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PURPOSE. This study compared digital (reference point matching) and replica methods for measuring marginal 
and internal fit of full coverage restorations. MATERIALS AND METHODS. A maxillary left first molar typodent 
was fixed on to an aluminum base and prepared to receive all-ceramic full coverage restoration. The model was 
scanned with an intraoral scanner (CEREC Omnicam, Sirona, York, PA, USA). Twelve crowns were fabricated 
from lithium disilicate blocks (IPS emax CAD, Ivoclar Vivadent) and then crystalized. Marginal and internal fit of 
each restoration was measured by two examiners using replica and a new digital three-dimensional technique. 
Reliability between the two methods and two examiners was assessed by correlation and Cronbach’s Alpha 
coefficient (P<.05). A Bland-Altman assessment for agreement was used to compare the two methods. RESULTS. 
Bland-Altman assessment showed that the mean of difference for marginal, absolute marginal, and axial gap was 
respectively -1.04 µm, -41.9 µm, and -29.53 µm with limit of agreement (LOA) between -37.26 to 35.18 µm for 
marginal, -105.85 to 22.05 µm for absolute marginal and -80.52 to 22.02 µm for axial gap. Positive correlation 
for repeatability (P<.05) in determining marginal and internal gaps by the two examiners in both techniques was 
revealed. Reliability of both techniques in all sites of measurements was at least good (0.8 ≤ α < 0.9).
CONCLUSION. Both measuring techniques appeared highly reliable for evaluating fit of fixed dental restorations, 
while reference point matching provided higher values in axial and absolute marginal gap assessment. [ J Adv 
Prosthodont 2020;12:173-80]
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INTRODUCTION

All-ceramic fixed dental prostheses (FDP) are widely used 
due to their high aesthetic and biocompatibility.1 Besides 
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aesthetic requirements, they should also have durability and 
biomechanical properties comparable to metal-ceramic res-
torations.2 One of  the major factors in long term success 
and clinical outcome of  restored teeth is marginal adapta-
tion. Marginal discrepancy can cause plaque retention and 
bacterial microleakage from the oral cavity that is detrimen-
tal to both tooth and supporting periodontal tissues.3,4 No 
consensus exists on the exact maximum clinically acceptable 
marginal opening in the scientific literature. Christensen 
suggested 34 to 119 µm as an acceptable range of  marginal 
discrepancy.5 At present, most authors use the criteria 
reported by McLean of  120 µm, as the maximum accept-
able marginal gap for long term success.6-8 Besides marginal 
discrepancy, the other factor that affects restoration seating, 
retention, and survival is internal discrepancy. Anadioti et al. 
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showed that die spacer with 25-µm thickness improved 
casting seating and increased retention.9 In addition, internal 
misfit can decrease the fracture resistance of  all ceramic res-
torations.10 

Different methods have been used in the previous stud-
ies to measure internal and marginal gap that could be cate-
gorized as 2-dimentinal measurements (2D), and 3-dimen-
tional measurements (3D). The measurement method can 
be one of  the reasons for the diversity of  results among the 
studies in this field. Two-dimensional techniques measure 
the adaptation in limited points of  direct view or cross-sec-
tional views. Examples of  2D techniques include direct 
visualization with laser videography,11 profile projection,12 
stereomicroscopy,13 and light microscopy.14 The most com-
mon 2D clinical method to investigate internal and marginal 
adaptation of  a restoration is the replica technique.15,16 This 
method is non-invasive, simple, and affordable with accept-
able accuracy.17 However, using silicone or resin to support 
the internal layer may cause dimensional changes in this lay-
er and subsequent error in measurement of  its thickness.18 
Three dimensional techniques calculate the cement space 
between the intaglio surface of  restoration and surface of  
teeth, resulting in numerous points available for measuring 
marginal and internal adaptation. Micro computed tomogra-
phy (CT), and triple scan protocol are among 3D measure-
ments techniques.19 Although 3D digital methods were 
reported to be more accurate for measuring marginal and 
internal adaptation,19 they were only applied in laboratory 
studies. Triple-scan technique is a 3D method that consists 
of  digitalization of  the restoration, the abutment, and the 
assembly. By virtually superimposing scans of  restoration 
and abutment based on the assembly scan, the misfit is mea-
sured, though the error of  superimposing the surfaces is 
inevitable.19 Another approach to merge scans of  two or 
more objects is reference point matching, in which the soft-
ware uses some defined points to relate the scans. In this 
method, error of  superimposition is limited and more accu-
racy is anticipated.20,21 To the best of  the authors knowledge, 
no study used this method to measure marginal or internal 
discrepancies of  dental restorations. Before a new measure-
ment technique is used in practice, the similarity of  its mea-
surement with values generated by the current measurement 
methods must be analyzed. Therefore, it is important to dis-
cover the relevance of  the method used in the clinical stud-
ies and the one used for in vitro studies. The differences 
could be due to inherent variation in the measurement 
methods, the differences between the two techniques, and 
the variations between operators. A helpful parameter to 
investigate and quantify the agreement between two mea-
surement methods is reliability. 

