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ABSTRACT

The importance of Marginal adaptation of fixed Prosthodontics is to assess the smallest number of gap meas-
urements on margins of single crowns to get relevant results for gap analysis. The most critical factors affecting 
Marginal adaptation of fixed Prosthodontics includes the material used, the type of finish line and other factors 
that include the finish line and the durability of the copings like the function of the firing procedures. The results 
of this study concluded that a perfect marginal is one of the most important technical factors for the long-term 
success of any restoration. As a sizeable marginal opening concedes more plaque accumulation, gingival sulcular 
fluid flow, and bone loss, following in microleakage, recurrent caries, periodontal disease and a decrease in the 
longevity of the prosthetics restorations. This problem might complicate by fixed partial restorations with vital 
abutments.
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Background

The survival of fixed prosthodontics depends on the state 
of the marginal adaptation. Marginal gaps can create 
a favorable condition for biofilm deposition, thereby 
contributing to the development of caries and periodontal 
disease [1].

Regardless the sort of cement, large gaps increase the wear 
of the cement regardless its kind [2]. The low sintering 
shrinkage and porosity are given by the combination of 
these two processes that are responsible for the excellent 
adaptation and high strength of the material [3]. Some 
authors have pointed out the importance to evaluate 
the effect of the finish line on the marginal gap of all-
ceramic crowns [4]. Other factors besides the finish line 
also affect the faithfulness of the marginal adaptation of 
prosthetic crowns, which is the addition of the covering 
ceramic crowns [5,6]. Anadioti reported that full-
coverage dental restorations are an integral part of fixed 
prosthodontics. The causes that compel patients to seek 
any dental restorations including inlays, only veneers, 
and crowns could be divided into the following: (1) 
dental disease including caries or periodontal causes; (2) 
trauma such as accidents; and (3) esthetics to improve the 
appearance of their smile [7]. The purpose of this study is 
to determine the methods and importance of the marginal 
adaptation of fixed Prosthodontics and its importance in 
teeth restoration and preservation.

Material and Methods

We used scientific websites such as PubMed, Google 
Scholar, and Research Gate to get related articles about 

this subject. The research process involved specific 
keywords “Marginal adaptation, fixed prosthodontics” 
to find more articles on the subject. We were more 
concerned about English published articles only which 
published from 1992 to 2017.

Definition of Marginal Adaptation of Fixed 
Prosthodontics

The longevity of fixed prosthodontics depends on the 
condition of the marginal adaptation to the abutment 
teeth. Marginal gaps can form a favorable condition 
for biofilm deposition, thereby contributing to the 
development of caries and periodontal diseases [8,9]. 
Moreover, regardless the sort of cement, large gaps 
increase the wear of the cement regardless its kind [2].

Importance

The importance of Marginal adaptation of fixed 
Prosthodontics is to determine the minimum number of 
gap measurements on margins of single crowns to create 
consistent results for gap analysis [10]. The importance 
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of Marginal adaptation of fixed Prosthodontics is to 
determine the minimum number of gap measurements 
required to create consistent results for gap analysis; 
l and 90 for custom-made crowns [11]. The study of 
the Marginal adaptation of fixed prosthodontics can 
determine the accuracy of interim crowns fabricated 
technology and the materials used for this purpose and 
the evaluation of the crowns by measuring marginal 
discrepancies and dye penetration [12].

Measurements of Marginal Adaptation of Fixed 
Prosthodontics

Gap measurements along margins are usually used to 
assess the quality of single crowns. However, the number 
of gap measurements required for clinically relevant 
results in laboratory studies is not known. They observed 
that on the data of gap definition, the reduction from 
230 to about 50 measurements caused less than ±5 μm 
variability for arithmetic means. Analysis of standard 
errors showed slowly increasing values smaller than 3 
μm, both indicating no consistent effect on the quality of 
results. Tinier data sizes gave a rapid increase of standard 
errors and divergent variabilities of mean. The minimum 
of 50 measurements did not depend on gap definition or 
cementation condition. They concluded that 50 measures 
are required for clinically relevant information about 
gap size regardless of whether the measurement sites are 
selected systematically or randomly, which is far more 
than what current in vitro studies use [1].

