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ABSTRACT: 
 

Aim: The objective of this article is to review information on laser welding of dental alloys. 

Its rationale, design, advantages, and disadvantages have been reviewed and compared with 

the conventional techniques of joining dental alloys. Its effects on the commonly used dental 
alloys and its associated welding defects have also been discussed. 

Materials and Methods: A broad search of the published literature was performed using 

Medline and pub med from 1960 to 2012. The key words used for the search were ‘laser 
welding’, ‘dental alloys’, ‘laser parameters’, ‘welding principle’ and ‘welding procedure’. It 

was observed that much of the research work was done from the year 2000 onwards. A hand 

search of textbooks, relevant articles, and manufacturers’ literature was also conducted. 
Results: Within the limitations of the information obtained and systematically reviewed, it 

can be inferred that laser beam welding definitely outwits the conventional procedures of 

joining dental alloys. High precision, accuracy and productivity, reduced distortion, high 

mechanical strength of the weld joint, corrosion resistant weld joint are a few advantages of 
laser beam welding technique. The main drawback of laser welding includes its high 

investment, operating and maintenance costs. To overcome the minor drawbacks of laser 

welding, TIG welding has been introduced. It involves reduced investment costs, very 
compact dimensions, low weight, maintenance free and low operating costs. 

Conclusion: A number of techniques are available for joining dental alloys; each having its 

own pros and cons. Laser welding still remains the recommended technique due to its 
precision and accuracy. Continuing research and development are resulting in newer 

technologies that can overcome the drawbacks of previous techniques. This will provide 

clinicians and technicians more options in the realm of adequate training and operator 
expertise.  

 

    الملخص العربي
 

 منهجية مراجعة :الأسنان لسبائك الليزري اللحام
  الهند ، كيرالا جامعة ،الاسنان لعلوم الاسلام نور كلية ،قسم الاستعاضة الصناعية للاسنان، فارغيز شانتي (2
 معهد شيتي التذكاري لعلوم طب الأسنان، مانجالور جامعة نيتي ، الهند، ، بهات فينايا (4
 قسم التعويضات السنية، كلية بوشباقيري لطب الأسنان، كيرالا، الهندسوجيا جوزيف،  (3

 اللحام هذا مبررات استعراض. الأسنان لسبائك بالليزر اللحام عن المعلومات  مراجعة هو المقال هذا من الهدف: الهدف
 سبائك على آثاره مناقشة تم كما. الأسنان سبائك لانضمام التقليدية التقنيات مع ومقارنتها و والعيوب المزايا,   تصاميمه, 

 . اللحام بعيوب وارتباطها الاستخدام شائعة الأسنان
 الفترة من ميد وبوب ميدلاين موقعي البحث العلمي باستخدام المنشورة الكتابات من واسع بحث إجراء تم :والطرق المواد

 مؤشرات" ،"  الأسنان سبائك'" , "  ليزر لحام" البحث في المستخدمة المفتاحية الكلمات وكانت 2102و  0691  بين ما

 0222 عام من البحثي العمل من الكثير إنجاز تم أنه لوحظ" .  اللحامية  االعمليات" و"  اللحام  مبادئ" , "  اليزر

    .  المصانع ببحوث الصلة ذات والمقالات الكتب لبعض ايضا  يدوي بحث اجراء وتم كما, فصاعدا
 شعاع لحام أن استنتاج يمكن فإنه منتظمة، بصورة ومراجعتها عليها الحصول تم التي المعلومات حدود في :النتائج
 العالية الدرجة:   تتضمن الليزر لحام تقنية مزايا ان وجد كما. الأسنان سبائك لانضمام التقليدية الطرق كثيرا يفوق الليزر

