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Introduction

Progress in materials technology and manufacturing procedures
has extended the clinical use of the ceramic restorations. The
increased popularity of ceramic restorations as an alternative to met-
al- ceramic restorations is attributed to their excellent esthetics, chem-
ical stability, and biocompatibility.1 Recently, the development of
advanced dental ceramics, which can be produced from a computer-
assisted design/computer-aided manufacture (CAD/CAM) sys-
tem, has led to the application of partially stabilized zirconia in restora-
tive dentistry.2

The internal and marginal adaptation of ceramic restorations is par-
ticularly important for their clinical success and longevity.3,4 Clinical
situations have proven the importance of the fit of restorations for
clinical success. Inadequate fit could damage the abutment teeth and
the periodontal tissues also, causing deterioration of the luting
agent in the gap and permitting the percolation of bacteria.
Additional complications such as dental caries and periodontal
disease also can occur.5,6

Many authors have reported several factors that influence the mar-
ginal discrepancy of ceramic restorations.7-15 While some investigations
have assessed the clinical indicators such as location of the margin,
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geometry of the tooth preparation or type of cement, others have eval-
uated the dental laboratory fabrication techniques used.8 In this regard,
many authors have compared the marginal or internal fit of
CAD/CAM-fabricated restorations with those of conventionally made
restorations.9,16-22 However, the results of such studies vary widely
because of differences in sample size, measurements per specimen,
measurement method, cement space, and the CAD/CAM systems
used. Several studies reported a larger marginal or internal gap for
CAD/CAM-fabricated restorations than for conventionally made
restorations.9,16 In contrast, other studies showed that CAD/CAM fab-
ricated restorations also had a clinically acceptable marginal fit com-
pared with conventionally made restorations.17

There are several scan methods to obtain digital data from the pre-
pared tooth for fabrication of ceramic restorations, especially zir-
conia prostheses. First, a chairside intraoral scanner can be used to
scan the prepared teeth.3,4 This method offers the advantage of
obtaining digital dental models directly from the patient without the
need for dental impressions.3 The other is a model scan method, in
which rubber impression material is used to make an impression of
the prepared tooth. Digital data are then obtained by scanning the
master die optically with a guided sensor.23

There are few studies comparing the adaptation of zirconia
prostheses fabricated with the two different scan methods mentioned
above; furthermore, there is no clear evidence that one method of
fabrication provides a consistently superior fit. Therefore, the pur-
pose of this study was to evaluate the fit of zirconia prostheses fab-
ricated with the model scan method and the intraoral scan method.
The weight technique (WT) and replica technique (RT) were used
to evaluate the internal and marginal fit. The null hypothesis for this
experiment was that there would be no difference in the internal and
marginal fit of zirconia prostheses made with two different scan meth-
ods.

Materials and Methods

Fabrication of experiment models

Extracted human mandibular first molars were used in this study.
For preparation of the abutment tooth, a preparation design with a
1 mm-wide, pronounced chamfer, free of any irregularities, with a
90-degree cavosurface angle around the circumference of the tooth,
a total occlusal convergence of 6 degrees, and an occlusal reduction
of 2.0 mm at the center of the occlusal surface was executed. An axi-
al surface height of 7 mm was maintained on all surfaces (Fig. 1).

For the model scan group, 10 individual impressions were taken
using light-body silicone (Aquasil Ultra XLV, Dentsply, Milford, DE,
USA) and heavy-body silicone (Monophage, Dentsply) impression

material. Then, one gypsum die per impression was made with a class
IV die stone (Fuji Rock, GC, Leuven, Belgium) to fabricate the mas-
ter die (n = 10) (Fig. 2).

For the intraoral scan group, the prepared abutment teeth (n = 10)
were scanned with a chairside oral scanner (TRIOS Standard,
3shape, Copenhagen, Denmark). All digital scanning procedures were
performed by the same operator and according to the manufactur-
er's guidelines.