The precision gained by the custom-made crowns 
differed from that of the experimental specimens. The 
minimum number of measurements required to produce a 
sample mean value ±5 μm calculated over 360 measures, 
taking standard error of the means ≤4 μm, was 18 for 
experimental and 90 for custom-made crowns, for both 
equidistant measurement spacing and randomly selected 
points [10].

Hilgert et al. evaluated the marginal adaptation of 
ceramic copings front of two finish lines and the addition 
of ceramic. Therefore, two master steel dies were milled 
with all-ceramic crowns preparation, one with a round 
shoulder end line margin design and the other with a thick 
chamfer. From each one of them, 15 copings were built, 
and the marginal discrepancy was assessed in measuring 
microscope. The ceramic addition was performed in 
both groups with the support of a silicone matrix, and 
the discrepancies were assessed again, obtaining the final 
mean gap values. The initial measurements resulted in 
means of 44.0 μm for deep chamfer, 24.0 μm for the round 
shoulder, and the last measurements were 53.3 μm for 
the deep chamfer and 27.4 μm for the rounded shoulder. 
The data were submitted to the analysis of variance for 
verification of influence of the finish lines and application 
of the ceramic. When analyzing the interaction among 
the variables, they were no statistical differences, but 
when comparing the two types of finish lines before 
and after ceramic addition, statistical differences were 
detected. It was concluded that the round shoulder finish 

line presents better values of a marginal gap than the deep 
chamfer and the addition of ceramic effect the final gap 
values of marginal adaptation [13].

Boeckler et al. observed that Crowns made from different 
alloys and technologies provided partly significantly 
different marginal gaps (p < 0.05) (mean ranging from 
35 μm to 92 μm) and significantly (p < 0.05) different 
over-extended margins (mean ranging from 40 μm 
to 149 μm). There were significant correlations (p < 
0.05) between subjective findings and objective data. 
Significant associations (p < 0.01) were also found 
between the individual conclusions of dentists and 
technicians. Contrasted to the marginal gap, only the 
overextended margin had a significant influence (p = 
0.00) on the individual evaluations of the clinicians [14]. 
Nawafleh et al. reported that there was a substantial 
lack of consensus relating to the marginal adaptation 
of various crown systems due to variations in testing 
techniques and experimental protocols employed. Direct 
view technique was the most commonly used method of 
reproducible results. Also, conducting a trial set-up of 
testing a minimum of 30 specimens at 50 measurements 
per sample should produce strong results. Additionally, 
using a combination of two measurement methods can 
be useful in verification of effects [15]. Zhou et al. 
reported that the adaptation of implant-supported cobalt 
chromium frameworks was affected by the span length 
and fabrication method [6].

Protocol of Marginal Adaptation of Fixed 
Prosthodontics

Groten et al. used 10 all-ceramic crowns which were 
fabricated on a master steel die. Gaps along crown margins 
were examined in a scanning electron microscope on 
the master steel die without cementation and on replica 
dies after conventional cementation. Measurements 
were performed in 100 μm steps according to three gap 
definitions. The initial number of measures per crown (n = 
230) was reduced to fewer subsets using both systematic 
and random approaches to discover the influence on the 
quality of results [10]. Gassino et al. used the marginal fit 
of six temporary and eight custom-made crowns which 
were observed microscopically using a mechanical device 
and software was employed to measure the gap. Two 
crowns, chosen from among the 14 previously evaluated, 
were reanalyzed to determine the minimum number of 
gap measurements required to produce significant results 
for gap analysis [11]. Nawafleh et al. used online libraries 
to assess the marginal adaptation of crowns and FDPs by 
specific experimental methods. Exclusion criteria were 
the longitudinal prospective and retrospective clinical 
evaluations, studies using subjective tactile sensation and 
other predefined criteria. They depend on their research 
on a total of 277 papers. Only 183 met the inclusion 
criteria. Direct view technique was used by 47.5% of 
the articles followed by cross-sectioning (23.5%) and 
impression replica (20.2%) techniques. The marginal 
gap values inscribed by these methods varied among 
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individual crown systems and across different systems as 
the differences in study type (in vivo vs. in vitro), sample 
size and measurements per specimen, finish line design 
and stage at which the marginal gap was measured [6].