 بالليزر للحام الرئيسي العيب.  التآكل مقاومة مشتركة، عالية ميكانيكية لحام  قوة التشويه، انخفاض والإنتاجية، الدقة من
 هذا, تيغ لحام إدخال تم  ، الطفيفة السلبيات هذه على للتغلب. والصيانة التشغيل تكاليف و العالية الاستثمارية تكاليفه يشمل
 .    منخفضة تشغيله وتكاليف مجانية  وصيانته قليلة الاستثمارية تكاليفه ,قليل وزنه,  مدمجة أبعاد ذو النوع

 اللحام تقنية. وسلبياتها إيجابياتها منها لكل الأسنان؛ سبائك انضمام لعمليات المتوفرة التقنيات من العديد يوجد: الاستنتاج
 تقنيات اكتشاف إلى والتطوير البحث من كثير  أدى.   وكفائتها لدقتها  نظرا بها الموصى التقنية  هي تزال لا بالليزر
 التدريب مجال في الخيارات من المزيد والفنيين للأطباء يوفر مما السابقة التقنيات عيوب على التغلب  شأنها من حديثة
 . العملية والخبرة الكافي
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INTRODUCTION: 
aser technology is  one such technological 

advancement that has replaced the 

conventional clinical, surgical and 

technical procedures. Due to its high precision, 

accuracy and productivity, it has been 

effectively employed in many industrial fields
1
. 

The first laser device was invented by Theodre 

Maimann in 1960, and its first laboratory test 

was conducted by Gordon and Smith in 

1970
2
.The various methods of joining dental 

alloys or metal structures include soldering, 

resistance (spot) welding, plasma (torch) 

welding, laser welding and single pulse tungsten 

inert gas welding. Despite the limitations of 

soldering, soldering of gold has proved to be 

highly successful
3
. However, soldering of non- 

precious alloy has resulted in high failure rates 

in vivo
3
. With the increased use of titanium and 

the invention of compact, high power pulsed 

Nd:YAG laser units, research in the field of laser 

welding has increased. A broad search of the 

published literature was performed using 

Medline and pub med from 1960 to 2012. The 

key words used for the search were ‘laser 

welding’, ‘dental alloys’, ‘laser parameters’, 

‘welding principle’ and ‘welding procedure’. It 

was observed that much of the research work 

was done from the year 2000 onwards. A hand 

search of textbooks, relevant articles, and 

manufacturers’ literature was also conducted. 

Hence, this paper reviews the rationale, principle 

of laser welding, procedure and parameters 

involved and its influence on tested alloys.  

 

RATIONALE OF LASER WELDING: 
The commonest conventional method of 

connecting dental alloys was soldering (brazing) 

which is still being practiced despite its known 

limitations. Soldering is relatively complex and 

time-consuming.  It   requires multiple preparation 

steps to modify or repair prosthesis, with each 

step a source of distortion or misfit
1
. It also 

requires a third low fusing alloy (solder) with a 

different chemical composition and a melting 

point lower than the parent alloy. These solders 

contain cadmium, gallium, nickel and chromium 

which constantly dissolve in the oral environment 

leading to oral toxicity and settle in organs like 

the kidney and liver posing serious health 

problems. As a result of corrosion, the prosthesis 

becomes more brittle with time. Stress corrosion 

may lead to reduced mechanical stability of the 

soldered joints. Poor color matching of the  
 

 

 

solder with the area to be soldered also exists. 

There is an increased chance of burning the 

denture base resin due to the fire and gas 

involved in the procedure resulting in color 

damage. Due to the oxidizing property of 

titanium, soldering titanium is relatively 

impossible. Finally soldering is highly technique 

sensitive. On the contrary, the advantages of 

laser beam welding outwitted the conventional 

procedures in that there was less distortion 

involved due to the narrow heat affected zone 

(HAZ) producing narrow welds with controlled 

bead size
2
, faster welding with high productivity, 

minimum contamination with oxide free and 

polished seams and high mechanical strength of 

the welded seams.  Since all the welding is done 

directly on the master cast, the amount of time 

consumed is considerably reduced. Prosthesis 

distortion is also reduced as it does not involve 

multiple preparation steps resulting in a precise 

fit.  No additional metal or solder is required. 

