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Comparisons Fitness in Implant Abutment between Gas
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Objective: Osseointegration is essential process for successful implants and effects to implant in long term, therefore, passive
fitness of good prosthesis is necessary. To make a good prosthesis, at first it should be done a sectioned casting and then
joined method of sectioned casting body is recommended.
Methods: In this study, to provide the fundamental data on stable connection method for successful implants, the author tested fitness of casting body, and compared difference between gas soldering technique and laser welding technique.
Results: In fitness test of 2 abutment (test A, C), gas soldering group’s fitness in the opposite part of connection was worse
than laser welding group. In fitness test of 3 abutment (test B, D), gap distance was increased both in gas soldering technique
and laser welding technique. Gap distance at the connecting part and the opposite part of the abutment in gas soldering
technique was worse than laser welding technique and the more additional abutment, the worse gap distance in gas soldering technique. In fitness test of 3 abutment (test B, D), there’s little variation in No. 2 abutment when connecting soldering
process was done and there’s little influence on already soldered connection part when the additional soldering connection
was done.
Conclusion: On weak loading condition and the part which is needed an accuracy, laser welding technique is more effective
and on long-span prosthesis and frequent chewing loading part, laser welding technique is recommended first and applying
additional gas soldering technique would be better for making much more successful prosthesis.
Keywords: dental implants, fitness, gap distance, gas soldering, laser welding

Introduction

ty of problems are found, such as destruction of bone integration between implant body and alveolar bone, destruction of implant body structure, destruction of connecting part
between implant and artificial crown, fracture of upper body
of artificial crown, removal of cement for supporting the artificial tooth, loosening retention gold screw, and loss of alveolar bone. These problems can occur independently or multiply,
which leads to the failure of dental implant [1,2].
Especially when poor artificial fixture is connected with
implant, tensile stress, compressive stress, and bending force
from screwing are factors, developing not only mechanical
complications including loosening the screw or fracture of the

While implant has been used in clinical dental field, a varie-
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connection body but also biological side effects, such as cause
of pain, marginal bone resorption, or failure for bone integration [3,4]. So, in case of long span bridge or concave type
curved fixed bridge on missing teeth, the possibility of decreasing adaptation of the fitness of prosthodontic materials
can be high due to the errors made in the process of metal melting and one-piece casting method [5].
To make better prosthodontic materials by correcting the
errors made in the process, dividing production for the long
span bridge into two parts, shortening the length of the bridge,
and using soldering and welding method are recommended
[6,7]. The connected part should have enough strength to resist occlusal force in an oral cavity. Also, it should be resistant
against discoloration and erosion in the oral environment and
its color must be similar to the color of the casting body [8,9].
As a method connecting the casting body, soldering technique is being widely used. Its process is to produce it individually or together and to divide inadequate casting bodies
into 2 or 3 pieces afterwards. Welding is known as a method
connecting casting body by leaking soldering metal into the
gap of the metal body in wetting state with a material which
has lower melting point [10,11]. But the accuracy of the welded casting body may vary due to diverse factors such as the
welding metal, setting expansion or thermal expansion of the
investment, the size and shape of the investment block for
welding, purity of the welding material, method for welding,
and temperature of the welding [12,13].
The traditional welding method has been introduced as
re-adaptation of the separated casting body on the model and
fixing it on the investment block after impression and melting
the welding metal with the gas flame to leak into the gap of
them. But there are some problems for the error from the thermal expansion and shrinkage of the casting body caused by
wide contact of the gas flame source to the welded and casting
metal.
The laser welding method was developed by Gordon and
Smith [14] in 1970 as the third type of the casting gold alloy
for the first time. It was the welding technique with the connection of the casting body by producing a separated type of
lead with point sized heat flame source of the laser in order to
reduce the error from the routine flame type welding method.
It can be used for titanium welding which could not possible
for welding because of rapidly produced oxidation layer. It has
been well known that laser welding method was used for the
heat energy that changed from the laser irradiation on the metal surface and melted the irradiated point. Therefore, it is more
economical and reduces the time. Also this method involves
no metal erosion for electro-chemical response than routine
welding method thanks to the double metal layers. However,
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it was reported that bonding strength was weak according to
the thickness since only the surface had been connected when
spot welding was used. In addition, the physical characteristics may change because of rapid cooling and heating on the
connected part [15,16].
So, in order to find the successful way for the implant prosthodontic treatment. This study shows the experiment about
the comparison and analysis of the property changes and the
influence for the casting metal changes between a routine type
of welding method that has been used currently and laser irradiation welding method which has been introduced recently.