The purpose of  this in vitro study was to introduce and 
compare a new 3D method with the conventional replica 
technique in determining adaptation of  CAD/CAM single 
crowns. The secondary aim was to evaluate reliability of  
these two techniques. The null hypothesis was that there 
would be no difference between the two techniques in mea-
suring the marginal and internal discrepancies.

MATERIALS AND METHODS

A maxillary left first molar typodent (Nissin Dental Prod. 
Inc., Tokyo, Japan) was attached on to a stellar shaped alu-
minum base with self-curing acrylic resin (Fastray, Harry J. 
Bosworth Co., Skokie, IL, USA). The tooth was prepared 
using a diamond rotary cutting instrument to receive all 
ceramic crowns. The preparation parameters were 2 mm 
occlusal reduction, 1 mm axial reduction and 360º deep 
chamfer finish line. The model was scanned with an intra-
oral scanner (CEREC Omnicam, Sirona, York, PA, USA) 
Full contour restoration with minimum of  1 mm occlusal 
thickness, 0.8 mm axial thickness, and 60 µm cement space 
was designed using CAD software (CEREC Premium SW 
4.4, Dentsply Sirona, York, PA, USA). Twelve crowns were 
fabricated from lithium disilicate blocks (IPS emax CAD, 
Ivoclar Vivadent, Schaan, Liechtenstein) with a chairside 
4-axis milling unit (Sirona Cerec MC XL, Sirona, York, PA, 
USA) and then crystalized in furnace (CEREC speed fire, 
Dentsply Sirona, York, PA, USA).

A clinician adjusted each restoration three times with 
light body silicone (GC Fit Checker, GC Corp, Tokyo, Japan) 
and a fine diamond bur (Rüthi, Switzerland) under magnifi-
cation of  a dental loop (HDL 2.5 Macro, Orascoptic, Madison, 
WI, USA). Marginal and internal adaptations of  the twelve 
specimens were assessed with two techniques of  replica 
technique and reference point matching by two examiners.

For measuring samples with replica technique, separating 
agent was applied over internal surfaces of  the twelve restora-
tions. Crowns were filled with Fit Checker (GC Corporation, 
Tokyo, Japan) and were seated on the prepared model. After 
setting of  silicon layer, the crowns were removed while the 
Fit Checker layer was still attached to the teeth (Fig. 1A). A 
special tray was filled with heavy body additional silicone 
(Panasil heavy- Kettenbach GmbH & Co. KG, Kansas, Germany) 
and placed over each prepared tooth with Fit Checker on it, 
and the stellar aluminum base. Tray was removed, and 
another heavy body additional silicone was injected over the 
Fit Checker layer to support it internally. The silicone mate-
rial was carefully sectioned buccolingually and mesiodistally 
along the apexes of  star base using a laser blade scalpel (Fig. 
1B). Two calibrated clinicians measured the occlusal, midaxi-
al, line angles, marginal and absolute marginal gap under a ste-
reomicroscope (Leitz GmbH, Oberkochen, Germany) at × 30 
magnification independently. Gap values were calculated 
according to Holmes et al.22 by measuring the vertical dis-
tance from a point in the internal surface or the restoration 
margin to the axial wall or the margin of  the prepared tooth.