Weld is with the parent metal (self-welding) 

thereby eliminating any galvanic effect. The 

joint formed is corrosion resistant. Welding very 

close to acrylic resin or ceramic is also possible 

with no physical cracking or color damage. 

Laser welding is  conducive to all metals 

particularly titanium alloys. Laser welding joint 

has a homogenous structure with a high 

mechanical strength, consistent with that of the 

parent alloy. Welding titanium occurs in an 

argon        gas environment   providing a biocomp- 

atible and corrosion free prosthesis. The weld 

affected area is of limited range of 

approximately 0.25-2mm, hence the risk of 

warping is eliminated. Solmi et al
4
 in their study 

on the interaction of fibroblast with soldered and 

welded joints concluded a  superior fibroblast 

biocompatibility with welded joints. Laser weld 

joint   have been found to be 100% hypoallergenic 

with the weld remaining non-reactive and 

insoluble in oral fluids.  

 

PRINCIPLE OF LASER WELDING: 
The energy from a laser beam consists of a spot 

of stimulated and amplified ‘light’ radiation 

based on the reflection or mirror principle. This 

‘light’ generated from the laser head is 

responsible for melting the alloy. The ‘heart’ of 

the laser welder is the laser head which consists 

of a laser lamp (similar to flashlight of the 

camera) and a laser crystal (Nd: YAG crystal) 

that are arranged parallel to each other. The 

active medium hosts the garnet crystals that are 

stable. For laser beam emission, the garnet 

L 
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crystals are stimulated with neodymium or 

yttrium. The ends of the crystal are silvered to 

function as mirrors internally which serve as the 

optical resonator responsible for amplification of 

the beam. A tiny hole exists at one of the end 

mirrors through which the laser beam emerges. 

A laser impulse is initiated by pushing the foot 

switch which is connected to the power supply 

and serves as the external energy source. This in 

turn causes the laser lamp to flash. The laser 

lamp converts ‘electrical’ energy stored in the 

capacitor’s bank into ‘light’ energy. The optical 

resonator brings the ‘concentrated light 

energy’ to the delivery unit of the laser machine 

where it is focused to the object to be welded 

with a defined energy. The control system 

controls parameters such as power, pulse 

duration, pulse energy, pulse repetition rate, 

pulse shape, focal spot size, and the welding 

atmosphere in the welding chamber. The optical 

energy focused onto the work piece is converted 

to heat energy, Figure 1. The temperature 

generated can be optimized for effective 

welding. 

 
 

Fig: 1. Laser beam device 
 
 

Since most of the laser output is in the form of 

heat, a cooling system is required. Gas and 

liquid cooling systems are available, of which 

gas is preferred.  

 

LASER PARAMETERS: 
  A combination of parameters are required for a 

successful and efficient weld: laser peak power 

(P); pulse    duration; pulse energy; pulse repetition 

rate; pulse shape; focal spot size and the welding 

atmosphere in the welding chamber; the type of 

alloy used (precious, semi-precious, or non- 

precious); metal preparation; the gap between 

two parts; design and composition of the filler; 

surface characteristics of the material and the 

operator’s skill
5
. Appropriate selection of these 

parameters results in the finest and deepest 

welds
6-9

. Laser peak power (P) – refers to the 

density of energy delivered per unit of time (J/s 

or Watts). Increasing the peak power overcomes 

thermal diffusivity and reflectivity of the 

material with the increased possibility of liquid 

material projection. Hence to avoid defects such 

as cracks and porosities, the peak power (P) has 

to be controlled depending upon the alloy. Pulse 

duration is the length of time of a pulse. 

According to each metal’s thermo physical 

properties, it can be set to a range of 0.5 -20ms. 

