arch curve), 

which were significantly different from changes in re-

tainers #1 and #2. However, transverse changes were 

the same in retainers #1 and #2 and were not signifi-

cantly different. These observations indicate that in 

curved frameworks, transverse changes in the frame-

work increase and vice versa. In other words, if the 

original model abutments are aligned in a straight line 

(in transverse dimension), the fabricated framework 

would have minimal (statistically insignificant) trans-

verse changes.  

Frameworks in the two groups had significant dif-

ferences in terms of transverse changes, and this was 

an interesting finding of our study. The results re-

vealed that the conventionally fabricated frameworks 

had mean lower transverse changes than milled 

frameworks using the Ceramill Sintron blocks. There-

fore, the new method of fabrication of frameworks 

(the milling method using the Ceramill Sintron 

Table 3. Comparison of the means and standard deviations of dimensional changes in the two groups using Stu-

dent’s t-test (n=60) 

Variable Group Mean SD t P-value 

Delta x Conventional 0.10 0.11 -0.02 0.98 

Ceramill Sintron 0.10 0.12 
Delta y Conventional 0.02 0.02 -1.56 0.12 

Ceramill Sintron 0.03 0.05 

Delta z Conventional 0.22 0.33 -0.47 0.64 
Ceramill Sintron 0.25 0.46 

Delta 3D Conventional 0.27 0.33 -0.49 0.62 

Ceramill Sintron 0.30 0.46 

Table 4. Comparison of longitudinal and transverse changes of frameworks and the amount of marginal gap measured 

at the site of retainers #2 and #3 using Student’s t-test (n=20) 

 Group Mean SD t Sig. (2-tailed) 

Longitudinal 

changes 

Conventional 0.23 0.08 
0.55 0.58 

Ceramill Sintron 0.21 0.14 

Transverse changes 

of framework 

Conventional 0.04 0.02 
-2.13 0.04 

Ceramill Sintron 0.08 0.07 

Gap in retainer 1 
Conventional 0.08 0.05 

0.35 0.62 
Ceramill Sintron 0.07 0.11 

Gap in retainer 2 
Conventional 0.39 0.49 

0.29 0.77 
Ceramill Sintron 0.34 0.47 

Gap in retainer 3 
Conventional 0.18 0.21 

-1.09 0.28 
Ceramill Sintron 0.34 0.62 
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blocks) does not have any advantage with regard to 

minimizing the transverse changes of frameworks and 

even results in greater changes compared to the origi-

nal model.  

To the best of authors’ knowledge, no previous 

study has evaluated three-dimensional changes of 

milled frameworks using the Ceramill Sintron blocks, 

and the available studies have mostly evaluated sin-

gle-unit restorations. Thus, comparison of our find-

ings with those of previous studies was not feasible.  

In general, none of the prostheses fabricated in this 

study had passive fit; this finding was in agreement 

with that of previous studies on the fit of dental pros-

theses or implants, highlighting the fact that despite 

recent advances in designing and manufacturing tech-

niques of dental restorations, they are still incapable 

of achieving ideal (100%) adaptation and passive 

fit.31,34-39 

Conclusion 

Within the limitations of this study, the following 

results were obtained: 

1. All the three retainers in both groups exhibited 

significant dimensional differences from the orig-

inal model in all the three dimensions. 

2. The highest and the lowest dimensional changes 

were noted in the z (vertical) and y (transverse) 

axes, respectively.  

3. By elongation of frameworks, dimensional 

changes in all the three axes (i.e. longitudinal and 

transverse changes and marginal gap) increase.  

4. Comparison of the two study groups revealed no 

significant differences in longitudinal changes or 

marginal gaps. 

5. The two groups exhibited a significant difference 

in transverse changes, and the conventionally fab-

ricated frameworks showed significantly less 

transverse changes.  

6. None of the prostheses fabricated in this study had 

ideal adaptation or passive fit. 
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