The Type of Finish Line

The kind of the finish line is one of the factors that 
influence the marginal adaptation of crowns. For metal-
free crowns, the two predominant kinds of finish lines 
suggested by the literature are the round shoulder 
and the deep chamfer [15–17], with the bevel being 
contraindicated for ceramic restorations. Some authors 
have guided out the importance to evaluate the effect of 
the finish line on the marginal gap of all-ceramic crows 
[17–20]. Marginal distortion of metal ceramic restoration 
during various stages of fabrication is well-saved ations 
[21,22].

Types of Margins

In determining the margin that is best for preparation, 
a study by Byrne [23] had three different identical 
preparations made with three different finish line designs. 
A chamfer margin, a shoulder margin, and a shoulder 
bevel margin. Fifteen epoxy resin dies were fabricated 
for each finish line design. Thirty cast crowns were 
fabricated on their respective epoxy resin dies by making 
an impression of them in additional polymerization 
silicone and pouring the dies for casting in type IV 
resin impregnated gypsum stone. Fifteen of them were 
cemented with zinc phosphate while another fifteen were 
left uncemented on the resin dies. Another fifteen cast 
crowns were fabricated and fitted onto its stone die as a 
control. The specimens were embedded in clear epoxy 
and sectioned at the midline to determine the adaptability 
of the margins. The results showed that the finish line 
did not affect the fit of the cemented crowns. A bevelled 
margin was not significantly superior in a marginal fit 
upon cementation. These results were however from 
the in-vitro study and may not be the same when used 
clinically. Tested castings on three different margins, a 
shoulder, shoulder bevel, and chamfer without cementing 
them on their respective dies. Ten casts were made for 
each type of finish line. The crown together with their dies 
was sectioned and examined. No statistically significant 
differences were noted between the marginal and axial 
gaps between the three finish lines. The authors assumed 
that the cementation process would not change the 
seating process of the crowns by increasing the marginal 
gap [24].

A study by Akbar et al. investigated 16 Paradigm® 
MZ100 crowns made from Cerec® 3. Eight crowns were 
fabricated with a 1.0 mm Chamfer finish line while the 
other eight crowns were manufactured with a 1.2–1.5 
mm shoulder finish line. The crowns were evaluated 
using the United States Public Health Service (USPHS) 
criteria at eight predetermined sites. The marginal gaps 
at four axial walls were also assessed using a scanning 
electron microscope. Fifteen measurements were taken 
at each axial wall. A total of 60 measurements were made 

for each crown. In this study, 100 μm was the maximum 
gap permitted to classify a crown as clinically acceptable. 
With crown acceptability being based on the eight sites 
needing to be below 100 μm, four out of the eight crowns 
with chamfer margins and three out of the eight crowns 
with shoulder margins had margins less than 100 μm. 
There was no statistically significant difference between 
the two different margins. Using the mean marginal 
discrepancy, crowns made with both the chamfer and the 
shoulder margins were found to be acceptable. In this 
study, the optical scanner was used outside the mouth 
away from the interference of the saliva contamination. 
Results might not be as accurate when the optical scanner 
is used intra-orally in the presence of saliva [25].