The pulse duration must be reduced in alloys 

with good thermal conductivity (e.g. gold 

alloys). An increase in pulse duration can result 

in heat diffusion phenomena, to distortion of 

artifacts even to the extent of vaporization of 

alloying elements. Pulse energy (J or W/s) is the 

relation of power (kW) to pulse duration t (ms). 

To limit welding defects, the pulse energy must 

be optimized in relation with that of power and 

pulse duration. To obtain a deep and satisfactory 

weld, and increase in energy output is required
10

. 

But when the peak power is considerably 

increased, an increased risk of welding defects 

like porosities and surface voids have been  

noted
11

. On the contrary, when power is 

decreased and pulse duration increased, the 

metal is subjected to excessive heat transfer 

resulting in a reduced penetration and an 
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incomplete weld joint
1
. Pulse repetition rate (Hz) 

is the number of pulses delivered per second. A 

pulse frequency of 1 Hz to 5 Hz produces 

controlled welding using a multi-spot process. 

According to Bertrand
7
 an optimum pulse 

frequency of 1 to 2 Hz is recommended for 

titanium alloys. Pulse shape allows the control 

of the pulse peak power and pulse duration. 

Different pulse shapes are available, Figure 2. 

Appropriate selection of the pulse shape affects 

the final quality and mechanical property of the 

material
7, 12, and 13

.   

 
 

Fig: 2. Pulse shape designs1 

 

Focal spot size determines the diameter of the 

laser beam applied to the surface of the material. 

The focal spot size is influenced by fluence, 

which is defined as the pulse energy over the 

irradiated surface. For prosthetic welding 

procedures, a focal spot size of 0.4 – 0.6mm is 

optimum7. The position of the focal point in 

relation to the surface of the metal also matters. 

According to Cicila et al14 a focal spot located 

at the surface of the metal provides best weld 

stability unlike a position above or below the 

focalized point. Welding atmosphere in the 

welding chamber- a contaminant free welding 

atmosphere in the laser chamber is particularly 

important in the welding of titanium and its 

alloys as it is highly sensitive in the presence of 

hydrogen, nitrogen, and oxygen15, 16. A blue 

spot indicates oxidation in the joint (TiO2) and a 

yellow spot indicates the presence of nitrogen 

(TiN). Hence an argon atmosphere is essential 

during laser welding to prevent oxidation and 

porosities15. The surface of the metal appears 

shiny gray when the flow of argon is correct, 

approximately 2 bars flow pressure. 

PROCEDURAL GUIDELINES: 
Laser welding is a technique which is highly 

dependent on operator’s dexterity. His ability 

and knowledge of the effects of the various 

settings of the control panel will result in a more 

dependable and stronger weld
17-19

. The 

composition of the metal before laser welding 

must be identified. Precious alloys with 

concentration of zinc ≥2% or silver≥20% and 

non-precious alloys with reduced amounts of 

boron, silicon or carbon have proved to have 

poor weld ability
5
. To reduce war page, ‘I’ or 

‘X’ shape joint surfaces are prepared with discs 

under water spray. For alloys with good weld 

ability and for reduced weld gaps the ‘I’ shape is 

preferred. For large weld gaps where a filler 

would be required the ‘X’ shape is preferred, 

Figure 3. The joint surfaces are then prepared as 

parallel to each other as possible, sandblasted 

with alumina powder (0.5µm), cleaned with 

acetone or alcohol and hot-air dried before 

welding. The framework is then placed on the 

master cast which is in turn stabilized on an 

adjustable platform. The welding parameters are 

then adjusted according to the metal’s 

composition, thickness and thermo physical 

properties. Welding is initiated at three spots 

followed by overlaps to ensure complete 

welding. Figure 4.    
        

 

 Fig: 3. ‘I’ and ‘X’ shape configurations1 
 
 

 
Fig: 4. Welding spot and welding overlap1 

 

WELDING DEFECTS: 
Gas porosities range from small bubbles to 

macro cavities. Low welding speeds and low 

pulse rate lead to a rapid solidification process
15

. 