Materials and Methods
1. Materials
1) Supported stand for fixing the specimen
The supported stand was produced to perform the experiment for welding the specimen, producing the investment
block, measuring the error for each specimen after welding,
and testing the adaptation. Solid aluminum stand (30×80×15
mm) was produced as the supported stand using milling machine so that analog replica could be inserted instead of the implant fixed body. The spiral shaped supporting hole was made
in order to insert 3 replicas (DSI, Hwaseong, Korea) with the
same width, and the height of the dental technical replica was
5 mm. The center replica was rotated for insertion so that it
could be protruded 10 mm. This was for consideration where
the height of each implant fixture in clinical is not irregular.
2) Producing the flame welding specimen
The casted UCLA cylinder type abutment (DSI) sized 3.75
mm of the diameter and 13 mm of the length was produced and
fixed to the casted analog supported stand with the abutment
screw. The connected acrylic bar sized 3 mm of the diameter
and 20 mm of the length was located at the supported stand and
fixed to the connected bar and the supported stand using the
pattern resin (GC Co., Tokyo, Japan)
In order to fix the fixture uniformly, index with semicircle
shaped holes was made on the position where the acrylic bar
was supposed to be placed with the silicone putty (3M,
Maplewood, MN, USA) with 10 mm height. On that putty, the
acrylic bar was connected with patter resin. The water powder
ratio of the pattern resin was 0.8 ml/g and was left for 24 hours
in order to release the negative pressure, inserting the screw
wire made of the 10 gauge round wax into the acrylic bar after
setting (Figure 1).
The center of the acrylic bar was cut to the perpendicular direction with the low speed diamond disc (Shofu Co., Kyoto,
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Figure 1. Pattern resin joint to acrylic bar and abutment on the
putty.

Japan) and marked the index for 0.3 mm distance from the specially designed jig 0.35 ml/g of Cristobalite FF as the gypsum
product investment was used for the investment with the proper water powder ratio, and burned it out with the general rule
and then, casting with the type IV gold alloy as baker-444
(Heesung Angel-Hard, Seoul, Korea) at 700°C and slowly
cooling and air abrasion with 50 m of Al2O3 powder and
eliminate the oxidized layer using the ultra-sonic cleaner for 5
minutes. Three casting bodies for 7 groups specimens were
produced by these sequences.
3) Specimen for laser welding
The specimens for the laser radiation were produced in the
same way under the flame welding method conditions like the
connected aluminum supported stand and the center of the
acrylic connecting bar was cut with the disc, and 12 m thickness metal foil was inserted between the bar (arti-Fol; Jean
Baush KG, Köln, Germany). The casting wax (Yeti dental,
Co., Engen, Germany) was added to the cutting area. Therefore, the gap distance could be reduced, which was effective
for minimizing the interference of the connecting portion. The
3 casting bodies for 7 groups of the specimens for laser welding were produced as the same numbers for the flame welding
method.