Bindl et al. [26] reported that of the mean marginal 
gap of Cerec one intracoronal crown was 63–228 μm 
while the mean marginal gap of Cerec two intracoronal 
crowns were 56 and 121 μm. These data were based 
on 818 Cerec partial crowns that were placed in 496 
patients. The crowns were divided into three groups, 
differentiated by the milling software of Cerec 1, Cerec 
2 with standard wall software, and Cerec 2 with wall 
spacing software. From these partial crowns, an average 
of 12 partial crowns was randomly selected from each 
group and using the replica technique; the samples 
were analyzed for marginal adaptation under a scanning 
electron microscope by two calibrated observers. This 
data was based on a total of 12 crowns which although 
randomly selected represented only a fraction of 818 
partial crowns that were ultimately cemented. The replica 
technique though reliable might not be the best method 
for analyzing the marginal adaptation [27].

Ghanbarzadeh et al. [28] observed that, following 10, 
20, and 35 Ncm binding torques, the marginal variance 
of the retainers of FDPs significantly increased (p < 
0.05). There was no significant difference between the 
marginal discrepancies of these two fasteners (p > 0.05). 
The marginal gap values of angulated abutment retainers 
were significantly higher than those of the straight 
abutment after cutting the connectors (p = 0.026). Also, 
they concluded that, within the limitations of this study, 
the marginal misfit of cement-retained FDPs increased 
continuously when the tightening torque increased.

Internal Adaptation of Crowns and Marginal 
Discrepancies

The intaglio surface of a crown is critical for the retention 
and resistance of the crown. Having a better-adapted 
crown will increase the success and longevity of the 
crown. An irregular intaglio surface might also prevent 
the crown from completely seating and so resulting 
in an open margin. A study carried out by Nakamura 
et al. evaluated the marginal and internal fit of Cerec 
three crowns. They examined three different angles of 
convergence, 4, 8, and 12 degrees and three different 
luting spaces 10, 30, and 50 μm. A total of 45 crowns 
were fabricated with nine different variations. They 
assessed the marginal discrepancies by measuring the 
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marginal gap and the thickness with Fit checker! (GC 
America, Illinois, United States) Between the die and the 
crown to determine the internal gap. The marginal gap 
was measured from the outer most of the crown margin to 
the shoulder margin of the tooth. The surface area of the 
abutment was determined by using a non-contact contour 
measuring device. The internal gap was then calculated by 
the surface area of the abutment, the weight, and density 
of the fit checker within the crown. They found that the 
marginal discrepancy was not affected by the occlusal 
convergence angle when the luting space was 30–50 
μm. They also reported that the marginal discrepancy 
was between 53 and 108 μm which were below the 
clinically acceptable range advocated by Mclean and von 
Fraunhofer 19 of 120 μm. This study, however, did not 
perform fatigue test the crowns and hence may not be an 
accurate gauge of the marginal discrepancy of the crowns 
over time [29].

In another study, Lee et al. investigated the marginal 
and internal fit of all-ceramic crowns fabricated with 
Procera® (Nobel Biocare, Zurich, Switzerland) and Cerec 
3D on Dentoform! (Columbia Dentoform, New York, 
United States) Teeth. A mandibular second premolar 
was prepared with a 1.00 mm margin. An impression 
was made with PVS, and a resin model of the tooth was 
gone to fabricate 10 dies in metal. These 10 dies were 
used to manufacture Procera (Nobel Biocare, Zurich, 
Switzerland) copings and Cerec crowns. Porcelain 
was subsequently added to the Procera copings. These 
copings and crowns were evaluated on the metal die for 
the marginal discrepancy. Using a silicone paste to mimic 
cement and a load of 20 Ncm pressure to emulate finger 
pressure, the internal gap was evaluated by measuring 
the thickness of the silicone remaining inside the crown 
with the silicone’s overall weight and density. Thickness 
= weight/(surface area × density). They found that there 
was no statistically significant difference in the internal 
gap between the double-layered Procera crown and Cerec 
crown. There was a statistically significant difference 
between the internal gap of the Procera and Cerec 
systems. The Procera system had a smaller inner gap. 
Both CAD/CAM crowns were found to have satisfactory 
results within the clinically acceptable limit of 123 to a 
154 μm range of marginal discrepancy. The authors of 
this article discussed the existence of the larger marginal 
discrepancy which they explained could have been due to 
the bigger bur size which was used to mill the specimens. 
This could be a limiting factor of CAD/CAM technology 
until more accurate milling devices are developed [30].