Contamination porosity occurs when the 

welding zone is contaminated with air, grease or 

dampness. Pulse shape significantly influences 

porosity formation
20

. Kakimoto et al
21 

observed 

more porosity in CoCr alloy than commercially 

pure titanium( cpTi) on using the rectangular 

pulse shape. In spite of the immediate cooling 

system, hot cracks are formed due to rapid and 

localized heat generation causing a change in the 

microstructure of the alloy and coarse 

hardening
5
. As a result, the material undergoes 
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shrinkage and contracts inside the fusion zone 

on cooling inducing tensile stress and crack 

formation. These cracks frequently originate 

from pores. Hot cracks usually occur as a 

localized area inside the weld nugget or between 

the HAZ and the nugget zone and affect joint 

durability
5, 22

. Cold cracks are thin with no 

oxides on their surface and occur at low 

temperature. They can be caused due to an 

incomplete weld or poor damping of the pieces 

to be joined. Cold cracks are causative factors 

for brittleness and corrosion. The formation of 

cracks can be prevented by the use of a filler to 

obtain a plain surface, preheat treatment of the 

material and post welding treatment of the weld. 

Also a control over of the laser welding process, 

microstructure and chemical composition of the 

welded alloy and the welding atmosphere are 

advised.  

 

EFFECTS OF LASER WELDING ON  
DENTAL ALLOYS: 
Several studies have been conducted by various 

researchers on the effect of laser welding on the 

alloys that are used in dentistry.  The study 

parameters included, penetration depth, 

mechanical properties of the metals, weld 

strength, thermal conductivity, weldability and 

corrosion resistance. Due to their high 

reflectivity to Nd-YAG wavelength, gold alloys 

have excellent thermal conductivity but poor 

thermal absorption. Hence a high energy output 

is required to prevent overheating and heat 

diffusion
23

. Watanabe et al
9
suggested the use of 

a black marker to aid in decreasing the 

reflectivity before welding. They also suggested 

an increased current and decreased spot diameter 

for better penetration depth
 24

. Fornaini et al
25

 

noticed improved mechanical properties when 

the laser welding gold alloys were subjected to 

softening heat treatment after laser welding 

followed by aging heat treatment at high or intra 

oral temperatures. On the other hand, Watanabe 

et al
26, 27

 observed an increase in weld strength 

and % elongation after age hardening heat 

treatments than softening heat treatments in gold 

alloys, Ag, Pd based alloys and CoCr alloys. He 

also observed that double welded gold alloy 

specimen’s demonstrated increased joint 

strength than single welded specimens after heat 

treatment. Watanabe et al
27

 in their study on the 

influence of argon shielding on laser welding 

dental alloys noticed that failure loads of laser 

welded gold alloys were not influenced by argon 

shielding. Watanable and Baba
24

 studied the 

effects of welding on penetration of laser into 

titanium and Au & Ag based alloys.  They 

observed that an increased current and decreased 

spot diameter resulted in an increased 

penetration depth for Ag based alloys. Betrand 

et al
28

 in their study on the influence of pulse 

shape on weld defects suggested  a slow cooling 

ramp or double ramp in controlling hot cracking 

and internal porosities in Pd based alloys. NiCr 

alloys and CoCr alloys have less reflectivity but 

lower thermal conductivity. Hence a low energy 

output, medium power rate with long pulse 

duration proves optimum to overcome poor 

thermal conductivity
5, 29

. A higher level of 

carbon and boron is responsible for NiCr alloys’ 

poor weldability
5
.Heat treatments improve 

mechanical properties and microstructure of 

welded NiCr and CoCr alloys
30

. Laser welding 

of CoCr alloys produced excellent weldability 

results
5
.with an approximately 2mm maximum 

depth of welding obtained which is the amount 

of thickness required for components to be 

repaired
5
.Laser welded ‘X’ and ‘I’ shaped joints 

demonstrated an increased corrosion resistance 

due to its passivation ability
31

;
 