Fabrication of zirconia prostheses

For the model scan group, 10 master dies were sprayed with scan
spray (Arti-Scan CAD/CAM Spray, Bausch Gmbh & Co. KG, Köln,
Germany) and then scanned using a Ceramill map400 (Amann
Girrbach AG, Koblach, Austria). The data for the model scan
group and the intraoral scan group were then transferred to a
design software program (Ceramill Mind, Amann Girrbach AG) (Fig.
3). In the intraoral scan group, a 40-㎛ space was set on the software
program for the cement space. The manufacturing process of the zir-
conia prostheses for both group was carried out as follows. First, a
partially sintered zirconia block (Ceramill Zolid FX, Amann
Girrbach AG) was mounted to a 5-axis milling machine (Ceramill

Fig. 1. Prepared abutment tooth.

Fig. 2. Fabrication of 10 master dies.
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Motion 2, Amann Girrbach AG) for dry milling. The design of the
zirconia prostheses for each group was kept uniform by one dental
laboratory technician using the Ceramill Mind design software pro-
gram (Fig. 4). Diamond rotary cutting burs with diameters of 2.5,
1.0 and 0.6 mm were used in the milling of the partially sintered zir-
conia block. Zirconia prostheses were then removed from the
block and finally sintered with a sintering furnace (Ceramill
Therm, Amann Girrbach AG) at a temperature of 1450。C for two
hours with a heating rate of 8。C/min.

Measurement of the marginal and internal gap

Zirconia prostheses were replaced on the prepared abutment
teeth to measure the marginal and internal gaps without the need for
adjustment by the dental technician (Fig. 5). Measurements of
the marginal and internal gap were performed on prepared abutment
tooth which were used to accommodate all manufactured zirconia
prostheses using the RT and WT. 

For the WT, each crown was applied to the prepared abutment tooth
using a light-body silicone impression material (Aquasil Ultra XLV)
instead of using luting cement, simulating the clinical application of

a crown. The prepared abutment tooth was lubricated with spraying
separating fluid (Microfilm, Kerr Italia Srl, Salerno, Italy) before this
procedure in order to prevent the impression material from sticking
to the tooth. After the removal of excess impression material at the mar-
gin, finger pressure was applied for 4 minutes of setting time. After
polymerization of the impression material, crowns were removed from
the prepared abutment teeth and the light-body silicone impression
material was carefully removed and weighed on an analytical balance
(Mettler AJ 100, Mettler-Toledo, Oakland, CA, USA). The weight was
measured three times for each specimen from both groups and all mea-
surements were performed by the same operator.

The RT was used to measure the marginal and internal fitting accu-
racy. Light-body silicone impression material of very low viscos-
ity (Aquasil Ultra XLV) was applied to the crown interior, after which
the crown was set onto the prepared abutment tooth with finger pres-
sure in the occlusal direction. After polymerization of the impres-
sion material, the crowns were removed from the prepared abutment
teeth. The thin silicone film remaining on the abutment tooth rep-
resented the space between the abutment tooth and the zirconia pros-
thesis (Fig. 6). After wax-relief of the prepared abutment tooth, an
individual tray (Ostron 100, GC Corporation, Tokyo, Japan) was fab-

Fig. 3. Scan images from each group. (A) Intraoral scan, (B) model scan.

Fig. 4. Design of the zirconia prostheses for each group. (A) Intraoral scan, (B)
model scan.

Fig. 5. Zirconia prosthesis placed on the prepared abutment tooth.