Reference point matching (RPM) scan protocol was 
used as the second method for assessing marginal and inter-
nal discrepancies. Each model was scanned four times using 
a non-contact triple scanner (ATOS Core 5Mp 80 mm; 
Rev.02; GOM, Braunschweig; Germany). First, each pre-
pared tooth was scanned (Fig. 2A). After seating the restora-
tion on the tooth, the second scan was made (Fig. 2B). 
Then an aluminum hex-shape index was attached to the 
occlusal surface of  the crown and the third scan was made 
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from the stellar base and the restoration seated on the tooth 
(Fig. 2C). Finally, the restoration was removed from the tooth 
with the hex shape index in its place, and its internal and 
external surfaces with hex shape index were scanned (Fig 
2D). The acquired data was processed with GOM software 
(GOM inspect v7.5, GOM mbH, Braunschweig, Germany) 
using the reference matching technique. Mesh data were 
transferred to a defined coordinate system by “3-2-1 align-
ment” that uses six 3D points to describe the coordinates. 
Mesiodistal and buccolingual intersecting edges along the 
apexes of  stars in the aluminum bases served as 3D points 
and measurements were done in each of  these two sections. 

Same points as the first method were assessed by two exam-
iners independently.

A Bland-Altman assessment for agreement was used to 
compare the two methods (with outlier removed).23 A range 
of  agreement was defined as mean difference ± 1.96 SD. It 
is expected that within the larger community and future 
measurements, the 95% of  confidence interval between the 
two measurement methods will fall within this range.

Reliability between the two methods and two examiners 
was assessed by correlation and Cronbach’s Alpha coeffi-
cient. All statistical analysis was performed using a statistical 
software (IBM SPSS Statistics v25; IBM Corp.).

Fig. 1. (A) Fit Checker on prepared tooth, (B) Mesiodistal and buccolingual section 
across the edges of the star in the base.

A B

Fig. 2. (A) The tooth and its base are scanned, (B) The crown is placed on the 
prepared tooth and fixed with light body silicon material, (C) Hex shape index 
is attached on the occlusal surface, (D) The crown with the attached hex shape 
index is scanned.

A B

C D
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RESULTS

Mean, standard deviation, and mean differences of  each 
examiner with the two techniques are shown in Table 1. 
Plots of  the differences between the two methods using 
Bland-Altman test are shown in Fig. 3, Fig. 4, Fig. 5, and 

Fig. 6. The smaller the difference between the two measure-
ment methods (closer to zero) and the narrower the limits 
of  agreement (LOA), the more similar the two methods are. 
For marginal gap, after omitting the outlier data in boxplot, 
mean of  difference was -1.04 µm with LOA between -37.26 
to 35.18 µm. One sample was omitted as outlier 23 in assess-

Table 1.  Descriptive statistics of each examiner, techniques and mean differences between the two examiners with two 
measurement techniques

Measurement technique

Discrepancy

Marginal Absolute marginal Axial Line angle Occlusal

Mean SD Mean SD Mean SD Mean SD Mean SD

Examiner 1
Replica 54.53 12.32 106.55a 42.76 42.12d 8.85 102.18 28.61 250.36 46.84

RPM 56.79 29.48 162.54a 51.08 71.37d 19.42 129.43 39.69 248.50 64.74

Examiner 2
Replica 65.54 21.63 90.30b 27.83 46.10e 8.79 111.51 32.10 246.90 44.67

RPM 63.43 32.78 181.93b 56.50 73.66e 19.38 155.85 44.33 255.58 61.92

Total difference
Replica -11.00 11.91 16.24c 28.90 -3.98 4.59 -9.33* 13.56 3.45 9.49

RPM -6.64 12.03 -19.39c 42.00 -2.29 8.15 -26.41* 18.94 -7.08 42.13

RPM: reference point matching. *P value < .05
Total difference = values from examiner 1- values from examiner 2. 

Fig. 3. Bland-Altman plot for reliability of marginal gap 
measurement.

Fig. 4. Bland-Altman plot for reliability of absolute marginal 
gap measurement.

Fig. 5. Bland-Altman plot for reliability of axial gap mea-
surement.

Fig. 6. Bland-Altman plot for reliability of occlusal gap 
measurement.
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Table 2.  Correlation for the two examiners

Measurement technique
Discrepancy

Marginal Absolute marginal Axial Line angle Occlusal 

Replica
0.896** 0.743** 0.864** 0.907** 0.980**

P < .001 P = .006 P < .001 P < .001 P < .001

RPM
0.931** 0.700* 0.912** 0.904** 0.780**

P < .001 P = .011 P < .001 P < .001 P = .003

RPM: reference point matching.
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

Table 3.  Reliability of the two techniques

Measurement technique
Discrepancy

Marginal Absolute marginal Axial Line angle Occlusal 

Replica 0.871 0.809 0.927 0.948 0.989

RPM 0.961 0.821 0.954 0.947 0.876

ing agreement in absolute marginal gap, and then the result 
showed -41.9 µm mean difference and LOA between 
-105.85 to 22.05 µm. The mean difference between the two 
measurement techniques in axial site was -29.53 µm with 
LOA between -80.52 to 22.02 µm.