but a shallow 

weld penetration was observed in these joints 

resulting in reduced tensile strength
31

. On the 

other hand a brazed joint significantly increased 

the tensile strength and reduced corrosion 

resistance. The major problem in welding 

titanium is their high sensitivity to oxidation or 

nitriding during heating. This hardens the 

titanium surface and weakens the joint resulting 

in brittle welds
16, 32

. Two methods suitable for 

welding titanium are plasma welding and laser 

welding; of which laser welding is most 

preferred due to its low thermal alteration of 

work pieces
33

.  The use of an argon or helium 

shielding atmosphere in the laser chamber 

eliminates these contaminants
16

 and results in 

better mechanical properties
34

. Finite element 

analysis of fixed distal extensions and fixed 

partial prosthetic designs revealed principal 

stresses about the welded joint which did not 

exceed the ultimate tensile strength of the 

welded joint. Hence it can be assumed that 

mechanical failure may not occur in 

biomechanical conditions of the oral cavity
35

.A 

high peak power with short pulse durations and 

reduced spot diameter resulted in better 

penetration depth
24

. This was attributed to the 

low thermal conductivity and high laser beam 

absorption of titanium alloy
24

. The use of a high 

peak power to obtain appropriate energy level 

can cause ejection of the material on the surface. 
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To compensate for this, filler has to be used. 

More the laser weld pass with filler wire (1 or 2 

weld overlapping), higher the flexural strength 

and fracture resistance of cantilevered titanium 

joints relative to the previous weld
36

.  Iwasaki et 

al
37

 reported pre-welding to reduce the final 

distortion of both single and double welds. 

Double welded specimens demonstrated less 

distortion than single welded specimen
38

.          

A rectangular pulse shape and pulse frequency 

of 1 to 2 Hz can be recommended for titanium 

alloys as optimum. But an increased pulse 

frequency caused more metal ejection and 

plasma on the surface of the metal increasing the 

oxygen contamination in the welded area
7
. Also 

optimal conditions of pulse duration 10 to 12 

ms, pulse energy level of 300 to 310V, laser 

output levels of 270A to 300A and reduced 

thickness of pieces to be joined 
8,39

resulted in 

better mechanical properties and increased joint 

strengths of welded titanium similar to non- 

welded titanium
39

. Whenever fracture occurred, 

it was usually at the center of the weld
39

.  

 
 

DRAWBACKS OF LASER WELDING: 
The main drawback of laser welding includes its 

high investment, operating and maintenance 

costs. Due to its slow welding speeds (25 to 250 

mm/min), puddles may occur at the fusion point. 

Laser welding is limited to depths of 

approximately 1.5mm and additional energy 

only tends to create gas voids and undercuts in 

the work. Metals like magnesium tend to 

vaporize and produce severe surface voids. To 

overcome the minor drawbacks of laser welding, 

a pulsed micro electric arc welder which utilizes 

single pulses of tungsten gas was introduced. 

Unlike laser which applies ‘light’ energy, 

tungsten inert gas (TIG) applies ‘electric’ 

energy. It is designed with automatic argon gas 

coverage of the welding spot which is delivered 

directly through the hand piece. It involves 

reduced investment costs, very compact 

dimensions, low weight, maintenance free and 

low operating costs. TIG welding with argon 

shielding with filler wire produced strongest and 

fracture resistant joints
37

.  
 

 

CONCLUSIONS: 
A number of techniques are available for joining 

dental alloys; each having its own pros and cons.  

Laser welding still remains the recommended 

technique due to its precision. The reduced heat 

involved during the procedure decreases the 

amount of distortion. Continuing research and 

development are resulting in newer technologies 

that can overcome the drawbacks of previous 

techniques. These will provide clinicians and 

technicians more options in the realm of 

adequate training and operator expertise. 
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