Fig. 6. Silicone film representing the space between the abutment tooth and the
zirconia prosthesis.
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ricated. After applying light-body silicone impression material
(Aquasil Ultra XLV) to the abutment tooth, using a plastic syringe,
an individual tray filled with heavy-body silicone impression
material (Aquasil Ultra Monophase, Dentsply) was placed to sta-
bilize the silicone film. After completion of polymerization of
the silicone impressions, the resulting replicas were placed in a set-
ting jig and bisected in the middle of the mesial axial wall with a No.
10 surgical blade in the bucco-palatal direction (Fig. 7). The
bisected replicas were then measured and photographed using a stereo-
scopic microscope with surface illumination (MZ-16FA, Leica
Microsystems, Wetzlar, Germany) by using a Leica microscope soft-
ware at 5 pre-determined points on the buccal and lingual margins,
buccal and lingual axial walls and occlusal area (Fig. 8). The hor-
izontal marginal discrepancy (x), the vertical marginal discrepan-
cy (y), the absolute marginal discrepancy (a), and the internal gap
(b) were evaluated (Fig. 9). Measurements were performed by
the same operator, as recommended by Holmes et al.24 The horizontal
marginal discrepancy is defined as the horizontal misfit between the
outermost portions of the crown margin and the preparation edge
of the abutment teeth, measured perpendicularly to the path of draw

of the restoration. The internal gap is defined as the perpendicular
measurement from the internal surface of the crown to the axial wall
of the prepared abutment tooth.

Statistical analysis

Statistical analysis was performed using SPSS Statistics for
Windows (Version 20.0, IBM Corp., Armonk, NY, USA). The
mean values and the standard deviations for each group were cal-
culated. The Shapiro-Wilk test was used to confirm that the marginal
gaps were normally distributed. Levene's test was performed to eval-
uate the equality of variances. One-way analysis of variance
(ANOVA) was used to assess the influence of the impression
methods on the marginal and internal gaps. The level of significance
was established as 0.05. 

Results

The means and standard deviations of weight measurement for
the two groups (n = 10, for each) are presented in Table 1 and Fig.
10. The mean silicone weights of the intraoral scan group and
model scan groups were 198.59 ± 11.93 mg and 134.57 ± 5.86 mg,
respectively. The mean weight was significantly higher for the
intraoral scan group than for the model scan group (P < .05). 

The mean values and standard deviations for the marginal gap and
internal gap width measurements are presented in Table 2 and
Fig. 11. In the intraoral scan group, the internal gap width measurements
of the bucco-axial surface, occlusal surface, and linguo-axial sur-
face were 109.40 ± 15.41 ㎛, 240.70 ± 7.94 ㎛ and 104.90 ± 9.12
㎛, respectively. In the model scan group, the internal gap width mea-
surements were 80.50 ± 9.34 ㎛, 216.50 ± 10.31 ㎛, and 69.90
± 10.63 ㎛, respectively.

Fig. 8. Schematic representation of the five predetermined measuring points in the
cross-sectional cut of the replica.

Fig. 9. Microscopic cross-sectional photograph of a replica. Definition of measuring
distances for marginal accuracy: x, horizontal marginal discrepancy; y, vertical mar-
ginal discrepancy; a, absolute marginal discrepancy; b, internal gap. 

Fig. 7. Stabilized replica after segmentation in the bucco-palatal direction.

x

a y

b
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Marginal discrepancies were measured in three aspects: horizontal,
vertical and absolute marginal discrepancy. In the intraoral scan group,
the horizontal, vertical and absolute marginal discrepancies at the
buccal margin were 86.30 ± 8.13 ㎛, 71.40 ± 8.51 ㎛, and
135.20 ± 11.32 ㎛, respectively. At the lingual margin, they
were 71.70 ± 9.21 ㎛, 57.30 ± 8.11 ㎛ and 107.80 ± 11.23 ㎛,
respectively. In the model scan group, the horizontal, vertical and
absolute marginal discrepancies at the buccal margin were 71.70 ±
9.21 ㎛, 57.30 ± 8.11 ㎛, and 107.80 ± 11.23 ㎛, respectively. At
the lingual margin, they were 85.70 ± 8.15 ㎛, 58.30 ± 9.33 ㎛,
and 109.90 ± 18.90 ㎛, respectively.

Table 1. Means ± SD value of silicone weight measurements for the intraoral scan group and model scan group (n = 10, for each), with independent t test results.
Silicone weight (mg)

Mean SD Min Max P value
Intraoral scan 198.59 11.93 185.30 224.00

< .001Model scan 134.57 5.86 125.70 143.00

Fig. 10. Means of silicone weight measurements for the intraoral scan group and
model scan group (n = 10, for each). Error bars represent ± SD.