The results of  Pearson Correlation test for examiners 
are shown in Table 2. Positive correlation for repeatability in 
determining marginal, absolute marginal, line angle, axial 
and occlusal discrepancy by two examiners in both tech-
niques was revealed. 

The statistical results of  reliability by using Cronbach’s 
alpha are shown in Table 3. Data in Table 3 shows excellent 
reliability	 (0.9	≤	α)	of 	replica	 technique	 in	measuring	axial,	
line angle, and occlusal discrepancies and RPM technique in 
measuring marginal, axial, line angle and occlusal discrepan-
cies. Reliability of  the other site of  measurements were 
good	(0.8	≤	α	<	0.9).24

DISCUSSION 

The purpose of  this study was to assess the reliability and 
the level of  agreement between the replica and the RPM 
methods used to measure the internal and marginal discrep-
ancies of  single unit lithium disilicate restorations. The null 
hypothesis of  this study regarding producing similar mar-
ginal and internal discrepancy values with both techniques is 
partially rejected since there were some differences between 
two methods. However, the second null hypothesis was 
accepted, as there was no difference between reliability of  
replica and reference point matching technique.

Among all available 2D and 3D measurement methods, 

the most commonly used technique was direct-view tech-
nique followed by cross-sectioning method and impression 
replica technique.25 Replica technique measures the cement 
space by evaluating thickness of  a light body additional sili-
con material that resemble the thickness of  cement. The rep-
lica specimen is sectioned and internal fit can be evaluated 
under magnification of  stereomicroscope. This method has 
some inherent deficiency, which limits its reliability and validi-
ty in measuring accurate level of  discrepancies. Dimensional 
change of  intermedium material, tearing of  silicon material 
during sectioning, limited number of  sections, lack of  preci-
sion in determining the exact level of  finishing line, and 
inability to specify restoration margin are among these defi-
ciencies.25 Additional disadvantages include difficulty in 
selecting the points where the marginal opening is to be mea-
sured.25 

Optical scanners offer an accurate and fast way for mea-
suring small component in details. The use of  this technolo-
gy in measuring adaptation is based on the triple scan tech-
nique, which was presented in 2011. In this method, three 
scans are captured from prepared tooth, restoration seated 
on the tooth, and inner surface of  the restoration. Then, 
data from the first and the third scans are related to each 
other with the second scan and finally the second scan is 
ommited. The key point in cement space measurement is 
how data from inner surface of  restoration is correlated to 
data from outer surface of  the tooth. Two methods exist for 
matching points: (1) reference point matching and (2) sur-
face point matching. In surface point matching technique, 
the software merges the scans according to curvature and 
tangency of  available surfaces and measures how close or 
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similar one surface is to another, while reference point 
matching uses some coded and non-coded points. The cod-
ed points that match easily are utilized for determination of  
distance relation between points of  the object and the non-
coded points are utilized for 3D point reconstruction.20,21 
The main limitation of  triple scan method is using surface 
matching for merging data, so the accuracy of  superimposi-
tion is dependent on the form of  the crown and is different 
for each sample. In RPM method, the data from each scan 
are related to each other based on reference point matching, 
and this index is equal for all specimens. Therefore, the 
accuracy of  alignment is equal for all specimens and is inde-
pendent of  crown form. In this method, a set of  points that 
can be traced in space is often treated as reference to exploit 
global relationship in the point set.20,21

Use of  RPM technique ensures exact 3D alignment of  a 
restoration attached to the corresponding die. Although this 
technique does not include replica technique’s boundaries 
such as limited number of  cross-sections used for the mea-
surement of  discrepancy between the crown and the pre-
pared tooth. Groten et al.26 indicated that the minimum num-
ber measurement points in non-clinical assessments should 
be at least 50. Digital workflow establishes three dimension-
al and unlimited virtual cross-sections for evaluating mar-
ginal and internal discrepancies.

Both techniques used in our study are noninvasive and 
do not necessitate destruction of  restoration for measuring 
internal or marginal discrepancies. These characteristics are 
important factors for applying methods in clinical and in 
vitro investigations. 