In a study by Bauer et al., they evaluated the marginal 
and internal fit of frameworks milled from semi-sintered 
zirconia blocks that were designed and machined with 
two CAD/CAM systems namely the Etkon! (Texas, 
United States). Moreover, Cerec In-Lab and one CAM 
system Cercon® (Hanau-Wolfgang, Germany). Ten 
frameworks were made, cemented, embedded, and 
sectioned. The margins and internal fit were measured 
using a microscope with 50× magnification, and an 

evaluation of the results showed a marginal gap size 
of 21 μm for premolars using the Etkon®, for Cerec 
inLab® it was 46.7 μm, and for Cercon it was 82.4 μm. 
For molars, the marginal gap sizes were bigger for all 
groups. The Etkon system produced the best marginal 
fit. The limitations were that the laboratory technician 
was the one in charge of evaluating the retainers in the 
study, the retainers were placed on definitive dies hence 
the clinical and laboratory errors were excluded, and only 
one cementation technique was tested [31].

Another evaluated the marginal and internal fit of three 
different all-ceramic 4-unit CAD/CAM units which 
fabricated fixed partial dentures (FPD) in comparison 
to metal-ceramic FPDs made for a previous study. The 
Cerec, Lava® (3M® ESPE, Minnesota, United States) and 
Digident® (Girrbach Dental GmbH, Pforzheim, Germany) 
systems were used to make eight samples each of the 
three-unit FPD frameworks. The samples were examined 
using a replica technique. In the replica technique, the 
samples had light body silicone injected into the retainers 
of the FPD and then were loaded with a 20 N pressure. 
The excess silicone was removed when the silicone was 
set. The FPD was removed from the abutments, and 
the light body silicone was reinforced with heavy body 
silicone. These replicas were then sectioned three times 
in the mesiodistal direction and once in the buccolingual 
direction. The samples were examined under a 
microscope, and the median marginal gaps were 75 μm 
for Digient®, 65 μm for Lava, and for Cerec it was 54 μm 
for conventional FPD. The internal fit of all the ceramic 
FPDs was not as accurate as conventional FPD. The 
results of this experiment, however, had to be interpreted 
with caution as only eight samples of each material 
were used. The vertical marginal discrepancies of CAD/
CAM, WAX/CAM, and WAX/CAST restorations were 
evaluated in an in vitro study by Cvar. The WAX/CAM 
copings were waxed copings that were subsequently 
scanned and milled by the CAD/CAM machine. The 
WAX/CAST copings were the copings that were waxed 
up and cast. The study involved seating ten restorations 
of each group on a master die. High-resolution digital 
photographs of the marginal area on all four sides were 
made. The vertical marginal opening was then measured 
using a calibrated digital software program. The vertical 
margin discrepancies for CAD/CAM were 79.43 ± 
25.46 μm and for WAX/CAM was 73.12 ± 24.15 μm 
and for WAX/CAST was 23.91 ± 9.80 μm. There was 
a statistically significant difference between the WAX/
CAST group and the other two groups. There was no 
difference between the vertical marginal discrepancies 
of the CAD/CAM and WAX/CAM. The copings made 
from the WAX/CAST technique had smaller vertical 
marginal discrepancies when compared to either CAD/
CAM or WAX/CAM. However, this study only measured 
the vertical and not the horizontal discrepancies. This 
study used a cement space of 80 μm instead of a smaller 
amount. It also could have used other forms of CAD/
CAM copings which might have had better results instead 
of the titanium copings that were used [12].
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Methods for Evaluation of Marginal 
Discrepancy