Fig. 11. Means of marginal and internal gaps for the intraoral scan group and model scan groups (n = 10, for each). Error bars represent ± SD.

Table 2. Means ± SD value of the marginal and internal gaps for the intraoral scan group and model scan group (n = 10, for each), in ㎛, with independent t test results
Intraoral scan Model scan P values

Bucco-absolute marginal discrepancy 135.20 ± 11.32 107.80 ± 11.23 < .001
Bucco-vertical marginal discrepancy 71.40 ± 8.51 57.30 ± 8.11 < .001
Bucco-horizontal marginal discrepancy 86.30 ± 8.13 71.70 ± 9.21 < .001
Bucco-internal gap 109.40 ± 15.41 80.50 ± 9.34 < .001
Occlusal gap 240.70 ± 7.94 216.50 ± 10.31 < .001
Linguo-internal gap 104.90 ± 9.12 69.90 ± 10.63 < .001
Linguo-horizontal marginal discrepancy 100.30 ± 7.35 85.70 ± 8.15 < .001
Linguo-vertical marginal discrepancy 87.90 ± 8.33 58.30 ± 9.33 < .001
Linguo-absolute marginal discrepancy 134.90 ± 6.40 109.90 ± 18.90 < .001
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An independent t test indicated that the marginal and internal gaps
were significantly higher at all measured points in the intraoral scan
group than in the model scan group (P < .05).

Discussion

The aim of this study was to compare the marginal and internal
fit of zirconia prostheses fabricated using different scan methods:
intraoral scan and model scan. Internal fit was evaluated by weigh-
ing light-body silicone impression material and the cement thick-
ness of the crowns on prepared abutment teeth was measured to eval-
uate the marginal and internal fits.

Extracted human mandibular first molar was prepared in this study,
compared to some of previous studies that used typodont resin teeth.
In addition, the marginal and internal gaps of zirconia prostheses from
the two groups were measured on the prepared abutment tooth instead
of on master die, to better reflect the clinical situation.

There was a significant difference in the marginal and internal gap
between the two fabrication methods; therefore, the null hypothe-
sis was rejected. The fit of the intraoral scan group was better
than that of the model scan group in all measured areas (Table 1 and
Table 2). Flügge et al.25 compared the precision of intraoral digital
scanning to model scanning, finding intraoral scanning to be less accu-
rate; this corresponds closely to the results of the present study. The
Flügge et al. study also suggested that intraoral conditions (saliva,
limited space) could contribute to the inaccuracy of a scan; however,
these conditions were not relevant to our study. Instead, other
factors, such as the accuracy of the intraoral scanner and data
transmitting system, could have influenced the results. 

In previous studies, there is no consensus on a clinically accept-
able marginal gap for fixed restorations. The values reported in the
literature range from 50 to 200 ㎛.2,26 McLean and von Fraunhofer
reported a clinically acceptable marginal gap of within 120 ㎛.27

Fransson et al.28 and McLean and von Fraunhofer27 reported that the
clinically acceptable marginal gap should be less than 150 μm
and 120 ㎛, respectively. Moldovan et al.29 suggested that 100 ㎛
of marginal misfit is considered as "good" and 200 - 300 ㎛ as "clin-
ically acceptable". In the present study, the marginal discrepancies
of the crowns manufactured using both methods were under 140 ㎛
which is in the clinically acceptable range according to the previ-
ous studies. In addition, the occlusal internal gap was significant-
ly higher than the axial internal gap. This finding is also consistent
with previous studies.30

Sorensen reported that standardized methods for determination
of crown margin include the direct view technique, the cross-sec-
tioning technique, the impression replica technique, and other
methods (e.g., the WT).31