2. Methods
1) Process for the flame welding
(1) Experiment A: 2-specimens for connecting with the
supported stand
The casting body for supported stand connected to acrylic
bar was fixed to the fixed supported stand number 1 and 2 replica at center using the torque controller (Nobel Biocare,
Götenborg, Sweden) with 10 Ncm of the rotating torque force,
and then it was left at the room temperature for 24 hours in order to release the tensile strength after connected with the pat-

tern resin with 0.8 ml/g of water powder ratio.
The resin casting body sized 55×40×15 mm was made for
the standardization of the solder block which was used for the
fixation of the casting body on welding, and the investment
block casting was produced by making a copy of it with the silicon impression material (Deplicone; Shofu Co.).
The welded copy specimens were tied with the laboratory
analog guide pin after they were removed from the fixed supported stand. They were left untouched for an hour according
to the company’s direction after the welding investment
(Deguvest; DeguDent, Hanau, Germany) which was adjusted
as 0.22 ml/g of water powder ratio was added into the investment block.
The welding investment block was burnt with 5°C/min of
the temperature increase after coating the anti-flux far away
from 2 mm distance from the welding point, and was maintained at 400°C, and then the flux (Hera UL 99; HeraeusKultzer, Hanau, Germany) was painted at the welding area and
welded with the welding material (Soosung Dental, Busan,
Korea) using the city gas-oxygen torch according to the company’s direction. The oxidation was minimized by maintaining the flame torch at the welding point when the welding material was flamed and melted, and the welding metal flowed
into the welding point easily. The investment was eliminated
after maintaining the welding point at the room temperature
for 5 minutes and rapid cooling.
Seven groups of specimens were produced by flaming
welding connection through the repeated processing which
connected two supported stands (Figure 2A). The specimen
was fixed to the #1 supported stand at the left side with the
screw pin at the supported stand, and scanning electron microscopy (SEM) observation test was done to measure the laboratory analog gap point between the #2 supported stand and
the fixture supported stand.
(2) Experiment B: 3-supported stand connecting specimen
Seven groups of new specimens were produced by welding
the #2 central supported stand and #3 supported stand on right
side in the same way the process in experiment A was used after SEM test for the #2 supported stand connected to specimens (Figure 2B).
2) Laser welding process
(1) Experiment C: 2-supported stand connected specimen
The #1 supported stand on the left and #2 supported stand
on the center were fixed at the laboratory analog of the aluminum fixture supported stand with 10 Ncm force. In the processing of laser welding with tightly fixation and connection
but without any gap on the cutting surface, the welding was
performed at the specimen, maintaining the same distance
www.ijcpd.org

249

International Journal of Clinical Preventive Dentistry

from the laser beam nozzle with the beam rotating 360˚ and
flaming with argon gas.
The laser welding machine was Schütz Dental (Rosbach,
Germany) and irradiation conditions were peak pulse power
230 V, pulse duration 9.0 ms. Pulse frequency 1.5 Hz, and spot
size 1.0 mm.
Welding process was done with 0.3 mm of welding metal
(V-Gnathos Plus, Neuchatel, Switzerland; pt 11.7% Rh/Ir/Zu
1.5% Nb/Mn/In/Fe) which is used as a traditional welding
material. The process was repeated with the same irradiation
on the welding metal. It started from the 4 corner portions in
order to minimize the tensile strength at the welding portion.
Seven groups of the specimens for the #2 supported stand connected to laser welding were produced. The error point of the
gap was also observed by using SEM.
(2) Experiment D: 3-supported stand connection specimen
After observing the gap on the #2 supported stand by using
SEM, 7 groups of the #3 connected supported stand specimens
were produced in the same way.
3) Fitness checking
(1) Checking at the number 2-supported stand connection
specimen
In order to measure the fitness for the implant body according to the welding method, SEM (S-4200; Hitachi, Tokyo,
Japan) findings was used. The #1 supported stand on the left
made in the experiment A and C was fixed on the laboratory

analog supported stand with the screw pin. It was tied with the
screw that had 10 Ncm of the torque controller (Nobel
Biocare), and then the gap between the #2 supported stand on
the center and the laboratory analog supported stand was
measured by SEM photo taken with 500 times magnification
image. The target point of the supported stand on the left was
selected on the opposite side of the connected bar on the right
side of the supported stand. The reason why it was done like
this was because it was considered more effective to check and
compare the error at the most far distance point from the connected bar. The gap distance was measured and estimated on
its picture taken by SEM with 500 times magnification as
shown in Figure 2A.
Figure 3 is an example of SEM findings and the calculation
of the error distance. The vertical interval from the edge of the
lower analog to the upper supported stand based on their SEM
picture of the both sides of the #2 specimen in the #7 specimen
in the experiment A was measured. Using the standardization
image scale, the interval was calculated so that it could be
magnified 500 times.
(2) Measurement on the #3 supported stand connection
specimen
In the experiment B and D, the #2 supported stand and the
connected specimen of #3 supported stand were produced,
which was the same method used in the experiment A and C.
Figure 4 was presented as an example of SEM findings for
the #3 supported stand connected to specimens with laser irra-