The way of evaluating marginal discrepancies of a 
crown can affect the accuracy of the findings. A study 
that was done at The University of Iowa utilized dental 
students and prosthodontists to examine the marginal 
gap of a crown. Three extracted teeth were fitted onto 
a Dentoform® mounted on a supine mannequin. Crown 
preparations and final impressions were made of the 
three teeth. Crowns were made with different marginal 
gaps, and the dental students and prosthodontists had 
to rate the margins using an explorer. The rating system 
was either clinically acceptable or unacceptable. The 
participants rated the crowns twice with an interval of 
six months between examinations. The results of the test 
found that crowns with greater marginal discrepancies 
were rated clinically unacceptable more often. This study 
was done in vitro and the presence of adequate lighting 
and a dry field. The results might be different if this was 
done intra-orally with limited light source especially for 
posterior teeth [12].

The USPHS criteria method investigates a tooth using 
visual as well as tactile inspection using an explorer. The 
paper published in 1971 explained how inter-examiner 
calibration could be developed as well as how a tooth or 
preparation can be visually acceptable under the criteria 
suggested by USPHS [32].

A 10-year retrospective clinical study was conducted 
by Zimmer at al., in private practice in Germany. They 
examined the restorations and marked them as a failure 
if they had secondary caries, any loss of the restoration, 
fracture of the restoration, tooth fracture or marginal gap 
reaching dentin or base material. Out of 308 restorations 
that were initially identified, they examined a total of 226 
Cerec1 all-ceramic restoration which included 39 class I 
inlays, 84 class II inlays, and 103 with 3 or more surfaces 
inlay restorations after 10 years. They reported that they 
had a five years’ survival rate of 94.7% and a 10 years’ 
survival rate of 85.7%. The remaining 82 restorations 
that were not accounted for belonged to patients who 
had either relocated (15), died (2), or had other personal 
problems (4) so that they could not return for follow up. 
They were not included in the statistical analysis. The 
restorations in this study were mainly class I, class II, 
and one and two cusps restorations. Cerec1 was not able 
to fabricate crowns when this study began [3].

Sakrana et al. reported that a good marginal fit seems 
to be one of the most important technical factors for 
the long-term success of any restoration. Because a 
big marginal opening allows plaque accumulation, 
gingival sulcular fluid flow, and bone loss, resulting in 
microleakage, recurrent caries, periodontal disease and a 
decrease in the longevity of the prosthetics restorations. 
This problem may be exacerbated with fixed partial 
restorations with vital abutments. Nevertheless, 
clinicians should strive to minimize margin misfit. A 
marginal gap varying from 25 to 40 μm for cemented 

restorations has been suggested as a clinical goal. 
However, these measurements are seldom achieved in 
a clinical scenario. There have been numerous studies 
of various all-ceramic crown systems with a wide range 
of marginal openings from 0 to 313 μm and a reported 
mean marginal opening of 155 μm. McLean and Von 
Fraunhofer [32] examined more than 1,000 crowns after 
a 5-year period and concluded that a marginal opening 
of ≤120 μm was clinically acceptable [5].

Conclusion

Our study concluded that the type of the finish line is one 
of the factors that influence the marginal adaptation of 
crowns. Regardless the type of cement, large gaps enhance 
the wear of the cement regardless its type. The importance 
of Marginal adaptation of fixed prosthodontics is to 
determine the smallest number of gap measurements on 
margins of single crowns to generate relevant results for 
gap analysis. A good marginal fit seems to be one of the 
most important technical factors for the long-term success 
of any restoration. The most important factors affecting 
Marginal adaptation of fixed Prosthodontics includes the 
material used, the type of finish line and other factors 
that include the finish line, the stability of the copings as 
a function of the firing procedures. A good marginal fit 
seems to be one of the most important technical factors 
for the long-term success of any restoration.
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