The RT was first introduced by Molin and Karlsson,32 who used
this technique to compare the fitness between gold inlays and
ceramic inlays. This is a popular method for evaluating marginal dis-
crepancies between the crown and the abutment tooth; therefore, defor-
mation of the margin, which can occur during cutting, is prevent-
ed. Furthermore, the number of measuring sites can easily be
increased, and measurements can be repeated. However, this tech-
nique should be carefully applied in the evaluation of prostheses with
good fitness because there is danger of damaging the impression mate-
rial when separating the crown from the master die, which would
cause inaccurate results.21,33

The WT is another non-destructive method used to evaluate
the total internal gap of the restorations. For the WT, the weight of
impression material is measured, instead of measuring certain
points as is done for the RT. The value obtained represents the total
thickness of the internal gap between the restoration and the prepared
abutment tooth.34 This technique requires low cost, easy and less time-
consuming, compared with RT. However, with this technique, it is
impossible to evaluate the marginal fit or the area where the largest
gaps are found. Therefore, both techniques were used in this study,
thereby effectively measuring the adaptation of restorations.26

This study proved that zirconia prostheses fabricated with two dif-
ferent scan methods have clinically acceptable marginal and inter-
nal gap thicknesses. In addition, zirconia prostheses fabricated
with the model scan method had significantly lower marginal and
internal gaps than did those fabricated with the intraoral scan
method. However, this study has some limitations. For measurement
of the marginal and internal gap, light-body silicone impression mate-
rial was used instead of dental luting cement, which is actually used
in clinical situations; therefore, the results of this study do not
entirely reflect the final marginal fit of the restoration. In addition,
crowns were seated on the prepared abutment tooth with finger pres-
sure. Even though this method simulates the clinical cementation
of crowns, it should be emphasized that finger pressure may be vari-
able in each trial.

Conclusion

Within the limitations of this study, the following conclusions may
be drawn: the marginal and internal fits of zirconia prostheses
fabricated with both the model scan and intraoral scan methods were
clinically acceptable. However, in the fabrication of zirconia pros-
theses, the model scan method results in better marginal and inter-
nal gap at all measured areas than does the intraoral scan method.
Therefore, the intraoral scan method requires improvement of the
scanning procedure, data transfer, and crown fabrication in order to
be a competitive alternative to the conventional method.
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서로 다른 두 가지 스캔법을 이용하여 제작된

지르코니아 보철물의 적합도에 한 비교

최현석∙조진현*

경북 학교치과 학치과보철학교실

목적: 연구의 목적은 동일한 지 치에서 각각 모델스캔 방법과 구강 내 스캔 방법으로 제작된 지르코니아 보철물의 변연 및 내면적합도를 비교하

는것이다.
재료 및 방법:발거된사람의하악제1 구치 20개에 해지르코니아보철물을위한지 치형성이이루어졌다. 첫번째그룹에서는모델스캔법으

로 10개의지 치를스캔하 고, 두번째그룹에서는나머지 10개에 해구강내스캔법을사용하 다. 각각의데이터들은소프트웨어시스템으로

전송되었고 Ceramill CAD/CAM system을이용하여 20개의지르코니아보철물을제작하 다. 먼저 weight technique을사용하여내면적합도를평가하

다. 다음으로 replica technique에서는광학현미경을통해변연적합도를평가하 다. 통계처리는일원배치분산분석을이용하 다.
결과:먼저 weight technique에서모델스캔법으로제작한그룹에서구강내스캔법으로제작한그룹에비해평균적인무게값이낮게나타났고, 이는

유의성이있었다(P < .05). 또한, replica technique에서도측정된 5개의 역모두에서구강내스캔법으로제작한그룹에비해모델스캔법으로제작한

그룹에서변연및내면의 gap에 한거리값이유의하게낮게나타났다(P < .05).
결론: 두 그룹의 방법으로 제작한 지르코니아 보철물은 모두 임상적으로 받아들여질 만한 변연 및 내면 적합성을 보 다. 하지만 모델 스캔법으로

제작한그룹에서구강내스캔법으로제작한그룹에비해높은변연및내면적합성을보 다. ( 한치과보철학회지 2017;55:135-43)

주요단어:지르코니아보철물; 모델스캔법; 구강내스캔법; Weight technique, Replica technique
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