Figure 2. The 2-abutment (A) and
3-abutment (B) soldered experimental specimen. SEM: scanning electron microscopy.

Figure 3. Left side (A) and right
side (B) of scanning electron microscopy photos of gas solder specimen
(test A, #7-No. 2 abutment).
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Figure 4. Left side (A) and right side
(B) scanning electron microscopy
photos of laser welder specimen (test
D, #7-No. 2 abutment).
Table 1. Gap sizes between abutment and replica by gas solder group
and laser welder group
Method
Gas solder
Laser welder

Table 2. Gap sizes between abutment and replica of same side by gas
solder group and laser welder group
Location

Location

Mean±SD (m)

p-value

Left
Right
Left
Right

10.70±7.98
23.46±13.34
13.01±10.73
10.55±9.76

0.036

Left

0.350

Right

Method

Mean±SD (m)

p-value

Gas solder
Laser welder
Gas solder
Laser welder

10.70±7.98
13.01±10.73
23.46±13.34
10.55±9.76

0.399
0.020

SD: standard deviation.

SD: standard deviation.

diation in the experiment D and the #2 specimens in the #7 laser welding specimen.

(p=0.020) as shown in Table 2.
The comparison of the gap distances between in experiment
A as the flame soldering and connecting of 2-supported stand
and in experiment C as one more welding for the supported
stand on the experiment A was shown in Table 3.
It was revealed that 10.70 m was the gap distances for the
flame soldering connection point on the left side of 2-supported stand and 11.74 m on the left side of the connection
point at 2-supported stand after flame welding at 3-supported
stand. On the other hands, on the right side, it was revealed the
gap distance at the connection point of the specimens was
23.46 m. When the #3 supported stand was connected with
the same method and the figure of the right side on the #2 supported stand was measured, the gap distance was 18.21 m
which was slightly reduced. This was considered errors due to
the direction causing 3-dimensional wards. The reason was
because the measurement of the gap was performed only for
vertical Y-direction, and it was estimated that the gap distances were influenced by the other portion welding for connection after finishing the connection welding at one point
considering the same connection condition of the #2 supported stand in the experiment A and C.
In the same way, the comparison of the gap using the laser
welding method on the same state was like the results shown
in Table 3. It didn’t seem significantly different gap distances,
showing that the gap distance was 13.01 m when the #2 supported stand was connected to the left side and 12.23 m was

3. Statistical analysis
Wilcoxon signed rank test and Mann-Whitney U-test were
performed using SAS program (SAS Institute, Cary, NC,
USA) in order to decide the significance between the two
groups. The decision level was =0.05.

Results
It was revealed that in the group of the specimens connected
to supported stand using the flame soldering12.1 in the experiment A, the average of the gap distances on the left side was
10.70 m and the average of the distances on the right side was
23.46 m. There were statistically significant differences between the two groups (p=0.036). Also, it was found that the
average of the gap distances on the left side was 13.01 m and
10.55 m on the right side when the two supported stands were
welded with laser beam in the experiment B as shown in Table 1.
The differences according to the welding methods were
compared. The gap distances on the left side was 10.70 m
and 13.01 m on the right side, which was not significantly
different between the two groups. However, by using the
flame soldering, the gap distances was 23.46 m but the gap
distance was only 10.55 m when laser welding was used.
This result was significantly different between the two groups

www.ijcpd.org

251

International Journal of Clinical Preventive Dentistry

Table 3. Gap sizes between No. 2 abutment and replica of same side by gas solder test A, C and by laser welder test B, D
Method
Gas solder

Location
Left
Right

Laser welder

Left
Right

Solder test

Mean±SD (m )

p-value

2-abutment solder test
3-abutment solder test
2-abutment solder test
3-abutment solder test
2-abutment welder test
3-abutment welder test
2-abutment welder test
3-abutment welder test

10.70±7.98
11.74±9.22
23.46±13.34
18.21±13.66
13.01±10.73
12.23±10.45
10.55±9.76
11.51±12.44

0.687
0.125
0.812
1.000

SD: standard deviation.