Our result of  agreement showed that differences between 
the two methods is close to zero for marginal gap and the 
range of  agreement is +35.18 to -37.26 µm. Considering 
120 µm as the acceptable clinical gap for cement space, this 
range of  agreement could be clinically acceptable. For abso-
lute marginal gap, this level of  agreement is between +22.05 
to -105.85 µm, which could result in overestimating or 
underestimating the real distance beyond the acceptable 
threshold. The mean difference of  two methods for abso-
lute marginal gap is -41.9 µm that is considerably far from 
zero. These results indicate that replica technique is under-
estimating the values for absolute marginal gap, which is 
probably due to the fact that level of  finish line and the res-
toration is not clearly obvious in this method. However, 
both techniques were reliable in repeated measurements by 
two examiners evaluating all sites of  measurement.

Boitelle et al.19 compared replica technique and triple-
scan protocol in assessing marginal discrepancy of  zirconia 
copings. They concluded that both techniques are reliable, 
and triple-scan method provides significantly higher values 
of  marginal fit; however, the coefficient of  variation was 
lower for triple scan protocol than that of  the replica meth-
od. In agreement to Boitelle et al.’s results, the present study 
indicated the reliability of  both techniques. The results 
showed that the mean values of  marginal fit varied between 
54.53 and 65.54 µm with the replica technique and between 
56.79 and 63.43 µm with the RPM technique. Differences in 

marginal gap assessment results can be due to different scan 
protocol between the two studies. Another study by Son et 
al.27 compared five marginal and internal fit evaluation 
approaches for fixed restoration, including triple scan and 
replica techniques. Marginal gap obtained from the replica 
technique revealed a significant difference with a low value. 
In this study, marginal gap was assessed without assessing 
absolute marginal gap and the scan protocol was different 
from our method.

In addition to vertical discrepancies widely disscussed in 
other stuties, Holmes et al. described horizontal discrepancy 
that categorized underextention and overextension of  resto-
rations.22 An underextended margin is the perpendicular dis-
tance from the marginal gap to the cavosurface angle of  the 
tooth and an overextended margin is the perpendicular dis-
tance from the marginal gap to the casting margin. Determining 
exact level of  finishing line and restoration margin are man-
datory for calculating horizontal discrepancy, which is speci-
fied precisely in RPM technique. On the other hand, replica 
technique only recognizes vertical discrepancy.

Most authors still use the criteria of  maximum 120 µm 
discrepancy for long term success, reported by McLean in 
1971.8 The results of  this study revealed that the theory of  
acceptable marginal discrepancy within 120 µm was not 
applied for all of  the tested restorations, particularly for 
absolute marginal discrepancies values. De Almeida et al.28 
and Al Hamad et al.29 also reported marginal gap of  lithium 
disilicate crowns greater than 120 µm and some other stud-
ies presented much lower values.30-33 Defining a standard 
value of  marginal and internal gap for recently restorations 
made by advance technology is a necessity. Moreover, there 
is still no standard procedure to measure the adaptation of  
dental restorations.34 Several fitting evaluation techniques 
have been used by different investigations.27,35-37 The diversi-
ty of  results of  different studies can be due to study 
demography, type of  research (in vitro or in vivo), sample size, 
material of  restorations, and measurements protocol.14 As 
long as a there is a confounding factor of  measurement meth-
od, assessment of  the impact of  other factors including the 
type of  restoration and restoration material is questionable. 
One of  the limitations of  the current study is that repeat-
ability of  the methods was not measured and only the varia-
tions of  different observers and techniques were calculated.

Moreover, extrapolating in vitro results to the in vivo stud-
ies should be made with caution. Despite of  in vitro nature 
of  reference point matching technique, good reliability with 
replica technique makes relating in vitro and in vivo studies 
possible. Further studies are required to inspect the correla-
tion between RPM technique and other methods of  fit 
assessment such as triple scan protocol.

CONCLUSION

Both replica and RPM measuring methods are highly reli-
able for evaluating adaptation of  fixed dental restorations. It 
suggests that both techniques are applicable for measuring 
marginal and internal adaptation. However, the RPM meth-
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od provided values of  absolute marginal discrepancies high-
er than those of  replica technique, which seems to be closer 
to real value. Moreover, repeatability of  both techniques 
with different examiners was acceptable.
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