Table 4. Gap sizes between abutments and replica of same side by solder test B, D
Abutment

Location

Method

Mean±SD (m)

p-value

Left

Gas solder
Laser welder
Gas solder
Laser welder
Gas solder
Laser welder
Gas solder
Laser welder

11.74±9.22
12.23±10.46
18.21±13.66
11.51±12.44
60.57±34.61
34.34±14.87
102.13±37.97
42.27±8.86

0.449

No. 2 abutment

Right
No. 3 abutment

Left
Right

0.138
0.100
0.002

SD: standard deviation.

the gap distance. Moreover, on the right side, the gap distances
was 10.55 m and 11.51 m, which didn’t seem different between the two groups. This was estimated due to better fitness
using the laser welding method which had been considered
less heating at the connection point, and the laser welding
method could be effectively used to produce the dental implant prosthodontic works, which had required highly accurate techniques.
Table 4 showed the comparison of the gap between the two
experiments when the flame soldering was performed at
3-supported stand in the experiment B and the same surface of
the 2-supported stand in the experiment D.
It showed that the laser welding method was better than the
flame soldering as explained in the previous table. In case of
3-supported stand, it was assumed that lots of errors would be
caused because two times double errors from one more welding after one time error had happened by connecting 2-supported stand, but it was revealed that the gap distances on the
left side of 3-supported stand in the experiment D in the laser
welding group was 34.34 m. The gap distance on the left side
of 3-supported stand in the experiment B with the flame soldering was 60.57 m, which was about 55% decrease in the
gap distance in the group with laser welding. In the same way,
on the right side, it was revealed 102.13 m of the gap dis-
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tances was found in the group using the flame soldering. The
error of the gap distance was 42.27 m, which was an about
40% decreased error as shown in laser welding method. The
most gap distance for flame soldering method was measured
as 0.1 mm on the specimen on the right side of 3-supported
stand.

Discussion
The fixed prosthodontic appliances as a bridge can permit a
little bit micro-leakage movement because of the existence of
the periodontal ligament of the abutment natural teeth even in
case of a little bit inaccuracy of the fitness of the prosthodontic
materials. However, in case of the dental implant which is supported by interosseous action of the implant body, it is connected with the alveolar bone directly without periodontal ligament and fixed with upper body of the prosthodontic materials, which requires high level of the fitness because of no permission of the micro-leakage movement [17-20].
According to this concept, successful dental implant would
require higher level of the fitness with the prosthodontic materials, and moreover, it required higher accuracy in case of the
long span fixed bridge. It has been considered that it caused
many errors when one piece of the long span bridge is made in
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case of lots of missing teeth rehabilitation because of such factors of the error existence in impression taking, model production, wax pattern processing, metal melting and casting,
and it could not be used clinically because of the accumulated
errors. So, it was recommended to perform casting separately
and then soldering together later in order to reduce the fitness
gap.
Lots of the studies have been done [21-27], and many reports about the connection to big upper part of the implant
have had clinically unsatisfactory results on such procedures
like impression taking, model making, wax pattern carving,
investment and casting. Especially, it cannot get the passive
fitness at the supported implant or supported stand because of
casting shrinkage of the long-span framework [28,29]. In order to solve these inadequate fitness problems, it is necessary
to make the accurate working model [30]. and casting, and
re-connection method should be required through the cutting
the cast body, indexing and welding process [31-34].
In order to accomplish the fitness and strengthen after welding, 0.1to 0.7 mm of the gap distances for the welding would
be recommended. Ryge [35] has insisted more than 0.005 inch
of the gap distances, and Willis and Nicholls [36] have recommended 3 kinds of the gap distances such as 0.15, 0.30, or 0.45
mm. Shillingburg et al. [37] have recommended the proper
gap distance would be 0.25mm considering the distortion at
the welding point and the strength. Stade et al. [26] have reported that the ideal gap distance was 0.31 mm, and Saxton
[38] insisted 0.3 mm for the same reason. So in this study, 0.31
mm of the gap distance for welding was applied.
The error check on the 3-dimensional plane would be more
accurate but it would be a very complex process for measuring
and was considered that the error would happen at one end for
connecting point because the other end had been fixed at the
post. So, it was done through the one screw test method in this
study as suggested in some former studies [32,39,40] as a
method for fitness test in clinical after welding. The gap distance was measured after fixing the supported stand at the first
implant fixed body as a replica.
In this study, the comparison of the gap distance between
the flame soldering and the laser welding was experimented
for the replica instead of the supported stand and fixture body
after welding at the one end connected to the prosthodontic
material with the assumption of the connection to prosthodontic material at 2-supported stand and 3-supported stand
connection bar. The gap distance was relatively higher in
flame soldering than in laser welding on the right side in both
2- and 3-supported stand. This was due to some errors in the
processing of the regular flame soldering like impression resin
shrinkage, the expansion of the investment block on setting,

hardness for maintaining the same temperature in the flame
soldering and the error from the supported stand body with
fixed position on the laboratory works, considering the regular
procedures for flame soldering such as impression taking for
the separated body on the aluminum supported stand. The
welding investment block was fixed and pre-heated, melting
the connection metal with the gas flame in order to let it flow
into the gap.
Moreover, the important factor to influence this phenomenon might be the flame direction in melting at the upper portion
of the investment block using the city gas-oxygen gas in the
time of the flame welding, and it can cause shrinkage tensile
strength to the right side that is relatively far distance from the
connection point.
On the other hand, in case of the laser welding, the primary
welding for the fixation on the 4 points like frontal, lateral, left
and right would be performed, and then 360° welding would
be done after the primary welding. So, it could be considered
to reduce the tensile strength compared with the flame welding which is melting the connecting metal at one direction.
Moreover, the laser welding could reduce the gap distance
compared with the flame soldering because of the less error
caused by omission of the process for the production of the investment block. It was estimated due to contributing minimizing the expansion and shrinkage error without heating but in
the flame welding.
It was considered that the gap distance for welding error
would be higher in flaming welding the metal using the gas,
the procedure for welding, and cooling makes the expansion
and shrinkage after procedure compared with the laser welding which is a more simple procedure and a localized soldering for laboratory works.
It was worried about the additional changes by welding heat
transfer to the pre-connected portion in case of the additional
welding performed at the pre-welding portion like the proximal surface of the supported stand, but it was revealed that
there was no additional gap production by the flame heat. This
is estimated due to the fact that no structural changes like recrystallization was produced except the indirect heat transferred by welding with the connection bar at the point 3 of
1-supported stand and 2-supported stand connected to 3-supported stand [41].

Conclusion
This study was performed in order to compare the adaptation fitness between the flame soldering and the laser beam
welding on the implant supported body, and SEM observation
was done for the gap distance after producing the supporting
www.ijcpd.org
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body connection specimens with the precious metal fixture
and the separated supported implant body.
1. In terms of the #2 supported stand, the gap distance was
higher in the group with flame soldering specimens than the
laser welding group, which means that flame soldering method is poorer than the other method.
2. It was revealed that the gap in the additional connection
welding with 2-supported stand was increased. The more supported stands were added, the bigger the gaps between the
stands were in flame soldering method.
3. It was estimated that there was a little influence to post
welding by the preexisted welding at the connection part because of no variation of the gaps at the 2-supported stand
welding which was preexisted connection with the welding
when the welding on connection at 3-supported stand was performed in the fitness test for 3-supported stand connection like
the experiment B and D.
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